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PREFACE 

The Long-Range Search Sonar Problem is aimed 
at providing answers to the many questions within 
the Navy regarding long-range-search possibilities 
using echo-ranging. A submarine, the USS GUAVINA, 
was selected (in full discussions with CNO) as a 
sonar platform for a 10-kc equipment. A submarine 
was selected because it provided features ." plat- 
form stability and depth control which seemed 
highly desirable in an experimental field in- 
stallation. After two 6-week operating periods 
in the Key West area, our lack of ability to draw 
conclusions concerning deep-water operation was 
glaringly apparent and every effort was bent 
toward arranging a trip to Guantanamo with 
operations in deep water. Through the cooperation 
of ComOpDevFor and others, such arrangements were 
made for the third operating period. At the con- 
clusion of this third period, we were prepared to 
report problem status to those in the U.S. Navy 
most concerned with active search sonar possi- 
bilities. Accordingly, the presentation reported 
herein was made before some 4.0 interested 
representatives of offices and bureaus Concerned 
with the problem. 

^£j£a?&^ 
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WELCOMING REMARKS 
Captain F. R. Furth, Director, Naval 
Research Laboratory 

Rear Admiral Bolster, Rear Admiral Akers," Gentlemen» 

.. t  , T VX.J ..4+u th- oTOO^inity to oresent to you this morning 

Echo-Hanging Program. We P^tioularly weloome ttns opportmxty 

measurement of target strength at th* low ^f^?^ +. notae ratios, 
to do with cross-correlation fd J*«^ ** g^°  £SS on 
The details on these two new developments will be given no you x 
in t^e SesenLtion. I also welcome i*i* opportunity to expres jny 
app^oiation on behalf of the laboratory to the Bureaus^ to thOffice 
of Chief of Naval Operations, and *>, of course, our P?J"a*J""Jjlp

wl ' 
?or the complete support which they have given us m this particular 

program. 

Jh. long-range-sow research started nut withvery littletogo on 

except the use of ^ffFs^±^TjZ^J^ ParaTterf it to the var, and Immediately after the war andtrom»       *^ j    lou- 
„as hard to visualise Just £t weight ta. ^.^t ev?Lce fro* the 
frequency eoho-rangwg.   However, there was suit o OTefflent.    We 
theoretical .tudi«,*> give- hope^f r     ^gft^vLent in the 

vSues^rres 3^^\^Z^>££5£S& 
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MIüW OF PROPAGATION PATHS OVAR LONG SAUCES 
Dr. 11. L. Saxton, Superintendent of Sound Division 

Our effort in long-range search has been stated as ^* **/^£? 
acoustic paths and designing equipment to «££**-;■    %£££%L 
took to punch our way into shadow HUB by £■£££?;   wh£e we «ere 
direotion could only result in auui=men-Ul impro.-.me_i_, ,, 
«f+m. nr, order of magnitude.    From time to time persons, inciuamg 
myself?have stateHhat when a 10-fold increase in range has been 
achieved, we shall be over the hump, and that further increases will 
be relatively easy.    This still holds. 

This Laboratory has studied propagation in surface£™**f £s 

■"* TJTJE* SfS Ä S2-ÄST™ Cd^dafory. 
SÄhs8Ä^ W S.    The use of -tÄStionln 
enabled accurate determination of divergence loss and attenuation in 
S 5 to1O!KC frequency band.   Via the bottomJ» <•£«£:. £*loss 

fo£°yS sl^pprofwy^rofTllndrical.divergence Pju-ttenua- 

fall (1950). , 

The loss found by both ^s was very appreci^ly ^ss thax 
predicted arid anticipated froä, previous data and is aufficicntly _ 
consistent to permit confidence.in range predictions over either pattu 

The surface-bounded duct is a phenomenon of common occurrenee, 
arising from a ndxed surface layer. If the transducer ^ J^ *£«£. 

may escape detection by diving belov the duct. 

The use of bottom reflection provides an alternative path which 

SoS should be riasonably dependable with present «£«»■£*,, 
equSSnt, ™d no limitation of maximum range is known other than the 

^Ihe^sÄ^^ 
an annular ring of coverage. 
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Assuming the use of bottom reflection with 10-kc equipment, and 
also assuming no reflection loss, the-values of propagation loss are 
given for depths of 900, 1800 and 2700 fathoms tabulated in the first 
column of Figure 2. Assumed tilts of 15°, 25° and 25° respectively 
for the three depths appear in the second column. From these depths 
and tilts, the horizontal ranges and propagation losses have been 
computed from the formula of Figure 2 for frequencies of 10 kc and 7 kc. 
For the moment, let us simply make a mental note that the losses listed, 
which will be used later, have been computed from an experimentally 
verified formula. 

