Sir,

Diffraction by an absorbing wedge

At the recent C.N.R.S. conference at Marseille "Protection
acoustique des zomes d'habitation par desecrans" Pierce (1] gave a
paper on the diffraction by an absorbing wedge. The incident wave
being an oblique plane wave. The wedge faces were assumed to have an
impedance boundary condition of the form

Op _

7o = ikBp, Re(§)>0,
where the sound wave hasg time harmonic wvarilation em:.LWt and k = w/c,
¢ 1is the velocity of sound, n the normal pointing into the wedge
faces, and B the complex specific admittance of the acoustic material
comprising the wedge. Although the solution to the impedance wedge
problem was solved sometime ago for plane wave incidence, Williams [2},
Malyzhinets 131, little‘use has been made of the sclutions because of
the extremely complicated functions involved in the solutions, Pierce [},
was trying to somehow make the solution more amenable to practical
situations. In particular he was interested in extending the solution
to allow for a point source. The line source solution has in fact
already been given, Rawlins [4]. One very important future application
Pierce [I) was interested in was the application to more complicated
barrier structures which involve more than one wedge, i.e. the thick
absorbing barrier or the trapezoidal absorbing barrier. By using the
diffraction coefficient for the absorbing wedge in conjunction with
Kellers method of geometric diffraction [5], any number of barrier shapes
could be handled.

The object of the present letter is to suggest a much simpler

approach to the absorbing wedge. A recent paper by Butler [6] showed



that the experimental results of Maekawa [7} on absorbing barriers
agreed well with the theoretical results for a perfectly absorbing

half plane. The theoretical solution for a perfectly absorbing half
plane is obtained by adding the theoretical solution for the hard and
soft half plane together and dividing by two. MNaturally the same
incident wave is used in the hard and soft solution. A simple
extension of this technique can be applied to the perfectly absorbing
wedge. The solution for all important types of incident sound source
are known for the hard and soft wedge, Bowman, Senior & Uslenghi [8],
chapﬁer 6. Thus by simple superposition the absorbing wedge problem
(for any sound source) is easily obtained and the functionms required

in the calculation of the field are vastly simpler than those used by
Pierce [1]. For example the solution for the absorbing wedge with a
point sound source is given by adding the expressions (6.106) p.270 and
(6.129) p.272 of [ﬁ] together and dividing by two. Thus the field for

an absorbing wedge is given by
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where the incident wave is
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and where the various quantities are given by (see fig. 1 and 2)P
R = /{p?+pa®~2ppecos (=) +(z=20) *1,

R(o) = vipP+po?+2ppocosot(z-z9)?}, v = 2(m-Q)
i

.

Various asymptotic techmiques can now be applied to (1) to obtain the

near or for field. However, this is unnecessary since all the



asymptotic results are already given for the hard and soft wedge in ES].
An expression for the near field is obtained from [8] by adding

the expression (6.108) and (6.131) and dividing the result by two. This

gives
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Various asymptotic representations of ST are given in [8]. In particular

if kp<<l then (6.112) and (6.135) of [8] give
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where H§/&; is the spherical Hankel function, [8] P.58,

The expression for the far field kpp¢/R1>>1 is given by (6.113)
(6.114), (6.117) (6.118) and (6.136), (6.137), (6.140), (6.141) from [8]

as
vabs. = § SEPURRL,D} o ryq rgrgo)-va(m-oroa)}
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R, = Y (p+po) 2+ (z-z¢)*}, o = T-¢+do=2n1mV, and the summation

extends over all integers nl satisfying the inequality ]¢—¢o+2nivw <.



Various asymptotic expressions are given for Vd(B) in Ig}. An expression
for the diffracted far field for an absorbing wedge is given by adding
(6.124) and (6.144) of §8] and dividing by two. Thus

diff  i(kR +m/4 1 )
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Ttcan be seen that the technique outlined above is simple and the
expressions obtained are not as complex as those obtained in [1], [2}, [3].
The above theoretical estimates will give an upper bound to the attenuation
expected for practical absorbing wedges.  However, the simplicity of the
theoretical results combined an empirical approach will probably givegood
design criteria for Engineers. It is worth mentioning that the same
technique can be used to obtain the field scattered by perfectly absorbing
bodies of other geometrigs i.e. strip, ellipse, cone, .etc. The hard and
soft solutions to many of the important shapes occurring in diffraction

are given in [s}, for various sources.
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Dear Sir,

When suggesting the simple technique  for dealing with an absorbing
wedge Rawlins [1] the work of Raman and Krishnan [2] was known to me.
However one major drawback of using their technique is that the solution
violates the reciprocity condition concerning the interchangeability of the
source and receiver, see Rschevkins [3] p. 360. Butler's [4] model also
has this defect. The method might however agree, within a limited range,
with experimental work. it is interésting to note that a similar technique
to [2], [4] has been suggested by Johasson [5]. However this solution also
violates the reciprocity condition, see Pierce [6].

I shall now comment on the point raised about curved surfaces. By
adding the hard and soft solution together the primary reflected wave (that
is, the reflected wave according to geometrical acoustics) from the illuminated
portion of any curved surface will vanish. This follows from the fact that
at any point of the soft/hard scatterer we can comstruct a soft/hard tangent
plane and apply the normal laws of reflection from a plane. We will take
as a specific example the sphere, Bowman et al [7], chapter 10. The high
frequency reflected wave for a soft sphere is given by expression (10.35)
of [7] and for a hard sphere by expression (10.98), It can be seen that
on adding these two terms together the primary reflected wave vanishes.

The terms which remain are due to the curvature of the scatterer. These are
at least of order (ka)”l, where k is the wave number and 'a' the radius

of the sphere, and, since ka is large, are of second order effect compared
to the primary reflected wave. It is possible that a more efficient model
than [1] can be introduced to absorb these wave terms due to éurv&ture. At
this stage I would mot like to hazard a guess as to what it is. A possible
approach would be to maximise the expression for the power absorbed by a
curved body. In the absence of any other model I suggest that [1] is a
suitable approximate model for perfectly absorbing curved surfaces even

though the total reflected wave does not vanish.
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