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Consider the scattering problem by a sound-hard obstacle: Given a solutionuinc of

(4+k2)uinc = 0 inR3,

find u = uinc +usc such that

(4+k2)u = 0 inR3\D
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1. Find an integral equation foru|∂D using the Helmholtz representation theorem.

2. Formulate the result equivalent to Theorem 11.8 (corollary of the Fredholm Alternative)
for this problem.

3. Consider the previous week’s exercise concerning the scattering by a unit disc. By us-
ing Theorem 11.8 and the explicit form of the Neumann resonances inD, show that the
equation

(1+2K′)ϕ = 2
∂uinc

∂n
, uinc(x) = eikα̂·x

is solvable even at resonance frequencies.

4. ProveTheorem 11.2:

(1) If A : X→X is compact and B: X→X is bounded, then both AB and BA are compact.

(2) If An : X→ X is compact for all n∈ N and‖An−A‖→ 0, then A is compact.

(3) If A : X → X is bounded and finite dimensional, i.e.,dimRan(A) < ∞, then A is
compact.


