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Abstract

The chief objective of this thesis is to use four approximate
transformational methods to solve the fractional-order coupled Hirota-
Satsuma equations (HSC-KdV) with the lowest error rate. These
equations are used to model longitudinal waves propagating in shallow
water and are used in many applications in fluid mechanics. This is

accomplished in two stages:

The first: Transforming a fractional partial differential equation into an

ordinary differential equation using properties of transformations.

The second: Using methods such as ADM, KDM and HPM to transform
nonlinear terms into a recurrence relationships. This is represented by
introducing a new tool for solving any mathematical system in various
fields, which is the hybridization of the Kalla method with the Sumudu
transform (ST-KDM), provided it is represented by fractional partial
differential equations. This hybrid method combines the Sumudu
transform with the Kalla decomposition method. This method reduces
computational effort compare to ADM. The Sumudu transform converts
fractional differential equations to ordinary differential equations and
then uses a Kalla polynomial to transform the nonlinear terms into a
series of equivalent linear terms. ST-KDM provides solutions in a series
converges to the exact solution. The steps of this method are explained in
a simple manner, its convergence is studied, its algorithm is created, and
it 1s applied to three different examples of fractional-order differential
equations to demonstrate its efficiency and accuracy in finding
approximated solutions. One of these examples is the HSC-KdV

equation.

Three approximate methods were also applied to solve HSC-KdV

equations with the lowest error rate. These methods are ST-ADM and



NT-ADM, which combine the Sumudu transform and the Natural
transform with Adomian decomposition method, respectively and ZZ-
HPM, which combines the ZZ transform and Homotopy perturbation
method (HPM). These methods provide approximate solutions in the
form of a series that converges to the exact solution. Comparison Tables
were created for these methods with the exact solution, and Figures were
drawn to demonstrate the accuracy of these methods. The effect of the
fractional order a on the resulting solutions for each method was also

plotted.

The results of these three methods were then compared with the
proposed new method under the same conditions and taking only three
terms from the solution series for each method by finding the mean
absolute error MAE at @« = 1 and the Least Square Weighted Function
error LSWF at a = 0.25,0.5,0.75 for each method. The results show
that the proposed method provides highly accurate approximate solutions

that are close to the exact solutions, with minimal computational effort.

The software used in this thesis is Maple 19.
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