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Abstract

In the first chapter of this thesis, we describe some interesting applications of the Laplace
transform in computational of integrals. Basic theorems are proved in the second part of this
chapter. Also in this chapter, the Laplace transform inverse of some functions are calculated
using the theorems such as Post-Widder, Titchmarsh, ... and integral representation. In going
on, we find the solution of some singular integral equations of fractional order, then we study
the Stieltjes transform and its various inversions and solving singular integral equations using
the Stieltjes transform inversion. In the second chapter, the Post-Widder theorem in two
dimensions and two-dimensional Laplace transform and their applications in computational of
integrals have been shown. Theorems of this chapter are a generalization of theorems of first
chapter. In the third chapter, we survey the analytical solution of some ordinary differential
equations of fractional order and fractional delay equation. Fractional differential equation
systems have been studied in this chapter. Several methods for solving fractional linear
equations have been proposed in various papers, that among them, the Laplace transform is
more important. The purpose of this chapter is to use of the Laplace transform for
representation of solving fractional dynamical systems. As we know, the typical dynamical
systems have many applications in engineering and physics. Also, justification for some of these
systems and equations according to physical laws is possible. In this chapter, the goal is to
explain ordinary equations and systems in fractional case and comparison exact solution in
fractional case with exact solution in normal case using charts. Fractional linear equations are
considered for many reasons, because many phenomena in nature are formulated as linear
equations. Among fractional linear equations considered in this chapter, are vibrating string
equation and spring equation. Solving fractional delay equations is one of the highlight points
of this chapter. In the fourth chapter, we obtain exact equation of fractional partial differential
equations such as wave/heat/diffusion equations in terms of Mittag-Leffler function

0 k

z
E..s(2 )Zém (z,8,0eC),
and Wright function
W (e piz)=y — - (a,B,2 <C).

K10 (ak + )

In some parts of chapter four, we have solved the equations using first chapter's theorems such
as Titchmarsh theorem. Highlight of this chapter is simultaneous applying of joint Fourier-
Laplace transform to obtain analytical solution of fractional partial equations. Wherever is
necessary, we represent the solutions with plotting.

Key Words and Phrases: Fractional calculus, Fractional partial differential equations,

Caputo fractional derivative, Laplace transform, Fourier transform, Integral equations.
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