fractional calculus book

fractional calculus book offers a unique and in-depth exploration of a mathematical field that extends
traditional calculus into the realm of fractional derivatives and integrals. This area of study has gained
significant traction in various scientific and engineering disciplines, as it provides a more nuanced
approach to modeling complex systems. This article will delve into the essentials of fractional calculus,
discuss key texts that serve as foundational fractional calculus books, and highlight their applications in
real-world scenarios. We will also provide guidance on selecting the right fractional calculus book for

your needs, whether you are a student, researcher, or practitioner.
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Introduction to Fractional Calculus

Fractional calculus is a branch of mathematical analysis that extends the concept of derivatives and

integrals to non-integer orders. The term "fractional" refers to the fact that the derivatives can be of



any real or complex order, allowing for greater flexibility in modeling dynamic systems. Historically,
fractional calculus has roots that trace back to the work of mathematicians like Leibniz and Newton,

but it has evolved significantly over the centuries.

The significance of fractional calculus lies in its ability to describe phenomena that standard calculus
cannot easily articulate. Many systems in physics, engineering, and finance exhibit memory and
hereditary properties, which fractional derivatives can model effectively. This has led to a surge of
interest in the field, resulting in the publication of numerous fractional calculus books catering to

different audiences, from beginners to advanced practitioners.

Key Concepts in Fractional Calculus

Definition of Fractional Derivatives

The fractional derivative is a generalization of the ordinary derivative. While traditional calculus defines
the derivative as the limit of the difference quotient, fractional derivatives can be understood through
several definitions, including the Riemann-Liouville and Caputo derivatives. Each definition has its own

context and applicability, making it essential to choose the right one for specific problems.

Fractional Integrals

Similar to fractional derivatives, fractional integrals extend the concept of integration to non-integer
orders. The definitions of fractional integrals often align with those of fractional derivatives, but they
serve different purposes in analysis. Understanding how to compute fractional integrals is crucial for

solving differential equations involving fractional derivatives.



Applications of Fractional Calculus

Fractional calculus has found applications across various fields, including:

Physics: Modeling viscoelastic materials and diffusion processes.

¢ Engineering: Control systems and signal processing.

Finance: Option pricing and risk assessment.

Biology: Population dynamics and epidemiology.

Recommended Fractional Calculus Books

Fundamentals of Fractional Calculus

This book serves as an introductory guide to fractional calculus, covering the essential theories and
mathematical foundations. It is ideal for students new to the subject and provides clear explanations

along with practical examples.

Fractional Differential Equations

This text delves into the theory and applications of fractional differential equations. It offers a

comprehensive overview of various methods for solving these equations, making it a valuable resource



for researchers and practitioners alike.

Introduction to Fractional Calculus and Fractional Differential

Equations

This book provides a thorough introduction to both fractional calculus and its applications in differential
equations. It is well-suited for advanced students and professionals seeking to deepen their

understanding of the subject.

Applications of Fractional Calculus

Fractional calculus has become increasingly relevant in various applications due to its ability to model

complex systems more accurately than traditional methods. Some of the notable applications include:

Viscoelasticity

In material science, fractional calculus helps in modeling the behavior of viscoelastic materials, which
exhibit both viscous and elastic characteristics. This allows for better prediction of how materials

respond to stress over time.

Control Theory

In control systems, fractional-order controllers can enhance the performance and stability of systems,

particularly in cases where standard integer-order controllers fall short.



Signal Processing

Fractional calculus is employed in signal processing to analyze and filter signals, providing a

framework for better noise reduction and feature extraction.

Choosing the Right Fractional Calculus Book

When selecting a fractional calculus book, consider the following factors:

Level of Expertise: Determine whether you need an introductory text or a more advanced book.

Focus Area: Some books focus on theory, while others emphasize applications. Choose based

on your interests.

Author Credentials: Look for books authored by recognized experts in the field.

Reviews and Recommendations: Seek out reviews from peers or mentors to gauge the quality of

the book.

Conclusion

Fractional calculus is a fascinating and expanding field that provides powerful tools for modeling and
understanding complex systems. A well-chosen fractional calculus book can serve as a valuable
resource for learning the fundamentals and applications of this mathematical discipline. Whether you

are a student, researcher, or working professional, the right text will deepen your understanding and



enhance your ability to apply fractional calculus in your area of expertise.

