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ABSTRACT

A simple equation and computer program for the pressure
and phase distribution in a wedge~shaped medium overlving a
fast absorbing bottom from a point source at infinite
distance from the wedge apex were formulated by using the
method of images. The computer program used for calculations
was tested for perfectly reflecting boundaries. A sample

case using a more realistic bottom is presented and discussed.
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I. INTRODUCTION

Sound radiated from a source in a wedge-~shaped medium
overlying a fast bottom has been investigated. In 1978,
Kawamura and Ioannou [Ref. 1] computed the pressure
amplitude and phase distribution along the interface between
a tapered fluid Jayer and an underlying fast fluid bottom.
A simple model based on a combination of normal modes and
ray theory failed to predict adequatelv the pressure
amplitude and phase along the wedge-bottom interface. 1In
1980, Bradshaw [Ref. 2] calculated the pressure and phase
distribution of sound in a fast fluid medium underlving
a tapered fluid medium.

The pressure in a wedge-shaped fluid layer overlying a
fast bottom (See Figure 1, 2) can be calculated by using the
method of images. If we assume isospeed medium, then it is
straightforward to apply the method of images [Refs. 3, u].
The images lie on a circle (See Figure 3) whose center is
the apex of the wedge. The lowest images (closest to the
source) correspond to rays of sound which make grazing
reflections from the surfaces of the wedge. Higher images
correspond to rays with greater angles of elevation and
depression; these rays suffer more reflections from the
surfaces of the wedge. Finally, images are encountered for

which the rays exceed the critical angle at the bottom.
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Surface ¢

Bottom

Receiver at x'=x/X

Figure 3 The Geometry of Image Solution
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Higher images correspond to more reflections from the bo=tcm

so the effective strength of these higher images will be
progressivelyv reduced. Summation of the contributions from
the source and various images vields the complex acoustic
pressure in the wedge if both boundaries are smooth, the
propagation loss is onlv that associated with geometrw and
absorption losses. A rav will, on each encounter with the
sloping bottom, increase its angles of incidence, until the
grazing angle will become greater than the critical angle
and sound energy enters the bottom.

All distances are normalized to the distance X measured
from the apex along the wedge interface at which the criti-
cal angle is first exceeded and the lowest mode attains
cutoff; this distance X called the dump distance is defined

by (See Figure 2), [Ref. 5]

X = h / tan(g)
Ay
= — = (1)
m 31n(ec3 tan(g)
where
6, = critical grazing angle

8 = wedge angle
A, = wavelength in the wedge medium

h = channel depth at X (dump distance)

13




For a point source of unit pressure at one meter from

the source, the combplex dressure P(r,t) can be written as

P(r,t) = P(r) * exp(jwt) (2)
where
B(r) = (1/7) * exn(-3kr) (3)

3
n

distance from a point source to a receiver

angular frequencv.

€
"

For convenience, we assumed that the amplitude of the
source is proportional to its distance from the wedge apex.
This simplifies calculations considerably, particularlv in
the 1limit of large source-apex distance compared to a
wavelength.

The purposes of this research are to:

1. Deve'op a simple exoression for the pressure and
phase distributions in the wedge.

2. Develop a computer program for calculating the

pressure and phase by using the method of images.




II. THEORY

The complex acoustic pressure in the wedge from the
point source at the infinite distance can be determined by
using the method of images. Assume both the surface zand the
bottom of the wedge are smooth, and iscspeed fluid nedia.
The normalized complex acoustic pressure Iin the wedge can

be expressed as
P.(x) = exp[jkl X cos(en)] (W)

where 8 is the angle between the line djoining Nth image to
the apex and the bottom, kl is the wave number in the wedge,
and x is the distance from the apex. (See Figure 3)

The total pressure of the various images and source along
the line of constant x from the apex can be determined bdv
using the method of images (See Figures 4, 5),

N INT ()

PN(x) = nil (~1) [gn_2exp[jkl X cos(en—s)]

* g explik, x cos(e_ + §)11 (5)

1

15
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where

N=INT(183/8),

8 the wedge angle,

1"

8 the receiver angle,

the source angle. (See Figures 2, 3)

D
1]

(n-1)8 + vy, n = 1,3,5,7...

o]
(1]

ng -~ y, n = 2,4,6,8... (6)

aq
3
1]
o)
~~
@
o
st
b
0q

n

= 'rr R(em) (7))
9
b

En~2 and g, are path parameters from the nth image and R(en)
is the reflection coefficient of the bottom with grazing

angle 0, given by Refs. 6 and 7,
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D % gsing_ + M, + jJ M
R(6 ) = n__? 1 (3)
% s _ _ -
D * sing, M2 3 Ml

where

=
"
<\
g
+
w
[y
ko
g
™~
N

w
1]

2 na/k2

where a is the absorption coefficient in the bottom
(Nepers/m), and ko, is wave number in the bottom.
n = Cl/C2 (Index of Refraction).

