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Three topics were covered in this paper: 

1 . Ray Sweep-out Method - a technique for calculating sound 
intensities at a large number of receiver points in range and 
depth . 

2. Bi -static Reverberation Model - a technique based on the 
superposition principle for relatively quick reverberation 
calculations 

3. Ray/Wave Method - a technique for combining ray and wave 
methods in long range propagation calculations. 

Because material on the first two topics will be available in a review 
article by Bucker and Cybulski in the Journal of Underwater Acoustics, 
September 1971, only the third subject will be repeated in this surmnary. 

THE RAVE (RaY/Wave) METHOD 

In long-range sound propagation ln the ocean, account must be made 
for the horizontal changes in the sound velocity profile and for 
major bathymetry features. In this talk a method will be presented 
that satisfies the following requirements: 

1. Account for large scale profile and bathymetric 
features. 
2. Use a minimum number of rays. 
3. Eliminate caustics and fill in shadow zones. 
4. Account for boundary and volume scattering. 

The proposed method for calculating the sound field is a combination 
of ray theory and wave theory; hence, the acronym RAVE method. 

32 



The f irst step in the calculation is to separate the ocean into 
triangles as shown in Fig. 1. By suitable choice of the range 
increments we can make the ocean bottom be the lower side of the 
bottom triangle. 

Within a triangle we can choose either the sound speed or one over 
the square of the sound speed as a linear function of range and 
depth as shown in Fig. 2. In the first case, the ray paths are 
arcs of circles while in the second case the ray paths are segments 
of parabolas. 

For the intensity calculation we will associate a wave function with 
each ray path as shown in Fig. 3. The spread of the wave functions 
will be a function of frequency while the height of the functions 
will be determined by the vertical beam pattern at the source and 
the spacing between adjacent rays at the source. 

Next we trace the rays out to a specified range as shown in Fig. 4. 
The wave functions are now summed at the depths where there are rays. 
The value of this field is called I f. * . If sufficient rays have 

J 
been traced the depth dependence of I f. * should be a good measure. 

J 

The f inal steps is to normalize I f. * so that it represents the 
J 

proper rate of flow of acoustic energy. These steps are as 
follows: 

At 1 unit length: 

Eo = 211 S Yd R( y s ) cos Ys dy s 
- Yu 

At range r: 

E = 2 11 ~ R g cos Y Y r n n sn n 

= 
N 

211 6 
n=l 

Rn cos Y Oy sn n 

where g accounts for boundary losses and volume 
n 

attenuation (g < 1) n 
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Let 6f . (z) be the sound field at (r,z). We have a function 
1 

~f~r (z) that is an approximation to the sound field. 
J 

Let N ~ f 3r = ~f. (z) 
J 1 

we have, 

E = 2n rS(~n.rcos y. ) oz = 2n~R g cosy y r 1 1 n n sn n 

-------------------

DISCUSSION 

Following the description of the Ray Sweep-out Method, several 
queries were raised regarding the validity of the method, particularly 
in the case of limiting rays, and multi-ray. path structure if and 
as intensity losses were taken into account at reflective boundaries. 
The author replied that by computing for a sufficiently close interval 
between adjacent rays, that is, between 1 / 1000 and 1 / 10000 , such 
problems could be largely avoided. In reply to another question he 
confirmed that the source beam pattern could be specified and taken 
into account. 

Regarding bi-static reverberation, the author stated that the method 
had not yet fully been tested as a predictive model. In reply to a 
question regarding the effect of thick scattering layers on volume 
reverberation, he said that these would normally be approximated by 
multi-layer thin layers, and agreed that the effectiveness of such 
an approximation would depend on the position and distribution of 
such layers. Reverberation calculations were, in the author's 
opinion, more applicable to long pulses. The program takes account 
of the effect on surface reflection of the angle of incidence. 
A questioner was assured that ray paths were not duplicated, although 
this superficially appeared to be so. 
about 10 000 elements of area. 
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The discussion following the presentation on the combined use of 
ray/ wave theory centred on what assumptions were made regarding 
phase. Random phase is assumed, and phase shift and surface 
losses are computed at reflective surfaces. No conclusive 
experimental verification had yet been obtained for this method. 
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