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Fractional Derivatives for Physicists and Engineers
——————— VVolume | Background and Theory; Volume Il Applications

Vladimir V. Uchaikin
http://www.springer.com/physics/theoretical%e2C+mathematical+%26+computational+physics/book/
978-3-642-33910-3

e  First book combining a clear introduction to the fractional calculus with the description of a
wide sphere of physical applications
e  Combined ease of access and breadth of scope
o  Enables readers to apply the new methods in their own research
The first derivative of a particle coordinate means its velocity, the second means its acceleration, but
what does a fractional order derivative mean? Where does it come from, how does it work, where
does it lead to? The two-volume book written on high didactic level answers these questions.
Fractional Derivatives for Physicists and Engineers— The first volume contains a clear introduction
into such a modern branch of analysis as the fractional calculus. The second develops a wide
panorama of applications of the fractional calculus to various physical problems. This book recovers
new perspectives in front of the reader dealing with turbulence and semiconductors, plasma and
thermodynamics, mechanics and quantum optics, nanophysics and astrophysics.
The book is addressed to students, engineers and physicists, specialists in theory of probability and
statistics, in mathematical modeling and numerical simulations, to everybody who doesn't wish to
stay apart from the new mathematical methods becoming more and more popular.
Prof. Vladimir V. UCHAIKIN is a known Russian scientist and pedagogue, a Honored Worker of
Russian High School, a member of the Russian Academy of Natural Sciences. He is the author of
about three hundreds articles and more than a dozen books (mostly in Russian) in Cosmic ray
physics, Mathematical physics, Levy stable statistics, Monte Carlo methods with applications to
anomalous processes in complex systems of various levels: from quantum dots to the Milky Way
galaxy.
Keywords: Applications Fractional derivatives - Fractals physics - Hereditarity - Stable statistics
Related subjects: Computational Science & Engineering - Physical & Information Science -
Theoretical, Mathematical & Computational Physics

Table of contents

e  Physical Basics

e  Fractional Derivatives
e  Fractional Equations
e Applications

. Mechanics

. Kinetics

e  Electrodynamics

e Atomic Physics

e  Space Physics
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Selected Aspects of Fractional Brownian Motion

Ivan Nourdin
http://www.springer.com/mathematics/probability/book/978-88-470-2822-7

o  Except for very few exception, every result stated in this book is proved in details: the book is
then perfectly tailored for self-learning

e My guiding thread was to develop only the most aesthetic topics related to fractional Brownian
motion: the book will appeal to readers who are not necessarily familiar with fractional Brownian
motion and who like beautiful mathematics

e A special chapter on a recent link between fractional Brownian motion and free probability
introduces the reader to a new and promising line of research

Fractional Brownian motion (fBm) is a stochastic process which deviates significantly from

Brownian motion and semimartingales, and others classically used in probability theory. As a

centered Gaussian process, it is characterized by the stationarity of its increments and a medium- or

long-memory property which is in sharp contrast with martingales and Markov processes. FBm has

become a popular choice for applications where classical processes cannot model these non-trivial

properties; for instance long memory, which is also known as persistence, is of fundamental

importance for financial data and in internet traffic. The mathematical theory of fBm is currently

being developed vigorously by a number of stochastic analysts, in various directions, using

complementary and sometimes competing tools. This book is concerned with several aspects of fBm,

including the stochastic integration with respect to it, the study of its supremum and its appearance as

limit of partial sums involving stationary sequences, to name but a few. The book is addressed to

researchers and graduate students in probability and mathematical statistics. With very few

exceptions (where precise references are given), every stated result is proved.

Content Level: Research

Keywords: Fractional Brownian motion - Integration - Limit theorems - Malliavin calculus -

Maximum of Gaussian processes

Related subjects: Probability Theory and Stochastic Processes - Quantitative Finance

Table of contents

e  Preliminaries

e  Fractional Brownian motion

. Integration with respect to fractional Brownian motion

e Supremum of the fractional Brownian motion

. Malliavin calculus in a nutshell

e  Central limit theorem on the Wiener space

e  Weak convergence of partial sums of stationary sequences
. Non-commutative fractional Brownian motion
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Polynomial operators, stieltjes convolution, and fractional calculus in hereditary

mechanics

R.C. Koeller

Publication information: R.C. Koeller. Polynomial operators, stieltjes convolution, and fractional
calculus in hereditary mechanics. ACTA MECHANICA, 58 3-4 (1986), 251-264, DOI:
10.1007/BF01176603. http://www.springerlink.com/content/It2p66kw30680171/

Abstract

Fractional calculus is used to describe the general behavior of materials with memory. An expression
for the fractional derivative or the fractional integral is developed in terms of the Stieltjes convolution



and the Riesz distribution. The general fractional calculus polynomial operator constitutive equation
is reduced to a Stieltjes convolution. A constitutive equation which depends on a memory parameter
for an isotorpic viscoelastic material is presented. The proposed creep compliance has an initial
response, a primary creep region, a secondary creep region and a tertiary creep region. The
corresponding relaxation modulus has a glassy region, a leathery region, a rubbery region and a liquid
region.

Analysis of four-parameter fractional derivative model of real solid materials

T. Pritz

Publication information: T. Pritz. Analysis of four-parameter fractional derivative model of real
solid materials. Journal of Sound and Vibration, 195(1) (1996) :103 - 115.
http://www.sciencedirect.com/science/article/pii/S0022460X9690406 X

Abstract

The introduction of fractional derivatives into the constitutive equation of the differential operator
type of linear solid materials has led to the development of the so-called fractional derivative models.
One of these models, characterized by four parameters, has been found usable for describing the
variation of dynamics elastic and damping properties in a wide frequency range, provided that there is
only one loss peak. In this paper this four-parameter model is theoretically analyzed. The effect of the
parameters on the frequency curves is demonstrated, and it is shown that there is a strict relation
between the dispersion of the dynamic modulus, the loss peak and the slope of the frequency curves.
The half-value bandwidth of the loss modulus frequency curve is investigated, and conditions are
developed to establish the applicability of the model for a class of materials. Moreover, it is shown
that the model can be used to predict the frequency dependences of dynamic properties for a wide
range even if measurements are made in only a narrow frequency range around the loss peak.
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