To check the theoretical results, expand Equation (5)

into few terms as follows:

19




%fx) z exp[jkl X cos(el-d)] - exp[jkl e cos(ez—é)]

+ gl[exp[jkl X cos(61+6)] exp[jk1 X cos(ee-s)]]

- gz[exp[jkl X cos(62+6)] explik, x cos(eu-é)]]

1

(9)

2. If a receiver locates at pressure release surface

(§=8), then (See Appendix B):

el-6=-6+‘{ 92‘5=8“(
8 * 8 =8+, By -8 =8 +y
8, * 5 = 38 - v 6, = 8 = 38 -y

All terms in Equation (9) cancel exactly as they should.
b. If source locate at pressure release surface (y=83),

then

20
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Again, all terms in Equation (9) exactly

should.
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ITI. COMPUTATIONS

A. NORMALIZED DUMP DISTANCE
To use the normalized dump distance in comnuting

Equation (&) the following derivations are given by
cosg = Cl/C2 z k2/k1 (19

A
X = L (from Equation (1))

4 Sin ec tan B8

m
2 kl Sin ec tan 8

, Kk X = L (11)
; 2 sin ec tan 8

X = kl X cos ec

22




5 (x)

where

x!' =

T cos #f
C

2 sin 8 tan 8
c

T

2 tan ec tan 8

kX (kl/kz)(X/X)

k2X (1/cose Y (x/X)
c

(kZCZX/Cl)(X/X)

exp[jkl X cos(an)]

explik, X (C2/Cl)(x/X)cos(en)]

x/¥X = Normalized dump distance

23
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B. EXPANSION OF EQUATION (5)

(1]
+

? PN(X) exp[jk1 X cos(el—s)] *t g exp[jk1 x cos(g,+5)]

- exp[jkl ¥ cos(eQ-a)] - g, exnl ik, x cos(92+5)]

1

- glexp[jkl x cos(es-s)] g exp[jkl % cos(e3+5)]

+ gyexnljk; x cos(e,~s)]

+
9
=

exp[jkl pY cos(eu+5)]

+ g3exp[]kl X cos(es—a)] * g exp[jkl X cos(es+5)]
- guexp[jk1 X cos(es-a)] - g exp[jkl X cos(96+5)]
- gsexp[jkl X cos(e7-5)] - g, exp[jkl X cos(e7+s)]

(15)

To use Equation (15) in computer program "WEDGE", rearrange

to cluster together terms of the same g:

EN(x) = 4+ [exp(jk1 X cos(el-a)] - explijk, x cos(e2-6)]]

1

+ glfexp[jkl X cos(el+6)] -~ exp[jkl X cos(e3-5)]]

24




ngexp[]kl

ga[exp[jkl

gu[exp[jk1

gs[exp[jkl

g6[exp[jk1

g7[exp[jk1

cos(62+6)]

cos(e3+6)]

COS(eu+6)]

cos(es+a)]

cos(56+5)]

cos(e7+5)]

25
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exp[jkl

explik,

explik

exp[jkl

exol[ik

b

cos(a -2)7]

(9]
O
9]
~
(3]
]

Os
~
—
—J

cos(es—s)]]

cos(e7-5)]]

cos(es-s)]]

cos(eg—s)]]



IV. CONCLUSIONS AND RECOMMENDATIONS

A. VALIDATION

1. Pressure Release Bottom (R = ~1.9)

The acoustic pressure field is separable in x and %
ccordinates. It can be seen intuitively and verified
mathematically that acceptable eigenfunctions are

P, = AqSin(an/B) Sin(ynn/3) exp[j(wt+kxx)]

