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A direct numerical method for the Cauchy problem of the Laplace

equation and backward problem of the heat conduction equation

PANEEIES (FRIRKEE) Loy N (TR F2)

Kazuei ONISHI Member
Kentaro IITJIMA

An inverse boundary value problem for the Laplace equation is considered for the
first topic. The Dirichlet and the Neumann data are prescribed on respective part of the
boundary, while there is the second part of the boundary where no boundary data are
given. This ill-posed problem of finding unknown values along the whole boundary is
reformulated in terms of the variational problem, which is then recast into primary and
adjoint boundary value problems of the Laplace equation in conventional forms. A direct
method for numerical solution of the boundary value problems using the boundary element
method is presented. When a temperature distribution on a boundary of a heat conductor
for each time and a temperature distribution in the domain at the present are given, the
problem of looking for the temperature distribution on the past in the domain is called a
backward heat conduction problem. We construct a high order finite difference method for
the second in order to solve this ill-posed backward heat conduction problem. Our method
consists of replacing a derivative of a function with a linear combination of the values of
the function at arbitrary locations. In numerical experiments we reconstruct a solution
of the one-dimensional backward heat conduction problem under the Dirichlet boundary
condition.

Key Words: Inverse problem, variational method, direct numerical identification,
boundary element method, high order difference method, arbitrarily located quadrature
points, mesh free method, isolated essential singularity
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Fig. 1 Steady state heat conduction problem
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