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This paper first summarises the principal acoustic scatiering
mechanisms which apply to smooth, rigid scattering bodies immersed
in an igotropic, fluid medium, Concentrating on backacattering
from bodies of simple, generally convex or plane shape, the
features giving rise to echo components are axamined and formulae
and curves showing the size of these components are culled from
the literature. Finally, sn attempt is made to categorise the eche
producing features in order of thelr importance,

The wechanism of direct backsecattering from rigld aurfaces
having dimensions and redii of curvature large compared with the
‘wavelength has been described in Refs 1 and 2 and ia illustrated
schematically in Fig 1, where it is assumed the tranamitter and
receiver are distant from the scattering body. BEcho componenta,
termed Image Pulses, are produced at each range where there is &
discontinuity in A(r) or in one of its derivetives of any. order, J,
Alr} being the projected area towards the transmitter of all those
parts of the scatterer within range r. The shadow regions are
deeted to make no contributions to this mechaniam,

Taking into account enly the lowest order of derivative in
which there is a contributing discontinuity, the magnitude of an
Image Pulse may be expressed as

el = ¢ ®(o,9) 1, (er,) (1)

where C is a normalising constant, F(0,¢) is a functicn of the
direction in which the scatterer is ingonified, L_' and I'2 are

quantities with dimensions of length, and N is equal to =(J - 1).
Thus, the higher the order of derivative in which a discontinuity
occurs, the smaller the corresponding Image Pulse 1s likely to be.
For any ome discontinuity, F(8,¢) may cover a censiderable range of
values &3 the insonification direction is varied.

Pig 2 shows the derivation of the Image Pulze echo structure
for axial insonification of two simple bodies, a spherical cap and
a cane. The two echo components from the spherical eep and that
frem the base of the coné are each essociated with a diseontinuity
in da(r)/dr, while that from the cone apex is assocciated with a

discontinuity in a2A(r)/dr.



The variation of Image Pulase magnitudes with direction of .
ingonification is brought out in PFig 3 in the curves for a cylinder;
these curves were calculated by Dunsiger, in Ref }, who showed
reasonable experimental supporting evidence for then.

The Creeping or so-called Pranz waves are initiated at the
gecmetrical shadow boundary and eirculate repeatedly round a smcoth
body with exponential decay, radiation being ecentinually sprayed
off tangentially (Pig 4). (See, for example, Befa 4 to &). The
phese velocity of Franz waves is a little lower than that of free
field waves and approaches the latter value at high fregquencies.
Echo compementa are produced after each circulation round the body
and the megnitude of the first of these for a sphere or c¢ylinder
can be expreased approximately as

el = 5, (k0¥ expl-t (k1)) (2)

where L1 and L2 have the previous meaninga and M is non-dimensicnal.

For & rigid sphere, Deppermann and Frenc's curvas {Ref 5) portray-
ing the magnitude of the firet creeping wave ccmponent relative to
that of the "geometirically reflected companent” (i.e., the Image
Pulse) show the Creeping Vave mechanism to be relatively
insignificant for backscattering from apheres at least a few wave-
lengths in diemeter, but to be of increasing relstive impartance
with increasing bi-static angle.

For rigid bodies whose dimensions are at least a few wave-
lengtha, an attempt is made in Fig 5 to place the coptributicns to
backscattering frem various geometrical features in order of
relative importance. Flane waves are deemed incident from the loft.
In Pig 5, the effect of F(6,4) on Imuge Pulse magnitudes is ignored,
the features being placed verticallyin order of decreasing N.
Practional velues of N arise from results caleulated by Dunsiger
using the methoda of Ref 7. It is implied that the higher uwp an
item sppeara in Fig 5, the larger the echo contributian it is
likely to cause, A4 tri-plane and a corner are included because,
although they inveclve multiple acattering, their echoes can be
expressed in the form of Eq 1. The following order of importance
of features emerges,1. Surface normal to wavefront; 2. Lime where
swrface locally normal to wavefront; 3. Line normal to wavefront
beginning or terminating surface ut an angle to the wevefront.

Also, near point of domed surface; 4. Swmoothly rounded near or
far 1imit of plane or curved surface, 5. GCone apex or corner of
flat surface. Rather doubiful, equirange shadow boundary on
continuous surface, 6, Near or far point of shadow boundary on
discontinuous surface.

Creeping Wave contributiems are also shown in Pig 5 amd,
although for these N haa the value J, their contributions are
ghown in a lower position because of the exponential attenuation
term,
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Fig 3 Magnltude of echo components for cylinder, After Dumsiger.
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Fig 5 Relative importance of acho components from different

features,

{Largest ocomponents at top, smallest at bottom).




