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ABSTRACT

\qun Part II of this paper, calculations are made for the bottom loss
of a plane sound_yavp reflecting from a layered model of the oéean
@ *© . bottom. The sea ‘floor is considered to conéist of an arbitrary number
. of absorbing solid laye;s, each of constant thickness, lying on an
absorbing solid half-space. - : .

Comparisons are made between the calculated losses and the experi-

mental values given in Part I. In one of the experimental areas a core s§mple
of the sediment was obtained so that a bottom model could be constructed

to accurately represent the EE'EEEE layering. Attenuation constants for

this model were chosen so that the calculated and experimental bottom

loss curves are in réasonable agréement. These constants are in general
agreement, Assuming a linear relation between sound attenuation (in db/ft)

and frequenéy, with highjfrequency resonant chamber ﬁeasurements on

similar sediment types. 1In the other two areas less is known about the

nature of the sea floor sediments. Bottom models constfucted for these

areas provide possible explanations of the experimental loss curves.
A short discussion of bottom loss fluctuations concludes Part II.

A study of the possible sound paths leads to the conclusion that most of

the fluctuations observed in two of the three areas are probably due to
interference between the four possible signal paths havihg a single
. bottom reflection. These fluctuations should be expected in any test

where the pulse lengths and source and receiver depths are such that the




bogtom reflected signals are not resolved. At the third area the
bottom loss fluctuatio;ls are large. This' is mosTprobably the result
of cambining experimental measurements from slightly different
locations 1n an area where there are strong, but somewhaf irregular,

reflecting surfaces.
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INTRODUCTION

If a sound wave is projected toward the ocean bottom there will be &
specularly reflected wave of diminished amplitude. The ratio.(in db) of
the sound intensity of this reflected wave to that of the incident wave
% is called the bottom loss. :

Part II of this paper is an attempt to explain the experimental

bottom losses reported in Part I, in terms of available information about

the test conditions and the bottom sediments present in the three areas.

For this purpose, the first and largest section of Part II is devoted to
the development of equations which can be solved for the bottom loss of
a plane sinusoidal wave in an isotropic liquid half-space and incident
upon a number of isotropic absorbing solid layers, each of constant
thickness, lying on an isotropic abso?bing solid half-space. This sample
model has obvious limitations in its representation of any real bottam

reflection problem, however, in most cases it wou  serve as an approximate

solution to which the effects of scattering, deviations due to non-plane
wave fronts, non-sinusoidal signals, uneven sediment layering, etc. can
be added.

following the development of equations for the bottom loss, calcula-
tions are made for the areas discussed in the second section of Part I.
Comparison of calculated and experimental values are presented in

graphical form. y
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In the third section a brief discussion of the fluctuation of the
bottom loss values is given. The experimental fluctuations measured
in the d?ep water areas (II and III) are compared with the expected
four-signal fluctuation, derived in the Appendix.

EQUATIONS FOR THE BOTTOM LOSS

The ocean bottom has been traditionally treated as a liquid in
problems invol.ing bottom reflectionl’z. When the absorption of
sound in the bottom needs to be considered, and when this absorption
is small, a convenient model to use is that of a liquid with a camplex
velocity of sound3. In a recent paper, T. G. Bellh reported on the
comparison of experimental bottom losses in several areas with theoretical
values calculated using a two-layer "absorbing" liquid model. The
agreement between the calculated and observed values of bottam loss is
excellent. However, the neglect in these studies of the shear waves
that would be generated in the viscous liquid l;yeré might be questioned,
since in several of the models the attenuation of the compressional wave
was of the'order of 0.3 - 0.6 db/ft. A more realistic model is that
of a visco-elastic solid5 in which the effects ofibottom rigidity and
absorption are in ¢ luded.

