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ABSTRACT

The goal of this thesis is to improve the numerical solutions for
coupled systems of nonlinear partial differential equations based on the
explicit, Crank-Nicholson, and implicit and the exponential finite
difference method, where they were applied to the general formula for
coupled systems of nonlinear partial differential equations. The problem
of exogenous points that appears in the presence of higher- level
derivative was addressed with writing an algorithm for each method. The
proposed method of the methods was applied in solving two different
examples. The matrix equation for the Drinfeld's-Sokolov-Wilson (DSW)
system was also derived using the implicit finite difference method. The
convergence of the solution to the resulting matrix equation was also
proven analytically.

Hybrid methods were presented to improve the resulting numerical
solutions using two different techniques. The first is Adomian Plynomial
to handle the non-linear part where it was combined with the four finite
difference methods and an algorithm was developed for each method and
then applied to two different examples. This technique proved its
effectiveness by significantly reducing the error rate and the convergence
of the solution to the first example was proven analytically. The second
technique is using Homotopy Polynomial, where it was combined with
the same method of the first technique and the proposed method was
applied to the same two examples and this technique proved excellent
efficiency and accuracy by reducing the error rate better than the first
technique.

The Quintic-B-Spline Collocation Method was applied to solve the
coupled system of nonlinear partial differential equations using two
techniques. The first is applying Crank Nicholson's law to find only the
partial derivatives, and the second technique is applying Crank
Nicholson's law to the solutions u, v and their partial derivatives. The
results show through comparing the solutions that the two techniques are
equivalent in terms of accuracy and efficiency. The solutions were also
improved by treating the nonlinear term in the system using both
Adomian polynomials and Homotopy polynomials. The results also show
that the Homotopy Polynomial technique is the most accurate and
effective.
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