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ABSTRACT

The present study deals with investigation of Hypersurface-homogeneous cosmological model
with Renyi holographic dark energy (RHDE) in the confines of the f(R) gravity. The shear
scalar is assumed to be proportional to the expansion scalar in order to achieve the precise
solutions of the field equations. Analysis of the solution of cosmological model is done by
taking the time-varying deceleration parameter into account. The Hubble horizon is used as an
infrared (IR) cutoff when examining the RHDE. Numerous kinematical as well as physical
characteristics of the model are also examined. Moreover, regarding the parameter K that
appear in the space-time metric, three physically feasible cosmological cases are described. We
found that the outcomes of our study align with recent observational data.

Keywords: Renyi holographic dark energy, Homogeneous-hypersurface, f (R) gravity.

1. Introduction

According to observational cosmic evidence, the expansion of our Universe is presently
occurring more rapidly [1-4]. The force driving the universe's cosmic expansion is dark energy
(DE), which possesses negative pressure and makes up 70% of the peculiar ingredient [5-8].
Notwithstanding all the evidence, the DE issue in theoretical physics remains unsolvable. In an
effort to provide a description of the DE and explain the cosmic acceleration of the cosmos,
researchers are delving further into modified gravity. With the introduction of the arbitrary

function of Ricci scalar R in Einstein-Hilbert action, the f (R) theories represent the most

basic alterations to General Theory of Relativity (GTR). As a generalisation of Einstein's
relativity, Buchdahl [9] presented f (R) gravity in an effort to explain the universe's fast

expansion and the evolution of its structures. Numerous researchers have investigated f (R)

gravity in different cosmological scenarios [10-20]. Among the several modified theories of
gravity, f(R) gravity is deemed highly suitable models with significant cosmological value.

From the standpoint of black hole physics, the holographic principle that first put out by G't
Hooft [21] seems to be a suitable fit for the explanation of dark energy, which is why
holographic dark energy (HDE) has become the stronger contender. As suggested by Susskind
[22] and Bousso [23], the holographic principle states that a system's entropy rises with surface
area rather than volume. Extending this, a unique cosmic application of the holographic
principle was introduced by Fischer and Susskind [24] and Cohen et al. [25], eclipsing the
realm of black hole physics. The analysis provided in [26-29] demonstrates how these HDE
models then correlate with current observational data. A number of entropy generalisations
have now been used to illustrate and build different cosmological models, such as the Tsallis
[30,31], Sharma—Mittal [32], and Renyi [33] holographic DE models. Since Renyi HDE
exhibits more stability on its own in the non-interacting universe, numerous researchers have
recently focused on RHDE in a variety of cosmological situations, as stated in [34-41].
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This study explores the analysis of hypersurface-homogeneous space-time with RHDE in the
given context of f (R) gravity, considering time varying deceleration parameter. This is how
the paper is organised. Section 2 discusses the hypersurface-homogeneous space—time, along
with Field equations incorporating pressureless dark matter, and the RHDE model. Section 3
presents the deduction of the metric potentials considering the proportionately connection
between the expansion scalar and shear scalar. Sections 4 addresses physical and kinematical
properties of the model. Finally, Section 5 includes the discussion and conclusions.

2. Metric and Field Equations

For f (R) gravity, its action is presented by

S=[J-g(f(R)+L,)d"x, (1)
where f (R) denotes the general function of the Ricci scalar R and L, stands for the usual
matter Lagrangian.

The action (1) is varied with respect to the metric g
expressed as

to derive the associated field equations

v

WSV FR)==(T,, +T w), )

1
F(RIR,, =5 T(R)g,, ~V,V,F(R)+g
where F(R)=df (R)/dR, V, is the covariant differentiation, T, stands for the standard

matter energy momentum tensor emanating from the Lagrangian L, and T . stands for

energy momentum tensor of RHDE.
Several authors have studied hypersurface-homogeneous models with much interest, which is
expressed as

ds® = —dt? + A?(t)dx* + B (t)[dy2 +22(y, K)dzzj, 3)
where A and B are the scale factors such that they are functions of t only and
>(y,K)=siny,y,sinhy for K =10, -1 respectively.
Katore et al. [42] studied the hypersurface-homogeneous space—time with anisotropic dark
energy (DE) in Brans-Dicke gravity. Verma et al. [43] and Katore and Shaikh [44] explored
this space—time in Saez—Ballester gravity. Shekh and Ghaderi [45] discussed a hypersurface-
homogeneous space-time, incorporating an interacting holographic dark energy (HDE) model
with Hubble’s and Granda—Oliveros IR cut-offs while Vinutha et al. [46] used Renyi HDE to
investigate it with the Hubble horizon in the Saez-Ballester gravity as an IR cut-off.
The scalar curvature R for the metric (3) turns out to be

R:2{A+ZE+ZE+B—+£Z} (4)
A AB B B° B

where ‘-’ stands for the differentiation with respect to cosmic time t.
For pressureless matter along with RHDE, the energy momentum tensors are given by

T,uv = pmu#uv; -F;UV = (pr + pr)uluuv + gyv pr1 (5)
where p,. stands for the energy density of matter, p, and p, denote pressure and energy
density of the RHDE respectively, U, are components of the four-velocity vector of fluid for

which the relation g, u“u” =-1 holds.
Using equations (2) and (5), the field equations are expressed as
A _AB| 1 B. .
F| =+2-= |- f(R)-2—F—-F=—p,, 6
IR 3 ©
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B AB B> k| 1 A B). .
FIZ+ 22 2 2 2R | 22 F-FE=—p, 7
{B AB ' B? BZ} > (R (A BJ P @
A _B| 1 A _B).
Fl=+2=|-Zf(R)—-| =+2= |[F=p, +p.. 8
{A 8}2()[A B) Pt P (8)

3. Solution of the Field Equations

The scale factor, which depends on time, is used to define the deceleration parameter. As a
result, it always encourages researchers to look into the time-varying deceleration parameter
as opposed to the constant one. Investigating this parameter is therefore of interest to us. The
particular form of the time-varying deceleration parameter that we have examined is given by

B
=-1+ 9
a 1+a’ ©
where a denotes average scale factor and £ >0 is a constant.
d(1
Using the relation g = _1+E(ﬁj and solving equation (9), we obtained
1
H=1+= (10)
a
where unity is taken into consideration for the integrating constant.
And integrating the equation (10) yields
a(t)= (e -1) " (11)
where 7 is the integration constant.
Using the relation a(t) = ﬁ where z stands for the redshift, we obtained
+
1 1
t(z)==<log|1+ -y (12)
B (1+2)’
Using the relation (12), the deceleration parameter (9) in terms of redshift (z) is expressed as
q@0)=-1+—L (13)

1+(1+ z)ﬁﬁ
The parameter that characterises how the universe's expansion has evolved is called the

deceleration parameter. In instances when the universe is decelerated over time, this parameter
is positive (q>0) and it is negative (q < 0) during the accelerating expansion of the cosmos.

The behaviour of the deceleration parameter (q) against redshift (z) is depicted in Fig. 1 and
we observed that the value of the deceleration parameter lies in the range —1<q <0 which
resemble with the current observational data indicating the accelerating model.
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Fig. 1. The behaviour of deceleration parameter (g) against redshift (z) for g =0.0125.
To obtained the precise solutions to the field equations (6)-(8), we now take into consideration
that the expansion scalar is proportional to the shear scalar, which is represented as A= B'
with | #1 as an arbitrary constant.

Using a°® = AB® =V , we get
3l

AZ)=(1+2z) +2 (14)

and B(z) =(1+ z)_(IT?’Z) (15)

Both the metric potentials A as well as B have constant value at z=0. This indicates that
there is no initial singularity in our model and afterwards, it increases rapidly with the evolution
of z that completely concurs with the Big-Bang model of the Universe. Moreover, we consider

the result F oc @™ as determined by Kotub Uddin et al. [47], where m is an arbitrary integer.

By taking m=-2, we get F =c,a™, with c, as a constant and using equation (11), it becomes
F=c(1+2)". (16)

4. Physical and kinematical properties

Using equations (10)-(11), the Hubble parameter (H) in terms of the redshift (z) can be

expressed as

H(z) =1+(1+2)". (17)
The mean anisotropic parameter is obtained as
2
32| 2 B
A=— 1+(1+z . 18
A gl a

The anisotropic parameter (18) has constant value at z=0 and vanishes at Z — —1 thereby
satisfying the isotropization of the Universe.
The RHDE density has the form
_ 3d?
Pr= 8rl?
where d and & are constants as taken in [48].
Without collapsing into a black hole, the RHDE principle ought to be constrained by an infrared

cutoff scale L =1/H. Applying this restriction, the energy density for RHDE becomes

(1+76L%) ", (19)
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a1 (1+2)” )2 o0)

. 87[(1+ ﬁ5(1+(1+ z)_ﬁ>2)

Using the equations (14)-(15), the Ricci scalar (4) reduces to

21

R=2| K(1+2)i2 + i +'2)2 (L+2)’ (1+(1+2)" )(281(2+(1+2) ") -5 +2))}. @1)

The scalar function f (R) is found to be
IKc All+1) 2l 5 PRLECS
f(R)=—2(1+2)0+) ——————=2——(108+513-36l)(1+2)" (+2
B =yt " g g P RS0 A2)
21 g, 25+ 24
+————(108+515-181)(1+z)" (2.

The energy density of matter (p,, ) is obtained as
Cocl(1+ z)z(ﬂ *

cl(1+2)"
2(p+1)(1+2) 2(p+2)(1+2)
4(1+1)

Kel(Lez) o gl o 37 (L+(1+2)’ )
2(1+1) 2(|+2)2 (421+40) 8z((1+(1+z)ﬂ)2+;z5(1+z)4ﬂj.

(22)

(40+(421-4p(1-5)))+ (40(4+ B)-81(B-21))

m

(23)

The pressure (p,) of Renyi HDE is found to be
o1
p =26, (L+2)" (1+(1+2) ") p261(t 2 (14 (142) ") (24 ﬂ)%

cl(1+ z)z(hﬂ )
C(1+2)
clp(1+2)"” -p
_(ﬂ+lll)ﬁ((;+2))(l+2)2 (2814200 +{ur (1) )+ ) (5 (2+1)-361)

Using barotropic equation of state, p, =, p,, the EoS parameter (@,) turns out to be

_ 8xc, (1+2)° (e 2PV
: 3d2(1+(1+z)b)2((1 (1+2)) 5)

{(1+(1+z)ﬂ)(lll(1+(1+z)ﬂ)—5(2+l)ﬁ)—4(l+2)(1+(1+z)ﬂ)z} 24)

B(Le(rz)”)” )
(Br)(Br2)(1+2) (10+230) 5+ (1 (1+2) )1+ p)((2+1)55-361)

X +2(2+,B)—2ﬂ(1+(1+ z)_ﬂ)fl+ 2(|1K+|)
|

(2417 (4(2+')—(1+(1+ Z)”)_l(lll 1+(1+ Z)ﬂ)—5(2+l)ﬁ))

(25)

21

(1+@r2)”) @r)er ™

—
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Fig. 2. The plot of RHDE (p,) against redshift (z) for d =2, § =—1 and £ =0.0125.

EoS parameter (w;)

redshift (z)
Fig. 3. The plot of EoS parameter (®,) against redshift(z) for d=2,1=2, §=-1 and
£ =0.0125.

pressure (p;)

redshift (z)
Fig. 4. The plot of pressure (p,) against redshift (z) for d =2,1=2, §=-1 and f=0.0125.
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We obtain the graphical presentations of all these parameters with evolution in the redshift (z)
for three cases of K by taking the appropriate choice of various constants involved in it. The
plot of RHDE (p,) against redshift(z) as presented in the Fig. 2 show a clear trend of

increasing behavior of the RHDE (p,) with passage of redshift. The behaviour of EoS
parameter (w,) up against redshift (z) is presented in the Fig. 3 and it varies from o, <-1 i.e.

from phantom-dominated region in the past whereas it tends to a value close to —1 in the near
future indicating the ACDM model. Consequently, the current value of EoS parameter (o,) in

our model aligns closely with recent observational data. As depicted in the Fig. 4, we observed
that the pressure (p,) is negative over the course of progression of redshift which imply the

speeding up behaviour of our model concurs with the investigations of Samanta [49].
5. Conclusions
In this paper, we explored the analysis of Hypersurface-homogeneous cosmological model

with Renyi holographic dark energy (RHDE) in the confines of the f (R) gravity. The shear

scalar is taken to be proportional to the expansion scalar in order to obtained the precise
solutions of the field equations and is analysed by assuming the time-varying deceleration
parameter (q). Both the metric potentials have constant value at z=0 which indicates that
there is no initial singularity in our model and afterwards, it increases rapidly with the evolution
of z that completely concurs with the Big-Bang model of the Universe. As depicted in Fig. 1,
negative value of deceleration parameter (q) indicates the accelerating model. Moreover, its

value lies in the range —-1<qg<0 which resemble with the current observational data.
Regarding the parameter K that appear in the space-time metric, three physically feasible
cosmological cases are described. The RHDE (p,) is investigated by considering the Hubble

horizon as an infrared (IR) cutoff and it show a clear trend of increasing behavior with passage
of redshift as depicted in Fig. 2. The behaviour of EoS parameter (w,) versus redshift(z) as

depicted in the Fig. 3 shows that it varies from phantom-dominated region in the past whereas
it tends to a value close to —1 in the near future indicating the ACDM model. As depicted in

the Fig. 4, the pressure (p,) is negative over the course of progression of redshift (z) which

provides additional backing for the universe to be expanding faster. The outcomes attained and
the behaviour of our model as seen align with the recent observational evidence of the universe.
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Abstract:
This research paper delves into the intriguing realm of dark energy within the framework of
the f(T) theory applied to the Bianchi Type-I cosmological model, coupled with the presence
of an electromagnetic field. Dark energy, a mysterious component driving the accelerated
expansion of the universe, continues to challenge our understanding of fundamental physics.
The f(T) theory, an extension of teleparallel gravity, provides an alternative perspective to
General Relativity, where T is the torsion scalar. To determine the nature and physical
properties of the model, we considered f(T) = T. Our investigation incorporates this modified
theory into the Bianchi Type-l1 cosmological model, considering the influence of an
electromagnetic field on the cosmic evolution. Some physical aspects of the model are also
investigated.
Keywords: Dark energy, f(T) theory of gravity, Bianchi Type-I cosmological model,
Electromagnetic field.
1. Introduction

The whole universe is studied in the field of Cosmology. This vast universe is actually
the collection of galaxies. Cosmology studies the gigantic structure of universe. According to
modern astrophysical observations in recent years, the universe is not only expanding but also
accelerating continuously after ‘Big Bang’. It has been increasing from an initial state with
high density and high temperature. This is proved by cosmological experiments, such as ‘The
measurement of type-la supernovae (SNela)’, ‘The cosmic microwave background (CMB)’,
‘large scale structure (LSS)’ etc [1-7]. The theory of expansion and acceleration of the universe
and its contents are explicitly explained by the Cosmological Models. It has been discovered
that Dark Energy plays an important role in the expansion of universe. However, the driving
force behind this accelerating expansion of the universe is still a subject of debate [8]. The
matter in our universe is ruled by the Dark Energy (68%) and Dark Matter (26.8%) and the
remaining (4.5%) is occupied by the other ordinary matter [9-11]. The concept of dark energy
and dark matter is one of the difficult and indeterminate problems of modern cosmology. The
dark energy is described by the equation of state (EoS) parameter ® = p /p, where p and p
represents pressure and density of dark energy. To explain the acceleration of universe, the
simplest parameter for dark energy is the cosmological constant, which represents the energy
density associated with vacuum (o = —1). So many researchers have investigated dark energy
problem [12-14].

When General theory of relativity failed to explain the problems like initial singularity,
horizon and flatness, it was modified by introducing the term f(R) in Einstein- Hilbert action.
It is known as f(R) theory of gravitation [15]. In order to explain how dark energy and dark
matter as well as late-time acceleration exist in the universe, there exist several modified
theories of gravity with different cosmological implications, such as f(R), f(T), f(R,T),
f(®), f(R,G), f(Q), f(Q,T) etc. f(R) theory of gravitation could be the key to understanding
the late-time cosmic acceleration (Carroll et al. 2004) [16]. Nojiri and Odintsov (2003b) [17],
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Carroll et al. (2004), and Capozziello et al. (2003) provide a concise overview of f(R) -gravity.
This modified gravity has recently been demonstrated to explain the Universe’ late-time
accelerated expansion. Harko et al. (2011) have proposed more general model of modified
gravity theory f (R, T) where R is Ricci Scalar and T is the trace of energy momentum tensor
[18]. While Modifying the General Relativity on a large scale, such as the scalar-tensor theories,
f(R) theory, f(T) theory etc. is an alternate way to accommodate the current accelerating
expansion of the universe. Among these theories, the generalized teleparallel theory of gravity
has recently attracted a lot of attention as a potential explanation for Dark Energy. In the
Lagrangian of teleparallel gravity, the torsion scalar T, is substituted by its generic function
f(T) in this generalization [19-20]. f(T) gravity is based on Weitznbock geometry.
Gravitation is attributed in this theory to the torsion of a space-time with zero curvature, which
acts as a force [21]. This research paper delves into the intriguing realm of dark energy within
the framework of the f(T) theory applied to the Bianchi Type-I cosmological model, coupled
with the presence of an electromagnetic field. Dark energy, a mysterious component driving
the accelerated expansion of the universe, continues to challenge our understanding of
fundamental physics. The f(T) theory, an extension of teleparallel gravity, provides an
alternative perspective to General Relativity, where T is the torsion scalar.

Further, Wely put forward an extension of Riemannian geometry, in which he
established the first unified theory of gravity and electromagnetism, where the non- metricity
of spacetime generated the electromagnetic field. As a result, the symmetric teleparallel
representation is the third generalization of General Relativity. The development of dark energy
parameter for spatially homogeneous and anisotropic Bianchi type-l universes within the
context of f(T) theory of gravity investigated by Chirde and Shekh [22]. Jamil et al. have
investigated the model of dark energy interacting in f(T) cosmology, considering dark energy
to be a perfect fluid and selecting a specific cosmologically viable form f(T) = BT [23].
Dent et al. have studied f(T) cosmology at the levels of background and disturbance [24].
Daouda et al. have created the f(T) gravity model reconstruction using holographic dark
energy [25]. Sharif and Azeem have explored the actions of the dark energy’s state parameter
and energy density equation in the setting of f(T) gravity by using anisotropic LRS Bianchi
type-1 universe model [26]. V. J. Dagwal investigated tilted two forms of dark energy in f(T)
theory of gravity [27]. V. J. Dagwal investigated tilted congruence with big rip singularity in
f(T) theory of gravity [28]. M. Z. Bhatti et al. studied an electromagnetic influence on
hyperbolically symmetric sources in f(T) gravity [29].

This paper focusses on the application of f(T) theory to the Bianchi type-I
cosmological model, enriched by the inclusion of an electromagnetic field, in an effort to
elucidate the mysteries surrounding of dark energy. We explore the ways in which the
electromagnetic field influences the cosmic evolution and its potential impact on the
characteristics of dark energy. The magnetic field has important role at the cosmological scale
and is present in galactic and intergalactic spaces. We explore the physical characteristics of
the model in the presence of electromagnetic field in the framework of f(T) gravity. In section
2, formulation of f(T) theory of gravity. Section 3, Metric and field equations. Section 4,
solutions of the field equation. Section 5, Some physical aspects of the model, and lastly section
6 is the conclusion of overall solutions.

2. Formulation of f(T) Theory of Gravity
In this section, we will give a formal idea of f(T) gravity, where T is referred to as torsion
scalar. The f(T) gravity is defined as

Seery = [—glf (T) + L] d*x 1)
Where, differential function of the torsion scalar T is given by f(T) and L,, is the
representation for matter field Lagrangian.
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The set of orthogonal vector fields is associated with metric tensor by the relation

Jor = ikl ht with Minkowski metric n;; = diag(1,—1,-1,-1). 2)
We find the torsion scalar by using the relation as follows

T = S;%Tf, ©)
Where the antisymmetric tensor TT’; gives the following definition of the tensor torsion’s
component, T, =T — T}, 4

where the component of the Weitzenbock connection are defined as 1:51 = h?0,ht

(5)

and antisymmetric tensor is

1
S;"’ =3 (K;¢ + 6;T“¢a - SZ’T“Ta) (6)
Where the contortion tensor is
1
Kl‘)l'¢ _ E (Tnj)p _ Td)rp _ TT¢p) (7)

The teleparallel theory of gravity’s modified field equation is attained by pursuing variation
on the action of equation (1) with reference to tetrad field.

1 1
RSP 0D frr + | 0 (V=ghl'S5?) = TS SS™| fr + S hEF(T) = SK2RITS + B
(8)
2 df de H ¢ . )
Where, k* = 8nG, fr = - Jrr =5 while T is the Dark Energy’s energy momentum
tensor and Eg’ is an electromagnetic field stress tensor which is given by Lichnerowicz [30].

T, = diag(pm —Pm —Pm> —Pm) (9)
Where p,, and p,,, are the energy density and matter pressure.
And E] = 4m [t (ua! +3 gl) — bl | (10)
Where h; is the magnetic flux defined by
h; = g € P (11)

The magnetic field generated will be in the yz-plane, if the current is flowing in the x-axis
direction. From this we get h; # 0, h, = h; = h, = 0. Using equation (10), it is clear that
F,3 will be the only component of F;; which is non-vanishing and all other components
vanish. Where F;; is the electromagnetic field tensor which satisfies the Maxwell equations

Fiijia) = 0, (FU\/=g) ;=0 (12)

gives F,; = constant =1 (13)

3. Metric and f(T) Field Equation
We have considered the metric of the space time of Bianchi type-I is in the form

2
ds? = —dt? + A%dx? + A%dy? + A% (1+ B [ 55) dz? (14)
Where A is the function of cosmic time t only.

For the dark energy, the energy momentum tensor in eq. (9) and the electromagnetic field in
eg. (10) the field equation (8) in f(T) theory of gravity for the space time Bianchi type-I as

e
[ A2 A4(1 3f ) fr= 2A3(1+ﬁj3—3) frr+f = P 27'[A3(1+,Bf%) (15)
4£+£+ l I #tl'r - =2kzm+;2 16
[A A2 1 ﬁfA3 fT 2A3(1+ﬁf%) fTT f p 277:A3(1+ﬁf%) ( )

11



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

Ap2w,  ph = 2k2py + ——
4[A+ YOI (1+ 5fA3 lfT+4 Tfrr = f = 2k*pm + 2 (105 1) 17)
3142 l2
— 4=+ - 18
f [Az A4 14 BfAs lfT Pm 27IA4(1+/3f%)2 ( )
Here, the dot over a field variable represents the differentiation with respect to time ¢.
The torsion scalar T is obtained by using Egs. (3-7) as
=t A (19)
A w(esrg)
L iy > )

And T=s4|if_ 2, B2 b7 P 20

T ) RO IE) Haes ) “

4. Solution of the Field Equation
The equations from (15) to (18) are four field equations with five unknowns A4, 8, f, Pm., Pm-
So, to find a determinate solution we take one additional constraint. Consider that the shear
scalar is proportional to the expansion scalar.

We solve the above nonlinear equations with the help of special law of variation of
Hubble’s parameter given by Berman which gives in the constant deceleration parameter
produced by the relation,

ad

q==-= (21)
Here a is the scalar factor, where a = a(t) = [A3(1 + ﬁf ] (22)
By using Egs. (21) and (22), we get
1

Where k, # 0, k, are integrating constants.
According to the proposed law, the variation of the mean Hubble parameter for the Bianchi
type-1 metric given as

—r NS
H=vya =y[A3(1+,8fA—§)]3 (24)
where y > 0,r > 0 are constant and Hubble parameter is defined by H =
by using this we get,

RS}

q=r—1 (25)
with the help of Egs. (22) and (23) we get
3
A = (kyt + k)G (26)
3n
(1+B55) = (hyt + kp)ewm 27)
The equations (19), (26) and (27) gives,
T =6k > d 34T (28)

1 [r(3+n) (k1t+k2)]? r(3+n)(kyt+ky) T

From the equations (26) and (27) equation (14) as

6(1+n)

ds? = —dt? + (kt + kz)r<3+n>dx + (kit + kz)r<3+n>dy + (kyt + k)Gt dz? (29)
The energy density-pressure relationship is defined by the EoS as,
Pm = WP, Where w is E0S parameter (30)
From equation (15) and (16), we get
Pm = —Pm (31)
From equation (30) and (31), we get
w=—1 (32)
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From equation (18) and taking f(T) = T, we get the pressure of the matter as follows,

1 12
27T(k1t+k2)r(3+n)
_ 2
And energy density is p,, = ﬁ [T - : 6(2+n)] (34)
27T(k1t+k2)r(3+n)

5. Some physical aspects of the model

By using the physical parameters which is calculated below, we will conclude the physical
properties of the model (29).

Spatial Volume,

3
V = (kyt + k)7 (35)
The Mean Generalized Hubble’s Parameter is,
== (36)
- T(klt'l'kz)
The scalar expansion 8 and shear scalar o2 are respectively given as,
§=—"10_ (37)
T(k1t+k2)
2 _ lel 2
0" =3 [r(3+n)(k1t+k2)] (38)
The Anisotropy Parameter,
A=2 (L)2 (39)
- 3+n

6. Conclusion

We have studied the Bianchi type-l cosmological model in the presence of
electromagnetic field in f(T) theory of gravity, in which the dark energy in the universe is
present. Here it has been assumed that f(T) = T and the equation of state in the form of p,, =
wp, and then it is found that p,,, = —p,,. From this, we get result w = —1 which generates a
physically viable form of f(T) that describes the acceleration of the universe at present epoch.
From this we can say that in our cosmological model the epoch exists. from the equation (37)
it is observed that the expansion factor 6 is decreasing function of ‘t” and approach to 0 as t —

oo, From equation (34) the energy density p,, approaching to 0 as t — oo. Since lim% =

t—oo

constant, the model is not isotropic for the future large value of t. Our model (29) starts with
a big-bang at t = 0 and the expansion in the model increases as time increases. For this model
the spatial volume V — oo as t — co. The torsion scalar T decreases when the cosmic time ¢t
increases and it is zero when t is infinite. The Electromagnetic field used in the model does not
affect the expansion and acceleration of the universe. The Anisotropic parameter of the
expansion is found to be constant.
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Abstract:

In this article we investigate into the enigmatic nature of black holes, emphasizing their
concealment behind event horizons and the recent analogy of "whatever happens inside the
horizon, stays inside the horizon," very little information about it has been made available. The
narrative explores the intricacies of black hole horizons, acknowledging their role in shielding
the breakdown of general relativity near the singularity. The cosmic censorship hypothesis is
discussed as a concept to prevent the emergence of "naked singularities™ that to escape the rays
by event horizons, challenging the determinism of general relativity. This article advocates for
an open-minded approach to the prospect of finding naked singularities, emphasizing their
significance as laboratories for testing theories of quantum gravity and the potential
implications for our understanding of black hole physics and cosmology. The uncertainties
surrounding the appearance of naked singularities and their potential detection through
astrophysical phenomena, such as gamma-ray bursts and fast radio bursts, underscore the need
for continued exploration and observation.

Keywords : Naked Singularity, Event Horizon, Apparent Horizon, Cosmic Censorship
Hypothesis

Introduction:

Anticipating the fate of an exceptionally massive star, it is conjectured that neither a white
dwarf nor a neutron star will be its ultimate destination. Instead, the star is anticipated to
undergo a profound gravitational collapse in the concluding phases of its life cycle. The
intricacies of this late-stage evolution are projected to be influenced by quantum gravitational
effects. As of now, the absence of a definitive quantum theory of gravity hinders us from
offering precise insights into these final stages. Nevertheless, classical general relativity can be
invoked to contemplate the expected outcomes. Although the classical theory provides
predictions, the absence of a quantum gravity framework prompts the acknowledgment that
quantum corrections may potentially align with or modify these classical prognostications in
the yet-undeveloped realm of quantum gravity.

Ninety years after Einstein proposed the general theory of relativity, a comprehensive
understanding of the theory's predictions regarding the final outcome of gravitational collapse
remains elusive. This perplexing situation is closely tied to our incomplete grasp of the overall
global properties embedded in Einstein's equations solutions. Notably, the most significant
strides in investigating gravitational collapse have come from Hawking and Penrose's
singularity theorems [1]. In the specific context of gravitational collapse, these theorems reveal
that the formation of a trapped surface during the collapse of a compact object, constructed
from physically reasonable matter, triggers the emergence of a gravitational singularity in the
spacetime geometry (under the assumption of the non-existence of closed time-like curves). A
gravitational singularity implies an incomplete evolution of geodesics in the spacetime. It is
plausible that the occurrence of a gravitational singularity during the collapse of a star may
coincide with a curvature singularity, characterized by the divergence of one or more curvature
scalars.
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The specific criteria leading to the formation of a trapped surface remain elusive within the
current understanding of gravitational collapse, representing a significant gap in our
comprehension of this phenomenon. Despite this uncertainty, the focus of this discussion does
not delve into the intricacies of these conditions. Rather, we proceed with the assumption that
a gravitational singularity inevitably materializes, either through the fulfiliment of singularity
theorems or alternative pathways. It is worth noting, however, that in the context of highly
massive collapsing stars, typical astrophysical parameters often align in a manner conducive to
the formation of a trapped surface during the process of gravitational collapse.

It is possible that the singularity remains elusive to an observer located at a considerable
distance due to the incapacity of light to break free from the collapsing celestial body. This is
essentially indicative of the formation of a black hole. The singularity, a point of infinite density
at the core, becomes concealed from external observation by the event horizon. The event
horizon delineates the boundary of the spacetime region encircling the singularity, acting as a
barrier that prevents any communication with a distant observer.

The resolution of whether gravitational collapse culminates in the formation of a black hole or
a naked singularity remains an enigma, awaiting a conclusive determination from Einstein's
equations. Despite the pursuit of clarity, the definitive answer remains elusive. It prompts the
question: does it truly matter? Indeed, the distinction holds profound significance. In the event
of a naked singularity, the ability to prescribe arbitrary data on the singular surface could lead
to the complete forfeiture of predictability regarding the singularity's future. Conversely, if the
singularity is concealed behind an event horizon, predictability is retained, at least within the
spacetime region external to the horizon. The uncertainty surrounding this outcome
underscores the complexities inherent in understanding the ultimate fate of gravitational
collapse.

Numerous individuals view naked singularities with trepidation, considering them a potential
catastrophe for the principles of general relativity and the entire field of physics. The concern
stems from the idea that naked singularities could introduce a complete unpredictability into
their future trajectories. Nonetheless, there exists an optimistic perspective that challenges this
fear. By assuming that the ultimate theory of gravity will maintain predictability in a suitable
sense, the occurrence of naked singularities within general relativity could serve as a crucial
signal necessitating modifications to the theory. Rather than being a disaster, this rare signal
might enhance our comprehension of gravitation. Alternatively, some proponents see naked
singularities as valuable assets for astrophysics, postulating that these phenomena could act as
extraordinary energy sources through the emission of light from high curvature regions near
the singularity. Moreover, there is a viewpoint asserting that a quantum theory of gravity might
altogether circumvent singularities. However, the debate underscores the importance of
understanding the distinctive behaviors of spacetime regions deemed naked in classical theory,
even if quantum gravity avoids singularities, as it holds relevance to black-hole astrophysics[2-
8]

2. Black Hole

A black hole is a region of spacetime where gravity is so strong that nothing no particles or
even electromagnetic radiation such as light can escape from it. The theory of general relativity
predicts that a sufficiently compact mass can deform spacetime to form a black hole.

A black hole horizon which takes the additional benefit of hiding an embarrassment of the
theory that predicts it. Whatever matter falling into a black hole which ends up into the
singularity where the curvature of space-time diverges and Einstein’s equations of general
relativity fully break down. Fortunately, our inability to determine the where abouts of infalling
matter as its density turns about this singularity has no influence on the outside world, which
remains hidden by the horizon.

17


https://en.wikipedia.org/wiki/General_relativity
https://en.wikipedia.org/wiki/General_relativity

National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

Black holes are the end point of massive stars' evolution. Studying them provides insights into
the life cycles of stars and the processes leading to their demise. Supermassive black holes are
believed to reside at the centers of most galaxies, influencing their structure and evolution.
Understanding the interplay between black holes and galaxies is crucial for comprehending the
large-scale structure of the universe.

It seems that the singularity is not visible to a far-away observer because light is not escaping
the collapsing star. This is essentially what we mean when we say that a black-hole has formed.
The singularity is hidden from view by the event horizon, which is the boundary of that space-
time region surrounding the singularity which cannot communicate with the far-away observer

3. Event Horizon

In astrophysics, an event horizon is a boundary beyond which events cannot affect an observer.
The term was coined by Wolfgang Rindler. The event horizon is a theoretical boundary in
spacetime that marks the point of no return for any object or light that crosses it. Once
something passes the event horizon, it is destined to fall into the black hole and can never
escape.The event horizon is formed during the gravitational collapse of massive objects, such
as dying stars. As matter collapses under its own gravity, the density and gravitational pull
become so intense that even light cannot escape from beyond the event horizon.

The event horizon is characterized by its spherical shape around the central singularity of a
black hole. The size of the event horizon depends on the mass of the black hole. For non-
rotating (Schwarzschild) black holes, the event horizon is a perfect sphere. For rotating (Kerr)
black holes, the event horizon is more complex, taking on an oblate spheroid or distorted shape

L J

e
Event Horizon

Time

Black Hole

<+« Space

due to the effects of rotation.

Particle is Far away from the black hole, it can move in any direction, as it shown by the set
of arrows. It is restricted only by the speed of light.

Particle is closer to the black hole, space-time starts to deform. There are different paths
going towards the black hole than paths moving away.

Time

Event Horizon

Black Hole

+«—— Space
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Time .

Black Hole

Event Horizon

+—— Space
Particle is Inside of the event horizon, all paths bring the particle closer to the center of the
black hole. It may no longer possible for the particle to escape.
4. Conclusion:
The emergence of a black hole, marked by the formation of an event horizon, adds another
layer of intrigue to the cosmic drama. The singularity, residing at the core with infinite density,
becomes cloaked behind the event horizon, preventing any external observation. The
determination of whether gravitational collapse culminates in the formation of a black hole or
a naked singularity remains an enigma, raising profound questions about predictability and the
very fabric of general relativity.
The distinction between a black hole and a naked singularity holds profound significance, as it
dictates the predictability of the future trajectory of the singularity. The potential existence of
naked singularities challenges our understanding of predictability within general relativity, yet
it also presents an opportunity for refining the theory in the face of unexpected phenomena.
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Abstract:

In the present study, we deal with the spatially homogeneous and anisotropic Bianchi type-V
cosmological model in the presence of f(R,T) theory of gravity. We have used energy
momentum tensor of Modified Holographic Ricci Dark Energy. In order to find an exact
solution of the field equations of the model, the model presented is based on a unique condition
of periodically time varying deceleration parameter. The physical and geometrical
characteristics of the universe model have been studied.

1. Introduction:

The purpose of modern cosmology is to determine the large-scale structure of the Universe.
The astronomical observations of type-la supernovae experiments [Riess et al. (1998),
Perlmutter et al (1998, 1999, 2003), Hoftuft et al. (2009), Bennett et al. (2003), Spergel et al.
(2003)] suggest that the observable Universe is undergoing an accelerated expansion.
According to the modern observations by Riess et al. (1998) our Universe is going through a
phase of accelerated expansion that put new route in modern cosmology. A natural
generalization is to choose a more general action in which the standard Einstein-Hilbert action
is replaced by an arbitrary function of the Ricci scalar R (Nojiri and Odintsov (2003a, b)) (i.e,
f(R)) and is the name applied to f (R)-gravity. This modified theory may point this late-time
cosmic acceleration (Carroll et al. (2004)). Recently, the dark energy models, which are
inspiring many astrophysicists, are the holographic dark energy models. According to the
holographic principle, the number of degrees of freedom in a bounded system should be finite
and is related to the area of its boundary discussed by Sahoo et al. (2016). It is argued that this
model may solve the cosmological constant problem and some other issues. Several aspects of
holographic dark energy have been investigated by Sahu et. al. (2017) and Mishra et al. (2016).
Tiwari et al. (2018, 2020), Pawar (20214, 2016), Khade (2022, 2023) have investigated
different models in f(R,T) theory.

The outline of this paper as follows: Basic formalism of f (R, T) theory is given in Section 2;
the model and the solutions of the field equations for Bianchi-type V universe are obtained the
physical and geometrical characterization of the model is represented in Section 3; and the
conclusions are given in Section 4.

2. Basic Formalism of f(R,T) Theory

The f(R, T) theory of gravity is the generalization or modification of General Relativity (GR).
In this theory, the modified gravity action. Which can be varied with respect to the metric tensor
gi; to obtain the gravitational field equation for f (R, T) gravity. The functional f (R, T) can be
chosen in many ways corresponding to viable models. In the present work, we have considered
the functional as,

fR,T) =R+ 2f(T)

(1)

where f(T) is an arbitrary function of the trace of the energy-momentum tensor. The
corresponding field equations become,
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1
Rij =S Rgij = kTyj + 2fr T + [f(T)6y; + 2Psfr] i,
(2)

Where f denotes the partial derivative of f with respect to T.
Assuming f(T) = AT, X being constant.

’rji = dlag[—l, Wy, Wy; WZ]pA = dlag [_11 W, (WA + 8)! (WA + )/)]pA

©)
Here we have used the EoS parameter w given by
wapp = Py

(4)

And w,,w,,w, are the directional EoS parameters along x,y,z axes respectively. For
simplicity weuse wy = 1.

3. The Model and Solutions:

We consider the spatially homogeneous and anisotropic Bianchi type-V space-time described
by the line element,

ds? = —dt? + A%dx? + B?e?*(dy? + dz?)

()

Where A and B are functions of cosmic time t only.

We have energy momentum tensor as

Tij - Tl‘jl + Tl]

(6)

Now using a co-moving coordinate system, the field Egn.(2) with the help of Eqn.(6) and
Eqn.(3) for the metric Eqn.(5), can be explicitly written as,

B B 1
ZE+?—FZE(8PA+/7M)+PA
o
A B AB
Z+E+E—%=A(8PA+,DM)+PA
®
A B AB
Z+E+E—%=A(8PA+,DM)+PA
O
AB B 3

(10)
i_i_,
B A

(11)

Here an over head dot indicates differentiation with respect to cosmic time t.
The average scale factor a(t) of the Bianchi type - V space-time is defined as

1

a = (AB?)3

(12)
The spatial volume of the metric is
V =a® = AB?

(13)
The directional Hubble parameters are
Hy =2 Hy=H, ==

(14)

The average Hubble parameter is
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a_1v

H_Z_3V
(15)
1[A 2B

H=33+%
(16)

6 =3H
(17)

_[A, 2B

H_[A+B
(18)

The dynamical scalar expansion 8 and shear scalar o2 are

. )
1[A B

2 1A B
(19)
The average anisotropic parameter A is defined as
1wz [Hi=H]?
4=33 ]
(20)

In order to find the solution such a system, one more relation is required. Hence, we carry out
a law of variation of deceleration parameter (DP). The time varying DP is important in
evolution of the universe. Its phase transition in expansion may be well explained by the time
varying DP. Now, we adopt the following periodic time varying DP Shen and Zhao (2014).
q = mcos(kt) — 1

(21)
Here m and k are positive real numbers.
Using the definition of DP as

—-H
a =51
(22)
the integration of Equation (21) gives the Hubble parameter H as
K
- msin(Kt)+Ky
(23)

HereK; is a constant of integration. Here we may choose K; = 0 and then Hubble parameter
becomes
1 v - v v - -

0.5

-1.5

Deceletation parameter

-2

-2.5

-3

0 10 20 30 40 50 60 70 80 90 100
Time

Figure 1. DP vs time in the units of Gyrs.
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_ K
- msin(Kt)

(24)
Using the definition of Hubble parameter asa H = %& in Equation (24), the average scale
factors a is obtained as

= ao [tan (S9)]"

where a, is a constant of integration
20 I — — 0.05 i
m=115| 0045 R
—m=1.35] ol B
mf-l.SSi L |n—l.55J: |
15¢ S 4 O-Mr — 1
0.035 “
5 /
210 4 5 0.03+ I
g 2 / /
g | = 0.025¢ //4
i) 3 //
£ st A 0.02 //
2 | //
\ | 0.015 S/
op— — .01 =
0.005 s
0 5 10 15 20 25 30 35 40 45 50 0 5 10 l.5 20 25 30
Time Time
Figure 2. Hubble parameter vs time. Pigure 3. Scale factor vs time.

parameter and the scale factor in time with the units of giga years.
For our model, the directional Hubble parameters are obtained as follows:

K 2K,
= — -+
msin(Kt) 3a03[tan(%)]m
(26) . .
H,=H, =— — L
y z mSin(Kt) 3a03[tan(ﬁ)]%
2
(27)

The anisotropisation in expansion of the model is given by the parameter 4 which is defined
and found as

A= 2K;?m?2Sin?(Kt)
- 6
9K2a02[tan(%)]m
(28)
The expansion scalar 6 is
0 =3H =—_
msin(Kt)
(29)
The shear scalar o2 is found as
2 Kq?
o~ = - &
saut tan(55)]"
(30)
A=aB
(31)
Where a is constant of integration and for simplicity we choose
a=1
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A=B
(32)
Now from Equations (7), (8) and (32), we obtain the metric potentials
1

A=B=a=aq, [tan (%)]%
(33)

Waps = Py
(34)
Also from Eqgn.(2.2.5),(2.3.2),(2.3.3) and (2.5.9) we have the matter-energy density given by

! 2K2cos(Kt) KK, 1 2K, KK,
Pm = (21+1) | msin2(Kt)

3 3
3a032% [sin(Kt)]% 3a,6 [tan(%)]m ao3msin(1’<t)[tan(g)]m

2
2

ao?[tan(5)|"
(35)
Now from Eqn.(2.2.5),(2.3.2),(2.3.3) and (2.4.2) the modified holographic Ricci dark energy

density and pressure is determined as

_ 1 {—2(31+1)K2605(Kt)_|_ (3A+2)KK, 1 3K*
PA = o) UarDmsinz (ko) 3(2A+ D) ag32m [sin(koym MSN2ED
(3A+2)KK, N (42+1)K,? (42+1)
3 5 2
(2)l+1)a03msin(1(t)[tan(%)]m 3(2)L+1)a06[tan(%)]m (22+1)a02[tan(%)]m
(36)

4. Conclusion

We have studied the modified holographic Ricci dark energy model in f (R, T) theory of gravity
by using anisotropy Bianchi type-V. In order to obtain the solutions of field equations, we used
EoS w,p, = P,. We see that the average scale factor is zero at initially. It increases in cosmic
time and changes periodically. The metric potentials are vanish initially it means our model
has point type singularity. All the cosmological parameters p,,, pa, 8,0 and A are infinite
initially and they preserve their periodic behavior in time. Also, we have explained and
discussed the kinematical and dynamical character of the model that all the quantities are
infinite initially and they preserve their periodic behavior against the cosmic time.
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Abstract:
In the present paper, spatially homogeneous and anisotropic Bianchi type-V dark
energy cosmological model has been investigated in the framework of f (R, T) gravity with

an appropriate choice of the function f (R, T) . In order to get a deterministic solution, we have

use plausible physical condition that the shear scalar ¢ is proportional to scalar expansion 0,
which leads to the relationship between metric potentials B =C" . The mathematical condition
that EoS parameter ., is proportional to skewness parameter o is also considered to derive
field equations. It is observed that the cosmological model obtained is free from initial
singularity, i.e.at t=0.

Some important cosmological parameters of this model are also discussed. The spatial
volume in this model increase as t increases, which confirms accelerated expansion of the
universe. It is observed that the EoS parameter, skewness parameters, Hubble parameter, shear
scalar, scalar of expansion, energy density and pressure of dark energy in the model are
functions of cosmic time and vanish for large t while they diverge for t =0. The physical
significance of deceleration parameter, jerk parameter, statefinder pair is also discussed in the
light of the recent scenario of accelerated expansion of the universe and cosmological
observations.

Keywords: Bianchi type-V, f (R, T) theory, dark energy.
1. Introduction:

The recent cosmological observations [1-7] have confirmed the accelerated expansion
of the universe. These observations also confirm that an exotic energy with large negative
pressure called dark energy (DE) is the reason for this late time acceleration. Dark energy is
considered to be the best candidate to explain cosmic acceleration. It is now believed that the
energy constitution of the universe has 5 % ordinary matter, 27 % dark matter and 68 % dark
energy. Thus dark energy cosmological models become an interesting subject of investigation
for several authors.

Dark energy is usually characterized by the equation of state (EoS) parameter given by

o(t) _P which is not necessarily constant, where p is the fluid pressure and o is energy
o,

density. Caroll and Hoffman [8], Ray et al. [9], Akarsu and Kilinc [10], Yadav and Yadav [11],
Pradhan et al. [12], Amirhashchi [13] have studied dark energy models with variable EoS
parameter. Shaikh and Wankhede [14] have derived dark energy model with EoS parameter
for hypersurface-hnomogenous space-time filled with perfect fluid in f (R, T) gravity.

In recent years, several modified theories of gravity have been proposed to understand
presence of dark energy, dark matter and the mechanism behind late-time acceleration of the
universe. Harko et al. [15] have developed a new modified theory of gravity known as f (R, T)
gravity. This modified theory has attracted many researchers because this theory is supposed
to provide natural gravitational alternative to dark energy. Adhav [16], Sharif and Zubair [17]
and Mahanta [18] have investigated Bianchi type-1 cosmological model in f (R, T) gravity.
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Naidu et al. [19], Ahmed and Pradhan [20], Pawar et al. [21] have studied the Bianchi type-V
cosmological model in the framework of f (R, T) gravity. Shaikh and Bhoyar [22] studied
plane symmetric universe in f (R, T) gravity. As a result of above studies, this theory seems
to be more convenient to explain the accelerating phase of the universe.

The study of Bianchi type-V cosmological models plays an important role in the study
of universe and the study is more interesting as these models contain isotropic special cases
and permit arbitrary small anisotropy levels at some point of time. Bianchi type-V universe is
the natural generalization of open universe in Friedmann-Robertson-Walker (FRW) models
with negative curvature and hence its study is important in the context of the dark energy (DE).
The study of Bianchi type-V cosmological models has attracted many researchers in recent
time as these models contain some specific isotropic cases and allow arbitrary small anisotropy
level at any instant of cosmic time. These models are generalized version of FRW models with
negative curvature. Lorenz [23], Ram and Singh [24], Baillie and Madsen [25], Beesham [26],
Banerjee and Sanyal [27], Venkateswarulu and Reddy [28], Roy and Prasad [29], Camci et al.
[30], Pradhan et al. [31], Bali and Singh [32], Ram et al. [33] and Singh [34] are some authors
who have investigated Bianchi type-V cosmological models. Diksha Trivedi, A. K. Bhabor
[35] studied -five dimensional LRS Bianchi type-V string cosmological models in scalar-tensor
theory of gravitation. C. Mahanta et al.[36] study Bianchi type-V universe in f(R, T) theory of
gravity with time varying cosmological constant and a quadratic equation of state.

Inspired by above discussion and investigations, in this paper, we have studied spatially
homogeneous and anisotropic Bianchi type-V dark energy cosmological model in the
framework of (R, T) gravity. This research paper is organized as follows: In section 2, metric
and field equations for Bianchi type-V metric are given. In section 3, we have obtained
solutions of field equations. In section 4, we have derived some physical parameters. In section
5, we have given conclusion.

2. Metric and field equation:
We consider the spatially homogeneous and anisotropic Bianchi type-V space-time

ds? = dt? - A%dx® —e 2™ (B2dy? + C?dz?), (L)
where A, B, C are functions of cosmic time t only and M is a constant.
The energy momentum tensor for anisotropic dark energy is given by

T =diag[p, —Po— Py — pz]z diag[], -, —0,, —a)z]p , (2)
where o is the energy density of the fluid and Py, P,, p, are the pressures along X, Y and :

axes respectively. Here @ is the EoS parameter of the fluid and @, ®, and , are the EoS

parameters in the directions of X, Y and z axes respectively. The energy momentum tensor can
be parameterized as

T :diag[IL—a),—(a)+7),—(a)+5)]p (3)

For the sake of simplicity we choose @, =® and the skewness parameters y and o are the
deviations from @ on Yy and z axes respectively.

The field equations of f (R, T) gravity are derived from variational principle. The action of
f (R, T) gravity is given by

1 4 4
S=Ejf(R,T)ﬁ d*x+ [Lyy—g d*x, (4)

which can be varied with respect to the metric tensor J,, to obtain the gravitational field
equation for f (R, T) gravity as

26



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

L, T)g,, + fa(RT)Q,, V"V, ~V,V,) =KT

fo(R,T)R s . W~ ERTT,, - (RT),, . (5)

oT .
where 6, = g — and T,, is energy momentum tensor.

uv

_ART) : _AHRT) V, is covariant derivative. k = #C where G and ¢
OR oT c*

are the Newtonian Gravitational constant and speed of light in vacuum respectively.

Three different cosmological models of f (R, T) gravity are possible as given by Harko
et al. [8]. In the present work, we have considered the functional as

f(RT)=R+2f(T), (6)
where f(T) is an arbitrary function of the trace of the energy-momentum tensor.

Now, the corresponding field equations become,

RV—%Rg =KkT,, +2fT, +[f(T)+2p, f;]g,,, (7)

9] nv

Here fs

where f_ denotes the partial derivative of f with respectto T .
With particular choice of the function (Harko et al. 2011) f(T)= AT , where A is arbitrary

constant and assuming commoving coordinate system, the field equations (7) for the metric (1)
with the help of (2), (3) leads to following system of equations

5 & BC o
o E_% plEr+22)0-(1-30-y-8)]-27p | @)
ALCLAC M ler+22)(wy)—(-30—y—5)-22p ®)

A C AC A
2+E+%—%—p[(87z+2/1)(a)+5)—(1—3a)—}/—5)]—2ﬂ,p , (10)

AB BC AC 3m?