The problem of calculating the reflection coefficient of a sound

wave incident on a visco-elastic layer is essentially the same as for

a wave incident on an elastic layer6, except that the Lam€ constants

are camplex numbers.
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It is assumed here that an area of ocean bottom which is under
consideration can be represented as a set of isotropic, constant
thickness, visco-elastic solid layers. The bottom layer has infinite
thickness, i.e. it is a half-space. A plane sound wave in the water
layer and incident on this model bottom will generate in each layer,
with the exception of %he lowest layer, four sets of plane waves; two
f | sets of up-and-down going compressional waves and two similar sets of
| shear waves. In the bottom layer only the down-going waves are present.
A ; "As in Figure 1, denote the nth layer by the same subscript. The

'sets of waves in the nth layer can be defined, in the usﬁal manner, in

terms of four scalar velocity poténtial functions7:

@;1=Aln exp, | (kx+apkz-wt),
&, =Ap, exp, i (kx -apkz -'wf)',

Y, =Bp exp. i (kx +bpkz - wt)s

Wn=Bp exp,i(kx - bpkz-wt}-

It is assumed that only real values of k need be.considered to
obtain a good approximation to the incident wave in the water. In this
case k is determined by the angular frequency w, the angle of incidenée

of the incoming sound wave ei‘and the velocity of sound in the water Cy

by the relation k = w sin ei/cw. ‘The values of & and bn are determined




by the physical properties of the layer and the condition that the
potentials must satisfy their respective wave equations. It follows

that:

Qg =[ Pncz/(x""'z#n)] "'lt

ba =[P/ pn -1 -

Here, Pn is the density of the nth layer and ¢, the horizontal camponent

of the phase velocity, is equal to w/k. The visco-elastic properties
of the layer are determined by the complex Lamé constants A &and u.
Consiatgnt with the assumed time dependence of the potential functions,
kn can be written as k; C k; aQ? W, 8s pé -1 u; where

] "
n’ n’

ua and u; are positive real numbers. The roots of anz
and bn2 should be chosen to lie in the first quadrant of the complex
plane. In order to reduce the number of constants required to define

the model it will be assumed here that the volume viscosity is equal

to zero, that is, Ay = -2u1 IS

At the interface between the two visco-elastic layers the
components of particle velocity in the vertical (z) and horizontal (x)
directions, respectively denoted by w and u, and the e}ements Poo
and Pea of the stress tensor must be continuous. In the case of *
plane sinusoidal waves, assumed here, the relations between the
camponent velocitieés, the stress tensor elements and the velocity

potentials can be written as:
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Referring to Fig. 1 let the n interface be a distance h below
the water-sediment interface. It follows that the interface conditions

th
at the n~ interface (at depth 2z=h) can be written as:

an [A'n exp. i (apkh)- A','1 exp. i (- ankh)]
+8) e«p.i (bpkh) + By exp i tbpkh)
= similar expression for layer (n+1).

Ap exp.i(apkh)+ Ap exp.i(-apkh)
by [ By exp.i(bpkh)-Bp exp.i(-bpkh)]

=similar expression for layer (n+1].

,un{( b,z, -1) [Ap exp.i (apkh) + Ap exp i(-a kh)]
+2b, [ By exp.i (bpkh) - Byexp, i (-bnkh)]}

= similar - expression for layer (n+I[).

Ha {-ZOn[ A;, exp.i (onkh)-A"', exn.i(-ankh)]
+ (bf, - | )[B;‘ exp.i(bpkh) +B;exp,i (-bnkh)]}'

= simiar expression for layer (n<+l). s




The equations valid at the other interfaces between layers can
be obtained by appropriate change of subscripts and the depth of the
interface. In the equations associated with the deepest interface the
coefficients A!' and Bi'. are equal to zero. At the water-sediment inter-

face (interface p at z = 0), there are uuly three interface equations:

% ’(A.P-o-l = At“'.)-o-l ) 'OP(A;’ £ A}’H' (Bn + Bn ),
2) Al Ve Sy & 2 _ ' "oy
Pon RV AL, +Ap ) =p LG =1) (Ap+4p)
s  +2b,(By-Bp)],
20p(Ap=Ap) = (bg 1) (By + Bp),

Here, o is the density of the water and a

can be identified as
p+l

p+l
cot 8, and k as w sin 8,/c,,,

In general the interface conditions will result in 4N + 3 linear
algebraic equations (N = number of layers) relating the UN + L4 complex
amplitude factors. By dividing each equation with Az'H-l
unknown quantities is reduced to the number of equations and a solution

the number of

can be obtained for the reflection coefficient A"p+l/A1'>+l . The bottom
loss in db is minus twenty times the log (base 10) of the modulus of
the reflection coefficient. One direct method of solut:.Lon for the
reflection coefficient is to expand the set of complex equations into

twice that mumber of real algebraic equations and to solve for the




reflection coefficient by an iterative inversion of the matrix of real

coefficients. However, when the number of layers becomes large the

computation time required to set up and invert the coefficient matrix

becomes excessive (the time required to invert a matrix in most

iterative methods increases as the third power of the order of the matrix).