Therefore, the total pressure will be of the fornm

An31n<snw/s> Sin(ynt/3) explj(wt+k x)]  (16)

gt
n
Hwo 8

n=1
From this equation any correct solution should show the
following: (1) the pressure at the surface (§=8) and at

the bottom (§=0) is zero for all source position; (2) with

the receiver at x/X similar to 1.0, all modes except n=1 are
evanescent so that only the lowest mode is present for all
source positions; (3) with the receiver at x/X similar to
2.0, all modes except n=1 and n=2 are evanescent so only the
two lowest modes are present; (4) with only the lowest mode
present, changing the source from y=g8/2 to either y=z8/4 or

y=38/4 will change the pressure amplitude at any depth bv

26




Sin(x/4); (5) with only tte two lowest modes present,

changing the source from y=8/4 to y=38/4 changes the phase
relation between the modes by r thereby inverting the
pressure distribution. Figures 13 and 14 show that all of
these effects are correctly predicted by the image solution.

2. Rigid Bottom (R = +1.0)

a. In this case, analvsis (as above) shows that the

eigenfunctions should be
; = AnCos(Gnn/ZB)Cos(Ynn/2s)exD[j(wt+kxx)]
thus, the total pressure will be of the form

Anr:os(sm/za)cOs(ym/zs)exotj(wt+kxx)] (17)

lav R
i
unm™M g

n=1

b. TFrom this equation any correct solution should
show the following: (1) the pressure at surface (§=°) is
zero and the pressure at the bottom (5=0) is a maximum;

(2) with the receiver at x/X similar to 1.0, all modes

except n=l are evanescent so that onlv the lowest mode is
present for all source positions; (3) with the receiver at
x/¥X similar to 2.0, all modes except n=l and n=2 are
evanescent so only the two lowest modes are present; (4) with
only the lowest mode present, changing the source from

vy=8/2 to vy=8/4 or y=38/4 changes the pressure amplitude by

27




cos(n/u4)/cos(n/8) and cos(r/4)/cos(3n/8). Figures 9 through

11 show that all of these effects are correctly predicted

bv the image solution.

B. RESULTS FOR A REAL BOTTOM

1. For the case of a real bottom, the coordinates can not
be sevarated as described for the case of pressure release
and rigid bottom., However, if the specific acoustic impe-
dance of this bottom is much different than that of the

water, and if C2>C then the bottom will look similar to a

ls
pressure release bottom for modes high above cutoff and will
look similar to a rigid bottom for modes near or below cutoff,
For reasonably small 8, the modes should be fairly well

approximated by a simplistic application of adiabatic

normal-mcde theory
En - An Cos(§nm/28)Sin(ynn/8) (18)

2. From Figures 6 and 7 it can be seen that at anv
depth the pressure amplitude with the source at y=g/4
divided by that with the source at y=8/2 is within about
10% of the value predicted by Equation 18. Additional
computer runs show that for B = 6° and the receiver at
x/X=1.0 the maximum amplitude is obtained when the source

is at 2.743° indicating that the eigenfunction at great

28




distance from the apex is not an exact sine wave. I+ is

also worth noting that the pressure at'x/X=1.0 is not

maximized exactly at the bottom.

C. EXPERIMENTAL DETERMINATION OF k FOR A SAND RBOTTOM

As described in Aopendix E, the value of k Qas determined
for a specific sand bottom at frequencies suitable for
laboratory modeling of the wedge prcblem. The result was
k = 0.27 * 0.06, which is in reasonable agreement with the
empirically obtained value of k = 0,25 for the same frequency

range. [Ref. 9]

D. RECOMMENDATIONS FOR FURTHER INVESTIGATIONS

1. For the case of a real, fast bottom, identification
of the normal modes of the system and investigation of the
possibility of normal mode coupling is worth study.

2. For the real bottom, a look at the effects of
absorption (a/kz), sound speed ratio (Cl/c2)’ densitv ratio
(pl/QQ), and wedge angle 8 on shapes and phases of the normal
modes is worth investigation.

3. Utilize the source angle as a tool to study the
amplitude and phase distribution of the normal modes at

large distance from the apex.

