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Abstract

The Bratu’s problem is a highly nonlinear boundary value problem and
extensively applied as a benchmark problem to test the accuracy of many
analytical and numerical techniques. The aim of this thesis is to design
an accurate discretization method to solve the one- and two-dimensional
Bratu-type problems. By discretization of the second-order derivative
via a fourth-order nonstandard compact finite difference formula, the
considered problem is first reduced to the solution of a highly nonlinear
algebraic system. Then to solve the derived nonlinear system, a mod-
ified nonlinear Newton’s solver is used. The new scheme is fast and
straightforward, it has fourth-order of accuracy to find the lower and
upper branches of the Bratu’s problem. Numerical simulations and com-
parative results for the one- and two-dimensional cases verify that the
new technique is more accurate than the other existing methods in the
literature.

Keywords: Nonstandard compact finite difference scheme, High accu-
racy order, nonlinear Bratu’s problem.
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