The over-all loss from the level of pulse transmission to the level 
of echo reception will include bottom-reflection loss and target strength. 
NRL has recently acquired, by utilization of its experimental 10-kc search 
equipment in the ÜSS GUAVINA, experimental data which indicate a reflection 
loss and additional data which permit calculation of target strength. 
The results are important enough to warrant a description of the ex- 
perimental procedure and a discussion of the data which will now be 
presented by Mr« R> J. Urick, Head of the Propagation Branch of the 
Sound Division. 

DISCUSSION 

Rear Admiral Akers; What happens at shallower depths? 

Dr. Saxton; At shallower depths, propagation via the bottom should be 
even better. We could insonify the whole range of depth from surface 
to bottom. In that case, the energy would be reflected back and forth 
assuming a good reflecting bottom, and it would be channeled or confined 
out to very long ranges. The nearer the beam comes to being tangent to 
the bottom, the better its reflection. " 
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M^SURfcMLNTS OVER LONG RANG^S WITH PRJLSENT EXPERIMENTAL 
LyUIPriiJMT AND TARGET-STRENGTH MEASUREMENTS 

R. J. Urick, Propagation Branch 

It seemed to us about two or three months ago that the time had 
come when we must attempt some actual quantitative measurements with 
the equipment installed in the GUAVIKA. 

There are obviously two ways to go about this. One is to use an 
actual live submarine and obtain echoes from this submarine at long 
ranges. However, in many respects this is unsatisfactory. It involves 
submarine time; furthermore, the submarine itself is of unknown target 
strength which may or may not vary with aspect. We therefore set about 
finding a method which would obviate temporarily the need for a sub- 
marine and at the same time be able to give us some quantitative in- 
formation on a fictitious target of known strength for use in prediction. 

The method employed involved a surface ship and two hydrophones 
as shown in Figure 3. On the left is a nighly symbolic picture of the 
USS GUAVINA with its transducer mounted topside and forward; on the 
right is the surface ship escort, which in our particular case, was the 
USS ALBATROSS (AMS-1). From it were suspended two transducers. One of 
these was a projector which sent out a constant-intensity ping. The 
other was a hydrophone which recorded the ping sent out from the pro- 
jector, and also the incoming echo-ranging ping from the GUAVINA. With 

. the recording equipment on the ALBATROSS, this setup measured the 
apparent target strength of the repeated ping sent back from the 
projector on the ALBATROSS. The repeated ping was measured also with 
the recording equipment installed on the GUAVINA. The two paths dis- 
cussed by Dr. Saxton are shown, and measurements and echoes were obtained 
by way of these two paths. The first path utilized is with horizontal 
tilt of the GUAVINA's projector; the second is realized by a tilt that 
varied between 20° and JO downward, depending upon the water depth 
and the range. With horizontal tilt, closing runs were mPde from a 
range of between 20 and 25 kiloyards. By closing run, I mean a recording 
of all echoes reaching the GUAVINA as the GUAVINA approached the ALBATROSS, 

The results of one of the horizontal tilt closing runs is shown in 
Figure 4.. On the top is plotted signal level in do against range from 
zero out to 26 kiloyards. Each plotted point is the average of IG pings 
during the approa,ah run. The line in this case is a computed curve which 
shows the loss mentioned by Dr. Saxton, namely, cylindrical spreading 
beyond approximately 1000 yards plus an additional loss due to absorption 
and leakage. The absorption value used here was 1 db per kiloyard at 10 
kc; the leakage value was founds by adjustment, to be 0.3 db per kiloyard. 
(Of course, we have no good way of determining the leakage a priori, 
although we do knew certain semiquantitative things about it.) The total 
loss, in addition to divergence, is thus 1.3 db per kiloyard, which fits 
well with the data. Similarly we can plot apparent target strength for 
the constant-intensity echo repeater and fit the data with a curve of 
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the same typo. Again the fit is good. The principal objective is to 
determine the echo levels from a target having a target strength of 
some constant value. This value was taken to be 30 db target strength. 
The lowest plot shows the data of the upper two plots corrected to 30 
db, and at the base are shown the observed noise levels at speeds of 2 
and 6 knots. At a range of 22,000 yards, it will be seen that the 
corrected echo levels are 10 or 12 db above the noise level at 2 knots. 