Q: What is a fractional calculus book?

A: A fractional calculus book is a text that covers the principles, theories, and applications of fractional
calculus, which extends the concepts of traditional calculus to non-integer orders of derivatives and

integrals.

Q: Why is fractional calculus important?

A: Fractional calculus is important because it allows for a more accurate modeling of complex systems
that exhibit memory and hereditary properties, which are often inadequately described by standard

calculus.

Q: What are some key applications of fractional calculus?

A: Key applications of fractional calculus include modeling viscoelastic materials, enhancing control
systems, analyzing signals in signal processing, and solving complex differential equations in various

fields.

Q: How do | choose the best fractional calculus book for my needs?

A: To choose the best fractional calculus book, consider your level of expertise, the focus area (theory

vs. applications), the credentials of the authors, and reviews or recommendations from peers.

Q: Are there any recommended fractional calculus books for



beginners?

A: Yes, there are several recommended fractional calculus books for beginners, including

"Fundamentals of Fractional Calculus," which provides clear explanations and practical examples.

Q: Can fractional calculus be applied in finance?

A: Yes, fractional calculus can be applied in finance, particularly in option pricing and risk assessment,

where it helps model complex financial derivatives accurately.

Q: What is the difference between Riemann-Liouville and Caputo
fractional derivatives?

A: The Riemann-Liouville derivative is defined using an integral transform, while the Caputo derivative
allows for initial conditions to be specified in a more conventional way. This makes Caputo derivatives

often preferred in engineering applications.

Q: Is there a significant difference between fractional calculus and
traditional calculus?

A: Yes, fractional calculus generalizes traditional calculus by allowing derivatives and integrals to be of
non-integer order, which enables the modeling of systems with memory effects and other complex

behaviors that traditional calculus cannot capture effectively.
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fractional calculus book: Fractional Calculus Varsha Daftardar-Gejji, 2013-07-26
FRACTIONAL CALCULUS: Theory and Applications deals with differentiation and integration of
arbitrary order. The origin of this subject can be traced back to the end of seventeenth century, the
time when Newton and Leibniz developed foundations of differential and integral calculus.
Nonetheless, utility and applicability of FC to various branches of science and engineering have
been realized only in last few decades. Recent years have witnessed tremendous upsurge in research
activities related to the applications of FC in modeling of real-world systems. Unlike the derivatives
of integral order, the non-local nature of fractional derivatives correctly models many natural
phenomena containing long memory and give more accurate description than their integer
counterparts.The present book comprises of contributions from academicians and leading
researchers and gives a panoramic overview of various aspects of this subject: Introduction to
Fractional Calculus Fractional Differential Equations Fractional Ordered Dynamical Systems
Fractional Operators on Fractals Local Fractional Derivatives Fractional Control Systems Fractional
Operators and Statistical Distributions Applications to Engineering

fractional calculus book: Fractional Differential Equations Igor Podlubny, 1998-10-27 This
book is a landmark title in the continuous move from integer to non-integer in mathematics: from
integer numbers to real numbers, from factorials to the gamma function, from integer-order models
to models of an arbitrary order. For historical reasons, the word 'fractional’ is used instead of the
word 'arbitrary'.This book is written for readers who are new to the fields of fractional derivatives
and fractional-order mathematical models, and feel that they need them for developing more
adequate mathematical models.In this book, not only applied scientists, but also pure
mathematicians will find fresh motivation for developing new methods and approaches in their fields
of research.A reader will find in this book everything necessary for the initial study and immediate
application of fractional derivatives fractional differential equations, including several necessary
special functions, basic theory of fractional differentiation, uniqueness and existence theorems,
analytical numerical methods of solution of fractional differential equations, and many inspiring
examples of applications. - A unique survey of many applications of fractional calculus - Presents
basic theory - Includes a unified presentation of selected classical results, which are important for
applications - Provides many examples - Contains a separate chapter of fractional order control
systems, which opens new perspectives in control theory - The first systematic consideration of
Caputo's fractional derivative in comparison with other selected approaches - Includes tables of
fractional derivatives, which can be used for evaluation of all considered types of fractional
derivatives

