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ABSTRACT 

One of the problems the FWG is dealing with is the prediction of sound 
propagation loss in shallow water. A part of this problem is being 
treated by bringing measurements and numerical computation into 
relationship. 

First a formal description was given of the general problem and then 
the concept of a partial problem. Some sets and a function were 
defined: 

C the set of oceanographic conditions. 
E the set of acoustical excitations under water. 
p = C X E : the cartesian product of C and E, 

p=(c,e)eP with ceC and eeE 
called the set of channel conditions. 

A the set of acoustical fields under water 

so that 

f P ... A : A function of the set P into the set A, 
so that a = f (p) for a e A, p € P 

The main problem, the prediction of a e A was divided into two 
subproblems: 

(1) Subproblem: Prediction of peP 
(2) Subproblem: To find f for all peP 

The paper was confined to the treatment of subproblem two. 
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The methods used to approach the problem, relevant to propagation loss 
in shallow water, are: 

(1) Simultaneous measurements of oceanographic and 
acoustical data in special areas of the North Sea and the Baltic. 

(2) Acoustical measurement in a model basin with definite 
physical conditions as far as possible. 

(3) Numerical model computations on a digital computer. 

These three methods have to be related to each other. 
sets and functions are written CI, EI, pI, AI and fl 

The corresponding 
for method two 

and C ", E" , pll, A" and fll for method three. 

Taking measurements according to method one, finite subsets of C,E,A 
are found, which are marked by a bar. 

E =\C . \i€I1 CC 
1 

E = \ejlj€J1CE 
I,J,K . sets . 

I Subscripts ! p = \ Pk I k € K ICC X E =! ( C i' e j ) \ i € I, j€Jlcp I 

A = \ ak\k € K\ c A J 
-

The function thus found, f: p .... A is a restriction of f, so that 
f = f for p € P • 

The next aim is to define a numerical model with an input set pll 
equivalent to P, an algorithm fll so that the output set A" is 
equivalent and comparable to A. 

The numerical model (pll, fll, A") will be called an isomorph image 
onto the triple (p, f, X) with the isomorphism (h1 ,h2 ), so that 
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\ .. 
" 

hl p bij .. pH is a bi j ective func tion P onto P 

h 2 A bij-1O Ali is a bijec tive func tion A onto All and 

[ Remark ; g :X 
b O 

° -21. ... ___ y < ) 
y = g(x) for all y € Y, x € X and 
g (Xl) = g ( X2 ) =-~ Xl = X:;> ] 

P € P 

P hl 
-~ fi ll 

f 1 1 I'll ~ A All 

The final goal is to extend this ibomorphism onto whole sets P 

and A to come from p to A, without knowing f , via hl , fll 

and h2 
-1 (reverse function h 2 ) ; however, order to keep ln 

the problem tractable, the sets h a ve to be d ecompos e d into 

further cartesian factors, and these factor sets have t o b e 

reduced by classifications and by means of statistical descriptions· 

By a simple concrete example of 6 series of model basin measure· 
ments the decomposition of the set P ' was demonstrated to the 
point that the internal structure of the first function fil ' of the 
aspired isomorphism could be seen and the channel conditions 
described . 

In a few words, the ray tracing program used and the represent a -
tion of the function £11 was described. The program traces rays 

ln a plane, which is given the range-depth coordinates. A 

variability of sound velocity in both directions is taken into 
account in a manner that this plane is divided into triangles 
with constant sound velocity gradients with vertical and horizontal 
components. 
circle arc s. 

This causes the rays to be triang le-wi s e part s of 
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The equation 

v(x,z) 

with x, z c c 

= ~ (x-x) + 2 v (z-z) ax c az c 

as centr e c o o r din a t es of the ray curvatures, is 

generally valid for two dimensional variability sound velocity. 
For v = ax+~Z-i- y , 

to circles. 
x c and z c are constant, which leads 

For the surface and bottom reflections exits for subroutines are 
provided which compute for instance random variable reflection 
angles at surface or reflection factors for stratified bottoms, 

subroutines which are being developed at this time. 

Several subroutines compute coordinates, travel time and distance 
of rays. Calcomp ray plots can be drawn. The intensity is 

computed such that each ray is given a starting intensity according 
to the directional diagram of the source. This intensity is being 
reduced stepwise by medium and bottom bounces. A number of rays, 
of the order of 2000, are being traced in that manner and their 

intensity parts are accumulated at given distances and depth 
classes incoherently. 

After having decomposed the input set pll in an analogous manner 
as pI the internal structure of the first function hi was 
demonstrated. The second function 
describing the sets XI and A" 

hI was defined after 2 

averaging the intensities to 
sound level distributions with depth and total propagation losses. 

The results of the four series which differed most were demonstrated 
by slides. 

The influence of the internal waves present at condition 4 brought 
in the experiment a double value of total propagation loss ln dB 
compared with the loss at the stationary profile, whereas for the 
computed propagation loss a rise of 10% occurred. The stationary 
profile was of nearly constant gradient with a sound velocity of 

1487 ml s at the surface and of 1606 ml s at the bottom. Probably 

the still unknown directional diagram of the source and reflection 
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behaviour of the bottom in the exp e rimen t is responsible f or 
this disagreement . The se p r oper t i es will be measured s oon 
and put into the program. 

With this simple example the formal concept was just demonstrated . 
But a concept of that kind will really be helpful in explaining, 
handling and controlling the problem, when large numbers of 
oceanographic parameters are to be taken into account . 
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