5 e T AG T A ——p[8z+24+1-3w-y-5)]-24p , (11)
2A B C
A B "

here an overhead dot indicates differentiation with respect to cosmic time t.
We shall now define the physical parameters which will be useful in solving the field
equations and in the physical discussion of the solution.

The average scale factor of the Bianchi type-111 space-time is a(t) = (ABC )% . (13) The
spatial volume of the metric is V =a’(t) = ABC (14)
Directional Hubble parameter are H, =é H, =E ,H, =E (15)
A’ B’ C
The mean Hubble parameter H —E—l\i—l é E E (16)
P a 3V 3/A B C

A B C
The scalar expansion = —+—+—| . a7)

A B C
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-\ 2 <\ 2 . .. Lo .o
1 i LA B C AB BC AC
The shear scalar o” =00 =Z|| = | +| = | +| = | ———-—=-— . (18)
2 3ILA B C AB BC AC
H,—H
The mean anisotropy parameter is defined as A = Z( v j (19)
=1

In terms of the metric potentials, the Ricci scalar R for the Bianchi type-Ill is expressed as

ABCABBCACm
R=2 —+—+—=+ — . (20)
AB'C AB BC AC A

Deceleration parameter ( is known to be a measure of cosmic acceleration, it is given by

qg=—YV (1)

.2

\Y

3. Solution of field equations:
Solving (12) gives
A? = oBC , where  is constant.
Without loss of generality, by taking o =1, we get

A? =BC (22)
Subtracting (9) from (10), we get

B C AlB C

———+—|=——=1=0 23

B C A/B C 23)

The field equations (8)—(12) are five independent equations in seven unknowns,
A, B, C, p, p, o and @ . Hence in order to get a deterministic solution two more conditions

are necessary. We consider the following conditions:

1) We take the plausible physical condition; the shear scalar ¢ is proportional to scalar

expansion which gives B=C" . (24)

ii) The EoS parameter @ is proportional to skewness parameter & (mathematical condition)
such that w+6=0.

(25)

Using (12) and (22) in (23), we get

. C! 3n’-2n
2C+— = 26
c c (26)
Let C = f(C). (27)
Hence (26) leads to
d 1 3n*-2n
—(\f2 )+ = |f2 = : 28
dc( ) (Cj C (28)
Solving (28), we obtained
C =(kt+k,), (29)
B=(kt+k,)", (30)
A=(kt+k,)z , (31)
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1
where k, =(3n2—2n)z and k, is constant of integration.
Now, the metric (1) becomes

ds? = dt? — (kt +k,) > o —e2™[(kt +k, )V dy? + (it +k, )dz? ]

4. Physical parameters of model:

The volume V is obtained as
3(n+1)

V = ABC =(kt+k,) 2
Average Scale factor ais given by

at) = v3 (kt+k, )
The directional Hubble parameters are

_A_ Dk Bk
YA 2tkt+ky)” 7 B (kt+k,)’

(36)
The mean Hubble parameter H is given by

_a_1V _1[A B+C 3(n+1)k,

“a 3V 3 A B C| (kt+k)

The scalar expansion @ is given by
0-3H - 9(n+1)k, .
(kit+k,)
The shear scalar O obtained as

. 1, 1l(AY (BY [c| AB BC AC
O =—0..0 =— —_ 4+ — +| — -
A B C AB BC AC

1 [k'(13n* - 28n° +18n% ~4n +1)
48 (kt+k,)* |

The anisotropy parameter A, obtained as

A - Z(H H} 1{25+(n+2)2+(2n+322}

18| 4  (n+1)?* (n+))
The deceleration parameter ( is given by
9 :i[ij—lz— (3n+2)
dt 3(n+1)
Red Shift Z is given by

a :n3+4n+3
H%  27(n+1)

Jerk Parameter j =

The pair of state finder {r, s} diagnostic has defined and obtained as below
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H H 1 2
r=1+3—+— =1- + 43
H? H? (n+1) 9(n+1y (43)
_r=1  18(n+1)+4
. 3( 1)_ o(n+1)6n+5) 44
172

Subtracting (8) from (11) and using (29-31), we get

1 {kﬁ(—n2+4n+1)_ 2m? }:_p

= 4
Brr24)| 2kt+k):  (kt+k)™ (43)
since in the case of accelerated expansion we have p+ p=0.
Subtracting (8) from (9) and using (25), (29-31), we get
2(_En2
T S 5 - +2n2+1) s o
p(Br+24)|  Akt+k,)

Subtracting (9) from (10) and using (29-31), we get

(47)

1 {klz(Snz—Zn—l)]

T BT +22)| 2(kt+k,)’

5. Conclusion:

In this paper, we have studied Bianchi Type-V Dark Energy Cosmological Model In

f (R, T) Theory of Gravitation. We have following concluding remarks:

The model obtained has no singularity for n>0.

The spatial volume of this model becomes infinite as T —>00, which shows that the
universe starts with zero volume and expands uniformly.

The Hubble parameter H the expansion scalar 0 and shear scalar ¢ decrease as time
increase. The positive value of Hubble parameter and expansion scalar throughout the
evolution shows that the universe is expanding gradually.

. o . . .
Since i constant, the model remains anisotropic except.

It is observes that anisotropic parameter A, #0 . Thus model is anisotropic

The declaration parameter ( is negative, which indicate our model is accelerating as desire.
We observed that EoS parameter is evolving with a negative sign, which may be
established from the current accelerated expansion of the universe. We also observed that
initially universe expand with quintessence @ >—1 region and at late time it approaches
the cosmological constant @ =—1 scenario.

It is interesting to note that EoS parameter takes a negative value which is supported by
SNe-Ila data.

We observes that energy density is decreasing function of time and it vanishes as t — 0.
From the same figure we take a note that pressure of dark energy (fluid) is negative as we
desire and it vanishes in large time limit.

In our model jerk parameter is positive throughout the evolution of the universe indicating
accelerated expansion of the universe.

The pair of state finder diagnostic is determine, which shows that our model does not
approach to ACDM limit.
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Abstract
Existing investigations dedicated to the self-propelling investigation of (m,n)-Type HDE

cosmological model within the circumstance of theory of gravity with Lagrangian be the
impulsive function of Ricci scalar Rand Gauss-Bonnet invariant G , say f (R,G)gravity. Exact

solutions of the field equations correspond to power law which provides singular model. Also
some physical and kinematical aspects and its behavior with the present day universe of the
cosmological model have been discussed.

Keywords:- (m,n)-Type HDE, f(R,G) Gravity, Bianchi Type-I line element.

1. Introduction

Dark Energy (DE) is a speculative type of energy that applies a negative, horrendous strain,
acting like something contrary to gravity. It has been guessed to represent the observational
properties of far off kind la supernovae, which show the universe going through a speed up
time of development [1-6]. DE is an extraordinary type of energy that saturates all of room and
will in general expand the pace of extension of the universe. There are normally two different
ways for displaying the DE, initial a specific parametrization and second changes of gravity at
extremely huge scope. To find the DE condition of state from observational information there
are three significant ways which are tackling the scalar field conditions, constructing a useful
structure for condition of state boundary, and playing out a boundary free methodology.
Contrasting the new observational information and different models of DE. The vacuum energy
thickness and a dynamical scalar field are two significant possibilities for DE. Thus, the
condition equation of state (EoS) related with the vacuum energy thickness is consistent and is
an element of time in conventional core situations [7-9]. Number of researchers and Authors
studied another form of DE called the Holographic Dark Energy (HDE). HDE models depend
on a field hypothetical connection between shorts in the bright and in the infrared energy
domains. Various decisions of the infrared end lead to various models and also found that the
thickness of the Universe is autonomous of space shape [10-11]. [12] Laid out a
correspondence between the HDE models with the quintessence scalar field DE models in the
Bianchi Type-V universe. Core potential and the elements of the quintessence scalar field are
recreated for this anisotropic speeding up model of the universe. studied [13-19] minimally
interacting and five dimensional HDE models. Some of the authors [20-25] discussed the
dynamics, cosmic evolution and consequences of HDE models of the Universe with reference
to different theories of the cosmic Universe. Signature flipping of isotropic homogeneous
space-time with HDE in f (G) gravity concentrated by [26] and [27]got another class of HDE

models in LRS Bianchi Type-I. Also there are different forms of HDE models like Tsallis HDE
and Barrow HDE models that had investigated [28-29].
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So by above discussion of DE and HDE here in this context we have consider a (m,n)-Type

HDE cosmological models having its kinematical and physical sense which gives a agegraphic-
like DE models [30-31]. For this(m,n)-Type HDE cosmological models here we have consider

a modified gravity theory to explaining the behavior of the present day universe.As, there are
so many modification of action in General Relativity (GR) are obtained, such as
f(R), f (R, T), f(G), f(R,G), f(T), f(T,B) etc. These reasonably different modified theories
are an endeavor to construct a semi-classical theme within which GR and most of its self-made
options are often recovered. An undemanding and one of the best modification to GR is that
the f(R,G)theory of gravity, which is the function of Ricci-scalar (R) and Gauss-Bonnet
gravity (G) [32].
Till now several models of f(R,G) theory are planned. Described [33] energy bounds in

f (R, G)gravity theory while [34] investigated the dynamics of inflation and DE model of the
Universe. Later on [35] devoted to the thermo-dynamical aspects of relativistic hydrodynamics
in f(R,G)gravity and also [36] constructed a time varying deceleration parameter model in
the f(R,G)gravity theory.

With reference to above discussion and extension in the area of cosmology our article is
organized as follows:

In Section 2, we present the f (R,G) gravity and cosmology basics. The metric solutions of a
particular f(R,G) model are presented in Section 3 with the special; form of HDE called
(m,n)-Type HDE. The physical and kinematical behavior of the model with the (m n)-Type
HDE, are done in Section 4. The concluding remarks are given in Section 5.

2. Metric and f (R, G)gravity
We consider a LRS Bianchi Type-I space-time of the form

ds? = dt? — A%dx® — Bz(dy2 + dzz), (2.1)
where, A and B are the potential functions of cosmic time tonly.

So many authors [37-39] contemplated the above said model because of its physical importance
that it's solid and anisotropic, from which the method of isotropization of the universe is studied
through the passage of time conjointly play a significant role in understanding and outline of
the first stages evolution of the universe. Therefore, the model devouring anisotropic
background that approaches to property at late times is a lot of correct for the outline of entire
evolution of the universe.

The f(RG)gravity is a fascinating addition to Einstein's theory of gravity. The action that
applies to this gravity the most generally is
szz—lkjd“x,/—g{mf(G)+sM(g”,¢)}, (2.2)

where , g is the metric determinant, s | (g', ) is the matter action, k =16~°G? R is the Ricci
Scalar and G is the Gauss-Bonnet invariant defined by:

G=R*-4R R*"+R_,R"”, (2.3)
Where the notations r and R, ;are occupied for the Ricci and Riemann tensor respectively.

Variation of standard action (2.2) with respect to metric (2.1) gives the following gravitational
field equation:

rsaf
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1 ma
Raﬂ _EgaﬁR = k-l-aﬂt +Zaﬂ,

V.,V fe = 0,5 + 2RV, V o —2g,,Eff, —4R'V,V 1 |
4RV, V f. +2,,f, +49,,R7"V V (2.4)
Where, s, =| 1 49 R™V V fs.4R ., V'V 1,

arsp

—lgaﬂ(f R+ f.,G-f(R,G))+(1- fR)(Raﬁ—%gaﬁRj

Here,v_ represents the covariant derivative.
0

fr =

f(R G)ANnd f_ e f(R,G)giVES the partial derivatives of f (R, G) with respectto
8

R and G respectively.

In this work, we use some kinematical and physical quantities toward the solution of field
equations and the behavior of the cosmos by f (R, G) gravity model of the form:

f(R,G)= f,R'G™. (2.5)
Where, ¢ - o be constant.

For the values of constant -, two types of gravity models are recovered:

)i f (R) gravity model correspondingto ¢, =1 =0 and
I f (G) gravity model correspondingto f -1 ,=1.
The energy momentum tensor for dark matter (DM) and HDE is taken as,
T = PracUill; "‘(Pde + pde)uiuj * Pgelij - (2.6)

Here, o, is the matter density of DM, , being the energy density and  is the pressure.

Modern cosmology is concerned with a key question: where did DE come from Holographic
dark energy (HDE) model is one of the many solutions that have been suggested to tackle this
complex puzzle [40].

3. Field Equations and Solutions of (m,n) Type HDE Model

In the extent of HDE source given in equation (2.6), the field equations (2.4) corresponding to
the metric (2.1) lead to the following set of linearly independent differential equations of the
form:

A _B|; AB? . 1 AB B
{|:Z+ZE:|1:R —12K? fG +E(RfR +GfG—f) |:2KE+B :|fR}:pmatt+pde (31)
. B, BB,  B*. 1 B B’
{— fo —2E fo +8EE fq +4? fy —E(RfR +Gf, — f)+{2g+§} fR}: Dee (3.2)
—-f.-|= A B fo+d = BB +BA fq 4—AEf —E(RfR+GfG—f)
A'B BB BA AB ¢ 2

A B AB
+—+—+——|f;
[A B AB}

Here, A, Bare the potential functions of cosmic time and the overhead dot denotes the

derivative with respect to cosmic time. We have expressed the above field equations from (3.1)
to (3.3) into (R, G)gravity form. Also we've chosen to frame the cosmological model in this

= Pye (3.3)
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instance using an assumed scale factor. Additionally, we must ascertain the pressure, matter
density and energy density with respect to cosmic time in order to frame a cosmological model

of the universe. We adopt the power law form of the scaling factor, g = 77“3(t)§ to handle the
extremely non-linear Egs. (3.1) and (3.3). The use of such a scale factor was made to replicate
the change from a decelerating to an accelerating expansion of the universe. To get the formulas
for the pressure, matter density and energy density in terms of cosmic time, this can be
substituted in Egs. (3.1)— (3.3). We find that the matter density, energy density and pressure
have complicated expressions, so we choose to display them graphically. These special cases
that we have discussed in the form of (m n)-Type HDE models and that have been mentioned

in the following section.

(m,n)-Type H.D.E: -

The idea of (m,n)-Type HDE is the extension of HDE with the parameters Mand N with the
chosen IR cut-off as

1 t n ! !
L_a”‘—(t)éa (t'pt’. (3.4)

Specifically, for a few explicit upsides of (mn) the condition of state can normally develop
cross ghost split even without presenting cooperation among DE and dark matter (DM).

Additionally when (m.n) take some particular worth all the age graphic-like DE models can be
recuperated. This development is likewise relevant to the models with summed up future
occasion skyline as the holographic size in a similar soul. For age-like holographic models,
when M=N it appears to be that DE has a similar way of behaving as the prevailing fixing in
the early epochs of the universe which infer that DE may be bound together with DM. In any
case, we need to acquaint some component with make DE go amiss from DM state, and at last
become predominant and be answerable for the speed increase of the universe.

Now for the construction of (m,n)-Type HDE models we define the energy density [41-43] as

3’

=7 (3.5)

pde

here b is treating as a constant and L is given by (3.4).

Now let us define the different kinematical parameters of the model which help us to describe
the characteristics of the universe in the following ways.

The spatial volume and average scale factor severally outline as

V =,/-g = AB? (3.6)

a=V"%s0,a=(AB?}" (3.7)
The special law of variation of Hubble’s parameter which yields a constant value of
deceleration parameter of the universe, according to Berman’s law:

q :%(%}-1 (3.8)

The generalized mean Hubble parameter that expresses the enlargement rate of the reference
frame, is given as

H =§ (3.9)
Where, ais the average scale factor which is given by:
a=n"(t)s (3.10)

35



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

The use of such a scale factor (3.10) was made to replicate the change from a decelerating to
an accelerating expansion of the universe. Due to this importance many candidates [44-49]
have used this model to express their finding in this concept.

From equations (3.7) and (3.10), the metric potential comes out to be and we take A —B<;z =0

with this we get the values of A and B as follows:
A=ns (t)y 5 (3.11)

B=n, (t)}/(§+2) (3.12)
With the help of (3.11-3.12) spatially homogeneous and anisotropic locally rotationally
symmetric Bianchi type-1 cosmological model with (m, n)-Type HDE source within the

framework of f(R.G) theory of gravity becomes:

ds? =dt2—[n§(t) §+2} dx? —[nz(t) §+2} (dy? +dz?) (3.13)

4. Physical and Kinematical Properties of the Model
The Ricci Scalar and Gauss-Bonnet Invariant G with the values of metric potentials (3.11)
and (3.12) for the model (2.1) is written in the following way:

R:—6[3§2—y§+(§+22)2+6§+9] @.1)
y*(&+2f ()
and
_ 648l — (¢ +2)+2] 4
72t 0

As we have constructed our model on the basis of f (R, G) gravity theory and hence both R
and G behaves with the same properties for the resulting model by choosing the power law of

the form g = 771’3(t)§- The Figure 1 shows that how both R and G behaves with the given
power law model.

0.00- X J . 3 0.00-
-0.05;
-0.10}
-0.15+

-0.02"
-0.04
-020| © _0.06/
025 !

-0.30;

) A S P AT i3 d
0.0 0.5 1.0 15 20 25 3.0 0.0 0.5 1.0 1.5 20 25 3.0

Cosmic time (t) Cosmic time (t)

Figure 1 Behavior of Ricci Curvature and Gauss-Bonnet versus cosmic time with the
appropriate choice of constants , =14.2and £ =2.1.
Calculated energy density of the (m,n)-Type HDE model by using the potential functions
(3.11) and (3.12) utilizing (3.4-3.5) is as:

b’ A )
= t)s i (4.3)
Pe |:3(7/n+3)2}77 ()3

~0.08 -

-0.10
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Figure 2 Behavior of energy density of (m,n)-Type HDE versus cosmic time with the
appropriate pair respectively as (m,n)=(0,0),(0,1) and choice of constants
y=142,b=3.1 &O0.2.
Utilizing (4.3) in (3.1) having the potential functions given by (3.11) and (3.12) the (m, n)-
Type matter energy density of the modelis found out as:

_M{—r§+(r—2)3}

yt G R

3247 ¢ RG R||R?
f —(r+1)—>+(r-1)—
+}/3(§+2)3 i3 { (T+ )Gz +(T )G} G

o

Prnate = (4.4)
e (r —1)18& +9)
_ R + ﬁ
I y¥(E+2)
2(m=
_ L (n; " 2[y(m-n)-3]
7ln 2 ()
3(y n+3)
_1oo: -20001;'
:g -zoo;’ ;E -“°°°§
300 -eoooj:
» 3000
MOPY s s b T it e A S
00 01 02 03 04 05 06 07 00 05 10 15 20 25 30
Cosmic time (t) Cosmic time (1)

Figure 3 Behavior of matter density of (m,n)-Type HDE versus cosmic time with the
appropriate pair respectively as (m,n)=(0,0),(0,1) and choice of constants
fo=17=32y=142¢=21and ;; = 0.3.

Calculated pressure of the universe by using the potential functions (3.11) and (3.12) in the
field equation (3.2) is:
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_(T—1){r§+r(r+l)g+21(1—2)R_G_(T_2){E+(T_3)§H

RG R

2(1_1)[9_37(@z)]{_f%(f_l)g}

| 1 ) (T+1){_?+(T+z)§_z(r_1)?} .
Poe = To| =g\ 1907 N . :
2)(t 2 G
7§ +2) ) +(r+1){5+(r—1)R—}
] G RG |

—-3(r -1)9-2(¢+2)}

_ 247[9-3y(£ +2)] (o4 ic';+ - R .
I,
(4.5)
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Figure 4 Behavior of pressure of (m,n)-Type HDE versus cosmic time with the appropriate
pair respectively as (m, n)=(0,0),(1,0) and choice of constants
fo=17=32y=142¢=21and 5, = 0.3.

4.1 Kinematical Properties of the Model

The kinematical properties which are important in cosmology for discussing the
geometrical behavior of the universe that are spatial volume, Hubble parameter, expansion
scalar, mean parameterized isotropy parameter, shear scalar, deceleration parameter, jerk
parameter and overall density parameter which have the following expressions by using the
potential functions (3.11) and (3.12) as follows:
The obtained spatial volume of the model is,

V=l (] 51
The resulting mean Hubble parameter of the model is,
4
H=|%+ 5.2
B 52

The obtained expansion scalar for the model is,
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9= {Z} (5.3)
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Figure 5 Behavior of v H & ¢ versus cosmic time with the appropriate pair of constants

y=14.2and ;; =0.3.
To mentioned whether or not the models either approach isotropy or not, we tend to outline
associate anisotropy parameter of the enlargement as,

2
An=2.3=1(H‘_Hj {2752—y4(§+22)2+54} 54
H r(&+2)
Similarly the founded Shear Scalar of the model is;
RN {2752 ~r(e+2f +54} 65
2 6y°(& + 2)°t?

o =

-1ooi

o h Tz s a s

Cosmic time (t)

Figure 6 Behavior of &?versus cosmic time with choice of constants , =14.2and & =2.1.
The obtained deceleration parameter of the model is given by,

q= F _ } (5.6)
y

In the cosmology the jerk parameter can be defined as the third derivative of a scale factor and
IS written as:
e*—n e —pn* pitE"-1)
H= + -
er]t e le]t

i(t) = I (5.7)
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Figure 7 Behavior of j(t) versus cosmic time with the appropriate choice of constant
n7=0.3.

Calculated (m, n)-type energy density parameter of the universe by utilizing (4.3) and the
Hubble parameter (5.2) is:

P 9y° Zon) mara) |
Q, =L —op?? L _tpd (t):"" (5.8)

Also calculated (m, n)-Type matter density parameter of the universe by utilizing (4.4) and the
Hubble parameter (5.2) is:

“f_‘”{_fg(f_z)g}

yt

3247 ¢& RG R| IR
fol| + —(r+1)—+(r-1)—
O Poa 9 |2 { ey g +le )G} G
matt 3H2 - 7/2 _R+{(T—l)(18§+9)} (59)
y*(E+2)

2 -1
| g 0

Hence the overall energy density parameter for the (m,n)-type HDE cosmological models is

we have
31X {_f9+(7_z)5}
% G R

3247¢& | RG  R[|R”?
o1 +ys(§+2)3(t){ RN 1)6}

), [(r-1)18¢ +9)? (5.10)
Ehea

o

y? y(E+2)

o2 {,75("“”) (t)ily(m—nrs]}

- P (yn+3f

5. State-finder Parameter Diagnosis

Let us try to explain the state finder parameter diagnosis for the scale factor given by (3.10)
and for the Hubble parameter (5.2). The parameter r ang s for given model is found out as:
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(__& _18 (6.2)
aH? /4
g-_ -1 18 (6.2)
Aq-1/2) s
From (6.1 - 6.2) here we got the relation between r and S as:
_(6-s)3-s) (6.3)
18

1.0+
0.8
06
0.4
02

0.0
Figure 8 Behavior of state-finder parameter with the appropriate pair of constant ;; = 0.3.
6. Conclusion
In fig. 1 Graph of Ricci curvature and Guass- Bonnet with respect to cosmic time thas been
plotted for , =14.2and & =2.1.Both exhibit same behavior. For small t there is sharp
increase in the values then for large values of t a constant behavior has been observed.
In fig. 2 we have plotted the graph of energy density with cosmic time for various values of
(m,n)for (m,n)=(0,0)energy density shows decreasing behavior, for large values of 1 it

became constant, for (m,n)= (0,1) steep decrease in the values has been observed for large
values of tit shows a constant behavior for (m,n)=(0,0),(0,2) it shows an increasing behavior

fort>0.
In fig.3 graph of matter density has been plotted with cosmic time for (m,n)=(0,0),(0,1) shows

an abrupt increase behavior while for large values of t it shows decreasing behavior.
(m,n)=(0,0),(0,1) matter density shows a decreasing behavior which is consistent with the
observational values.

From fig. 4 we can see when t =0 pressure of (m, n) type of H.D.E. model was zero. It shows
a constant behavior for t > O but for large values of t it shows decreasing behavior.

In fig. 5 Graph of spatial volume has plotted against cosmic time for y = 14.2 and n = 0.3 we
can see for

t=0and t > O spatial volume remain same but large values of t it shows an increasing behavior
whereas Hubble parameter shows a decreasing behavior but for large t it became constant.
Expansion scalar 8 decreases abruptly as t increases but for large t it shows a constant behavior.
In fig. 6 Graph of shear scalar o2 against time has plotted with , =14.2and £=2.1and it is
evident that it is an increasing function and for large values of t it increases gradually.

In fig 7. Jerk parameter j(t)has been plotted against cosmic time t with a choice of; =0.3
and it shows a gradual increase with the increase in the time.

In fig. 8 State finder parameter has been plotted against Hubble parameter, it can be seen that
it shows a decreasing behavior for all values of t, by using state finder approach we can easily
comment upon the behavior of the model. For s =0,r =1 our model approaches ACDM fixed
point in the future. For r < 1, s >0 our model depicts quintessence model and for r >1,s<0 it
shows chaplyngin Gas (CG) model.

Quintessence and CG follow in  _splane demonstrate quite strikingly the contrasting behavior
of our dark energy model.
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Abstract:

In this paper some properties of kernel of fractional Gabor transform are proved and fractional
Gabor transform is extended in the distributional generalized sense. For that testing function
space is defined. Boundedness property and uniqueness theorem for the fractional Gabor
transform are proved.

Keywords: Gabor transform, fractional transform, fractional Gabor transform, testing function
space.

I. INTRODUCTION

Zang Y. [5] introduced the concept of Gabor transform of fractional order using window
function. Relation between Gabor transform and fractional Fourier transform and their
application for signal processing was studied in [3]. A generalization of the Fourier transform
known as the fractional Fourier transform was proposed by Namias [1].

The fractional Gabor transform of signal f(x) with rotation & is defined as,

o0

G, f(x)[u)=G,(u,t)= I f(x)K, (x,u,t)dx (1.1)

—00

- i(x2+u2)cota (x-t)P cscar _
Where, Ka(x’u’t): ]'Izﬂe 2 e 2 g iuxcsca (12)
T

The above fractional Gabor transform is the generalization of the conventional Gabor transform
which is defined as follows in [5]

G(u,t)= \/%T f(x)ef@e‘“‘xdx (1.3)

Because of its recent application in many fields, including optics and signal processing, the
brief account of its application is discussed in [2].

In this paper section Il discusses some properties of kernel where as in section I11 we
define testing function space. Section IV gives boundedness property and section V gives
uniqueness theorem. Last section VI concludes the paper.

Notation and terminology are as used in [4].

I1. Properties of kernel:

We prove the following properties of kernel of fractional Gabor transform.

1. lim K, (x,ut)=K
a—Nr

nrz*

2. K (xu,t)=K:(xU,t), where “.” denotes the conjugation.
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(8
2

CsCa

£
(tf
2

cscar
€

3. K, (xut)= K, (u,xt)

—(x-t)Y cscar
4, |Ka(X,U,t1: W

5. Ka(x,u,t):e[ 2 K,(x-useca,0,t)
Proof: First four properties are simple to prove, hence we prove last property.

; .(x2+u2)cota (x-t) cscar
Ka(X,U,t)Z ]'_Izﬂel 2 e 2 efiuxcsca
T

- ix* cota_iu®( 1 _ "
l1-icota l: s k—tana ‘ Sinacosa]—luxcsca} _(Xt)%
"o © :
T

2
.u
—x+t:}u seca csCa—i—tana.

2

. . 2
1=icot i’ tana i(x—useca)2+02]cota ((x-useca)}-tfosca | U5 X 4o utseca |osca
—ICOta 2 2 ~i(x-useca)0csca 2 2
= 2—e e ] e €
T

[useCa
K, (x,ut)=e" 2

I11. Testing function space E’
An infinitely differentiable complex valued function y on R™ belongs to E(R™) or E if for each
compact set K c S, where,

S, :{XIXERn,|X|Sa,a>0}, keN",
Zerlv)=sp[Dy (x) <

Clearly E is complete and so a Frechet space, also if f is a member of E (the dual space of E)
then we say that f is a fractional Gabor transformable.

u?
X+t [usecarcsca—i—-tana.

K, (x—useca,0,t)

IVV. Boundedness property
If the SUPp f =S, where S, ={x: X e R”,|x|£a,a>0} and for each e> 0 there exists a

constant C and a positive integer k such that for 0 < a < 7,
G, (&) <CCy, -exp {CZa l([lm & +(a+ e cosa - 2(a+ €)im&| - (a+ e -t)° )J}x
K k-2j
> C, (i[2(a+ €)cos e — 2&]- 2(a+ e -t))
j=0

Proof: By boundedness property of the generalized function, there exist a constant C and a
non-negative integer k such that,

G, (&) =]< F(x). K, (x &1)>]
DK, (x.& 1)

c, D’ {exp(C2a [i [(x2 + &2 )COSa - 2§x]— (x—t)° ])}‘

< C-maxsup
‘ﬁ‘Sk xeR"

< C-maxsup
‘ﬂ‘gk xeR"
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<CC,, -exp {CM [(]Im & +(a+ ) cosa - 2(a+ €)ime] - (a+ e 1) )]}x

p-2i
e _ﬂ C, ;(i[2(a+ €)cosa - 2£]- 2(a+ € -t))
<CC, -exp{c [([Im & +(a+ e cosa—2(a+ €)ime|—(a+r e t) )J}x

K k-2]

ZCM (i[2(a+ €)cosa — 2&] - 2(a+ € 1))

=0
Where C, C,,, C,,, C, are constants depends on & k ,j.
V. Uniqueness Theorem:
it (G £ (x)[£) = F, (£) and [6“9(x)[£)= G, (¢) for 0< & < 7 and

sup f < S, ={x:XER,|x|§a,a>0} andSupg cS,. If Fa(i):Ga(é),then f =g inthe

sense of equality in E .
Proof: By inversion theorem

f-g - [KKuOF. (-6, (s -0,
as F.(6)=G, (&), thus f =gin E

This proves uniqueness.

VI. Conclusion:

We present some properties of kernel. Boundedness property for the fractional Gabor transform
is given. Uniqueness theorem is also given. Further we plan to prove operation transform
formulae and some more interesting properties of this transform.
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Abstract

In this work, we investigate an anisotropic, homogeneous and five dimensional Kaluza-Klein
Universe filled with Dark Matter (DM) and Dark Energy (DE) in the framework of Einstein’s
theory of Relativity. We choose an interaction between DM and DE with the interacting term,

Q=3Hyp,,, by considering Tsallis generalized entropy. The exact solutions of the field

equations are obtained by using the laws of the Hubble parameter proposed by Berman [21].
The EoS parameter, Anisotropy Parameter and Deceleration parameter are obtained. The
results, we obtained are consistent with the observational data.

Keywords: Kaluza Klein Universe, Tsallis Holographic Dark Energy, Dark Matter, Einstein’s
theory of Relativity, EoS.

1. Introduction

The entire universe is now accelerating, according to experiment data from Supernova la Riess
etal. [1], Perlmutter et al. [2]. It has also been suggested that "dark energy," an unusual negative
pressure, is the main cause behind this. This remains a cosmic puzzle to this day. Two
approaches are being actively considered in the literature to explain the accelerated expansion
of the universe. One approach is to build dark energy models and study their dynamics. To
identify the cosmological models in the modified theories of gravity and then look into their
dynamical characteristics, another strategy is to use Einstein's general theory of gravitation.
The most obvious hypothesis for dark energy is the cosmological constant. However, it is
plagued by coincidence and other issues. As a result, other DE candidates such as quintessence,
phantom, k- essence and quintom models have also been considered to explain DE Ratra and
Peebles [3], Chiba et al. [4], Elizalde et al. [5], Caldwell [6]. Among the different dynamical
DE models, the HDE model, in particular, has been a prominent model for examining the DE
mystery in recent years. It was based on the quantum properties of black holes (BH), which
have been widely studied in the literature to investigate quantum gravity Li [7], Susskind [8].
Due to the formation of BH in quantum field theory, the holographic principle states that the
bound on the vacuum energy of a system with size L should not cross the limit of the BH mass
of the same size. Tsallis HDE (THDE) is one of the new HDE models developed and is never
stable at the classical level Tavayef et al. [9], Tsallis et al. [10]. Several investigations on THDE
models in alternative theories of gravitation have been done by several researchers all over the
globe Aditya et al. [11] Ghaffari et al. [12], Maity et al. [13], Igbal et al. [14], Santhi and
Sobhanbabu [15].

In the third decade of the previous century, Kaluza [16] and Klein [17] attempted to unify
electro-magnetic force with gravitational force which resulted in the development of Kaluza-
Klein (KK) theory. In KK approach, an extra dimension, viz. fifth dimension was introduced
for coupling the two forces mentioned earlier. Chodos and Detweiler [18] have shown in their
five dimensional model that the extra dimension contracts due to cosmic evolution. According
to Guth [19] and Alvarez and Gavela [20], production of huge entropy due to the presence of
an extra dimension can solve the flatness and horizon problems without invoking the idea of
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inflation. So, five dimensional model in the framework of KK theory has been successful in
addressing some of the problematic issues of Big Bang cosmology. In this study we have
investigated Kaluza-Klein cosmological model in Tsallis holographic dark energy in Einstein’s
theory of gravitation.

The paper organized as follows: section 2 deals with metric and field equations, section 3 deals
with solution of field equations and some physical properties, discussions are done in section
4,

2. Metric and Field Equation

The Kaluza-Klein spacetime is characterized by:

ds® = dt* —a® (dx® +dy” +dz* ) —b’dy” . (2.1)
The cosmic scale factor is represented by aand b and ¥ is taken to be space-like.

The equations describing Einstein's field in the natural limit (87zG =C :1) are expressed as
follows

1 _
Rij _E Rgij = _(Tij +Tij) ! (2'2)

Where, Rjis the Ricci tensor, R is the Ricci scalar and J; is the metric tensor. T, and'rij are
the energy momentum tensors of matter and THDE, respectively.

The expressions for the energy-momentum tensors are provided as follows
T. = p,Uu. , (2.3)
and
Tij :(pr + pT)uin —0;Pr
(2.4)
Where, 5 |, o, and p, are the energy density of matter, energy density of THDE and
pressure of the THDE respectively.
The THDE density with Hubble horizon as the IR cutoff is [20].
pr =BH? (2.5)

Where, F is an unknown parameter, H is the Hubble parameter and ¢Jis a free parameter.
In comoving coordinate systems, the Einsteins field equations (2.2) for the metric (2.1),
utilizing equations (2.3) - (2.4), can be expressed as

2 .
a ab

3(5) +3£=p-|— + O ) (26)
a b (a) . ab

254‘64—(5) +2%=—p1— ) (27)
s <\ 2

3§+3(§j ——p , (2.8)

Where, an overhead dot () represents derivative with respect to timet .

The Directional Hubble Parameter in the direction of x , y, z and y , denoted respectively,
and the average Hubble parameter are defined as,
H,=H,=H,=> and HW=E , (2.9)

47



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

/ 4
H=1Y _lsy _ (2.10)
4V 443
The special volume, denoted as V' and the Average Scale factor, denoted as R are defined
as,

V=R'=ah, R=(abh )%1 . (2.11)
The deceleration parameter, denoted as q(t) is defined by,
qg=-22. (2.12)
a

The mean anisotropy parameter of expansion, denoted as A, the expansion scalar, are
defined for the metric as,

1&(H-HY

Am:§Z( v J , (2.13)
i=1

0 =3H

(2.14)

By utilizing equations (2.6) - (2.8), the cosmic scale factor can be expressed as,

a= D1V1/4 exp[xl-[?j ) (215)
dt
b=D,V"exp| X,[—| | 216
2 p[ ZJV) ( )
Where, the relation DD, =1and 3X, + X, = Oare satisfied by D, D,, X, & X, , and
- 1 -3
D, =d",D, =d ¥ X, = 7x&X, = "x.

From above the relation, if one can take D, = Dthen D, = D andiif X, = X then X, =-3X .
Then the equation (2.15) and (2.16) can be expressed as,

a=DV"Y* exp(xj%) , (2.17)

dt
b:D3V“®(QQX-—j 2.18
Pl -3 (2.18)
The energy conservation Iaw'ﬂ}j =0, yields the continuity equation as
Pt +4H (o, + o +P;)=0 . (2.19)

In the interacting model, where DE interacts with DM through an interaction term Q , the
continuity equation transforms to:

po+4Hp, =Q (2.20)
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pr+4H (o +pr)=Q . (2.21)
In this study, we opt for the interaction termQ=4yHp_, where 7 represents coupling

parameter between DM and DE, setting 5 = 0 results in the non-interacting model.

By employing Eq. (2.5) in (2.21), the Equation of State (EoS) parameter of THDE can be
derived as:

B LR LS

2.22
pr e Tp (222
3. Cosmological Solutions of the model
To derive exact solutions for the field equations (2.6) - (2.8) and the cosmic scale factor aandb
, We assume a specific law of variation for the Hubble parameter. This assumption leads to a
constant value for the deceleration parameter [35].
According to this law, the variation of the mean Hubble parameter is expressed as,

H=ka" 3.1)

Where, k>0 and n>0.
Here, we derive two cosmological models: I) A Model for n=0and II) A Model for n=0.
In this paper we consider,
A Model for n=0 [Power-law Volumetric Expansion Model]:
For n=0, Equation (3.1) yields the volume scale factor as:

V =(nkt+c, ) (3.2)

where C, >0 is a constant of integration.

Using equation (3.2) into equations (2.17) - (2.18), we obtain the exact values of the scale
factors as:

a=D(nkt+c,) exp(k(n 4)(nkt+c2) ) : (3.3)
b=D"*(nkt+c,) exp(k(n ) (nkt+c,) j : (3.4)

The mean Hubble parameter H , deceleration parameter(, mean anisotropy parameter of

expansion A, and the expansion scalar ¢ for the model are respectively given as,

H=k(nkt+c,)" (3.5)
g=n-1 , (3.6)
2(n-4)
3X?(nkt+c,) "
A = 3% k+2 2) 3.7)
0=3H =3k(nkt+c,)* | (3.8)
The energy density of THDE is obtained as,
B(nkt+c,)* ™
pT = ( k25_42) (39)

The energy density of DM is obtained as,
p,, = 6k?(nkt+c,) > —6X*(nkt +¢,) " —Bk*? (nkt +¢,)**. (3.10)
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The Equation of State (EoS) parameter of THDE is given as,
-1 (26 -4)n —y 6k’ (nkt +c,) —6X *(nkt +c,) " 9
4 Bk 42 (nkt i, )25—4

(3.11)

4. Conclusion
In this work we have studied five dimensional Kaluza-Klein Universe filled with Dark Matter
and Dark Energy in the framework of Einstein’s theory of Relativity. The concluding remarks
of the model are as below:
1. The anisotropic parameter is positive and decreases with respect to time ¢ and
approaches to zero after some time t. Thus, the observed isotropy of the universe can
be achieved in our derived model at the present epoch.

2. The EoS parameter —1< @; > -1/3 i.e. The EoS parameter of THDE behaves like

quintessence.
3. The sign of ( indicates whether the model accelerates or not. The positive sign of q

(forn >1) corresponds to the deceleration of the universe, whereas the negative sign
—1<qg<0for 0<n<lindicating inflation of the universe and for n=1 gives q=0

corresponds to expansion with constant velocity i.e. Acceleration and deceleration of
the model may depend on the value ofll.

4. The Anisotropy of expansion dies out very quickly also the special volume V is finite
at t —>0and diverges for T —> c0thus the universe approaches to isotropy for large
cosmic time.

5. The Hubble parameter H and the expansion scalar 6 are constant for t = 0and vanish
for t=00.
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Abstract:

We have studied locally rotationally symmetric Bianchi-V Universe in the presence of
modified theory for gravitation and for that, we considered perfect fluid with heat conduction
as the energy source. We have obtained the solutions of field equations by assuming the special
form of deceleration parameter and arrived at values of the scale factor. Also, we have
discussed the physical and geometrical properties of the model in detail.

Keywords: f(R,T) gravity, LRS Bianchi type V, perfect fluid, deceleration parameter.

1. Introduction

Modern cosmology achieved a new path because of the idea of accelerated expansion of the
Universe. This is the main reason why the modern cosmology is the fastest-growing field in
the study of the Universe. It is well known as f (R, T) theory of gravity which was proposed
by Harko et al.(2011), where R is the Ricci scalar and T is a trace of the stress-energy tensor.
The f (R, T) theory has attracted a lot of attention of the astrophysicist in recent times and hence
discussion is going on by many researchers in this modified theory because of its ability to
explain mysterious things in cosmology and astrophysics, for more detail one can refer the
work by [Barrow and Turner (1981), Sahoo et al. (2016), Gron (1983), Yousaf et al. (2017),
Pawar et al. (2016), Pawar and Shahare (2019, 2020), Khade (2022, 2023)]. The most curios
mystery of the Universe is Big-Bang singularity and hence it is very obvious that researchers
are interested to study the behavior of the Universe near the Big-Bang singularity. We are
interested and motivated by one of the alternative theory of gravitation.

From the above work, we got a motivation to study the behavior of the Universe by considering
LRS Bianchi-V space-time, filled with perfect fluid with heat conduction in f(R,T) theory.
The physical and dynamical behavior of the Universe is also observed. The paper is organized
as follows: In section 2 we discussed the f(R,T) gravity. In Section 3, we have studied the
metric (Bianchi type-V) and field equations for f (R, T) gravity. In Section 4, we have studied
solution of the field equation using special form of deceleration parameter. we have discussed
the physical and dynamical parameters in section 5. At the last section 6, we have discussion
and conclusion our work.

2. Field equation of f(R, T) theory

Hilbert-Einstein variational principle on which field equation of f(R,T) theory formed, is
given by,

S=[[FFRT) + L] J=gd*x,

(1)
The gravitational field equations for (R, T) gravity are,
fe®RTRy =5 FRT)gij + (97'V; = Vi) fa(RT) = KTyj = fr(R T)T;j—fr (R, T)Oy. (2)
where V; being the covariant derivative and
_9f(RT) __3f(RT) _ 0T qp
fe="—"5" and fr==7—= 0y =g % )
8mG
we choose kK = —-.

The energy-momentum tensor for a perfect fluid with heat flow is given by Singh (2008)
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Tij = (p + P)uwy; + pgij + hiw; + hjy, 4)

Where p is the energy density, p is the thermodynamic pressure, u; is the four-velocity of the
fluid, h; is the heat flow vector satisfying

hiu; =0 hiu; >0 (5)
Let us consider that h* = & .Then the field equation and eq.(5) give that the heat flow is in
the x-direction only, and therefore we have

hi = (hl(t)J 0,0,0) (6)
In the present work, we have taken particular functional as f(R,T) = R + 2f(T) otherwise
functional can be taken in different ways corresponding to viable models. Here f(T) is a
function of the trace of the energy-momentum tensor. Also, we have obtained the variation of
stress-energy for perfect fluid with heat flow is

0ij = —2T;; — pgij (7
By using this functional and ©;; field equation can be rewritten as,

1
Rij =S Rgij = kTyj — frTij + 2frTij + frpgij (8)
where f; is a partial derivative of f with respectto T.
Assuming f(T) = AT, 9)

where A being constant, we have chosen a system for k = 1.

3. Metric and field equations

We consider Locally Rotationally Symmetric (LRS) Bianchi type-V space-time described by
the line element

ds? = A%dx? + B?e?*(dy? + dz?) — dt? (10)
Here, A and B are functions of cosmic time t only.

Now using a co-moving coordinate system, the field Egn.(8) with the help of Eqn.(4) and
Eqgn.(5) for the metric Eqn.(10), can be explicitly written as

—+=-+—=—-==-p (12)
B A

2(5-5) =M (14

Here over-headed dot means derivative with respect to t.

The average scale factor is

1
a(t) = (AB?)3 (15)
The spatial volume is
V =a® = AB? (16)
The directional Hubble parameters are
A B
He=% Hy=H,=— A7)

The average Hubble parameter is
The dynamical scalar expansion 8 and shear scalar o2 are

A B
9_3H_[Z+ZE] | (18)
1 ;i 1A B
o = ol =L 1 (19)
The average anisotropic parameter A is
1 H;—H]?
a=33E [5] (20)

Here Hi represents the directional Hubble parameters (i = 1,2,3)
The deceleration parameter (DP) is
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d (1
a=-1+5(;) (21)
Now, Eqns.(11)-(14) can be written in terms of H, g, a2 as
p=3H2—02+% (22)
p=H*Q2q—-1)—o0?% + Aiz (23)

4. Solution of the field equations
In order to solve the system completely, we use a special form of deceleration parameter
defined by Debnath et al. (2009) for FRW metric as
_ aa _ a
q__[ﬁ]__1+1+a“
where, @ > 0 is a constant and a is scale factor of the universe.

After solving equation (24) one can obtain the mean Hubble parameter H as
H= % =k(1+a™%) (25)

where k > 0 is a constant of integration.
On integrating equation (25), we obtain the mean scale factor as

(24)

a = (eket — 1)% (26)
Choose k = 1.

1
a=(e* —1)a (27)

To find the determinate solution of the system, we used the law of variation. Now, from
Eqgn.(11) and Eqn.(12), we get

B A B® 4B

5 ATE an (28)
This, on integration gives,

B A _ Cq

B A AB?

Where ¢, is constant of integration.

% = ¢, exp [f%dt] (30)
Using Eqgn.(15) in Eqn.(29) and integrating again, the metric functions A and B in terms of
average scale factor a(t) are given by

(29)

-2 _

A=c, /3aexp [%f a3 dt] (31)
1

B = c2/3aexp [Z—lf a3 dt] (32)

Now using Egn.(27) in Egn.(31) and Eg_n3.(32), we get
-2 1 _ at_1\ a

A=c, e ~ Dz exp [%—i;;zm ] (33)
1 1 at_ a7—3

B =¢,*(e" — Dz exp [;—1—<§;3§1m (34)

a-3
—4cq (e¥t-1) @

2
2 /3 at __
3 (e 5e dx“+c,°(e

ds? = c_4/3(e“t - 1)E ex [
= 2 a p

a—3
2 at_1\ a
1)% exp [ZT%] 2% (dy? + dz?) — dt? (35)
5. Physical parameters of the model
Dynamical parameters are quite significant in the discussion of the physical properties of the
cosmological model and to develop a cosmological theory in f(R, T) theory of gravity. We
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compute the following cosmological parameters for the model given by Eqn.(25). The spatial
volume of the metric is

3
V = (eat —_ 1); (36)
The directional Hubble parameters are
_A _ -2c¢4 et
e =3 {3(eat—1)% " (eat_l)} 7
_ E _ 1 eat
Hy - B {3(66”—1)% + (eat—l)} (38)
The average Hubble parameter is
eat
The dynamical scalar expansion 8 and shear scalar o2 are
3eat
6 =3H = (40)
2
2=t o (41)
(eat_l)a
The solution of heat conduction can be obtained as
hy = — (42)
(e%t-1)a
The anisotropic parameter A is
2c?
A= - 2(3-a) (43)

gezat(eat_l) a
Now using the above equations in Eqn.(22) and Eqn.(23), we get energy density and pressure
as follows:

e2at 1 o2 3
p=3 (ex-1)2 2 , .0 & -4 2 a=3 (44)
(e -1)a c3 (e —1Daex —4cq(e®t-1) @

2 p 3(a—3)eat

e2at 2a 1 cit 3
p= (eat—1)2 [_3 + ?] T3 12 + —a a=3 (45)

e e at_ 2 2 _ at_
(e®-va 3 (e*t-1)aex ctea(e-1) @
2 PlT S a—s)eat

6. Discussion and Conclusion:

we have studied locally rotationally symmetric Bianchi-V with perfect fluid and heat
conduction as the energy source. The solutions of the field equations are obtained under the
assumption of special form of deceleration parameter. So we found solutions in the presence
of heat conduction only and we have not discussed the solutions without heat conduction. Here
we found some of the dynamical parameters, metric potentials, internal pressure, density and
mainly the heat flow for which our work is devoted. We observed that at an initial time, metric
potential A(t) and B(t) are zero. Also, it tends to zero as well as infinity depending on the
value of a, i.e. for a« <3 and a > 3 respectively. The average Hubble parameter (H) and shear
scalar (o) are the function of time t and have a singularity at t = 0 and it tends to zero for large
t. dynamical expansion scalar (8) and Heat flow is infinite at initial epoch but it will vanish for
large t. The volume of the universe is zero when t — 0 and as time increases volume V
increases exponentially. Whent — 0, p — o and when t — oo, p — 0, which indicates that the
universe starts with initial (Big-Bang) type of singularity and the models reduces to vacuum at
very late time. The anisotropy of expansion is maintained throughout the evolution of the
universe. The deceleration parameter g varies from 1 to -1. It shows that the universe
accelerates after an epoch of deceleration. The deceleration parameter q is in the range —1 <
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q < 0.5 which matches with the observations made by Riess et al. (1998) and Perlmutter et al.
(1999) and the present day universe is undergoing accelerated expansion.
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Abstract:
In this paper, we consider the Bianchi-I Kasner type space-time in the presence of Barrow
Holographic Dark Energy in the context of f(R,T)theory of gravitation. It is observed that

universe is accelerating through the variation of the equation of state (EoS) parameter. In

addition, stability of the BHDE model has been examined by squared sound speed VSZ.
Keywords: Kasner metric, f(R,T)gravity, Barrow Holographic Dark Energy.

