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WAVE PROPAGATION ABOVE LAYERED MEDIA
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INTRODUCTION

It has been shown that the sound field reflected by the plane boundary

of a layered ground can always be described by a specularly reflected

wave and layer potentials. Despite of its generality. this representa-

tion is not quite suitable for engineering purposes. Dealing with a

very simple case. weyl /1/, and later on Ingard /2/ and Thomasson /3/,

proposed a representation of the solution in which the layer potential

terms are replaced by the Sum of a surface wave and a Laplace type

integral.

In this paper. it is shown that this' kind of representation can be ob-

tained for a very wide class- of stratified grounds : locally reacting

surface (Thomasson's solution) ; finite thickness layer of porous me-

dium .- porous medium with depth varying porosity ; thin elastic plate;

etc. Furthermore. the Laplace integral representation is quite conve—

nient for the numerical identification of the acoustic parameters of a

ground model from wave propagationmeasurements : this method is illus

traced by outdoor experiments.

IAYER POTENTIAL AND LAPLACE'S TYPE INTEGRAL REPRESENTATION

Let us consider the following simple layer potential :
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Assume that (R, 6, 11/4) are the spherical co-ordinates of M. It can

easily beshown /4/ that (p is giv.an by theFourier integral :
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The integration with respect to z. is first performed, using the resi-
dues theorem. Then. an integration with respect to v1 is made, and we

are left with an expression of the form :
o .
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Finally, use is made of the steepest descent contour, leading to :
an
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The expressions gf h and of the surface wave terms are given in details

in ref./‘4/. Such an expression is very well—adapted to numerical com-

putation. Indeed, the Hankel functions can be computed by Padé approxi-

mants. as given in /5/. If only a rough accuracy is needed. the Lapla-

ce's type integrals can be computed with a mbotto's formula using
Laguerre polynomials. If a given accuracy is needed. a Gauss method,
with automatically adjusted intervals, is one of the most efficient

techniques.

DIFFRACK‘ION OF I SPHERICAL WAVE BY AN INFINITE LAYER

OF POROUS MEDIUM. WITH EXPONENTIALL‘I VARYING POROSITY

Various theoretical models for grass—covered grounds have been compa—

red by R.J. Donate /6/. It is shown that the best fit with experimen-
tal data is obtained for an infinite layer of porous medium, the poro—V

sity of which decreases exponentially with depth. For a harmonic wave

(e—ith the sound velocity in the porous medium is definied by :

g - .n1.
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Let p, be the density of ain'oe the equivalent density of the pa.-

rous medium, and a; the zeros of the function :
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It can be shown /4/ that the sound pressure in air is gigen as the sum
of : a/ a direct Have ; b/ a specularly reflected Have .- c/ a series
of simple layer potentials with density —iHo(u p)/4 1 d/ a series of

z-derivatives of the same simple layer potentials. Using the results

described in section II, the two series can be replaced by_ a series

of surface waves and of Iaplace's type integrals. >

ACOUSTIC dROUND PARAMETERS IDENTIFICATION

Let mu ) be the sound pressure levels- at n points ni lying on the
ground, due to 9 point source located at the ground level too. Let

I; be the q(<n) parameters defining an "a priori" given ground model.
an; of the best fits is obtained for the minimum of :
Q = :[Lum — Lthmi 9)], where 1mmi .~ :1) is the theoretical
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sound pressure level.

The corresponding values of the ,E are computed by a Harquardt's

algorithm. which requires to compu e a lot of values of the theoreti—

cal solution. Thanks to the Laplace's type representation of the solu—

tion. the numerical identification of the I can be performed on :-

small computer. and is rather fast. Furthem re. the value of the

minimum of Q gives an idea of the model validity.

As an example, the local reaction model has been used for a grassy

ground. The theoretical sound pressure deduced from (4) is that alrea-

dy given by 5.1. Thomasson. The value of the normal specific impedance

has been deduced from the experimental data plotted on figure 1. Then,

the theoretical excess attenuation has been computed for a point sour-

ce 22 cm above the ground level. and a microphone moving along a hori—

zontal line, 22 cm above the ground: fig. 2 shows that the previously

determined normal specific impedance enables an excellent prediction

of the experimental results.

CONCUJSION

The solution of many other problems of wave propagation above or within

layered media can be represented. in terms of surface waves and Lapla—

ce's type integrals. The main interest of such representations is that

their numerical evaluation is very fast. It is so quite reasonable to

look at more complicated problems. For example, the influence of a

barrier above an absorbing ground can be accounted for by alayer

potential. using the ground Green's function as kernel. This will

lead to an integral equation on the boundary of the diffractinq

obstacle. only. Solving it numerically will not require a very impor-

tant computation time.
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