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Abstract
The time fractional diffusion equation is obtained from the standard diffusion equation by replacing the first-order time derivative with a fractional
derivative of order β ∈ (0, 1) . From a physical view-point this generalized
diffusion equation is derived from a fractional Fick law which describes transport processes with long memory. The fundamental solution for the Cauchy
problem is interpreted as a probability density of a self-similar non-Markovian
stochastic process related to a phenomenon of sub-diffusion (the variance
grows in time sub-linearly).
A further generalization is obtained by considering a continuous or discrete distribution of fractional time derivatives of order less than one. Then
the fundamental solution is still a probability density of a non-Markovian
process that, however, is no longer self-similar but exhibits a corresponding distribution of time-scales. For particular choices of order distributions
(discrete ones, continuous ones) explicit model solutions are found, in detail
analyzed with respect to asymptotics for time tending to zero and to infinity;
numerical-graphical studies are carried out as well.
This lecture is based on Author’s works carried out with the collaboration
of his associates Dr. Antonio Mura and Dr. Gianni Pagnini, and of his
colleague Rudolf Gorenflo, Emeritus Professor of Mathematics at the Free
University of Berlin. Below we provide some references to related papers of
our team.
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