In addition to obtaining these fictitious echoes of known target 
strength with horizontal tilt, we also obtained echoes by way of the 
bottom. It would be well at this point to show some examples of the 
records that were obtained. Figure 5 shows two pairs of records obtained 
at 30° tilt, the upper pair at 15,600 yards and the lower pair at 600 
yards. The top record of each pair was obtained on the GuAVTNA. The 
bottom record was obtained on the ALBATROSS to determine the equivalent 
target strength associated with each false echo. It is important to 
notice that all reverberation dies out by 16,000 yards and that the 
echoes, marked by arrows, appear in a noise background. The two echoes 
arise from the two acoustic paths that exist; even though the transducer 
was tilted downward, we did obtain an eche^by way of the surface channel. 
The channel was so good, and the searchlight beam so non-ideal, that the 
horizontally traveling echo was stronger than the bottom reflection. 

Figure 6 is another record which shows three pulses. The first 
one (shown by an asterisk) is the reflection from the hull of the 
ALBATROSS. Even though the äLBATROSS is so small in size and so shallow 
in draft, we did at this'range, 16,000 yards, and occasionally at all 
ranges, obtain echoes from its hull. This echo is followed by the 
delayed false echo and that in turn is followed by a signal put in 
electronically for the purpose of scale calibration. Shown below in 
the figure is the record obtained on the ALMTR0SS. 

Figure 7, in two parts, shows a record obtained on the GUAVINÄ. 
It shows successive echoes at a range of 19,000 yards with zero tilt 
as the GUAVINA dovev below the surface layer. The repeated or false 
echo is indicated by the arrows. ¥ou will notice that this arrowed 
echo dies away as the submarine dives below the surface bounded channel. 
This is simply an illustration of the observation that the transmission 
in the surface duct seems to be best at a shallow depth. 

Finally, Figure 8 again shows the effect of depth on transmission. 
The upper pair of records wore obtained with zero tilt and the bottom 
pair With 25  tilt.  The UOner nair (r.t  <if>nt,hrt nf 60 fnot. r.nrl   ?nn  font, 
with zero tilt) show that the echo is markedly affected diving below 
the surface channel (about 120 feet in thickness.) With 25° tilt, the  '' 
bottom reflection remains unaffected. 

The data was obtained during July 1951 on  a cruise from Guantanamo, 
Cuba, to Key West. We regularly obtained bottom-reflected echoes in the 
area south of central and western Cuba, However, we were not successful 
in getting bottom echoes south of Guantanamo in the Guantanamo-Santiago 
area. The reason for the absence of bottom-reflected echoes south of 

5 CONFIDENTIAL 



COfiFTDErlTIAL 

Guantanamo is probably the irregular and steep slope of the bottom. The 
charts show considerable variations in water depth,  in this region. Wo 
were, I think, simply not able in a given situation, to beam the search- 
light accurately on a fixed target. However, in four of the five areas 
worked during the week's cruise, we did obtain bottom reflected signals. 

Question: How did you measure those variations in depth — with a 
fathometer reading, or were you measuring the stretching out of a pulse? 

rlr. Uriuk;  With one f ü. ohoiuu our un one GUAVIHA. 

Question; Were you measuring gross irregularities or fine irregularities? 

Mr. Urick: Just the gross irregularities in deep water. It is apparent 
that if the bottom has appreciable slope it will send the GUAVINA's 
beam away from the ALBATROSS. 

When the bottom reflection was obtained, it was found that the trans- 
mission loss from 600 yards out to a long range was about 11-J- db greater 
than could be accounted for by spherical divergence and absorption. This 
apparent reflection loss at the bottom is in contrast to our expectations 
based on measurements on previous field trips, where we found no loss at 
all. The source of that discrepancy is unknown, and is perhaps associated 
with the use of nondirectional transducers in the earlier., work.■ 

Figure 9, again with level plotted against range, summarizes the 
data obtained. The crosses are each an average of 10 pings by way of 
the surface duct, obtained with horizontal tilt. The horizontal lines 
show the noise background against which the echoes were obtained. (I 
should stress at this point that the noise background at ranges in excess 
of 15 »0.00 yards was consistently self-noise rather than reverberation. 
Reverberations seem to die into noise at about 15,000 yards, so that we 
were not "reverberation-limited" at long ranges.) The dots are 10-ping 
averages of the bottom ruflection. The plotted points have been reduced 
to a target strength of 30 db, that is, they are plotted to represent a 
target of strength 30 db, This?is believed to be a good rough estimate 
of the 10-kc target strength from the new data to be described later. 
The figure shows that the echo of a submarine of strength 30 db at about 
30,000 yards in the surface duct would be at the same level as the noise. 
By way of the bottom reflection- the echo at about 16,000 yards would be 
at the same level as the noise. I should stress that this figure is 
entirely observational, without anything of the nature of prediction or 
adjustment of the data in it. The bottom reflection is seen to be quite 
a bit below the surface channel echo in level and illustrates the apparent 
loss of 11-g- db at bottom reflection ■— for which Wv, have no explanation. 

