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The Realization Problem for Positive and Fractional Systems
Kaczorek, Tadeusz, Sajewski, Lukasz
Book Description

Random walk is a stochastic process that has proven to be a useful model in understanding
discrete-state discrete-time processes across a wide spectrum of scientific disciplines. Elements of
Random Walk and Diffusion ProThis book addresses the realization problem of positive and
fractional continuous-time and discrete-time linear systems. Roughly speaking the essence of the
realization problem can be stated as follows: Find the matrices of the state space equations of
linear systems for given their transfer matrices. This first book on this topic shows how many
well-known classical approaches have been extended to the new classes of positive and fractional
linear systems. The modified Gilbert method for multi-input multi-output linear systems, the
method for determination of realizations in the controller canonical forms and in observer
canonical forms are presented. The realization problem for linear systems described by
differential operators, the realization problem in the Weierstrass canonical forms and of the
descriptor linear systems for given Markov parameters are addressed. The book also presents a
method for the determination of minimal realizations of descriptor linear systems and an
extension for cone linear systems. This monographs summarizes recent original investigations of
the authors in the new field of the positive and fractional linear systems.

More information on this book can be found by the following link:
http://www.springer.com/engineering/control/book/978-3-319-04833-8
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Fractional Derivatives for Physicists and Engineers

Uchaikin VIadimir V
Book Description

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.

More information on this book can be found by the following link:
http://www.springer.com/physics/theoretical,+mathematical+&+computational+physics/book/978
-3-642-33910-3
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Nonlinear dynamics
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Nondiffusive Transport in Plasma Turbulence: A Fractional Diffusion

Approach

Nondiffusive Transport in Plasma Turbulence: A Fractional Diffusion Approach

Publication information: D. del-Castillo-Negrete, B. A. Carreras, and V. E. Lynch. Nondiffusive
Transport in Plasma Turbulence: A Fractional Diffusion Approach. Physical Review Letters, 94,
065003 (2005).

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.065003

Abstract

Numerical evidence of nondiffusive transport in  three-dimensional, resistive
pressure-gradient-driven plasma turbulence is presented. It is shown that the probability density
function (pdf) of tracer particles’ radial displacements is strongly non-Gaussian and exhibits
algebraic decaying tails. To model these results we propose a macroscopic transport model for the
pdf based on the use of fractional derivatives in space and time that incorporate in a unified way
space-time nonlocality (non-Fickian transport), non-Gaussianity, and nondiffusive scaling. The
fractional diffusion model reproduces the shape and space time scaling of the non-Gaussian pdf of
turbulent transport calculations. The model also reproduces the observed superdiffusive scaling.
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Multifractality of the Feigenbaum Attractor and Fractional Derivatives

U. Frisch, K. Khanin and T. Matsumoto

Publication information: U. Frisch, K. Khanin and T. Matsumoto. Multifractality of the
Feigenbaum Attractor and Fractional Derivatives. Journal of Statistical Physics, 2005, 121(5/6),
671-695.
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http://link.springer.com/article/10.1007/s10955-005-7011-4

Abstract

It is shown that fractional derivatives of the (integrated) invariant measure of the Feigenbaum
map at the onset of chaos have power-law tails in their cumulative distributions, whose exponents
can be related to the spectrum of singularities (f(a). This is a new way of characterizing
multifractality in dynamical systems, so far applied only to multifractal random functions [Frisch
and Matsumoto, J. Stat. Phys. 108:1181, 2002]. The relation between the thermodynamic
approach [Vul, Sinai and Khanin, Russian Math. Surveys 39:1, 1984] and that based on
singularities of the invariant measures is also examined. The theory for fractional derivatives is
developed from a heuristic point view and tested by very accurate simulations.
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