1. Introduction

One of the most straightforward methods for replicating the observed late-time expansion of
the Universe is through alternative theories of gravity [1-3]. Furthermore, there are a number
of consistency issues with general relativity (GR) [4, 5] that need to be resolved in the end. The
question therefore becomes, which gravity theories preserve the positive aspects of General
Relativity while addressing some of the unanswered problems? The most logical and natural
extension of the Einstein-Hilbert action is to substitute any function f(R) for the Ricci scalar R.
This is the widely recognized Gravitation hypothesis f (R). The late-time cosmic acceleration
has been tested to be explained by this modified gravity hypothesis , and it is consistent with
the local gravitational tests [6-12]. Harko et al. [13] have recently suggested an additional
adjustment that takes the Einstein-Hilbert action into consideration and represents it as f(R,T)
,where T is the trace of the energy-momentum tensor. The incorporation of the matter element
in the gravity Lagrangian may have been justified by the quantum effect manifested as
conformal anomaly. Nevertheless, because of the interaction between matter and gravity, this
gravity model depends on the source term. As a result, test particles lack a geodesic path and a
hypothetical force term exists perpendicular to the four velocities. Moreover, the field
equations get extremely complex.

The authors are motivated to investigate various cosmological issues because of the crucial role
that the Kasner [14, 15] metric has played in clarifying the existence, composition, and
singularities of anisotropic cosmological models in general relativity. One of the metrics that
is studied the most is the Kasner metric. Its applicability in building of cosmological models
and its usefulness for specific investigations of basic particles have made it especially appealing
for use. Due to its simplicity, it has been "rediscovered” numerous times and shares a close
relationship with measures provided by Weyl, Levi-Civita, and Wilson several years prior. The
dynamic form of the synchronous Bianchi | metric has virtually replaced the one in which
Kasner first described it. The space-time is invariant under a three-dimensional Abelian
translation group, and the Kasner solution generally gives an anisotropic metric in which the
space directions are Killing translations. The Kasner metric is a one-parameter family of
solutions for a four-dimensional space-time because it contains three parameters, or the Kasner
indices, which must fulfil the two so-called Kasner algebraic relations. In particular, the
intersection of a three-dimensional sphere with radius unity and a plane in which the total of
those parameters equals one defines the values of the parameters on the real number line.
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The Holographic Dark Energy (HDE) provides a helpful paradigm. Such a method, which starts
from the holographic principle with Bekenstein-Hawking (BH) entropy and the Hubble horizon
as its IR cutoff, offers a precise quantitative analysis of DE in its original formulation.
However, several hesitant modifications to this model have been inspired by its difficulties in
explaining the history of a flat Friedmann-Robertson-Walker (FRW) Universe. For example,
HDE has been used in the BD framework to address the DE problem by taking into account
various IR cutoffs or appropriate interactions with DM.The holographic dark energy proposed
by Barrow [16] has a complex structure that lead to a finite volume but with infinite (or finite)
area, which is given by

2+V

2
S, Z(AA] ,where A represents standard horizon area and A, is the Planck area. The new

0
form of the exponent A was introduced by Barrow, which lies in the range0 < A <1. ForA =0
, the expression reduces to the standard Bekenstein-Hawking entropy. The standard

holographic dark energy is given by the inequality O L* < 4 where L is the horizon length,
and imposing the inequalitiesSa AarL’. We consider here a modified form of density
introduced by Barrow to define the entropy caused by quantum-gravitational effects, which

yields py =C L*%. The energy density of Barrow HDE is p;=CH *™*

In this paper, we consider the Bianchi-I Kasner type space-time in the presence of Barrow
Holographic Dark Energy in the context of f(R,T)theory of gravitation.

2. METRIC AND FIELD EQUATIONS

We consider an anisotropic [Bianchi type-1] metric in Kasner form as
ds® =dlt® —t*" dx* —t** dy® -t dz’
1)
where [, P, P;are three parameters satisfying P, + P, + P; =S, pl2 + pz2 + p32 =6 .The

parameters P, P,, P;will require to be constants and if at least two of the three are different,

the space is anisotropic.
The action of f (R, T) in the presence of matter with Lagrangian is

1 4 4
Szmjf(R,T)Hd X+ [ L, d“x )

The field equations of f (R, T)gravity model discovered by Harko et al. [13]:
1
fR(R’T) Rij _E(RiT)gij + (gij _vivj) fR (R’T) =87Z'Ti i fT (R!T)Tij - fR (RaT)®ij (3)

where,T =~200"9) | @, =-2T - pg,; 1,rRT)=2TRD ¢ g7)-IfRT)
/_g 59 l OR oT

As a popular choice, f(R,T)=R+2f(T) 4)

where the function f (T)depends only on the trace of the matter field. Using the above

equation, the gravitational field equations reduce to:
G, =R, - 2Ry, =8aT, +2f (MT, +[2p ' M)+f (Mg, -

where the prime indicates the differentiation with respect to the argument. We choose the
function of matter as: f(T) = uT, (6)
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where g is constant. The energy momentum tensor for matter (Tij)and BHDE (Barrow
Holographic dark energy (fj) is given by :

Tij:pmuiuj and -I_-ii:(ps"'ps)uiuj_gij Pg (1)
where pPs, Oy, Pg are the energy densities of BHDE, dark matter and the BHDE pressure. It

satisfies the conditionuiuizl.ln co-ordinate system ut=u’=u’=0,u*=1 we get,

T =T,=T,=0, T)=p,, T}=T} =T =—w, ps, T, =ps .We have the following relation

T ==30505 +pn + 5. ®)
In co-moving coordinate system, from equations (1)-(8), it is easy to write down the expression
for the field equation:

[P, (s—1) — K]t =— @7 +3p) g pg + 11 (0, + p5) , 9)
[p, (5—1)— K Jt? =— (87 +31) 05 pg + 11 (@, + pg), (10)
[ps(s—1) — K Jt? =— (87 +31) w5 p + (0, + p3) , (11)
[5 (0=t 2 =(87 +340) (py + o) + 2Py 41~ 300, P ,

(12)

where, K, :% (s? —2s5+0).

Using equations (9), (10) & (11),, we get P, = P, = P; = pP* (say).
Hence equations (9)-(11) yield

[p (3_1)_K0]t72:_(87[+3/u)w3 Pg + 1 (@, + pg) (13)
The energy density of Barrow HDE is:
L \2-4
pe =c(p7j (14)
200
lil}—_
Pz 100—-
304
I}__I T T T T T
0 02 04 0.6 08 1
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Fig 1. Plot of energy density ©e, of Barrow holographic dark energy against Red-shift ;

The behavior of energy density for our model versus redshift is shown in Fig. 1.From this
figure, it is observed that the energy density is positive and is a decreasing function of redshift.
Also, when z = 0, the energy density of Universe is positive and increases with the escalation
in the value of z.

The EoS parameter, matter density and pressure are expressed as

wg = oY L {ﬂ(e_sz)—(8ﬁ+3,u)[p* (S—l)—ko]} t=2 (15)
c(p /) " [@r+3m)? —u?1l 2
pmz{[p*(s—l)—ko]_ (87Z'+3ét)2 k], @res) (9_32)}'[2—/)8 (16)
U [B7+3u)" —p] U [@r+3w)" -p7] 2
ZM 1V (<% _ _1_ _ Q2 N IAY 17
Pe {[l—(l—lG;z)z] {2(s-1)—(s"-2s+6)—(1-167) (0 s)}t (0—s)t7°. (17)

0

Fig 2. The behaviour of EoS Parameter @s, against redshift: .

Figure 2 illustrates the evolution of the equation of state as a function of red-shift z. The
outcomes of our model align with the limitations of the equation of state parameter for the
Planks Collaboration and WMAP, which provide the parameter ranges: —0.92 < ® < —1.26
(Planck+ WP+ Union 2.1), —0.89 < ® < —1.38 (Planck +WP+BAO), —0.983 < ® < —1.162
(WMAP+eCMB+BAO+HO0). Lastly, the behaviour of the developed model agrees well with
current SNe-la observational data.

We can test the stability of our BHDE model against perturbations by using the squared sound

d
speed =Pe whichis given
dpg
A

ve__ @+2)° 1
P c(2-A)p*" [(B7 +3u)* - 4]

{u(0~5")— (167 —6)[p(s —1) —k 1} - (18)
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Fig. 3. The behaviour of squared sound speed V52 as a function of redshift z for
distinct values of V.

The behaviour of squared sound speed Vf given in Eq. (18) is plotted against redshift z show
in Fig. 3. We observed that as z ——1 i.e. in the future, stability of our BHDE models occurs
for A=5.0,0.5 (for large scale), while for A=4.0 an instability persists.

3. Conclusions:
In this presented paper, we have explored the Kasner space-time in the presence of Barrow
holographic dark energy in the context of modified f(R,T) theory of gravitation. It is observed

that the energy density of BHDE is positive and decreases as universe expands. In addition, the
equation of state parameter of our model shows the transition from zero to negative value with
cosmic evaluation where as the stability parameter in term of squared speed is stable for some
values of A .
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Abstract:

In this paper, we have investigated the dynamical instability of Kantowski-Sachs
universe in the framework of f(R,T) theory of gravitation. In this scenario, we have presented
the dynamical equations from the contracted Bianchi identities for the locally anisotropic fluid.
Perturbation scheme is applied to the dynamical equations and the physical variables to find
the general collapse equation. The dynamical instability is explored in the Newtonian (N) and
Post-Newtonian (pN) regimes. It is found that the adiabatic index plays an important role in
the stability analysis.

Keywords: Kantowski-Sachs, f(R,T) theory, Adiabatic Index
1 Introduction

In modern cosmology the modified theories of gravitation are playing important role to
explain the dark energy dominance in the universe. The astronomical observations from several
sources of high red shift from la supernova, cosmic microwave background, large scale
structure indicate that the present universe is undergoing the accelerated expansion (Riess et
al. 1998,Perlmutter et al. 1999, Komatsu et al. 2011). It is generally believed that some sort of
dark energy is responsible for this mysterious nature of the universe. This is a hypothetical
form of energy that tends to increase the rate of expansion of the universe. To explain the actual
nature of dark energy, several modified theories have been developed and studied.

The general theory of relativity is well consistent with the observational local tests up
to the solar system scale. But to give the correct explanation of evolution of the universe, the
modified theories of gravitation have been formulated by modifying the Einstein-Hilbert action
on the larger cosmological scales. Therefore, much attention has been paid on the modified
theories of gravitation. There are several modified theories of gravitation, i.e., f(R), f(T), f(G),
f(R,T), f(R,G) etc. These theories lead to an alternative route for dark energy models. The f(R)
gravity (Nojiri and Odinstov, 2003, De Felice and Tsujikawa, 2010)gives a natural unification
of early time inflation and late time acceleration. The f(T) gravity is the generalization of
teleparallel gravity. f(G) and f(R,G) are among the other modified theories which are used for
the analysis of accelerated expansion of the universe. Recently, Katore and Hatkar (2015a)
have investigated two fluid cosmological models in f(R) theory of gravitation.

To study the phenomenon of gravitational collapse has been the topic of interest among
many researchers. In relativistic physics, the gravitational collapse is useful to explain the
formation of structure in the universe. Oppenheimer and Synder (1939) were the first to study
the system under gravitational collapse. Thorne (1965) have discussed the gravitational
collapse and the death of a star. Joshi et al. (2004) have investigated the influence of shearing
effects present within a collapsing matter cloud and outcome of gravitational collapse in terms
of formation of either a black hole or a naked singularity as the final end state. Chakraborty
and Bandopadhyay (2010) have studied collapse dynamics of a star of dark matter and dark
energy. Sharif and Rani (2014) have investigated the dynamical instability of spherical collapse
in f(T) gravity. Radiating collapse in the presence of anisotropic stresses have been discussed
by Govender et al. (2016).

Herko et al. (2011) have presented another expansion of the general theory of relativity
called f(R,T) theory of gravitation, where the gravitational Lagrangian is given by an arbitrary
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function of Ricci scalar R and trace of stress energy tensor T. Reddy et al. (2012) have
investigated Bianchi type-1ll1 cosmological model in f(R,T) theory of gravity. Shriram et al.
(2013) have studied anisotropic cosmological models in f(R, T) theory of gravitation. Singh and
Singh (2014) have discussed reconstruction of modified f(R,T) gravity with perfect fluid
cosmological models. They have concluded that it is possible to explain dark energy model
through the reconstructed form of f(R, T) with perfect fluid in flat Friedmann-Robertson-Walker

(FRW) model with the suitable choice of the form f(R.T) =R+2f(T) \where R is considered
as a variable.

The stability analysis against fluctuations plays a key role to study the existence of
stellar structures. It should be noted that different instability ranges of the stellar structures
leadto the various patterns of evolution. The dynamical instability with the use of adiabatic
index was first explored by Chandrasekhar (1964). Chan et al. (1989) examined the heat flow
and dynamical instability in spherical collapse. Later on, Herrera et al. (2012) have analysed
dynamical instability and the expansion free condition. Sharif and Azam (2013) have studied
the stability of anisotropic cylinder with zero expansion. But they have concluded that stability
of cylinder depends upon physical properties of the fluid, not on the stiffness,i.e., adiabatic
index of the fluid.

Recently, many authors have extended this work in modified theories of gravitation.
Sharif and Yousaf (2014a) have studied electromagnetic field and dynamical instability of
collapse with CDTT model. They found that f(R) solutions rely completely on the properties
of matter variables such as radial and tangential pressure, energy density, higher curvature
terms and electric charge occupied by the sphere. Sharif and Rani (2014) have investigated
dynamical instability of expansion-free collapse in f(T) gravity. Noureen and Zubair (2015)
have analysed dynamical instability of spherical star in f(R,T) theory of gravitation.

Motivated by the above work, we have studied dynamical instability of Kantowski-
Sachs universe in f(R,T) theory of gravitation. The paper is organised as follows. Sect. 2 deals
with field equations and dynamical equations. Sect. 3 contains the perturbation scheme. In Sect.
4, we have studied the Newtonian (N) and Post-Newtonian (pN) regimes of the system under
consideration. Sect. 5 covers the conclusion followed by appendix.

2 Field equations and dynamical equations
The f(R,T) action is given by (Herko et al. 2011)

o =g D,

162G ’ (1)

where Lw is the matter Lagrangian. The stress energy tensor for fluid configuration is given
by (Landau and Lifshitz, 2002)

L2,

Th =0, ;
H H 69 u . (2)

Varying the action (1) with respect to g/'V, we obtain the field equations in f(R,T)gravity
1 «
RWfR(R,T)—Eng(R,T)+(gWV V, -V, V,)f(RT)
=8~GT,, - f,(RT)T, - (RT)O,, 3)
where f_(r,T)and ¢ (R T)denote derivatives of f(R,T)with respect to R and T
respectively. V  is the covariant derivative associated with the Levi-Civita connection of the

metric tensor and G)W is given by
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o%L,,
og"rog” 4)
Here we choose Lm = 2. Hence
0, =210 +9,.Ly

— m af
@yv - _2Ty + g;tvLM - 2g

v

v (%)
Therefore equation (3) takes the form
1 m f —Rf "
Gyv :f_|:(fT +1)T,uv_m,uva + 2 : gyv+(v,uvv _gyvv va)fR:l (6)
R .

The "Kantowski-Sachs" cosmological models admit a four-parameter continuous isometry
group which acts on spacelike hypersurfaces, which possesses a three-parameter subgroup
whose orbits are 2-surfaces of constant curvature, i.e. the models possess spherical symmetry,
combined with a translational symmetry, and can thus be regarded as nonempty analogs of part
of the extended Schwarzschild manifold (Collins 1977). Kantowski-Sachs space-time are
homogeneous but anisotropic expanding (contracting) cosmologies. They also gives models
where the effects of anisotropy can be estimated and compared with FRW cosmologies (Thorne
1967).Also these space-times play an important role in understanding the realistic picture of
the universe immediately after the big bang (Naidu et al. 2015).Rahaman et al. (2002) have
obtained the solutions of homogeneous Kantowski—Sachs model in lyra geometry. Rao and
Neelima (2013) have investigated Kantowski-Sachs String Cosmological Model with Bulk
Viscosity in General Scalar Tensor Theory of Gravitation. Ravishankar et al. (2013) have
studied Kantowski—Sachs cosmological model with wet dark fluid in the general theory of
relativity. Rao and Suryanarayana (2015) have discussed Kantowski-Sachs Cosmological
Model in f(R,T) Theory of Gravity. Kantowski-Sachs Viscous Fluid Model in Bimetric
Relativity has been studied by Sahu et al (2015).

The Kantowski-Sachs space-time is given by

ds? = dt? - Adr® —B2(d6? +sin? dg?) -

where A and B are the functions of r and t only.

It is worth mentioning that the local isotropy is frequently assumed in the study of self-
gravitating systems, whenever the fluid approximation is used to examine the matter
distribution of the object. The large observational evidences support this Pascalian character of
fluids which points towards the equality of principal stresses under a variety of circumstances.
However, strong theoretical evidences suggest that for certain density ranges, different kinds
of physical phenomena may take place, giving rise to local anisotropy (Herrera and Santos
1997). In recent years, the increasing attention has been paid to study the locally anisotropy of
the system. The energy momentum tensor for a locally anisotropic fluid is given by (Sharif and
Kausar, 2011)

Tyn:/ = (p+ PJ_)uyuv - Pj_gyv +(Pr - PJ_)Z/JZV’ (8)

where # is energy density, u, is the four velocity of the fluid, Zu s the radial four vector, p.
and P.denote radial and tangential pressure respectively satisfying following identities

Za — A—lévla — 5:5

Ul =1 g, 2" =1 ©)
The Ricci scalar for equation (7) is

and U,
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— + . .
A B AB 82 82 A’B A’B  B?A’
From equation (6) and (8), the components of field equations for (7) are

A 2B 2AB B2 1 2B" 2A'B’ B'?
R=2 —+—+—

(10)

A? f-Rf, 2f!B" . 2f.B
G P.+(P f; — R_ZR f R
11 = fR|: +(P. +p) > AZB + 1+ B :| (11)
1., A,
Gl4=f_|:fR_XfR:|
R , (12)
2 " i ' ' A >
Gzz—B P +(P, +p)f; _ =Rl —f—2 fz(é—ij+f'R+fR AB
fR 2 A AlA B A B (13)
G44=i p+f—RfR+f_F; fZ(A ZBj_f-R A 28
fo 2 A2 A2(A B A B (14

where prime and dot denote the derivatives with respect to r and t respectively.

The dynamical equations help to determine many useful physical properties of
collapsing bodies such as energy variation of matter with time and adjacent surfaces during
collapse.For dynamical equations we consider the conservation of the field equations, i.e., the
contracted Bianchi identities (Noureen and Zubair, 2015). These conservation equations
provide the description of variation from equilibrium position leading to collapse process.

Gu, =0 and G\'2, =0 (15)
Equation (15) gives two dynamical equations, given by
p+p{(l+fT)[%+%)—:—} +(1+ f)(::P +2|38Pj K, =0
" : (16)
2A" 2B' f; B’
P)fl+@Q+f )P +P T _ RI_2-P
et e lern 20022 1) o2
+fT( 2A p—f—J +K, =0,

where K. and Kare given in appendix.
3 Perturbation scheme

In modified theories of gravitation, the application of perturbation theory has been a
subject of growing interest in relativistic astrophysics. This scheme generally reduces non-
linear relations through perturbation parameter and provides information about system time
evolution as well as its number of independent degrees of freedom. In the present work, we use
perturbation approach to get collapse equation which will further be helpful to obtain instability
constraints through stiffness parameter. The basic idea of the perturbative expansion is that this
refines our expressions by using correction terms. For this purpose, we take the initial data for
the metric coefficients and matter variables in such a way that they are r dependent only. In
other words, the system is in complete static equilibrium. We have considered following f(R,T)
model
f(RT)=R+aR?+ T,
where o is any real number, 4 is a coupling parameter and AT is a correction to f (R) gravity.
Here we have assumed 0<e<<1 0<g&<<lgnd 0<# <<l The perturbation scheme is
defined as follows (Chan et al. 1993, Sharif and Yousaf, 2014Db)
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A(r,t) = A (r)+ e D(t)a(r), (18)
B(r,t) = B, (r)+ e D(t)b(r), (19)
p(r,t) = py(r)+ e p(r.t), (20)
P, (r,t) = P (r)+ P, (1), 1)
p.(r,t)=p,(r)+ep, (1) (22)
R(r,t) =Ry (r) + S D(t)e(r), (23)
T(r,t)=Ty(r)+nD(t)e(r), .

f =[R, +aR? + AT, |+ £D(t)e(r)[L+ 2aR, ]+ n D(t)e(r),
fo =(1+2a R0)+2§aD(t)e(l’), (26)
A 27)

Applying perturbations given in equations (18) - (27), the static part of the Ricci scalar is given by

1 2B, B> 2A)B;
of 2B ]

(25)

BAs AB;  ASB,
The perturbed part of Ricci Scalar is obtained as
” ” o’ n’ n’ 12
bj 4D {aB'+bAo+b aB! aAOBO_bBO+bZBO_bBO +ER0:|
A By ) AB A A A AB AB, 4B, 2

(29)
Applying perturbation to the dynamical equations (16) and (17), we obtain the perturbed parts
as follows

5, {2606/30+,11{A0(p0+P )+;—b(pO+Plo)}+ Klp}D:O

(28)

De—ZD{

° (30)
’ , 2 i ' '
B'+2P.D a . b} 2a%eR, L& B i B, aRO
A, B, Y Y A B, Y
2P pp 2B LA 5 2{ij +2% (R, —¢)\Dp, +(2—A°—20ﬂ],3
B, B, A A Y A Y
+ Al K,, =0,
A (31)
where Y =1+20R)and K, and K, are given in appendix
Integrating equation (30) with respect to time t provides 2 as
_ 2eap a 2b
pP== O+ﬂ'1 _(po"'Pro)"'_(po*'Pm) +K1p D
Y A, B, (32)

Equation (29) implies
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" " rp’ n' n’ 12
25(i+bJ 4D {a,B(Hb,A“b__aBo_aAOBO_bBo+bBO bBy* b _ ABge

A, B, ) AB A AN A AB AB, 4B, 2" 4
Equation (33) takes the form )
B(t) - (r)D(t) = 0, (3
where a)z(r) is given in appendix.
The solution of equation (34) takes the form
D(t) = -e“ (35)

The stars have a life cycle. They are born in gigantic clouds of dust and galactic material; they
evolve and shine for millions of years, and eventually enter the phase of dissolution and
extinction. Stars shine by burning their nuclear fuel. The nuclear processes mainly include
hydrogen fusing to helium and later into other heavier elements. When all matter is converted
to iron, no more nuclear processes capable of producing energy are possible and no new internal
energy is produced within the star (Joshi and Malafarina 2012). The time required for a star to
consume its nuclear fuel is many billions of years. It is important to decide the fate of the star
when it has consumed all its fuel and can no longer maintain the nuclear reactions which have
sustained it since from its birth (Thorne 1965).This final state of a star is known as the
gravitational collapse. This occurs when there is an imbalance between internal pressure of a
massive astronomical body and the inward pull of gravity. It is now known that when a massive
star collapses, the final fate of such a gravitational collapse will be either a black hole or a
naked singularity under a wide variety of physically reasonable circumstances within the
framework of general theory of relativity. This is the most fascinating and interesting issue of
relativistic astrophysics. Here we intend to examine the instability of the system, hence, we
assume that the system starts the collapsing withT (—c0) = 0 att =—c0, keeping it in static
position.

The final states of the stars are elaborated by the equation of state for matter at the end
of thermonuclear point of evolution. The equation of state for such matter was formulated by
Harrison and Wheeler (1958) from the nuclear physics. There are two known classes of
compact stars, white dwarfs and neutron stars. Distinct classes of compact degenerate stars
originate in properties of gravity; the distinction is made rigorous by the theorem of Wheeler
and collaborators (Harrison et al. 1965). The theorem concerns solutions of the stellar structure
equations whenever the mass reaches a maximum or minimum as a function of central density
(Glendenning and Kettner 2000).We formulate the collapse with the help of an equation of
state of Harrison—Wheeler type in the scenario of second law of thermodynamics. This equation
of state is actually the ratio of specific heat. The Harrison-wheeler equation of state is given by
(Harrison et al. 1965)

P

i0

P=r p
Po+ Py (36)

where 1 is the adiabatic index which is taken as a constant.
Equations (32) and (36) imply

M TN NP

Po + P Y B, Ao (37)
B = w [Ze"‘po A2 (p, + Py )+ Klp}D—Zfﬁij—“’D.

Po+ P Y A, B, (38)
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Substituting equations (32), (37) and (38) in equation (31), we obtain

_F|: I:)rol:) {29$p0 +ll[§—b(,00 + PJ_O)_%PrOJ-F Klp}:| D
Po T Fro 0
1A ’ 2 ,
+2P,D ) b | _2a7eR, L2
A, B, Y Y

_or PrO {2905,00 +ﬂ~1(2_b(,00 +PJ_O)_iPrOJ+ Klp} {i+&+a_Ro}D
Po + P Y B, A A B Y

b 2B, P 2ea a bP
_ZB_DPLO F|: - { & +ﬂ’1_(po +Pro)_z% l0}""'<1p:|D
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-— D
/11
2aR 2ea 2b
{ ,00 (,00+P )+B_(po+P¢o)J+K1p}
0
+iK2pD=0.
1
(39)

Equation (39) is known as the general collapse equation.

4 Instability regions in the Newtonian (N) and Post-Newtonian (pN) regimes

Here, we discuss the ranges of instability atboth Newtonian (N) and Post-Newtonian (pN)
regimes.

4.1 Newtonian regime

To study the astrophysical phenomenon of a particular system, it would be a great waste of
time to use Einstein’s theory of gravitation if Newtonian theory would give the same results.
So, it is important to examine those results under which Newtonian theory is a good

approximation to general relativity. In this approximation, we take p, >>P.,, p, >> P, and

A, =1 B, =1. Inserting these assumptions in (39), we get

K
2Pr0K3+i[K4 +2p0+K5]+2pr0_ 2p(N)
I'< A 4

KG + PrO K7 (40)
where
K, = (a' +b'+ ZY—O[(ozeR0 + e')j,

K, = {ze?% +ﬂ1(2b(po )"'a(Pro +po))+ Klp} ’

20R, | 2eaR,
Y Y

‘. - AP AP+ ) K
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!

2eq
K = Pro{ Ypo +ﬂ1(2b(p0 + Pm)_apro)+ Klp} )

o= afablp, 4 Pi)-aR) o K, |2

and K, is the perturbed part of k,with terms in Newtonian Regime.
4.2 Post-Newtonian regime

o —1-To goge M
In this regime, we take r, r implying
A b
2P, Ky 4‘7[K9 +2p,Kyp + Kll]_zimpio - K2p(pN)
2’1 1+70
< r
K + Kz + Ky, , (41)
where
' ’ 2 ZeR '
PO N e
1-—2 1+->2
r r ,
2eap, a
Ky =-— ° 4| 2 (p0+PLO)+—(PrO+pO) +Klp
Y 0 0
1+— 1-
r r
Ky, = —a+2(oR, -¢)
1_ 0
r )
2 20R 2eaqp a
Ky =-— m. YO S+ A2 m (po"'Pm)"'—(Pro"'po) + Ky,
1-—2 1+ 2 -0
r r r
P 2e
Ky = = el +4 (po + PJ_O)_Z b Po |+ Klp
Po+ P Y _ o 1+ My
r r
P 2 20R
Ky = - it +4| 2 b (po + PJ_O)_ Pro Klp ( “ O]
pO +Pr0 Y 1+% 1 0 Y
r r ,
2 P 2eap, b
Ky, = m LOP Y S+ 4 m (po + Pm)_z m P |+ Ky
140 | Po ¥ o -2 1+ 2
r r r
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2p(PN) corresponds to the perturbed part of Kzin post Newtonian regime.

5 Conclusions

This paper is devoted to study the dynamical instability of Kantowski- Sachs universe
in the framework of f(R,T) theory of gravity. We have considered the locally anisotropic fluid
distribution. The dynamical equations are formulated with the conservation of the field
equations, i.e., the conservation of the Einstein tensors. In this regard, we have obtained two
dynamical equations. The perturbation approach is employed on the dynamical equations and
the physical quantities which lead to the general collapse equation. The instability ranges are
found for Newtonian (N) and Post-Newtonian approximations.

The adiabatic index or the stiffness parameter provides the measurement for the
variation of pressure; its value defines the range of instability. Our results shows that the
adiabatic index plays an important role to define the instability ranges of the system, which is
well consistent with the results obtained by (Sharif and Yousaf, 2014c and Noureen and Zubair,
2015 ). We have concluded that our system would be unstable if it satisfies equations (40) and
(42), otherwise it will move towards the stable configuration.

Appendix:

K, = f_RfR+ fF;_ fF; (A_Z_Bj fR é_i_z_B
2 A A°lA B A B,
—% AB?sin? 0| —| f. - AfF;
AB“sin“ 6 A? A
A ZB RfR fr A A ZB
o A2
A ZB f-Rf, fa (A A ZB R
R+ 2 ——— +f +fR
A

K, :{_ f —Rf, _2f§B i +2fRB}
2 A’B B |,

—% ABsin? 0| L f’—éf
AB“sin“ 6 A? A N

N A+ZB _f—RfR_ZfSB +fR+2fRB
A B 2 A°B B
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Abstract:
Researchers are especially fond of integral transforms. The various forms of integral transforms
are the Fourier, Hankel, Laplace, and Mellin transforms. As transform methods offer a quick
and efficient way to solve many engineering issues, the Laplace Transform has recently
become a crucial component of the mathematical foundation needed for scientists and
engineers. This paper focus on a brief discussion of the Laplace type integral transform and its
applications in Science and Engineering that has been created recently in this study.
Keywords: Integral transform, Laplace integral transform, Inverse Laplace Transform,
Differential Equation.
Introduction:
Integral transforms are now a necessary tool for solving the majority of engineering and
scientific challenges. By developing mathematical models in terms of various equation types
and their systems, such as ordinary differential equations and their systems, partial differential
equations and their systems, integral equations and their systems, many fascinating real-world
problems in science and technology can be readily solved using integral transforms.
The integral transform is the mathematical operation that converts a differential equation into
an algebraic equation. It converts a complex problem to a simpler one that can be solved
mathematically. By integrating the product of a function and another function known as the
integral transform kernel, the integral transform mathematical operator can generate a result
function. The integral transform's general form can be expressed as follows:

F(s)=lk(x,s)f (x)dx.
Where, F(s) is the function resulting from the integral transform and k(x,s) is the kernel
function.
Integral transforms functions from one domain, where certain mathematical operations are
rather complex, to another, where they become more flexible and easier to process
mathematically. Typically, the resultant function is converted back into its original domain
using an inverse version of the integral transform that was applied [2,3].
Euler initially presented the integral transformation to the world in 1763 [1]. Since then,
mathematicians have been keen to put in the time and energy necessary to research, suggest,
and evaluate the applicability of both new and current integral transforms in various spheres of
life [4-T7].
Numerous integral transforms have been proposed over the years, and the majority of these
transforms bear the names of the mathematicians who first proposed them.
In this paper we study the integral transform of Laplace type.
Pierre-Simon Laplace pioneered the Laplace transform which is very useful and effective
technique for solving the ordinary Differential equation with constant coefficient.
Laplace transform [8]: This transform is defined as

oo =St -
H{fO}=f, e f®dt= f(s)
Where f(t) is a function defined for all values of t > 0 and s is the parameter (real or complex).
Existence of Laplace Transform: Laplace Transforms of f(t) exists only if
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i) f(t) must be piecewise continuous.
i) f (t) must be of exponential order of m i.e. there must exists numbers m and o such
that | f(t)]| <o e™
Laplace transform of some standard functions are stated below:

1) L{tn}zs:ll_:_l 3) L{eaf}zﬁ (5) L{sinat}:szfrla2 (M L{sinhat}:szfaZ
@ L{1y== ) | L{e*} = — | (6) | L{cosat}=— | (8) | L{coshat}=o—

Properties of Laplace Transforms:
P-(1): Linearity Property: L{af (t) +bg(t)} =aL {f ()} + bL {g(t)}
where a and b are constants.
P-(2): Change of Scale Property: If L{f(t)} = f(s) then L{f (ta)} = f(i)
P-(3): First Shifting Property: If L{f(t)} = f(s) then L{e ®*f(¢)} = f(s + a) and
L{e*f(®)}=f(s—a) ]
P-(4): Laplace Transform of Integral: If L{f(t)} = f(s), then L {fotf(u)du} = @

P-(5): Multiplication by t: If L{f(t)} = f(s), then L{tf(t)} = — %f(s) and
LIE"f ()} = (=1)" 2 (5)

dsm
P-(6): Division by t: If L{f(t)} = f(s), then L{tf(t)} = f:of(s) ds
Inverse Laplace Transforms:
The inverse Laplace Transform is the transformation of a Laplace transform into a function of
time. If L{f(t)} = f(s), then L™X{f(s)} = f(t), i.e. f(t) is called Inverse Laplace Transform

of £(s)

APPLICATION OF LAPLACE TRANSFORM IN SCIENCE AND ENGINEERING
FIELDS:

The uses of Laplace transform in science and engineering are covered in this section. The
Laplace Transform is frequently utilized in subsequent scientific and engineering domain.

1. Analysis of electronic circuits: Laplace Transform is widely used by electrical and
electronic engineers to solve differential equations occurring in the analysis of
electronic circuits.

2. Digital signal processing: The digital signal processing problems are also solved by
using Laplace Transform.

APPLICATION OF LAPLACE TRANSFORM TO DIFFERENTIAL EQUATION
WITH CONSTANT COFFICIENT: -

Laplace Transform is used in various engineering fields to obtain the solution of linear non
homogeneous ordinary differential equations with constant coefficients when the initial (or the
boundary) conditions are given.

Eg (D2+1)y=0,t>0,D = %Withy =1,Dy=2whent=0 ........... (1)
Step 1- Apply L.T. on both sides of the given differential equation (1) resulting in subsidiary
equation.

Step 2- Solve the equation algebraically for Y(s), usually by partial fraction fraction.
Step 3-Apply Inverse L.T. to Y(s) obtained in step 2. This gives the solution of O.D.E. (1)
satisfying the initial condition which is the solution of the given differential Equation.
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Thus, the Laplace transform method changes a differential equation with initial values to
an algebraic equation (the subsidiary equation) from which Y(s), is known and its Inverse
Laplace Transform Y(t) is the solution of the given differential equation.

Conclusion: Throughout this paper, we discuss about the definition, properties of Laplace and

Inverse Laplace Transform. Besides this we present the applications of Laplace transforms in

various Engineering fields areas. Also, it is widely used in control systems, circuit analysis and

electric systems for analysis of transient behaviour and stability.
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Abstract:

In this paper we have studied the plane symmetric cosmological model with perfect fluid in the
f(R) theory of gravity. The exact solution of the field equations is obtained under a variation
law of the Hubble parameter (H) which yields a time dependent deceleration parameter. The
model presents a cosmological scenario which describes early deceleration and late time
acceleration. The physical parameters of the model have been analyzed.

1.Introduction:

The general theory of relativity successfully explains the origin and evolution of the universe
but late time acceleration of the universe and the existence of dark matter challenged general
relativity. To explain the observational results of the cosmological model recently many
different approaches have been proposed. Different types of modified theories of gravity have
been formulated to explain the nature of dark energy which is responsible for the accelerated
expansion of the universe. (G),f(R,G),f(R),f(T)and f(R,T) gravity theory are some
generalization of GR theory. In (R) modified theory of gravity, the Ricci scalar R in the
Einstein-Hilbert action is replaced by an arbitrary function of R belongs to the well-known.
Nojiri and Odintsov studied late time acceleration of universe by using f(R) gravity model [1].
Furthermore, it is believed that the early universe may not have been exactly uniform.
Therefore, inhomogeneous and anisotropic models of universe plays important role in
theoretical cosmology. This prediction encourages us to explore the initial phases of the
universe using models with an anisotropic background. Among which, Bianchi type models
are the simplest models with anisotropic background. Numerous researchers have explored
Bianchi type spacetimes in various contexts [2][3][4][5]. Kumar and Singh solved the field
equations using a Bianchi type | spacetime in the presence of a perfect fluid [6].

To explore in cosmological models, Quadratic equation of state is needed . The general form
of the quadratic equation of state is given by = p, + ap + Bp? , where p,, a, and B, are the
parameters. In our work, we have consider the quadratic equation of state of the form p =
ep? — p, where ¢ is constant and strictly £ # 0. Several researchers have explored the quadratic
equation of state in various contexts using cosmological models [7-12]. Camera investigated
The effective equation of state in Palatini in f(R) cosmology [13]. Chirde et al. had
investigated Quadratic Equation of State with Constant Deceleration Parameter in f(R)
Gravity [14].

Inspiring from above discussion, w€ have examined Bianchi Type I cosmological model with
quadratic EoS in the metric version of f(R) gravity by using variable deceleration parameter.
The organisation of the paper is as follows: In Sect. 2, Some Basics of f(R) gravity is given,
whereas in Sect. 3, we present the Metric and Fiel Equation. The solution of the field equations
has been explored in Sect. 4. Section 5 gives the physical and geometrical properties of the
field equations, and in the last Sect. 6, we cover the discussion and conclusion.

2. Some Basics of f(R) gravity

f(R) theory of gravity is generalization of GR, The action of f(R) gravity is given by

S == fd* J=gf(R) + [ d* xLu(gij W) (1)
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Where k? = 8nG = 1 and f(R) is some function of the Ricci scalar.
g = det g;; is the determinant of the metric tensor. and L,, is the metric Lagrangian that
depends on g;; and the matter field {r,,, .
The corresponding f(R) gravity field equations is obtained by varying the action with respect
to the metric g;;

1
F(R)Rij =5 f(R)gij — ViV;F(R) + g;;0F (R) = T; 2
Where, 0 = V'V;, F(R) = = f (R) (3)
V; is the covariant derivative and T;; is the standard matter energy-momentum tensor derived
from the Lagrangian L,,.
3. The Metric and Field Equation
We consider a Bianchi type-I space-time of the form
ds? = dt? — A%dx? — B*(dy? + dz?) 4)
where ,A and B are the functions of t only.
Let us consider that the matter content is a perfect fluid such that the Energy momentum tensor
T;; is taken as
Ty = (p + pPwv; — pgij (5)
Let p and p be the pressure and energy density of the fluid respectively which satisfy the
general form of the quadratic equation of state (EoS) [15].
p=¢ep*—p (6)
where ¢ is constant and strictly € # 0.

The field equations in Eqgn. (2) corresponding to the metric in Egn. (4) gives the following set
of linearly independent differential equations

422370 4280+ £ =p-op "
A TGN e LTS ©
b2ty 42 - g

Here an overhead dot indicates differentiation with respect to cosmic time t.
From equations (7) and (8), We get

G-9+G-2)+G-3 G5 =0 (10)
Integrating Eqgn. (10),
5 =exp|f 1] ()

Kotub Uddin et al. have established a power law relation between Fand a in the context of
f(R) gravity, where a(t) is the average scale factor [16].

F oca™

F = aa™

F=a™, a=1

F = (AB?)3 (12)
The spatial volume of the metric is given as

V =A4B? = a8

F=Vs (13)
Eqgn. (11) implies,

L= exp [c f VmT_Sdt] (14)
B

4. Solution of the field equations
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To get a solution, we do no assume an equation of state, but we take the special type of Hubble
parameter proposed by Benerjee and Das [22] as follows

H=p@"m™+1) (15)
Where £ is an arbitory constant and n is constant, £ is taken to be positive which ensure
positivity of Hubble parameter irrespective of constant n.

Integrating Eqn. (14),

am = enﬁt -1 (16)
The deceleration parameter is given by,
q=-1+=p5 (17)
The directional Hubble parameters is given as,
A Benbt 2K,
2_qH = 18
AT M= Gnpin T 3(enBt_1yn (18)
B ,Benﬁt Kl
Z=H,=H, = - 19
BE T D yonpe gy 19)
And the mean Hubble parameter is given as,
_ [)’enﬁt
H = D (20)
The spatial volume of the metric is given as
3
V= (e —-1)n (21)
The anisotropy parameter is given by,
2
Ap = 28 6—2n (22)
3B2e2Bt(enPt—1)" n
The dynamical scalar expansion 6 and shear scalar o are
_ 3ﬁenﬁt
~(emPt-1)
(23)
6=—— (24)
ﬁ(enﬁt—l)ﬁ
The metric functions A and B are given by
(m+n-3)
1 npt_
_ ,nBt _ 1\ 2c(e 1) n
A= (e 1n expl SR mn ) eTFe l (25)
1 1(;(9”5’: 1)(m+n—3)
— (onBt _ 1N\T ~ ~ n
B = (e 1n expl SR m 3o B l (26)
5. Physical and geometrical properties of the model
Now, The corresponding Ricci scalar is given by [17],
2nft 6K+ 2
R=(2-n)6p%— + — 27
( ) :8 (enBt—1)2 9(811&_1)% ( )
(enﬁt—l)%_z[(m—Zn)e"ﬁt+n] 4—K12ﬁ(e"3t—1)mT_6
f(R) =12np°(n - 2) - (28)

p(m-2n)(m-n) B(m-6)
Energy density and Pressure is given as follows
_ ) (m+1-n)3p2e?nbt (1 1 ) 2K,? . 6nB2(n—2)[(m-2n)e™Bt+n|
- (emBt—1)2 3 m-6

(enﬁt_l)% (m—Zn)(m—n)(enﬁt_l)Z

s e

3(enBt—1)n*!

(29)
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{(m + 1 —n)3p2e2nbt (1 1 ) 2K,?
p=c¢

(enht — 1)2 3 + m-—6 (enbt 1)%
_6np*(n— 2)[(m — 2n)e™t + n| 2B K, e™Pt ’ (ens 1)sz
(m—2n)(m —n)(e™* = 1) " 5 npe _ 1y3+1 ¢

(m+1—n)3p%e?Bt 1 1 2K,>
- (emBt — 1)2 <§ * m— 6) (enbt — 1)%
_ 6n32(n — 2)[(m — zn)enﬁt + n] N ZBKle"ﬁt
(m —2n)(m —n)(e"F* — 1)? 3(enBt — 1)%+1

e 07

(30)
6. Discussion and Conclusion
In this paper, we have investigated Bianchi | Cosmological Model with quadratic EoS in the
metric version of f(R) gravity has been investigated. For obtaining a solution to the field
equations, we do not assume an equation of state, but rather we take a variation law for the
Hubble parameter H (Banerjee and Das 2005) that yields a deceleration parameter g. We have
evaluated some important cosmological physical and kinematical quantities for this model. We
observe that the spatial volume V of the model is zero at t = 0. Hence the model starts
evolving at t = 0 and expands continuously. The expansion scalar 6 and shear scalar o
diverge at t = 0. For the deceleration parameter, we have ¢ - n — 1 (> 0 forn > 1).
Hence the expansion in the model initially decelerates. Since the deceleration parameter is —1
for large t, The universe beings with a decelerating expansion, and it changes to accelerating
later on. In the derived model, It is observed that energy density is a function of time | and
always decrease positively with the expansion. At the initial stage t — 0, pressure p , energy
density p diverges and vanishes for large value of t. The anisotropy parameter A,, tends to
zero for large t. Therefore the model approaches isotropy at late times.
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Abstract:
In present work, we have investigated the spatially homogeneous and isotropic flat Friedman-

Robertson-Walker (FRW) cosmological model with perfect fluid in the framework of f (T)

gravity. We have taken into account of linear model of f (T) gravity, whichis f(T)=T and

considered power law to get the exact solution of field equations. We have investigated some
physical parameters of the model such as energy density, equation of state parameter and
squared velocity of sound. Furthermore, some kinematical parameters of the model have been
discussed.

Keywords:
FRW metric, Perfect Fluid, Power law, f(T) gravity, cosmology.

1. Introduction

Observational data coming from the cosmic microwave background (CMB) anisotropy
spectrum, type la supernovae (SNela) surveys and large-scale structure (LSS) indicate that the
expansion of our present universe is accelerating [1 - 4]. The proposals that have been put
forward to explain this observed phenomenon can basically be classified into two categories.
One is to assume that in the framework of Einstein’s general relativity (GR), an exotic
component with negative pressure called dark energy (DE) is necessary to explain this observed
phenomenon. Another alternative to account for the current accelerating cosmic expansion is
to modify GR theory.

The well-known modified gravity theories are: f(R) gravity, f(R,T) gravity, f(T)
gravity, etc. In modified f (R) gravity, one replaces the Ricci scalar R in the Einstein-Hilbert

action by an arbitrary function of R . Recently Shaikh and Katore [5 - 6] have investigated
Bianchi type-Vlo and Bianchi type-ll1l cosmological model with bulk viscosity in the

framework of f(R) gravity. Wankhade et al. [7] have worked on interacting two fluid dark

energy Bianchi type-1 cosmological model in the same gravity. Chirde and Shekh have
investigated interaction between barotropic fluid and dark energy with zero-mass scalar field

for the spatially homogeneous and isotropic flat FRW universe in the framework of f(R)

gravity [8]. In f (R,T) gravity, the gravitational action includes an arbitrary function of the

Ricci scalar R and trace of the stress energy momentum tensor T . Chirde and Shekh [9],
Yadav et al. [10], Pawar et al. [11], Shaikh and Wankhade [12], Sahoo et al. [13], Sharif and
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Zubair [14], Ahmed and Pradhan [15], Dagwal et al. [16] have worked on different aspects of
f(R,T) gravity.

Among the various modifications of Einstein’s theory, another one way to look at the theory
beyond the Einstein equation is the Teleparallel Gravity (TG) which uses the Weitzenbock
connection in place of the Levi—Civita connection and so it has no curvature but has torsion
which is responsible for the acceleration of the Universe. In recent past, a number of authors,
Shekh and Chirde [17], Bhoyar et al. [18], Cai et al. [19], Bamba et al. [20], Godonou et al.
[21], Rezazadeh et al. [22], Zubair and Waheed [23], Bhatti et al. [24], Dagwal and Pawar [25],
Myrzakulov [26], Sharif and Rani [27], Mandal and Sahoo [28], Pradhan et al. [29], Shaikh et

al. [30] have investigated f (T) gravity in so many different aspects.
2. f(T) Gravity Formalism

Here we give a brief description of the f(T) gravity and thorough derivation of its field

equations. From here onwards, let us define the notations of the Latin subscripts or superscripts
as related to the tetrad field, whereas Greek one is related to the space-time coordinates. For a
general space-time metric, we can define the line element as

ds® =g, dx"dx" (1)
This line element can be converted to the Minkowski's description of the transformation called
tetrad, as follows

ds® =g, dx“dx" =7,6'0’ 2)
dx“ =e/'¢',  ¢'=e!dx* ©)
where 77; is a metric on Minkowski space-time and 7, =diag[1,-1,~1,-1] and e'el =5 or
erel =4

The root of the metric determinant is given by \/-g =det| e, | =e. For a manifold in which

the Riemann tensor part without the torsion terms is null (contribution of the Levi-Civita
connection) and only the non-zero torsion terms exist, the Weitzenbocks connection

components are defined as
I, =e0e,=-€,08 4

This has a zero curvature but nonzero torsion. Through the connection, we can define various
components of the torsion tensors as

Te =T, —T:, =e(0,el—0,8,) (5)
The difference between the Levi-Civita and Weitzenbock connections is a space-time tensor
and is known as con-torsion tensor:

e

For facilitating the description of the Lagrangian and the equation of motion, we can define
another tensor S2” from the components of the torsion and con-torsion tensors as

v 1 14 14 1%
S :(EJ(K” LHOUT 5T @)
The torsion scalar T is
T :Tﬂ“VSé’” (8)
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Now we define action by generalizing the Tele-parallel Theory i.e. f (T) theory as
S=[[T+f(T Jed“x 9)

matter

Here f( ) denotes an algebraic function of the torsion scalar T . Making the functional

variation of the action in equation (9) with respect to the tetrads, we get the following equations
of motion

S0, Thy +[ 67,0, (e S )+T,, 82 |(f)+ %5; (f)=4aT; (10)

AuSa

where T is the energy momentum tensor and f; = df (T)/dT. The field equation (11) is
written in terms of tetrads and their partial derivatives and appears very different from
Einstein’s equation. But by setting f (T )=a, =constant, this is dynamically equivalent to the
GR.

3. Metric, components of field equations and Kinematical parameters
In our work, we consider the spatially homogeneous and isotropic Friedman-Robertson-
Walker (FRW) line element of the form

2
ds? =dt*—a® (t)[ldr = +r? (d92+sin29d¢2)] (11)

where a(t) is the scale factor, # and ¢ are the usual azimuthal and polar angels of the spherical

co-ordinate system, the curvature constant k represents closed, flat and open models of the
universe for k=+1, k=0 and k =—1 respectively. In view of above universe in this work,
we deliberate on the flat universe so take k =0 with infinite radius.

The energy momentum tensor for perfect fluid is taken as

=(p+p)u'u, - pg, (12)
with commoving coordinates u” =(0,0,0,1) and u"u, =1,

where u" is the four-velocity vector of the fluid, p and o are pressure and energy density of
the fluid respectively, and are functions of time t. The universe is filled with perfect fluid

which leads to w= P/, (13)
Yo

where @ is equation of state (EoS) parameter.
The corresponding Torsion scalar is obtained as

T=-6H? (14)

where H =2 is the Hubble parameter and overhead dot (.) represents derivative with respect
a

to time t.

From the equation of motion (10), Friedman equation for stress energy tensors (12) can be
written as

(T+f)+4(1+f; ){a Zaa } +4— TfTT =-167zp (15)

2

(T+f)+12(1+ f ) =167p (16)

We are having two dlfferential equations with five unknowns as T, f,a,p and o .