An efficient method of calculating the reflection coefficient for a model

with a large number of layers is developed in the following paragraphs.
From physical arguments, the stresses and particle velocities at

one interface of a layer are related to the stresses and velocities at

the second interface. For small displacements these relations are

linear and can’'be expressed as a matrix equation. This method is due

to W, T. Thomson8 who calculated the reflectidn coefficient of a plane

wave in a liquid incident on a set of elastic solid layers bounded

below by a liquid half-space. Here the same procedure is followed, but

each layer and thé lower half-space are éssumed_tohe visco-elastic

solids. Also0, a minor correction to Thomson's equaéions concerning

the interface conditions has been made.

Let u: be the x component of particle velocity in the nth layer
and at the mth interface. Here and in later parts.of this paper sub-
scripts will refer to a particular la&er and superscripts to a specific
interface. Let the origin of the coordinate system be shifted to the

n-1 interface so that the nth interface is located at z = -d » where d.n
n

is the thickness of the nth layer. From previous equations the expression

of uz, with the time factor omitted, can be written as:
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= ik([A’n exp.i(-apkndp) + Apexp.i (a, kndn)]
- by [B,; exp.ii ‘('-b,,kndn')-a"'\ exp.i (bnkndn)]} exp.i(kx).

Similar equaﬁions can be written for w:, the 2z component of particle

velocity in the nth layer and at the nth interface, and for the stress

tensor elements (pzz): * and (pxz): « Lats V: be a column matrix with

m m m m :
elements u , ?n’ (Pzz)n’ and (pxz)n, where m may be n or n-l.
< 1 " gt "
Let wn be a column maftrix,with elements An + An’ An 0!

B' - B" and B' + B" . Then V° and W_ can be connected by a matrix
n B ol Wkl n n
equation; let V‘:: = Ml: « W . The L x 4 matrix Mz is given in Table 1.

Because ’phe interface n-1 1is located at z = 0 the elements of ME s can
be obtained from thelelements of Mnn by setting dn = 0. Note that half

of the elements of Mg'l ;e zero because of the. pluz; and minus arrangement
of .the A's l‘and B's in W . The column matrices V:‘l a.x_ld V’:l are

related by the equation Vnn = Mnn ‘ [M‘::'l]'l . V:'l- =D . .V::-l . The
4e1ements of Dl;l are listed in Table 2.

From physical arguments, the relations between Vnn and v“;‘l must

be independent of the location of the origin of the coordinate system.

Therefore, the quantity dn" which occurs in the elements of Dn’ has

|

|
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significance only as the thickness of layer n. Thus, matrices of
the same form as_pn can be written for the other layers. The boundary

condition at interface n can be expressed as Vﬁ*l = Vg. It follows

l'D oD p"2 : -.

P p-1 -
that V = D . V = D . V . = . . .
P P P pel " p p-1 " 'p-l 4

p

-

P _ $ :
or finally, Vb Qp . Dp-l . Dp_2 ALy D2 . V; + For convenience, the

origin of the coordinate system is now shifted to the interface 1. Then,

* ”
vé = vi = Mi " Wi. lThe gatrix Mi has the same form as Mg with dn =0,

because surface 1 is 'now located at z = 0. For convenience, define

W .o i
o = Dp . Dp-l G Sei e D2 . Mi . Wl =F . Wi.

Let the total thickness'of the layers 2 through p be H. The water-
solid interface is, therefore, located at z = -H. Noting thatthe p-1l
half-space is a liquid, the following interface conditions hold at the

surface p: ~

: i h o . . P
i8p 41 K [AP+I 'Qx,p" ('°p+|kH)‘A6+| exp, |.(ap+‘kH)]-wp R

—" g ‘ H :- ) (1} i = p

, 'Pp-c-x w[Ap*, .exp.t'( Qg4 kKH)+Ap 4 6xp,i (apHgH)]_(pzz)p \

0=(pyz)y . here Op 4 @ cOS 8;

(

= A" ' = ! ' = B! ' . € i
Let R Ap+l/Ap by Al/A p+1? and T Bl/A P+l The preceding

+1’ "¢

equations can then be expanded into the following form in terms of the

elements of the matrix F.

