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I. INTRODUCTION 

 
Fractional calculus is an extension of ordinary calculus since it defines derivatives and integrals for any 

arbitrary real order. Fractional calculus is important for many phenomena in the real world as well as for pure 

mathematics. Fractional calculus has drawn a lot of attention as a result of its numerous applications in a variety 

of fields, including physics, chemistry, biophysics, control theory, capacitor theory, signal processing, population 

dynamics, mechanics, and electromagnetics, among many others. Fractional differential equations are more 

efficient at reflecting the dynamics of such a wide range of systems, according to recent study. [2,3,7-11,16,17] 

has more details. 
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II. Preliminaries 
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