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Constructing parametrices instead of Green's functions to solve integral equations produces a new class of
algorithms for nondestructive evaluation. These algorithms allow reconstruction of discontinuities of
parameters of the physical medium in 2- and 3-D problems with variable background and arbitrary source-
receiver geometry. An example of such algorithms is presented.

Many practical problems of nondestructive evalua-
tion can be solved provided we can accurately recon-
struct discontinuities of the parameters of the physical
medium. Seismic exploration, medical applications,
and crack and void detection are examples. Our con-
cern is a mathematical formulation of the linearized
inverse scattering problem so that we can (1) obtain
explicit algorithms and (2) prove that indeed the dis-
continuities are recovered. The approach we take has
two main features. First, all approximations realizing
physical assumptions about the wave propagation are
made in the direct problem, so that we reduce ts8asu Tj
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Fig. 1. Adding a smooth function changes neither the location nor
the size of a jump discontinuity.

Ain(x, )Vx24in(Xnq) + 2vXA in(x,n) V4".in(x,) = 0,

Aout(x, )Vx 2oout(xt) + 2VxA.ut(x,)) x = 0.

These equations describe how the amplitude of a signal
changes along the rays connecting the source location n
on the boundary aX with the point x inside the region
X and the point x with the receiver location t on the
boundary aX, respectively. Transport equations re-
duce to ordinary differential equations along rasys,3
and initial conditions should be added to compute
amplitudes Ain, Aout in Eq. (1). If the background
index of refraction n(x) is discontinuous, the rays
satisfy Snell's law on surfaces of discontinuities, and
appropriate transmission coefficients have to be used
in computing amplitudes on these surfaces.

The integral representation (1) is an integral equa-
tion for the unknown function f. The scattered field
vsc(k,(,n) in Eq. (1) is a function of the wave number k
and hence is related to the scattered field in the time
domain via the Fourier transform. We assume that in
experiments the scattered field is measured in the time
domain, so that the function

1 +XU`4,t ti=- vSC(ktt) exp(-ikt)dk

is given.
Our goal now is to find an approximation to thethe
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Fig. 2. Coincident source-receiver configuration and computer-simulated wave field generated by 18-point scatterers of equal reflectivity
placed in the medium with constant index of refraction. (The scatterers form the shape of the letter S.)
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Fig. 3. Result of the reconstruction using the source-receiver con-
figuration and the data shown in Fig. 2.

ing discontinuities such as migrations to the case of
variable background and arbitrary configurations of
sources and receivers.
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