N\ \

L o PR




lapy ke i~ap, kHI[1=Rexp.i” 1p, kH)]

f.ipp.,:; w exp.i (-ap KH)[1+ R exp, i.(20 kH)]'

P+1

. { _ :
= (Fg +F3p) T+ (Fyg+Fay) Tgo

O=(Fg+ Pl Te ¥ (Fg+FdTs.
This set. of equations is solved to find R exp.i(2&p+lkn), which is

" '
pet/ A pra)
at the interface between the water and the top sediment layer (at

the desired ratio of reflected-to-incident sound pressure (A

z = -H). The qutom loss is defined as minus twenty times the log

(base 10) of the modulus of the reflection coefficient R exp i(2hp+lkH).
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COMPARISON OF EXPERIMENTAL AND CALCULATED
BOTTOM LOSSES g

Area I, discussed in Part I of this paper, lies in moderately
deep water off the coast of Southern California. The physicel properties

of the boftom in Area I have been studied by a group from the

U. S. Navy Electronics Laboratory under E..L. Hamilton. Low frequency

sub-botiom profile recordings by D. G. Moore9

indicate a strongly
reflecting layer 'approximately 20 feet below the water-bottom interface.
As noted in Part I of this paper, the composition of the upper sediment
layers varies throughout the opératingla;rea. The bottom model assumed
in this area is based on several core samples, obtained by Hamilton.

The compressioné.l velocities in the layers found in the core sample, were
10, 11

determined by the resonance method of Shumway and are listed in

column 9, Table 3, Model A.

A mathematical model of the bottom was then constructed (Table 3,
Model 'A) for Area I. The experimental values of the velocity and
density of a layer essentially determine the value o<f- (A* + 2u') for

S. A value was then chosen for the ratio p! /A' according

the layer
to .the type qf material found in the core sampleé. In the models
described in this paper, the choice of this ratio is not critical.
Variations in the value of (u'/A') of the order of 0.1 has small effect

on the bottom loss curves. It may be noted that choosing a value for




¢CJ w'/A' is equivalent to specifying Poisson's ratio for the sediment

| layer. The attenuation constants were chosen to provide reasonable
agreement between the experimental and calculated values of

bottom loss. The values are in general agreement, assuming a linear
relation between sound absorption (in db/ft) and frequency, with the
high frequency resonant' chamber measurements of Shumwaylo on similar
types of sediment. In contrast, however, these attenuation constants
result in a much higher attenuation of the compressional wave than
that measured by Wood and‘Wéstonla in mud. The bottom model constants

(A', u', u", and p) are listed in Table 3, Model A. A comparison of

the calculated and experimental bottom losses, as a function of
grazing angle, is shown in Fig. 2, Calculations for Fig. 2, and the

other figures in this paper, were made using both the matrix inversion

and the patrix multiplication type solutions for the bottom loss, discussed

earlier. For all models and at all grazing angles the difference between
the calculated values of bottom loss by the two methods of solution was
less than 0.01 db. The curyed line represents the calculated bottom
losses and the straight lines connect points which are average values of
the experimental losses combined in tﬁb-degrge int;rvalé. The caps on
the vertical lines represent values of bottom loss equal to the
‘mean experimental value plus or minus the standard deviation.
In Fig. 3 a comparism is made between experimentai values,

averaged over fivé-degree intervals, and calculated bottom losses for &
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two-layer model, the upper layer six feet thick*. This model is listed
as Model B in Table 3. A study of Figs. 2 and 3 led to the following
conclusions. The broad peaks shown in the experimental losses
averaged over five-degree intervals are the result of interference of
sound reflected :ram the surface of the bottom and from the interface
at approximately six fédet. The rapid fluctuations that appear in the
experimental curves averaged over two-degree intervals are probably due
to the interference as a result of sound reflecting from the 20-ft deep
interface. The large standard deviations of the individual data points
are discussed in the following section.

In contrast to Area I, core samples were not taken in Areas II and
III. Consequently, the mathematicél models of the sediment, in these
areas are overly simple. The layer constants A' and u' we;; chosen so
that the calculated and experimental values of bottom loss would have
the same general angular dependence and so the calqulated compressional
velocity in the layer would have a reasonable value. The attenuation
constants were then adjusted for agreement between the experimental and
calculated bottom loss curves at small grazing angles.