fractional calculus book: The Fractional Calculus Theory and Applications of
Differentiation and Integration to Arbitrary Order , 1974-09-05 In this book, we study
theoretical and practical aspects of computing methods for mathematical modelling of nonlinear
systems. A number of computing techniques are considered, such as methods of operator
approximation with any given accuracy; operator interpolation techniques including a non-Lagrange
interpolation; methods of system representation subject to constraints associated with concepts of
causality, memory and stationarity; methods of system representation with an accuracy that is the
best within a given class of models; methods of covariance matrix estimation;methods for low-rank
matrix approximations; hybrid methods based on a combination of iterative procedures and best
operator approximation; andmethods for information compression and filtering under condition that
a filter model should satisfy restrictions associated with causality and different types of memory.As a
result, the book represents a blend of new methods in general computational analysis,and specific,
but also generic, techniques for study of systems theory ant its particularbranches, such as optimal
filtering and information compression.- Best operator approximation,- Non-Lagrange interpolation,-
Generic Karhunen-Loeve transform- Generalised low-rank matrix approximation- Optimal data
compression- Optimal nonlinear filtering

fractional calculus book: An Introduction to the Fractional Calculus and Fractional



Differential Equations Kenneth S. Miller, Bertram Ross, 1993-06-02 Commences with the historical
development of fractional calculus, its mathematical theory—particularly the Riemann-Liouville
version. Numerous examples and theoretical applications of the theory are presented. Features
topics associated with fractional differential equations. Discusses Weyl fractional calculus and some
of its uses. Includes selected physical problems which lead to fractional differential or integral
equations.

fractional calculus book: Fractional Calculus with its Applications in Engineering and
Technology Yi Yang, Haiyan Henry Zhang, 2019-03-28 This book aims to provide the basic theory of
fractional calculus and its applications based on practical schemes and approaches, illustrated with
applicable engineering and technical examples, especially focusing on the fractional-order controller
design. In the development of this book, the essential theorems and facts in the first two chapters
are proven with rigorous mathematical analyses. In addition, the commonly used definitions of
Grunwald-Letnikov, Riemann-Liouville, Caputo, and Miller-Ross fractional derivatives are introduced
with their properties proved and linked to fractional-order controller design. The last chapter
presents several enlightening scenarios of fractional-order control designs, for example, the
suppression of machining chatter, the nonlinear motion control of a multilink robot, the
simultaneous tracking and stabilization control of a rotary inverted pendulum, and the idle speed
control of an internal combustion engine (ICE).

fractional calculus book: Fractional Calculus: An Introduction For Physicists (2nd Edition)
Richard Herrmann, 2014-01-03 The book presents a concise introduction to the basic methods and
strategies in fractional calculus and enables the reader to catch up with the state of the art in this
field as well as to participate and contribute in the development of this exciting research area.The
contents are devoted to the application of fractional calculus to physical problems. The fractional
concept is applied to subjects in classical mechanics, group theory, quantum mechanics, nuclear
physics, hadron spectroscopy and quantum field theory and it will surprise the reader with new
intriguing insights.This new, extended edition now also covers additional chapters about image
processing, folded potentials in cluster physics, infrared spectroscopy and local aspects of fractional
calculus. A new feature is exercises with elaborated solutions, which significantly supports a deeper
understanding of general aspects of the theory. As a result, this book should also be useful as a
supporting medium for teachers and courses devoted to this subject.

fractional calculus book: Fractional Calculus and Its Applications B. Ross, 2006-11-15

