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Solution of fractional partial differential equations
using orthogonal basis

Abstract

Fractional calculus allows mathematical and engineers a better modeling of a
wide class of systems with anomalous dynamic behavior and a better
understanding of the facets of both physical phenomena and artifcial processes.
Hence the mathematical models derived from differential equations with
noninteger/fractional order derivatives or integrals are becoming a fundamental
research issue for scientists and engineers .

The fractional advection-diffusion equation is presented as a useful approach for
the description of transport dynamics in complex systems.

In this thesis, we make a new class of orthonormal Bernstein polynomials that
called rational orthonormal functions and also derived features of associated it.
We present spectral Galerkin and Collocation methods for time-space
fractional advection-diffusion equation using Bernstein and Chebyshev basis
with offering error analysis. Also we define the new Bernstein wavelet to obtain
a solution for fractional partial equations. Numerical examples are provided to
show accuracy and efficiency of the proposed methods and to support the
theoretical claims.

Keywords. Fractional advection-diffusion equation, Caputo derivative,
Orthonormal Bernstein polynomials, Chebyshev polynomials, Galerkin method,

Collocation methd, Bernstein wavelet, Error analysis.
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