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

 

    

  

    
    

   

    

   

  

   

   

   
  

 
   

The mechanism of direct backseattering from rigid surfaces
having dimensions and radii of curvature large compared with the
'wavelength has been described in Refs 1 and 2 and is illustrated
schematically in Pig 1, where it is assumed the transmitter and
receiver are distant from the scattering body. Echo components,
temsd Image Pulses, are produced at each range where there is a
discontinuity in A(r) or in one of its derivatives of any.crdsr, J
Mr) being the projected area towards the tranamittsr of all those
parts of the scatterer Irithin range r. The shadow regions are
deemed to make no contributions to this mechanism.

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

IEI = c Hem) L, my" . (1)

where c is a nomalising constant, s(e,¢) is a function of the
direction in which the scatterer is insonified, L1 and 142 are

quantities with dimensions or length, and N is equal to -(J - 1).
Thus, the higher the order of derivative in Which a discontinuity
occurs, the smaller the corresponding Imay Pulse is likely to be.
For any one discontinuity, F(e,¢) may cover a considerable range of
values as the insmifioation direction is varied.

Pig 2 shows the derivation of the Image Pulse echo structure
for axial insanification of two simple bodies, a spherical cap and
a cone. The two echo components from the spherical cap and that
from the base of the cone one each associated with a discontinuity
in dA(r)/dr, while that from the cone apex is associated with a

discontinuity in d2A(r)/dr2.  
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The variation of Image Pulse magnitudes with direction of

insonification is brought out in Fig 5 in the curves for a cylinder;

these curves were calculated by Dunaiger, in Ref 3, who showed

reasonable experimental supporting evidence for than.

The Creeping or ao—cslled ?ranx waves are initiated at the

geometrical shadow boundary and circulate repeatedly romd a smooth

body with exponential decay, radiation being continually sprayed ,

off tangentially (Pig A). (See, for example, Refs 4 to 6). The ‘

phase velocity of Franz waves is a little lower than that of free

field waves and approaches the latter value at high frequencies.

Echo components are produced after each circulation round the body ‘

and the witude of the first of these for a sphere or cylinder

can be expressed approximately as 1

' is] u 1.1 (In?)g ezp[-a (ugh (2)

 

where L1 and L2 have the previous meanings and 11 is non-dimensional.

For a rigid. aphena, Beppemann and Pronz'a curves (Ref 5) portray-
in; the magiitude of the first creeping wave com onent relative to

that of the "geometrically reflected emponent" i.e., the Image

Mae) show the Creeping ‘flave mechanism to be relatively

insignificant for baakscattnring from spheres at least a fen wave-

lengths in diameter, but to be of increasing relative importance

with increasing bi-statie angle.

For rigid bodies those dimensions are at least a for: wave-

lengths, an attempt is made in Pig 5 to place the contributions to

backacattering from various geometrical features in order of

relative importance. Plane waves are deemed incident from the left.

In 315 5, the effect or 1:19,.» on Image Pulse magiitudes 1. iglored,

the features being placed verticallyin order of decreasing N.

Fractional values of N arise from results calculated by Dunsiser

using the methods of Ref 7. It is implied that the hiyzer up an

item appears in Pig 5, the larger the echo contribution it is

likely to cause. A tri-plane and a corner are included because,

alumna: they involve multiple scattering, their echoes can be

expressed in the form of Eq 1. The fella-ins order of importance

of features emerges.1. Surface nomal to confront; 2. Line where

surface locallynormal to wavefront; ,5. Line normal to wavefront

beginning or terminating surface at an angle to the woven-oat.

also, near point of domed surface; 1.. Smoothly rounded near or

for limit of plane or curved surface. 5. Cone apex or corner of

flat surface. Rather doubtful, equi-range shadow boundary on

continuous surface. 6. Near or for point of shadow boundary on

discontinuous surface.

Creeping Wave contributions are also shown in Pig 5 and,

althouy: for these N has the value i, their contributions are

shown in a lower position because of the exponential attenuation

tam.
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Fig 5 Magnitude of echo components for cylinder. After Dunsiger.
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Fig l. Creeping (or Frans) wave mechanism.
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Fig 5 Relative importance of echo components from different
features. (Largest components at top, smallest at bottom).

  
 


