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A METHOD FOR THE DETERMINATION
OF THE CRITICAL ANGLE OF REFLECTION OF SOUND
FROM TdE BOTTOM OF THE OCEAN

INTRODUCTION

In the past many sound trensinission experimcnts
were made 1in the ocesan using sound pulses on the order of
0.2 secnnds long. For transmission runs mads in shailiow
water (1.6, 100 fathoms or less) it 1s possible n

obtain information conicerning the attenuation ¢f the soun

between the length of ths recelved pulse and rangs. It

tional informaticn concerning the critical angle o re-
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veloclity of sound in the becttom., 4 simple derivation 1is

the sounéd from the bottom, The critical angles for two

transmission runs made by UCDWR iu 1543 using frequencies
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with increasing range but also to observe the relationship

is shown in this report that this relationship gilves addi-

mads which predicts the rulse length as a function c¢f range,

water depth and the criticel angle for total reflection of
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of 200 and 500 cps are obielned and a discusaion of the

method is prossented,

DERIVATION OF RELATIONSHIP BETWEEN RANGE,

WATLR DEPTH AND CRITICAL ANGLE

The nodel used for the transmission run experl-
mant 1= shown in Fig. 1. Several assumptions are made to

simplify ithe derivation., These are:

1. Both the source and the receliver are omnidirectionsal,
2. The medium 1s isoveleclty watsr,

Sl Reflection 1is specular from both top and bottom
and the surfaces are parallel to one another.

b, There is total reflection from the top surface but
from the bottom surface there is a loss due to transmission

into the bottom which has the following reflsesctlon coeffi-

< .
= A

for 6¢® /‘;_(G)
for 6 )6 M(G) = 1
where A{ 1 and & is the angle bethe“ the direction of the

sound rays and the normal to the bottom surfsace (see Fig, 11},

3t The _4 (9) given here 1is an approximeztion of the reflecticn
coefficients calculated by J.M, Ide; R,I". Post and wW.J. Fry,
The PrUpduuULOu of Underwater Sound‘au Lew Prequencies &s &
Functlon or the Acoustic pProperi.ss nf the LBoLtom,. NRL Rept.
No. & 2113, pc. 59, I11B. (Tnelassirisd)
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s Poth the source and the recelver are close encugh

to the top surface to be considered at the surface (i.e.

depins of source and receiver are very small comparad to

depth of the water.
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——--—— 1s direct signal,

———-—— is first bottom reflectod signeal,
——————— I1s second bottom veflected signal,
-—-—-—- is third bottom reflected signal.

and rveceiver respectively.

The difference in the path length of a signal that
has teen reflvcted n times from the bpottom and tue path
length of the dirsct signal 3is seen to ba

Aar, = [RS + (2nD)2 - R (1)

wnere R 1s the distance bhetweszn this source and the recel
and T 1s the depth of the water, The sound vulse that i

reflected n timses will therefore arrive a short time lat

tihan the direct signal, TIf the differencs between the two

Modsl for sound nropagstion in shallow water,
e and r designate the positiorns of the source

the

var
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arrival times is designated as At,, then
( T —_,,' A\ 2 1
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whers ¢ 1s the velocity of sound in the water. The range
dependence of the time dirference At for varlous values
of n are shown in Fig. 2.

The angle cof incidence of the n'th reflected ray

upon the botiom 1is

i
N
Q
ct
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——

on 2aD) (3)

If 9n< O, then the contribution of the n'th ray to the signal
will neot be observed since this signal will be ettenuatsd by
at least AP due to the reflection ccefficient that is assumed,

This quantity tecomes negliligible for larg

[¢/]

values of n, This
impliss that the At, is only observed for the highest value
cf n such that ©,) @, when n is large. As the raenge in-

¢reases mors modes O
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creases monotonically with the rarnges for 211 valuss of n,
Ideally this means tuat at some range R, ©, reaches

the value 6, and then ths n'th reflected signai contributes

tc the total pulse making it longer in time, It can, there-

fore be expected thet ths signal would increase increment-

2lly In time, with the range interval between the jumps

censtant for the entire range, Figure 3 shows the pulse

lengtih devendsence or the range for various assumed values

¢l &,. By superposing Fig., 3 on Fig. Z it is easy %to see

now the curves on Fig., 3 were obtained.

For a sound transmission run whose oceanographic

conditions approximats those used in the derivaticn above,
it is possible to find expsrimentally the critical angle
i
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of tne bottom raflacted sound by wlotiting the observea time
difference At as a function of ranrce. The choice of thu
theoretical cvwrve in Fig., 2 which best fits the data deter-~

minos the valuve of the critical angle,

EXPERIMENTAL RESULTS

As an example of the method described above, 0,6
ke and 0,2 ke sound transmission runs wer: analyzed, These
runs were made by UCDWR off the ccast of Caiif'ornia on
May 20, 19i%, and were chosen because the oceanographic data
show tliem Lo have a shallow (4O fathom), flat, mud betton
gative water temperature gradient.