I would like now to describe some very recent measurements of target 
strength. Having this much information on the expected ranges of a 
synthetic target, what wo would like to know next is the target strength 
of a typical submarine. We obtained the services of the USS CHOPPER in 
the Key West area for a 3-day period, and were successful in determining 
the target strength by a now method. The results were somewhat startling 
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in that the average target strength turned out to be 32.7 db, which is 
approximately 20 db higher than the figure that has been used in 
estimates of performance* 

Target strength is a measure of the reflecting power of a submarine, 
and is expressed as the ratio of the reflected intensity to the incident 
intensity when the reflected intensity is measured at one yard. Target 
strength as used in sonar is similar to the parameter used in radar 
(radar cross section), except for a factor of U-ji'  . Target strength 
is, however, more convenient because it can be used directly in the 
echo-ranging equation without uroubluüuine questions of the factor 4-7/' . 

Many measurements of target strength have been made in the past, 
especially during World War II. Field measurements as well as theoretical, 
and optical studies on models have been made. The data obtained at sea 
on an actual submarine at frequencies of 18 kc and above seem to show 
beam-on target strengths of about 25 db, decreasing to perhaps 10 db on 
the bow and the stern. The mathematical and optical studies do not quite 
ayruo with the field data in that lower values are found on the bow and 
stern; in other words, the field measurements tivo higher values on off- 
beam aspects. Since World War II, there have been, to my knowledge, two 
additional determinations of target strength in thu field, one by Woods 
Hole and USWUSL jointly, and the other more recently by Niii on their 
experimental submarine USS BAIA. 

All the field measurements seem to have been obtained by the same 
method which requires the accurate knowledge of the driving and receiving 
sensitivities of the echo-ranging equipment, plus a knowledge of the 
transmission loss at the time the data were obtained. This transmission 
loss could be obtained either by guess work■or by field measurement 
during the target-strength measurement. 

We have preferred to measure the target strength directly by a some- 
what more elaborate method that requires no knowledge ofvthe transmission 
loss or of .the equipment calibrations. It does, however, require an in- 
stallation and a recording of data on board the target submarine. 

Figure 10 serves to show the essence of the method. The submarine 
on the left is the target submarine, the USS CHOPPKR, a guppy-schnorkel 
submarine. The one on the right is the GUAVIM, which contains the 10- 
kc echo-ranging sonar, plus suitable recording geur to receive and record 
what comes back from the target. A special installation of two hydrophones 
was made on the CHOPPER. One hydrophone acted as a transponder, sending 
back a constant-intensity delayed pir*g on receipt of the ping from the 
GUAVINA, The othor hydrophone served to receive both the ping from the 
GUaVIM and that from the transponder. The two hydrophones were mounted 
5 feet apart as far fori-ard as possible toward the bow of the target 
submarine, and both were nondirectional in the horizontal plane. 

The figure shows the two pairs of idealized pulses, labeled A, B, C 
and D. A and B are, respectively, the echo-ranging ping from the GUAVINü 
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as received on the CHOPPER, and the transponder ping sent out a few 
seconds latur by one of the two hydrophones. G and D ere respectively 
the echo from the target and the transponder ping received on the 
GUAVINA. The equations below indicate the basic principle of the 
method. The difference between the unknown target strength of the sub- 
marine and the equivalent target strength of the transponder T» is equal 
to the difference C-D when expressed in db. The transponder target 
strength V  is the difference in db between the pulse heights B-A on 
the record obtained on the target. Hence, the target strength is merely 
the sum of the two level differences between the two pairs of pulses when 
attention is given to sign. The second equation tacitly assumes that the 
two transducers are one yard apart; in our case, when they were 5 feet 
apart, the correction 20 log 5/3 is required. In summary, it should be 
clear that what is being done is to obtain from the GTIAVINA record a 
comparison of the submarine echo with the spurious echo from the trans- 
ponder and from the target-submarine rucord the equivalent target 
strength of the spurious echo. 

Figure 11 is a photograph of the pair of hydrophones on the CHOPPER, 
mounted on a hexapod about 6 feet above the deck near the bow. This 
location provided the clearest all-around acoustic view from the 
hydrophones, with only a 10- or 15-degrec suctor aft obscured by the 

conning tower. 