Area II is deep water area off the California coast. The bottom is
believed to be a silty clay. Because a detailed bottom study was not

made in this area, a single layer model was chosen for the bottom loss

Tt TR
*Before the present calculations were begun and before core samples in

this area were available, Mr. Garland Bernard of the Defense Research

Laboratory, Austin, Texas suggested that, on the basis of bottom loss

calculations for a two-layer absorbing liquid bottom, the experimental
bottom losses were consistent with a discontinuity in the bottom at a

depth of six feet. Subsequent core samples proved this to be true.




calculations. The experimental tests in Area II were made at
frequencies of 0.7, 1.3, and 3.0 kc. Because the set of measurements
at 1.3 kc covered a larger range of grazing a;)glea the model constants
wére adjusted for this frequency. Theoretical curves at 0.7 and 3.0 kec
were then calculated assuming two different frequency variations for
the a.tte.nmtion constant u'", as explained later. The experimental data
indicate rather large overall bottom losses with a maximum bottom loss
for the 1.3 kc tests at a grazing angle of approximately 14 degrees.
The maximum 1os§ at small grazing angles can be explained by either a
low velocity bottom (Model C and Fig. 4) or a highly attenuating bottom
(Model F and Fig. 5) In the low velocity cases the high bottom loss
is due to refraction of the sound into the bottom, mostly in the form
of .a compressional wave, while in the high attenuation models the high
loss is largely due to conversion of sound energy into a shear wave.
That widely differing models can be used to explain the bottam loss
curves proves the need for measurements of the phys-ical properties of
the bottom, particularly the in situ ratio of the sqund velocity in
water to the compressional velocity in the upper few feet of sediment.
This in situ ratio has been determined in a few cases by Hamilton
using the bathyscaph TRIESTE'S,

For both the low velocity models and the high velocity models the
attenuation constant u" was chosen for a fit of the experimental
and c&lculé.ted bottom loss curves at 1.3 kc. The theoretical loss

curves at 0.7 and 3.0 kc are determined by the frequency dependence of u".
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It seems reasonable that over this frequency range u" can be assumed
to vary as p' = u'c',mn, “"c; equal to a constant and Osn<l. For example,
if n is O the velocities of the campressional and shear waves are
| independent of frequency and the attenuation of these waves will be
linear with frequency. If n 1s 1, the sediment la&ers are represented
as a Voigt soliﬁ type material and the velocity and attenuation rela-

5

tions are more camplicated”.

In this paper, it was assumed alternatively that u" = u.;w and

b - ws (n =1 or 0). Models C, D, and B (Table 3 and Fig. k)
represent the low velocity case, with u" = pgm, at frequencies of 1.3,
0.7, and 3.0 kc respectively. Note that:Model E is not a low velocity
case since, as' & result of the increase in the attenuation constant,

the compressional velocity in the sediment is higher than the water
velocity. For the assumption u" = u.g, the losses are independent of
frequency and‘the bottom loss curves are given-by Model C, Fig. k.
Models F, G, and H (Table 3 and Fig. 5) have the same correspondence for
the high velocity models.

The experimental losses, as shown in Fig. 4 -or 5, do not increase
at the higher frequencies, however, it cannot be t;.oncluded that the
assumption n =1 is‘ a better choice. At least for many ocean bottoms,

)
the single’l'ayer model is a poor representafion of the sediment layers,
particularly for iov frequency bottom loss calculation;. A multi- layer

model will show a general increase of bottam loss with frequency for




16

either assumption. It might be noted that the assumption n = 1 leads
to some unlikely increases of the ‘canpressiona.l velocity with frequency
(Table 3, Column 9). Also, there are reports. on the direct measurement
of attenuation constants yhich indicate that the attenuation terms are
independent of f:equencylb’ 15. '

Area III is a deep water area of the Bering Sea. The reflection
measurements immediately suggest that the low losses at angles near
normal incidence are due to a hard reflecting layer, such as basalt.
The larger 1ossés at small grazing angles are most likely due to an ab-
sorbing layer, such as silt, lying on top of the hard layer. A two-
layer model was used and the attenuation of the upper layer was adjusted
to fit the peak of the experimental curve at the'l.3 ke frequency (Fig. 6).
In Fig. T the 1.3 kc curve is repeated along with experimental and
calculated curves for the bottom loss at 0.7 kec. The O0.T kc curves were
calculated assuming u" to be constant and then to be a linear function

of frequency. The agreement with experimental values is only fair for

either curve. Experimental data at 3.0 kc were not obtained in this area.