The UCDWR data havs

(o]
[ 5]

ound signal and & radio
signal recocrded on each run, The radio signal is the same
lencth as the transmitted scund signal, hence it is assumed
to be the same lexngth a2c the direct sicnal, Thus At rcan
be measured by subtracting the langth of the rsdio signal
from the observed sound pulse. An ideal record of tne
Sound Polles iz Shewe In Blas b

Measursments of At werc mueds fov recoras in which
the range varied from 200 yards to 12
sureriente are plottcd in Fig. 3., Ths theouretical curves
which give best fit fo the meximum experimental valucs of

. AL can be seen to 1ie hetween 72° and 70° Tor the 0,45 k¢
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0sd
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»an and betlwesn 72° and TL° Tor the 0,2 k¢ run, T
liaite of the critical angle give ratios for the velocity
of sound in the muc bottom to the velcclty in water of
. ' 1,05 to 1,02, These values are in fair agreement with
1
o d
t—q—-g‘a——ﬂ
!
|

measurements maeds slsewhere,

.~ sound signual
-~ 2

Am —————— e

= radio signal

Fige L. An jdealized picture of ths sound and radioc
signais, ‘U is ths length of the radio sizral
(ed the dircet signal), ‘Uis the length ci

the osaerved scund signal, -

LT x ¢, where ¢ 1s the velocity
L a¥=d
60

Ty = At.
of sound in
the water, 1s equal ic the range k

DISCUSSION
: The above methocd for rinding the critical angle

2
H

s straightforward; howsver there are scme difficulties

which are only evideni wnen actual analysis is attermted,

The flrst of these diff'iculties arises from the fact iLhsat

the attenuaiion per reflection may be small, thus makin

[&]

l. d,A. Oiliver end C.L. Drake, Bull, of Geol, Soc, of Am,
(D 1287 i New - 1Q51)
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]
8 3

e B B L T B M I T e B e e e e B e e e



5S

——— B A A e/ s o e S X

CINGHNEERING RUSEARCH INSTITUTE - LINIVERSITY

Gifficult the distinction between a signal whose anglie of

Incidence on the boticm 1s ie«s than the critical angle €,

and cne whoee angle i rreater than 6,, rlowever ths attenua-

tion after several reflections becomes large,

rangss, where *thc :-ly signals with an angle o©

lesc than €, are those undergoing many bottom reflcctions,
tihie distincticn between §,) 9, and €,{ 8, is nc longer dif-

n
Ilcuit, Anotner diiriculvy, and perhaps tne greatsest is

[l

ax
=

+f
+4

cavsed by in erence phenomenon, both in the

t

signal and in

Since tha =soures and receiver are both located

surface by a distance which is usually greater
to the wevelsngth, interlerence 1s prasent for

signa!l as well as the reflected components. Constructive

interference cliearly presents ro problem, but

interference frequently mekes a component of the signal

so small that it is not observed In measuring

>

eleaply ieoads to a vaiuc of 6, whivn is greuiler than

actusl e¢ritical angle, However this error ic
one, and if a thegretical curve that lies abov
perimencal points is chosen; the value of 6, w

ascurate,

Since the thermal structure in the ocean is at

bast an spproximation Lo en

1sovelooeity medium

intrcducsd in using the model set forth here,

so at longer

. el e ; e . =
he seprarate cuntridbutions to the signel,
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having negative velocity gradients whose ray vatterns are
similar to those of isovelccity media, the error 1s small
and the results conld be corrscted if desired by taklng intc
account the change in the angle of Incidence on the bottom
due t¢ tho thermal pattern, Velocity gradionts other than
those which are negative or 1isovelocity givse complicatad

ray pauverns and are not approximated by the 1

0

(¢}

[=
-t

cvel

“

[§

~r
J

In the presence of a negative vslocity gradient

the direct signal usus’ sappears ac ranges close toO

£
[

o
1000 yards due to the downward refraction of the sound rays,
This, however, presents a small error, as the time difference

between the direct signal and the first refle

(&)

ted signal 1is

already very small st a rangs of 1000 yards {gse Fig. 2).
It must be noted that the bottom surface must be

very flat for the above approvach to ve valid., It can be

shown that a slope of u degress 1in the bottom will changs

o

ths sizle of incidence on the bottom 2na degrees after bei:.
l=]

reflected from the bottom n timas. +the sign of the change
P g C g

deper.ding on whether the propagation is up or down bhe sliopse,.

So a8 1imit must be placed on the permicssuhlie slove of the

bottom if the present medei iz L be applicable; this limit

is given by

10 i
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SUMMARY
A matiod of measuring the critical angle of
bottom reflaction by observing the range dependence of the
Measurements are made
on duta for a mud bottom wiih 0,2 and 2,4 ke sound signals

the crl

gl

which gives values from 72¢ to 78° a

[#]

ical angie ol

[¢)

incidence, These values of the critligal augie give a velo-

Py 2

= N e T o = o - ~ s
city of sound in the mud Lottom arcund 1,02 and 1,05 times

b}

4

v ot gound in watser,

v

the velocit
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