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ABSTRACT

 

This paper presents a new theory which extends the wavs-

expansion formalism to irregular surfaces of arbitrary roughness

without the complexity of additional terms which a're required in
the theories based on the same principle.

The theory is viewed against the back-yeumi of currently

employed models and the experimental data. ‘
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N = [1/9 ; M': e/c1

’1} c1 = density and speed of sound in the lower medium

p; c = density and speed or sound in the upper medium

g . E = main product

0' . = r.m.s. at surface elevations

z =SQ) =5“; y), 2 -dimensional rough surface

C 5) = ((x; y) e correlation mnct'ion of‘SLg)

K0 = incident wave—number

K = scattered wave-number

5 = (x; y) = horizontal coordinates

R = local radius of curvature cry (I)

= horizontal rougmess scale “3(5)

= particle size

=R+2NN 1 2511129;}lsyleiym
(Ncoso+flfi)

modified reflection coefficient



Higher Order Terms

amplitude coefficients of the scattered field

roughness parameter; denotes the degree of
modulations

11(2) (5) e 422 ' 5 dandy; elevation spectrum 0:3(5)

TEN] m1: e-'12;)-2562d£;i- 0(9)]
1‘ - spectm

[.J n denotes reference

GE: 50) a general scattering strength mnction

QQ = go) a nonostatic (beck-scatter) scattering strength mnction

1.0. Introduction

 

Reverberetion is conveniently divided into
three groups: 1) sea-surface, 2) volume and 3) see—floor reverberation
It is the latter that will be discussed throw the scattering
strength mnction defined by (1.1) for a nonostatic (back-scatter)
configuration, in the plane of incidence

2 2
Q$=£°) =/\<.5®2°)l > (1.1)

Where = K cos 0 and S(.) denotes a scattering matrix the elements
of which correspond to various directions (modes) into vhich the
incident field is manented.

Currently, there are three conceptually different approaches

to evaluate (1.1); 1) H—K theory which is based on the Helmholtz
integral within the Kirchoff's approximation [1] , 2) I'LE. Theory
initialed by Rayleigh and subsequently extends and generalised
by Run 2] and 3) phenomenologcal approach [3 based on the
assumpt on that the scattering surface ,3 (3), may be replaced
by thedndividual scatterers superimposed on the flat boundary.

In this paper only the first two models will be discussed to
present the beckgroun fpr pro using a new theory which will be
called a Phase Spect ,' (ES. , theory. This new theory is
based on the wave-expansion principle. The (P.S.) theory not
only combines some of the festuxes fromboth H-K and PLE. models
but offers some interesting interpretations which are not readily

' inferred from these two theories.

2.0. H-K TIM
In this formalism (1.1) is given by (2.1)

Q(K = Kn) «LRIZZ K‘ 1E2 :q]
41‘ c239 (2.1)

and is subject to the condition (2.2)

 

2 32 K cos 9 )> 1 (2.2)
for local flatness [4'] and to (2.3)

f L 2 cos 0 (2-3)L << A
to exclude shadowing effects [4]  



Almoufh (2.1) applies to very loud: (higin modulatedgg)
2.conditions 2, 3) restrict (2.1) to a gently slopin surface

without any sharp edges. It also requires that the (horizontal)

roughness scale is many times the acoustic wave—length. Equation
(2.!) applies to the for field conditions.

3.0. W.E. Theofl

In this approach the some problem is handled quite differently;

The scattered field, in the plane of incidence, is postulated and

the relevant boundary conditions are satisfied exactly. This is

in contrast to (2.1) which is obtained by the reverse process for
a transmitting and statistically mugh‘5(5),xuo [2] obtained (3.1).

Q(_ = 5,) 9.4911 Pu) + H-O-T- ' (3.1)
In principal (3.1) applies to 3(5) or a; slope and modulation.

For practical purposes however it is really useful when the H.O.'1‘.
terms are discarded. Alme under this condition (3.1) applies
1:03 (5) of small slopes and modulation it is not subjected to the
restrictive conditions (2.2, 3) required by (Z7).

4.0. Status 312313534: and
At present (2.1) is more popular than ( .1). This primarily

is due to the fact that the highly modulated (3) are or more
interest fllsn the slightly modulated boundaries, although (2.1) is
a subject to more fimdemental shortcomings than (3.1).

