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Abstract

Among the many possible definitions of differential operators of frac-
tional (i.e., non-integer) order, the one usually attributed to Caputo is par-
ticularly important because of its outstanding significance for the modelling
of many memory-dependent phenomena in physics, engineering, finance,
and various other areas. In this book we give a comprehensive account of
these differential operators and the corresponding integral operators. Based
on these results we then develop a thorough analysis of the differential equa-
tions with Caputo-type derivatives. This includes, among others, results
concerning the existence and uniqueness of solutions, the dependence of the
solutions on the given data, and the long-term behaviour of the solutions.
Moreover we briefly compare the properties of Caputo-type equations to
those of Riemann-Liouville type for which a detailed theory has been known
for some time now but which are mainly of interest for theoretical, purely
mathematical reasons and not from the point of view of applications. Our
goal in this book is to provide the results derived in a way that is mathe-
matically precise and rigorous and, at the same time, readable also for re-
searchers from outside of mathematics who need to use Caputo differential
equations in their work. We also believe that the theory developed in this
book can serve as a solid foundation for a theoretical analysis and thorough
understanding of methods for the numerical solution of these equations.
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Cover text

Fractional calculus has been developed by pure mathematicians since the
middle of the 19th century. Some 100 years later, engineers and physicists
have found applications for these concepts in their areas. However there has
traditionally been little interaction between these two communities. In par-
ticular, typical mathematical works provide deep results about aspects with
rather little significance in applications, and the engineering literature often
lacks mathematical detail and precision. This book bridges the gap between
the two communities. It concentrates on the class of fractional derivatives
most important in applications, the Caputo operators, and provides a self-
contained, thorough and mathematically rigorous study of their properties
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and of the corresponding differential equations. The text is a useful tool for
mathematicians and researchers from the applied sciences alike. It can also
be used as a basis for teaching a graduate course on fractional differential
equations.
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Key Features of the Book

• The book provides a detailed mathematical description of the class of
fractional differential operators that is most important in applications
in physics, engineering, etc.

• It bridges the gap between aspects from pure mathematics and appli-
cation-oriented questions.

• It contains a solid mathematical foundation on which researchers from
outside of mathematics can build their models.

• It is written in a style suitable for use as textbook.
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