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Preface
The Symphony of Science & Technology.

Science and technology are the pillars upon which the edifice of
modern civilization stands. They have propelled humanity forward,
unlocking the mysteries of the universe and empowering us to shape
our world in unprecedented ways. It is in this spirit of exploration and
innovation that we present "The Symphony of Science & Technology."

Within these pages, readers will embark on a journey through the ever-
expanding landscape of scientific discovery and technological
advancement. From the intricacies of nanotechnology to the
complexities of biomedicine, each chapter offers a glimpse into the
frontiers of human ingenuity.

As editors, we are humbled by the contributions of our esteemed
authors, whose expertise and dedication have enriched this volume
immeasurably. Their pioneering research and scholarly insights
illuminate the path forward, inspiring future generations of scientists
and technologists to push the boundaries of what is possible.

"The Symphony of Science & Technology" is more than just a
collection of essays; it is a symphony—a harmonious blend of ideas,
perspectives, and discoveries that resonate with the rhythm of progress.
We invite readers to join us on this extraordinary journey and discover
the beauty and wonder of the scientific world.
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CHAPTER - 13

STUDY OF UNIVERSE IN FRAMEWORK OF MODIFIED
THEORIES OF GRAVITATION

N. P. Gaikwad
Dharampeth M. P. Deo Memorial Science College, Nagpur (India)

Introduction

In the late 17th century, Isaac Newton calculated how the forces between planets specifically the
gravitational forces interacted. Albert Einstein in the year 1905 proposed a special relativity. An
experimental basis of special relativity is that the speed of light c is the same in all inertial frames. Special
relativity fails to explain the fundamental ideas of relativity and gravitation.

General relativity generalizes special relativity and refines Newton's law of universal gravitation,
providing a unified description of gravity as a geometric property of space and time or four-
dimensional space time. In particular, the curvature of space time is directly related to
the energy and momentum of whatever matter and radiation are present in the universe. The relation is
specified by the Einstein field equations, a system of second order partial differential equations.

Using GR we are able to derive simple cosmological models, such as the Friedman or Lemaitre models,
that describe quite well the evolution of the Universe in which we live in. Up to now GR has passed every
experimental test that we were able to come up with. In the last decades in order to explain the
astrophysical observations related to rotation curves of spiral galaxies we were more or less forced to
introduce the concept of dark matter. It did not pass long time and once again we were forced to introduce
the so called dark energy in order to explain the accelerated expansion of the Universe suggested by
astrophysical observation of supernovae red shift. The term "dark energy” was first coined by Michael
Turner in 1998. This is believed that the dark energy is responsible for the accelerated expansion of
universe.

Modified Theory of Gravity

Equivalence principle is one of the foundations of general relativity; hence any experimental evidence of
violation of equivalence principle will also act against general relativity. The predictions of general
relativity are accurate in the weak gravitational fields (Solar system gravity) while in strong gravitational
fields (outside solar system) predictions of general relativity are not accurate because of gravitational
wave and black hole. Thus general relativity fails to probe gravity at all scale [22]. Because of above
reason there was need to modify general relativity which help us to understand gravity beyond general
relativity.

f(R) gravity is one of the type of modified gravity which generalizes general relativity. In f(R) gravity the
scalar curvature R in the Einstein Hilbert action is replaced by the function of scalar curvature [23].

Another class of modified gravity is f(G) gravity where the arbitrary function added to the action of the
general relativity which is a function of Gauss-Bonnet invariant [23].

f (T) gravity is modified gravity based on modifications of teleparallel gravity, where torsion is the
geometric object describing gravity instead of curvature, have been proposed to
explain the present cosmic accelerating expansion [24].

In 2011, Harko et al. [25] proposed a new modified theory named as f(R, T) modified theory of gravity,
where the gravitational Lagrangian is given by an arbitrary function of the Ricci scalar R and of the trace
of the stress-energy tensor T.

https://www.space.com/15898-isaac-newton.html
https://en.wikipedia.org/wiki/Theory_of_relativity
https://en.wikipedia.org/wiki/Special_relativity
https://en.wikipedia.org/wiki/Newton%27s_law_of_universal_gravitation
https://en.wikipedia.org/wiki/Space
https://en.wikipedia.org/wiki/Time_in_physics
https://en.wikipedia.org/wiki/Four-dimensional_space
https://en.wikipedia.org/wiki/Four-dimensional_space
https://en.wikipedia.org/wiki/Spacetime
https://en.wikipedia.org/wiki/Curvature
https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Momentum
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Radiation
https://en.wikipedia.org/wiki/Einstein_field_equations
https://en.wikipedia.org/wiki/Partial_differential_equation
https://en.wikipedia.org/wiki/Michael_Turner_(cosmologist)
https://en.wikipedia.org/wiki/Michael_Turner_(cosmologist)
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The modified symmetric teleparallel gravity or f(Q) gravity is a recently proposed theory of gravity where
instead of curvature R, or torsion T, the nonmetricity term Q use to describe the effects of gravity [26].

There are also several modified theories of gravity which extend the form of general relativity through
various methods, leading to different field equations and thus to different cosmological implications. They
play an essential role and contribute to modern cosmology, providing a foundation for the current
understanding of physical phenomena of the Universe.