Figure 12 is an example of the records obtained. The top record, 
obtained on the CHOPPER, shows the A and B pulses. Below it are the 
corresponding C and D pulses obtained on the GUAVINA, plus reverberation. 
At the base are 1-second time ticks. ?ulse-to-pulse matching was 
facilitated by accurate time checks and the use of manual repeat-back on 
the transponder to give slightly varying time intervals. On the right 
is shown the record scale in decibels above an arbitrary reference. The 
average target strength, the sum of the db differences plus the correction 
from 5 feet to 1 yard, comes out to be 42 db for the 10 pulses shown. 

The field measurements were made during 3 operating days in August 
1951 in an area off Key West, Florida, where the water depth was 100 to 
400 fathoms. The GUAVIM circled the CHOPPER at about a 1000-yard range 
,nile the latter maintained a constant course at a speed of 2 knots. 
Eight circling runs were made with both submarines at periscope depth, 
and about 1000 pings were recorded and measured. The comparatively long 
pulse length of 100 ms provided by the 10-kc equipment was employed. 
Note that this pulse length was sufficient to insonify simultaneously 
thu whole of the submarine ovon nt bow or stern aspects. 

Figure 13 shows one day's results of submarine target strength 
plotted against aspect for somewhat over two revolutions of the GUAVINA 
about the CHOPPER, Each plotted point is the target strength measured 
from a single ping, different symbols being used for the different times 
around. Several features shown here ar^ worth mentioning, One is the 
apparent absence of any pronounced dependence on target aspect. Another 
is"the unexpectedly high values of target strength, the average of the 
values plotted hero being 36.3 db. A further feature is the high ping- 
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to-ping variability in target strength, the values ranging from less 
than 20 db to over 50 db. 

A clue as to the nature of this variability is provided by Figure 
14 which represents the same data as the previous one, but shows the 
level of the submarine echo (rather than target strength) plotted 
against aspect. Note that the variability is less than in the target- 
strength plot, with again no apparent aspect variation. 

All the data were obtained with horizontal tilt and represent 
horizontal "looks" at the target. Considerable time and effort was 
spent duri ig the three days to obtain bottom reflections from the 
CHOPPER but without success, apparently there exists a very-high 
bottom-reflection loss in the Key West area, due either to absorption 
or to scattering by the coral rock and mud bottom in this area. 

The high values of target strength and its independence of aspect 
angle would indicate that at 10 kc the target does not reflect 
appreciably in a specular manner, but that excitation and reradiation 
by the outer portions of the hull is involved, or perhaps reflections 
from corner reflectors inside the hull. 

That concludes the portions of the program on target strength. I 
do wish again to emphasize that the average value of 32.7 db is highj 
and that it was surprising to us when it was obtained. 

DISCUSSION 

Captain Prvors Do you expect to check that at other frequencies later? 

Mr. Uriok; Yes. Dr. Saxton will mention the proposed work at 7 kc. It 
will be very interesting to make similar measurements at a number of 
frequencies• 

Captain Prvor; That would tend to lead you to believe that the failure 
to get good echoes at bow aspect was not due to any difference in target 
strength as well as the fact that your transducers are probably not 
pointed exactly in the right direction because the angle subtended is 
much smaller. 

Dr. Saxtoni    Yes.  Of course, this is at 10 kc. Nov* at 25 kc, the old 
picture is correct as far as we know. 

Captain Pryor; Is there any significance to the double feature of the 
echoes you showed in Figure 12? The target echoes seem to be split into 
two main parts, I'm not referring to the delayed echo now, but to the 
main echoes which seem to have two parts. 

Captain McCain: I think there «ay have been reverberations. 
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Mr, Urlck: The first part was reverberation. This dies of.: very 
rapidly; the reverberation background is very low at the time the 
echoes arrive. 

Captain Pryor: How about pointing out the main echo and delayed echo? 

Mr. Urick: One thousand yards. This is a very compressed scale. 

