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INTERPOLATION WAVELETS IN BOUNDARY VALUE PROBLEMS1

Yu.N. Subbotin, N. I. Chernykh

We propose and validate a simple numerical method that finds an approximate solution with any
given accuracy to the Dirichlet boundary value problem in a disk for a homogeneous equation with
the Laplace operator. There are many known numerical methods that solve this problem, starting
with the approximate calculation of the Poisson integral, which gives an exact representation of the
solution inside the disk in terms of the boundary values of the required functions. We employ the idea
of approximating a given 2π-periodic boundary function by trigonometric polynomials, since it is
easy to extend them to harmonic polynomials inside the disk so that the deviation from the required
harmonic function does not exceed the error of approximation of the boundary function. The
approximating trigonometric polynomials are constructed by means of an interpolation projection
to subspaces of a multiresolution analysis (approximation) with basis 2π-periodic scaling functions
(more exactly, their binary rational compressions and shifts). Such functions were constructed by the
authors earlier on the basis of Meyer-type wavelets; they are either orthogonal and at the same time
interpolational on uniform grids of the corresponding scale or only interpolational. The bounds for
the rate of approximation of the solution to the boundary value problem are based on the property
of Meyer wavelets to preserve trigonometric polynomials of certain (large) orders; this property
was used for other purposes in the first two papers from the list of references. Since a numerical
bound of the approximation error is very important for the practical application of the method, a
considerable portion of the paper is devoted to this issue, more exactly, to the explicit calculation
of the constants in the order bounds of the error known earlier.
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1. Meyer Y. Ondelettes et opérateurs, Actualites Mathematiques, Paris: Herman, 1990, 215 p.

2. Offin D., Oskolkov K. A note on orthonormal polynomial bases and wavelets. Constr. Approx., 1993,
no. 9, pp. 319–325.

3. Subbotin, Yu.N.; Chernykh, N.I. Wavelets in spaces of harmonic functions. Izv. Math., 2000, vol. 64,
no. 1, pp. 143–171 (in Russian).

4. Yu. N. Subbotin, N. I. Chernykh. Harmonic wavelets and asymptotics of Dirichlet problem solution in
circle with small perforation. Matem. Mod., 2002, vol. 14, no. 5, pp. 17–30 (in Russian).

5. Subbotin Yu.N., Chernykh N.I. Harmonic wavelets in boundary value problems for harmonic and
biharmonic functions. Proc. Steklov Inst. Math., 2011, vol. 273, suppl. 1, pp. 142–159.

6. Subbotin Yu.N., Chernykh N.I. Interpolating-orthogonal wavelet systems. Proc. Steklov Inst. Math.,
2009, vol. 264, suppl. 1, pp. 107–115.

7. Prudnikov, A. P., Brychkov, Yu. A., Marichev, O. I. Integraly i ryady (Integrals and Series), vol. 1, 2.
New York: Gordon & Breach Sci. Publ., 1986. 1548 p.

1Received October 11, 2016



2 Interpolation Wavelets in Boundary Value Problems

Yu. N. Subbotin, RAS Corresponding Member, Prof., Krasovskii Institute of Mathematics and Mecha-
nics, Ural Branch of the Russian Academy of Sciences, Yekaterinburg, 620990 Russia; Ural Federal
University, Yekaterinburg, 620002 Russia,
e-mail: yunsub@imm.uran.ru .

N. I. Chernykh, Dr. Phys.-Math. Sci., Prof., Krasovskii Institute of Mathematics and Mechanics, Ural
Branch of the Russian Academy of Sciences, Yekaterinburg, 620990 Russia; Institute of Mathematics
and Computer Science, Ural Federal University, Yekaterinburg, 620002 Russia,
e-mail: Chernykh@imm.uran.ru .

Cite this article as:
Yu.N. Subbotin, N. I. Chernykh, Interpolation wavelets in boundary value problems, Trudy Inst.

Mat. Mekh. UrO RAN, 2016, vol. 22, no. 4, pp. 257–268 .