Contribution of people

P.K. Sahoo, et al., [1] investigated the LRS Bianchi type I anisotropic cosmological model in presence of
bulk viscosity in the framework of f(R, T) gravity and obtained exact solutions of the modified Einstein’s
field equations under the choice of deceleration parameter. P.H.R.S. Moraes et al., [2] construct a
cosmological model from the simplest non-minimal matter–geometry coupling within the f (R, T)
gravitational theory and also discuss the energy conditions applications and the cosmological viability of
model and showed that the deceleration parameter respects the observational constraints and predicts a
transition from a phase of deceleration to a phase of acceleration of the universe expansion the model. P.K
Sahoo et al., [3] investigated axially symmetric cosmological model in f(R,T) gravity in the presence of a
perfect fluid. Simran Arora et al., [4] studied the f (Q, T) gravity models with observational constraints.
P.K. Sahoo et al, [5] have studied homogeneous and anisotropic locally rotationally symmetric (LRS)
Bianchi type-I model with magnetized strange quark matter (MSQM) distribution and cosmological
constant Λ in f(R; T ) gravity .They obtained exact solutions of the field equations for three different
forms of deceleration parameter and observed that the first model with a bilinear DP represents a transition
of universe from early decelerating phase to a recent accelerating phase. In second case, the universe lies
at an accelerating phase. The third model shows a transition of universe for β > 1 and again lies at an
accelerating phase for β ≤ 1. P.K. Sahoo and M. Sivakumar [6] investigated the locally rotationally
symmetric (LRS) Bianchi type-I cosmological models in f (R, T) theory of gravity. Sanjay Mandal et al,.
[7] Studied Cosmography in f (Q) gravity and use the cosmographic parameters as a tool to derive f (z)
and its derivatives (called functions of cosmographic set) in terms of cosmographic parameters. The
dynamical features of the model including the oscillatory behaviour of the EOS parameter are studied by
P.K. Sahoo, et al,. [8] with FRW metric in the framework of f(R, T) gravity and observed that the universe
undergoes an accelerated expansion in the present epoch. Sanjay Mandal , et al,. [9] studied Energy
Conditions in f (Q) gravity derived the strong, the weak, the null, and the dominant energy conditions for
two different f (Q) gravity models. V. R. Chirde and S. H. Shekh [10] investigated non-static plane
symmetric dark energy model in f(R, T) gravity with a variable EoS parameter in the presence of a perfect
fluid source and observed that the EoS parameter, and the skewness parameters in the model are all
functions of time. They also seen that the model is accelerating, expanding and has no initial singularity. V.
R. Chirde and S. H. Shekh [11] investigated the plane symmetric space time with wet dark fluid (WDF),
which is a candidate for dark energy, in the framework of f(R, T ) gravity and obtained exact solutions of
the field equations for two different volumetric expansion laws, namely exponential expansion and power-
law expansion. S.R Bhoyar et al., [12] investigated the dynamics of locally rotationally symmetric and
spatially homogeneous Bianchi typeI (LRS) space-time with the linear equation of state filled with a
perfect fluid in the framework of f(T) gravity. V. R. Chirde and S. H. Shekh [13] investigated the
dynamics of Spatially Homogeneous Bianchi type-I (LRS) space–time filled with two minimally
interacting fields, Matter and Holographic dark energy components with volumetric power and
exponential expansion laws towards the gravitational field equations for the linear form of f (T) gravity
and found that, power law model has an initial singularity while exponential model is free from any type
of singularity. Both the models indicate that the Universe is accelerating. S.H. Shekh, and V. R. Chirde
[14] investigated accelerating Bianchi type dark energy cosmological model with cosmic string in f (T)
gravity. S.H. Shekh, et al., [15] investigated energy condition of f(T,B) gravity dark energy model with the
validity of thermodynamics. S.H. Shekh, [16] investigated Models of holographic dark energy in f (Q)
gravity. M. Koussour, et al., [17] studied a spatially homogeneous and isotropic FLRW cosmological
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model in framework of the symmetric teleparallel f (Q ) gravity. M. Koussour, et al., [18] discussed
anisotropic nature of space-time in f (Q) gravity. N. Myrzakulov, et. al., [19] discuss the analysis of
reconstructed modified symmetric teleparallel f(Q) gravity. M. Koussour, et al., [20] discussed late time
acceleration in f (Q) gravity. V. R. Chirde and S. H. Shekh [21] investigated the dynamics of magnetized
anisotropic dark energy in f(R, T) gravity with both deceleration and acceleration

References:
1) P.K. Sahoo et al., IJGMMP, Vol. 14 (2017)
2) P. H. R. S. Moraes et. al., Eur. Phys. J. C (2017) 77:480
3) P.K. Sahoo et al., Eur. Phys. J. Plus (2014) 129: 49
4) Simran Arora et al., Physics of the Dark Universe 30 (2020)
5) P.K. Sahoo et al., New Astron. Vol. 60 (2018)
6) P.K. Sahoo, Mutuswamy Sivakumar, Astrophys Space Sci (2015) 357:60
7) Sanjay Mandal, et al., Physical Review D 102, 124029 (2020)
8) P.K. Sahoo, et al., Modern Physics Letters A Vol. 33, No. 33 (2018)
9) Sanjay Mandal, et al., Physical Review D 102, 024057 (2020)
10) V. R. Chirde, S. H. Shekh, Astrophysics, Vol. 58, No. 1, March, 2015
11) V. R. Chirde, S. H. Shekh, J. Astrophys. Astr. (2016) 37: 15
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