To apply (2.1) correctly in any real situation (2.2, 3) must
be satisfied. it is not difficult to see that (2.1) may fail at
the low frequency limit on account of (2.2). .it the hiyl ire uency
limit (2.1) will probablybe satisfied but on account of (2.3 the
H-K model, (2.1) will be restricted to a gently sloping surface.
The validity of 2.1 will become more precarious when applied to 5
Multiply structured (I). ‘

A frequent criticism levied against (3.1) is that the
assumption of the plane-wave superposition (4.1), for the scattered

field,
12(3) exp [i (3.5+(u) Z] dux duy (4.1)

on which (3.1) is based fails to be true within the irregularities
of3(_)g). It may be shown that in this region there is an
additional set of waves known as the inhomogeneous waves which
decoy exponentially then the point of observation recedes from the
boundary. It is Pot frequently realised that the same situation
exists within the EI-Z formalism. This stems from the fact that
(2.1) is booed on a very simple Green function L7] which is
required to develop the H—1( integ-sl. This function is obtained

in such a way that it corresponds to the outgoing have at a large
distance from‘SQ); no account is taken of the inhomogeneous
waves.

 

E. Theories

 

Secondly, the .‘l-K integral on which (2.1) is based hinees on
the Green‘s theorem which is valid for continuous fields,t‘7].
The essence of Kirchoi‘f'o apprenmetion is such that this continuity
requirement is M preserved.

To remove the’1e d e'cts ".ithin the form—ill as would require
to invoke a more co-mr .lcnsive Green Motion. At the some time
however, a clear ‘ cal picture would be lost. This is in
contrast to the approach.

     

  

The experimental data. suggest the correctness of (3.1) to.th
t‘mn (2.1) througlout the whole range of ,; :e. To
1.. prove the 'perfomanoo' of (2.1) a shado'vinp flmcticn .
employed so a prenultiplyin: factor to force (2.1) to follow the

   



field data.

 

It is clear therefore that if the VHS. formalism could be
extended to very ro without the computational complenty
associated with (3.1 , Wh applied to'the highly modulated '
boundaries, it would be preferable to the integral foundation (2.1)
This in fact is possible and is set forth in the next section, '5.0.

5.0. Phase spectrum theog

This theory is based on the Rayleign's principle. The
scattered and scattered—mnmitted fields are postulated in
accordance with (4.1). To evaluate (1.1) bound , conditions of
continuous pressure and nomal velocity across the (5) are
developed in terms of the incident, scattered and scattered-
transmitted fields. Subsequently a pair of simultaneous equations
is obtained in which the exponential mnction (5.1) is of fundamentdl
importance.

exan- (3%)] (5-1)
Equation (3.1) is based on expanding (5.1) into power series in
terms or find S‘Q), [2]. Although-(5.1) converges for 1
the values of its argument the convergence is very slow for" land
many terms are required. It is for this reason that (3.1) is
practically useful tor-«((15 gently sloping and slightly modulated

e).
3 To circumvent this difficulty it is postulated,[6] , that

exp[—1(3(5)]= IIBQ;0( ) e 13 ' 5 dux duy (5.29)

BEN) = lfle '1“(5) a '12-! dx dy(5.21.)
472

The equations arising from the bound - conditions are expressed in
terms of the 'spsetral caefi’icients B( ), (5.2), and a general
solution is obtained for (Kg: 50) which in principle applies uses)
of_ any slope modulation and statistics’Esl

To proceed it is necessary to introduce some restrictions on
the general solution. It will therefore be assumed thatSQ) will
be restricted to be gently undulating (small slopes) but orgy
modulation within the Gaussian statistics. Also the observational
configuration will be confined to the monustatic back-scatter)
geometry. Under these conditions it is found [9 that fig; 50)
reduces to

amen) qu' - m 2] r e) + '1
9‘2 M 2 ’1‘ [gm] (5.3) I

This is a very interesting result when it is recalled that
apart mm the pro-multiplying factor the 1st and 2nd term in (5.5)
depict the scattering ch eteristics of a slightly; (3-1), and
highly (2.1), rough fa). These two terms are combined linearly.
It could therefore be argued t the s. 11 and large components of
gently slopingx(l) independent y snug: the incident field.

It follow from the development of the theorytg] that the
assumption of small slopes implies a 2nd order statistics. This
in turn suggests that to hand1e1(£) with large slopes a higher
order statistics will ensue. It is readily seen that the P.S.
theory (5.3) is not the same for- both pressure release and rigid
surface. This stems from the modified Raleigh's reflection
coefficient. This in contrast to the H-Z’. model, (2.1).