29
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APPENDIX A

PATH PARAMETER G

From Equation (7)

€3

R(el)
R(ez)
R(ea) " og o= R(e3) % R(el)

R(g,) *® g, = RC8,) ® R(8,)

R(es) * g5 = R(es) * R(0,)
R(es) % gy R(8,) * R(e,)

R(e7) * gg = R(e7) * R(es)

R(es) ® gy ® R(ea) * R(es)

% R(el)
% R(e2)
* R(e3)

d R(eu)

Therefore another form of g is as follows:

R(en)R(en_2)R(en_u)...R(62)

R(en)R(°n-2)R(9n_u)°"R(51)

39

® R(el)

® R(ez)

for n

for n

even

odd




APPENDIY B

BRAZING ANGLE

From Equation (6)

el = v
85 = 2R - ~
8y = 28 * y
B, = 48 - v
6y = Lg + y
Bg = 68 - ¥
8, = 68 + v
98=38‘Y
99 = 88 + v
610 = 108 = ¥y
817 108 + v

4a




A computer prcgram for *ha2 calcala<ticn

pressur2 and phase distribtution alsng the

of thz normalizel

censnar< distzarce

fron thes wedge apex Lty the @methcd of images is €ollcwing on

the next pages.
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CRERREXEEERRKE XKL KB IRRBEEE KB R RR KA R R KRR AR KRR R A KGR Ak

C THIS ERCGRAM COMPUTES COMPLEX ACOUSTIC PRESSURE IN Txz =

C WEDGZ OVERLYING A FAST PLUIL BOTTOY. *

C*******************#********#***#*******#**##*#**##*tt*#*#

C VARIAELE DESIGNATICN AND RELATION *

CRRRRKEKER XK EEER R FIREERE PRI SRR R R hkk R R R Rk X G AR xR X

C BL= ALPHA/K2= ABSORPTION COZFFICIENT (NZPERS): TYDUT

¢ C0=Cc1/C2= SOUNL SPEED RATIO: INDUT

¢ D=RHO1/RHGC2= CENSITY RATIO: INPUT

¢ XV= x/X= DUMP DISTANCE: INPUT

¢ BETA (RAD)= BRETD (DEG; = WEDGE ANGLE

¢ GAMMA (RAL)= GAMD }DEG = SOURCEZ ANGLE

¢ DELTA RAD‘= CELD (DEG) = RE-EIVER ANGLE

¢ THETAC (RAD) = THETAD (DEG)= CRITICAL ANGLZ

¢ BE= APXCO= K2*X

o BX= BL*BP= (ALFHA/K2)*(X2*X)= ALDPHA*X

¢ AF= K1*X = BP/CO

¢ CCN = K1*x

¢ N = NUMBER CF DEPTH POINT (RECEIVER DOINT)

c NI = NUMBER CF IMAGE POINT

¢ NE1 = N + 1

¢ = REFLECTION COSFFICIENT

CRRRERBARERkR KAk kX ke kX Ik h Rk kR kR Rk Rk kR k% kkk kK%
DIMENSION SUH(ZOO),THETAéZOOB GJZOOE 21(200) ,22 (290),

* R (200) Aé200), 520 f,-n15 80y ,Fa2¢500),

* ANGLE(200) ,HH (2 o;,nanoé 1) ,SHaG 1&
COMPLEX 21,22,R,G,50mM,508I,504d, AT,k u1,d2, H3, H4
INTEGER I, %81.5,k.1,n,%p1,%8
PHI = ARCOS(=1:0)

CErrkbkdhkpkkfegkik ko khkkkrkk khhkkxkkhk xRk Rk khk kkkk X kKKK KKk KKK
C DO LOQP 10 COMPUTES THREE DIFFERENT INPUTS AT EACH TTIME.
CEERKR Xk R hkk Rk kR kok Rk RER R IR KRR AR R R R KRR kK Rk
C DO 10 M=1,3
¢ V=4
X¥ = 2.0
BETD = 6.0
. GAMD = 4.5
BL = 0.01
CO = 0.89$82
b = 0.5051
C
N=20
AB 3-100
CEE 2K AEKE KR kKK KKK & &k ofok ok ko
¢ VARIABLES RELATIONS.
C Rk ok ok kR ok o ok kK Kok Rk
TEM = 180 /PHI
THETAC=ARCCS (CO
. THETAD=THETAC*TE N
BETA = BETD/TEN
BETN = BETA/N
. GAMMA = GAMD/TEM
EP=PHI/§2*IAN(THETAC)*TAN(BETA))
EX=BL*8
c AP=BP /C0
ES2%BL*CO**2
CON = AD * XV
c S = SQRT (2.0)
NI =INT(180/BETD+0.00001)
NP1 =N+

u2
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CREREERREERRRERRE KK REERXEE PR KR ERREKE XK R KKK KKKk K AR kX TR X

