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Abgstract

Hormal ~ mode analysis of underwater souwnd pro-
pegation requires knowledge of pertinert pliysical
parameters at all depths i1n the water and bottom
material,

Satisfactory data may often be unavailable for
the whole bottom sediment inclueing substrate,
We therefore estimated acoustical mode penetr=
ation depth in sediment by & distinctive distri-
bution of acoustic pressure and attenuation in
gediment,

It is desirable %c seek a criterion for a depth
in bottom sediment below which the physical
parameters negligibly affects underwater sound

propagation.
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3. Long Range Propagation
AMaol 22 FAE 2N (B0 )] A
(103 2247, (g p %
soiviziog e ot dn" )p A g
A 2 el

Fe Ingenit-o“, R.H.F‘lrrisﬂ g8 22k A

o o

Higher Mode 3¢ §

P23 Mode Ohg Zbe A, FApe g
gepe] @ =ty Hshete
Mode F ¥ %2 @MY 2 gotexg
F3tel g Fets

g droMe €718 Tete gt iy
U783 JooFgcte JOC 9 FF 2
24 2 BL SR E50N/mee) 0l ¢ 2
223840 22 g4t e i B
sheol oAl e W A & (Sediment Half Space)

tst €w ond

& hzivtz, A zzagig cgetel A2
Ag THE'He Bigenvalue k, 8 e A

g A 8 oM 2 Depth~ Applitude Distribution

§ £33, 22t e g(N 2}
a7, (2) 233 N9, (10}, (719), (2D
Aot x| WFgANY Det 1.5¢/ o,
£57g Nt 1,057 Jg ool e
A zpy, g, o) FH ALz y
d % Mol @M=y zighel 1st, 2nd, Mode
o g3
2400 A g 4-40 Aew 23902
2D, (412 247 ol Gz vigske
&4 e

on(z)

Sediment Penetration Depth = <Halg

L ¥

2
b

g droide gd
g

g9 3943 o YAz olg
-
3

o 2]*t 9 Discrete Normal

g e 2o Mt gt aze 2
o F Mode % 74, Depth-Amplitudgt X § ¥
Fepe] @A zlgioia
mum Penetration Depth & 23 *tald,
7 oA A2 o9 R¥( Sediment Type }°l
G% 2a49gs, 24870, PE, ¢ g5

18t Mode T A Minmi~-

gr FEg tA. =%4 Fo Fud gt v
Bol detel ZM g @ Mol gt Mg
AN g tRER gAY F el A
frote exned g g ade G ¢ Sl
Yza %4 94§ 23 e %2 A

¢

(K4

2 & @

1o F. Ingenito, '"Measurementa of mode atienuw
ation coefficients in shallow water", JASA 53,
858-862, (1973)

2. E.L, Hamilton, "Sound attenuation as a functe
ion of depth in the sea floor", JASA 59,

528« 535, (1976)

3. Handbook of Mathematioal Funciions, edited by
%, Abramowitz and I.A. Stegun [ Natl, Bur,
Stands (U.S.), Weshington, 1€, 1965] , pp 446

- 478

4o See Ref, 2

S« ReHe Ferrig, “Comparison of measured and
calculated normal ~mode amplitude functiona
for acoustic waves in shallow water", JASA
52, 981 ~987, (1972)

8¢ As o Williamas, "Hidden Depths : Acceptiable
ignorance about ccean bottoms"™, JASA 59,
1175~ 1179, (1976)

T+ K.C. Focke, "Acoustic attemmaticn in ocean
sediments found in shallow water regions®”,

{ ARL=TR-84=6), Applied Research Laboratories,

The University of Texas at Austin,

€. E.L. Hamilton, "Sound velocity gradient in

marine sedimentg”, JASA 65, 909922, {1979)

9, 1. Tolstoy and €.S.Clay, Ocean Acoustics

(MeGraw-Hill, New York, 1966}

56