Similarly 9%; K0) and Q(K = Lo) may he readily obtained for
the scattered— ansmifted field—to ascertain the scattering

 



 

characteristics from within the medium.

Since (5.3) is based on the Rayleigh'e principle, (4.1),
tummy it is m subject to (2.2, 3). When the sauce or receiver
or both are situated close to or within the irregularities oka)
it may be prudent to verity the relevant boundary conditions to test

the validity of the postulated fields.

6.0. Anfication

To apply (5.3) it is find ntal to detomine a realistic
statistical representation of (5). To smpnry utters it will
be ssswned that} (5) is singly structured. When the model “3(5)
is based on the concept of discrete arrangement of particles
described as a Markoff random process it is then found [91mm

1: (u) Qa if (g) “3 (6.1)

and ¢2[_1-C(

Surface elevation spectrum, (6.1), applies call when inequality
(6.3) is satisfied

a 5 (6.2)

 

a (( acoustic weave-length (6.3)

otherwise one would have discrete scattering objects and n_ot the
assembly.

When(6.1 2) are applied to (5.3) and! (5) is assumed to
be isobaric, (5.3) reduces to (6.4).

4 2 2 3 -1o<x=xo>=;__ oiflfll -lRl 1‘s“ °> +
+ 112' 2[70&a)2 cos4 6 4- Sin2 91-3/2 (5 4)

3

Equation (6.4) represents a closed form approximation to (5.3)

Experimental verification is very scrum indeed. At this
stage it is more significant to note the similarity in shapes
rather then the absolute levels.

7.0. gheory vs. Es:ng ,[9]

At high frequencies both absolute values and shapes correlate
quite satisfactorily. At low frequencies the shapes remain

compatible. The levels aresomewhat different. Thais not really
surprising since the (9.5.) theory: (5-3). primarily depicts the
interfacial scattering. At low frequencies there will be some
volume scattering from within the see-bed, which is not included
in the 9.5. theory, (5.3). ‘ _

8 . 0 Conclusions

A theory has been developed Which extends the IKE. formalism

to gently sloping: (3 of any modulation. It is also indicated

that for this type of (a) the small and large c ponents of:

scatter the incident field independently. For Q} with large
slopes higher order statistics as"; be more appropriate.

The theory—experiment verification is uite encouraging

subject to acoustic and statistical data on (5) being available.

Acknowledgement

_ This work has been sponsored by the Ministry of Defence (Navy).

 



  

Reference s

‘l.

2-

3.

4.

5.

6.

7.

9.’

 

P. Beclunann f: A. Spizzichino: V
The Scattering of Electromagzetic Waves from Rough Surfaces:
Pergamon Press (1963).

LY. Kuo:
Wave Scattering and Transmission at Irregular Surfaces:

J.A.S.A. 26, 2'51, (1954).

D. Middleton: .

A Statistical Theory of Reverberation and Similar First-
Order Scattered Fields: pt. 1: Wave-forms and General Process:
IEEE Trans. on informaticm theory: Vol I'l‘ - 13, No. 3. July
1957; pt. 11, Momenta, Spectra and Special Distributions:
PP 372 -- 414-

LJL Erekhovskikh:
The Journal of Experimental and Theoretical Physics Vol. 23
(1952: pt. I; pp. 275-233, pt. II; pp 289 - 304. Translated
from Russian by RJL Gass: U.S. Navy Electronic Laboratory;
San Diego, California.

w.c. Meecham: Variational Method for the Calculatxon of the
Distribution of Energy Reflected from 5 Periodic Surface.
.1. Appl. Phys. Vol. 27 Ho. 4, April 1954; Pp 361 - 367.

5.3. Murphy E (LE. lord:
Scattering from a Sinusoidal Surface - a direct comparison
((31‘ tm): results of Marsh and Uretsky; J.A.S.A. 36, 8, ‘59s
1964 . ‘

13.13. Baker & EJI‘. Copson
The Mathemtical Theory of Huygen's Principle.

LA. Growth."
Mortar-tie: and Suturing in the mun.
Pups!- prawn“. to an.th hounded. Society 16 I” 1968.

1...]. bloat:
Pum- prlntely emulated um" rue-rah contrast.

 