fractional calculus book: Introduction To The Fractional Calculus Of Variations Delfim F
M Torres, Agnieszka Barbara Malinowska, 2012-09-14 This invaluable book provides a broad
introduction to the fascinating and beautiful subject of Fractional Calculus of Variations (FCV). In
1996, FVC evolved in order to better describe non-conservative systems in mechanics. The inclusion
of non-conservatism is extremely important from the point of view of applications. Forces that do not
store energy are always present in real systems. They remove energy from the systems and, as a
consequence, Noether's conservation laws cease to be valid. However, it is still possible to obtain
the validity of Noether's principle using FCV. The new theory provides a more realistic approach to
physics, allowing us to consider non-conservative systems in a natural way. The authors prove the
necessary Euler-Lagrange conditions and corresponding Noether theorems for several types of
fractional variational problems, with and without constraints, using Lagrangian and Hamiltonian
formalisms. Sufficient optimality conditions are also obtained under convexity, and Leitmann's direct
method is discussed within the framework of FCV.The book is self-contained and unified in
presentation. It may be used as an advanced textbook by graduate students and ambitious
undergraduates in mathematics and mechanics. It provides an opportunity for an introduction to
FCV for experienced researchers. The explanations in the book are detailed, in order to capture the
interest of the curious reader, and the book provides the necessary background material required to
go further into the subject and explore the rich research literature./a

fractional calculus book: Fractional Calculus Dumitru Baleanu, 2012 The subject of fractional
calculus and its applications (that is, convolution-type pseudo-differential operators including



integrals and derivatives of any arbitrary real or complex order) has gained considerable popularity
and importance during the past three decades or so, mainly due to its applications in diverse fields
of science and engineering. These operators have been used to model problems with anomalous
dynamics, however, they also are an effective tool as filters and controllers, and they can be applied
to write complicated functions in terms of fractional integrals or derivatives of elementary functions,
and so on. This book will give readers the possibility of finding very important mathematical tools for
working with fractional models and solving fractional differential equations, such as a generalization
of Stirling numbers in the framework of fractional calculus and a set of efficient numerical methods.
Moreover, we will introduce some applied topics, in particular fractional variational methods which
are used in physics, engineering or economics. We will also discuss the relationship between
semi-Markov continuous-time random walks and the space-time fractional diffusion equation, which
generalizes the usual theory relating random walks to the diffusion equation. These methods can be
applied in finance, to model tick-by-tick (log)-price fluctuations, in insurance theory, to study ruin, as
well as in macroeconomics as prototypical growth models. All these topics are complementary to
what is dealt with in existing books on fractional calculus and its applications. This book was written
with a trade-off in mind between full mathematical rigor and the needs of readers coming from
different applied areas of science and engineering. In particular, the numerical methods listed in the
book are presented in a readily accessible way that immediately allows the readers to implement
them on a computer in a programming language of their choice. Numerical code is also provided.
fractional calculus book: Functional Fractional Calculus Shantanu Das, 2011-06-01 When a
new extraordinary and outstanding theory is stated, it has to face criticism and skeptism, because it
is beyond the usual concept. The fractional calculus though not new, was not discussed or developed
for a long time, particularly for lack of its application to real life problems. It is extraordinary
because it does not deal with ‘ordinary’ differential calculus. It is outstanding because it can now be
applied to situations where existing theories fail to give satisfactory results. In this book not only
mathematical abstractions are discussed in a lucid manner, with physical mathematical and
geometrical explanations, but also several practical applications are given particularly for system
identification, description and then efficient controls. The normal physical laws like, transport
theory, electrodynamics, equation of motions, elasticity, viscosity, and several others of are based on
‘ordinary’ calculus. In this book these physical laws are generalized in fractional calculus contexts;
taking, heterogeneity effect in transport background, the space having traps or islands, irregular
distribution of charges, non-ideal spring with mass connected to a pointless-mass ball, material
behaving with viscous as well as elastic properties, system relaxation with and without memory,
physics of random delay in computer network; and several others; mapping the reality of nature
closely. The concept of fractional and complex order differentiation and integration are elaborated
mathematically, physically and geometrically with examples. The practical utility of local fractional
differentiation for enhancing the character of singularity at phase transition or characterizing the
irregularity measure of response function is deliberated. Practical results of viscoelastic
experiments, fractional order controls experiments, design of fractional controller and practical
circuit synthesis for fractional order elements are elaborated in this book. The book also maps
theory of classical integer order differential equations to fractional calculus contexts, and deals in
details with conflicting and demanding initialization issues, required in classical techniques. The
book presents a modern approach to solve the ‘solvable’ system of fractional and other differential
equations, linear, non-linear; without perturbation or transformations, but by applying physical
principle of action-and-opposite-reaction, giving ‘approximately exact’ series solutions. Historically,
Sir Isaac Newton and Gottfried Wihelm Leibniz independently discovered calculus in the middle of
the 17th century. In recognition to this remarkable discovery, J.von Neumann remarked, “...the
calculus was the first achievement of modern mathematics and it is difficult to overestimate its
importance. I think it defines more equivocally than anything else the inception of modern
mathematical analysis which is logical development, still constitute the greatest technical advance in
exact thinking.” This XXI century has thus started to ‘think-exactly’ for advancement in science &



technology by growing application of fractional calculus, and this century has started speaking the
language which nature understands the best.