10 CONFIDENTIAL 
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EQUIPi-fliNT PERFORmNCE REQUIRED 
Dr. H. L. Saxton 

I would like to add to the picture of losses, the idea of net 
loss for the round trip which involves, in addition to propagation 
losses which we previously showed for various cases, the loss at 
bottom reflection and the gain due to target strength, factors which 
have nov; been covered by Mr. Uriek. I want to arrive at some figures 
which I don't expect to"mean much at this point, but at a later time 
we can refer to them to see how equipment parameters add up toward 
meeting then. In Figure 15, the three cases tabulated in Figure 2 
are repeated. In the fifth column a reflection loss of 22 db has been 
added for all cases. This is obtained by taking the 11 db that Mr. Uriek 
mentioned on both the outward and the return trips. We now have data 
taken in the Atlantic which has not been returned to the Laboratory yet 
and we shall within a matter of days have a check on whether this same 
reflection loss is observed*. We know that good bottom echoes were 
obtained on this Atlantic trip to Bermuda and working out of Bermuda, 
but we do not have the actual processing of the data to show what the 
bottom reflection loss was. The target strength of 32 db has been 
entered in the sixth column of Figure 15. When we subtract the target 
strength from the propagation loss and add the reflection loss, we get 
a net loss of the round trip which is shown in the last column. This 
net loss means that if we have an intensity I0 at one yard from the 
source, the intensity of the echo which comes back to our receiving 
hydrophone is at a level below I0 by the net loss. With an ocean depth 
of 900 feet and 13.5 kiloyards horizontal range, 184 db is lost and the 
echo intensity is I0 - 184. db. 

Let us look briefly at the over-all picture including equipment 
and operator. Figure 16 shows the parts of a complete system. There 
is shown a power P going into the transmitting tram.ducer and an acoustic 
power P from the transducer into the water. This gives rise to an in- 
tensity at one yard from the source given by the power P plus the 
directivity index plus 72." Andsol0- P + ^ +  72 is what, is sent 
out. The power, in traveling to the target and back, suffers a net loss 
(tabulated in Figure 15), so the intensity arriving back is what started 
out iainus this net loss, or P +■ A. <-   72 - net loss. 

At the receiving transducer we have the signal and background noise, 
the latter at a level of -15 db in a 1-kc band at 10 ke at 12.5 knots 
ship speud. The transducer has a directivity, £. , so that the effective 

*A loss somewhat less than 11 db was observed. 
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masking noise level coming out of the transducer in decibels is 

-15 - A • 

Nothing has been said so far about reverberations, other than 
Mr. Urick's remarks that reverberations always die down into noise 
before the echoes are received. When wo had good paths, wc obtained 
echoes, and the limitation that was found only at very-long range was 
due to noise background since reverberations had J^J^tSf^B 
If wc did not have good channels, we sometimes failed to obtain echoes 
and it is possible that we were reverberation-limited in those cases. 
Tn  Pipure 16. we have indicated that we have noise masking to combat, 
sincc~our interest is in long ranges with acceptably good aueos. 

We have indicated that the noise masking level is -15 - &  db. 
If the echllevel in db (P + 72 + A - net round-trip loss) Jhen equals 
the noise-masking level in db by the recognition differential {J   ), 
detection probability on a single ping with the target onthe sound- 
beam axis is 50*. This is expressed by the equation hown in Figure lb. 

(p ^ 72 +   &    - net round trip loss) 

- (if -A) = of 

A more convenient form of the equation involves equipment parametera 
only on the left and everytWag else on the right. This is also shown 

in Figure 16 as 

P + 2 £> ~S - ^ round-trip loss - 87 

If equipment is to be designed so that P + 2 A -f is as high as 
feasible, one quantity which may be the cheapest to improve is J, the 
recognition differential, This is defined as the ratio (expressed in_ 
db)?f signal naving a 50% probability of detection to interfering noise 
£VwS^r^~t«Sdat8l«pal.ftroquBnQ3r. While we have shown 
explicitly power rather than energx in our echo-ranging equations, 
actuany/the amount of energy in the pulse io ^he important thing 
because longer pulses yield higher recognition differ***£";™ «* 
do about as well against a noise background with double the puläe length 
and h*lf the power. We therefore have no thoughts of going to 0-01 
Resent pulsePlengths (excepf for classification) since this would not 
permit increasing the power a hundredfold or wen tenfold. 

S  for a half-second pulse, with the unaids&ear as a detegtor 
, _ •    ... .__„ „„.?n n«^ ■f-T.pniiAMftv trvmslatfi-on). is -13 db in tne 

5cf or tnl SmePa signal 10 db below the ^^,^a^J^^Si 
bond. Efforts to improve on the ear h*ye generally led ^complicated 
systems. The most recent development.-along this line is relatively 
simple in construction and I will now call on Mr. Bayston who has 
supervised the experimental work, to describe this envelopment 
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A RECENT APPROACH TO HIGH RECOGNITION 
T. E. Bayston, Sonar Systems Branch 

