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ABSTRACT

Tu e  flexibility of the Fast Field Program (FFP) can be
improved considerably with the utiliza tion of a techn ique for
collapsi ng or folding the kernel of the function to be Fourier
transfo rmed. The analysis for the incorporation of this method
is given and its usefulness is discussed and demonstrated.

PJ ~~ENISTRATIVE fl~FORMATI0N

i1~L~ memorandum wa~.; prepared under NUSC k~~oject No. A-670-iO ,
L~ XX 11 001, “~u) Acoustic k~ropn~ at ion Model i~’or

J~~- - / ~ 11~~~L ’ ~ iufl . ’~ x~~ i.n~’ip~Li. investigator, ~~ R. Di1~apoli , Code TA1I . .
.~po nsorin~ acti vity i~ Chief of Naval Materi al , Program Mana€er ,

ti e .  J . h. iluth , DLF,’NAT 031)4 .

The auLho~ oi’ this memorandum is located at ~he New London
LH .,or~ Loi ’y, Uav:’l Underwater Systems Center , New London , Conn. 06320.
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INTRODUCTION

The prediction of propagation loss at close ranges poses a
zcvcre problem for normal mode calculations at both ends of the frequency
spectru~ . This predicament is related to the number of discrete
ei~en values included in the normal mode suimnation, 

and the
exclusion of the contribution from a possible continuous distribution
of eigen values.

The range to which the ~ ntribution from the continuous spectrum
is significant should generally decrease with increasing frequency.
The number of discrete eigen values, however, generally increas~~
with increasing frequency and it is found that more of these higher
ordered modes are needed in the summation to achieve accuracy
at close ranges.

As the frequency decreases the concern is not with calculating
enough discrete modes but with the possible contribution from the
continuous portion of the eigen value spectrum. At a sufficiently low
enough frequency it is possible to be below the cut off frequency, that
is no discrete modes are excited, and one is left with only the
continuous spectrum. Instances of this t~~e will be the subject of
a forthcoming technical note, The present interest is with the case
where an insufficient number of discrete modes have been used in
the normal mode summation.

Although the Fast Field Program (FTP) is not an eI.gen value
solution, problems can arise when it is utilized for near field
calculations. The difficulty lies with a sampled wave number region
which does not include a sufficient portion of the smaller wave
numbers. This situation is analogous in part to excluding the discrete
higher ordered modes in the norma]. mode summation. FFP calculations
will automatically include the contribution from a continuous
distribution of eigen values if their general location in the wave
number domain is included in the sampling region.

Problems of a different nature occur when it is desired to
utilize the FFP with a so called “mini” computer. One such problem
is that mini computers usual].y have a much smaller memory than
their large thi*d generat ion cou~iterpa.rts.

In this note a scheme , uniquely suited to the FTP, is discussed
which provides solutions to both of the above mentioned, difficulties.
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T1D~ COLLAPSED ~~RNEL

The pressure field for a point ~~nochroinatic source is given
(Eq. (~4)  of reference (1)) as

• ~~ (
~~ ~M)  

(
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•
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where j -  
C (~ 
I,~; ~

) ~
is the kernel evaluated at the discrete values of the wave number’s
horizontal component~

The field is given at the discrete ranges

- 1~ I f~~ -~~~ ~, ~ •. ~ ~~

provided that the wave number sampling distance, ~ and the
range resolution, 4~L are related according to

I1 L~ 
d4~ -

~~~
-‘

~~
It,

where j~ Is the size of the discrete Fourier transform.

Before discussing the Collapsed Kernel it would be helpful
tr~ emphasize the following points:

( s )  The extent of the sampled wave number region is (fr 1)4~~
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(b) The range resolution is then fixed at I’~~
-
~~

(c) The size of the PFT is N.

~c llo’~;ir~: the procedure ~iven by A.. NuttaJi. in Section 2.5
of reference (2) it will be shown that (1) may be rewritten
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-~~~~ (2)

where the Collapsed Kernel (~) is found to be

‘2 c~ (2,2s; ~. t&~ ~~~~~~~~~
e

In comparing (2) to (1) we find:

(a)  The extent of the sampled wave rumber region is
still C’V’~)4 

~~~ 
.

To see this consider the case where N=8 and p=2. Assume that
I F an ~ point transform were done as in (1) the magnitude of the
kernel is given as shown in Sketch 1
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m 0 1 2 3 2~ 5 6 7 Sketch 1

c Collapsed Kernel seen by Eq. (3) is the addition of the magnitudes
with the common symbols as shown in Sketch 2.

0 1 F 3 
- - —

~~~~~~~ Sketch 2

(b) The range resolution is increased to ü4~ (~~ø)~~fr

(c) The size of the FF~ is reduced to

The integral expression for the field is given appro~d.mate1y by
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t c~ x~ be sI~own that beyond some point/the magnitude of the
Lern~~.1 will decay exponentially. Then let rbe’given by ~t ’4~~which
determlnes/tf since is fixed from other considerations. 

-

if this interval of integration is subdivided into ?segments
we 1~avc 
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AN EXAIvIPIE

Propagation loss as a function of range at 200 Hz is shown
in F~lgure 1 for a t~~ical sumner Mediterranean profile. With the
source and receiver placed near the surface, 50 and 100 ft respectively ,
the FFP shows a well defined, image interference pattern out to the
first convergence zone. In obtaining these results an N 8192 complex
point transform was utilized. The limits of’ the sampled wave number
region ~ere

)  c p-” 
~~~~~ 

~~~~~~~~~ ~~~

and the distance between samples was

4 , ~
-
~cg ~~~~~~~~ K~’~ 

-

The results are correct everywhere except in the range interval
from about two to ten 1~yds. This error can be traced to the
fact that the starting wave number, ~~ , is not sufficiently
small enough. The problem may be remedied by either increasing N ,
the number of points in the transform; or by increasing ~~~~~~~
the distance between samples . The former would. require a sustantial
increase in computer storage. An increase in the sampling distance
could lead to undersampling.

A third alternative would be to utilize the collapsed Kernel.
The Collapsed FFP prediction for this example is shown in Figure 2.
A comparison of the two predictions reveals that collapsing has
altered the results only in the two to ten 1~rd range interval with
the collapsed values showing the correct continuation of the image
interference pattern. This was accomplished by keep ing the
same ~m~~and 4 ~ but sampling the kernel at four times
as many points so that the new starting point was

~~~~~~~ - • °//5 9c ’

The 32 ,767 samples were then collapsed four times according to ~3)
and an 8192 complex point transform was performed. In this instance
collapsing has provided the correct answers by increasing the length
of the sampled wave number interval without changing the memory
requirements or the sampling distance.
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Collapsing could also be of value when it is desired to run the
~ on a mini computer. Assume that for some case it is determined

that an 8192 point transform is needed in conjunction with some 4 ~
Also assume that the mini can only handle a 512 point transform. The

~ —n1 d be run on the mini by collapsing the kernel sixteen times .
Th~ resujts will be identical to those obtained by doing a straight
8192 point trans~orm except that ii~L has now been n~~ri:’ied sixtccn
tines .
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