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Integral Equations in the Wave Scattering Problem
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Abstract—Modeling the scattering of electromagnetic waves at an interface of media with different
characteristics, one encounters the conjugation problem. Using the method of boundary integral
equations and the theory of generalized potentials, we prove the classical resolvability of this
problem. The boundary is assumed to be irregular. This means that the plane is divided into
two domains by a curve which coincides with a straight line, except for a finite part, producing
the irregularity. We propose algorithms for the approximate solution of the conjugation problem
based on the spline methods for the solution of integral equations. We theoretically substantiate the
computational scheme, namely, we prove the convergence and estimate the convergence rate.
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1. PROBLEM DEFINITION

Let the plane R? be divided by a curve I into the domains S7 and Sy. Assume that ' = {(z, f(z)) :
x € R}, where f(z) € CY*(R), 0 < a < 1 and supp f C [—d, d] for some positive real number d; in
addition, f(£d) = 0. Thus, the curve I" coincides with a straight line, except for a finite irregular part.
We use the term “irregular boundary of a domain” just in this sense (see also [1, 2]). Denoting the
irregular part of the curve I' by I'*, we write

r=r"u {(l’,O) ‘T € [_d¢ d]}a "= {(l’,f(l’)) txTE [_da d]}a
S1={(z,2) : z> f(x),r € R}, So={(z,2):2< f(x),z € R}.
Let v = v(M) stand for the unit vector of the normal to the curve I" at the point M directed inwards

the domain Sy; let 9, = 0,,(ar) stand for the regular normal derivative at the point M (e. g, [3], p. 299;

[4], p. 140). With the help of the indices “—" and “4” we distinguish between the limit values of the
functions at the boundary I" which are calculated from the domains S and Ss, respectively.

Consider the following boundary-value problem. Find a pair of functions ui(x, z), ua(z, z) defined

in the domains Sy and Ss, respectively, such that
Auy(z,2) + kuy (x,2) =0, (x,2) € Sy, ()
Aug(z, 2) + k3ug(x,2) =0, (x,2) € So;

at the interface of the domains the limit values of the functions uj(x, z) and O,uj(x,2) (j = 1,2)
satisfy the conjugation conditions

uy (z,2) — u;(a:,z) =g(z, 2), (r.2) € T @)
p1oyuy (z,2) — pg&,u;(aﬁ, z) = h(x, z), ’ ’

where g(x,z) € CHA(T), h(z,z) € COB(T") (0 < B < 1) are given functions;
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