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Abstract The limiting absorption principle is used to solve the scattering problem
of time harmonic acoustic waves by penetrable objects in Sobolev spaces. The method is
based on integral representation of the solution using the Green’s kernel of the Helmholtz
equation.
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1. Position of the Problem

Let €4 be an open bounded domain in R™ constituting an obstacle of boundary
I' = 0 € C* placed in an infinite medium, let s = R™ \ Q; its outside. One notes
by p1, p2 the respective densities of the mediums 21,2 and by x a constant function
per pieces such that x =1/p; in @ and x = 1/p2 in Qa.
One sends in direction of the obstacle €2; a plane and harmonic incidental wave of
the form U(z,t) = e “!ug(z). The wave equation
2
%Tg — AU =0in Oy (1.1)

gives the following Helmholtz equation, called also the reduced wave equation
Aug + k%uo =0, (1.2)

where k1 = w/c1, ko = w/cy are the respective wave numbers in {21, Q9, w the pulsation
and c1, co the speeds of sound in 21, Q9.

After its interaction with the obstacle, the incidental wave ug is partially transmitted
in Q; and partially reflected. One notes by v the diffracted wave

in Q
v_{vl e (1.3)

(%) in QQ
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and by u = ug + v the total wave. The determination of the unknown v remains to the
resolution of the following problem ([1-4])

Find v € C*(Q1) N C*®(Q2)
Av + k%v = (k‘% — k‘%)uo in Ql
Av+ kv =0in Qo

[v]=0on T (1.4)
ov 871,0
= _ T
g, 1=~ Ton
av 1—-n
—ikQU—OZT 2 >,r—>+oo
or
ov 1-n
where the condition at infinity o thkov=o0|71 2 as r = |x| — 400, is supposed to
r

be uniform with respect to the angular variables z/|z|, and is known as the Sommerfeld
radiation condition. It represents the decrease of the energy at infinity.

2. The Transmission Problem

In order to give a functional framework to the previous problem and taking into
account the fact that the solutions of the Helmholtz equation are not in L?(£') if €' is
an exterior domain, one states the following more general problem (k1, k2, p1, p2 being
strictly positive constants).

Let f € L?(Q), g € HY*(I') and ¢ € H-Y2(T"), one seeks v such as

ve HY Q)N HL.(Q2)
Av+ kv =—fin
Av + k3v =0 in Qo
(P) § [Wl=gonT

ov
—|=ConT
g, 1=¢
ov ) 1-n
— —ikov =0 2 ), r— 400
or

Remark One can suppose g =0 on ' by introducing the problem

w e HY(R)
Aw=0in Q; , (2.1)

w=gonl

while replacing v by v — w, where w is the prolongation of w by 0 to R™. The previous
problem becomes