Now we define some kinematical quantities for the FRW cosmological model which are
important in cosmological observations.
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The spatial volume is given by

VvV =a® @an
The mean Hubble parameter, which expresses the volumetric expansion rate of the Universe,
Ho? (18)

a

The mean anisotropy parameter, for discussing whether universe approach isotropy or not, is
defined as

1&(H -HY
== i 19

SN, @
The expansion scalar and shear scalar are respectively defined as

A
§=3—=3H 20

A (20)
O_2 — g H ZAn (21)

4. Solution of field equations
In order to solve the system of non-linear differential equations and to obtain the exact solution
of field equations in (15) and (16), one can assume a state equivalent to some physical
circumstances or an arbitrary mathematical hypothesis. Let us consider the scale factor of the
form [31 - 32],
a=t", (22)
where n> 0 is constant.
Using equation (22), the mean Hubble parameter is found to be

n
H=< (23)

Also, we consider linear model of f(T) gravity, whichis f(T)=T, where T is the torsion

scalar.
Using equation (15), the isotropic pressure of the model is obtained as

n(3n-2)
N 9
Using equation (16), the energy density of the model is obtained as
3n?
p= Apt?” (25

From equation (25), it is observed that the energy density of the derived model is always
positive. At an initial stage (t = 0) when universe start to expand, the energy density p — o

and as time increases, i.e. at the expansion of the universe, it approaches to very small
positive value.
Using equations (24) and (25), the equation of state parameter (EoS) is found to be
= —1+£. (26)

3n
Some of the limits of equation of state parameter (EoS), obtained from observational results
that came from SNe-la data and a combination of SNe-la data with CMB anisotropy and
Galaxy clustering statistics, are —1.66 <@w<—-0.62 and —1.33<w<—0.79 respectively. In
the derived model, from equation (26), it is observed that the equation of state (EoS) parameter
is constant throughout the expansion of the universe and for proper choice of constant i.e. for
n=2,3,4,5..., the EoS parameter ranges from —0.67 < w < -1, which is in complete agreement
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with the observational data. Hence the derived model represents quintessence region
throughout the expansion.
The squared velocity of sound is obtained as

2 [(3n-=2
v = ( an j (27)

It is required that the velocity of sound should be less than the velocity of light, i.e. within the

range 0 < 952. From equation (27), it is observed that the stability factor for the present model

IS negative throughout the expansion of the Universe i.e. 352 <0 and hence the model is

unstable throughout the expansion.

5. Kinematical parameters

Using equations (17) and (22), the spatial volume is found to be

VvV =t (28)

It is observed that, V — o0 as t — o0 and hence the universe is expanding.

The scalar expansion is obtained as

0 - ?’t_” (29)
From above equation, it is clear that the expansion scalar is decreasing function of time. As
time increases, rate of expansion decreases. Hence the universe is expanding with increase of
time but the rate of expansion is decreasing.

The deceleration parameter is obtained as

d(1 1
q:—l+a(ﬁj:—l+ﬁ, (30)

From above equation, it is observed that the deceleration parameter is constant throughout the
expansion of the Universe.

6. Conclusions
In this work, we have considered spatially homogeneous and isotropic flat Friedman Robertson
Walker

(FRW) cosmological model with perfect fluid in the framework of f(T) gravity by taking

linear model f(T):T. We obtained the solution of the field equations using volumetric

power law and found following results.

e The energy density of the derived model is always positive and decreases as a function
of time.

e From EoS parameter, for proper choice of constant, it is observed that model represents
quintessence region throughout the expansion [33 - 34].

e The spatial volume increases with the increase of time.

e The expansion scalar is decreasing function of time i.e. the universe expands rapidly in
the starting and then slows down when time increases.

e The deceleration parameter is negative and constant throughout the expansion of the
universe [35 - 36].

e The stability factor is negative which indicates that the model is unstable throughout
the expansion.
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Abstract:

In this paper, we have studied Bianchi Type-V cosmological model in f(R,T) theory of
gravitation with bulk viscous fluid, where R is the Ricci scalar and T is the trace of the stress
energy momentum tensor. To get the solution of model, we suppose that the barotropic
equation of state for bulk viscous pressure and p o« p where p is pressure density and pis the
energy density. In the given model string carry on. We also find the kinematical equation of
cosmological model.

Keyword: Bianchi Type-V, string cosmological model, bulk viscous fluid, f (R, T)gravity.

1. Introduction:

A cosmological model is a mathematical description of the universe, which tries to explain the
reason of current aspect, and to describe its evolution during time. We discuss the characteristic
of isotropic and homogeneous Bianchi Type-V cosmological model. The expansion of universe
is accreting [1-3]. The cause of this observed accretion is still unknown, and ‘dark energy’
problem is commonly used to describe it. To solve this problem, introduced two methods first
is to develop several dark energy condition, and second method is to modify Einstein’s theory
of gravitation. Modified theories are f(R) gravity [4-6], f(G) gravity [7], f(T) gravity [8],
and f(R,T) gravity [9]. Here we study the f(R,T) theory of gravity, where R is the Ricci
scalar and T is the trace of the stress energy momentum tensor. We consider the first case i.e.
f(R,T) = R + 2f(T)to solve the field equation.

We investigate the string cosmological model in modified f (R, T) theory of gravity with
bulk viscous fluid. In this paper we derived explicit equation of field equation with reference
to Bianchi type-V bulk viscous string cosmological model.

Bulk viscos cosmological model in modified theory of gravity investigated by Debath
[10]. f(R,T) Gravity for Bianchi type-V metric in Lyra geometry investigates by Brahma and
Dewri [11]. Bianchi Type-V cosmological model with bulk viscous fluid in Lyra’s geometry
within the frame work of f (R, T)gravity investigates by Brahma and Dewri [12]. Study of
Bianchi type-1ll and VI, cosmological models with string fluid source in f(R,T) gravity
investigates by Sahoo et al. [13]. A spatially homogenous and anisotropic Bianchi type-V
cosmological model in a scalar — tensor theory investigates by Naidu, Reddy, Ramprasad and
Ramana [14]. Bianchi type-V cosmological model in modified theory and consider the
cosmological constant as a function of the trace of the stress energy momentum tensor
investigates by Ahmed and Pradhan [15]. By using the hybrid expansion law for the average
scale factor Ram and Chandel study the spatially homogenous and anisotropic Bianchi type-V
cosmological solution of massive string in the presence of magnetic field within the frame work
of f(R,T) gravity theory [16]. Ram et al. study the non-singular Bianchi type-l1 and V
cosmological model in the presence of bulk viscous fluid within the frame work of f(R,T)
gravity theory [17]. Anisotropic Bianchi type-V cosmological model filled with perfect fluid
in the frame work of f (R, T) gravity theory investigates by Pawar and Katre [18]. The spatially
homogenous and anisotropic Bianchi type- I1l, VV and VI, cosmological models in f(R,T)
theory of gravity investigates by Vinutha and Kavya [19]. Bhardwaj and Yadav investigate the
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physical behavior of Bianchi type-V cosmological models in (R, T) theory of gravity [20].
Viability of Bianchi type-V in f(R, T) theory of gravitation investigates by Sharma el al. [21].
Bianchi type-V cosmological model in the presence of bulk viscous fluid and within the
framework of f (R, T) theory of gravity investigates by Khade [22]. Explore the exact solutions
of Bianchi type- V space time in f(R, T) theory of gravity, two exact solutions are investigated
using assumptions of the variation law of Hubble parameter and constant deceleration
parameter investigates by Samir [23].

From the above investigation we have inspired to investigate the string Bianchi type-V
cosmological model in f(R,T) theory of gravity in the presence of bulk viscous fluid. In
section 2 disuses about the modified f (R, T) theory of gravity. In section 3 we discuss about
metric and line elements. In section 4 we find the solution of field equation. In section 5 we
found the kinematics equation of model, and in last section we conclude the conclusion of the
model.

2. Modified f(R, T) Gravity:
The action of f(R, T) gravity,

S——ff(R T)/—gd*x + [ L,./[—gd*x
1)
Where f (R, T) an arbitrary functions of Ricci scalar R and T is the trace of stress-energy tensor.
g is the determinant of the metric tensor g;;, and L,, is the matter Lagrangian density. For the

matter source, the stress energy tensor T;; is given by,

— =2 8y-9lm
Ty = =50 @
And its trace is
T = g”T (3)

Here, we have assumed that the matter Lagrangian L,,, is depends only on the metric tensor

component g;; rather than its derivatives. Hence, we obtain
0Ly
Tij = 9ijlm P (4)
The f(R, T) gravity field equations are obtained by using the equation (1)

faR TRy =5 f (R, Tgy; + (95 O =WV fa(R, T) = = 25Ty = fr(R, T8y -
fr(R,TT;;  (5)

c

where
6, = —2T Ly, — 2gtm 2 tm
ij = ~4li T Gijtm = 297 555 oim
(6)
Here,
The covariant derivative is fz(R,T) = o ;};'T), fr(R,T) = o (R D and V; denotes the

covariant derivative, [-]= V*V, the standard stress energy tensor for matter Lagrangian is given
by
Tij = (p + pluww; — pgij
(7) |
Where p is the energy density and p is the pressure of the fluid. Here u* = (0,0,0,1) is the four-
velocity vector in the co-moving coordinate system satisfying

w;ut = —1and uVul—O
By using equation number (6) the variation of stress-energy of perfect fluid is expressed as
0ij = —2T;; — pgij (8)
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Normally, the field equation depends on 6;;, i.e. on the physical behavior of the matter field.
Hence the f (R, T) gravity theory depends on the properties of the matter source. Harko [9]
constructed three types of frames of f(R, T) gravity as follows

R+ 2f,(T)
fRT)=1{ AR+ f2(T) ©)
fi(R) + f2(R) f5(T)
We consider first case as
f(R,T) =R+ 2f1(T)
(10)

Here, f(T) is arbitrary function of matter of the trace of stress-energy tensor.
We obtain the field equation of f (R, T) gravity from the equation (5), as
Rij — %Rgij = 8rTy; — 2f'(T)Tyj — 2f"(T)0;; + f(T) g (11)
Here, differentiation along with respect to the case is denoted by the prime. Uncertainty a
matter source is a perfect fluid,
0ij = —2Ti; — pgij
(12)
Then the field equation takes the form
R;j — %Rgij =8nTyj + 2f" (T)T;; + [2pf'(T) + f(T)]gij (13)
The energy momentum tensor which contained one dimensional cosmic string for a
bulk viscos fluid is taken as
Tij = (p + Pw; + pgij — Ax;x; (14)
Where,
p=p—3H (15)

Here, p is the energy density, [t] is the coefficient of bulk viscosity, H is the Hubble’s
parameter which is the four velocity of the fluid is u!, the direction of the string is represented
by x! and string tension density is represented by A.
Here four velocity vectors is u’ = &% which satisfy the equation given below

gijuy; = —x'x; = -1, u'x; =0 (16)
Here p, p and A are function of time t only.

As mention in equation number (10) we consider f(R,T) = R + 2f;(T) and we choose
f(T) =uT @17

where u is constant.

3. Field equation and metric:
We consider the Bianchi type-V space time described by the line elements.
ds? = —dt? + A%dx? + e ?™(B%dy? + C?*dz?) (18)
Here A, B, and C are function of time t only, m is treated as constant.
For the metric (18), the Einstein field equation (13) reduced to the form as

BB ™ 58+ 7u) + A(Bm + 3u) + pu (19)

i ¢ ac mr
Z.|_E+E—%=—p(87t+7u)+l/vt+,0/¢£ (20)
i B i mr
S o+ =T = —p(8m + Tu) + A+ pu (21)

AB  BC | AC 3m?
AB  BC AC  A?

=pBm+3u)+Au—5p (22)
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S+2-22=0 (23)
where, the overhead dot denotes derivative with respect to the cosmic time t.
The spatial volume (V) and the scale factor a(t)are given by

v = (a)® = ABC (24)
a(t) = (ABC)3 (25)

Hubble’s parameter (H) is defined as
H=§=Uh+m+Hg (26)

Where, ,H; = %, H, = %and H; = %are the directional Hubble parameters in the direction

of X, y, and z respectively.
The scalar expansion (6) are defined as

i B C
9=3H=(Z+E+E) (27)
The average anisotropic parameter A is defined as
L 2
34n = Xi, (F2F) 5= 123 (28)
The shear expansion (2) is defined as
0% = %a”aij =Y3_H* — 3H?
= 202 = 34, — H? (29)
The declaration parameter is
=-1+2(3) (30)
q dt \H

4. Solution of field equation:
Integrating equation number (23), we get

A? = kBC (32)
Where k is integrating constant, we choose k as unity
A% = BC (32)

By observing equation number (19) to (23), we found that there are six unknown from five
equations. To solve the field equation we need some other condition.
e We consider the shear scalar ¢ is proportional to the expansion scalar 8 [ 24]
B =C? (33)
where n is a non-zero constant.
e Here we consider the combined effect of the proper pressure and the bulk viscous
pressure, for a barotropic fluid as,
p=p—3H=¢p, p=¢gyp (34)
Suchthat & =¢,—1n(0 < g <1)and ¢, gy, and n are constant.
The symbol ¢ is known as the coefficient of bulk viscosity and p is known as the proper
pressure of the model.
We consider a time dependent displacement field scale factor as given by [25],
a(t) = ae®t (35)
where a and a; are constants.
By using the equation numbers (32), (33) and (35), we have
2n

2
A=ae*t B=(ae*V)n+1, C = (ae*t)n+1 (36)
Then equation (18) can be transformed into
4an 4
ds? = —dt? + (ae%t)? + g=2mx [(a:e"‘lt)mdy2 + (ae“lt)mdzz] (37)

5. Kinematical property of the model:
The Physical parameters of the model are obtained as follows
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Spatial volume (V)

V =a3(t) = ae%t (38)
The Hubble’s parameter is obtained from equations (26) and (36)
The expansion scalar @is given by
6 =9a, (40)
The average anisotropic parameter A, is obtained as
_2(7n2+10n+7)
Ap = 9(n+1)2 (41)
The shear scalar is given by
2 _ —a;%2(n-1)(n+3)
T 2m+1)? (42)
The deceleration parameter is given by
q=-1 (43)
The string tension density is given by
_ 3a;%(n-1)
T 2+ 1) (ATHp) (44)

The energy density is obtained from adding equations (19)-(21) and applying equation (22) as,

Zalz(n—l)f 1 [(n—l)(5n+1)l4l_3(2n+u)}

> 3
n+1 l(n+1)l((wa’1t)m (am+p)

p= g[5-3(8m-7u)]-8m (45)

Also we find the total pressure and proper pressure as,

|{2a12(n—1)f 1 [(n 1)(5n+1) (27T+u) \I
4 n+1 l(n+1)[( artyirs 2 3+ ¥
- ae n
p=¢ L e[5-3(8m—7p)]—- | (46)
fzalz(n—nf 1 [(n 1)(5n+1) L2 \
J ENCE) t)ni 413 amrin !
ae®1
P = %o g[5-3(8m—7u)]-8 J (47)
The coefficient of bulk viscosity is given by
f2a12(n—1)‘ [(n 1)(5n+1) | ) N ciiadh) \
co—t n+1 l(n+1)l(ae“1t)nil “am+w)
§ = (48)

9a4 L g[5-3(8m—7u)]-8 JL

The Einstein field equation (37) is useful to describe f(R,T) gravity, we shows expanding
mode with time t.

6. Conclusion:

In this paper we have study the Bianchi Type-V string cosmological model in f(R, T) theory
of gravity. In this model we have obtained anisotropy parameter A, # 0 it means that model is
isotropic and homogeneous in a scalar tensor theory of gravitation. In this paper we consider
bulk viscous fluid containing one dimensional cosmic string. We get A # 0 that is string does
not vanished. The model does not shear free because in this model ¢ # 0. As t — oo we get
bulk viscosity decreases with time increases.
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Abstract: In this article, we examine the Bianchi type-1 space-time in the metric version of
f (R) gravity in the presence of bulk viscous fluid as a source of gravitation. The exact solution
of field equation has been obtained by using volumetric power law and exponential law of
expansion proposed by Berman [29], corresponds to the model of the universe. The physical
and kinematic behavior of the universe has been discussed by using some physical and
geometrical properties. Also, we can find the function of the Ricci scalar f (R) for each model.
Keywords: Bianchi type -l space-time, f (R) Gravity, deceleration parameter, cosmic time.
1. INTRODUCTION

It's far believed that universe starts from infinitesimally small point called as singularity
and it is in development to grow majestically massive. One of the most significant discovery
of the human is the expansion of the universe. Also, the question arises regarding the expansion
of the universe and its expansion rate. The revolutionized cosmic ideas on this expansion and
the beginning of this universe as a result of the big bang was presented by Guth [1]. The study
of modern cosmology gives the past history, the present state and future evolution of the
universe. One of the milestone in the study of the Universe is Supernova la project [2], [3] in
which they have observed Universe is expanding as well as accelerating. Due to the presence
of energy known as dark energy (DE), the expansion of the universe is not slowing down, rather
it is actually speeding up. There are many experiments and projects that have worked out for
the human curiosity about the study of the Universe like CMBR, WMAP, BAO etc. [4], [5].
The CMBR experiment shows that the unseen energy of the universe dubbed as a dark energy
causes expansion and covers about 73% area of space. After many years, James Peebles [6]
revived the cosmological constant and found that it is one of the candidates to observe nature
and evolution of the dark energy. For the help of humanity and curiosity regarding the
discovery of the universe many cosmologists worked on the same idea of the start of the
universe and its rate of expansion but there is no idea about what present before singularity?
when we look back in time. To overcome this issue, a very inventive theory was presented
known as bouncing cosmology or the big bounce [7], [8], [9]. In the past, to address various
cosmological concerns, several theories have been proposed by making some modification in
Einstein theory of gravity.

The f (R) gravity is the most prominent and simplest of the modified gravity. It provides

an alternative to dark energy. The f (R)theory of gravity was first proposed by Buchdahl in
1970.1t suggest that by replacing the Einstein-Hilbert action of General relativity with the
function of Ricci scalar the cosmic acceleration can be achieved. Chiba et al. [10] has been
studied that f (R) gravity theories have been shown to be equivalent to scalar-tensor theories
of gravity that are incompatible with Solar System tests of general relativity, as long as the
scalar field propagates over Solar System scales. Sharif et al. [11], [12] studied the vacuum and
non-vacuum solution of various Bianchi type spacetimes in f(R) theory of gravity. To

investigate the early-time and late-time acceleration of the Universe, the mimetic f (R) gravity
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[13] has been proposed. It revealed the consistency of mimetic f (R) gravity with Planck and
BICEP2/Keck array observations. The dynamical behavior of the anisotropic universe has been
investigated by Mishra et al [14] in modified theory of gravity. Vijaya Santhi et al. [15]
investigated the Bianchi Type-I bulk viscous model and bulk viscous string cosmological
model in f(R)theory of gravity. Recently [16-18] studied the black hole in f(R) gravity. In
f (R) modified gravity framework, Odintsov and Oikonomou [19] have investigated a
bouncing cosmology with a Type IV singularity at the bouncing point.[20], [21] investigated
the various bouncing cosmological models in modified gravity framework. Oikonomou [22]
worked on exponential inflation and Sharma et al. [23] investigated the power law inflation in
f (R) gravity. Recently Patil et al. [24] studied the Cosmological Power law model and
exponential model in f (R) gravity.

Bianchi type | space-time plays an important role in the study of universe. Hasmani et al.
[25] studied the exact solution of Bianchi Type — | cosmological models in f (R) theory of
gravity. Bhardwaj and Dixit [26] investigated LRS Bianchi type -1 bouncing cosmological
model in f (R, T)gravity. Bianchi type- | space-time with bulk viscosity in f (R, T) gravity
was investigated by Koussour and Bennai [27]. Patil et al. [28] discuss the energy condition
and state-finder diagnostic of cosmological model with special law of Hubble parameter in
f (R, T) gravity. Berman [29] introduced a different method to solve the field equation by
using the variation law of Hubble Parameter. The main feature of variation law is that it gives
a constant value of deceleration parameter.

In this paper, we have emphasized to investigate the exact solution of Bianchi type — I
space-time in f (R) theory of gravity using Power law in presence of viscous fluid. The article

is organized as follows. Gravitational field equation and detail review of modified f (R)theory

of gravity and its field equation are given in section 2 and 3. Section 4 is used to find the exact
solution of Bianchi type- | space-time. Finally, the conclusion is summarized in section 5.

2. GRAVITATIONAL FIELD EQUATIONS OF F (R) MODIFIED GRAVITY

The f(R) theory of gravity is the modification of the general theory of relativity. The
field equations are derived from the modification of Hilbert-Einstein action in variational
principal. The action for f (R)gravity is given as,

f s
S:Iﬁ(£+hﬂjd X, (1)

Where f (R)is a general function of the Ricci scalar and L, is the usual matter Lagrangian.
The action (1) is obtained by replacing R by f(R) in standard Einstein—Hilbert.

The corresponding field equations are obtained by varying the action for metric g, as,

F(RIR,, ~2 F(R)9,. -V, F(R)+ g, F (RIFR) =KkT,, ®)

where, F(R)z%, DzV”V# , V, denotes covariant differentiation, T ,, is the standard

matter energy-momentum tensor derived from the Lagrangian L, .
When we contract the field equations, it follows that

F(RIR-2f(R)+3 .F(R)=kT (3)
f(R) = F(R)R+3EF(R)—kT (@)
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Equation (4) is an important relationship between f(R) and F(R) which will be used to
simplify the field equation and to evaluate f (R).
Using equation (4) in equation (2), the field equation takes the form.

F(R)R-JF(R)—KkT
F(RR, -V, V,F(R)-kT, :( 2 9. (5)
Thus, we have eliminated f (R) from the field equation which helps us to solve the field

equations.
3. METRIC AND ENERGY MOMENTUM TENSOR
The line element of Bianchi type | is given by

ds? =dt? - L2dx* —M?2 dy? —~N?dz?, 6)
where L, M and N are cosmic scales factors.

Here we consider the source of gravitational as the bulk viscous fluid. Therefore, the energy
momentum tensor is given by

T, =(P+p)uu, ~pg,, (7)
and  Pp=p-nu; =p-3yH ®)
where p is the effective pressure, 7 is the coefficient of bulk viscosity, P is the isotropic
pressure, p isthe energy density, H is the Hubble’s parameter and u“ is the fluid four velocity
vector satisfying uﬂu” =1. Thus, the dynamics of cosmic evolution does not change

fundamentally by the inclusion of viscous terms in the energy momentum tensor.

Now, we define some geometrical parameter related to the cosmic scale factor for the
space-time (6) such as average scale factor (a), spatial volume (v ), mean Hubble parameter
(H) mean anisotropy parameter (Aﬂ) , expansion scalar (@) , shear scalar (02), deceleration
parameter (q) as,

a=3LMN )
V =a’=LMN (10)
1 1V 4
H=>(H+H,+H,)=-~== 1
3(1 +H) 3V a ()
M N . . o
where H; =E, H, :M’ H, :N are the directional Hubble parameters in the direction of
X, Yand zaxis respectively.
1&(H-HY
== i 12
Sy @
L M N
f=u=3H=—+—+— 13
# L M N 13)
3 (LY (MY (NY]| 1
2 Sape=2 ] MR g 14
G RGO 09
d(1 ad
=—| = |-1=——, 15
| dt(Hj a2 12)

4. FIELD EQUATION AND ITS EXACT SOLUTIONS
The corresponding Ricci scalar for the space-time (6) is
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R__Z[L M N LM MN LN} (16)

L M+N+LM+MN +LN
where dot means derivative with respect to . Since the metric (6) depends on t and X,
Equation (5) yields a set of linearly independent differential equations for F(t),L,M and N
in the presence of bulk viscous fluid as a source of gravitational

E+M+LN] 2 F(R)- (M NJF E=kp, (17)
L LM LN M N

M+ﬂ+'\’"\'j —f(R) (" NJF £~ kp, (18)
M LM MN L N

ﬂ+w+"'\'j —f(R) (" M]F £ = kp, (19)

N MN LN L M

L M N L. M N

——— ~Zf(R F=-k 20

L+M+NJ (R)- (L M Nj - @0
From equations (17) - (18), (18) - (19) and (17) - (19) we obtain,

L dt
M =1, eXp|:k1Ja3_F] (21)
M dt
W =1, eXp[kzjag_F] (22)
L dt
Using equations (21), (22) and (23) we can write the metric function explicitly as
dt
c-ameo|n[ 2| .
M=am exp[n Ii} (25)
? 2 a’F |’
N=am exp{n J.i} (26)
3 3 a3F '
1 1 1
Where, m, = (171,)2 , m, =(I;*1,)3, my=(1*1,% )3 (27)
and 1=M, nzzﬂ’%zw (28)
3 3 3

Kiand l;are the constants of integration and mm,m, =1, n,+n,+n, =0,
f (R) theory of gravity has been shown to be equivalent to scalar tensor theory of gravity that

is incompatible with solar system test of general relativity, as long as the scalar field propagates
over system scales.
We also assume that the result established by M. Vijaya Santhi et al. [15] in f (R) theory of

gravity which shown that F(R) & (a(t))",
Using the power law relation between F and d, we have F =F, (a(t))m, (29)

where Fo is the proportionality constant, M is any integer (here use as -2)
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The mean Hubble’s parameter (H) proposed by Berman defined as H = g(a(t)) ™

(30)
where g >0,« >0are constant and a(t) is average scale factor. This equation gives constant
value of deceleration parameter. By solving equation (30), we obtain

1
a(t)=(apft+c)e, a=0 (31)
a(t)=c,exp(ft), a=0
C,and C, are constants of integration. Thus, we obtained two values of the average scale factor
corresponding to two different models of the universe.

4.1 MODEL OF THE UNIVERSE WHEN « #0

-2
In this model, F becomes, F =F,(eft+c,)* and the corresponding metric coefficient L, M
and N turn out to be

a-1
S n(apt+c) e«
L= t a ! ! a=l 32
m, (aft+c, )« exp F Al a# (32)
(aptrc) |
Ll n,(aft+c) «
M =m t+c )ee 2 1 o=l 33
z(aﬂ + 1) Xp F, Bla=1) a* (33)
(wprre) |
1 n,(epft+c, )«
N = t+c, )« 3 : %1 34
m, (aft+c, )« exp F f@D) a# (34)
The Ricci scalar of the model is found to be
68 (¢-2) 6B(n +n,+n ~(t+a)
R:(fﬁt(+cl)2)_ (1F02 3)(aﬁt+c1) a +F—02[(n1n2+n1n3+n2n3)—(n1+n2+n3)1
;2
(apt+c)
(35)
The function of Ricci scalar f (R) of the model is obtained as
_ 2 —2a-2 —(a+3)
f(R)=6a(a )RS (a,b’t+c1)7—6ﬁ(a+l)(nl+n2+n3)(a,b’t+cl) :
(a+1) (a+3) (36
[(nlnz+n1n3+n2n3)—(nl+n2+n3)2} -
(apt+c,)e

I:O
Equation (36) represents the function of Ricci scalar for the model, it is clear that the function

of Ricci scalar is positive and decreases with time.
Using the value of metric potential, the model of universe (6) becomes,

O BN L .7, S9 Kl WSRO S N (7. S5 Kl
ds® = dt® —m; (aft +c, )= exp F A ]dx m? (aft+c,) exp{ NP y -
. 2 2n3(ocﬂ’t+c1)%l ,
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The metric (37) represents the Bianchi type-I Bulk-viscous cosmological model in the f (R)
theory of gravity.

In the model of universe (37), it is observed that metric potential L, M , N are the product of
both exponential and power term. Initially at the point t =0, all the metric potential are constant

and hence the model has no singularity. But, at the point ¢ — —% it represents the singular
af

model. Also, at t =00, L, M, N becomes infinite.
The mean generalized Hubble parameter and the volume scale factor becomes,

By .
H_aﬁt+c1 .V =(aft+c) (38)

The mean anisotropy parameter A, turns out to be

2 2 2 2(a-1) (a-1)
A= ey« B ) ¢ 39)
The expansion scalar # and shear scalar o are given by

__3p n
aft+ (o (40)
) oy PO oy @)
2F, K
The deceleration parameter is given by
q=a-1 (42)

With the help of equation (20), (32), (33) and (34) we get energy density

| L —(n2+n2+n2 B
e o) | 7R, [(nln2 + 0N+ n,ng ) —(nf + 0} +n3 )] (apt+c,) @3)
K |_88@r2) 0 3RS (1+20)
@3 (W) eftee) o)

we obtained the total pressure as
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p= e (nf =nZ =ni +nn, +nng—n,n, ) (@t +c,)
0

It is observed that the energy density is the function of time t and always decreases positively
with the expansion in power law model. Initially as t — 0, the energy density of the universe
is infinitely large i.e., p — cobut with the expansion of universe it declines.
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4.2 MODEL OF THE UNIVERSE WHEN «a =0

FI
For this model, F becomes, F =C—°26Xp(—2ﬂt) and the corresponding metric coefficient
2

L,M and N turn out to be
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_ —nexp(=4t)

L=mc, exp(ﬂt)exp{ Fe } (45)
_ —n, exp(-At)

M =m, c,exp(At) exp{ Fe } : (46)
_ —nexp(-At)

N =m,c,exp(t) exp{ >y } , (47)

The Ricci scalar of the model is found to be

6
R= I:T(:Z[(nln2 +n,n,+nn,)—(n +n, + ns)z}exp(—zp’t) —F—ﬂ(nl +n, +n, ) exp(-pt) —125°
0 ¥2 02
(48)
The function of Ricci scalar f (R) of the model is obtained as
1 2
f(R)= F_c“[(nlnz +n,0, +nn,)—(n +n, +n, )1exp(—4/)’t) —C—"i(n1 +n, +n, ) exp(-3t)
0~2 2
(49)
Using the value of metric potential, the model of universe (6) becomes,
ds® = dt® —m/ ¢ exp(2,t) exp —2m exp=At) dx?
FoC
(=p1) (=p1) 0
—-2n, exp(—pt 2 —2n, exp(—pt 2
—C2exp(28t)| m2 ex 2 dy® +m ex 3 dz
2 p(ﬂt){ 2 p[ F o,/ ]y 5 p( F e, f

In the model of universe (50), it is observed that metric potential L, M , N are the product of
exponential term. Initially at the point t=0, all the metric potential are constant and hence the
model is free from singularity.

The mean generalized Hubble parameter and the volume scale factor becomes,

H=p8, V=c exp(3pt) (51)
The mean anisotropy parameter A, turns out to be
n’+n,’ +n? 2(n, +n,+n,)

=123 exp(-2f0t)+——=—exp(-— 52
Aﬂ BﬂZFOZCZZ p( ﬁt) BﬁFOCZ p( ﬂt) ( )
The expansion ¢ and shear scalar o are given by

2 2 2
=35, 2= 1y o apt) s LA oy (53)
2F,"c, Fc,

The deceleration parameter is given by
q=-1 (54)

With the help of equation (20), (45), (46) and (47) we get energy density

[(nln2 #nn+nn,)—(nf 3 + nj)}

p= KE o exp(—4t)
(g}
, (55)
—%(nl +n, +n; )exp(-3t) - 9';05 exp(-23t)

we obtained the total pressure as
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2 2 2
(n? —nZ —ninn, +nn, +nn, —n,n; )

2kF C; exp( 4ﬁt) (56)

2 3F,
kﬁ3(n +n, +n, )exp(-34t) + C’B exp(—2/t)
2
5. SUMMARY AND CONCLUSION

In this paper we have studied the behavior of the Bianchi type- | space-time in framework
of f(R) gravity with bulk viscous fluid as a source of gravitation in relation to volumetric

power law and exponential law expansion. Also, we have obtained some important
cosmological physical quantities for these models such as Hubble’s parameter (H), volume

5:

scale factor (v) , expansion scalar (@) , shear scalar (0’2), deceleration parameter (q) and the

mean anisotropy parameter (Aﬂ) . The function of the Ricci scalar f (R) is also evaluated for
the model.

Power-law model of the universe has point type singularity at t=—2 ﬂ . The physical
a

parameter H,6 and c*all are infinite at this point for « >0 while the volume scale factor

vanishes. The mean anisotropy parameter A, is also infinite at this point for 0<a <1 and it

will also vanish for « >1.The function of Ricci scalar also infinite while metric potential
vanishes at the point of singularity. It also shown that the expansion and shear scalar decreases
for a > 0with the passage of time and the mean anisotropic parameter decreases for « >1with
the increase in time. As the Hubble parameter (H) and scalar expansion (@) are inversely
proportional to time (t) and initially at t — 0 they attain infinitely large value and decreases
with expansion and approaches to zero for large expansion. Therefore, our power law model
represents both decelerating model as well as accelerating model of the universe.

For the exponential model of the universe the physical parameter H,6 and o all are finite

for all finite values of . The mean generalized Hubble parameter H and the expansion scalar
6 is finite and constant. The metric functions do not vanish for this model. In this case the value
of deceleration parameter is g =—1 and hence, we have accelerating model of the universe.

The volume scale factor increases exponentially with time which indicates that universe starts
its expansion with zero volume from infinite past. The function of Ricci scalar f(R)is

inversely proportional to time (t)

5. Abbreviations

CMBR, cosmic microwave background radiation; WMAP, Wilkinson Microwave Anisotropy
Probe; BAO, baryon acoustic oscillations; DE, Dark energy.
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Abstract:

In this research paper, we investigate the dynamics of the Bianchi Type—Ill cosmological
model with a polytropic equation of state. The Bianchi Type-l111 model is an anisotropic
cosmological solution to Einstein’s field equations, and we consider a cosmic fluid whose
pressure and energy density are related through the polytropic equation of state. We explore
the implications of this polytropic fluid on the anisotropic evaluation of the Universe and study
how the anisotropy influences the behavior of the cosmic fluid. Numerical simulation and
analytical approximations are used to analyze the model’s evaluation and exact insights into
the anisotropic cosmological scenarios.

Key words: Bianchi Type-Ill, Polytropic equation of state, Anisotropy.

Introduction:

The FLRW metric serves as the foundation of the standard cosmological model, effectively
explaining numerous observed phenomena in the Universe. Nevertheless, this model assumes
the uniformity of space and isotropy, which may not be universally valid across all scales and
cosmic epochs. To address this limitations, Bianchi cosmological models offer an alternative
frame work, introducing the possibility of special anisotropy. Among these models, the Bianchi
Type -111 cosmological model stands out with its distractive rotational symmetry around a
single axis, rendering it a captivating subject of exploration.

By incorporating the polytropic equation of state, a versatile tool for modeling cosmic
fluid behavior, researchers gain the means to investigate diverse cosmological scenarios. This
equation connects the pressure and energy density of the cosmic fluid through a power-law
relationship. The interplay between the polytropic equation of state and the anisotropic Bianchi
Type-111 model provides valuable insights into the universe’s dynamics evolution.

In this research paper, we investigate the complexities of the Bianchi Type-IIl
cosmological model with a polytropic equation of state. Utilizing numerical simulations and
analytical approximations, we explore the anisotropic expansion of the universe, where
different special expansion of the FLRW model shows attractive implication for the cosmic
structure formation and early universe cosmology. Our results disclose the complex dynamics
of the polytropic fluid under the influence of anisotropy. The evolution of the cosmic fluid’s
pressure and energy density showcases diverse behaviors, uncovering a rich tapestry of the
possibilities for the early universe’s evolution.

By discussing the stability of the anisotropic model with polytropic fluid, we deepen
our understanding of the cosmic inflation. The rapid expansion believed to have occurred
shortly after the Big Bang. Examining the Model’s strength against perturbations sheds light
on the universe’s early moments and the fundamental principles governing its developments.

Overall, this research bridges the gap between anisotropic cosmological models and
polytropic equations of state. In broadens our understanding of cosmic evaluation, paving the
way for further investigations into the vast cosmic landscape and providing a potential avenue
for reconciling observed phenomena with theoretical predictions. Further research may extend
this work to other Bianchi models and explore additional tests to discern between anisotropic
and isotropic cosmological scenarios. The Bianchi Type-lll cosmological model with a
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polytropic equation state presents an exciting and promising avenue for unraveling the
complexities of our universe’s journey.

Literature Review:

The literature on Bianchi cosmological models and polytropic equation of state spans several
decades, encompassing both theoretical and observational studies. The anisotropic nature of
Bianchi models has been a subject of interest in various cosmological contexts, leading to
significant advancements in our understanding of the universe’s evolution. This literature
review aims to provide a comprehensive overview of the existing research and identify the gaps
that motivate our investigation into the Bianchi Type-I1l1 cosmological model with a polytropic
equation of state.

Early studies on Bianchi cosmological model date back to the 1960s, with pioneering
works by Karlhede, Collins, and others, who investigated the mathematical properties of these
anisotropic solutions to Einstein’s field equations. These early efforts laid the groundwork for
subsequent research, highlighting the rich and complex dynamics that anisotropy introduces
into the evolution of the universe.

In the context of early universe cosmology, the significance of anisotropic models
emerged during the inflationary epoch. Guth’s proposal of cosmic inflation, followed by
developments by Linde, Albrecht, and Steinhardt, provided a compelling explanation for the
universes large-scale isotropic modes that might have left imprints on the cosmic microwave
background radiation. Several studies explored these imprints, leading to constraints on
anisotropic components during inflation and their potential consequences for structure
formation.

The Bianchi Type-111 model characterized by its rotationally symmetric anisotropy,
attracted attention due to its distinct properties. Researchers such as Ellis, MacCallum, and
Wainwright delved into the geometrical and dynamical aspects of this model, offering insights
into its unique features and its relevance to understanding the early universe.

Furthermore, cosmological structure formation within anisotropic models has been
extensively investigated. Numerical simulations by Maartens, Barrow, and Dunsbyexplored
the effects of anisotropy on the growth of cosmic structures, reveling the impact on large scale
structure formation and galaxy clustering. The behavior of dark matter and baryonic matter in
anisotropic universes, as studied by Coley and Lim, demonstrated the complexities that
anisotropy introduces into the formation and evolution of cosmic structure.

In the realm of dark energy scenarios, the presence of anisotropic stress and its
implications on cosmic acceleration have been explored. The nature of dark energy is one of
the most significant enigmas in modern cosmology, and incorporating anisotropy adds an
additional layer of complexity to the puzzle. Several studies have investigated the effect of
anisotropic dark energy on cosmic expansion and its potential observational signatures

While these studies have significantly advanced our knowledge of anisotropic
cosmological models and behavior of cosmic fluids, limited attention has been devoted to the
specific combination of the Bianchi Type-I11 model with a polytropic equation of state. This
research paper aims to bridge this gap and contribute new insights into the interplay between
anisotropy and the dynamics of the cosmic fluid. The polytropic equation of state offers a
promising avenue for modeling the behavior of cosmic fluids in anisotropic universes opening
up exciting possibilities for exploring different cosmological scenarios.

In conclusion, the literature on Bianchi cosmological models and polytropic equations
of state is vast and diverse, covering a wide range of theoretical and observational studies. The
anisotropic nature of Bianchi models has been studied in various cosmological contexts,
providing valuable insights into the dynamics of the early universe, cosmic structure formation
and dark energy scenarios. However, the specific combination of the Bianchi Type-111 models
with a polytropic equation of state remains relatively unexplored. This research paper aims to
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fill this gap and contribute to the growing body of knowledge on anisotropic cosmological
scenarios, shedding light on the interplay between anisotropy and cosmic fluid behavior.
Methodology:

The combination of numerical simulation and analytical approximations constitutes a powerful
and complementary approach to explore the dynamics of the Bianchi Type-I1I cosmological
model with a polytropic equation of state. Numerical simulation provides a robust and accurate
method to solve the Einstein’s field equations, allowing us to capture the complex evolution of
the anisotropic universe over cosmic time. By employing advanced computational techniques,
we can numerically integrate the differential equations and obtain numerical solutions for the
evolution of the scale factors.

The numerical simulations tell the complex patterns of the anisotropic expansion,
showing how the cosmic fluids behavior is influenced by the polytropic equation of state. These
simulations allow to observe how the anisotropy affects the expansion rates along different
spatial dimensions, cracking light on the cosmic evolution’s deviations from isotropic
scenarios. Moreover, numerical simulations offer the advantage of exploring various initial
conditions and parameters, providing a comprehensive understanding of the mode’s behavior
under different cosmic settings. In parallel we utilize analytical approximations to gain a deeper
theoretical understanding into the anisotropic cosmological model. Perturbation theory applied
to the coupled Einstein field equations and polytropic equation of state, allow us to study the
system stability under pure conditions.

Through perturbation theory, we examine the growth of small fluctuations and the
stability of the cosmic fluid in the presence of anisotropy. The stability analysis provides
essential information about the model’s strength against perturbations and potential
instabilities. It also enhances our understanding of how anisotropic perturbations can influence
the cosmic fluids behavior, impacting the cosmic structure formation and large-scale geometry.

By integrating numerical simulations and analytical approximations, our research
achieves a comprehensive and multi-faceted investigation of the Bianchi Type-Ill
cosmological model with a polytropic equation of state. This integrated approach allows us to
cross validate our results and ensure the reliability of our findings. It also provides deeper
understanding of the complex interaction between anisotropy and cosmic fluid behavior,
unlocking new paths of exploration within anisotropic cosmological scenarios.

In conclusion, the combination of numerical simulations and analytical approximations
is fundamental to advancing our understanding of the Bianchi Type-Ill cosmological model
with polytropic equation of state. The synthesis of these two powerful methods allow to explore
the evolution of models, unveil the effects of anisotropy on cosmic fluid behavior, and
investigate the system stability. This integrative approach covers the way for further
investigations into the details of anisotropic universes and provides valuable understandings
into the fundamental principles shaping our cosmic evolution.

Results:

The numerical simulations and analytical approximation divulge the complex patterns of the
anisotropic evolution in the Bianchi Type-11l cosmological model with a polytropic equation
of state. Our findings indicate that anisotropy significantly affects the expansion rates of the
different spatial dimensions. This leads to varying cosmic expansion rates along different axes,
presenting a stark departure from the uniform expansion seen the FLRW model. Additionally,
we observe how the polytropic equation of state influences the pressure and energy density of
the cosmic fluid. The model exhibits rich dynamical behavior, allowing us to draw valuable
insights into the evolution of anisotropic universes.

Discussion:

Our findings carry significant implications for the cosmology of the early universe.
Anisotropic cosmological models challenge conventional models, offering new opportunities
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for exploring the cosmic evolution complexities. We discuss the potential consequences of
anisotropy for the formation and growth of cosmic structures, such as galaxies and galaxy
clusters. The presence of anisotropy in the early universe can imprint observable signatures on
the cosmic microwave background radiation, potentially providing a unique opportunity to test
these models against observational data.

Furthermore, we explore the stability of the anisotropic model with the polytropic fluid.
instabilities and perturbations in anisotropic cosmology have implications for cosmic inflation,
an essential ingredient in our understanding of the universe’s early moments. Our
investigations sheds light on the stability conditions and the strength of the model’s predictions
against perturbations, enhancing our understanding of the universe’s early evolutions.
Conclusion:

Our research contributes to a deeper understanding of the Bianchi Type-111 cosmological model
with a polytropic equation of state, highlighting the significance of considering anisotropy in
cosmological scenarios. The anisotropic nature of the Bianchi Type-11l model leads to the
deviations from the standard FLRW predictions, providing crucial understanding the early
dynamics of the universe. The polytropic equation of state offers a flexible approach to model
the cosmic fluid, allowing the exploration of various cosmic scenarios. By merging the study
of anisotropy and the polytropic equation of state, this research uncovers the complex interplay
between cosmic expansion and the properties of the cosmic fluid. Future research could extend
this work to consider other Bianchi models and investigate further observational tests to
distinguish between anisotropic and isotropic cosmological models. Overall, the Bianchi Type-
I11 cosmological model with polytropic equation of state presents an exciting path for exploring
the vast cosmic landscape and introducing the essential principles that indicate the evolution
of the universe.
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ABSTRACT

Present paper gives the study of Special relativity and General relativity for
mathematical applications. Albert Einstein presented his theory of relativity to the world in
the early 20th century, he was proposing just that and what’s more? He’s been proven correct.
Einstein’s theory has two parts 1) Special relativity and 2) General relativity

A surface level study of the theory and its consequences followed by a look at some of
its applications will provide an introduction to one of the most influential scientific discoveries
of the last century.

The strange consequences of special relativity aren’t limited to time. In two different
inertial reference frames, the length of an object will be different depending on the relative
velocity between the frames. The Doppler Effect in light waves is another result of special
relativity. General relativity was published in 1915. Instead of inertial reference frames, it deals
with acceleration and gravity. From the equivalence principal it follows that we can expect
phenomena that occur in reference frames experiencing gravity to match those that occur in
accelerating reference frames

This energy melts or vaporizes the work piece material creating the desired cut.
Electron beam machining has allowed for the fast, high precision machining of a variety of
parts for the medical, automotive, aerospace and other industries.

Keywords: Relativity, acceleration, light waves, aerospace,

Introduction:

According to the theory of general relativity, matter causes space to curve. It is posited
that gravitation is not a force, as understood by Newtonian physics, but a curved field (an area
of space under the influence of a force) in the space-time continuum that is actually created by
the presence of mass. No experiment done on the earth will detect the absolute motion of the
earth. This statement is so profoundly true that there is, therefore, no meaning to the notion of
absolute motion. All motion is relative to other bodies, and this is why we call it the "theory of
relativity." When Albert Einstein presented his theory of relativity to the world in the early 20™"
century, he was proposing just that. And what’s more? He’s been proven correct. Einstein’s
theory has two parts:—

1) Special relativity, which deals with inertial reference frames and
2) General relativity, which deals with the curvature of space time.

A surface level study of the theory and its consequences followed by a look at some of
its applications will provide an introduction to one of the most influential scientific discoveries
of the last century [1-3].

Special Relativity:

Special relativity was published in 1905 and has two overarching ideas:

1. The laws of physics are valid in all inertial reference frames (frames that aren’t accelerating)
and there is no preferred reference frame.

2. The speed of light is constant for all reference frames (c = 299,792,458 m/s).
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These ideas come with several bizarre consequences. The first is that time doesn’t move
at the same rate for two observers that are moving relative to each other. To a person standing
still looking at a car speeding past, time would appear to be moving slower for the driver. This
effect is referred to as time dilation and can be modeled by: At ' = yAt where y is called the
Lorenz factor. The Lorenz factor is approximately one for speeds much less than the speed of
light and increases as the relative speed approaches light speed (Walker, 2012).

Since time can be altered by speed, you’re probably wondering about time travel. In a
sense, special relativity allows for time travel to the future. Let’s say a person leaves Earth on
a spaceship that travels at a speed close to the speed of light. Time on the spaceship would be
moving slower than time on Earth due to time dilation (Walker, 2012). So the traveler could
return to Earth say 100 earth- years after he left, but may have only aged 10 years. The bad
news is, to travel back to the past the traveler would need to travel faster than the speed of light.
As a person’s speed approaches the speed of light, their Lorenz factor becomes infinitely large,
therefore the energy (E = ymc 2 ) required to propel them becomes infinitely large. For this
reason, traveling to the past is possible only in science fiction movies [4-6].

The strange consequences of special relativity aren’t limited to time. In two different
inertial reference frames, the length of an object will be different depending on the relative
velocity between the frames. For example, a meter stick From the 1985 film “Back to the
Future” 1 Rea: The Theory of Relativity and Applications Published by
EngagedScholarship@CSU, 2018 traveling directly toward you will appear to be shorter than
one meter. This can be modeled as: L ' = L where y is the same Lorentz factor as before. This
phenomenon is referred to as length contraction (Walker, 2012).

The Doppler Effect in light waves is another result of special relativity. In sound waves,
the Doppler Effect changes the frequency of sound emitted from a source based on that source’s
motion relative to the detector. That is the reason why police sirens sound high pitched when
they are approaching you and low pitched when they are driving away. In light waves, the
Doppler Effect also alters the frequency, and therefore the wavelength, of sources. Light
sources moving away from the detector will have longer wavelengths (called red shifting) and
sources moving closer to the detector will have shorter wavelengths (called blue shifting). The
greater the relative velocity, the greater the shift in wavelength (Walker, 2012). Scientists have
used the detection of red shifted electromagnetic waves to determine how fast the universe is
expanding [7-10].

At this point you’re likely thinking that special relativity is weird and would like some
evidence to back up these wild claims. In 1971, Joseph C. Hafele and Richard E. Keating
performed an experiment that did just that. They flew two cesium atomic clocks around the
world twice and then compared them with clocks that had remained stationary. The clocks
disagreed and their difference was exactly predicted by the theory of relativity (Radeska, 2016).
In 2017, another experiment was done using strontium clocks, whose accuracy is three times
that of cesium clocks, and the theory of relativity was once again upheld (Ananthaswamy,
2017).

General Relativity:

General relativity was published in 1915. Instead of inertial reference frames, it deals
with acceleration and gravity. General relativity starts with the equivalence principal, which
states that the effects of gravity are always equivalent to the effects of acceleration (Hainline,
n.d.). So, if we put a person in a box without windows, they wouldn’t be able to tell if they
were on Earth feeling Earth’s gravity or accelerating in space. From the equivalence principal
it follows that we can expect phenomena that occur in reference frames experiencing gravity
to match those that occur in accelerating reference frames. One result of this is that light bends
around massive objects as a result of gravity. Hafele and Keating with their atomic clocks. 2
The Downtown Review, Vol. 5, Iss. 1 [2018], Art. 3
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https://engagedscholarship.csuohio.edu/tdr/vol5/iss1/3 ~ This  observation  contradicts
Newtonian gravity (Fg = G Mm r 2) because photons (light) are massless and therefore, in a
Newtonian physics world, would be unaffected by gravity [11-12].

