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~~~~-~7 ~of the moat difficult pr oblems fac ing the sonar system desigrier

is the requirement to evaluate system performance under a large variety
> of circumstances. When hand computati ons are involved, a para metric

study linking the effects of ocean area , source and. rece iver depths ,
I~~ 

tran smission path , bottom and surface description s, and frequency , soon
becoma s discouraging, even vhen time and manpower permit. With this

LU situation in mind, the Theory and Analysis Staf f is developing some
_.j basic computat ional tools that will reduce the se problems , wherever
~~~ possible , to their simplest and moat direct repre sentati ons . Several of

these programs will deal with propagation loss, and others with array
C..~ 

performance , reverberation , and, eventually, system perfo rmance . 1~’pi -
cal of this effort is a program which models near - surface propagation,

~~~~ according to the AI4OS equations, es deeeribed i~ retuamee—.(-.>~~~ The
ability to examine the entire sound field gener ated by a source at a
fixed depth has proved to be a valuab i . contribution to the pr oblem,
even though rio new theoretical work was involved.

\~ The current effort is aime d at produci ng a similar repre sentation
for a sound field. generated by deeper , longer range paths to which geo-
metric ray-traci ng techniques are applicable. Since no closed form
expression for prop agation loss as a function of range and depth exists
here , the problem is one of following along each ray, storing the set
of points at which the total loss equals value s of interest . This pr o-
cedur e has been made extremely simple and strai ghtforward by the work
de scribed in reference (b).  This rep ort demon Btra te s that each layer
can be examined for possible contour value s, and the se value s extracted ,
without utilizing any appr oximation methods or insert ing additional
break point s into the velocity-depth structure . With this background ,

7 _ _ _ _ _ _ _ _ _ _ _

DISTRIBUTION STATEMENT A
Approved for public relea se;

Diatzibutlon Unlimited
~~J~~ J s ~J 

~~~
L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~



h
—

USL Tech • Memo.
~ No. 907~l147-614

USL Program No. 0233 has been designed to investigate the loss contours
present in a selectable range-depth window for a given source depth,
transmission path (RSR or Bottom Bounce), frequency, bottom loss model,
and surface loss model. This program has been severely hampered by the
relatively ~n~U memory (6K) of the Laboratory’ s IBM 7014 computer, which
has complicated the dc-bugging procedure. The results obtained to date
are still in a pre’.iminary form, arid much effort remains to be spent in
the plotting programs which will be developed.

As an example of the capability of this program, the velocity-depth
structure for a Bermuda area, as given in Figure 1, was selected for
study . With the source on the bottom, the spreading-loss field created
by Rha,L1 low rays terminating at the upper vertex, or the surface, is
shown in Figure 2. The ray paths selected by the program are also ind.t-
cated. Here is a most intere sting example of spreadi ng loss anomalies ,
apparently arisi ng when the ray s traverse the large negative gradient
region between 391e0 and 1970 feet. For instance , at a depth of 1700
feet , the pred icted sound field varies by less than 1 db between 15 and
30 kyds , compared to the expected change of 6 db.

The ability to “enlarge ” any region of intere st , either by expand-
ing the plot or recom puting, is demonstrated in Figure 3. Here we have
the upper 500 feet of Figure 2, expanded to show the wealth of detail
which this program is capable of producing . In the upper right portion
of this graph , the vertexing rays show a loss that decreases most rap-
idly as the vertexing depth is approached. The 70 db contour is shown
for this locus, whereas losses as low as 58 db were produced by the pro-
gram . At 60 feet and 21.6 kyds., extreme bunchi ng of the contour s is
indicated., re sulting at the point where rays dust begin to enter the
uppermost layer. This picture leads us to consider some basic questions
pert aining to ray-tracing , which may be answered in the near future .

First , we are now in a position to study the sensitivi ty of a large
predicted. sound field to changes in the quality of the input data . ‘We
are aware , through the efforts of NEL and others, that using velocity
structures with di scontinuou s first and second derivati ves produces
strange effects in predicted. convergence zones. We are not , however ,
in a position to say what might be the simplest cure for this situation .
Some light may be shed on the problem if we can see the entire sound
field at once, instead of a set of cuts at various receiver depths.

Secondly, we can predict the existence of interesting sound fields,
such as the one in Figure s 2 and 3, which might lead to programs com-
bining experimental and computational efforts. It is of the greatest
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importance that we not only agree with other groups on the best methodfor predicting Bound fields, but that this method agrees reasonablywell with the physical world in. all. situations of interest to systemdesigners.

The techniçies utilited in the program described above will alsosimplify the analysis of the reverberation problem. Thi. a, and otherprograms planned. for the next six months, will provide the basis for anattempt at complete system analysis by mid - 1965.

LLOYD T. EINSTEIN
Research Phyøiciat

ARThUR G. REIS, JR.
I~ themat Ic Ian
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