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The inverse problem of recovering the geometry and the physical properties of a scatterer from the
knowledge of the far field pattern of a scattered field is of fundamental importance for example in non-
destructive testing or in medical imaging. In this talk we consider a time-harmonic scattering problem from
a sound hard crack which is modeled by

Definition 1. (DP)
For an open arc Γ ⊂ IR2

Γ := {z(s) : s ∈ [−1, 1], z ∈ C3[−1, 1] and |z′(s)| 6= 0, ∀s ∈ [−1, 1]}

with end points x∗
−1, x

∗
1, given an incident plane wave ui(x, d) := eik<x,d> with a wave number k and a unit

vector d giving the direction of propagation, find a solution u := ui + us ∈ C2(IR2 \ Γ) ∩ C(IR2 \ Γ0) to the
Helmholtz equation

∆u + k2u = 0, in IR2 \ Γ, k > 0. (1)

which satisfies the Neumann boundary conditions

∂u±

∂ν
= 0 on Γ0 := Γ \ {x∗

−1, x
∗
1} (2)

and the Sommerfeld radiation condition

lim
r→∞

√
r

(
∂us

∂ν
− ikus

)
= 0, r := |x| (3)

uniformly for all directions x̂ := x
|x|

We shall use the boundary integral equation method for solving the scattering problem. The scattering
problem in the unbounded domain is thus converted into a boundary integral equation. The inverse problem
we are considering is

Definition 2. (IP)
Determine the scatterer Γ if the far field pattern u∞(·, d) is known for one or finitely many incident directions
d and for one wave number k > 0.

A common way to handle the inverse scattering problem is via solving the so-called far field equation.
Because of the nonlinearity of the far field operator, linearization methods such as Newton method will be
used. For the reconstruction of the shape of the crack, we will therefore need the Fréchet derivative of the far
field operator which maps the unknown crack to the far field pattern of the scattered field. The computation
of the Fréchet derivative of the far field operator is much involved. Follow Kress and Rundell [1], we propose
a new method based on an equivalent system of nonlinear integral equations which numerically can be solved
by the regularized Newton method for unknown crack using only the far field pattern and the boundary data
[2].
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