fractional calculus book: Applications Of Fractional Calculus In Physics Rudolf Hilfer,
2000-03-02 Fractional calculus is a collection of relatively little-known mathematical results
concerning generalizations of differentiation and integration to noninteger orders. While these
results have been accumulated over centuries in various branches of mathematics, they have until
recently found little appreciation or application in physics and other mathematically oriented
sciences. This situation is beginning to change, and there are now a growing number of research
areas in physics which employ fractional calculus.This volume provides an introduction to fractional
calculus for physicists, and collects easily accessible review articles surveying those areas of physics
in which applications of fractional calculus have recently become prominent.

fractional calculus book: Basic Theory Of Fractional Differential Equations (Third
Edition) Yong Zhou, 2023-10-06 This accessible monograph is devoted to a rapidly developing area
on the research of qualitative theory of fractional ordinary differential equations and evolution
equations. It is self-contained and unified in presentation, and provides the readers the necessary
background material required to go further into the subject and explore the rich research literature.
The tools used include many classical and modern nonlinear analysis methods such as fixed point
theory, measure of noncompactness method, topological degree method, Picard operators technique,
critical point theory and semigroups theory. This book is based on the research work done so far by
the author and other experts, and contains comprehensive up-to-date materials on the topic.In this
third edition, four new topics have been added: Hilfer fractional evolution equations and infinite
interval problems, oscillations and nonoscillations, fractional Hamiltonian systems, fractional
Rayleigh-Stokes equations, and wave equations. The bibliography has also been updated and
expanded.This book is useful to researchers, graduate or PhD students dealing with fractional
calculus and applied analysis, differential equations, and related areas of research.

fractional calculus book: Introduction to Fractional Differential Equations Constantin Milici,
Gheorghe Draganescu, J. Tenreiro Machado, 2018-10-28 This book introduces a series of problems
and methods insufficiently discussed in the field of Fractional Calculus - a major, emerging tool
relevant to all areas of scientific inquiry. The authors present examples based on symbolic
computation, written in Maple and Mathematica, and address both mathematical and computational
areas in the context of mathematical modeling and the generalization of classical integer-order
methods. Distinct from most books, the present volume fills the gap between mathematics and
computer fields, and the transition from integer- to fractional-order methods.

fractional calculus book: Fractional Calculus: Models And Numerical Methods (Second
Edition) Juan J Trujillo, Enrico Scalas, Kai Diethelm, Dumitru Baleanu, 2016-09-15 This book will
give readers the possibility of finding very important mathematical tools for working with fractional
models and solving fractional differential equations, such as a generalization of Stirling numbers in
the framework of fractional calculus and a set of efficient numerical methods. Moreover, we will
introduce some applied topics, in particular fractional variational methods which are used in physics,
engineering or economics. We will also discuss the relationship between semi-Markov
continuous-time random walks and the space-time fractional diffusion equation, which generalizes
the usual theory relating random walks to the diffusion equation. These methods can be applied in
finance, to model tick-by-tick (log)-price fluctuations, in insurance theory, to study ruin, as well as in
macroeconomics as prototypical growth models.All these topics are complementary to what is dealt
with in existing books on fractional calculus and its applications. This book will keep in mind the
trade-off between full mathematical rigor and the needs of readers coming from different applied
areas of science and engineering. In particular, the numerical methods listed in the book are
presented in a readily accessible way that immediately allows the readers to implement them on a
computer in a programming language of their choice.The second edition of the book has been
expanded and now includes a discussion of additional, newly developed numerical methods for
fractional calculus and a chapter on the application of fractional calculus for modeling processes in



the life sciences.

