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In the age of super computers, we tend to forget that, in many ways, 
underwater acoustics is a simple science and that meaningful estimates of 
propagation characteristics can be made relatively easily. A classic example 
of this is the article "Approximate Ray Angle Diagram" by Henry Cox, which 
appeared in the February 1977 issue of the Journal of the Acoustical Society 
of America, vol. 61, no. 2. Similarly, in this paper we will discuss the 
curtain effect in underwater sound and present a possible way for its simple 
estimation. 
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VIEWGRAPH  2 

An example of the curtain effect, which we define as a rapid increase 
in propagation loss due to attenuation, is found in the vertical directivity 
of ambient noise. At low frequencies (starting at the top) we see a peak at 
0 degrees (horizontal) corresponding to noise arriving from long distances. 
In the frequency range lOO-to-200 Hz this rapidly changes, that is, the 
curtain is coming down so that at 200 Hz we have a relatively uniform 
contribution at all angles, corresponding to short distances. 
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VIEWGRAPH 3 

This curtain effect can be illustrated by comparing spreading loss and 
attenuation loss with range. You can see that when the attenuation loss 
becomes dominant, the propagation loss increases rapidly, and, for practical 
purposes, this limits the range that can be obtained. 
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VIEWGRAPH  4 

We tried various ways of comparing these two components and we found 
the rate of loss to be the most enlightening. If you plot the rate of loss 
for cylindrical spreading — our old standard of 3 dB per distance doubled 
— versus a linear range scale, you can see that the initially high values 
rapidly decrease with range reaching an asymptotic value. 
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VIEWGRAPH 5 

We know the value of attenuation quite well based on a three-component 
relaxation model for any frequency of interest. Since attenuation is a rate 
of loss by definition it will be constant with range for a given frequency. 
(The three attenuation components are (?) magnesium sulphate, ©boric acid, 
and (3) magnesium carbonate.) 
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VIEWGRAPH 6 

We now plot the rate of loss for both cylindrical spreading and 
attenuation to determine the crossover ranges that should be qualitatively 
indicative of the ranges that can be obtained. Attenuation values for 1 kHz 
and above crossover in a region with a high rate of spreading loss. The 
corresponding range is of the order of a convergence zone (2-way) and is 
relatively insensitive to frequency. 

From 1 kHz down to approximately 200 Hz, there is a rapidly changing 
region with a similar increase in range. Below 200 Hz the rate of loss 
curve is flattening out so that the crossover points will occur at very long 
ranges. 
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VIEWGRAPH 7 

We can obtain an analytic expression for the crossover ranges by 
equating the attenuation formula to that for the rate of spreading loss. 

Typical results for the North Atlantic illustrate the behavior 
mentioned previously. Between 5 and 3 kHz there is not much change and the 
range is the order of a convergence zone. At 1 kHz the range is approxi- 
mately doubled to perhaps two convergence zones. 

range 
At 300 Hz the curtain is certainly starting to rise, the cros 
is an order of magnitude greater than at the higher frequenci 

ssover 
es. 

Finally, at 100 Hz we can see the ocean basin size range that is 
responsible for the low-angle peak in the vertical distribution of ambient 
noise. 
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As the relative attenuation contours first presented by Jack Lovett* 
of NOSC illustrate, attenuation below 10 kHz can vary regionally. How 
sensitive will the crossover ranges be to the regional variation of 
attenuation? 

*J. R. Lovett, "Geographic Variation of Low-Frequency Sound Absorption 
in the Atlantic, Indian, and Pacific Oceans," Journal of the Acoustical 
Society of America, vol. 67, no. 1, 1980, pp. 338-340. 
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VIEWGRAPH  9 

If we compare attenuation values for three typical areas - the 
Mediterranean Sea (relatively high attenuation), the North Atlantic 
(average, basis for the Thorp formula), and the North Pacific (low 
attenuation) -- we again see some significant changes over the frequency 
range. 

At the higher frequency the range of attenuation values doesn't result 
in a meaningful change in range. However, at the middle frequency chosen 
there starts to be a significant change in range especially for the North 
Pacific. Finally, at the lowest frequency there is a large change in range. 



TD  7919 

CONCLUSIONS 

• CURTAIN EFFECT WHEN ATTENUATION LOSS DOMINATES 

• SIMPLE ANALYSIS FROM RATE-OF-LOSS COMPARISON 

• SIGNIFICANT RANGE VARIATION WITH FREQUENCY AND 
LOCATION 

Noj!! GAe7,L. 00088.9 

VIEWGRAPH 10 

We can summarize as follows: 

A curtain effect exists when attenuation loss dominates the 
rate of spreading loss. 

A simple comparison of attenuation and rate of spreading loss 
gives insight, if only on a qualitative basis, of possible 
propagation ranges. 

This basic approach also demonstrates the variation that occurs 
over realistic frequency and attenuation ranges. 

Realizing the pitfalls, we believe this is an interesting 
concept. 

10 



INITIAL DISTRIBUTION LIST 

Addressee 
No. of 
Copies 

DIA 
DTIC 
DARPA 
NPS 
NWC 



U228282 

V 


