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; ON THE POSSIBILITY OF DETECTING AN OBJECT BURIED BELOW
AN INTERFACE USING TOTALLY REFLECTED WAVES

Description of the Problem

RS e A R Sl i

Dr. C. M. McKinney has suggested that even if an acoustic wave in
the water is totally reflected from the bottom, the acoustic field still

penetrates into the bottom. Thus a scattered wave results whenever a

 pne o
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buried object is present, and it méy be possible to detect the resulting

i
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echo. The illumination of the source may be reslized by two different

configurations, shown in Fig. 1.
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It is not clear at this time if the scattered wave can return by
F the travel path shown in Fig. la. It seems certain, however, thal some

; 4 energy will be returned along the path shown in Fig. 1lb.

Suppose we approximate the behavior of the bottom by neglecting
the shear modulus and thereby treat it as a fluid. Further, let us
suppose that the acoustic velocity in the bottom is greater than that in

the overlying water layer so that total internal reflection can occur.

The problem of reflection of a plane wave at such an interface is

. . R . 1 R
discussed in many references; a convenient one is Officer™ who gives

the following solution for the geometry of Fig. 2.

Officer (Ref. 1, p. 79, Eq. 2-166) shows that if the velocity

potential of the incident wave is given by

ES

vng 0 A exp [im {t + (l/Cl) (z cosb, - ¥ 00591)}] ’ (1)
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FIGURE 1
TWO POSSIBLE CONFIGURATIONS FOR INSONIFYING
E: AN OBJECT BURIED IN A MARINE SEDIMENT
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then the resulting velocity potential in medium 2 is

THTEA? PR

¢, = TA exp [azz + i(E/2) + iuw {t -»(yycl) sinel}] , (2)

TR

T~

where

®
]

/
, =K [sineel - (cl/ca)‘?]l 2 (>0)

-1/2

o]
]

: 2](ry/0q) +
;A 2/ 1 l- sinael

] o etae - (¢ /02)2]
: )

;:, w = angular frequency ,

£ k, = wfC; , and

4 E = constant given by Officer's Eq. 2-162 .

; The important point of this problem is that the wavefield in the
: lower medium propagates in the direction of positive y, with a phase
A' velocity Cl/sinel, but that lines of constant amplitude are parallel

to the interface and the amplitude decreeses axponentially with depth
below the surface, However, if sinf):L - (Cl / 02) <<1, the penetration
1 will be much greater than the wavelength )\l.

3 If an obstacle iz located in the medium (2z<0), it will scatter
the waves ¢2 and, in particular, a wave will be scattered in the direction
* of the negative y axis which may be detected by the transducer that produced

the incident field, ¢in' It i1s not poszible to pradict the megnitude of
the acattered wave since the theoreiical probvlem just outlined has not

L EPEC  fan
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beer: solved. The purposes of the present note are to outline an approach
. to ‘the solution and tu summarize some of the literature on similar problems.
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A Method for Obtaining an Iterative Solution

Consider a spherical object of radius a, whose center is located
at (x=0, y=0, z=-h) in Fig. 2, which scatters the wave given by Eq. 2,
The total scattered wave ¢ may be thought of as the sum of a series

¢=¢o+¢l+¢2+"‘ s (3)

where the successive terms are defined following & scheme developed by
Thi-unkatachar and Visivathan.2

(1) ¢ is defined as the field scattered by the obstacle when
one ignores the presence of the interface at 2z=0.

(2) o, * & is the field which satisfies the boundary at z=0 when
A the effect of the object is ignored.

In short, there are two reflectors, the object and the interface,
and a8 sequence of corrections is made for the effects of one reflector
f , on the field produced by the other.

4 Thirunkatachar and Visivathan give a detailed solution of a closely
i related provleam and argue that the iterative solution of Eq. 3 converges
i to the correct answer, Gregory3 offers the opinion that this method

- converges only when the radius of the obstacle is less than the wave-~
length of the wave in medium 2.

The Zero-Order Approximation i

The zero-order approximstion has been discussed by Ronchi et al.h

(although they do not identify their solution in this manner) for the
cage that the scatterer is a circular cylinder with elements parallel

D L T

to the x axis. Curves showing the directivity pattern of the scattered
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wave and graphs showing the total scattered power are given in their
report. These curves have interesting features which suggest that the
effect of the cbstacle will be observable for suitable physical parameters.

The results given by Ronchi et al. are sufficiently promising so
that an extension of their work is desirable. The first step would be
to carry out a silar analysis for a spherical scatterer. The second
step wvould be to introduce the effect of the interface on the wave
scattered by the sphere. This is the term ¢1 in the iterative sgolution.

Related Work
There are a few papers on related problems that should be mentioned.

Thirunkatachar and Visivathan5
scatterer that is similar in approach to their work on the sphere. 1In

have completed a study using a cylindrical

each case they consider an elastic half-gpace s0 there is no medium 1 as
shown in Fig. 2. Thus, the evanescent wave discussed above must be
replaced by & Rayleigh surface wave.

Gregory has published two lengthy analyaes3’6 of the problem of a
cylindrical cavity imbedded in an elastic half-space. In the first of
these papers he develops a suitable set of functions that satisfy the
boundary conditions on the free surface as well as the Sommerfeld radia-

3 he uses these functions

tion condition at infinity. In the second paper
to solve the problem of the scattering of a Rayleigh wave (and other waves)
by the cylinder. Gregory is undoubtedly correct in his claim that his
solution is far more general than that of the two Indians, but their

solution will be much easier toc implement in terms of numerical values.
Conclusions

The problem of the scattering by & buried object of a wave that is
totally internally reflected or is refracted st the critical angle has
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nct been solved in the literature. However, solutions of closely
related problems suggest that adequate approximate solutions can de
g developed and it seems these solutions will indicate favorable scattering
; strengths,
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