Al

30 CONTINU
C********‘******#********‘*******************************#*
ARITE(6,210)
210 FORMAT (73X, ' N* *DELD(DEG) ! 'PRISSURZ!
* ,6X, 'Paé ﬁRE|- X,! HASE(DEG)-/)

c
ChREE R KRRk Rkk Kok kg ko ke ok pogeol ok fekokofordeokox kokok ok & fok %k i dok ke
C DC LOOP 40 COXPUTES TOTAL SUM (CIMPLEX ACOUSTIC ERZSSURZ)
Chexkkkkx gk Kk ko hkk pakphppkri kiR kg gk Rk}
DELTA = 0.
DO 40 J = 1,NP1
DELD (J) =DELTA*TEM

c
H11=CON*CCS (THETA (1) =DELTA
H21=CON*CCS {THETA (2) -DELT A
H31=CON*COS {THETA (1) +DELTA

c H4 1=CON*COS (THETA (3) -DZLTA
H1=C*PLX (0.00000,511
H2=C MPLX (0.00000,H21
H3=CMPLX (C.00000,831
He=C¥PLX (0.00000,H41

C

Chhrhkhkkhkhkk khhkh ek dp bk hxkkhhkkkx

C SUMJ TERM IS CONSTANT PART OF SUM.

CRERREENRRRRE SR AR XX SR BRRK RS ER B ER KGR K
c SOMJI=CEXP (H1)-CEXP (H2)+3 (1) * ( CEXP(H3)-CEXP (H4))

AA=AE
SUMI =(0.00000,0.00200)
C*****##*#*t*****;*********##*****#***********

C DC LOCP 41 COMPUTES NON-CONSTANT PART OF SUM
C**ttt*ttt***t*****##t*ttt#*#**#****#****tt**t

DO 41 I =
IF KKLT 5) GOTO 411

AA= AA*AB
411 CCNTINUE

IF
DELTAL
+2) ~DELTA )

C
C

—_~ N He

CEXP (HI) -CEXP (HR) )
. GCTO 413
412 HH(IL=CON*COSJTHETA I
HISCHPLI(0:00000 H (1
UM T=SOMT+3A%G (Tf *(
413 CCNTIRGE

K=K+
CEREEXRRREARE R KA KK AR REE R R E R KRk IxphR g Ekkgk gk

+DELTA)
(HI))

41 CONTINUE
CHRESIREARRARRARBRERERIRRRER SEAL RS RRRRR RN K KRR RK

SUHéJ = SUMJ+SUMI
SHMA =CABSé SUH(J) )

EAL é {
RISUH =AIHAG( sSUN(I )

o4
IP (SMAGéJh .GT. 0.00000) GOTO 4111
RSON=0
SPHASE -ATANZ( RISUN,RSUYN )
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COMPUTER OUTEUTS ARE LISTED FROM TABLE I-A1 TO TABLE III-C3,
AND FLOTTIED FROM FIG. 6 TO FIG. 9. EXPERIMENTAL DATA ARE aS
FOLLOWS ( See APPENDIX E.)

C,1/CyH 0.89982(.sounl speed razio )

P17/ Py 0.5051 ( dersity ratio)

VA = (.01 { Napars )
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APPENDIX E

MEASURED DATA

A. EXPERIMENTAL DESIGN

1. Selected Material

Fresh (tap) water and #30 fine sand were the media
used in the experiment. The grain size of %39 fine sand
varies from 0.70 mm to 0.15 mm. To remove air bubbles,
the water was allowed to settle for a couple of weeks. The
bubbles in the sand were removed by using high speed jet
of water to agitate the sand-water mixture.

2. Velocitv Measurement Technigues

Glass fiber covered wood tank measuring 304 cm long,
117 cm wide, and 90 cm high was available. To avoid
particulate scattering, the wavelength must be at least
three times the grain size [Ref, 8]. Since the largest
grain size in #30 sand is 0.07 cm, a wavelength, equal to
1.7 cm for 100 kHz, readily qualifies.(See Figure 15)

A schematic of the equipment configuration is shown
in Figure 16. Output from a General Radio Model 1310
oscillator with a frequency range of 2 Hz to 2 MHz was fed
simultaneously into a frequency counter and a tone burst
generator. The counter, HP 5233L, would read + 10 Hz at
100 kHz. The GR Type 396-A tone burst generator was used

to generate either 8 or 16 cvcle pulses.