SOME COMMENTS ON THE FLUCTUATIONS OF THE BOTTOM LOSSES

Fluctuations in the intensity of bottom reflected sound are usually
attributed to interference of signals traveling along different paths, or
scattered from reflecting objects lying on the bottan,-.‘or scattered from

reflecting facets of the surface of the bottam. In the areas discussed
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in this paper, the water-sediment intérfaces are relatively smooth so
that it was expected that fluctuations of the bottom loss would be small.
Standard deviations, averaged over all grazing angles, of the bdttom
loss measurements in Area II were 3.8, 3.2 and 3.3 db at frequencies of
0.7, 1.3, and 3.0 kc‘respectively. In Area III the standard deviations
of the bottom loss were 2.4 db at 1.3 kc and 1.6 db at 0.7 ke. In the
deep water areas (IT and III) shallow source and receiver depths and
long pulse léhgth (0.5 sec) signals were used. The fluctuations result,
most‘-probably, from scattering and from mutual interference of the four
possible signal paths having a single bottom reflection, which are
‘described in the Appendix. In moderate seas the surface motion of the -
water will cause the difference in path lengths of the four signals to

vary by more than a wavelength at these frequencies. Thus, between suc-

&

cessive pings the phase differences of the four signals will change in a

random manner. °

Results fram the Appendix show that a standard deviation of about
2.3 db is expected because of four-path interference of constant amplitude
. 8ignals in Areas II and III. Since each of the four signals will have

indiwvidual)

some'amplitude fluctuation the actual four-path interference should be

somewhat larger. ' Thus it seems that in Area II a large part of the

observed fluctuations is due to four-signal interference and in Area III

o SRR Bt v
it

almost all of the variation in bottom loss was due to this effect. The : ! q

low value of fluctuation (1.6 db) at 0.7 ke in Area III can be explained by .14

noting that these tests were made in unusually calm seas and that at the
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(\, - 0‘.7 ke frequency the phase differences betwen the interfering signals
were not random.

& Thé experimental losses in Area I were measured in 14 different
' . tests made over a period of several months. Thus the losses reported
for a certain grazing angle were obtained at several locations in the
same general ar;ea. Because of this, and apparently because of the
strong interference of sound reflecting from different surfaces of the
sediment layers, tﬁe fluctuations of the bottom loss were large in this
area. The standard deviation was 4.4 db when the losses were grouped
in two-degree intervals and 4.9 db when taken in five-degree intervals.

Smaller samples of data also showed considerable fluctuation.

ke . ‘ CONCLUSION

| Equations have been derived, in two different forms , for the cal-
culation of the bottom loss of a plane sound wave in water and incident
on an arbitrary num’?efr of visco-elastic solid layers. Thus the model

o
includes the effects 'sediment layering, the absorption of sound waves

in the bottom sediments, and the generation of shear waves at the
interfaces. In most of the models considered, the bottom losses

were’high at small grazing angles because of a large part of the

sound energy being converted into a shear wave.
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The bottam loss as a function of grazing angle is calculated for
two locations off the California cosst and at a deep water location in
the Bering Sea. In only one of these locations. was more than half of
t.he'bottoxn constants, required to define the model bottom, available.
Thus, no claim can be made about how well this model will represent an
ocean bott'cm, even in the special case whe.re the interfaces are smooth
and the layering uniform. At one location ¢ core samplegw available
so that the most critical assumptions were the values of the layer
attenuation constants. The chosen values of these constants were in
general agreement, assuming & linear relg.tion of attenuation to frequency,
to those determined at high frequencies . for similar sediments by the
resonance method.

Fluctuations in the bottom loss at the deep water locations are most
readily explained as resulting from interference of the four signals
with one bottom reflection. The large fluctuation in the bottom loss
in the moderate depth water location ismpst probably :t;he result of

combining experimental measurements fram slightly displaced stations in

an area where there are strong but somewhat irregular scattering surfaces.

