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Abstract II 

 

 

Abstract 
 

Ahmad Wedad Faraj. Theoretical  Study of Certain Problems of Special Functions  

and Fractional Calculus Operators. Doctor of Philosophy in Science, Dissertation of 

Pure Mathematics, University College of Women for Arts, Sciences and Education, Ain 

Shams University.  

The main purpose of this thesis is to introduce generalized forms of some special 

functions of fractional calculus that play an important role in solving fractional 

differential and integral equations. 

 

This thesis is divided into five chapters 

 

In chapter 1: The literature review of the problems under study is indicated, moreover 

the related definitions, preliminaries and formulas needed are stated.  

In chapter 2: We review some results refer to the generalized Mittag-Leffler function  

and extend them to obtain new properties and formulas, also we discuss its relation to 

fractional calculus operators. We establish an integral operator called Weyl integral 

operator containing the generalized Mittag- Leffler function in its kernel and derive its 

various properties. A solution of fractional nonhomogeneous differential equations are 

investigated in terms of the generalized Mittag – Leffler function.  

In chapter 3: We introduce a new generalized M-series and study its main properties 

including the relation with fractional calculus operators. We also establish an integral 

operator containing the generalized M-series in its kernel. At the end of this chapter we 

define a general class of polynomials associated with the generalized M– series and 

bring out several families of generating relations and finite summation formulas. 

In chapter 4: We introduce a new generalized 4K - function and investigate its relation 

with the generalized Mittag – Leffler function and the generalized M-series. 

Furthermore we solve the general fractional kinetic equation in terms of the special 

functions by applying two different methods; Laplace transform operator method and 

differ – integral operator method.  

In chapter 5: Concluding remarks of the thesis, comments and directions for further 

work are stated.  

Keywords :  Generalized Mittag- Leffler function, generalized M- Series, generalized 

4K  - function, Riemann- Liouville fractional calculus operators, Weyl fractional integral 

and differential operators, generalized fractional kinetic equation, fractional differential 

equations, Laplace transform operator, general classes of polynomials.  
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