As Dr. Saxton has mentioned, an important part of this problem 
of extending the detection range is the development of reception 
equipment and techniques which will give the maximum recognition 
differential. Any improvement that we can obtain in the recognition 
differential reflects a corresponding improve aent in the detection 
rcmge; and, conversely, anywiing lots» ««3«^*—S +!"";:o 
will rob an otherwise good sonar system of much of its efiectivoness. 
We, in the Reception Unit, are primarily concerned with this problem 
of developing reception techniques and reception equipment which will 
give us the maximum possible recognition differential. Since we are 
not the only ones in the Sound Division that are working on this problem, 
we have confined our own efforts to an area in which I beiieye there is 
little work being done elsewhere. Vo have been concerned primarily with       ^ 
2-nhoonol receivers or phase-sensitive devices such as right-left m- , 
dicators, binaural receivers, and sector-scan indicators» g 

Some of you may be familiar with the sector-scan indicator, or SSI. | 
It was used in the typo-Ä integrated-sonar system ^<*„^Jg™3^ Ü 
hero at the Laboratory and underwent sea trials on the USb FObb. ine . 
SSI is also used as a basic part of the XDG sonar system now undergoing ,; 
sua trials at Key West on the USS SEA CAT. The operation of the SSI is , 
fairly straightforward and was understood, at least here in the Laboratory^ j 
for c-w signals. Exactly'how it handles c-w signals was undorstood but | 
we were not too sure until recently as to how it handles noise. Recently , 
we undertook a study of the SSI to determine how this device handled « 
noise and what it did to the signal-to-noise ratio. J 

The SSI was originally developed and used as a train-error or I 
bearing-error indicator. It indicates the angle off the axis from _ j 
which the energy is being .received by the transducer. I would xike >o | 
sketch briefly what Happens to a c-w signal in the bSJ as a basis for . 
understanding what happens with noise. Figure 17 is a simple block - 
diagram of a typical SSI. Since this is a 2-channel Novice, it uses 
a split transducer and the signal frequency at the input of the SSI is 
indicated as F0. This is amplified by conventional SF amplifiers,. Ihe        ( 
two signals are then mixed in two mixers by two local oscillators at a ; 
slightly different frequency, oscillator 1 being at frequency Gx and 
otSSnL. 9 h,in,  at some frequency G,. The intermediate frequency 
selected is usually the difference between ^°B^^%^J£YS«ial 
coming signals, to give a signal in the upper IP of Gi - F«, «nj a signal 
in tho lower IF amplifier of G2 - F0. The signals at the output of the 
IF amplifiers are nixed in a third converter to give an output. The 
difference frequency Is usually selected hero as the frequency desired. 
This difference frequency becomes Gi - G2. You will notice the fre- 
quency hero, GX - G2, is independent of the incoming frequency F0. 

a 
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That neans regardless of what the doppler is, the frequency out of the 
third mixer is always Gi - G2. In the conventional use- of the bo I, 
this frequency, Oi - G2, is sent through a video amplifier whore it is 
limited and differentiated to make brightening pips which are applied 
to the control grid of the cathode-ray tube. The two local, oscillators 
are also mixed (Mixer No. U)  to give a frequency Gl - G2, and this 
difference frequency is sent through suitable amplifiers to synchronize 
a horizontal sweep on the cathode-ray tube. Since the frequency of the 
horizontal sweep is Gx - G2 and the frequency at the brightening grxd is 
G, -Go, we shall get one brightening pip for each horizontal sweep. It 
«iu«^ ft.™ the t.hn.nrv of those mixers that any change xn phase between 
tho two input signals will result in a change in phase of the brightening 
Piss (with reference to the sweep) by the sane amount. Consequently, wo 
have a phase-indicating device which operates as a train- or bearing- 

error indicator. 

To this point, handling of the signal plus the noise in theeipol 
channels is fairly straightforward. But we were not ^*™J*™^% 

happens at the output of this third mixer - just exactly what happens 
to tho signal and noise ratio. I've indicated a narrow band filter at 
this point in tho circuit. The use of that, filter is what we^e been 

studying just recently. 

When these sector-scan indicators are operated in the field with_ 
the gain turned up to a point-to where they brighten on ba^ound noise, 
or ambient-water noise, tho brightening appears to be positioned quite 
randomly. In order to simulate in the laboratory so that«»could 
evaluate these devices, we had two possible approaches, "e could use 
a simulated noise in which we devised some scheme to shlf*to\^eoi ^ 
the noise randomly in one of the channels to give us a random lightening 
or we could use two independent noise generators. The secona method was 
the one that we adopted, that of using two independent noise generators 
to supply noise to each'of these channels to simulate «^«**™M 

or background noise. This method results in.a display on the SSI gat   ,, 
very closely duplicated that obtained under, actual operating conditions 
at sea. This leads to a lot of thought about the type of noise in the 
water at tho two halves of the transducer. We have more or less come 
to the conclusion that the noise is to a great extent incoherent, or 
u^correLtcd, between the two halves of the transducer for the frequencies 
that we usually use in the sizes of the transducers normally employed. 
As previously mentioned, we undertook a study of what happens to the signal 
and the noise at the output of Mixer No. 3. 

