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ABSTRACT :

Growing demand for simulation of scientific and engineering problems requires
faster and more accurate numerical solution of partial differential equations (PDEs).
In this research, a new approach is proposed, from a new point of view, for the
solution of such PDEs. The approach is based on using a linear combination of bases
which satisfy the differential equation. The coefficients of these bases are calculated
using a method developed by the author such that the boundary conditions are
satisfied in a point-wise manner. This approach may be used in the solution of linear
PDEs, enabling solution of a class of problems not easily attainable with
conventional methods.Various forms of the proposed approach have been developed
to solve different types of problems. In each form, semi-analytic version, using
continuous functions and discrete version, using a numerical method like the Finite
Element Method (FEM) has been studied. Also, the usage of these forms in
problems on domains with homogeneous and periodic material properties is
addressed. To this end, first a direct form of the proposed approach has been
developed for problems defined on bounded domains.

The numerical examples show that the direct form can be used to solve this class of
problems effectively. In the next step, by applying the radiation condition, the direct
form has been extended to evaluate numerical Green’s functions. The Green’s
functions can be effectively used to solve problems on unbounded domains.
Numerical examples show that the accuracy of the results is comparable with those
of the conventional boundary integral methods. To alleviate difficulties arising near
singular points, a local meshless form of the proposed approach has been developed.
Numerical experiences show that despite simple formulation and computer
implementation, the latter form of the proposed approach is capable of solving high-
frequency wave problems. Very high convergence rate is seen in the results of the
local meshless method. Finally, the solution of initial value problems using the
proposed approach has been addressed in this work.
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