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Abstract of the thesis

This thesis consists of four scientific papers concerning numerical methods
for certain free boundary problems. The papers include mathematical analysis
of different approximations of the problems and the description of numerical
implementation along with numerical results.

Paper I deals with a free boundary problem that appears in biology mod-
elling. Two novel iterative methods for a class of population models of com-
petitive type are introduced. The numerical approximations are related to the
positive solution as the competitive rate tends to infinity. Furthermore, the first
method is applied to an optimal partition problem.

In Paper II we study perturbation of the following free boundary problem

Au; = >\+X{ui>0} — )‘7X{u1<0} in Q, (1)
U; = Gi on 0.
We perturb the data in the right-hand side of the two-phase problem and the
boundary values g. The main result of the paper is a proof of the continuity
and differentiability of the solution with respect to the coefficients. Also the
stability of the solution and the free boundary with respect to perturbation in
coefficients and boundary values, is shown.

In Paper III different numerical approximations for a two-phase membrane
problem are discussed. In the first method a new iterative method with different
examples is presented. We also study the regularization method and give an a
posteriori error estimate which is needed for the implementation of the regu-
larization method. Moreover, an efficient algorithm based on the finite element
method is given. It is shown that the sequence constructed by the algorithm is
monotone and converges to the solution of a given free boundary problem.

The last paper deals with numerical approximations for the m-membrane
problem. We consider minimization of the functional

I= /in:(;wu# + fiug) d, (2)

over the set {(u1,...,um)|u; —g; € HHQ), ug > ug > -+ > up}.