The general theory of relativity redefines gravity as an effect due to the curvature of
space-time. Space-time is the entanglement of three-dimensional space and time. It is warped
and bent by energy in a way that is described by the Einstein field equations (Pe'er, n.d.). Note
here: Einstein’s equation: E = mc 2 (from special relativity) defines mass as a type of energy,
S0 saying energy warps space-time includes mass energy. There are six independent field
equations all of the form: Ruv — 12 Rguv + Aguv = 8nGTuv

The left side of the equation deals with the geometry of space-time and the right side
deals with the effects of energy (mass). The more massive an object, the more it bends space-
time. One way to visualize the warping of space-time around a massive object, like Earth, is to
think of a bowling ball on a trampoline. The bowling ball will deform the surface of the
trampoline and when you place a marble on the trampoline it will roll toward the bowling ball.
In a similar way, the warping of space-time around the Earth results in a pulling of less massive
objects (like people) towards the Earth. This is gravity.

One effect of space-time’s curvature is gravitational time dilation. Time slows down
near massive objects due to the bending of space-time. More massive objects slow time more,
because they produce curvier space-time (Hainline, n.d.). There are actually infinite points in
space-time within some extremely massive objects, like black holes, where time, from the point
of view of an outside observer, slows to a stop (“A black hole is a one-way”, 2009).

Einstein’s general theory of relativity also predicts the existence of gravitational waves.
These are produced by events such as: the explosion of a supernova, the merging of two black
holes or when two massive stars orbit each other. Much like ripples in a pond, gravitational
waves travel radially outward from the source through space-time losing intensity with
distance. These waves move at light speed. They compress and stretch space-time as they travel
(“What is a gravitational wave”, 2017). In 2015, scientists at the Laser Interferometer
Gravitational-Wave Observatory (LIGO) physically sensed the space-time distortion from
gravitational waves for the first time. The waves were produced by the collision of two black
holes 1.3 billion years ago (“What is a gravitational wave”, 2017).

Einstein’s general theory of relativity has allowed for several advances in science. For
instance, scientists couldn’t accurately predict the orbit of Mercury until they considered that
Mercury goes deeper into curvy space-time when it gets closer to the sun. Also, the bending of
light around massive objects, described by general relativity, allows for gravitational lensing.
Astronomers use gravitational lensing to view distant stars that are behind other massive
celestial bodies (Hainline, n.d.).

Applications:

Einstein’s theory of relativity has made many new technologies possible. A world without
relativity would be a world without cathode ray televisions, radar guns, the global positioning
system and more [13-16].

Cathode ray tube (CRT) televisions create pictures by shooting electrons at a
phosphorous screen. These electrons are accelerated to high velocities, near 20- 30% of the
speed of light. Remember from special relativity that as a particle approaches speeds near light
speed, the energy required to propel the particle is increased. Magnets in the television are
responsible for placing the electrons in the correct configuration on the screen. They must
account for the relativistic effects on these electrons or the picture created will be out of focus
(Akpan, 2015). So, we have Einstein to thank for making CRT televisions, the precursor to
plasma and LCD televisions, possible.

Another modern technology with a tie to Einstein’s theory of relativity is the radar gun.
Radar guns are used in the military, professional sports, and, yes, to give out speeding tickets.
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A radar gun consists of a radio wave emitter and a detector. A police officer points his radar
gun at a speeding car. The radar gun emits radio waves. These waves reflect off of the speeding
car and travel back to the detector (Akpan, 2015). Based on the amount of wavelength shift,
due to the Doppler effect discussed in special relativity, the radar gun is able to calculate the
speed of the passing car. So, remember to thank Einstein for making your next speeding ticket
possible

The theory of relativity plays a crucial role in the accuracy of the global positioning
system (GPS). The GPS consists of 24 satellites that orbit the Earth. These satellites are about
20,000 km above Earth’s surface and are traveling at about 4 km/s (just shy of 9,000 mph).
GPS receivers, like the one in your car’s navigation system, receive four signals emitted by
four satellites. They use these signals to solve four independent linear equations that triangulate
your location. These equations can be summarized as: the distance traveled by the light wave
(the distance from the satellite to you) is equivalent to the speed of the wave (the speed of light)
multiplied by the time it took the wave to get to you.

In order for these equations to work correctly, the GPS satellites must keep very
accurate time. They use atomic clocks that are routinely adjusted for the effects of both special
and general relativity. The relative speed between the satellites and the Earth will cause a time
dilation that slows the GPS clocks. Opposing this effect, a gravitational time dilation is caused
because the satellite clocks are further from the Earth and are therefore in less curvy space-
time than those on Earth’s surface. If these effects weren’t accounted for, the errors would be
significant; as much as 11 km in only one day (Ashby, 2002).

Einstein’s discovery also had a hand in electron beam machining (EBM). EBM is a non
traditional machining process, invented in 1952, that utilizes a beam of high velocity electrons
to perform cutting operations. The electrons are produced in the electron beam gun and are
accelerated to 50- 80% the speed of light by an anode (Kalpakjian, 2014). With speeds close
to the speed of light, the electron’s kinetic energy must be calculated using equations that come
from special relativity. When these high- energy electrons hit the work piece, their kinetic
energies are transferred to thermal energy. This energy melts or vaporizes the work piece
material creating the desired cut (“Electron Beam”, n.d.). Electron beam machining has
allowed for the fast, high precision machining of a variety of parts for the medical, automotive,
aerospace and other industries.

Walking through the basics of Einstein’s special and general theory of relativity has
provided a basic understanding of one of the most important Illustration of four satellites in the
GPS triangulating a location Mixer Disc: 2,340 holes of 0.9 mm diameter drilled by EBM 5
Rea: The Theory of Relativity and Applications Published by EngagedScholarship@CSU,
2018 scientific advances of the last century. The theory of relativity explained previously
unexplained scientific observations, led the way for new scientific advances and made many
common technologies possible.
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Abstract:-

This paper provide comprehensive review of the notion of an isolate domination in
hypergraphs. The review encompasses a wide range of research articles and presents key
findings related to domination in hypergraph theory such as isolate domination, isolate
domination number. In conclusion, this review paper not only consolidates the wealth of
information available but also identifies gaps in knowledge, paving the way for future
investigations in the domination of hypergraph theory with studying some new domination
parameters in connection with other hypergraph theoretic parameters.

Keywords: Hypergraphs, domination number, isolate domination

Introduction:-

Graph Theory is an important area of contemporary mathematics with many applications in
computer science, genetics, chemistry, engineering, industry, business and in social sciences.
It is a young science invented and developing for solving challenging problems of
“computerized” society for which traditional areas of mathematics such as algebra or calculus
are powerless. The first mathematicians to work in graph theory (in particular the thriving
Hungarian school with D. Konig, P. Erdos, P. Turin, T. Gallai, G. Hajos, etc.) considered
mainly undirected graphs, and this could lead students to believe that there are two theories
one for directed graphs and one for undirected graphs. The results for a directed graph can be
interpreted for an undirected graph by replacing each edge of the undirected graph with two
oppositely directed arcs with the same endpoints.

One of the pioneering works in hypergraph theory was done by Claude Berge [3], a French
mathematician, in the 1950s. He introduced the concept of hypergraphs and established
fundamental definitions and properties.

The concept of domination in graphs was introduced by de Jaenisch [2] in 1862 and The
domination in hypergraph was introduced by Acharya[l] in 2007. Several variants of
domination have been introduced and well-studied in the present literature such as edge
domination, total domination, connected domination, global domination, equitable domination
etc. and many others are being studied.

We recall some basic definitions

Definition1: A hypergraph H is a pair H'(V, E) where V is a finite nonempty set and E is a
collection of subsets of V. The elements of V are called vertices and the elements of E are called
edges or hyperedges and U,,eg e;=V and e; # @ are required, for all e; € E.

The number of vertices in H is called the order of the hypergraph and is denoted by |V|.

The number of edges in # is called the size of H and is denoted by |E]|.

A hypergraph of order n and size m is called a (n, m) hypergraph.

Concept of the domination in hypergraph was introduced by Acharya[1] in 2007.
Definition 2: For a hypergraph H(V, E), aset D < V is called a dominating set of H if for
every v € V'\D, there exists u € D such that u and v are adjacent in 7, that is there exists

e € E such that u and v are adjacent in 7, that is there exist e€e E such thatu,v € e.
Jadhav[4] defined concept of isolate domination in hypergraph.

Definition 3: For any vertex v in a hypergraph H (V, E) the set
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N[v] ={u € V :uisadjacent to v} U {v} is called the closed neighborhood of v in H and
each vertex in the set N[v] — {v} is called a neighbor of v. The open neighborhood of the
vertex v is the set N[v] — {v}.
Definition 4: A dominating set I of a hypergraph H (V, E) is called an isolate dominating set
of H(V, E) if it contains at least one vertex v € [ such that v is not adjacent to any vertex of
lie.N(v) nI=0,foratleast one vertex v € I.
Definition 5: An isolate dominating set I of a hypergraph H (V, E) is called a minimal isolate
dominating set if no proper subset of I is an isolate dominating set of /' (V, E).
Definition 6: The minimum (maximum) cardinality of a minimal isolate dominating set in a
hypergraph H (V, E) is called the isolate (upper isolate) domination number of H and is
denoted by yo (H) (Ty (H)).
An isolate dominating set of cardinality y, (I) is called a y, -set(I,-set).
Example :- Consider the hypergraph H (V, E) where V = {v;,v,, ....v1,} and

E ={ey,e,...,es}. Inwhich the edges of H are defined as follows:

e = {171, VU2,V3, V4, Us, v6}

ez = {Vs, Vs, V7, Vg}

ez = {Vs, Vo}

es = { V3, V3, V10, V11}

es = {1, V2, V12, V13, V14}

Thenthe sets I} = {v,, v, V9}, [, = {4, Vg, V10, V12} AN I3 = {4, V7, Vg, V1, V12 } ArE

the isolate dominating sets of H. But among these only I; and I5 are minimal isolate

dominating sets but not I,. In fact, I; is a minimal dominating set of H with minimum

cardinality andI5is that of maximum cardinality. Hence y,(H) = 3 and [, (H) = 5.
Observation: If I is a minimal isolate dominating set of H then VV /I is a dominating set of
.
In view of the above observation, complement of a minimal isolate dominating set is
dominating but need not be an isolate dominating. But following theorem proves that like
domination number of 7, the isolate domination number y, () does not exceed half of the
order of H.

Theorem: For a connected hypergraph #, yo(H) < % , Where n is the number of vertices of

. Moreover, if p and g are positive integers such that g > 2p then there exists a

hypergraph # of order g with y,(H) =p.

Conclusion:

In conclusion, this research has delved into the intricate realm of dominating sets within the

context of hypergraph theory, shedding light on the fundamental concepts in domination in

hypergraph. The study has provided a handful of insight on hypergraph and some properties of

domination and several results on it.

We plan to extend the concept of domination in graph to hypergraph. We will try to find related

parameters in domination and study these parameters for certain types of hypergraph
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Abstract

In the present paper we have investigated a LRS Bianchi type I cosmological model using the
f (R, T) theory of gravity, where the source of gravity is a combination of barotropic fluid and
dark energy (DE), with a time-varying deceleration parameter (DP). By examining the state
finder parameters (r, s), we observe that our model transitions from the Einstein static era to
the ACDM era. The equation of state parameter (w,) for dark energy shifts from a phantom
phase (w < —1) to a quintessence phase (w > —1), aligning with observational findings.
Our model successfully replicates the current accelerated expansion phase of the universe.

1. INTRODUCTION

In recent times, scientists have become increasingly intrigued by cosmological models that
incorporate dark energy within the framework of general relativity and in alternative theories
of gravity. The most remarkable observational discoveries have shown that our universe is
currently undergoing an accelerated expansion. The latest cosmological observation detects the
expansion of the universe as an accelerating rate [1, 2]. On the basis of these astronomical
observations cosmologists have accepted the existence of dark energy which is a fluid with
negative pressure which account more than 70% of the total energetic content of the universe
to be mostly responsible for the accelerated expansion of the universe due to repulsive
gravitations [3,4]. DE is a scalar field of negative pressure with positive energy which serves
as a means for reverse gravitational action [5, 6]. This explains the shift from early time
inflation to late time acceleration. Dark energy (DE) can be understood in two different
manners. The first approach involves considering exotic types of matter such as quintessence
[7-9], phantom [10], k- essence [11-13]. While the cosmological constant is the simplest and
most widely used method to explain the acceleration, it faces challenges related to cosmic
coincidence and fine-tuning [14-16]. However, these options alone are not adequate to fully
elucidate the enigma of dark energy. A model for DE can be constructed using the Equation
of State (EoS) parameter w which defined as in terms of pressure and energy density such that;
w(t) = p/p . This parameter need not be a constant. It can be parametrized as in terms of
time or scale factor (a) or redshift (z). The second way to interpret DE is by making
modifications to the theory of gravity. These modified theories offer natural gravitational
alternatives to dark energy and seek to provide an explanation for the current acceleration.
Some of these modified theories include f(R), f(G), f(T) and f(R, T).

In the Einstein-Hilbert action, the usual term involving the Ricci scalar R is replaced with a
more general function f(R) in the Lagrangian. This modification gives rise to the f(R) theory
of gravity. This theory is designed to encompass both early universe inflation and the current
late-time acceleration. It deals with higher-order curvature invariants expressed as a function
of R. Expanding on this, the f (R) gravity theory can be further extended to the f (R, T) theory,
which was first proposed by Harko et al. [17]. This new theory introduces a dependence not
only on R but also on the trace of the energy-momentum tensor T. This model, contrast to other
theories, discuss matter and geometry coupling. This results in source term independence,
where source term is the matter stress energy tensor variant. They claim that cosmic
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acceleration is also a result of matter content besides geometrical input. In [18] FLRW
cosmological model has been studied in the framework of f (R, T) gravity through phase space
analysis. Recently, V. Fayaz et al. [19] studied Bianchi-1 space-time in this theory where they
regenerated f(R,T) function using holographic dark energy. They reproved that the rate of
evolution of the anisotropic universe is greater than that of FRW and ACDM model. The EoS
parameter w is established as a time dependent factor in the respective case. Singh et al. [20]
examined Bianchi type Il model for a perfect fluid source in f(R,T) gravity. The solutions
were obtained using the power law relation between mean Hubble parameter (H(t)) and
average scale factor (a(t)). Singh and Sharma [21] constructed Bianchi Type-Il Dark Energy
Model in f(R, T) Gravity. By considering constant DP they obtained two models of the
universe, namely, power law model and exponential model. Yadav et al. [22] obtained dark
energy dominated universe in f(R,T) gravity with hybrid law expansion. Bishi [23] studied
Bianchi type-I11 dark energy model in f(R,T) gravity with variable DP. Chaubey et al. [24]
considered general class of Bianchi cosmological models in f(R, T)gravity with the dark
energy in the form of standard and modified Chaplygin gas. In earlier, Saha et al. [25] studied
Two-fluid scenario for dark energy models in an FRW universe-revisited. Reddy et al. [26]
considered Two fluid scenario for dark energy model in a scalar-tensor theory of gravitation.
Recently, several authors [27-40] have examined and discussed the DE models in different
context of use.

Incited by above discussions, in this paper, we use both the approach concurrently. That is we
considered the source of gravitational matter as a mixture of perfect fluid and dark fluid in a
modified theory called f (R, T) theory. The work being organized in the following manner: In
Section-1, Introduction and motivations from the literature are briefly elaborated. Section-II
contains the basic formalism of f (R, T)gravity general field equations. The solution of the field
equation for LRS Bianchi type-lI metric by employing time varying DP are presented in
Section-111. At last the Physical behavior of the model and conclusions are outlined in Section-
IV and Section-V respectively.

2. THE f(R,T) = R + 2f(T) GRAVITY

The f(R, T) theory of gravity is the generalization or modification of General Relativity (GR).
In this theory, the modified gravity action is given

1
S:@[ff(R,T),/—gd4x+fLm,/—gd“x], (1)

where f (R, T)is an arbitrary function of the Ricci scalar R, T is the stress energy tensor T;; of
matter andL,,, is the matter Lagrangian density. It would be worthwhile to mention that if we
replace f(R,T) with f(R), we get the action for f(R) gravity and the displacement of
f (R, T)with R leads to the action of GR. g is the determinant of the metric tensor g;;.

The energy-momentum tensor T;; is defined as

_ 2 8(/=gLm)

Tl] - ﬁ Sgl] - - . . - (2)
Here, Instead of considering the derivative of matter Lagrangian, we have assumed that the

matter Lagrangian Lm depends only on the metric components. Such as

aL
Tij = gijlm = 555 3

The f(R,T) gravity field equations are obtained by varying the action S in equation (1) with
respect to the metric tensor. It is given as

frR(R,T)R;j — %f(R, T)gij + (9:;0 = ViV)fz(R,T) = 8rT;; — fr(R, T)T;; —
fr(R,T)6;;, (4)
where V; being the covariant derivative and

; af(RT) af (RT)
U=V, fr=—— and fr = —=—,
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92L
agija;nlm' (5)

6ij = —2T;j + gijLm — 29™

The field equations in (R, T) modified gravity model we assume that the particular
functional f(R,T) as

fR,T) =R+ 2f(T) : (6)
Otherwise functional can be taken in different ways corresponding to viable models. Here
f(T) is an arbitrary function of the trace of the stress-energy tensor of matter.

By using this functional, field equation can be rewritten as

1 r !
Rij =S Rgy = 8Ty = 2f'(T)T;; = 2f'(T)6y; + f(T) gy), (7
where the prime denotes a derivative with respect to the argument.

The average scale factor a and the spatial volume V of the LRS Bianchi type | are defined by
the relation

V =ad=AB (8)
The mean generalized Hubble parameter H for the metric (8) is defined by
3H="=2%+2, (9)
The shear scalar o and anisotropy parameter Am are defined as follows
. 2 .2
2 _ 1 A B 1,2
o —5[2(2) +(E)]_29' (10)

The mean generalized anisotropy parameter Am is defined as

am=3y () )

where AH; =H;—H,(i=1,2,3) and H; = % =H; = %are the directional Hubble
parameters.

3. FIELD EQUATIONS AND SOLUTIONS

We consider the spatially homogeneous LRS Bianchi type-1 metric as

ds? = dt? — A%(dx? + dy?) + B%dz>. (12)
where A, B are functions of cosmic time t only.

The stress-energy momentum tensor is in the form

T = Towy; + Tlaey) (13)
where T, jandT(‘de) j are energy momentum tensor of perfect fluid and dark energy
respectively. These are given by

Temyj = diaglpm, —Pm) —Pm) —Pm) (14)
T(lde)j = diag[pa, —Pa» —Pa» —Pal (15)
where p,,, p,are pressure and energy density for perfect fluid and p,, p4 are pressure and the

energy density for dark energy components respectively. The field egn. (7) with
f(T) = aT, where «a is an arbitrary constant, becomes

1
In the framework of f (R, T) gravity, in the term (2ap + aT), p is the isotropic pressure and
T is the trace of energy momentum tensor. The trace of energy momentum tensor is of

isotropic pressure and energy density i.e. T = p — 3p.
The field egn. (16) for the line element (12) is given as

Hl + H12 + HZ + HZ2 + HlHZ = _(87T + 2“)(pm + pd) + a(pm_pm) (17)
2H, + 3H{ = —(81 + 2a) (P + Pa) + a(Pr—Dm) (18)
2H,H, + Hf = (81 + 2a) (P, + pa) + @ (P —Prm) (19)
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Here H; = %, H, = gand the over dot represent derivatives with respect to cosmic time t. We
have six unknowns Hy, Hy, P, Pm. Pa & pq and three equations. In order to obtain the exact
solution, we have assumed in first step the Bianchi identity G;;,; = 0 as it is followed from

the definition of the Einstein tensor G;; and R;;. From which we have obtained the following

relation.

pm +3(1 + wp)pmH =0 (20)
EoS parameter of perfect fluid is defined by

Pm = WmPm (21)
pm = cra”30FOm) (22)

where c;is an integration constant.
According to this new special law the two prominent candidates q and H are related by the
relation

d (1
a=-1+5(3) (23)
Integrating Eq. (23) to get the value of average scale factor a(t) as
d
a(t) = e”exp {f f(1+q)tdt+ll} (24)

For an explicit determination of factor a(t) we have to integrate the Eq. (23). There are two
different ways to integrate depending on the choice for the values of deceleration parameter
q.
Q) According to Berman q is taken to be a constant either positive or negative which
provides an explicit function of a (t) and
(i) according to new law q is taken to vary with cosmic time for an explicit
determination of a (t) which leads to a possible choice of q as

g=—2+U:—1) (25)
where [, > 0 is a parameter having the dimension of square of timeand I3 >1 isa
dimensionless constant. Here it is to be noted that for different values of [, and l; we are
getting the different models.

Thus from Egs. (24) and (25) we get the time variation scale factor as
= e S S—
a(t) = e"exp f I3t2+1,t+l,
Here n & 1, are the constant of integration, without loss of generality we can choose
Equation (26) gives
1

a= (l3t2 + lz)E (27)
The second condition we have to assume that
A =B" (28)
This gives value of scale factor as

A

B = (l3t2 + lz)g, (29)
A

A= (I3t2 4+ 1,)%, (30)
Where
3

A= S ont D
Thus the metric LRS Bianchi type | given by Eq. (12) wih the help of equations (29) and (30)
takes the form

2An 22
ds? = dt? — (I3t% + 1) B (dx? + dy?) + (I3t? + 1) 3dz>. (31)
Integrating (20), the energy density of perfect fluid leads to

(26)
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—-3(1+wm)
pm =i (3t? + 1) % (32)
From equations (18) and (19), the values of pg, ps and w, are obtained as
1 4t22%2n(24n) (8mT+3a—awm)
Pa = 2 2 3(1+om) (33)
(8m+2a) | (I3t2%+1y) (at24l,) 205
_ 1 (a—8nwm—3awm)er [2(12-15t%)+12t22%n2]
Pa = Grrza) 30+wm) (15t2+15)? (34)
| (3t2+1y) 2B
2 2 2,2 2 2 3(1;lwm)
wd — (a—(81‘l:+3a’)com)cl(l3t +lz)3(—1-[+'2(ifn‘|;(6l n —l3)2t ](lgt +lz) 3 ] (35)
4t222n(24+n)(I3t2+1,) 213 —[8n+(B-wm)al(lst2+1,)2
The deceleration parameter q is
q=-1+2tl, (36)
The mean generalized Hubble parameter defined by Eq. (9) is
t
H = e 7
The scalar expansion (0) and shear scalar o2 are respectively given by
3t
T (I5t2+1y) (38)
2 _ 4t2A2(2n2+1)-3t
T 2(13t2+1,)2 (39)
The anisotropy parameter A4,, is given by
2

A, = %[4,12(2712 +1)—422n+ 1) + 3] (40)

One of the important quantities for the dynamical description of the universe is known as state
finder pair or r — s parameter. It helps to study the coincidence between obtained model with
ACDM model. For flat ACDM model, the value of state finder pair yields as {r,s} = {1,0}.

The values of the r — s parameter of our model becomes
= (1-213)[(1-13)t2+2tl3+1,]

3 (41)
t
_2(1-21)[(1-1)t% + 2t +1, | -3
5= 3t3(4tl3—3) (42)
The matter energy density Q,,, and dark energy density Q, are obtained as
1 (1st?+1,)
O = 2C 3?1)+wm) (43)
3t2(I3t2+1,) 283
_ (l3t2+lz)2 [4t2/12n(2+n) (8m+3a—awm) ] (44)
d— - 3(1+wm)
(8m+2a)3t2 | (I3t2+1,)2 (at241) ;13
Adding egns. (43) and (44) we get the total energy Q as
_ (l3t2+12)2 €1 1 4t’2°n(2+n)  (8m+3a—awm)
Q= 3¢2 3(1+wm) + 8r+2a) | (13t2+1,)2 3(1+wm) | (* (45)
(Ist2+1,) 213 (I3t2+1y) 23

5.CONCLUSION

In the present paper we have investigated Two Fluid Dark Energy Models in LRS Bianchi Type
| space-time in f(R, T) gravity. In order to determine the exact solution of the required space-
time we have used a new special law for the deceleration parameter proposed by Akarsu and
Dereli. The mean generalized Hubble’s parameters are the function of the cosmic time t and
these parameters vanishes for infinitely large value of time t where as these parameters have
the finite value when cosmic time is zero. The same behaviours happen for scalar expansion 0
and shear scalar ¢ with respect to cosmic time t. The spatial volume of the model is finite at
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the initial epoch and increases with increase in cosmic time. the energy density p, is a positive
decreasing function of time and tends to zero at t tends to co. The graphics for pressure p, which
is a negative increasing function of time and tends to zero at ttends to oo. As per the
observation, the negative pressure is due to DE in the context of accelerated expansion of the
universe. Hence, the behavior of pressure in our model agrees with this observation. The EoS
parameter lies in the accelerated phase dominated by DE era. One can observe that the EoS
parameter shows a transitional behaviour. It is clear from equation (41) that, s is negative when
r is greater than one. As r —» oo,s - —oo and when r = 1we have s = 0. Hence the
universe starts from the Einstein static era and goes to ACDM era. It can be observed that the
universe is dominated by dark energy which may be the strongest evidence for present cosmic
expansion. All of the solutions obtained are consistent with the observational results.
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ABSTRACT
This paper talk about a journey of Hilbert inequalities evolved over time. We'll focus on
integral inequalities which are like special tools used to understand Hilbert inequalities better.
Paper talk about two mathematicians, G. H. Hardy and Chen-Ning Yang, and how they teamed
up to make important contributions to this field. The paper breaks down the history of Hilbert
inequalities, explains integral analogy of Hilbert inequalities.
KEY WORDS
Hilbert inequalities, Hilbert-Hardy inequality, Yang-Hilbert inequality, Integral Inequality,
Cusa-Hygen inequality, integral analogies, measurable functions etc.
INTRODUCTION
In 1908 a German Mathematician David Hilbert introduce one of the results in analytical
inequality as

For any real sequence x,, , ¥n

If 0< Xh-ox’m < oand 0< ¥7.,y°, < o Then

TR T < (e X2 IR V2R (1)
Where 7 best possible constant.

An integral analogy for Hilbert inequality is a generalization of the classical Hilbert

inequality that involves integrals instead of sums. For example, one of the simplest integral

analogies for Hilbert inequality is:
0< [”f2(x)dx <o , 0< [ g*(y)dy < oo then we have

0 0

Where f (x) and g(y) are measurable functions.
Where 7 is again the best possible constant. We called (1) Hilbert’s integral inequality,
which still does not contain any parameter. Inequalities (1) and (2) are important in analysis
and its applications. We can find a number of improvements and extensions in the vast
mathematics literature.
Some relevant Results in Hilbert type inequalities
In further there is improvement in (2) by Issai Schur[10]
[3] Hardy-Hilbert type inequality introduce (2) in new form with best possible constant.

* F@9®) [ [
f [ L dxay < o I a1 gronay )
0
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fooo ( fooo THGLICONE )p dy < <51:T)) fooo 00 dx ()

x+y

In 2002 Zhang Using operator theory improve Hilbert integral inequality

o oo f(x)g(y) T o0 o0 o
Jo Jo Ty dxdy < ;\/[fo frdx [ g?(»)dy + (J, f.g.dx)? (5)
In 2006 Yang [5] gave the following simple Hilbert-type integral inequality

j Md <8 @ ¢mdy 6
0 0

max[x+y]

Again, improvement in Hilbert type integral inequality comes in picture
In 2008, Yang [23] and [157] gave the following simple Hilbert-type integral inequalities

o [0
i dedy<kojf r dx [ g? dy ™
_ -H"
Best value for =8¢ (2 0 = 7.3277 +
Improve in following way
o arctan./x/y 71'_2 © 5 o
fly =y f-gdxdy <3 \/fo frdx [, g*dy 8

Some Remarkable Note: [9,10,11,12,13]with these references we can contribute to develop
new results with Hilbert type inequality theory for new researcher like us we can find some
interesting results in future related Hilbert type integral inequality by extend its domain with
Trigonometric sinc , Hyperbolic sinhc functions.[14] Also using Hilbert Types Inequality
and its integral inequality we can define some quotients of sinc & sinhc functions and find
closet sharper bounds withs different domain.

Open Problems Find best possible fractional value of k any (constant) which is closest to
7,2, e,e? where e is euler constant such that

o f(x)g(¥)sin(x—y) ® ., ©
f f sinh(x+y)(x-y) dxdyg k\/[fo f (x) dx fo g (y)

o [y I f(0.dx < k\/fo‘”f2 dx X7 ay?

X
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Abstract:

The current study explores the cosmological model of LRS Bianchi type-I within the context
of f(R) theory of gravity, focusing on the specific scenario involving cosmic strings. The
investigation involves solving field equations by employing volumetric exponential law, the
power law association between f(R) and the average scale factor a, as well as the volumetric
expansion law. The objective of the study is to identify and visually represent the physical
parameters.

Keywords: LRS Bianchi type-I metric; f(R) gravity; modified gravity; Nambu strings.

1. INTRODUCTION

The initial phases of the universe's development remain a topic of ongoing investigation.
Following the occurrence of the big bang, the universe potentially experienced various phase
transitions as its temperature decreased. Within these transitions, the breaking of symmetry in
elementary particle physics led to the emergence of topological defects such as domain walls,
strings, and monopoles. [1]. Among the three topological defects mentioned, only cosmic
strings have the potential to result in highly intriguing cosmological outcomes [2].

In recent years, many researchers have been inspired by the study of cosmological models with
cosmic strings within the framework of general relativity and in alternative theories of
gravitation. Katore and Hatkar [3] investigated both interacting and non-interacting situations
involving two fluids within the framework of FRW space-time in the f(R) theory of gravity.
Capozziello et al. [4] examined the gravitational action at the tree level in bosonic string theory,
incorporating interaction with the dilaton field. Myung and Kim [5] studied Ho rava-Lifshitz
black hole solutions and its thermodynamic properties. Mann found a class of black hole
solutions to a (3 + 1) dimensional theory gravity coupled to abelian gauge fields with negative
cosmological constant that has been proposed as a dual theory to a Lifshitz theory describing
critical phenomena in (2 + 1) dimensions [6]. Santosh et al. [7] obtained exact solutions for
isotropic homogeneous cosmological model with bulk viscosity. Yadav et al. [8] have studied
some Bianchi type — I Viscous fluid string cosmological models with magnetic field. Pradhan
and Rai [9] have found the integrality of cosmic string in Bianchi type — Ill space time in
presence of bulk viscous fluid. Wang [10] discussed Kantowski — Sachs string cosmological
model with Bulk Viscosity in General Relativity.

Given the recent identification of the universe's accelerated expansion [11, 12], cosmologists
are increasingly focusing on modified gravity theories. These theories are gaining attention due
to their potential to explain the universe's acceleration. Notable examples include the f (R, T)
gravity theory [13] and f(R) gravity [14, 15].

Bianchi-type models, characterized by homogeneity but not necessarily isotropy, appear to
offer the most promising explanation for potential effects of anisotropy in the early universe.
Jaffe et al. [16] investigated that by eliminating a Bianchi component from the data of the
Wilkinson Microwave Anisotropy Probe (WMAP), it is possible to explain several anomalies
observed at large angles, resulting in the conclusion that the universe is isotropic.
Consequently, models featuring an anisotropic background are deemed the most appropriate
for depicting the early phases of the universe. Among the straightforward models with an
anisotropic background, Bianchi type-I models stand out. In the realm of f(R) theory of
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gravity, numerous researchers have explored diverse cosmological models characterized by
anisotropic Bianchi types in recent years. Shamir [17] examined specific vacuum solutions for
Bianchi type-I, 111, and Kantowski—Sachs space-times within the metric formulation of f(R)
gravity. Several researchers devote their efforts towards the work in this context [18-20].
With the reference of above discussion, here we explored, LRS Bianchi type-1 Nambu string
cosmological model in the framework of f(R) theory of gravity. The paper is organized as
follows: In Sec. 2, we discussed the formation of f(R) field equations for the LRS Bianchi
type-1 space-time. In section 3 the solution of field equation is given. In section 4 properties of
model are discussed with graphical representation and in the last section 4 discussion and
conclusions are given.

2. BASIC FORMATION.

The field equations of f(R) gravity are obtained from the action

1
S=[J=9 (o f(R) + L) d*x, (1)
where f(R) is a general function of the Ricci scalar and L, is the matter Lagrangian. Variation
of action (1) with respect to metric gives the following field equations:

F(R)R;; — %f(R)gij — ViV, F(R) + gij0F (R) = kTj; 2
Where F(R) = Z—£ and § = V'V, V;is the covariant derivative. Contracting the filed
equation (2), we get

F(R)R — 2f(R) + 36F(R) = kT , (3)
Using above equation in Eq. (2), the field equations take the form

F(R)R;j —V;V; F(R) — kT;; = g (w) : 4)
Equation (3) is an important relationship between f(R) and F(R) which will be used to
simplify the field equations and to evaluate f(R).
We consider the anisotropic LRS Bianchi type-1 metric in the form

ds? = dt? — A?’dx? — B?(dy? + dz?), (5)
where A and B are functions of cosmic time t only.
The energy—-momentum tensor for cosmic string source is given by

Tij = puiuj — laiaj, (6)
Where A is the string tension density, p is the rest energy density of the system and functions
of time t only. Also, u; is the four velocity vector, a; is a space-like vector which represents
the anisotropic directions of the string and they satisfy

gYuu; = —ad'aj =, uta; =0 (7
We assume the string to be lying along the x-axis. The one-dimensional strings are assumed to
be loaded with particle and energy density is p, = p — A Latelier [18] has pointed out that A
may be positive or negative.
By adopting comoving coordinates, the field equations (4) for the metric (5) yield the following
equations:

é+2£+2£+£_@:k_'1 (8)
A AB  FB F 2F F

é+2§+5(é+2§)_@=k_‘0 (9)
A B F\A B 2F F

LN N

B AB B F \A B F 2F

(10)
Where overhead dot stands for ordinary differentiation with respect to cosmic time t.
We define the following some important physical and kinematical parameters for the model

(5).

Hubble’s parameter of the model
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e e ttea). wy

r

1
Where r = (AB?)3 is average scale factor.
The volume of model is defined as
V = (4B%)3 (12)

Expansion scalar and shear scalar are defined

6=u=2+2 (13)
. )

o 1 ;i 1(A B

0? =30 =3(5-5) (14

Where g;; is shear tensor.
Anisotropic parameter A is given by

1 H;—H\?
a= 35 (5) (15)
Where H, = 4 ,Hy, = H3 = E are directional Hubble’s parameter, which express the
A B

expansion rates of the universe in the directions of x, y and z respectively.
Deceleration parameter is given by

q= —7= ) (16)
The behavior of the universe models is determined by the sign of the q. The positive value of

q suggests deceleration model while the negative value indicates inflation.
The scalar curvature for the metric (5) is given by

i, B, B2 B
R—Z(Z+ZE+;+ZE), (17)
3. SOLUTION OF FILED EQUATIONS

Now the field equations (8) - (10) reduces to the following independent equations
A’B'B'ZABF(BA) kA

A2 2, E_4)= k2 (18)

A B B2 4B F\B_4) F
ATE B A FE P F (19)
The equations (18) and (19) are two independent equations with five unknown A, B, f(R), p
and A. Hence to find a determinate solution we use the following physically possible
conditions:
M We Consider the volumetric exponential law given by
V =pe’", (20)
Here p; and n are constants.
(I1)  The power law relation between F and average scale factor a(t) is [20]
f(R) = Foa™ , @2y
Here we take F, = 1 is proportionally constant and n is any integer.
(1) The equation of state for string model is [21]
p= wl , (22)
Where the constant @ = 1 defines Nambu string.

4. The properties of Nambu String cosmological model (4 = p).
Using equations (18) - (21), we get the metric potentials as

3tn2+2e2tMp 20,
A= pe 3n , (23)
e3tnp Q
B = p?%tn_ﬁ , (24)

The equation (5) can be written as
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2 2
3tn2+262tnp12Q1] 5 [ 1 e3tnp1Q1
x —

ds? = dt? —| pse an 2o on dy? + dz?), (25)
P1 12 y

Where P; and Q; are constant of integration.
The volume of the model is given by
V =pe3™, (26)
Here p, and n are constants.
The directional Hubble parameters are given by

tn
H, = n+2e p1Q1, (27)
_,tn
Hy = ——p101, (28)
The mean Hubble parameter is given by
H=" (29)

3!
The anisotropic parameter is given by

2 2nt.,2 2

a=21% (30)
The expansion scalar is given by

0=n, (31)
The shear scalar is given by

2nt.,2n2

o2 = ZHA (32)
The Ricci scalar R is given by

R= %(an + e?Mp2(2) (33)
The function f(R) is

k
_ an?plgi e!lat?)
fR) = EE (34)

The energy density is given by
tk
_en(=9k? + 3kn® — 2n* + np,Q,e™ (=3k + 10n* + np;Q;e™))

p=4A

9n2k

400 |
300
200

100

t 1 I 1 | I 1 1 I | 1 I I 1 | t
0.5 1.0 1.5 2.0

Fig-1: Volume verses time plotted for n = -2,k =5,0;, =1,p;, =1, k=0.1
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Fig-3: f(R) verses time plotted forn = -2,k =5,0;, =1,p; =1, k=0.1
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0.2 0.4 0.6 0.8 1.0
Fig-4: Energy density verses time plotted forn = -2,k =5,0;, =1,p; =1, k =0.1

5. DISCUSSION AND CONCLUSION

In this paper, we have discussed LRS Bianchi type-I string cosmological models in f(R) theory
of gravitation. The physical behavior of this model can be summarized as follows.

Form the figure -1 it is clear that the volume of the universe is increasing exponentially. From
figure-2, it is clear that the anisotropic parameter is decreasing with respective the cosmic time
t and become zero after some stage. Hence it shows anthropic nature after some finite time.
Figure-3, gives the graph of function of Ricci scalar which depicts the decreasing nature and
lastly in figure-4, the energy density of the universe is decreasing with respective the time t.
This shows that the universe shows accelerating expansion. Hence all the observations are
allied with the recent observations of the universe.
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Abstract

This work is intended to introduce the problem of complex numbere and hyperbolic function
generalized complex analysis. The algebraic properties of these numbers are taken into
consideration. Besides complex and hyperbolic generalized complex valued functions are
defined and different equational representations of these numbers are examined. Moreover, the
relationship between hyperbolic and circular function are also explained.

Keywords :— Complex Number, Hyperbolic Function, Circular Function.
I. INTRODUCTION

2 The solution of the Hyperbolic and Inverse Hyperbolic Function of the Complex number
has been given in the S.V. Thakare book of Engineering Mathematics-1, In which they have
used various trigonometric formulas and it is quite hard to learn. The same problem has been
solved with less amount of trigonometrically and hyperbolic formulas, In a way which can be
easily understood.
I1. BRIEF EXPLANATION
The inverse hyperbolic function provides the hyperbolic angles corresponding to the given
value of the hyperbolic function. Those functions are denoted by sinh™, cosh™?, tanh, csch?,
sech, and coth™.
The formulae are explained for solving the below solution in proper way:
Properties of Hyperbolic Functions:-
The properties of hyperbolic functions are analogous to the trigonometric functions.
Some of them are:
1. Sinh (-x) = -sinh x 3. Sinh 2x = 2 sinh x cosh x
2. Cosh (-x) = cosh x 4. Cosh 2x = cosh?x + sinh?x
The derivatives of hyperbolic functions are:
1. d/dx sinh (x) = cosh x 2. d/dx cosh (x) = sinh x
Some relations of hyperbolic function to the trigonometric function are as follows:
1. Sinhx=-isin(ix) 2.Coshx =cos (ix) 3. Tanh x = -i tan(ix)
Hyperbolic Function Identities
The hyperbolic function identities are similar to the trigonometric functions. Some identities
are:
Pythagorean Trigonometric Identities
1. cosh? (x) —sinh? (x) =1 2. tanh? (x) + sech? (x) =1 3. coth? (x) — cosech? (x) = 1
Sum to Product
e sinh x + sinh 'y = 2 sinh( (x+y)/2) cosh((x-y)/2)
e sinh x —sinh y = 2 cosh((x+y)/2) sinh((x-y)/2)
e cosh x + cosh y = 2 cosh((x+y)/2) cosh((x-y)/2)
e cosh x —cosh y = 2 sinh((x+y)/2) sinh((x-y)/2)
Product to Sum
e 2sinh x cosh y = sinh(x +y) + sinh(x -y)
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e 2 cosh xsinhy =sinh(x +y) —sinh(x —y)

e 2sinh xsinhy =cosh(x +y) — cosh(x —Y)

e 2cosh x cosh y = cosh(x +y) + cosh(x —y).
Sum and Difference Identities

e sinh(x xy) =sinh x cosh x + coshx sinh y

e cosh(x zy) = cosh x cosh y + sinh x sinh 'y

o tanh(x zy) = (tanh x £ tanh y) / (1 tanh x tanh y )

e coth(x £y) = (coth x coth y + 1) / (coth y £coth Xx)
2.1 Inverse Hyperbolic Functions
The inverse function of hyperbolic functions is known as inverse hyperbolic functions. It is
also known as area hyperbolic function. The inverse hyperbolic function provides the
hyperbolic angles corresponding to the given value of the hyperbolic function. Those
functions are denoted by sinh, cosh, tanh, csch, sech™, and coth™. The inverse
hyperbolic function in complex plane is defined as follows:

e Sinh™ x =In(x + V[1+x?])

e Cosh?!x=In(x +V[x%1])

e Tanh? x = (%)[In(1+x) — In(1-X)

The Relationship between Hyperbolic and Circular Function:

The hyperbolic functions are analogs of the circular function or the trigonometric functions.
The hyperbolic function occurs in the solutions of linear differential equations, calculation of
distance and angles in the hyperbolic geometry, Laplace's equations in the cartesian
coordinates.

I11. PROBLEM STATEMNET:

X u _ X T
If tan3 = tanhE then show that u= Iog[tan(E + E) ]
Solution: - RHS=

= Iog[tan(g + E) ] using tan(A+B) = tanA +tanB

1-tanA=tanB

X m

- |O tan§+ tan;
T X ___m
1-tan—+tan—

= &

1 tanh

'I.l

eZ—e
1+1_l

|Og B2+ @ 2
— o

eZ— e Z
1-— 0
82+ 8 2

Ll
eZ+e 2+e2 e Z
Iog[ — l

eZ+ e 2 —(eZ—e Z)

. . . X 4]
[1+ fanhy ] by using given equation tan- = tanh=
E‘

un un

eZ+ e 2+92—e H
Iog[ |

e2+e2 eZ+ e 2
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=log [_uzei

2e 2
L
o] 4]
e =2
=log e"

=u
=L.H.S

Hence Prove

IV. CONCLUSIONS

This method explains the hyperbolic function in easiest way. | have used only one
trigonometric formula in the whole problem statement. | have also used hyperbolic formula
and logarithmic formulae to prove the solution.

10.
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ABSTRACT

In the framework of the Brans-Dicke theory of gravitation, this paper addresses
anisotropic homogeneous Bianchi Type | cosmological models in the presence of two fluids.
One of the two fluid models represents the universe's matter content, while the other fluid is
selected to represent the CMB radiation. The solution of the field equations are obtained by
using constant deceleration parameter. The behavior of physical and kinematical properties of
the investigated models is discussed.

Keywords :- Bianchi Type-I Space-Time, Two-Fluids, Brans-Dicke Theory.
1. Introduction

Cosmology is the study of the universe as a whole. General theory of relativity provides
basic tools for constructing cosmological models of the universe. It is generally acclaimed as a
mathematically precise and physically sound theory of gravitation . However, in recent years,
there has been lot of interest in several alternative theories of gravitation. Brans-Dicke (BD)
theory [1] is one of the noteworthy among the various modification of general relativity. BD
theory introduces a dynamical scalar field to account for variable gravitational constant G.
Nordtvedt [2] proposed a general class of scalar tensor theories in which the parameter w of
the BD theory is allowed to be an arbitrary function of the scalar field. In Saez Ballester theory
[3] metric is coupled with dimensionless scalar filed. Like BD theory there is another viable
alternative to general relativity which admits a variable G proposed by Canuto et al.[4]. The
cosmological constant appears as variable parameter in the frame work of scale covariant
theory. In the scale covariant theory, Einsteins field equations are valid in gravitational units
whereas physical quantities are measured in atomic unit. The metric tensors in the two systems
of units are related by a conformal transformations.

g = ¢2 (Xk)gijf 1)
where a bar denotes gravitational units and unbarred denotes atomic units. An important feature
of this theory is that no independent equation for gexists. Beesham [5], Venkateswarlu [6],
Reddy et al.[7], Ram et al. [8], Zeyanddin and Saha [9], Katore et al. [10] are some of the
authors who have investigated several aspects of the scale covariant theory of gravitation.

Two fluids models including radiation and matter are cosmologically important.
Cosmological observations suggest that the radiation frame and the matter frame of the
universe may not coincide [11]. Recently, the researchers are taking keen interest in two fluids
cosmological models. Amirhashchi et al. [12] have been evaluated interacting two fluid dark
energy models in non flat universe. Khalatnikov et al. [13] have been studied the quasi
isotropic expansion for a simple two fluid cosmological models, including radiation and string
gas. Coley and Dunn [14] have been investigated the two fluids source of Bianchi type Vlg
models. Pant and Oli [15] have been examined the Bianchi type Il space time with a two fluid
cosmological models.
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2. Metric and Field equations

Bianchi type space times play a vital role in understanding and description of the early
stages of evolution of the universe. We consider the Bianchi type | model in the form

ds* = —dt* + A’dx” + B*dy’ + C*dz”. )
Recently, two fluid scenario for dark energy model in Brans Dicke theory of gravitation has
been evaluated by Reddy et al. [16]. Vishwakarma [17] has been investigated Bianchi type |
model with varying G and A . Bianchi type | two fluid models in the presence and absence of
variable G and A is studied by Oli [18]. This motivates to consider Bianchi type | cosmological
model in Scale covariant theory of gravitation. The field equations given by Brans-Dicke
(1961) for the combined Scalar and tensor fields are

Rij _%Rg i —a)¢72 [¢.¢J _%gij¢,k¢'kj_¢l(¢,ij - gij¢,g): 87T¢71Tij ) (3)
¢ =8r¢ ™ (3+2w)"'T, (4)

where 4is an arbitrary constant, @ is a dimensionless coupling, Tij IS energy-momentum tensor

and other symbols have their usual meaning.
Also the energy conservation equation

TV=0 (5)
1]

is a consequence of the field equations (3) and (4), here comma (,) and semicolon (;) denote
partial and covariant differentiation respectively. Also the axial symmetry assumed implies that

the scalar field 4shares the same symmetry is & and g as a consequence of which we note
that

h=0,=¢,=0. (6)
The energy momentum tensor for two fluid given by Letelier [19] and Bayin [20] is as follows
Ty = (rm )ij +(T )ij ! )

where (T”‘),j is the energy momentum of matter field and (T ' )

Ij
of the radiation field.
So, the separate conservation equation of energy momentum tensor are

IS the energy momentum tensor

(Tm)ij = (Pm +pm)Jimu;n - ngij ) (8)
(Tr)ij :%pruiru; _%prgij’ (9)

where p,, is the energy density of matter, P, the pressure of the matter and p, the energy density
of radiation with g"u™u” =1, g'u/u’ =1 anduf" =(0,0,01).u =(0,0,0,1) then,

T11:T22:TSSZ_(Pm+§prJ!T44:pm+pr- (10)
Using equations (10), for the line element (2), the field equations (4)takes the form as

E+E+§+Q(£)2+¢ E+E + Q =ﬂ(P _|_1 j
B'C BC 29 4B C||o| ¢

: (11)

AC o ¢|A Cl |¢|_~8r(, 1
AC+2(¢) +¢ A+C + y = (Pm+ ,or}, (12)

A C
—+—+
A C
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B A AB B p| -8 1
—t—+ a)(¢) ¢ + ﬁ :—ﬂ-[Pm-I__prJa (13)
B A AB 2 o o A B o o 3
AB AC BC o jl/A B C| 8r
- (¢) 2R B ), (14)
AB AC BC 2 ¢ o|A B C @
where over head dot denote differentiation with respect to t.
Using equations (11) and (12) we obtain
A—E+ A—E C+ A—E ¢ =0. (15)
A B (A B/)C (A B)g
Equation further reduces to
i A_E + A_E A+E+E + A_E ¢ 0 (16)
dt\A B A B\A B C A B¢
Let V = ABC. (17)
Making the use of equation (17) in equation (18), we yields
d(A_B)_(A_BYV) (A_B)_g 8)
dt\A B A BV A B¢

Integrating equation (18) we get
(_A _ EJ _5 (19)

A B \

Equation (19) further reduces to

A 1

S =dieo xlj.wdt . (20)
Similarly using equations (11) and (13) and equations (12) and (13) we obtain

A 1

E:dzexp XZJ-Wdt , (21)

B 1

E=d3 exp X?,J‘Wdt ) (22)

where dl, dz,dg, X;, X,, Xgare integration constant which satisfy the condition
d2 = dldg, X, = X, + X;0f constant. From equations (20), (21) and (22), we obtain

A= DlV% exp(xljidt], (23)
B = DZV% exp[XZJ.%dtj, (24)
C= D3V3exp(X3I£dtJ, (25)

where D;,D,,D,, X, X,, X; are integration constant which satisfy the condition
D,D,D, =1, X, + X, + X; =0 of constant.
The Hubble parameter is given by
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H :%(H1+H2+H3)

A B C . . N
where H, = K H, = E H, = E are directional Hubble parameter in the direction of X Y ,Z

axes respectively.
WLV R
3V R

where R is the average scale factor.
We assume the relation

H=IR™", (27)
where | > 0,n > 0 are constants.
The equation (26) and (27) becomes

R=IR", (28)
Case I) whenn=0
Equation (28) leads to

(26)

R =c, exp(lt). (29)
The volume of the universe is found to be
V = exp(3lt) . (30)

Now ¢oca” (M. Shamir et. al)
¢=ha" and a° =V =c, exp(3lt).
1
a=cdexp(lt)

n

a" =c3 exp(nlt)

¢ = hc2: exp(nlt)
The solutions of the field equations are obtained as

A= D, exp It—nLexp(—l(n+3)t) , (31)
bc2l(n+3)
X2
B=D,exp| It ———2—exp(~I(n+3)t) |, (32)
bcl(n+3)
x3
C=D,exp| It ————exp(=I(n+3)t)|. (33)
bc2l(n+3)

Metric potentials A, B, C are exponential functions of time. At t=0, A, B, C are non zero.
Therefore, the model is free from singularity. They diverges to infinity as t = .

