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STATEMENT OF THE PROBLEM AND -
SUMMARY OF RESULTS

The specific details of the results of our research work
have been reported in the publication listed previously and
in the six semi-annual progress reports. We wish to describe
briéfly here our problem and our most important results.

As in most branches of physics, in the study of acoustic
and ultrasonic scattering we distinguish between a direct
problem and a much more difficult inverse problen.
Specifically, in our case. the direct problem deals with the
study of the sc;ttering, the igectral response from obstacles
(cavities or inclusions) and the characterization of the
obstacle resonances. All kinds of phenomena are imvolved,
like surface waves on the obstacle surface, reflection and
refraction, dispersion, dissipation, etc.

A variety of mathematical methods can be used to study
the resonance scattering, among which we feel that the partial
wave analysis and the polar expansion (both in the frequency
and mode complex plane) are especially useful. In order to
gain a quantitative understanding of the scattering process,
different obstacle shapes need to be investigated. Spheres
and infinite cylinders are obvious candidates for this study,
since their separable geometry simplifies their treatment
considerably, but other geometries can also be investigated,

e.g. using the transition (T~-) matrix formalism.
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While in direct scattering studies the shape of the

obstacle and the nature of the filler are assumed to be known,

c o

in the inverse scattering problem they must be predicted by
analyzing the scattering response to a given incident

(continuous or transient) wave form. For a large variety of
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applications (e.g. quantitative non-destructive evaluation)
even a rough numerical solution of the inverse scattering
problem can be-an important step forward.

Our approach to the inverse scattering problem is based
on the consider;tion, quite familiar from atomic spectroscopy,
that the spectral response contains, in principle, the com-
plete information about the scatterer. This information is,
however, hidden in an irregular and vefy intricate array of
peaks and valleys. The resomance scattering theory,
developed'by one of us (H. ﬁberall), can be an optimal tool
for disentangling the spectral response structure through
the separation of the intermal resonances from the external
resonances and/or background and their partial wave analysis.

A broad knowledge of the direct scattering process is,
of course, a fundamental prerequisite and we have analyzeé
several scattering situations, as well as the mathematical
tools for their study (see e.g. ref. 2, 3 and 4 in our list
of publications during the performance period). Then we have
developed the detailed formalism for the study of scattering

resonances in the 4 cases of a fluid or a solid filler of a
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cylindrical scatterer and a solid or fluid loading medium

(ref. 5). We have used our formalism for the detailed study
of acoustic resonances (ref. 12 and 13) and elastic wave
resonances (ref. 9) in uniform homogeneous media.

Using the direct scattering results, we have proposed
(ref. 9, 11 and 14) a step-by-step approach, which allows to
predict simultaneously the size, orientation and nature of
the scatterer, from the analysis of the scattéring response.
Specifically we have produced simple (neafly linear) graphs,
from which e.g.‘the sound’ velocity of the filler can be
directly read from the positian of the resonances or the peak
separation, and the filler density from the resonance widths.
A nearly linear dependence betwen e.g.nsound velocity and

resonance positions had been previously found for high

overtones. An important result is that we have extended these
considerations to the first few resonances and made them
quantitative thru our graphs. We have also identified some
characteristic features of cylindrical scatterers, which we
plan to use as first examples of shape related spectral
characteristics.

A similar analysis has been carried on for spheres
(see e.g. ref. 10). We have also worked at a T-matrix
version for the treatment of non-separable geometries. We
plan to use extensively this T-matrix program for the next

stage of our research work, in which we wish to develop an
effective shape discrimination scheme, to complete the numerical

soluction of the inverse scattering problem.
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