T4




Celesco Industries type LC 10 hydrophones were used

as source and receivers. The LC1l0 is a small (0.97 cm
diameter by 2.87 cm long) cylinder, with a receiving range
of 0.1 Hz to 120 kHz.

The received signals were amplified 20 4B or u40 4B
by a HP-465A Amplifier, then passed through a Spencer-Kennedy
Lab. Inc. Model 302 variable electronic filter (set at 20
kHz high pass) to eliminate low frequency mechanical noise
present in the laboratory before being passed to the
oscilloscope. All measurements were made under far-field

conditions.

B, DENSITY
1. Water
According to Lange's "Handbook of Chemistry", the
density of distilled water ranges from 0.99913 g/cm3 at
15°C to 0.89707 g/cm3 at 25°C. The expected density of
room temperature water, to 3 significant figures, was
therefore 1.00 g/cm3.
2. Sand
The density of water saturated sand was measured by
partially filling a weighed 100 ml graduated cylinder with
saturated sand, observing the volume and the total weight.

The density of water saturated sand, from ten separate

measurements was 1.98 + 0.01 g/cma.




r— e —

C. SOUND SPEED

1. Water

Measurements were made using one LC-10 as receiver,
and another as source. The LC-10 source was clamped on the
bar above the tank, the second LC-10 was moved along the
gtraight line from the scurcewith same depth. As the
receiver was moved, the distance and the time of flight
between the receiver and the source were measured. The
averaged sound speed was 1446 + 30 m/sec at 20°C.

2. Sand

The technique was the same as in water except using
amplifier 40 dB. The averaged sound speed was 1607 + 30

m/sec at 20° C.

D. ATTENUATION

Taking the natural logarithm of the well-known equation

Y = (Vo / r) exp(-ar)

v = the measured voltage (volt),

<
"

the source voltage (volt),

s
"

the distance from the source (meter),

a = the attenuation (nepers/meter),

76




the linear relation

In(Vr) = ln(VO) - ar

is obtained, will be the slope of a graph of 1n(Vr) vs r.
Graphs of the five data sets of from Table IV-1 to Table IV-=5
are shown in Figure 17 through 21.

The well-known Hamilton equation is as follows

where
a is absorption in saturated sand (dB/m),
k is proportional constant [(dB/m)/kHz] ,

f is frequency of the source (kHz).

The +heoretical value of k is 0.25 [Ref. 9]. 1In

Figure 22, the value of k is shown as 0.27 + 0.06.
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a(dB/m)
A

K(mean) = 0.27 + 0.06

e
1]

[

()

100

50

20

- A‘-.
30 50 100 200 f(kHz)

Figure 22 Attenuation in Sand
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TABLE IV-1

T (m)

0.1
.2
0.3
0.4
0.5
0.6

« ATTENUATION IW SAND ( 60 KHZ )

V(vol:)

0.18
0.068
0.3§3
0.018.
N
0.013
0.008

Vr(volt-n)

0.018

0.0136
0.0099
0.0072
0.0065
0.00us8

8¢

In(ve)

- 4.0174
- 4.2977
- 4.6152
- 4.9337
- 5.0360
- 5.3391




TABLE IV-2., ATTENUATION IN SAND ( 80 K32 )

T (m) V(vol+) Vo (velt-n) ln(vr)

0.145 0.0145 - 4.2336
0.2 . 0.060 0.0120 - 4.4228 ;
0.3 0.031 . 0.0093 - 4.6777 :
0.4 0.020 0.0080 - 4.8283 '
0.5 0.012 0.0060 - 5.1160
0.6 0.007 0.0042 - 5,4727
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TABLE IV-3. ATTENUATION IN SAND ( 100 XHZ )

T (m)

V(volt)

0.160
0.051
0.029
0.018
0.011
0.007

Vr{volt-m)

0.0160
0.0102
0.0087
0.0072
0.0055
0.0042

ln(vr)

4,1352
4.5854
4. 7444
4.9337
5.2030
5.4727




TABLE IV-4.