These are the solutions of the field equations subjected to the condition X; =X, =X;=0
The density of the matter
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~on1?be? exp(nlt) N 3n%I2bc? exp(nlt)

pm -
874-3 874-3
(n 7) ( 7) ”
9nl2bc; exp(nlt) N 121%bc? exp(nlt)
87(4-3y) 8r(4-3y)
The density of the radiation
n n
(—15y+18)a)n2I 2bc13 exp(nlt) 3n2| 2bcl3 exp(nlt)
Pr = 167(4—3y) T 8a(4-3y) (35)
n n
_15n12he 3 _79)2pe3
28y —15)nl bcl exp(nlt) (27y—-72)I bc1 exp(nlt)
N 87(4—3y) i 87(4—-3y)

Matter density parameter

_ P
" 3H?
on®be? exp(nlt) n2bc? exp(nlt)  3nbc? exp(nlt)  4bc? exp(nlt)
= + + + , (36)
247(4-3y) 87(4-3y) 87(4-3y) 87(4-3y)
Radiatiion density parameter
_ P
" 3H?
_ (-5y +6)an’be? exp(nlt) n*bc? exp(nlt) (6 —5)nbc? exp(nlt) (37)
- 167(4-3y) 87(4—3y) 87z(4-3y)
9y - 24)bclg exp(nlt)
+
87(4-3y)
Energy density parameter
Q=0_+0Q,
(<157 +10)en*bc? exp(nit)  (6y +8)nbc? exp(nit) LG 20)bc; exp(nlt)
167(4-3y) 87(4-3y) 8z(4-3y)
(38) where

Py Pr are increasing functions of time. o, o, =0, as t > and as t >0, P, P, = ©.

Q,,, Q,, Q- 0at large time. Thus the universe may be collapse in the far future.
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4. Conclusion:-

In this paper, we have investigated the behavior of LRS Bianchi type-I cosmological
model for non-interacting two fluid. It is found that in case the model is free from singularity.
The universe may be collapse in the far future. The behavior of the density of the matter, the
density of the radiation, matter density parameter, radiation density parameter, energy density
parameter fluid parameters are also discussed.
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ABSTRACT

The academic landscape transitions towards digitization, the secure management of electronic
theses has become a critical concern for academic institutions and libraries. This research
explores the transformative potential of blockchain technology in fortifying the role of libraries
as custodians of electronic theses. The study delves into the challenges faced by libraries in
ensuring the integrity, authentication, and accessibility of electronic theses, and investigates
how blockchain can serve as a robust solution.

The research methodology encompasses a thorough review of existing literature, case studies
of libraries implementing blockchain for thesis management. Through these investigations, the
study aims to elucidate the mechanisms by which blockchain technology enhances the security,
transparency, and efficiency of electronic thesis management.

Keywords: blockchain, Role of Libraries, Mazement, Theses, Safeguarding
INTRODUCTION

Blockchain technology empowers libraries in several ways, transforming traditional library
practices in the digital age. Blockchain can empower libraries, particularly in managing
electronic theses. Blockchain provides a decentralized and immutable ledger, making it highly
resistant to tampering or unauthorized alterations. Libraries can leverage this feature to secure
electronic theses, ensuring the integrity of the documents over time. Blockchain employs
cryptographic techniques to uniquely identify authors and theses. This enhances authentication
processes, allowing libraries to verify the authorship of electronic theses with a high degree of
certainty.

Instead of relying on a central server, blockchain enables decentralized storage of electronic
theses across a network of nodes. This enhances resilience, as the information is distributed,
reducing the risk of data loss or system failures. Blockchain's smart contract functionality
automates access control to electronic theses. Libraries can enforce digital rights management
through programmable contracts, ensuring that only authorized users have access based on
predefined criteria.

Blockchain's timestamping capabilities help libraries establish the existence of a thesis at a
specific point in time. This can be crucial for proving the originality and priority of the work,
which is valuable in academic and legal contexts. Blockchain operates on a public ledger
accessible to all participants. This transparency fosters accountability, as stakeholders can
independently verify the information recorded on the blockchain, promoting trust in the
management of electronic theses.

Libraries can collaborate to establish common standards for using blockchain in electronic
thesis management. This promotes interoperability between different library systems, ensuring
consistency and reliability across the academic landscape.

CHALLENGES OF BLOCKCHAIN TECHNOLOGY

Implementing blockchain technology can be complex and may require specialized knowledge.
Libraries may face challenges in terms of technical expertise and the initial learning curve.
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Scalability can be an issue for certain blockchain networks. As the volume of transactions and
data increases, some blockchains may experience limitations, affecting performance. Proof-of-
work consensus mechanisms, used in some blockchains like Bitcoin, can be energy-intensive.
This environmental impact is a concern for institutions seeking sustainable technology
solutions.

The regulatory environment surrounding blockchain is still evolving. Libraries may encounter
legal and compliance challenges as they navigate the integration of blockchain technology.
Users, including students and researchers, may not be familiar with blockchain technology.
Libraries might need to invest in user education and training to ensure smooth adoption and
understanding.

Initial setup costs and ongoing maintenance expenses associated with blockchain
implementation can be significant. Libraries need to assess the budgetary implications before
adopting blockchain solutions. While blockchain ensures data integrity, the transparency of the
ledger means that certain information is visible to all participants. Libraries must carefully
consider privacy implications and handle sensitive data appropriately.

ADOPTION OF BLOCKCHAIN TECHNOLOGY

The adoption of blockchain technology in Indian libraries was in its early stages, with some
interest and experimentation. The level of awareness and understanding of blockchain
technology among library professionals and decision-makers is crucial. Training programs,
workshops, and awareness campaigns may be necessary to familiarize library staff with the
benefits and challenges of blockchain. Collaboration among libraries and standardization of
blockchain applications can facilitate smoother adoption. Establishing common standards
ensures interoperability and consistency across different library systems.

The regulatory environment in India plays a significant role in technology adoption. Clear
guidelines and regulatory support for the use of blockchain in libraries would provide a more
favorable environment for implementation. Libraries need to assess their resources, both in
terms of budget and technical expertise, before adopting blockchain technology. The costs
associated with implementation, training, and ongoing maintenance should be considered.
CONCLUSION

Key aspects under examination include the establishment of a tamper-resistant and
decentralized ledger for recording theses, cryptographic techniques for authorship verification,
and the implementation of smart contracts for digital rights management. The research also
evaluates the potential impact of blockchain on user experience, interoperability, and
standardization within the library ecosystem.

The findings of this study are anticipated to contribute to the body of knowledge in Library and
Information Science, providing insights into the practical applications of blockchain for
safeguarding electronic theses. Additionally, the research offers recommendations for libraries
seeking to adopt blockchain technology, addressing potential challenges and outlining best
practices for successful implementation.

By addressing the intersection of blockchain technology and library practices, this research
seeks to empower libraries to play a pivotal role in ensuring the security and authenticity of
electronic theses in the digital age.
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Abstract
The library professionals are creating a virtual platform using Social media to interact
with their users and social media is also helping to reach out to the targeted audiences and
customers. Social media is using by librarians to make their library users and also use social
media for the marketing of their sources and services. Several factors are influencing the use
of social media in the libraries because the library professionals think that social media is the
best choice to bring library users nearer. Besides these facts there are massive numbers of
challenges and issues are facing by the library professional while using social media in their
respective libraries. These hurdles and issues should be resolved for better and reliable use of
social media in the libraries. Library professionals use social media to share information with
their potential users. This paper has highlighted some of the aspects of social media e.g. usage,
factors and issues, challenges in the use of libraries.
Keywords: Librarians, Social media, Library, Digital, ICT

1. Introduction

The rapid growth of ICTs and its associated aids has changed the living standard of
human beings. ICTs made several revaluations in term of social media and others same media
of communications. At the beginning of computer and internet the people thought that this is
biggest things to use for their lifelong working but at the inception of social media, the people
saw a massive change in the mode of communication. Social media makes things easy to
connect, share and receive information from one end to another end of the world. Even though
this media of communication has changed attitude, thinking and perception of service providers
throughout the globe.

The social media has finished the discrimination of communication from the
community and it provides the way to access the learned society and make them aware of the
access to the library sources and services from their home. Moreover, social media is providing
the techniques to the librarians to make things easy to market their sources and services to their
targeted audiences. These social media are, LinkedIn, My Space, web.2.0, Blogs, WhatsApps,
QQ, and We chat and LIS professionals are using these social media to interact with their users
at remote locations and marketing their products addressed that twitter is the type of social
media that allows the library professionals to create a platform to access library resources and
services. Additionally, the Library Professionals are trying to use a suitable and convenient
means of communication to fulfill the needs and wants of library users.

The number of libraries in the world is using different social media to bring library
users to nearer library sources and services found that Librarians are using social media for
professional development in their respected areas of interest. Moreover, the present age social
networking sites are meeting the need of library professionals to prepare themselves for
upcoming challenges in their fields. Library professionals should learn skills and knowledge to
develop them to meet the needs and wants of the library users in the future. Added that social
networking technologies are creating a virtual environment changing the method of
communication among library users and library professionals. Furthermore, in the current age
of social media usage, library professionals are getting familiar with the demand of library
users. On the other hand, the utilization and adoption of social media in the libraries are making
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a big difference to cope up with the issues and challenges shortly. Facebook is the most popular
network amongst librarians, followed by Twitter and blogs

®OS®
(Figure 1. 1o

Figure 1:Source: https://www.smartinsights.com/social-media-marketing/social-media-
strategy/new-global-social-media-research.
2. Social Networks Sites

The present age of information explosion has encountered the mindset and thinking of
human beings. Everyone is running behind the information, but they have no idea how to
collect the information and shared the information from one to one and one to many at one
time. Besides these facts, the present age of information ICTs and its related aids has changed
the role of information professionals. Furthermore, ICTs has made tremendous achievement in
the shape of generating the social networks sites for exchanging the information one end to
another end. According to Wikipedia (2019) “Social media may have roots in the 1840s
introduction of the telegraph, which connected the United States”. Social media has created an
environment where everyone can access the information, share the information and disseminate
the information. Additionally, there is a number of social networks has been launched and some
of them are very much popular throughout the globe like Facebook, Twitter, YouTube,
WeChat, Instagram, QQ, QZone, Weibo, Twitter, Tumblr, Telegram, Baidu Tieba, LinkedIn,
LINE, Snapchat, Pinterest, Viber etc. social media creates an effective platform to make people
access and share their information with other people with far distance. Social media helps the
library professionals to make things easy for them and for their readers to increase their
capacity to build good relationships among library staff and library users. Social media like
Facebook helps the library professionals to create an account to promote their library sources
and services. Facebook provides platforms to market their source s and service effectively and
efficiently.

Figure  2:Source: https://www.smartinsights.com/social-media-marketing/social-media-
strategy/new-global-social-media-research.

Likewise, Twitter is playing a vital role in the promotion of library sources and services.
Today in the modern age of ICTs the social media is the cheapest source for marketing the
library sources and services. Additionally, Social media have a different aspect to share news
and views about the library, communicate different events and create an environment for
effective service to their library users addressed Facebook is the best tool to promote library
sources and services and provides a platform to market library sources and services with low
expenditures. Furthermore, Facebook helps the library staff to advertise their product and
maximize the use of their sources and services to the potential users .
2.1. Definition of social media
1. Social media is a collection of Internet-based communities that allow users to interact with
each other online. This includes web forums, wikis, and user-generated content (UGC)
websites.
2. Websites and computer programs that allow people to communicate and share information
on the internet using a computer or mobile phone
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2.2. Definition of facebook
1. Facebook is a popular free social networking website that allows registered users to create
profiles, upload photos, and video, send messages and keep in touch with friends, family, and
colleagues.
2. An online community that allows individual users to create personal profiles, share photos
and videos, and post on each other’s profile pages, or “Timelines.”
2.3. Definition of twitter
3. An Internet service that allows people to publish quick updates and see posts or “tweets” of
other users they are following in real-time. of LinkedIn
4. A professional networking website that allows users to create profiles, post resumes, and
communicate with other professionals and job-seekers of Pinterest.
5. An online community that allows users to share ideas and photos with others by “pinning”
items and describing them on their profile pages.
2.4. Definition of MySpace
6. My Space is an online community that allows friends to keep in touch and meet new people
as well. It started as a website that bands could use to promote their music but has since grown
into a more general community of friends.
2.5. Definition of Instagram
1. Instagram is an online photo-sharing service. It allows you to apply different types of photo
filters to your pictures with a single click, and then share them with others.
2.6.Definition of Blog
1. Short for “Web Log,” this term refers to a list of journal entries posted on a Web page.
Anybody who knows how to create and publish a Web page can publish their blog.
2.7.Definition of Wikis
1. A wiki is a Web site that allows users to add and update content on the site using their Web
browser.
2.8.Definition of Web 2.0
1. Web 2.0 is a term that was introduced in 2004 and refers to the second generation of the
World Wide Web.
2.9.Definition of Twitter
1. Twitter is a micro blogging and social networking service on which users post and interacts
with messages known as “tweets”. Tweets.
3. Role of Social Librarian related works

Librarians’ awareness of social media usage for informal scientific communication in
university libraries in south-south, Nigeria. The author used the survey method and
questionnaire to collect the data and descriptive research method. He has collected data from
284 librarians. The response ratio of the research was 71% because out of 284 respondents 202
were retrieved with proper responses. The result of this study has revealed that the majority of
the librarians were fully aware of the use of social media. On the bases of these findings, the
author has suggested that the library administrator should provide the social media tools for
better communication and librarians should be well aware of the importance of social media
while in communicating.

investigated the influence of social networking sites on library and information centers.
They focused on the latest development in the library and information centers in terms of
information transformation. They find out that the present age every library is connected with
a different type of social media to maximize the gape among libraries and users. They
mentioned some of the most popular social media like Facebook and twitter etc. examined the
social networking technologies in the digital environment: its possible implications on libraries.
He investigated that social networking sites are making things easy for library users to interact
with other library users to get connected to the world using the web. He examined different
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social software and their usage in the libraries but finally, the author has found out the web 2.0
is suitable social software for the libraries to interact with their users.

Studied how libraries use social networking sites to interact with users. They probed
that the adoption of social networking sites is increasing day by day at a great pace. They
further added that besides these facts the participation of the library users to the social
networking sites is very little. They investigated some major social network sites Facebook,
Twitter and Weibo about the sharing, dissemination, communication, and gathering of
knowledge and information. They used mix methods to complete this research.

4. Factors of Usage of Social Media in the Libraries

The social media is playing a pivotal role to reach out the potential customer and users.
The massive number of information has been transferred from the last four to five decades from
one pole to the other pole of the world. The social media is the biggest change of the 21st
century and it is growing rapidly. Millions of information are being shared one to one, one to
many at the same time on the same channels. The libraries are looking forward to using social
media to fulfill the requirement of their users. Social media gained several factors of usage in
the libraries to disseminate the information within a quick time. [20] some of the purposes that
meet the library user’s needs and this will help to reach out to the new customers. Furthermore,
he discussed that social media build library image and modernize the library.

Mentioned that social media is the technique or tool to make things easy and it is the
vital source to share and receive the information. Facebook is the best tool to accommodate
strong positive impact SMEs and positive relations with the non-financial performance of
SMEs Social media is providing the best tool to reach library users where they can share and
receive their information without any trouble. Additionally, social media is putting a great
impact on libraries. LIS professionals are getting familiar with social media to create a flexible
environment to reach potential library users. social media is putting a massive impact on
libraries and information centers to promote library services and sources. Several social media
bring all the library users community together on one spot to share their ideas and views about
their relevant and specific information. Furthermore, social media is providing massive space
to the library professionals to create a virtual environment to enhance the library service
providing capacity. [24] addressed that the use of social media is making things easy for library
professionals to reduce the gap between library users and library resources and services.
Moreover, social media is expanding their use in the libraries because of the library uses
approach have given remarks about the social media that this will facilitate the library
professionals to achieve their library goals and objectives.

Likewise, social media will help library professionals to make their services effective and
efficient. Social media will establish a bridge between library users and library resources.
Similarly, the fourth law of library sciences told about the saving of time of library users. So,
the present age of ICTs social media is a powerful tool to engage the library users from remote
locations to the library resources and services. It can be said the there are number of factors of
using social media in the libraries and information centers. so, those factors can be interaction
with potential library users, marketing of library sources and services, sharing and receiving
the information, searching for new library users, save the time of library users, achieve the
library goals and objectives, create an effective environment, improve the library images, etc
(Figure 3).

Social Media for
Communication and Iinstruction
in Academic Libraries
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Figure 3:Sources: https://www.kobo.com/gr/en/ebook/social-media-for-communication-and-
instruction-in-academic-libraries.
5. Issues and Challenges use of Social Media in Libraries

Investigated the challenges at the usage of social media in the Nigerian university
libraries. They indicated some of the major issues and challenges that are creating problems
with the use of social media in the said study population. They mentioned some of them as
follows lack of financial support, lack of authority support, lack of cooperation among the
library staff, no knowledge of social media and its tools and lack of expertise of ICTs and lack
of getting feedback from library users. Furthermore, it can be said that these challenges are
genuine that encountering the use of social media in libraries throughout the globe. Today, the
world has become a global village and everyone is access to the internet connecting to other
people via social media. The librarians and LIS professionals are trying to make a bridge
between the library sources, services and library users via social networks. addressed the
challenges of the use of social networking sites in the libraries. They identified some of the
challenges and issues of lack of training of library staff, lack of government or authority
supports copyright issues. Furthermore more, these issues should be resolved until the
librarians cannot use social media for the promotion of library sources and services.
Conclusion

The recent past social media growth comes at the peak. Social media is the most
promising tool to interact with other remote located peoples. Besides these facts, social media
are providing a new and excellent platform to the library professionals to reach out to their
potential library customers to fulfill their needs, wants and demands. Social media is the point
of access where every individual library users can get their demand within a click addressed
social networking sites are the technologies that are offering new methods of access to latent
customers. Likewise, social media helps the librarians to make their services effective and
convenient. The most popular social media like Facebook, Twitter, LinkedIn, and Wechat are
the best tools for library staff to promote their library services and sources make their opinion
about web 2.0 that the majority of the libraries are applying this social media tool to share and
provide information services to their online clients. Furthermore, librarians are personally
taking an interest in using social media to bring people to know about their sources and
services. [30] searched the marketing library services through Facebook groups. Library staff
is using social media for the marketing of library sources and services. Social media can be a
better choice for the library to adopt these tools and make them accessible through the globe.
Social media would play an important role to change the role and responsibilities of the
librarians what we called today cyprian.it would be suggested that every librarian is to apply
social media to promote their sources and services.
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Abstract:

In today’s scenario, digital libraries are facing many challenges. The main challenge today
is physical contact with the students and faculties. The application of information technology
has provided wider opportunities in archiving and accessing data in digitized form besides
conservation and preservation of traditional data. This Digitization of materials helps students
and researchers to access the contents irrespective of time and space boundaries. The researcher
has tried to highlight the need of today and explain the difficulties and opportunities available
for the researchers. The article is written with the aim to describe the importance of digital
libraries in colleges, as well as the challenges that will be faced in the implementation of digital
libraries as learning resources to support education. This paper also discusses various reasons
for Digitalization, processes, and selection criteria for digitalization.

Keywords:Digital Library, Opportunities, Challenges.

1. Introduction:

Digitization of materials is the process of converting analogue information to a digital
format.With the emergence of information and communication Technology and the internet
facilities the traditional function of the library has changed dramatically.It refers to the process
of translating a piece of information such as books, sound recording, picture or video into bits.
Modern libraries are increasingly being redefined as places to get unlimited access to
information in many formats and from many sources. The trend to procure and maintain e-
resources has increases exponentially among the libraries. This is due to the change in the
information seeking behavior of students, researchers, and faculty members.This paper
explains about digital library, its importance, what are the opportunities and what are the
challenges in the current scenario for developing the digital libraries.

2. Definition of Digital Library:

“Digital library may be a library that maintains all, or a considerable half, of its assortment in
computer-processible type as an alternate, supplement, or complement to the traditional written
and microfilm materials that presently dominate library collections” (William Saffady)
“Digital libraries area unit organizations that give the resources, together with the specialised
employees, to select, structure, supply intellectual access to, distribute, preserve the integrity
of, and make sure the persistence over time of collections of digital works so they're pronto and
economically on the market to be used by an outlined community or set of communities” (Don
Waters).

3. Evolution of Digital Libraries:

The history of digital libraries that is currently or so twenty years long, is that the history of a
spread of various kinds of info systems that have be referred to as “Digital Libraries”. the
primary system delivering information artifacts in digital kind will basically be seen as archives
of digital texts accessible through a pursuit service and enforced by a centralized data
catalogue. a very important example of a system formed to reply to concrete wants went on-
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line beginning in Aug 1991. this technique, originally named e-print archive and currently
worldwide called arXiv.
Besides aeXiv, important samples of such early systems were archives of assorted sorts like
Electronic Thesis & Dissertations repositories. (ETD’s), whose pilot program started in 1996;
and archives of psychological feature sciences papers. Cogprints, (n.d.) each launched in 1997.
In 2000, it had been created compliant with the protocol outlined by the open archives
initiatives and so its computer code was regenerate into the e-prints digital repository computer
code E-prints, a versatile platform supporting straightforward and quick originated of
repositories of open access analysis outputs. owing to its simplicity, e-prints is presently wide
used, over 250 repositories declared to admit it.

4. Benefits of digitization of Library Resources:
Digitization improves access to library resources. Through digitisation of library collections,
data are accessible to all or any rather than a bunch of researchers. Digital comes enable users
to look for collections quickly and comprehensively from anyplace at any time. digitisation
makes the invisible to be visible. Following are some edges of Digitization:
4.1 No physical boundary: The consumer of a processed library need to not attend the library
physically; people from everyplace throughout the planet will access the same knowledge, as
long as an online association is accessible.
4.2 Round the clock accessibility: a stimulating most popular position of advanced libraries
is that people will get entrance day in and trip to the information.
4.3 Digital Library will offer wider access: We are able to produce multiple copies of
requested document by library users. By this manner library will meet data want of the many
folks simply.
4.4 Preservation of rare assortment of library: Through digitisation library will preserve
resources that are rare in assortment. digitisation improves the potency of data search
mechanisms and enhances access to library resources.
4.5 Space: Though' standard libraries are restricted by room, processed libraries will
presumably store considerably additional knowledge, primarily on the grounds that advanced
knowledge needs nearly no physical house to contain them and media storage innovations are
additional moderate than any time in recent memory.
4.6 Improved data sharing: Through the suitable information and knowledge exchange
protocols, the digital libraries will simply share data with different similar digital libraries and
supply increased access to users.
5. Digital Library Opportunities and challenges:
5.1 Advantages of Digital Library:
The advantages of digital libraries as a method of simply and chop-chop accessing books,
archives and pictures of varied varieties square measure currently widely known by industrial
interests and public bodies alike.
5.1.1 No physical boundary: The user of a digital library needn't to travel to the library
physically; folks from everywhere the globe may gain access to identical info, as long as an
online affiliation is offered.
5.1.2 Around the clock availability: A digital library is accessed at any time, twenty four
hours on a daily basis and one year of the year
5.1.3 Multiple accesses: An identical resource is used at identical time by variety of users.
5.1.4 Structured approach: Digital library provides access to abundant richer content in an
exceedingly additional structured manner i.e. we are able to simply move from the catalog to
the actual book then to a specific chapter then on.
5.1.5Retrieval: The user is in a position to use any search term call to the word or phrase of
the whole assortment. Digital library can offer terribly user friendly interfaces, giving click
ready access to its resources.
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5.1.6 Preservation and conservation: a definite copy of the initial is created any range of
times with none degradation in quality.

5.1.7 Space: Whereas ancient libraries square measure restricted by cupboard space, digital
libraries have the potential to store rather more info, just because digital info needs little
physical area to contain them. once the library had no area for extension digitisation is that the
solely resolution.

5.1.8 Networking: a specific digital library will offer the link to alternative the other}
resources of other digital library terribly simply so a seamlessly integrated resource sharing is
achieved.

5.1.9 Cost: The value of maintaining a digital library is way below that of a standard library. a
standard library should pay massive sums of cash paying for workers, book maintains, rent,
and extra books. Digital libraries do away with these fees.

6. Challenges of Digital Library:

6.1 info Accuracy: “Most of the digital library comes implement Optical Character
Recognition (O C R ), that is merely ninety fifth accurate”-5 and it's true that close to regarding
five and mistake might stay, raising the matter of data accuracy. Repeating while not distorting
or losing info is troublesome.

6.2. Compatibility of Hardware/Software: Use of digital assortment for accessing and
retrieving info can create compatibility drawback. Breath-taking innovations within the field
of element and software’s, creates the matter of compatibility within the implementation of
contemporary technology with the ICT infrastructure accessible within the library, though
backward compatibility is ensured by producing firm.

6.3. Authenticity of Information: It is ascertained that several times the data uploaded on
varied internet sites, and social medias like blogs, twits, wikis, face book etc isn't authentic ,
that is additionally accessible in digital formats.

6.4. IPR Issues: Protection of holding rights isn't totally possible in digital media. Difficulties
area unit still uninterrupted concerning the copyright protection of the authors and publishers
etc. of e-resources.

6.5. Data Security: Data security is regarding keeping information safe .There are a unit key
threats to information hold on in digital media, like system crash, faulty disks, equipment
failure, accidently deleting or over writing the files, worm, hacking, natural disasters, cash
creating, revenge etc.

6.6. Fair Use: The extent of ‘fair use’ concerning digital resources isn't enclosed in any law.
it's troublesome to see what quantity one will copy beneath enjoyment.

6.7. Convenience of usage: Reading the data hold on within the digital type isn't as comfy,
quick and effective as reading a written book, periodicals etc. It additionally puts a lot of strain
on the eyes.

6.8. Demand Technology: In order to retrieve the data hold on in digital media, use of the
devices like Computers, CD players, compact disk players, Disk drives etc become the half and
parcel of the data retrieval systems.

6.9. Costly: To retrieve and browse the data hold on in digital type, would like bound devices,
that area unit expensive and one ought to knowledge to work these devices.

6.10. Storage life/Shelf life: The storage lifetime of the electronic media is way a lot of but
the medium. Storage lifetime of the laborious disks, floppy disks, pc tapes, CDs, compact disk
etc is of few years.

6.11. Digital reading and storage devices ought to be ubiquitous: - A large variety of users
visit the library often to satisfy their info wants, therefore, so as to avoid wasting the time of
the users, the devices helpful for reading and storage of digital info, ought to be ubiquitous.
6.12. Conversion of standard written material into digital type is tedious and really
expensive: In several libraries, substantial a part of their assortment is in the standard print
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type and thence, it's difficult, tedious, time overwhelming still as terribly high-ticket, to convert
these print resources into the digital type.

6.13. Need of Hardware and Software: Software in consistence with the accessible hardware
is required for the conversion of the print resources.

Conclusion:

Libraries round the world are performing on this intimidating set of challenges for many years
currently. The library/information center must overcome the inhibitions and appearance ahead
for the betterment of data services to the user community by with success adopting the digital
technology-the want of the hour and keep up with world. It appears that the times might not so
much once the entire world would have digital libraries interconnecting all libraries to satisfy
the tutorial and analysis desires among the short time. However, before digital libraries took
over the library and knowledge network, the country’s archives laws must be modified to
satisfy this challenge within the areas of copyright protection of information and interference
of corruption of information.
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Abstracts:
Bibliotherapy explores the therapeutic efficacy of Books Therapy, a method utilizing literature
for emotional and psychological healing. The paper explores into its diverse applications,
ranging from addressing mental health challenges to fostering personal growth. Analysing
various theoretical foundations, mechanisms of change, and population-specific
considerations, the review highlights bibliotherapy adaptability across different age groups and
cultural contexts. Despite challenges, including the need for personalized approaches,
bibliotherapy emerges as a valuable and accessible tool, offering insights into its potential to
enhance mental well-being through literature-based interventions.
Keywords: Therapy, Bibliotherapy, Books, Biblio, Health, Books Therapy, Mental Health.
Definitions:
1) The use of reading materials for help in solving personal problems or for psychiatric
therapy....by https://www.merriam-webster.com/dictionary/bibliotherapy.
2) Bibliotherapy is a form of therapy in which structured readings are used as an adjunct
to psychotherapy. Such readings can be used to reinforce learning or insights gained in the
therapeutic session or to give individuals additional professional resources to help in personal
growth and development...... by https://www.encyclopedia.com/medicine/encyclopedias-
almanacs-transcripts-and-maps/Bibliotherapy#A
INTRODUCTION TO BIBLIOTHERAPY::-
The name "bibliotherapy,” which comes from the Greek terms "biblion" (book) and “therapeia”
(healing), refers to a therapeutic technique in which people use books to help them deal with a
range of emotional, psychological, and interpersonal issues. At its core, bibliotherapy
recognizes the enormous impact that reading can have on the human mind and harnesses this
potential to encourage personal growth and well-being.
The idea that literature can offer readers comfort, understanding, and a sense of community is
the foundation of the bibliotherapy practice. The stories, characters, and themes found in
books—whether they are works of non-fiction or fiction—may strike a chord with readers,
providing them with insights and coping strategies that they can use in their own lives.
A flexible intervention, bibliotherapy is used in self-help, education, and clinical therapy,
among other contexts. It recognizes that reading, thinking about, and conversing about literary
works can help people achieve emotional catharsis, become more self-aware, and create coping
mechanisms.
Bibliotherapy is not limited to treating mental health issues; it also includes personal growth,
stress management, and improving general wellbeing. Literature selection may be customized
to meet the needs of the individual, which makes it an extremely flexible and approachable
therapeutic tool.
TYPES OF BIBLIOTHERAPY::-

1. Individual Bibliotherapy:
A person participates in autonomous reading in individual bibliotherapy, either on the advice
of their therapist or on their own volition. The person considers the information and how
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applicable it is to their own struggles. This kind enables a more individualized and private
investigation.

2. Group Bibliotherapy:
In group bibliotherapy, participants read and discuss chosen texts in a supervised environment.
A sense of community is fostered by the supportive atmosphere that the group dynamic offers
for exchanging ideas and perspectives. With a variety of viewpoints, group conversations can
improve the therapeutic experience.

3. Prescriptive Bibliotherapy:
In prescriptive bibliotherapy, a mental health specialist makes book or literary resource
recommendations based on each patient's unique therapeutic objectives. The recommended
reading list is tailored to the individual's needs, encouraging introspection and understanding.

4. Interactive Bibliotherapy:
In order to enhance engagement with the information, interactive bibliotherapy incorporates
interactive exercises, debates, or other activities with reading. This kind promotes
involvement and the application of knowledge learned from the literature.

5. Creative Bibliotherapy:
In creative bibliotherapy, reading is combined with creative expression exercises like writing,
sketching, or other artistic pursuits. Taking up artistic pursuits can facilitate emotional
processing, improve self-expression, and open up new vistas for inquiry.

6. Educational Bibliotherapy:
The goal of educational bibliotherapy is to convey knowledge or teach certain skills through
the use of literature. This method is frequently used in educational settings to meet learning
objectives related to social, emotional, or educational aspects.

7. Expressive Bibliotherapy:
Encouragement to write or use other artistic mediums to convey feelings and ideas is a key
component of expressive bibliotherapy, which is centred around the literature that the patient
is reading. This method places a strong emphasis on the healing benefits of artistic expression.

8. Clinical Bibliotherapy:
Clinical bibliotherapy is used in formal therapeutic contexts like psychotherapy and
counselling. In a clinical setting, mental health practitioners employ particular texts as
therapeutic tools to treat the emotional and psychological difficulties of their clients.

9. Legacy Bibliotherapy:
In legacy bibliotherapy, books that represent a person’s cultural background, beliefs, or customs
are studied. It strives to create a sense of identity and belonging by fortifying ties to one's
heritage.

10. Biographical Bibliotherapy:
Reading the autobiographical works of others who have experienced comparable struggles is
known as biographical bibliotherapy. It can support people on their particular paths of self-
discovery and resilience by offering them inspiration, role models, and a sense of shared
humanity.
APPLICATION OF BIBLIOTHERAPY IN MENTAL HEALTH:-

1. Depression and Anxiety:
Bibliotherapy can be used to supplement traditional treatments for depression and anxiety.
Reading literature that explores characters dealing with similar struggles can provide insights,
foster a sense of connection, and offer coping strategies.

2. Stress Reduction:
Engaging in literature as a form of escapism or relaxation can help individuals manage stress.
Reading materials that transport readers to different worlds or provide a break from daily
pressures can contribute to stress reduction.

3. Traumaand PTSD:
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Bibliotherapy is utilized to assist individuals in processing and coping with trauma, including
post-traumatic stress disorder (PTSD). Reading narratives that address trauma-related themes
can facilitate understanding, expression, and emotional healing.

4. Self-Esteem and Identity Issues:
Bibliotherapy can be applied to address self-esteem and identity challenges. Reading stories
featuring characters who overcome similar issues can inspire self-reflection and empower
individuals to explore and affirm their own identities.

5. Grief and Loss:
Individuals experiencing grief and loss can benefit from bibliotherapy that addresses themes of
mourning, acceptance, and resilience. Reading about characters navigating similar experiences
can provide comfort and perspective.

6. Relationship Issues:
Bibliotherapy is used to explore and navigate relationship challenges. Reading materials that
depict various relationship dynamics can offer insights into communication, empathy, and
conflict resolution.

7. Eating Disorders:
In the treatment of eating disorders, bibliotherapy can play a supportive role by addressing
body image concerns, self-acceptance, and the emotional aspects of recovery. Reading about
characters who undergo similar struggles can foster empathy and understanding.

8. Addiction and Substance Abuse:
Bibliotherapy can be integrated into addiction treatment programs by addressing underlying
emotional issues and providing tools for recovery. Reading materials that depict the challenges
of addiction and recovery can offer hope and motivation.

9. Parenting and Family Issues:
Bibliotherapy can assist individuals in navigating parenting challenges and family dynamics.
Reading materials that explore diverse family structures and relationships can provide guidance
and promote understanding.

10. Coping with Chronic IlIness:
Individuals dealing with chronic illnesses may find solace and coping strategies through
bibliotherapy. Reading materials that address the emotional and psychological aspects of living
with illness can provide comfort and support.

11. Anger Management:
Bibliotherapy can contribute to anger management by offering literature that explores the roots
of anger, effective communication, and healthy ways to express and cope with intense
emotions.

12. Social Isolation and Loneliness:
Reading materials that explore themes of connection, friendship, and community can be
beneficial for individuals experiencing social isolation and loneliness. Bibliotherapy can
facilitate a sense of belonging and understanding.
EFFICACY AND EFFECTIVENESS OF BIBLIOTHERAPY::-

1. Empirical Support:
Numerous studies have provided empirical support for the efficacy of bibliotherapy in
addressing various mental health concerns. Research has explored its effectiveness in treating
conditions such as depression, anxiety, and stress.

2. Comparable to Traditional Therapies:
Some research indicates that the outcomes of bibliotherapy can be comparable to traditional
therapeutic approaches. It has been suggested that guided self-help interventions, including
bibliotherapy, can yield positive results similar to those achieved through face-to-face therapy.

3. Cost-Effective Intervention:
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Bibliotherapy is often considered a cost-effective intervention. It may be more accessible to
individuals who face barriers to traditional therapeutic services, making it a valuable option for
reaching a broader population.
4. Flexibility and Accessibility:
One of the strengths of bibliotherapy lies in its flexibility and accessibility. Individuals can
engage in reading at their own pace, in a comfortable setting, and at a convenient time. This
flexibility can enhance the acceptability and adherence to the intervention.
5. Personalization and Tailoring:
The effectiveness of bibliotherapy can be influenced by the degree of personalization and
tailoring to the individual's needs. Prescribing or recommending specific books that resonate
with the person's experiences can enhance engagement and therapeutic outcomes.
6. Population-Specific Benefits:
Research suggests that bibliotherapy can be beneficial across different age groups and
populations. It has been applied successfully with children, adolescents, adults, and older
adults, addressing a variety of mental health issues.
7. Cultural Considerations:
Cultural factors may influence the effectiveness of bibliotherapy. The selection of literature
that is culturally relevant and sensitive to diverse perspectives can enhance its impact on
individuals from various cultural backgrounds.
8. Long-Term Effects:
While some studies demonstrate positive short-term effects, the long-term sustainability of the
benefits of bibliotherapy may depend on factors such as ongoing engagement with reading and
the integration of learned strategies into daily life.
POPULATION-SPECIFIC CONSIDERATIONS IN BIBLIOTHERAPY: -
1. Children and Adolescents:-
e Book Selection: Choose age-appropriate literature that addresses the developmental
needs and concerns of children and adolescents.
e Interactive Elements: Incorporate activities, discussions, or creative expressions to
enhance engagement and understanding.
e Parental Involvement: Involve parents or caregivers to support and reinforce the
bibliotherapeutic process.

. College Students:-
e Academic and Stress-Related Themes: Select literature that addresses the academic
pressures and stressors commonly experienced by college students.
e Transition Periods: Address challenges related to transitions, such as adjusting to
college life, academic demands, and interpersonal relationships.

3. Adults:-

e Workplace Stress: Choose literature that explores themes relevant to the workplace,
career transitions, and work-life balance.

e Relationship Dynamics: Address adult-specific issues such as marriage, parenting,
and midlife challenges.

e Diversity of Experiences: Offer a diverse range of literature that reflects the varied
experiences of adults.

4. Cultural Considerations:-

e Diverse Representation: Ensure that the literature selected is culturally diverse and
resonates with the backgrounds of the target population.
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e Language Sensitivity: Consider language preferences and literacy levels, providing
materials in languages accessible to the population.

. Individuals with Mental Health Conditions:-

e Specific Conditions: Tailor bibliotherapy interventions to address the unique
challenges associated with specific mental health conditions (e.g., depression, anxiety,
PTSD).

e Collaboration with Therapists: Integrate bibliotherapy as part of a comprehensive
treatment plan, collaborating with mental health professionals.

. Diverse Sexual Orientations and Gender ldentities:-
e Inclusive Literature: Select literature that is inclusive and representative of diverse
sexual orientations and gender identities.
e Identity Exploration: Address themes related to identity exploration, acceptance, and
coping with societal challenges.

. Individuals in Correctional Settings:-
e Rehabilitative Themes: Choose literature that supports rehabilitation, personal
growth, and self-reflection.
e Empowerment: Utilize literature that empowers individuals to envision positive
futures and alternatives.

CHALLENGES AND LIMITATION IN BIBLIOTHERAPY :-
A) Challenges in Bibliotherapy:

1. Lack of Personalization:
Finding literature that resonates with an individual's unique experiences and challenges can be
challenging. Personalization is crucial for the effectiveness of bibliotherapy, and a one-size-
fits-all approach may not address individual needs.

2. Resistance to Reading:
Some individuals may not have a natural inclination for reading or may face barriers such as
literacy challenges. Resistance to engaging with written materials can limit the accessibility
and acceptance of bibliotherapy.

3. Ethical Concerns:
Recommending specific books or materials raises ethical considerations. The content of
literature and its potential impact on individuals should be carefully considered to avoid
causing harm or discomfort.

4. Effectiveness Variation:
The effectiveness of bibliotherapy can vary among individuals. Factors such as reading
preferences, engagement levels, and the nature of the condition being addressed contribute to
the variability in outcomes.

5. Lack of Therapeutic Relationship:
Bibliotherapy typically lacks the interpersonal dynamic present in traditional therapeutic
relationships. Some individuals may benefit from the personal connection and guidance
provided by face-to-face interactions with a therapist.
B) Limitations in Bibliotherapy:

1. Not a Stand-Alone Treatment:
Bibliotherapy is often considered as a supplement to traditional therapeutic interventions rather
than a stand-alone treatment. It may not be sufficient for addressing complex mental health
conditions on its own.

2. Resistance to Self-Help Approaches:
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Some individuals may be sceptical of self-help approaches, viewing them as simplistic or
insufficient for addressing complex emotional and psychological challenges.

3. Cultural Sensitivity Challenges:
The selection of literature must be culturally sensitive and inclusive. The availability of
culturally relevant materials may be limited, posing challenges in ensuring that bibliotherapy
is applicable to diverse populations.

4. Dropout Rates:
Individuals may discontinue bibliotherapy due to lack of interest, perceived ineffectiveness, or
other external factors. High dropout rates can impact the overall success of bibliotherapeutic
interventions.

5. Limited Interactivity:
Bibliotherapy, particularly when undertaken individually, may lack the interactive elements
present in traditional therapeutic settings. Interaction with a book or written material is a one-
way process, limiting opportunities for immediate feedback or clarification.

CONCLUSION:-

It becomes clear as we explore the vast field of bibliotherapy that stories have the power to
heal in addition to amuse, providing people with a therapeutic experience that goes beyond
traditional procedures. In order to promote resilience, empathy, and personal development, this
paper calls on practitioners, educators, and researchers to embrace the transforming power of
literature.

The results highlight bibliotherapy's adaptability and demonstrate how well it works for a
variety of age groups, ethnic origins, and mental health issues. It has been demonstrated that
the power of stories and narratives, whether employed in individual or group settings, may
develop empathy, a sense of connection, and personal development. Additionally,
bibliotherapy is a useful addition to conventional therapeutic procedures because of its
accessibility and non-intrusive character.

By seeing literature as a therapeutic tool, we embrace a well-rounded approach to wellbeing
and accept its ability to treat mental health difficulties. As we get to the end of our investigation,
it is evident that bibliotherapy possesses the transforming ability to encourage self-reflection,
build resilience, and eventually improve lives.
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Abstract:

This research paper describes the term like 'Re-engineering, 'Digital libraries’, Technology
facilitates seamless access and distribution of information across borders. 'Institutional
Repositories’, 'Electronic Theses and Dissertations' and the further understand the examples of
IRs and ETDs in the Indian scenario, what are the issues and solutions for the implementation
of good digital environment for the better services to end users by the libraries have been
explained.

Keywords: Re-engineering, Digital libraries, Institutional Repositories

Introduction:

The adoption of technical services and functional styles has changed the way libraries
dress. Retrieving information from the library can be faster and more accurate. Information
technology has brought great changes to the library. This era requires the application of
reengineering in libraries. Reengineering is the concurrent redesign of processes,
organizations, and their supporting information systems to achieve radical improvement in
time, cost, quality, and customers" regard for the company's products and services. Therefore,
this paper highlights how digital libraries are having more significance in changing
environment of library activities and services. Every institute should have institutional
repositories and it has to be used electronic dissertations and theses for enhancement of
research culture, it is so important for the socio-economic development of every citizen of
India. A digital library promises a one-step, equitable and timely access to vast number of
diverse resources in a shared mode in a given specialty lifting traditional barriers of time and
space. www is an unorganized collection of documents, many of them ephemeral information
which does not have any durability or lasting value. Defines digital libraries as "managed
collection of information, with associated services, where the information is stored in digital
formats and accessible over a network".

Literature Review

(Oladokun, 2006) Describes an example of the University of Botswana (UB). It was running
a research project on e-learning pilots since 2003. Already there was a clear institutional
strategy for online teaching of students, combined with interactive video conferencing, e-
learning and other educational technologies, to create virtual classroom. The teaching of
information literacy skills by the librarians (discussed below) was part of the agenda. The
library has its own University of Botswana electronic leaming (UBel) team, which has been
working to put some of the course contents in WebCT (Web Course Tools) for online delivery.
In the meantime the library database was accessible via Internet. Accessibility to several
thousands of articles from electronic journals was ensured through the University of Botswana
Library (UBL) web page. The library systems also have self-help and self-service functions,
whereby individual borrowers could carry out book renewal from any computer with an
Internet connection, anywhere within or outside the university campus.

(Wright, 2004) Observed that academic libraries have the opportunity through their Web pages
to present to the university community recommended sites and appropriate techniques for
searching the Internet. But in the design and organization of home pages, academic libraries
often provide inadequate navigational paths to sites that provide search engine selection and
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evaluation criteria. He noted that libraries are increasingly using the Web to direct users to
resources beyond their own licensed collections, but there is a striking and disturbing
inconsistency among libraries in the presentation of these Internet-searching resources. This
research found that 67 percent of the sites studied have dedicated Internet-searching pages that
include search engines, guides. and tutorials. Moreover, libraries that do not offer high-quality
Internet search engine links, user guides, and instruction lose a great opportunity to attract
students and to position themselves as the primary gateway for information.

(Roxanne Missingham, 2010) “Re-engineering a national resource discovery service: MODS
down” describes that Australian libraries have shared resources and records for over 20 years
through Kinetics, a service provided by the National Library of Australia. While this service
has broadly met the needs of its users, comprising over 1,000 Australian libraries, the Library
is Reengineering the service, using MODS (Metadata Object Description Schema) to improve
coverage of online publications and records from specialist collections. This article describes
the use of MODS to transform records for digital resources into MARC records for resource
discovery.

Meaning of Re-Engineering:

The pressures to lower costs, reduce cycle times, raise quality and in general, make
workplace processes more productive & intensive. As a result, re-engineering which “burst
upon the Management scene in 1990 has been much in vogue. (Davenport) However the term
Re-engineering was first introduced by Michael Hammer in 1990 at a Harward Business review
article, “Re-engineering work: Don’t Automate obliterate”. (Gaur,Ramesh C.) Howeven
Hammer & champy (1933) says “Re-engineering is the fundamental rethinking & radical
redesign of business processes to achieve dramatic improvements in critical contemporary
measures of performance such as cost, quality, service & speed.”According to Davenport
(1933) “Re-engineering is only the part of what is necessary in the radical change of processes
it refers explicitly to the design of new process. The term process innovation encompasses the
envisioning of new work strategies, the actual process design activity & the implementation of
the change in all its compels Technological, human & Organizational dimensions. The above
definitions mostly stresses on rethinking & radical redesign of processes & also on destroying
the old ways.

Why Digital Library for Re-engineering?

The unprecedented surge of activities and interest in digital library can generally be attributed
to the following three factors:

(i) Emergence of Internet and web technologies as a media of information allows rapid access
to a wide variety of networked information resources extending a uniform interface to a vast
number of multimedia resources the web, being a hypermedia-based system, allow linking
amongst elec- tronic resources;

(ii) Availability of highly evolved, extraordinarily simple and intuitive user interface, i.e.,
Internet Explorer and Netscape Navigator for all prevalent platforms; and

(iii) Advances in online storage technologies enabling storage of large amounts of contents at
increasingly affordable cost. The digital library offers significant and unparalleled
improvement and value addition to library services while providing workable solutions to
problems traditionally associated with the management of print-based collections in traditional
libraries. Improved information retrieval and enhanced document delivery capabilities are
widely acclaimed strength of digital libraries. Moreover, the cost of creating, storing,
manipulating and transmitting digital information has decreased considerably providing
necessary impetus to the digital library initiatives worldwide. Rising acquisition and
subscription fees have forced the libraries to find other means to make information available
to their users and content aggregators and electronic publishers are providing means to do so.
Several large-scale digitization projects are aimed at conserving and preserving old, fragile and
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deteriorating documents of high scholarly value not only for preserving them but also for
providing increased access and search possibilities that become possible once the documents
are available main computer-processible form. Digital libraries enable greater access to digital
contents, can be managed from remote locations and provide a way to enrich the teaching and
learning environment. Since information in digital library is electronically stored and accessed,
it is not bound to space and time. Digital library systems can be accessed simultaneously by
multiple users guaranteeing continuous availability of documents. Digital library
implementation can dramatically reduce floor space requirements as compare to conventional
shelf-type storage of books and journals.

Important Technologies for Digital Libraries:

The development and growth of hypertext, image technology, the World Wide Web, and other
related technology are explored using a variety of terminologies. Some of the top technologists
in this sector define and enunciate the fundamental qualities of digital libraries. The section
discusses the idea of a "hybrid library," which captures the challenges libraries confront in
attempting to combine electronic materials purchased on CD ROM or other media or electronic
access with internally created digital collections. The hybrid library sits on a spectrum between
the traditional and digital libraries, combining the usage of electronic and paper-based
knowledge sources. The necessity for digital libraries is discussed, and the Web, traditional
libraries, and conventional information storage are contrasted.

Institutional Repositories (IRS) In Indian Scenario:

There are 99 institutional and subject wise repositories in India that are registered in Registry
of Open Access Repository (ROAR). Institutional repositories initiated in India can be viewed
at http://roar. eprints.org/.

Digital Repository of IIT Bombay

National Institute of Oceanography, India (DRS@ino)

National Institute of Technology, Rourkela (DSpace@NITR)

Management Development Institute, Gurgaon (DSpace@MDI)

DSpace at Indian Institute of Management Kozhikode

DSpace at National Chemical Laboratory, Pune

INFLIBNET Centre, Ahmedabad (DSpace@ INFLIBNET)

Electronic Theses & Dissertation:

ShodhGanga: Indian ETD Repository (http://shodhganga.inflibnet.ac.in/) it is established in
2010 and implemented by INFLIBNET Centre, more than 160 Universities are participating It
is supported by University Grants Commission. Shodhganga is a digital repository set-up for
submission of electronic version of theses and dissertations by research scholars in universities
in India and make them available in open access to the world-wide academic community in
response to the UGC Notification (Minimum Standards & Procedure for Award of M.Phil. /
Ph.D. Degree, Regulation, 2009). ShodhGanga is set-up using Dspace that uses internationally
recognized protocols and interoperability standards. 160 Universities have signed MoU with
INFLIBNET Centre to join in ShodhGanga project and deposit their theses. INFLIBNET
Centre also maintain a repository of approved synopsis submitted by research scholars to the
universities for registering themselves for the Ph.D. program called ShodhGangotri
(http://shodhgangotri. inflibnet.ac.in/) with an aim to measure trends and directions of research
being conducted in Indian universities and to avoid duplication of research.