'
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Aggendix

In the deep water areas (II and III).discussed in this report,

the source and receiver were both located at shallow depths and 0.5 sec
pulses were used. Under these conditions the four signals that have one
bottam reflection‘will overlap. Let the signal that is reflected from
only the bottom be labeled as B, the signal reflected from the surface
and then the bottom be called S-B, etc. Because the source and

receiver were located at nearly equal depths the S+B and B-S paths have
almost equal travel times. Then the signal recorded, during the arrival
of the four sing;e bottom reflected paths will at increasing times be

made up of the following five combinations:

In the analysis of the experimental records the peak value of the
recorded signal was measured which may occur in any of five possible com-
binations of signals. Let fi(p)dp be the probability of finding a
value of peak pressure between the values of p to ‘p+dp in the ith
combination df—signals. Then the probability of finding the largest

: !.e"weA«
value of peek pressure from any of the five combinations to be in the Voﬂ“44

p to p+tdp is .

& LI
w =) {5 J:l;fi. XD

okl




It is assumed now that each of the four interfering slgnals has
constant amplitude and that the phase differences between the interfering

signals are random. The distribution functions fl and f5 are Dirac

delta-functions. The distribution functions for the three interfering

signals (f2 and fh) can be written as complete elliptic integrals of
the first type.lé
Let the B, S-B, B-S, and S-B-S signals have the respective peak

amplitudes of 1, a, &, and gz, where ax<)], .Then f, is the distribution

2

function of the pcak amplitudes 1, @, and g combining with random phase.
g .

Fig. 8 is a graph of £, for values of the parameter & equal to 1.0,

0.8, and 0.6.

The function f3, which represents the combination of all four signals,

17

was calculated, following the method of Pearson™ ', by numerical integra-

tion of a distribution function for three signals. Fig. 9 is a graph of

f3 for values of & equal to 1.0, 0.8, and 0.6. ~The functions f £

2} 3!
and fh can also be calculated in terms of an infinite integral or as an

infinite seriesls. These methods were not used here because of their slow

convergence when the number of combining signals is small.
The desired function F5 is easily calculated when f2,
are known. Fig. 10 is a graph of F5 for values of @ equal to 1.0, 0.8,

f3, and fk
and 0.6. From F5 the distribution function of the bottom loss can be
calculated. Although the value of the bottom loss (in db) depends upon the
reference intensity the standard deviation of the bottom loss does not. The

expected standard deviapion of the bottom loss, for the above assumptions,




>4

as a result of four-signal interference is 2.4 db for a = 1.0, and
2.3, 2.2, 2.1, and 2.0 db for values of a equal to 0.9, 0.8, 0.7,

and 0.6.
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TABLE OF BOTTOM CONSTANTS (ENGLISH UNITS Ibp-ft-sec)
® @) p ? @
MODEL FREQ | WATER LAYER 2 —_— LAYER  |COMPRESSIONAL| ATTEN. O
& AREA | (KC) | veELoCITY | RNO. A A p" |THICKNESS| VELOCITY  COMP. WAVE| DENSITY
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1)
A(l) .5 4885 4 2.30 x9 .01 8x7 1 4776 .39 103
3 2.37x 9 A 3x7 5 5051 12 ne
g 2.53x9 2 6x6 14 5412 .02 121
| 6-00x9 4 4x6 co 8980 — 134
B (1) 1.5 4885 2 2.8x9 0 Ix8 6 5015 39 "2
! 3.5x9 (o] Ix7 co 5380 03 121
c () .3 4970 | 3.0x9 .01 3.0x8 oo 4880 .9 130
D (IN 0.7 4970 [ 3.0x9 0l 1.6x8 | oo 4860 3 130
E () 3.0 4970 | 3.0x9 0l 6.9x8| ©9 5010 2.3 130
«
Y oFm 1.3 4970 I [3.0x9 ol LOx9 | OO 55C0 5.4 130
D
S
~ (D) 0.7 4970 l 3.0x9 .0l 5.4x8 | ©° 5320 - 4 130
H(ll) 3.0 4970 I 3.0x9 .0l 2.3x9 | oo 6430 9.5 130
(D) .3 4980 2 |2.25x9 Ol Ix8 3 4800 gL | 100
| 4.20x10 |[1.0 1x6 co 25900 - 192
J () 0.7 4980 2 |[2.25x9 .0l 54x7 3 4790 1 100
! 4.30x10 |1-0 54x5 | ©o 25900 - 192
K (i) 0.7 4980 2 [2.25x9 .0l Ix8 3 4790 2 . 100
{  ®B.30x10 1.0 1x6 o 25900 - 192
@ Leyer | is the deepest layer
@ 2.30x9:% 2.30 x _ow\
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