T (o)

0.1
0.2
0.3
0.4
0.5
0.6

V(volt)

0.325
0.116
0.052
0.033
0.018
0.010

Vr{volt-m)

0.0325
0.0232
0.0156
0.0132
0.0090
0.0060
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ATTENUATION IN SAND ( 120 KHZ )

ln(vr)

- 3.,u265
- 3.7636
- 4.1605
- 4.3275
- 4.7105
- 5.1162




TABLE IV-5. ATTENUATION IN SAND ( 140 KHZ )

T (m) 7 (volt) Vo (volt-m) In(vz)

0.780 0.0780 - 2.551)
0.2 O. 300 0-0600 - 2-8‘3“
0.3 0. 104 0.0312 - 3.4673
0.4 0.060 0.0240 - 3.7297
0.5 0.034 0.0170 - 84,9745
0.6 0.013 0.0078 -~ 4.8536

]
30




LIST OF REFERENCES

1. Kawamura, M., I. Icannou, Pressure on the Inter‘face
Between a Converging Fluid Wedge and a Fast Tluid
Bottom, M.S. Thesis, Naval Postgraduate Schocl,
Monterey, California, 1978.

] 2, Bradshaw, R.A., Propagation of Sound in a Fast Bottom
Underlying a Wedge-Shaved Medium, M.S. Thesis, Naval
Postgraduate School, Monterey, California, 1980,

3. Kinsler, L.E., and others, Fundamentals >f Accustics,
D. 427, 3rd ed., Wiley, 1981,

4. Macpherson, J.D., M. J. Daintith, Journal of the
Acoustical Society of America, "Practical Model of the
Shallow-Water Acoustic Propagation”, Vol. 41, po. 850~
854, 1966,

5. Naval Postgraduate School 61-79-002, Two Computer
Programs for the Evaluation of the Acoustic Pressure
Amplitude and Phase at the Bottom of a Wedge-Shaped,
Fluid Layer overlying a Fast Fluid Half Space, bv.
A. B. Coppens, and others, December 1978.

6. Coppens, A., Notes on Sound Field in a Wedge-Shaped
Medium, (Informal).

7. Brekhovskikh, L.M., Waves in Layered Media, p. 18,
Academic Press, 19560,

8. Bradshaw, J.A., Laboratory Study of Sound Propagation
into a Fast Bottom Medium, M.S. Thesis, Naval
Postgraduate School, Monterey, California, 1981.

3. Urieck, R.J., "Sound Propagation in the Sea", Defence
Advanced Research Projects Agency, pp. 11-7, 1878.

10. Naval Ordnance Labouratory, TR 70-235, "The Propagation
of Sound in a Wedge-Shaped Shallow Water Duct", by
David Bradley, and A.A. Hudimac, pp. 30~58, November
1970.

91




INITIAL DISTRIBUTION LIST

No. Copies

[}

l. Defense Technical Information Center
Cameron Station
Alexandria, Virginia 2231y

2. Library, Code 01u2 2
Naval Postgraduate School
Monterey, California 33943

3. Department Library, Code 61 2
Department of Physics and Chemistry
Naval Postgraduate School
Monterey, California 93943

L. Dr. A. B, Coppens, Code 61Cz 5
Department of Physics and Chemistry
Naval Postgraduate School
Monterey, California 933343

5. Dr. J. V. Sanders, Code 61Sd 2
Engineering Acoustic Academic Committee
Chairman
Naval Postgraduate School
Monterey, California 93943

6. LCDR C. L. Burmaster, Code 61lZr 1
Naval Postgraduate School
Monterey, California 93943

7. LCDR Chil-Ki Baek 5
Republic of Korea Naval Academy
Department of Physics
Chin-Hae City, Seoul Korea

8. Republic of Korea Naval Academy 3
Chief of Library
Chin-Hae City, Seoul Korea

9, Dr. James Andrews 1
NSTL Station
Bay St. Louis, MS 39529

10. Dr. Michael MecKissick 1
Chief of Naval Research
800 N. Quincy Street 1
Arlington, VA 22217 :




ll.

12.

13.

1'4.

15.

Mr. Gene Brown
NAVOCEANO, Code 7300
Bay St. Louis, MS 39522

Dr. Robert Martin

NORDA 110A

NSTL Station

Bay St. Louis, MS 39466

Asst. Professor C., Dunlap, Code 68Du
Department of Oceanography

Naval Postgraduate School

Monterey, California 93943

Dr. R.H. Bourke, Code 68Bf
Devartment of Oceanography
Naval Postgraduate School

Monterey, California 93943

Dr. Nowvarini, Code 61Nv
Department of Physics

Naval Postgraduate School
Monterey, California 939u3

Pl

—