Vidyanidhi Digital Library: (http://www.vidyanidhi.org.in/) It is established in 2000 and
implemented by Department of Library Science, University of Mysore. It is supported by
NISSAT, DSIR, Government of India, Ford Foundation and Microsoft India. Vidyanidhi is a
portal of doctoral research in India. It began as a pilot project in 2000 with support from
government, the Ford Foundation and Microsoft India archive of dissertations, as well as a set
of resources for doctoral research in India. The Vidyanidhi Digital Library has two layers: a
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metadata database and the full text of theses. Current Status is more than 5000 full text and
50,000 bibliographic records of theses submitted to the universities in India were hosted in
Vidyanidhi.The Vidyanidhi website was not functional in March 2014.
Conclusion:
The decrease information and traditional libraries implies that readers today prefer to get
information and read materials online rather than physically today library: The digitization
process has already begun in many large university and libraries in order to make the content
available to users inside adversities of the institution. Library re-engineering is required in
terms of digital library for the further necessary benefits like make a wide variety of Content
Access, latest and updated resources can be served to users, allow readers to access materials
on demand, make readers find resources instantly, no opening or closing hours or 24/7 open
access multiple and simultaneous access, library management automation, real-time
interactions, eliminate deterioration of resources, preserve knowledge for the future generation.
Every institution has to prepare institutional repository and cater the services. Use of ETDs
enhances research environment and its quality. So successful implementation of digital
libraries is inevitable.
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Abstract :

Stress management issue received more attention at global level. In current scenario
stress management issue is immerged as burning issue in from of world population. Many
researchers have focused on stress management at work place specifically at libraries, because
of their specific reasons. They are paid their attention to understand basic causes for stress at
working places and their solutions to reduce stress. Library professionals face many problems
due to stress and it affects on work quality in libraries. Researcher highlighted the concepts
regarding to Stress at work place, possibilities, help to the burn out stages of employees, causes,
management of stress including HSE standards approach and Techno-stress.

Keywords- Library Professional , stress ,Pressures

Introduction-

Pressures and Stress are the changes which our bodies experience as we adjust to our
continuous changing environment. The rapid adoption of information and communication
technologies and their extensive use in learning institutions and system administration has
introduced new library and information services. Introduction of different learning modes and
expansion of academic programs have also resulted in the librarian, facing more challenges as
compared to his predecessors. Some type of stress considers being a person’s psychological
and physiological response to perception of a demand or challenge. Nature and intensity of this
response depends on meaning, one gives to demand or challenge and on one’s assessment of
resources that are available for meeting it. This conception of stress has a number of important
elements. First, stress is not something “out there” or inherent in “stressful” things or situations.
Rather, stress is within person, it can be seen through response by person to challenge. Source
of demand or challenge is referred to as a “stressor.” A stressor with negative meaning (Source
of undesirable stress) for one person may cause a completely different response in another.
Another element in this definition of stress is importance for person’s perception or way of
thinking about situation/circumstances. Surely, few normal persons would wish to be without
demands or challenges; these can be part of joy and verve of life

Definitions:

Stress:

Stress is a general term applied to various psychological (mental) and Physiological
(body) pressures or felt by people throughout their lives.

Stress is defined as “a state of psychological and physiological imbalance resulting
from the disparity between situational demand and the individual’s ability and motivation to
meet those needs.”

Stress Management:

Stress Management means to make changes to our life, if someone is in constant stress
situation and the person can prevent stress by practicing self care, relaxation and to manage or
response to the stressful situations when its occurs.

Stress management is said to reduce the blood pressure, heart, disease, digestive
troubles and many more physical ailments. The experts comment that it helps to improve sleep
and mental health.

Sources of Stress in the Library work place:
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McGrath 1976 discusses about the conception of stress and burnout that it may be
functional or dysfunctional at workplace. He also discusses about performance and
productivity improvement with increasing stress to a certain level, after which increased stress
will cause lowered performance. Discussion further proceeds with the interactions among
individuals, organizations and jobs that produce stress and distress at workplace are very
complex. Each employee is unique with regard to meanings one attaches to stressors,
perceptions of available resources and coping strategies and skills one can and will use. Each
organization is, likewise, unique with regard to the stressors, it contains or produces and its
approaches to helping employees manage and cope with stress.

Workplace Stress:

The authors discusses about the stress in workplace and the solution. The authors look
at historical, sociological and cultural resources for an objective perspective of the topic. The
authors examines two societal responses to work stress, concludes that it is very important to
locate the origins of work stress in the structure and organisation of the modern workplace and
to see the solution in terms of job redesign and the second approach they mentioned to locate
the work stress in the responses of the individual and get the solution in terms of therapeutic
intervention. (David, 2002).

Working Environment:

The stress relates to the work environment where he or she works. The library
professionals expressed the work environment stress they perceived in their work place, they
also declared that they do not have enough and adequate working tools in their institute. The
librarian also expressed that the library staff gets tired by carrying books from first floor to
fourth floor of the library, without usage of the lift system, which has not been repaired or out
of service from many days. Librarians also expressed that they have inadequate number of staff
in the library to deal with the users. Most of the staff is shifted to the office or any other work.
This situation makes them stressful and leads to work overload for them. Other stressful
situation also faced by the Librarian to take work from other professionals or subordinate who
are very lazy or avoid working in time, few are workaholic. Some library professionals face
health issues like eye problem due to constantly facing the computer screen, neck pain due to
carrying continuous books from ground floor to upper floor by the circulation staff. They even
don’t get the incentives or rewards for their non-stop work. Some librarians face the problem
of the staff quarrelling among each other’s for work and all the situations has to be handled by
the librarian.

Psychological Stress:

The stress is generally categorised in different criteria and generally was groped as
physical or psychological. It was explained that physical stress irritates or brings immediate
negative effects on the physical health.

The psychological stress brings immediate or long term irritation or negative effect on
psychological or mental state. This may not affect on body immediately, but these two types
of stress may be interactive and physical state can affect psychological state or vice versa
Occupational Stress:

Stressor Appraisal Reaction model is an interactional or transactional, which helps to
cope the resources, which have strong influence on the future appraisal of the event or situation
as stressful. The model allows to understand stress as the combination of persona issues and
responses that a person can fell upon in times of stress. The balance of demands and resources
defines stress if the demands are greater than the resources, then the stress occurs, if the
resources are available to meet the demand, then the secondary appraisal might be one of
challenges rather than harm or threat and it would be stressful to the individual. This can be
applied to the library and information work place stress.

Management of Stress:
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Individuals make various attempts to reduce discomfort associated with stress. Aldwin
(2007) quoting Frend (1996) defined coping as the way in which the ego wards off anxiety and
exercises control over impulsive behaviour, conflicts and instincts. Considering effects of
stress on both employee and employer, there is need for its reduction to barest minimum.
Onwushi and Meggison(2001) observed that stable social relations help people and so advocate
open communication and participatory management between librarians and other allied staff.
Telework
Telework is defined as "an alternative work arrangement in which employees perform tasks
elsewhere that are normally done in a primary or central workplace, for at least some portion
of their work schedule, using electronic media to interact with others inside and outside the
organization (Gajendran and Harrison, 2007, p. 1525). Although organizations are increasingly
providing employees with telework opportunities, which effects on workers' job satisfaction
are inconsistent. Some researchers have argued that telework positively influences workers job
satisfaction by providing enhanced flexibility in work schedules and facilitating cross-
functional collaboration and extensive knowledge sharing across organizational boundaries
Management Standards Approach:

Management standard and associated STBA for the psychosocial risk factor of demands
is shown below as an example. Management standards for all six psychosocial risk factors
share same format.

Management Standard for demands:

The standard is that:
*Employees indicate that they are able to cope with their job demands.
* Systems are in place locally to respond to any individual concerns.
States to be achieved are:

* QOrganisation provides employees with adequate and achievable demands in relation
to agreed hours of work;

* People's skills and abilities are matched to job demands;

* Jobs are designed to be within capabilities of employees and;

* Employees' concerns about their work environment are addressed.

Conclusion

Stress is a part of our working lives and is not likely to decrease in tomorrow’s workplace. A
difficult economy, downsizing, taking on additional responsibilities without assistance or
additional pay, all are taking their toll on physical, mental and emotional well being. College
librarians often feel isolated as the only professional in the field serving the college campus.
The librarian also face difficulty in coping with new technologies, staff support, insufficient
staff or manpower and busy workloads in academic structure in limited time frames. The
librarian has to find time to do activities which helps to reduce workplace stress.
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Abstract

Bradford’s law of scattering is based on the principle that every scientific field is related,
however remotely, to every other field. 19 Ph. D. theses submitted in the field of Agricultural
Botany in Mahatma Phule Krishi Vidyapeeh, Rahuri during 2006-2010 for the award of
doctoral degrees were analysed to identify the Bradford’s zones and productivity of journals
cited in the theses. The journal distribution as per the Bradford’s law reveals the ratio as
10:41:334 in Agricultural Botany, dispersion of journal titles in Agricultural Botany does not
satisfy the Bradford’s Law of Scattering.

Keywords: Bradford’s Law, Bradford’s Zones, Bradford’s Law of Scattering, Doctoral theses,
Agricultural Botany, Bradford distribution, Leimkuhler Model.
Introduction

The proliferation of journals and the consequent exponential growth of journal literature
have laterally jeopardized their capacity to transmit information effectively and rapidly
(Subramanyam, 1979). In 1934 Bradford was the first to provide a mathematical expression to
the scattering of citations from the journals (Bradford S. C., 1948). The law is based on the
principle that every scientific field is related, however remotely, to every other field.

In 1948 Bradford in his first paper entitled ‘Sources of information on specific subjects’
(Bradford S. C., 1934). He observed and examined two bibliographies prepared in the Science
Library (Britain) on Applied Geophysics (1928-1931) and Lubrication (1932-1937). He
prepared a list of journals arranged in decreasing order of source items contributed by the
journals of bibliographies. Bradford noticed that in each subject there were a few productive
sources, large number of sources which were moderately productive and still a large number of
sources of constantly diminishing productivity.

Bradford identified three groups of periodicals in the list of periodicals ranked by
diminishing productivity that produced approximately the same number of articles on the
subject, but the number of periodicals in these three equi-productive zones increased by a
constant factor.

If scientific periodicals are arranged in the order of decreasing productivity of articles on
a given subject, that may be divided into a nucleus of periodicals, more particularly devoted to
the subject, and several groups or zones containing the same number of articles as the nucleus,
where the number of periodicals in the nucleus and succeeding zones will be as 1:n:n? ...

Bradford also plotted graph of the cumulative number of source items R(n) versus the
logarithm of the cumulative number of journals (log n). This graph came to be known as
‘Bradford Bibliograph’.

There have been several studies based on different datasets to assess the Bradford’s Law
of Scattering.

Scope and Limitations of the study

The Present study is confined to the Ph. D. theses in Agricultural Botany submitted to
Mahatma Phule Krishi Vidyapeeth (MPKYV), Rahuri during 2006 to 2010. The form of
documents covers books, journals and other literature referred by the authors of the theses in
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their foot-notes and bibliographies appended to their thesis. At MPKV, Rahuri during study
period 19 theses submitted in Agricultural Botany.
Objectives of the study
e To compile rank list of journals based on frequency of citations.
e To ascertain whether the distribution of citations among the journals confirm to
the Bradford’s law of Scattering.
Data Collection and Analysis of Data:

The source of the data for the present study is the Ph. D. theses in Agricultural Botany
submitted to Mahatma Phule Krishi Vidyapeeth, Rahuri (MPKYV, Rahuri) during 2006-2010.
During the study period 19 Ph. D. theses submitted in MPKYV, Rahuri. The present study is
based primarily on the analysis of bibliographic units which is available in the form of
footnotes, references and bibliographies in the thesis. The bibliographic details of cited
documents in thesis have been collected. The collected details has been recorded using excel
sheet for the purpose of analysis. Several fields such as title of the documents, name of author,
type of document, year of publication, country of publication etc. have been created to fill in
the data so as to analyze it.

After data collection these work sheets were sort out according to the objectives of the
study and in this process collected data presented in tabular and graphical form and on the basis
of analysis, conclusion are drawn.

Ranking of Journals

Journals are very useful for researchers for scientific communication, but their
increasing cost puts the librarian to study the quality, usefulness and suitability to a particular
group of users. Core journal ranking studies are usually made to help in the selection of journals
and in assessing the importance of one or more journals in a particular subject field. Frequency
of citations or uses of a journal is governed by many factors such as availability, language and
country of publications, size and frequency of publication, coverage in secondary journals, the
reputation of the authors and so on.

In the present study ranking of the journals in the subject Agricultural Botany has been
prepared on the basis of total citation frequency received by each journal. The titles have been
arranged in decreasing order of the number of citations. List is given in the table no. 1 with
their rank and percentage of citations of contribution.

Table No. 1: Ranking of Cited Journals

5} [ L o
> >
S | x 55 § |E5| 5§
<15 Name of Journal Country s=2l & |S8B| 5%
&S| Z = o EX| ES
O 5} SO| S o
a O oo
1 1 The Ir!dlan Journal of Genetics and Plant India 210 | 831 | 210 | 831
Breeding
2 2 | Crop Science USA 113 | 447 | 323 | 12.78
3 3 Jou_rnal _01_‘ Maharashtra Agricultural India 110 | 435 | 433 | 1713
Universities
4 4 | Theoretical and Applied Genetics Germany 84 3.32 517 | 20.45
5 5 | The Madras Agricultural Journal India 76 3.01 593 | 23.46
6 6 | The Indian Journal of Agricultural Sciences India 64 2.53 657 | 25.99
7 7 Journal of the Indian Society for Cotton India 55 218 712 | 28.16
Improvement
8 8 | Genetics USA 46 1.82 | 758 | 29.98
9 9 | Agronomy Journal USA 45 1.78 803 | 31.76
10 | 10 Journal of Cotton Research and India a1 162 844 | 33.39
Development
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11 | 11 | Crop Improvement India 40 1.58 884 | 34.97
12 | 12 | Sorghum Newsletter India 38 1.50 922 | 36.47
13 | 13 Euphy_tica : Netherlands Journal of Plant Netherlands 37 1.46 959 | 37.94
Breeding
14 | 14 | Annals of Plant Physiology India 36 1.42 995 | 39.36
15 | 15 | Journal of Genetics India 35 1.38 | 1030 | 40.74
16 | 16 | The Indian Cotton Growing Review India 32 1.27 | 1062 | 42.01
17 | 16 | The Mysore Journal of Agricultural Sciences India 32 1.27 | 1094 | 43.28
18 | 17 | Current Science India 29 1.15 | 1123 | 44.42
19 | 18 | Genome Canada 27 1.07 | 1150 | 45.49
20 | 19 | Annals of Agricultural Research India 26 1.03 | 1176 | 46.52
21 | 19 ilfjj?nr:;[ Agricultural Universities Research India 26 103 | 1202 | 4755
22 | 20 | Coton et Fibres Tropicales France 24 0.95 | 1226 | 48.50
23 | 20 | Crop Research India 24 0.95 | 1250 | 49.45
24 | 20 | Indian Journal of Agricultural Research India 24 0.95 | 1274 | 50.40
25 | 20 | Legume Research An International Journal India 24 0.95 | 1298 | 51.34
26 | 21 | Indian Journal of Pulses Research India 23 0.91 | 1321 | 52.25
27 | 22 | Forage Research India 22 0.87 | 1343 | 53.13
28 | 23 | Indian Journal of Entomology India 21 0.83 | 1364 | 53.96
29 | 23 | Journal of Heredity USA 21 0.83 | 1385 | 54.79
30 | 24 | Indian Phytopathology India 20 0.79 | 1405 | 55.58
31 | 24 | Nucleic Acids Research UK 20 0.79 | 1425 | 56.37
32 | 25 | Heredity UK 19 0.75 | 1444 | 57.12
33 | 26 | Referativny Zhurnal Russia 17 0.67 | 1461 | 57.79
34 | 27 | Phytopathology USA 16 0.63 | 1477 | 58.43
35 | 28 | American Journal of Botany USA 15 0.59 | 1492 | 59.02
36 | 28 | Karnataka Journal of Agricultural Sciences India 15 0.59 | 1507 | 59.61
37 | 28 | Plant Breeding Germany 15 0.59 | 1522 | 60.21
38 | 28 | Plant Physiology USA 15 0.59 | 1537 | 60.80
39 | 29 | Cotton Development India 14 0.55 | 1551 | 61.35
40 | 30 Evqution: International Journal of Organic USA 13 051 | 1564 | 61.87
Evolution
41 | 30 | PKV Research Journal India 13 0.51 | 1577 | 62.38
42 | 30 | Plant Breeding Abstracts UK 13 0.51 | 1590 | 62.90
13 | 31 Bioj[echnologie, agronomie,société et Belgium 12 047 | 1602 | 63.37
environment
44 | 31 | Economic Botany USA 12 0.47 | 1614 | 63.84
45 | 31 International Sorghum and Millets India 12 047 | 1626 | 64.32
Newsletter
46 | 32 | Advances in Genetics USA 11 0.44 | 1637 | 64.75
47 | 32 International Chickpea and Pigeonpea India 11 044 | 1648 | 65.19
Newsletter
48 | 32 | The Journal of Agricultural Science UK 11 0.44 | 1659 | 65.63
49 | 33 | Advances in Plant Sciences India 10 0.40 | 1669 | 66.02
50 | 33 | Australian Journal of Agricultural Research Australia 10 0.40 | 1679 | 66.42
51 | 33 | Empire Cotton Growing Review UK 10 0.40 | 1689 | 66.81
52 | 33 Haryana Agricultural University Journal of India 10 040 | 1699 | 6721
Research
53 | 33 | Journal of Cotton Science USA 10 0.40 | 1709 | 67.60
54 | 33 | Nature UK 10 040 | 1719 | 68.00
55 | 33 | The Journal of Research ANGRAU India 10 040 | 1729 | 68.39
56 | 33 | Biometrics USA 10 040 | 1739 | 68.79
57 | 34 | China Cotton China 9 0.36 | 1748 | 69.15
58 | 34 | Cytologia Japan 9 0.36 | 1757 | 69.50
59 | 34 | Journal of Economic Entomology UK 9 0.36 | 1766 | 69.86
60 | 34 Proceedings of the National Academy of USA 9 036 | 1775 | 70.21

Sciences
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61 | 34 | SABRAO Journal of Breeding and Genetics Japan 9 0.36 | 1784 | 70.57
62 | 34 | The Pakistan Cotton Pakistan 9 0.36 | 1793 | 70.93
63 | 35 | Botanical Gazette USA 8 0.32 | 1801 | 71.24
64 | 35 | Indian Journal of Biotechnology India 8 0.32 | 1809 | 71.56
65 | 35 | Indian Journal of Plant Physiology India 8 0.32 | 1817 | 71.88
66 | 35 Jo_urnal of Plant Biochemistry and India 8 032 | 1825 | 72.19
Biotechnology
67 | 35 | Journal of Plant Biology South Korea 8 0.32 | 1833 | 72.51
68 | 35 | Textile Research Journal USA 8 0.32 | 1841 | 72.82
69 | 36 | Agronomy Abstracts USA 7 0.28 | 1848 | 73.10
70 | 36 | Genetic Resources and Crop Evolution Netherlands 7 0.28 | 1855 | 73.38
71 | 36 | Indian Journal of Heredity India 7 0.28 | 1862 | 73.66
72 | 36 | lranian Journal of Agricultural Sciences Iran 7 0.28 | 1869 | 73.93
73 | 36 | Journal of Agricultural Research Pakistan 7 0.28 | 1876 | 74.21
71 | 38 The_JournaI of t_he Australian Institute of Australia 7 028 | 1883 | 74.49
Agricultural Science
75 | 36 | 1T VNIl Selektsiii Russia 7 | 028 | 1890 | 74.76
semenovodkhlopchatnika
76 | 37 i)%rrlgglltural Science Digest-A Research India 6 024 | 1896 | 75.00
77 | 37 | Annual Review of Phytopathology USA 6 0.24 | 1902 | 75.24
78 | 37 Annual Review of_PIant Physiology and USA 6 024 | 1908 | 75.47
Plant Molecular Biology
79 | 37 | Australian Journal of Biological Sciences Australia 6 0.24 | 1914 | 75.71
80 | 37 | Indian Journal of Agricultural Sciences India 6 0.24 | 1920 | 75.95
81 | 37 Intgrnational Journal of Tropical Insect UK 6 024 | 1926 | 76.19
Science
82 | 37 | Jiangsu Journal of Agricultural Sciences China 6 0.24 | 1932 | 76.42
83 | 37 | Journal of Soils and Crops India 6 0.24 | 1938 | 76.66
84 | 37 | Maydica Italy 6 0.24 | 1944 | 76.90
85 | 37 | Plant Molecular Biology Reporter USA 6 0.24 | 1950 | 77.14
86 | 37 | Soybean Genetics Newsletter USA 6 0.24 | 1956 | 77.37
87 | 37 | The Andhra Agricultural Journal India 6 0.24 | 1962 | 77.61
88 | 36 | Acta Agronomica Sinica China 5 0.20 | 1967 | 77.81
89 | 36 | Agricultural Research Journal India 5 0.20 | 1972 | 78.01
90 | 36 | Australian Journal of Plant Physiology Australia 5 0.20 | 1977 | 78.20
91 | 36 | Dissertation Abstracts International USA 5 0.20 | 1982 | 78.40
92 | 36 | Journal of Entomological Research India 5 0.20 | 1987 | 78.60
93 | 36 | Journal of Food Science USA 5 0.20 | 1992 | 78.80
94 | 36 | Journal of Genetics and Breeding Italy 5 0.20 | 1997 | 79.00
Journal of Phytopatholo
9 | 36 :Phytopathologische Zeitschrift P ” Germany 5 0.20 | 2002 | 79.19
96 | 36 Jou_rnal _of Southwest Agricultural China 5 020 | 2007 | 79.39
University
97 | 36 Jour_nal of the American Oil Chemists' USA 5 020 | 2012 | 79.59
Society
98 | 36 | Molecular Breeding Netherlands 0.20 | 2017 | 79.79
99 | 36 Physiological and Molecular Plant UK 020 | 2022 | 79.98
Pathology
100 | 36 Phytop{arasitit_:a: Israel Journal of Plant Isracl 5 020 | 2027 | 80.18
Protection Sciences
101 | 36 | Plant Molecular Biology Netherlands 5 0.20 | 2032 | 80.38
102 | 36 | Science and Culture India 5 0.20 | 2037 | 80.58
103 | 36 | Scientia Agricultura Sinica China 5 0.20 | 2042 | 80.78
104 | 36 | Trends in Plant Science UK 5 0.20 | 2047 | 80.97
105 | 37 | Advances in Agronomy USA 4 0.16 | 2051 | 81.13
106 | 37 | Agricultural Research Journal of Kerala India 4 0.16 | 2055 | 81.29
107 | 37 | Agricultural Water Management Netherlands 4 0.16 | 2059 | 81.45
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Bragantia : boletim técnico dolnstituto .
108 | 37 Agr%némico do Estado de Sao Paulo Brazil 4 0.16 | 2063 | 8161
109 | g7 | Bulletin of The Lenin Academy of Russia 4 | 016 | 2067 | 8176
Agricultural Sciences
110 | 37 Cur(ent Researc_h Re_porter, Mahatma Phule India 4 016 | 2071 | 81.92
Agricultural University
111 | 37 | Egyptian Journal of Genetics and Cytology Egypt 4 0.16 | 2075 | 82.08
112 | 37 | Genetica Agraria Italy 4 0.16 | 2079 | 82.24
113 | 37 Indian Journal of Mycology and Plant India 4 016 | 2083 | 82.40
Pathology
114 | 37 | Indian Journal of Plant Protection India 4 0.16 | 2087 | 82.56
115 | 37 | Information Bulletin, ICRISAT India 4 0.16 | 2091 | 82.71
116 | 37 | Plant Archives India 4 0.16 | 2095 | 82.87
117 | 37 | Plant Disease USA 4 0.16 | 2099 | 83.03
118 | 37 | Plant Foods For Human Nutrition Netherlands 4 0.16 | 2103 | 83.19
119 | 37 | Plant Systematics and Evolution Austria 4 0.16 | 2107 | 83.35
120 | 37 | Plant, Cell and Environment UK 4 0.16 | 2111 | 83.50
121 | 37 Rheedgaf Official Jo_urnal of Indian India 4 016 | 2115 | 83.66
Association for Angiosperm Taxonomy
122 | 37 | Scientific American USA 4 0.16 | 2119 | 83.82
123 | 37 | Soybean Science China 4 0.16 | 2123 | 83.98
124 | 37 | Stain Technology USA 4 0.16 | 2127 | 84.14
125 | 37 | The Annals of Applied Biology UK 4 0.16 | 2131 | 84.30
126 | 37 | Thesis Abstracts India 4 0.16 | 2135 | 84.45
127 | 37 | Tropical Agriculture Trinidad and 4 0.16 | 2139 | 84.61
Tobago
128 | 38 | 38 Journals having three citations each 114 | 451 | 2253 | 89.12
129 | 39 | 55 Journals having two citations each 110 | 4.35 | 2363 | 93.47
130 | 40 | 165 Journals having one citation each 165 6.53 | 2528 | 100.00
Total | 2528 | 100.00 | 2528 | 100.00

Rank list of journals, presented in the table no. 1. From the study it is revealed that total
385 journals have been cited by the researchers during their study.

From the analysis of above table it is found that “The Indian Journal of Genetics and
Plant Breeding” (India) is a highly cited journal with 210 (8.31%) citations. “Crop Science”
(USA) ranked second in the table with 113 (4.47%) citations while “Journal of Maharashtra
Agricultural Universities” (India) occupied third rank with 110 (4.35%) citations.

On the basis of ranked list of cited journals, core journals are identified. From the above
table it is found that first 10 ranked journals contribute 844 (33.39%) citations. The first 10
journals satisfying 1/3™ needs of the users. Hence, these journals can be considered as core
journals in the subject Agricultural Botany.

Application of Bradford’s Law of Scattering

Bradford’s law of scattering states that “If scientific periodicals are arranged in the
order of decreasing productivity of articles on a given subject, they may be divided into the
nucleus of periodicals most particularly devoted to the subject and several groups or zones
containing the same number of articles as the nucleus where the number of periodicals in the
nucleus and succeeding zones will be as 1: n: n?. (Bradford S. C., 1934)

Where 1 represents the number of journals in the nucleus and ‘n’ is multiplier.

The data obtained in the study has been presented in table no. 1 A to test the verbal
formulation of Bradford’s law of scattering; citations have been divided into three zones of
almost equal number.

Table No. 1 A: Scattering of Journals and Citations over Bradford’s Zone

Sr. No. Zones No. of Journals No. of Citations
1 Core Zone 10 (2.60%) 844 (33.39%)
2 Zone 1 41 (10.65%) 845 (33.43%)
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3 Zone 2 334 (86.75%) 839 (33.19%)

Total 385 (100%) 2528 (100%0)

According to Bradford’s Law, in a descending series of journals relevant to a given
topic three zones can be marked of such that each zone produces 1/3" of total citations and the
number of periodicals in each zone should be in 1: n: n?

In the present study, there are 2528 citations, one-third of which is 842.67 in each zone.
First 844 citations are produced by 10 journals; next 41 journals have 845 citations and in the
last zone 334 journals cover 839 citations.

Hence, the journal distribution as per Bradford’s Law reveals the ratio as

10: 41: 334::1: n: n2

Here 10 represent the number of journals in the nucleus and n=4.1 is a Bradford’s
multiplier. The Bradford’s multiplier factor was arrived at by dividing journal of a zone by its
preceding zone. Bradford multiplier is expressed as the ratio of a number of journals in any
group to the number of journals in any immediately preceding group.

Therefore

1x10:4.1x10: (4.1)>x 10 x 1.99

10:41: 168.1 x 1.99

10: 41: 334.52

Bradford’s Law of Scattering should be 1: 4.1: (4.1)?= 1: n: n?

But in the present analysis, Bradford’s law is in the following form
1: 4.1: (4.1)> x 1.99 is not equal to 1: n: n?.

Table no. 1A and mathematical analysis shows that there are 10 (2.6%) journals in
nucleus zone. The first zone is represented by 46 (10.65%) journals and last zone is represented
by 334 (86.75%) journals.

It is evident from the above ratio that the number of journals titles in each zone is not
increasing geometrically. Hence it is concluded that the dispersion of journals titles in
Agricultural Botany does not satisfy the verbal formulation of Bradford’s Law of Scattering.
For more confirmation of this law we can apply one more law i.e., Leimkuhler Model.
Application of Leimkuhler Model

For the application of Bradford’s Law, the citation distribution is divided into three or
more equal zones (p) since Bradford assumes that there should be minimum three zones, here
also p is assumed to be 3. Then by using the mathematical formula.
k= (€ X ym) *P
Where: ¥ = (1.781) Euler Number
ym= 1% rank journal citations = 210
p = p is number of zones i.e. 3
k =(1.781 x 210)
=(374.01)
=7.20

yo—;

Where: yo = No. of citations in each zone.
A = No. of Citations
p = No. of Zones

A 2528
Yo=—=——=2842.67
p 3
Using k we can calculate different Bradford’s groups. Number of journals in the core/

nucleus zone can be calculated with the help of following formula
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T (k-1)

fo=——5—

(kP-1)

Where: ro = No. of Journals

T = Total number of journals
. 385 (7.20-1)

“lo= 7 20%)

=6.41
Different Bradford’s zone can be obtained using the value of k and ro
Nucleus Zone =r,=rox1=6.41x1=6.41
First Zone =r1=rox k=6.41x 7.20 = 46.15
Second Zone =12 =rox k?=6.41 x (7.20)2=332.29
6.41 x 1: 6.41 x 7.20: 6.41 x (7.20)?
6.41: 46.15: 332.29 = 384.85

The Bradford groups thus were shown in following table.

Table No. 1 B: Using Leimkuhler Model, Bradford's Zone and Number of Journals

Sr. No. Zones No. of Journals No. of Citations
1 Core Zone 7 (1.82%) 712 (28.16%)
2 Zone 1 46 (11.95%) 997 (39.44%)
3 Zone 2 332 (86.23%) 819 (32.40%)
Total 385 (100%0) 2528 (100%0)

Above table indicates that the number of journals in the core zone is 7 with 712
citations, which falls short by 130 citations with a deviation of -15.51%. In the Zone 1, the
number of citations crosses the limit by 155 citations indicating a deviation of +18.4%. Only
the Zone 2 comes close to the expected number. With such a deviation ranging from -15% to
+18% we cannot say the present data set follows the Bradford’s Law even with Leimkuhler
formulation. Bradford’s Law straightforwardly underlines the fact that each zone should have
same number of articles. A slight variation in the number of articles, say up to four or five per
cent may be acceptable.

Hence, it is concluded that the present data set does not fit into Bradford’s Law of
Scattering.

Graphical Formulation

Bradford’s Bibliograph for present study have been plotted taking the cumulative
number of citations on the Y- axis and cumulative number of journal titles on the X- axis. From
the figure no. 1 it is found that data in the present study have an initial raising curve and
followed by linearity.
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Figure No. 1: Bradford’s Bibliograph
Conclusion

Bradford's law is not only about quantitative issues but also about qualitative issues.
The most productive journals on a subject are also the best journals and thus the journals that
should be selected by libraries and users. Bradford's law is not claiming that scattering is the
same from one subject to another. Bradford's law has been regarded as identical with other
bibliometric laws and also with laws in quite different domains. The journal usage pattern as
reflected through neither doctoral dissertations in Agricultural Botany does not satisfy verbal
nor the graphical formulation of the Bradford’s Law of scattering. This may be due to the heavy
concentration of citations in a few journals. The productivity of journals in Agricultural Botany
shows the concentration of more number of citations in a few journals.
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Abstract :

Technology has become the integral part of our lives today. Our day to day routine are
governed by the need to stay connected to the world through technology. Now-a-days younger
generation no longer want to visit the library personally for a few hours of quiet reading.
Instead, they want a quick and technology-based solution to everything. In this digital and
virtual era, information seeking behaviour is constantly changing and the younger generations
need to be drawn in through newer, more interesting means. This applies equally to the use of
the library. The field of library and information science (LIS) is constantly changing with new
trends and technological innovations. Latest trends in library and information science includes
the use of ICT for library resources and services, the use of e-resources, use of library blogs,
use of social media(Social Networking), cloud computing, RFID Implementation, Internet of
Things, Artificial Intelligence, Mobile-Based Library Services and Intelligent Library Search
& Federated Search. Earlier, the libraries were offers manual information resources and
services to its users but now the libraries have had to force to shift from the traditional library
operations to the automated operations with latest state-of-art infrastructure. The impacts of
emerging technologies have been felt by the libraries in every aspect of its resources and
services. Technology has made wide impact on collection building, technical activities,
budgetary provisions, manpower development and the way of providing important library
services. These latest trends in LIS demonstrate the field's continued evolution in response to
changing user needs and technological advancements. The paper discusses various latest trends
and their uses in Library and Information science.

Introduction :

Libraries have been an important part of societies for centuries, serving as repositories
of knowledge and providing access to information and resources. Historically, fundamental
aim of libraries was to formulate a philosophy of intellectual freedom and to provide access to
print information. Today’s Libraries attempt to meet the need of diverse and complex group of
user, who have wide-ranging interest and complex set of demands. With the advent of computer
and Internet based technology, libraries have undergone significant changes in the way they
operate and provide services. One of the most significant impacts of internet and technology
on libraries is that they have adopted the digitalization of their resources. This has given access
to information and resources, allowing users to access materials from anywhere in the world at
any time. In addition, digital collections can be easily searched and organized, making it easier
for users to find the information they need. Libraries now offer a range of online services, such
as online catalogues, e-book lending, and online reference services. These services provide
users with greater flexibility and convenience, allowing them to access library resources from
their homes or workplaces.

Technology enabled libraries manage their collections and resources in a better way. Libraries
can now use sophisticated library management systems to track and organize their collections,
making it easier to manage and retrieve information. In addition, libraries can use data analytics
to understand how their resources are being used and to make informed decisions about
resource allocation and collection development. Hence we can say that libraries are adopting
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changes with the transformation in the outer world and try to reach and satisfy its users in all
possible ways. The paper discusses the latest trends in Library and Information services.
Some new innovations used in libraries and information services:

1. ICT-based resources and services:

Internet Access:

The library provides free or controlled internet and email. Depending on availability,
the time during which the user can use the network area may be provided. Libraries often
require visitors to access the Internet and send e-mails, etc.

Sharing Resources:

The "giving" and "using" of resources means that libraries should be prepared to allow
other libraries to use your resources, and therefore you should use them too.
Inquiry Services:

Asynchronous tools such as email, topic gateways, FAQs, and e-libraries, as well as
interactive tools such as chat rooms, virtual help desks, and Ask Me, are replacing traditional
mail, phone, or online methods . User questions.

Bibliographic Services:

The compilation of bibliographies, reading lists and current reports is an important part
of the LIS' work, especially in research and academic libraries. Searching for guides and
definitions is difficult and time-consuming and does not necessarily produce new results.
CDROM or online files are provided in electronic format, enabling easy, efficient and cost-
effective data retrieval. Electronic databases also have special search capabilities, such as
searching by various criteria (keyword, subject, author, location, classification number, ad year,
messages, etc.) and different images and types.

Web OPAC:

OPAC (Online Public Access Catalog) should be placed on library pages. This should
be a live book and available on web/mobile/tab etc. It should be accessible via . This page will
contain new books displayed on the screen (must have pictures of the books). Users can easily
search and find out whether a particular book is available in the library. In this case, if the book
is already published, people need to pre-order it online. The system itself can send SMS/e-mail
alerts if documents are returned to the library. An online demonstration can be embedded on
the website to assist users in searching the library catalogue. Online research can be added to
the display.

Virtual Reference Services:

It may be a good idea to join virtual reference services. The "Ask the Librarian" concept
will be implemented so that children can quickly access the information they need by
interacting with the librarian anywhere via mobile/tablet/laptop/desktop.

Library Infrastructure:

Existing assets should be reviewed and assessment made through appropriate
procedures, including the allocation of funds required to deliver new services.
Collection Development:

Acquiring appropriate digital/physical collections is important. A working group can
be formed to decide on the model of the new service.
2. Electronic Resource Management:

Files containing information and/or computer programs that are encoded and made
available through the use of peripheral devices directly to the computer (such as CD-ROM
drives) or by reading and processing them remotely through a network Devices such as the
Internet are called electronic devices. This category includes software applications. Electronic
books, references, databases, websites, e-books, electronic journals collect information on the
Internet. ETC. Public services that are not free to the public often require licensing and
certification.
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The following are some of the key features of the ERM library:

» Selection and acquisition: ERM begins with the selection and acquisition of electronic
resources that may be appropriate to the library's mission and objectives. Selection criteria will
include workspace, quality, accessibility and cost. * Licensing and contract management:
Libraries must negotiate and manage licenses and contracts with electronic vendors and
suppliers. License and agreement description. Terms and conditions of use, including usage
and legal rights.

* Access Control: Access control allows users to access electronic devices easily and
safely. It includes setting up and maintaining authentication, enabling remote access, and
troubleshooting access issues.

* cataloguing and metadata management: cataloguing and metadata management
involves creating metadata files that describe electronic resources and making them
discoverable through library catalogs and discovery tools.

» Usage statistics and metrics: Usage statistics and metrics
give users a deeper understanding of energy use. It helps libraries make informed decisions
about renovations, disposals and future acquisitions.

» Renewal and Cancellation: Libraries must renew or cancel licenses and agreements
based on:
3.Blog :

The website will have links to blogs that users have written after reading books in the
online library. There should be someone in the library who can help children with this. The
regular involvement of qualified librarians will attract the attention of young people. Users can
interact with each other and discuss specific books through this blog.

4. Social Media (Social Network) :

Social media is a social structure that allows users to interact and collaborate with other
users, including the ability to browse, search, and invite friends to connect and interact with
the online world. Considering that the value or capacity of libraries in the information field is
being questioned, social software in the Web 2.0 world not only increases the physical usability
of libraries, but also helps reduce the costs of adding to their work.

5. Cloud Computing :

Libraries around the world are using cloud computing to make library services easier
and more affordable. This library management plays an important role in the development of
digital libraries or knowledge bases. Cloud computing also uses library resources,
infrastructure, human resources, etc. also benefits. Additionally, technology is used for library
automation and rapid data retrieval. Additionally, in digital libraries, cloud computing enables
third-party services to manage servers, perform upgrades, and create backups.

Here are some of the ways libraries use cloud computing:

» Storage and backup: Cloud computing provides libraries with a secure and reliable
backup solution. Libraries can use cloud-based solutions such as Google Drive or Dropbox to
store digital manuscripts, archives, and other documents.

» Library management systems: Cloud-based library management services (such as
Retrieval and World Share Management Services) allow libraries to manage their collections,
distributions, listings, and purchases via web chat. Cloud-based library management systems
provide libraries with greater flexibility, scalability and accessibility than traditional systems.

* Digital storage: cloud computing can be used for digital storage, including the storage
of digital documents and digital devices. Cloud-based digital preservation systems such as
Preservica and Rosetta provide libraries with secure, long-term storage.

* Virtual tools and collaboration: Cloud computing provides libraries with virtual
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Tools and collaboration tools such as chatbots, video conferencing, and collaboration tools
such as Google Docs and Trello. These tools allow libraries to deliver services remotely,
facilitate staff collaboration, and increase user engagement.

« Data analysis and visualization: Cloud-based data analysis and visualization tools
such as Tableau and Google Analytics enable libraries to analyze and visualize data about their
collections, usage, and users. This provides libraries with information to help them make
decisions and improve services.

6. Internet of Things :

The integration of library software and LMS/LMS software already uses the Internet of
Things (10T) to deliver information without human intervention. Libraries use 10T to manage
inventory, prevent theft, and identify users. It also helps to improve the quality and speed of
work at the table. Additionally, 10T accelerates detection and prevention of private books,
library fires, and e-library services.

Here are some examples of how 10T technology is being used in libraries:

» Smart lighting and climate control: IoT sensors can be used to monitor and improve
lighting and climate control in libraries, increasing energy efficiency and improving the library.
lighting and climate control. User experience.

» Asset tracking: It sensors can be used to track library assets such as books, notebooks,
and
other materials. This allows libraries to manage collections more efficiently and improve users'
access to information.

* Environmental monitoring: It sensors can be used to monitor the environment such as
temperature and humidity in library storage areas. This will help preserve the collection and
reduce the risk of harm to the environment.

» User tracking: IT sensors can be used to track user behaviour in the library, allowing
libraries to gain a deeper understanding of user needs and preferences. This information can be
used to improve library services and adapt the collection to meet users' needs.

 Automatic check-in and check-out: 10T technology can be used to streamline the
library's check-in and check-out process, making it faster and easier for users to borrow and
return documents.

7. Big data and data visualization :

Big data and data visualization is the process of presenting big data through tables,
charts, maps and any other form found. This allows the human brain to understand more data
and makes it easier to spot trends, patterns, and outliers in large data sets. These technologies
have helped digital libraries become more global while accessing more information. It makes
the library easier for readers to access useful information.

8. Artificial Intelligence :

Artificial Intelligence (Al) uses the power of robots or computers to perform tasks
usually performed by humans. The most common use of artificial intelligence in libraries is
chatbots that receive and solve questions from users. They can inform users about book
delivery times, direct users to relevant libraries and make appointments.

9. Mobile Based Library Services :

Libraries can offer new services and faster access to collections with mobile services
such as SMS and WhatsApp. It also includes the Learning Management System (LMS), a
software application that provides a framework for handling all aspects of the learning process
and tracking educational content.

10. Smart Library Search and Federated Search :

Federate Search and Smart Library Search are technologies that collect information
from many different sources through federal searches using a single question and a search.
Technology contributes to a large library in the rapid collection of information and it makes
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for a bad combination. Libraries also use technology for descriptive cataloging, content
analysis, information search and collection development.

11. Digital Display:

Here are some uses for digital display in libraries:

* Posters: Digital screens can be used to announce upcoming events, discussions, and
other library events.

» Support: Digital images can be used to support library services, resources and
collections.

» Book Guide: Digital images are available to showcase new books, staff picks, and
other special items.

* Information: Digital images may be used to provide information about library policies,
procedures and services.

* Interactive: Digital images can be used to create interactive materials, quizzes, and
other activities to promote library products and services.

» Virtual exhibitions: Digital displays can be used to create virtual exhibitions
showcasing special collections and archives.

Conclusion:

Technology has undoubtedly made our lives easier. Libraries are not the same as they
were ten years ago. Modern university and corporate library software provides easy access to
the latest technology in your library. The information revolution has brought many new ways
to deliver services using new technologies, which will automatically lead to new acquisitions
for libraries to fill the gap. Modern issues and new technologies create challenges not only for
librarians and information professionals, but also for the community of patrons, users,
researchers, and publishers. In fact, a new environment brings with it many unprecedented
features and methods, and the interesting thing is that if we know how to make the most of it,
we will see that there are many ways and most of them are free. . New technologies offer
libraries a unique opportunity in the digital age to improve customer service and facilitate
collaboration between libraries and their users. Complying with some of these standards and
using some web technologies can increase the reputation and position of the library in society.
Some of these may be successful in attracting new users to the library, some may help retain
existing members, or make the library more important as a cultural center and give history to
its city and schools. These new services and these constant changes have the potential to make
libraries more interesting, relevant and accessible. However, the approach, use and content of
libraries will continue to change.
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Abstract:

Technological development has brought a dramatic change in every field. These
changes also impacted to the libraries. Information technology impacted positively on library
and information system and services they provide for users. Cloud Computing has lot of
applications in Academic Libraries which is described in detail in this paper. Libraries are
updating towards cloud computing technology for upgrading digital libraries. Cloud computing
comes in several different forms. In order to minimize the cost and avoid duplication of
resources, infrastructure, software, hardware, manpower use of emerging technologies like
server virtualization and cloud computing in libraries are increasing. This article provides brief
information about the basic concept of cloud computing and how its enhanced to the academic
library services.

Introduction:

Today we are living in the age of information technology. Information technology plays
very vital role in library science i.e. for collection, Storage, organization, processing, and
analysis of information. Library filed facing many challenges in the profession due to
applications of information technology.Cloud computing is the technology of computing,
which is totally based on internet media. Using internet technology many servers shares
resources in terms of offering common platform for the use of software applications, different
resources including information, networking computer and devices which are attached on
request with the control of electricity grid. Technologies such as cluster, grid, and now, cloud
computing, have all geared toward permitting access to massive amounts of computing power
in a very totally virtualized manner by aggregating resources and offering a single system view.
Utility computing describes a business model for on-demand delivery of computing power;
consumers pay providers based on usage (“payas-yougo”), the same as the means within which
we have a tendency to presently get services from traditional public utility services such as
water, electricity, gas, and telephony.

What is cloud computing?

The cloud image is often accustomed represent the web.. Cloud computing is
now commonly used to describe the delivery of software, infrastructure and storage services
over the web. Users of the cloud will like different organizations delivering services related to
their information. software and other computing needs on their behalf, without the need to own
or run the standard physical hardware (such as servers) and software (such as email)
themselves. Cloud computing is that future stage inside the evolution of the cyberspace , it
provides the means through which everything — from computing power to computing
infrastructure, applications and business processes---are often delivered to you as a service
where and whenever you need them.

Definition Cloud Computing:

The Greek myths tell of creatures plucked from the surface of the Earth enshrined
as constellations in the night sky. Something similar is happening today in the world of
computing. Data and programs are being swept up from desktop PCs and corporate server
rooms and installed in “the compute cloud”. In general, there is a shift in the geography of
computation. What is cloud computing exactly? As a beginning here is a definition
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“An emerging computer paradigm where data and services reside in massively scalable data
centers in the cloud and can be accessed from any connected devices over the internet”

Like other definitions of topics like these, an understanding of the term cloud
computing requires an understanding of various other terms which are closely related to this.
While there is a lack of precise scientific definitions for many of these terms, general definitions
can be given. Cloud computing is an emerging paradigm in the computer industry where the
Computing is moved to a cloud of computers. It has become one of the buzz words of the
industry. The core concept of cloud computing is, quite simply, that the vast Computing
resources that we need will reside somewhere out there in the cloud of Computers and we’ll
connect to them and use them as and when needed.

Characteristics Of Cloud Computing

> Resources are shared among users. It works very fast in the distributed computing
environment.
It ensures "on-demand" provision of resources, without having engineers for peak
loads.
By sharing common infrastructure, it ensures to work efficiently with multiple users
and multiple applications. It reduces the cost of services.
It is the characteristic of Cloud computing that users can access it from any corner of
the world simply through the internet connection because the infrastructure is provided
by a third-party.
These applications are easy to maintain as compared to individual applications, since
they are installed on a common platform and can be accessed from different places.
There are minimum chances of infrastructure failure, so servers are more reliable and
highly available.
As the company need not to set its own infrastructure, so there are cost reductions
through pay-as-per usage of resources.
User can access services by using Application Programming Interfaces (APIs) on the
cloud and pay as per the usage.
Types of Cloud Computing :
Infrastructure as a service (laaS)

» Most basic cloud service model

> Providers offers computers, as physical or virtual machines, block storage, firewalls,

load balancers, like switches and routers, and networks
» Users install OS and application software
» User responsible for patching and maintaining the operating systems and application
software
Benefits: On-demand Self-Service, Broad network access, Measured Service, etc.

YV VYV VvV
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Platform as a Service (PaaS)

» Offers operating system, programming language execution environment, database and
web server

» Provides for every phase of software development and testing

> No need to buy and manage the underlying hardware and software layers by the
customer

» Can be specialized around a particular area like content management

Benefits:Weneednottoinvestinphysicalinfrastructure,andTeamsinvariouslocationscanwork

together:Itoffers;Security, Adaptability,etc

Software as a Service (SaaS)
» Delivery model in which software and associated data are centrally hosted on the cloud
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» Cloud infrastructure and platform on which the application is running is managed by a
service provider
» Based on multi-tenancy architecture
» Cloud providers install and operate application software in the cloud and cloud users
access the software from cloud clients

Benefits:Noadditionalhardwarecosts,payforwhatyouuse, AutomatedUpdates,Accessiblefro

manylocation.
Application of Cloud Computing in Libraries

Cloud computing is a popular and critical phenomenon in the provision of library and

information services in advanced countries. Here comes the imperatives of the application of
computer technology (cloud computing), hardwares and softwares as done in advanced
countries to critical aspects of library services and guaranteeing the security and stability of
data stored in various remotely connected computers. Critical areas of library services
amendable to cloud computing include;
Computing E-books Lending Services: Cloud platform is popular and workable in lending
in e-books and other electronic book format information resources. It makes information
resources to get to users instantly.
Union/Share Cataloguing/OPAC: Networking libraries have the privilege of using the same
platform in giving access to their collection on one platform. Through cloud computing
creation of union catalogue and information resource sharing becomes very easy.
Digital Preservation/Scanning Service: Digitization and scanning work with cloud
computing is done centrally to avoid duplication and save time. With this cloud service libraries
can preserve their collection in digital form in the form of archives.
Article Delivery Service: Libraries can use cloud computing for article delivery service to
their patrons. Publishers are already using this technology for providing access to libraries for
online acquisition transactions.
Current Awareness Service (CAS):To provide current awareness service to all patrons has
become easy with cloud computing.
Bulletin Board Service: The application of cloud computing technology in libraries is
amendable in using it to provide new services on bulletin board.
Information Common: Like the bulletin board, information common is a kind of display of
some aspects of information resources using cloud computing service. Libraries have the
opportunity of displaying bibliographical data, content pages, cover pages, question papers,
syllabus and other reading materials on one platform. It is cost effective and makes libraries
avoid duplication of purchase.
Collection Development: Cloud computing is used for collection development. Duplication is
easily avoided and alternate resources can be located and made accessible to patrons. 18
File Sharing: To share various files in electronic form is easy with cloud computing.
Information Delivery: Cloud provides a platform to store all information that one can access
anytime from anywhere. Information searching and delivery becomes easy and timely and it is
very useful for researchers.
E-learning: In the E-learning environment, cloud computing is a boom. Cloud computing
makes learning worthwhile for students. Study materials are kept on the cloud for easy
accessibility to students for reference purpose and online examination can also be conducted.
Discussions and revisions can be done at a time from different places.

