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Abstract

This thesis discusses using two different kinds of finite difference
methods to find numerical solutions to fractional partial differential
equations in respect to time-space, time, and space derivatives. These are
the explicit finite difference method and the exponential finite difference
method. The fraction derivatives are defined in two ways. First, the
Griinwald-Letnikov formula is used for the space and time derivatives.
Then, the Caputo derivative for time and the shifted Griinwald-Letnikov

formula for space are employed.

The exponential difference method has been used to solve many
partial differential equations, but has yet to be used to solve fractional
partial differential equations. In this thesis, it is applied for the first time to
find the numerical solution to fractional differential equations, and it

proved to be a success through the results obtained.

Four different test problems are used to check the accuracy of the
methods in different cases with various orders of fraction derivatives at
different times. The results show that these methods can get close to the
exact solution for each case study example, when the Caputo sense is used
for time and the shifted Griinwald-Letnikov formula is used for space

derivatives.

This study presents a new hybrid approach that combines finite
difference methods with the Adomian polynomial to address the nonlinear
term in the test examples. This hybrid technique provides a new method to
deal with the therapy's nonlinear term in the equation, resulting in enhanced

precision and effectiveness of the solution.

When used with the explicit finite difference methods with Caputo
and the Griinwald-Letnikov formulas, the hybrid technique provides



excellent results, even when the fractional order derivatives are small and

the time steps are significant.

Also, the fractional exponential finite difference method obtains
more accurate results when combined with the Adomian polynomial than
when using the Caputo and the Griinwald-Letnikov formulas alone. The

methods were programmed using Matlab2021a.
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