fractional calculus book: Advances in Fractional Calculus J. Sabatier, O. P. Agrawal, ]J. A.
Tenreiro Machado, 2007-07-28 In the last two decades, fractional (or non integer) differentiation has
played a very important role in various fields such as mechanics, electricity, chemistry, biology,
economics, control theory and signal and image processing. For example, in the last three fields,
some important considerations such as modelling, curve fitting, filtering, pattern recognition, edge
detection, identification, stability, controllability, observability and robustness are now linked to
long-range dependence phenomena. Similar progress has been made in other fields listed here. The
scope of the book is thus to present the state of the art in the study of fractional systems and the
application of fractional differentiation. As this volume covers recent applications of fractional
calculus, it will be of interest to engineers, scientists, and applied mathematicians.

fractional calculus book: Computational Methods In The Fractional Calculus Of Variations
Ricardo Almeida, Shakoor Pooseh, Delfim F M Torres, 2015-03-19 This book fills a gap in the
literature by introducing numerical techniques to solve problems of fractional calculus of variations
(FCV). In most cases, finding the analytic solution to such problems is extremely difficult or even
impossible, and numerical methods need to be used.The authors are well-known researchers in the
area of FCV and the book contains some of their recent results, serving as a companion volume to
Introduction to the Fractional Calculus of Variations by A B Malinowska and D F M Torres, where
analytical methods are presented to solve FCV problems. After some preliminaries on the subject,
different techniques are presented in detail with numerous examples to help the reader to better
understand the methods. The techniques presented may be used not only to deal with FCV problems
but also in other contexts of fractional calculus, such as fractional differential equations and
fractional optimal control. It is suitable as an advanced book for graduate students in mathematics,
physics and engineering, as well as for researchers interested in fractional calculus.

fractional calculus book: Fractional Differentiation Inequalities George A. Anastassiou,
2009-05-28 In this book the author presents the Opial, Poincaré, Sobolev, Hilbert, and Ostrowski
fractional differentiation inequalities. Results for the above are derived using three different types of
fractional derivatives, namely by Canavati, Riemann-Liouville and Caputo. The univariate and
multivariate cases are both examined. Each chapter is self-contained. The theory is presented
systematically along with the applications. The application to information theory is also examined.
This monograph is suitable for researchers and graduate students in pure mathematics. Applied
mathematicians, engineers, and other applied scientists will also find this book useful.

fractional calculus book: Fractional Calculus: Theory and Applications Francesco Mainardi,
2018-09-20 This book is a printed edition of the Special Issue Fractional Calculus: Theory and
Applications that was published in Mathematics

fractional calculus book: Fractional Dynamics Vasily E. Tarasov, 2011-01-04 Fractional
Dynamics: Applications of Fractional Calculus to Dynamics of Particles, Fields and Media presents
applications of fractional calculus, integral and differential equations of non-integer orders in
describing systems with long-time memory, non-local spatial and fractal properties. Mathematical
models of fractal media and distributions, generalized dynamical systems and discrete maps,
non-local statistical mechanics and kinetics, dynamics of open quantum systems, the hydrodynamics
and electrodynamics of complex media with non-local properties and memory are considered. This
book is intended to meet the needs of scientists and graduate students in physics, mechanics and
applied mathematics who are interested in electrodynamics, statistical and condensed matter
physics, quantum dynamics, complex media theories and kinetics, discrete maps and lattice models,
and nonlinear dynamics and chaos. Dr. Vasily E. Tarasov is a Senior Research Associate at Nuclear
Physics Institute of Moscow State University and an Associate Professor at Applied Mathematics and
Physics Department of Moscow Aviation Institute.

fractional calculus book: Fractional Calculus Richard Herrmann, 2011 Fractional calculus is
undergoing rapidly and ongoing development. We can already recognize, that within its framework
new concepts and strategies emerge, which lead to new challenging insights and surprising




correlations between different branches of physics. This book is an invitation both to the interested
student and the professional researcher. It presents a thorough introduction to the basics of
fractional calculus and guides the reader directly to the current state-of-the-art physical
interpretation. It is also devoted to the application of fractional calculus on physical problems, in the
subjects of classical mechanics, friction, damping, oscillations, group theory, quantum mechanics,
nuclear physics, and hadron spectroscopy up to quantum field theory.
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