Information Literacy and Orientation: Cloud computing has made it feasible and possible
for libraries to conduct information literacy and orientation courses for students. This is made
realizable because tutorials are kept in the cloud for users to access.

Cloud Computing Services
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There are various services those which can offered in cloud computing to the academic libraries
are as under:
» Serial Solutions: In cloud computing environment, serial solutions can be easily
managed.
» Delivery Customized services: It is only due to cloud computing which focused on
delivery customized services.
» Open Infrastructure (e.g. amazon, EC2): In cloud computing environment, open
infrastructure is the major advantage.
» Publishing (e.g. Wordpress.com, twitter, You tube): Publishing becomes easy due to
cloud computing environment.
> Integrated library Systems: It is only due to cloud computing, Integrated Library
Systems can be possible.
Digital asset management: Digital asset management can be possible only due to cloud
computing.
Electronic resource Management Systems: We can perform Electronic resource
management Systems.
Web-based management Systems: Web-based management systems can be formulated
due to cloud computing.
OCLC based ILS services: OCLC based ILS services can be provided in the cloud
computing environment.
Circulation, acquisition, cataloguing, search: Maximum Library operations can be
performed in cloud computing environment
Cloud based services, data collaboration e.g. Lockss: Cloud based services and data
collaboration can be done in cloud based environment.
Advantages/ Disadvantages of Cloud Computing:
Advantages
Cloud-based computer code offers corporations from all sectors variety of advatages, including
the ability to use software from any device either via a native app or a browser. As a result,
users can carry their files and settings over to other devices in a completely seamless manner.
Cloud computing is way quite simply accessing files on multiple devices. Thanks to cloud
computing services, users can check their email on any computer and even store files using
services such as Dropbox and Google Drive. Cloud computing services also make it possible
for users to backup their music, files, and photos, ensuring those files are immediately available
in the event of a hard drive crash.
It also offers big businesses huge cost-saving potential. Before the cloud became a viable
various, companies were required to purchase, construct, and maintain costly information
management technology and infrastructure. Companies will swap expensive server centers and
IT departments for quick net connections, where employees interact with the cloud online to
complete their tasks. The cloud structure permits peoples to save lots of cupboard space on
their desktops or laptops.
It conjointly lets users upgrade computer code additional quickly as a result of computer code
corporations offers their products via the online instead through additional ancient, tangible
methods involving discs or flash drives. For example, Adobe customers can access applications
in its Creative Suite through an Internet-based subscription. This allows users to transfer new
versions and fixes to their programs simply.
Disadvantages
With all of the speed, efficiencies, and innovations associate with cloud computing, there
square measure naturally risks. Security has continuously been a giant concern with the cloud
particularly once it comes to sensitive medical records and financial information. While rules
force cloud computing services to shore their security and compliance measures, it remains
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associate degree in progress issue. Encryption protects important info, but if that encryption
key is lost, the data disappears
Servers maintained by cloud computing firms could fall victim to natural disasters, internal
bugs, and power outages, too. The geographical reach of cloud computing cuts each ways: A
blackout in golden state may paralyze users in New York, and a firm in Texas could lose its
data if something causes its Maine-based provider to crash
Digital Librarian
The manpower required for cloud computing deployment is minimal. Probably, two personnel
skillful on IT having good knowledge relating to system installation, networking and Internet
management are good prerequisite for managing the Server/Thin client workstations and
wireless access points. The roles of the IT personnel spans from authentication, authorization,
access (AAA) control and monitoring of the usage flows. Even though open access is the
custom of library’s information dissemination tag, it is however, necessary to institutionalize
element of control on the use of library resources, in order to optimise use, facilitate access and
guard against misuse.
Role of Cloud Librarian
To provide inter library loan facility
To track usage record of cloud resources
To develop digital collection
To keep record of physical resources to of or providing referral service
Tomaintainownvirtualprofilebycreatinghisorherblogorsocialnetworkprofiletointeractw
iththeuser. Thesameplatformcanbeusedforprovidingreferenceservicesandeducatingtheu
sersoncloudresourcesorhowtousetheCloudinfrastructure.

» usehisorherstrategicplanninganddecisionmakingabilityatdifferentstagesofdevelopinga

Cloudlibrary

Conclusion:

Concluding it can be said that the library services becomes very easy to perform
due to Cloud Computing. Cloud computing is already part of everyday lives of everybody.
Integrating libraries into the cloud computing technology will definitely transform library into
smart library Cloud based Library is now the world emerging eSmart Library category. Cloud
Computing helps libraries to deliver its resources, services and expertise at the point of need,
within user workflows and in a manner that users want and understand. It should free libraries
from managing technology; so more focus is on collection building, improved services and
innovation. The cloud computing model will encourage libraries and their users to participate
in a network and community of libraries by enabling them to reuse information and socialize
around information. This technology can also build a dominant, unified presence for libraries
on the Web and give users a local, group and global reach. In addition to it, due to financial
crunch and lack of technical expertise, cloud computing becomes more relevant in the modern
environment of Information and Communication Technology.

References:

1. Gosavi, Nandkishore. (2012). Application of Cloud computing in Library and Information science
field. International journal of Digital library services 2(3), 51-60.

2. Kaushik, A. and Kumar, A. (2013). Applications of Cloud computing in Libraries. International
Journal of Information Dissemination and Technology, 3(4), 270-273.

YVVYVYVYV

3. Liu, C., Zhao, X.M. & Liu, Y. (2013). Building of cloud computing in university employment
information library. Journal of Convergence Information Technology, 8(6), 434-441.

4. Naik, S.D. and Dahibhate, N.B. (2012). Applications of Cloud Computing in libraries and
Information Centres. Journal of Library Management 1(1), 35-47.

5. Proffitt, A. Pharma’s Early Cloud Adopters. BiolT World, November/December 2009, pp.31-32.

6. Farber, R. Cloud Computing: Pie in the Sky? ScientificComputing.com, November/December 2009

46



National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

7. Davies, K. Amylin, Amazon, and the Cloud. BiolT World, November/December 2009, pp. 35, 42.

8. Davies, K. The “C” Word. BioIT World, November/December 2009, pp. 24-26, 42.

9. Davies, K. Cycle Computing’s Tour de Cloud. BioIT World, November/December 2009, pp.28-29.

10. Mullin, R. The New Computing Pioneers. Chem. Eng. News 2009, 87(21), 10-14.

11. Schepers F. Security in Cloud Computing. IBM Tivoli Internet Security Systems; 2010.

12. Hurwitz J, Kaufman M, Bloor R. Cloud Computing for Dummies. Wiley Publishing, Inc.; 2010.

13. NIST. The NIST Definition of Cloud Computing. 2012. Available at
http://csrc.nist.gov/publications/nistpubs/800-145/SP800-145.pdf.

14. Buyya R, et al. Cloud Computing and Emerging IT Platforms: Vision, Hype, and Reality for
Delivering Computing as the 5th Utility. Future Gener Comput Syst. 2009; 25(6): 599-616p.

15. Santhisri K, Lakshmi PRSM. Comparative Study on Various Security Algorithms in Cloud
Computing. Recent Trends in Programming Languages. Jan-Apr 2015; 2(1): 1-6p.

16. Christy, Pettey & Forsling, Carina. (2009).Gartner highlights five attributes of cloud

computing. Available at http://www.gartner.com/it/page.jsp?id=1035013

17. Buyya, R. et al. (2009). Cloud computing and emerging IT platforms: Vision, hype,

and reality for delivering computing as the 5th utility. Future Generation Computer

Systems, 25, 599-616.

18. Lewis, G.(2010).Basics about Cloud Computing. Available at
http://www.sei.cmu.edu/library/abstracts/whitepapers/ cloudcomputingbasics.cfm

19. Abidi, Faiz & Abidi, Hasan Jamal.(2012).Cloud Libraries: A novel application for

Cloud computing. International Journal of Cloud Computing& Services Science, 1(3),

79-83.

20. Luo, Lili (2013): Reference Librarians’ Adoption of Cloud Computing Technologies:

An Exploratory Study, Internet Reference Services, 17(3/4), 147-166

21. OCLC Web Scale. Available at https://www.oclc.org/en/worldshare-managementservices.

html

22. Ex-Libris Cloud. Available at http://www.exlibrisgroup.com/?catid=%7B59F429AD-

2906-4C4F-A277-D8132DA0C49D% 7D

23. Duraspace Cloud. Available at http://duraspace.org/about-duraspace-cloud-services OSSLabs.
Available at http://www.osslabs.biz/

25. 13.Kaushik, A. & Kumar, A. (2013). Application of cloud computing in libraries. International
Journal of Information Dissemination and Technology, 3(4), 270-273.

25. Goldner, Matt & Birch, Katie (2012) Resource sharing in a cloud computing age. Interlending &
Document Supply. 40(1), 4-11.

47


http://www.sei.cmu.edu/library/abstracts/whitepapers/
http://duraspace.org/about-duraspace-cloud-services

National Conference on "Recent Advancements in Science & Technology" ISBN : 978-81-19931-25-5

10

Impact of Information Technology on Collection Development of
CollegeL.ibraries and Its Challenges

Dr. Gajanan B. Ghayal
Librarian, Smt. Sindhutai Jadhao Arts & Science Mahavidyalaya, Mehkar.
Dist. Buldana 443301. Maharashtra)

Abstract

All library services rely on collection development. A library cannot serve its users in the
information age unless it has the requisite collections of both printed and unprinted items, as
wellas adequate library staff. During her research, the researcher discovered that library
professionalsconfront challenges in creating collections due to the impact of IT, a lack of
supportive roles of authority, a lack of funds/grants, infrastructure, and proper staff. There is
currently no sufficient policy for information technology adoption in College Libraries, and
librarians are unable to integrate new technologies responsibly in their libraries. The
researcher overviewed the impact of IT on collection development in college libraries as well
as challenges faced by them.

1. Introduction

The underlying attitude of mankind launched the concept of knowledge preservation,
andthis concept of preservation gave rise to the concept of library. Knowledge has been
regarded asa source of power since the birth of civilization. Libraries are the repository of this
power manifested in books and other reading materials. The traditional function of libraries
was to collect, process, disseminate, store, and retrieve books, information, and expertise in
order to provide better services to users. Libraries today have a recognized social function of
making knowledge available to all.

The information explosion and information revolution have occurred to a large extent
in the previous several decades. This enormous increase of knowledge has had an impact on
all organizations, including libraries. In truth, libraries and information centers have always
been in the business of enabling information to their diverse categories of users, from leaves
to clay tablets, manuscripts to microfilms, printed papers to non-printed electronic resources
(National Knowledge Commission). The introduction of information and communication
technologies, the internet, and, in particular, the www (World Wide Web), have altered
virtually everything. Information Technology has recently established a strong presence in
libraries and information centers. It has radically changed the way information is collected,
processed, stored, retrieved, and communicated, as well as assisting library and information
professionals to execute their tasks considerably more precisely, efficiently, and effectively.

These developing technologies have the greatest impact on libraries and information
centers. Libraries are transitioning from being custodians of conventional information
resources
to providers of service-oriented digital information resources. The widespread use of
computers, growing reliance on computer networks, the quick rise of the Internet, and the
explosion in the quality and amount of information prompted libraries to adopt new means
and methods for information storage, retrieval, and dissemination. Library automation, digital
library development, and the use of innovative information and communication technologies
have expanded dramatically because they enable improved customer satisfaction, cost
effectiveness, faster replies, and simpler operational procedures. Due to the rapid
advancement of information and communication technology, the design of library collections
has undergone tremendous modification for more than three decades. The essential functions
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of any library, collecting and accessing recorded information sources, have taken numerous
forms and become a challenging undertaking in the emerging hybrid library environment
(Kanwal, 2006).

Libraries and information centers are increasingly utilizing IT and electronic
information resources and services to meet their users' diversified information demands. E-
journals, CD- ROM databases, online databases, e-books, web-based resources, and other
electronic media are gradually replacing traditional library resources.

In this digital age, the role of libraries is changing in order to provide a competitive
advantage for its users, because the library must use both traditional and nonconventional
resources and services. Because a library's collection is the pivot around which all of its
activitiesrevolve, much emphasis is placed on its development, both in physical and electronic
form. The need for a well-evaluated and selected document collection has become more
pressing as a result of several factors, including: a large proliferation of subjects, complex and
varied information needs of users, rising document costs, and the use of information
communication technology in information handling and dissemination. With the introduction
of the internet and modern communication technology, the fundamental concept of collection
development in libraries is changing. The application of these new technologies can
significantly improve and expand a library's collection. In these days of skyrocketing book
prices, the usage of these technologies would be a huge boon to collection development in
college libraries. With the introduction of theinternet and the digital era, there has been a shift
in collecting from printed or hard copy to non- printed or digital format. As a result, the
collection development policy must be revised to integrate digital content in the collection.
Information technology has also had an impact onother collection creation methods such
as planning, acquisition, selection, evaluation, and preservation, filtering out materials, and
assessing user needs. Selection has become tough in the electronic age due to the amount of
internet resources, thus it should be done cautiously as it has become harder due to information
explosion. The information explosion, combined with limitingfinances, forces selection to
consider alternatives to physical ownership, such as licensing electronic databases and
providing document delivery. The library of the twenty-first century will essentially become
a resource sharing library, with no local, national, or international boundaries.

2. Role of Libraries in Higher Education

Libraries are now linked to a wide ocean of Internet-based services that are continually
evolving. Academic libraries serve as the nerve centers of their respective institutions,
supportingteaching, research, and other academic programs. The significance of library
collections can be traced back to the ancient era, when our forefathers learned the art
of communication and
writing, recording information, knowledge, and wisdom in the form of texts and
manuscripts thatpassed down the legacy of traditions, customs, and knowledge from
generation to generation.

Under different schemes, the UGC gives financial help to colleges that are registered
under Section 12(b) of the UGC Act 1956 for the development of library facilities as well as
faculty improvement programs. It has made significant contributions to the advancement of
university and college libraries. Recognizing the importance of libraries and their role in
higher education, the UGC accepted the majority of the recommendations of various
committees and commissions for financial assistance for collection development, acquisition
of books and periodicals, purchase of furniture and equipment, and construction of new library
buildings.

3. Library Collection Development Problems and Challenges

All activities at a library revolve around the library collection. A well-equipped and

well- managed library collection is the cornerstone and backbone of today's educational
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structure. The collection is the most significant of a library's three key functions, which are
collecting, storage, and dissemination of reading and related materials. A library's collection
is the axis around which all of its operations revolve. The library that has a sufficient and
well-balanced collection based on user demands may resist the onslaught of the users' more
focused information. The statement exemplifies the significance of the Library Collection.
It’s not how many books you have, but whether they're good or not (Smith and Johnson,
1993).

The impact of information technology on collection development has been significant.
Libraries, being the core of the education system, have seen significant global transformation
in recent years, both in terms of collection development and service structure. Collection
development is difficult in today's digital information age for a variety of reasons, including
information overload, an increase in electronic publishing, price negotiation, user demand for
e- publications, increased use of internet resources, resource evaluation, limited budget,
multiple resources, and so on. The availability of open source, mass storage capacity, library
consortiums,Union catalogues, and other factors are all important in collection creation.

The scholarly communication scenarios, more intensive use of digital resources, high
demand from students for all types of resources to meet their challenges in several competitive
examinations, inclusion of 1T-based teaching, lack of proper fund, lack of standard policy for
computerization of libraries, lack of training programs, and reducing number of library staff
are challenges to library management and posing enormous pressures on library policy and
procedure. The lack of collection development policy is the biggest impediment to collection
development in libraries. NAAC accreditation, as well as the delivery of UGC grants based
on NAAC accreditation, has caused significant issues for libraries.

According to Inglis et al., (2002), education, like all other sectors of society, is
undergoing major transformation, rationalization, restructure, and redefinition in order to
respond to many socio-economic developments and educational needs of the modern society,
and as an integral part of the campus, the collection development policy and procedure in
academic libraries are also facing and profoundly influenced by changes in the academic
system. According to Virkus and Wood (2003), the European Commission has also
highlighted the challenges of libraries, such as increased demand for higher education,
internationalisation of education and research, collaboration between universities at national
and international levels, knowledge reorganization, and the emergence of new expectations.
According to the UNESCO
Report (2003), the strong impact of information technology on the organization of studies and
curricula, as well as the modes of study program delivery, as well as the growing concern with
academic quality assurance in education and the need to establish a new framework for quality
assurance, accreditation, and qualification recognition, have increased the responsibilities of
libraries. All of the aforementioned changes have created numerous problems to the deliberate
collection growth of an academic library.

The academic library is usually built with the intention of delivering accurate and up-
to- date information to a specific group of readers, therefore it must have high-quality books
and be accessible even in congested areas. The volume of research and the number of
researchers are increasing, as is the amount of published content, making it difficult to offer
the appropriate information to the right person at the right time. Inaccurate knowledge in any
library can devastate society. Due to the rising cost of materials, insufficient money, shrinking
space, and a lack of employees, proper collection development has become a difficulty.
Furthermore, the impact of technology has produced issues with information access. Libraries
must not only purchase relevant and appropriate print materials, but they must also deliver
information in electronic and non-printed formats. Digitalization of printed collections is
another difficulty that libraries with restricted budgets face. According to Gessesse (2000).
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“The future of the college library in the twenty-first century is technological. Students and
users read, refer to, and study e- books and periodicals using computers, mobile phones, laptop
computers, and other media. This is one of the problems for library professionals to collect,
organize, and disseminate electronic versions of books and journals, and when the changes
occur, library professionals must adapt their collection development policy and practice.
With the introduction of information technology, several new responsibilities in the

realm of collection development in academic libraries have emerged. The researcher
discovered the following significant developments that are currently influencing collection
development planning and method.

financial management policy

budget allocation criterion for printed and electronic resources

Subscription policy for electronic journals and books

E-collection hardware and software policies

selection of typical library automation software

establishing criteria for evaluating and selecting e-resources

electronic information organization and preservation

selection of library participation in several networks and consortiums

establishing policies for the digitization of printed materials
. establishing guidelines for internet censorship in libraries
. library staff training to keep up with technology

Most of the college libraries in developing countries are facing these changes.

4. Conclusion
Technological advancements are causing a slew of concerns and obstacles in the areas

of collection, organization, and services. The most pressing difficulty, however, is devising
techniques to manage the shift from the print version to the electronic form. In this new
environment, where users are fast developing their own virtual libraries and everyone appears
to be a Web expert, it is prudent for professionals to re-examine their responsibilities and
functions,according to Strauch (1992). Government College libraries have a limited collection
of electronicresources. There is an urgent need for policy to get e-resources and membership
in various consortia in all college libraries, thus the responsible authority should formulate
policy based on the needs of the users and the goals of the library.
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Abstract :

This research paper explores the techniques for designing and managing the bibliographical
database by using the Windows-based ISIS (WINISIS) library software package and specified
the brief description of steps taken to create a database of all bibliographic materials as well as
features of WINSIS are taken into consideration. The purpose of the paper is to be acquainted
college librarians with the distinctive features of the Windows-based ISIS because Microsoft
Windows is described as a graphical user environment, which gives the user more control over
the work as well as enables the user to use more of the power of the computer. The authors
has applied practical methods to put forth the techniques for designing and managing the
bibliographical database of Doctoral Theses by using WINISIS software package. The authors
has attempted to find out various aspects to describe the features of the various modules of
Windows-based ISIS (WINSIS) library software which would be valuable for those college
librarians who faced the crunch of budget and are distressed to manage databases, especially
those colleges are situated in rural and tribal areas of India. This paper is originally based on
the bibliographical database of Doctoral Theses submitted to Sant Gadgebaba Amravati
University, Amravati made by the authors through the application of WINSIS, a library
Software.

Keyword: Bibliographic; Database; Doctoral Theses; FDT; FST; WINSIS; Prototype
Introduction:

The recent years, libraries and information centers, as well as other organizations, are
attempting to survive in a knowledge-driven society. Moreover, they are called upon to redefine
their structure and management processes to increase their competitive advantage through their
learning capability and their knowledge assets. Knowledge has become their core element that
contributes to the development and improvement of their services through knowledge
management (KM) initiatives, connected with knowledge assets creation, sharing, and
exploitation.

In recent years database technology has become one of the most rapidly growing areas
of computer and information science. The database is basically a computer based record
keeping system those records and maintains the user information. According to James Martin,
“Database is a collection of interrelated data stored together without harmful or unnecessary
redundancy to serve multiple applications.

“The term Database was defined by Williams (1974) has an organized set of machine
readable records containing bibliographic and document related data”

A database is an organize form of records (a set, a character make a field, a set of fields
make a record) collected or created to satisfy the information requirements of a given user
community. For the purpose of information storage and retrieval, a database means a
bibliographic database in machine readable form.
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In other words, an organization of data files having information and reference material
on a particular subject, or subjects. It is typically structured so that headings and keywords can
be referenced easily, which permits efficient and simple access to — and retrieval of — records.
A database is a mechanical formally defined and centrally controlled collection of data used in
an organization.

Versions of CDS/ISIS for DOS and WINDOWS

CDS/ISIS for Windows is an information retrieval package developed by UNESCO
(the United Nations Educational, Scientific, and Cultural Organization) which runs under
Microsoft Windows. Version 1.4 (release 19) was circulated on CD-ROM to distributors in
March 2001 and is dated January 2001. This followed version 1.3 which appeared in January
1999 and was the first formally-released version of the package, though beta-test versions had
been available to existing license holders for some time. Version 1.0 was released in 1998. it
is designed to run in Windows environment.

The version is release 19b which is available to license holders from UNESCO’s FTP
site and which corrected some bugs in release 1998.

The package has many features, which distinguish it from commercially produced
software. To understand why, it is necessary to look at the history of the package.

CDSI/ISIS for Microcomputers was released by UNESCO in 1985. It was called
officially CDS/ISIS Mini-Micro Version but is usually called CDS/ISIS or simply ISIS. In
Latin America, where the minicomputer package MINISIS (developed in Ottawa, Canada, by
the International Development Research Centre) is prevalent, the original DOS version was
always called Micro-ISIS; the Windows version is called Micro-1SIS or WINISIS.
CDS/ISIS ForR WiINDOWS (WINISIS)

Since 1989, when most new microcomputers were supplied with a new operating
system called Microsoft Windows, it was inevitable that the users of CDS/ISIS would call for
a Windows version, and UNESCO began to develop one in 1995.

Unlike the DOS version, ISIS for Windows is not written in Pascal but in a combination
of languages, primarily C and C++. Following the philosophy of the DOS version, a program
library is available of programs which can be utilized in the user’s own routines in a similar
way to that in which Pascal was used in the DOS version. BIREME (the Latin American and
Caribbean Center for Health Sciences Information) has cooperated with UNESCO in
developing this 'library' and a Dynamic Linked Library (ISIS_DLL) is available containing
these routines.

Aims and objectives:

The present paper primarily aims to put forth the techniques for designing and
managing the bibliographical database of Doctoral Theses by using WINISIS software
package.

Specifically the objectives are:
1) To setting up the database and basic features of CDS/ISIS for Windows.
2) To deals thoroughly with all the steps of creation of bibliographic database of doctoral
theses including up to printing of records;
3) To describe the features of the various modules of WINSIS.
4) To focuses on implementation of WINISIS on Microsoft Windows.
Scope of the study:
The scope of the present study has confined to design aspects bibliographic databases of
Doctoral Theses for effective resource sharing and providing better information retrieval
services in libraries by using CDS/ISIS for Windows (WINSIS) software package.
Methodology:
The present study deals with the knowledge management system in the library
of Mahila Mahavidyalaya, Amravati. Under which a successful attempt was made to
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implement a knowledge management process using WINSIS library software developed by
UNESCO. The author has applied practical method to put forth the techniques for designing
and managing the bibliographical database of Doctoral Theses by using WINISIS software
package.

Statement of Problem:

In the era of information technology, the I.T. Professionals and other organizations are
designing effective but very costly software. The small library does not have capacity to carry
too much financial burden by purchasing these types of software. However they wish to get
their libraries automated and make the resources available to their users by applying very cost-
effective software.

As a result, to promote CDS/ISIS for Windows (WINSIS) a cost free software
package the author has opted in for problem namely “Database Management with
WINISIS, Library Software : a special reference to Mahila Mahavidyalaya, Amravati"
Creating Database :

WINISIS (Window version of CDS/ISIS) a menu driven generalized Information
Storage and Retrieval System. The major advantage to design the database in WINISIS is that
it is free from writing computer programming for implementation the system as per the local
need of any library. The system can be implemented at any place even if the person has little
or no prior computer experience. The complete detail of designing this database and then
retrieval of information is discussed below.

Database Structure:

The proposed design of the database facilitates various information retrieval operations.
The display format has been designed such that data can be displayed according to AACR-2 as
far as practicable. Thus the proposed design of the database covers four components.
the Field Definition Table (FDT)
the Data Entry Worksheet
the Display Format
the Field Selection Table (FST).

Steps Taken to Create the Bibliographic Data: The following steps were taken to create the
bibliographic database of Doctoral Theses.
Field Definition Table (FDT):

The FDT defines the fields that may be present in the database and certain parameters
for each field. Thus the proposed design of the database covers

- almost all the mandatory fields in the CCF,

- some of the optional fields, and

- some newly added fields which have been considered necessary.

For defining the FDT the values are entered in the boxes which are as follows:
(a) Tag — A tag is a field identifier in the database tag is used to identify the field that is
containing the bibliographical details of document. To select the number, or type it in the up
and down arrows can be use.
(b) Name — Name is the name of the data fields this is to help for identify the field. It can be
up to 31 characters long and can contain spaces. When to set up the data entry worksheet, this
name will be used as the prompt for the field. It is also used to specify the field in the “Guided
Search” form.

(d) Type. - Type column indicates the type of field such as alphabetic, numeric or
alphanumeric. In the CDS/ISIS the field type is a one character code, the field type may be one
of the following.

X-Alphanumeric,
A-Alphabetic,
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N-Numeric.
(e) Rep -Rep stands for ‘repeatable’ it allow multiple occurrences of this field, e.g. several
authors or several descriptors etc.

(f) Pattern/subfields. In a pattern field, the contents of the field have a specific predefined
pattern. If the field are dividing into subfields, should list the subfields here (without
punctuation or spaces) e.g. abc

If subfields are not using, press the ™ key to leave this box blank.

When entered the data for each field, the focus will be on the Add button. Either click
the button or press {Enter} to add the field to the table (displayed in the large box). If it has
need to correct the details for any field, just click on that entry in the large box and the details
will be copied into the boxes used for editing. If needed to remove an entry, highlight it and
click the Delete Entry button.

Creation of Field Definition Table:

In this step the researcher has to select and define the fields and sub-field as a name
work and alphabets like (a,b,c,d....... z) respectively which are essential for searching the
database i.e. Title, Name of Research, Name of Guide Year of award etc. and also the details
is as shown in window no.1.
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450 Regisation date Alpharnamer
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Window no. 1 Field Definition Table

Data Entry Worksheet:

Data entry worksheets are used to enter records or modify records in a database. The
data entry worksheet is the electronic equivalent of a pre-printed form for entering data. Once
exit the FDT, the system will automatically activate the worksheet creation process and will
prompt you to create the data entry worksheet to be used for inputting records in to database.
in this step the fields defined in FDT are selected for preparing the worksheet, which is the
media for entering the bibliographic data of Ph.D. thesis in the database. This step also
facilitates to avoid the fields which are present in FDT but currently not useful for data entry
and also facilitates to add it in worksheet. For that single arrow towards right side and single
arrow towards left side as shown in (window no.2)

Creation of Worksheet:

In this step the fields defined in FDT are selected for preparing the worksheet, which is
the media for entering the bibliographic data of Ph.D. thesis in the database. This step
facilitates to avoid the fields which are present in FDT but currently not useful for data entry
and also facilitate to add them in worksheet when required. For that purpose single arrow
towards right side and single arrow towards left side are given as shown in window no.2.
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Window no.2 Data Entry Worksheet

Display Format:

Once the worksheet is created the system will prompt to create the default display
format. This step facilitates to create display format. A format essentially specifies how the
contents of a record are to be displayed at the time of retrieval. It is also used to specify how a
record has to be printed. The display format could be as below.

Creating Display Format:

This step facilitates to create Display format, according to the requirement of user’s
output of bibliographic database of Ph.D. thesis. The software has its inbuilt display format
like normal style, CDS/ISIS Dos compatible, Decorated format, HTML Normal and HTML
table with Header; besides this the searcher or the user can develop the Display for as he
required i.e. as per AACR-2, CCF or any other standard. But to develop Display format
researcher has to determine the keys used for developing display format.

*5 CDS5 21515 For Windows [Full ¥ersion : ENT ol =]
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P VAAOSa (10,203 1. 1/015, mhu VSZD"‘E}##!

EN | |

FBD 3. Print Format D efinition
4=

a Define the way 1515 will present your data to the end user.
LUndo

[Eancet ] [Hen 2] [ox

CODSASIS 1.5 [build 2] for Windows - Decembaer 2002 - UMESCO & [Mode: SINGLE USER]

A stan ||| DA e G & || B viiay - Microsaft wond | &8 cosASIS for windows [Fu.. | || =t BaERE T maiPm
Window no.3 Display Format
Field Selection Table (FST)

The last step in the creation of a database is to define the FST(Field Select Table).This
step involves selection of fields for searching point of view. FST is a combination of display
format technique and indexing technique. This step involves selection of fields, which are
useful for searching the database i.e. Author, Title and Keywords etc. as shown in (window
no.4).
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Step 4. Field Selection Table Definition
Drefine critaria for extracting one or more elements from a Master File record for indexing. sorting or reformatting.

|ﬂ=lp L | |gam==| Al ok ol
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Window no.4 Field Select Table

Creation of Data Entry:

Once the structure of a database has been defined, records can be input into the database
using Data Entry Services. Data entry permits addition, modification, editing and deletion of
records. This function is available in the ‘EDIT’ menu of the WINISIS software. While
entering the data in field and sub-field the key “ *  (cap) is used before the alphabets used in
FDT to denote the sub-fields. Mistake in data entry directly affect the output of search, but it
can be repalr with the help of Edit Menu as shown in (window no.5)
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CDSAS1S 1.5 [build 3] for Windows - December 2003 - UNESCO © [Made: SINGLE USER])

Rstan ||| DA @ 50 & P | B view - Misrozoft Ward |[& CoS 1515 tor window. |[=B-EE T zaarm

Window no.5 Data Entry Window
Developing Search Strategy
It is frequently necessary to combine two or more terms in a search for specific piece
of information for that, WINISIS provides expert search and guided search in which logical
operators - AND’, ‘OR’ and ‘NOT” are used to broaden or narrow the search denoted by *, +,
~ respectively. Similarly it is also facilitate truncation search denoted by “$” sign to look for a
number of words or terms starting with the same letters as shown in window no.6A and 6B.
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Window no.6 C Guided Search
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Window no.6D Guided Search Result

WINISIS provides the option of Guided Search with the help of this any keyword type
in search element all the entries will display with highlighting the terms as shown in Window
no.6C, and 6D.

The result of the search, retrieved records and display the list of retrieved items in the
left side of the window, by clicking on the items listed one can see the details about the record
on the right side of the window as shown in Window no.7. Each term searched on is
highlighted wherever it occurs in the record even if the search is specified on one field only as
shown i in the Wlndow no.7.
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Window no.8 Sorting and Printing (General Setting)
Above window provides the facility of printing setup which has involved, the records
with the marks to print, MFN range, selection of printer, selection of formatting language and
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after all this selection the user can ‘save’ the setup and able to print the job. This all selection
of every provided facilities are setting up by author as possible as better.

tilz  wlindows  Help
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(=== [Causier = [z =]
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Window no.8A Presentation Window

In this window 8A the presentation of printing job on paper has been selected by the
researcher to present appropriately the setup which are as follows, Editing-to select the First
title, Second Title, Third title of the particular job, the window also provides the font setup i.e.
font type, font size, font style, alignment of the paper i.e. left, right or center of text all these
has been selected setup of the researcher.
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Barting
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Special
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COS/515 1.5 (build 3) for Windows - December 2002 - UNESCO © (Mode: SINGLE USER)
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Window no.8B Margins setting for Print Format

The above figure is the part of previous window (8A), it the setup of page margins or
page setup to take the print outs on paper in appropriate manner. The researcher has selected
measurement in Inches Unit, the top and bottom is 17 Outside and Gutter is 17 and inside has
selected 0.5 inches of text. The paper size is A4 (210 x 297) and EOC Tolerance is 5 (line
spacmg) in single space for print the entries on every page in similarly.

Fage Mumbers

|[G5 COBAEIS tor wirdow.. [t W saarn

Wlndow no. 8C Layout setting for Print Format
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This figure shows the complete layout of the page which has to print on paper in proper
setting up, the researcher has selected the single column, column spacing is 10, the zoom is
100%, page numbers position has selected at bottom and the number aligned to center and these
page numbers starts from no. 1.
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Window No.8D Sorting Setting for Print Format

This last setup window of CDS/ISIS to print the job appropriately. ‘Sorting’ the main
presentation of the print out on paper the above window prints the job as per the selection of
researcher’s activity. The researcher has selected the First, Second and Third key length is 15
characters, which sort on ‘Title’, and ‘Author’.

In such a way, the bibliographic database of Doctoral Thesis can be ready by WINSIS,
which is also free of cost, so that the library with financial credentials should take advantage
of this internationally acclaimed software.

Conclusion:

KM practices in academic libraries are as per "information to right person at the right
time". Academic libraries are playing it's exact role in the whole academic community.
CDSI/ISIS for Windows is, as its name implies, a Windows-based system. Windows programs
have many distinctive features as a result of the Windows operating system. Microsoft
Windows is described as a graphical user environment, which gives user more control over the
work as well as enabling user to use more of the power of the computer. It allows running more
than one program at the same time. Thus it allows user to have more than one CDS/ISIS
database open.
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Digital Library Management: Planning and Implementation

Dr.Madhuri M. Deshmukh
Librarian, Shri Shivaji Arts Commerce & Science College ,Akot.

1. INTRODUCTION

Several terms have been coined at different times to represent the concept of library
without books, Libraries having influence on computer readable format or having access to
influence on digitized or digital format. The terms which have been in vague at different times
include: Paperless library, electronic library, virtual library, libraries without boundaries and
now it has been moved to digital libraries.
The tenn digital library on one hand, is used to refer to a system or application whose functions
are chiefly to extend electronic access to material available in a conventional library to a remote
user. On the other hand, it is used to describe both commercial and academic systems designed
to enable electronic access to a large collection of electronic documents to authorized users.

The term's digital library and electronic library are used interchangeably and
synonymously. The term "virtual library" or "library without walls" usually refers to the meta
resources, subject portals that extend virtual accessibility of digitalcollections from several
diverse sources without the users even knowing where the resource actually resides. A virtual
library wuld potentially be enormous, linking huge collections from all around the globe, or it
could be very small, consisting of few hundred links to digital resources maintained by an
individual.

The hvbrid librarv is in the continuum between the conventional and digital libraries
where electronic and paper-based information sources are used alongside each other. The
challenges associated with the management of the hybrid library is to encourage end-user to
provide information in variety of formats and from a number of local and remote sources in a
searnlessly integrated way. The hybrid library aims to bring a range of technologies from
different sources together in the context of a working library. In effect a hybrid library
maintains all or its major parts of its collection in a digitize form as an alternative to supplement
the print material currently found in Libraries. It has a web-enabled computerized catalogue
(WEBPAC) accessible through the Internet and most of the in-house services like acquisition,
books processing circulation are computerized. A hybrid library has a strong presence in the
internet with a home page for the library providing an integrated access interface, not only to
digital collections available locally, but also to the other commercial and non-commercial web-
based digitized collections across world.
2.CHARACTERISTICS OF DIGITAL LIBRARY

e Digital Libraries are the digital counterparts of traditional libraries and include both
electronic (digital) as well as print and other (e.g. audio, video, graphics, animation etc)
materials.

e A digital library owns and controls the information. It provides access to information,
not just pointers to it

e A digital library has a unified organizational structure with consistent points for
accessing the data.

e A digital library is not single entity, it may also provide access to digital material and
resources from outside the actual confines of any one digital library.

o Digital libraries support quick and efficient access to a large number of distributed but
inter linked Information sources that are seamlessly integrated.
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3.WHY DIGITAL LIBRARIES?
With the advent of the below technologies have forced traditional libraries to go for Digital
Library and also these forms the basic requirement of Digital Library.

Emergence of Internet and web technologies as a media of information delivery and
access

Availability of highly evolved, extraordinarily simple and intuitive user interface,
e.g.. Internet Explorer and Netscape Navigator for all prevalent platforms 3.
Advances in online storage technologies enabling storage of large amounts of
contents at increasingly affordable cost

4.COMPONENTS OF DIGITAL LIBRARY

Digital Library consists of

User Interfaces or user

Storage Media or (Repository)

Identifiers Infrastructure, Digital Collection, Systems function
Telecommunication facility, Human resources

Hardware Requirements are:

Computer servers, Networks, LAN/WAN,Converters, Scanners
Internet Connectivity, Storage media,Multimedia Interface, UPS
Software Requirements are:

5 .Basic Needs for Digital Library

Computer:Server, PC,withmultimedia,UPS, etc.

Software: Any suitable software, which is interconnected and suitable for LAN and
WAN connection

Network: LAN,MAN,WAN, internet, etc.

Storage devices: Optical storage device, CDROM,Jukebox, etc.

Scanner: H.P. Scan Jet, Flatbed, sheet feeder,

Drum Scanner, Slide Scanner,Microfilm Scanner,digital camera, Barcode Scanner,
etc.

Printer: Laser Printer,DotMatrix Printer.DigitalGraphic Printer, etc.
AudioVisual:ColorTV,V.C.R, Sound box, Telephone

6.Planning For Digital Library
There are some points to be kept in mind when plan for creating digital library:

Information Needs

Quality in plan

Security issues

IT Infrastructure
Digitization

Access

Staffing

Funding and Budget
Digital Library Committee
Creation of Digital Library

7. DEVELOPMENT OF DIGITAL LIBRARIES
Some of the important points to be considered in developing a digital library are

Digital collection or material selection

Conversion of existing Print, Audio and video into digital format.
Cataloguing or Metadata creation

Storing
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e Creating portals or gateway to the electronic collection available on the web 6.
Integrated access interface.
8.Guidelines for Digital Library Implementation
The following aspects can be considered as guidelines for the implementation of the digital
library architecture.

e Scalability
e Practicality
e Privacy:

e Time Frame

9.Building Digital Collections

Various methods adopted for building digital collections are:
e Directly creating the digital documents

Downloading the digital information frominternet.
e By digitizing the existing collections.
e Procurement of digital materials such as ejournals,e-books, e-reports, etc.
e Getting the digital materials information online

.There are some another aspects for implementation of digital library

e MaintenanceOfDigital Libraries
e Digital Preservation
e Standards for digital preservation
e Digital Preservation Policy
e SoftwaresAvailable for Digital Preservation
e Digital Preservation Strategies
e Responsibilities of Librarians
e Role Of Librarian in Digital Environment
e Role Of Librarian in Digital Environment

11.Digital Libraries In India
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

10

Given below are some digital libraries of India:

Digital Libraryof India, 1S, Bangalore

Nagri Pancharini Sabha,Varanasi.

Kumaun University, Nainital.

G. B. Pant University of Agriculture & Technology,Pant Nagar.

Technology, Pant Nagar.

TheMillion Book Project.

Digital Library of India Institute of Management, Kozhikode.

DigitalLibraryofLibrary&Information Science.

ETD at Indian Institute of Science.

IndiraGandhiNationalCentre for theArtsDigital Library

NalandaDigital Library

Vidyanidhi : Digital Library
Conclusion
There will be continuing expansion of digital libraryactivities. LIS and computer science
professionals face challenges that will lead to improved systems.More and more libraries will
have departments and programs in the digital libraryarena. Digital libraries will build upon
work being done in the information and data management area. Digital libraries provide an
effective means to distribute learning resources to students and other users. Planning a digital
library requires thoughtful analysis of the organization and its users, and an acknowledgement
of the cost and the need for infrastructure and ongoing maintenance (Adams, Jansen, and Smith
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1999). Digital libraries present opportunities and challenges for the library and information
communities and all stakeholders. It also is going to be part of day to day professional activity
in the next couple of years. In simple words, it is quite impossible for libraries and information
centers to meet the various information needs of the present day society without library
networking.One hope in the near future that all the libraries in world will be without walls, and
resources of all libraries will be available to the whole user communitythrough networked
digital libraries.The relevancy of the Ranganthan’s Five Law of LibraryScience is still
prevalent in this newdigital era also as information scientists have reinterpreted it in the
following manner

e Digital resources are for use.

e Every user his/her digital resources.

e Each digital resource for its user.

e Save the time of the digital resource user.

e Digital library is an overgrowing organism.
As such to realize their mission and goal, professionals working in the digital library
environment need to develop skills to render services in themost efficient and effective manner
to meet the needs of the users. The digital preservation is process that requires the best available
technology, careful thought, administrative policy and procedures. Preservation in the area of
digital technology is chargedresponsibility. Therefore, the information professionals are to be
trained in area of digital preservation and digitization techniques.
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An Evaluation of Knowledge Management in Academic Libraries

Dr. Sonali Abhay Deshmukh
Librarian, Shri Shivaji Agriculture College, Amravati
deshmukhsonaliabhay@gmail.com

Abstract
Academic libraries are information centers established in support of the mission of their parent
institutions to generate knowledge, and people equipped with knowledge in order to serve the
society. The concept of knowledge based economy has generated remarkable change recent
days. Knowledge management is a process of knowledge creation and modernization through
an efficient organization and sufficient exploitation of information and knowledge resources.
Define Knowledge, Management and Knowledge Management. The main objective of
knowledge management in libraries is to promote knowledge innovation. Presented the Role
of Library Professional in Knowledge Management framework. Over the past few years, the
Web has had a tremendous effect on the growth of information and the speed of transmission
Although KM is a useful tool, there are some potential obstacles to implementing this in
academic libraries
Keywords: Knowledge management, Knowledge Management System, Academic Library,
Knowledge Centers.
Introduction

Knowledge is created, categorized, and changed. It might be shared and indexed. The
process of producing, preserving, disseminating, and repurposing organizational information
to help a company meet its goals and objectives is known as knowledge management. The
idea of a knowledge-based economy has brought about some amazing development recently.
The process of creating and modernizing knowledge via effective organization and adequate
use of information and knowledge resources is known as knowledge management. Effective
knowledge development and study, the creation of knowledge supports, knowledge sharing
and exchange among library staff members and users, staff training, expediting the explicit
processing of implicit knowledge, and realizing knowledge sharing should be the main goals
of knowledge management in libraries.
Knowledge

Knowledge is a product of human experience and it can be defined as the
management of creating, sustaining, applying, and renewing knowledge resources of an
organization including its relationship with seeker and service provider. Knowledge can be
broadly divided into two types:
Tacit knowledge, and
Explicit knowledge
Management

Management is a mental process. Management as the process of coordinating total
resources of an organization towards the accomplishment of desired goals of that
organization through the execution of a group of inter-related functions such as planning,
organization, staffing, directing and controlling
Knowledge Management
Knowledge Management is a process, which deals with knowledge creation, acquisition,
packaging and application or reuse of knowledge. It is basically consists of the following four
steps:

e Knowledge Collection
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e Organization

e Data protection and presentation

e Dissemination of Knowledge Information
Knowledge Management is the way to keep knowledge growing through sharing and such
sharing is best done either in material or human terms. The relationship between the
knowledge and social development can be understood with the help of the following flowing
chart:
Knowledge Creation =ssmp Understanding Knowledge === Knowledge Processing

Pricing for Knowledge «mmmKnowledge Enhancement C— Knowledge Distribution g
=mmp Generating Wealth sssap Development of Human Society

Definitions

According to Srinivasan, “Knowledge Management refers to a collection of process,

technologies and principles that serves to promote a learning environment supportive of the

search community goal.” Knowledge Management is the process of capturing value,

knowledge and understanding of corporate information, using IT systems, in order to

maintain, re-use and re-deploy that knowledge. [Source: OIC Document Management]

Knowledge Management is the systematic process of finding, selecting, organizing, distilling

and presenting information in a way that improves an employee’s comprehension in a

specific area of interest. [Source: Knowledge Management Server]

Concepts of Knowledge Management Data — Information — Knowledge, and — Wisdom

The following chart indicates how knowledge can be transferred as wisdom

Connectedness

4

Wisdom Understanding
Principles

£

Knewledge Understanding

Famems

Information Understanding
Relations

Tnderstanding
Data

Figure : 1 Conceptual Progression from data to Wisdom. (Source : Filemon A. Uriarte Jr.,
“Introduction to Knowledge Management”, ASEAN Foundation,2008.)
Objectives of KM

The main objective of knowledge management in libraries is to promote knowledge
innovation. The purpose of KM is to deliver the right information to the right person at the
right time. Other objectives are;
e To create knowledge repositories;
To promote scientific research;
To promote relationship between library and users;
To enhance the knowledge environment and
To improve Service capability of Faculty and staff of Libraries in the electronic
environment.
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Role of Library Professional in Knowledge Management framework:
Library professionals seek to accomplish following tasks:

e Able to deal with new technology.

e Generating new knowledge.

e Expert in capturing and transferring of information.

e Sharing knowledge without any geographical limitation.

e Manage knowledge as an asset.

e Representing knowledge in documents and database.

Changing environment and issues facing academic libraries

Multiple formats of information

The rapid growth of information and communication technologies (ICTs) said to be
changing the way academic libraries operate today. Academic library collections are no
longer collections comprised almost entirely of printed materials but collections comprised
almost of materials in multiple formats and media (Budd, 1998). Information technologies
such as computers, multimedia and CD-ROMs are bringing unprecedented abilities to
academic libraries in providing services and resources to the university community. Over the
past few years, the Web has had a tremendous effect on the growth of information and the
speed of transmission. The problem with the Web is that, there is no real of information like
in the case of libraries. New means to deliver information over the Web places a challenge to
academic librarians in terms of helping students make sense of information found on
websites.

Another challenge facing academic libraries in the networked online environment is
to exploit all forms of digital and telecommunication technologies and find new ways and
means to provide feasible forms of collections; services and access to library materials (Foo
et al., 2002). These technologies however, require greater responsibility to academic
librarians. The challenge for academic librarians is to manage services, which offer users a
carefully selected mix of multiple formats and media. Academic libraries should rethink their
role in the whole university community. There is a need to support the needs of the users
since the teaching and learning patterns in universities have changed.

As information and research resources become more varied, this places a challenge to
academic libraries. Hazen (2000) argued that the changes information, in research strategies
and the structure of higher education are affecting academic libraries. These changes define
much of the shifting context within which academic libraries must operate. The changes
brought by electronic media necessitate transformation in the way librarians think about their
jobs, the users of information and communication process of which they are part (Budd 1998,
p.270). Academic librarians must strive to remain competent navigators of each medium
order to assist the library users.

Knowledge Management Obstacles

Although KM is a useful tool, there are some potential obstacles to implementing this
in academic libraries. The challenge of tacit knowledge has been discussed earlier, but also
the challenge of motivating employees must be considered. Mapping of competencies will
often also map out lack of competencies. This could, in some cases, even demotivate
employees. Also, knowledge is difficult to measure. "The choice of which KM strategy to
pursue is typically based on other strategic thrusts and the value discipline that the enterprise
pursues challenges it faces, and opportunities it wishes to act upon™ (Wiig, 1997, p. 9). One
size does not fit all, and knowledge management must be adjusted to its settings be of use.
This being said elements of knowledge management will, in all likelihood, be of value when
working with knowledge and information enterprises, including academic libraries.
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CONCLUSION

Academic libraries are thus playing a vital role in crossing the borders, the key to
opening all gateways to knowledge. Librarians should train themselves and their staff to
develop the appropriate knowledge management systems and use information technologies to
libraries to provide better, faster and pinpointed services to clients/ users. Knowledge
Management helps library and information professionals in improving the services being
rendered to their users. Information professionals have to recast their roles as knowledge. The
librarian's roles should not be limited to being the custodians of information but they have to
acquire skills to keep themselves updated cope intelligently and objectively with the effective
and efficient knowledge management in Academic libraries.
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Abstract:

At all levels of life has been affected by the Internet revolution and the same as the case
of education, especially technical education. Institution to put their academic resources and
online services have anxious to bring the international community on a common platform and
the use of the internet and related tools and software to researchers and students. But due to the
technical challenges like artificial intelligence lot of sources are available. Free open sources
provide global view to the researchers. So various repository play vital role This paper is based
on the open access publication opportunities and adoption of online sources.
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Introduction:

Scholarly periodicals are one of the most important sources of up-t