     -!.. . J.I.- _..4-v,,,+ ~e  tb'->+ •P'n+.A-r with a soectrun- 

analyzer to ascertain what sort of distribution we had in frequency 
-nd noise. The results Wore not very satisfactory. So as a first 

' ;tep we used two independent noise bands, one centered at 9 kc and one 
centered at U kc, mixed them together in a simple mixer, and analyzed 
itsoutput with a'speetrum analyzer to find the frequency distribution. 
Figure 18 shows the results of the spectrum analysis. It shows tho 
difference frequency bund at 5 kc, the two original bands of frequencies, 
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and a fourth band of intrachannol noise — a low frequency band due to 
the noiüu in each channel beating with itself to produce low-frequency 
components. The reason we did not h.wc rauch success in analyzing an 
earlier SSI was that the difference frequency was low compared to the 
signal-channel bandwidth; consequently, the difference-frequency band 
was masked by the low-frequency noise. This differunco-froquency band 
of noise as it COLICS out of the mixer is approximately twice as wide as 
the original bands of noisu at the original frequency. 

The result of inserting a c-w signal with the two original bands 
of noise is shown in Figure 19- The spikes shown represent the c-w 

,    .1     . i .-»   -j.   r»  i,_   ~~,a   «■!■   1/   u«   +n   <Hirp  Tic   n   rHffrvrnnne BXgnuj. uiai/ WU.Ü  uum-wcu u.u 'y  JXV^ ana  aii ^.^ *•■<*   —- o-i--^ <-~ —   

frequency signal of 5 kc. It is interesting to note that as we analyzed 
all bands with the 2-cycle band analyzer filter we got signal-to-noise 
ratios in the sane order of magnitudes at the difference frequencies 

as in the two original bands. 

With this in mind, we took an existing SSI and modified it to 
raise the difference frequency out of the intrachannol noise. The 
original equipment had a difference frequency (difference in IF channel 
frequencies) of some 400 cycles. The difference frequency was fairly 
well masked by the intrachannol noise. A difference frequency of A kc 
brought the signal out of that noise and gave a reasonable distribution. 
Figure 20 shows the distribution of the noise resulting from incoherent 
noise fed into tho input of the SSI. It shows that this noise is dis- 
tributed symotrically about the difference frequency. 

Jit this point we inquired as to what happened to a coherent noise, 
or a target noise, introduced into the SSI. The SSI works very well on 
screw noises, which indicates that these noises must be coherent, bo 
we introduced a coherent noise into the input of this modified SSI along 
with the incoherent background noise and again scanned the output of the 
third mixer with a spectrum analyzer. Figure 21 shows the coherent 
noise above the incoherent noise. Note that the noise-to-noise ratio- 
at the input of the SSI was unity, or zero db — that is, the coherent, 
noise and the incoherent noise were both of the same value. At the^ 
output of this 2-cyclc filter we got an increase in the noise-to-noise 
ratio in the order of 18 db which shows the tremendous improvement that 
can be obtained by this SSI because it concentrates, or stacks yearly 
all the energy from the coherent noise into a single-frequency band at 
the difference frequency. ' The incoherent noise is still spread about 
in a band that is twice as wide as the original IF band so that a narrow 
filter placed after the second detector can reject _most of it and give 
U3 a decided improvement in the noise-to-noise ratio. 

Figure 21 shows the results of broadening the bandwidth in order 
to confirm some points on a curve so that wo could develop a thuory or 
develop tho mathematics for this phenomenon. Wu opened the sound- 
channel bandwidth of this modified SSI (originally 500 cycles) out to 
2 kc. You notice with the wider bandwidth, the difference frequency 
now begins to fall and be masked by the intrachannel noise from each 
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channel. But at this point, wu gut an inprovur.icnt in thu order of 
20-22 db in a 2-cycle band. Now Figure 23 shows the results of 
cpuning up the bandwidth to 4- kc with a 4-kc difference fr^qu^ncy. 
V;e are now getting into trouble with the noise fron each channel 
masking tlw difference-frequency noise. Nevertheless, we get an 
improvement that is in the order of 25 db or so. 

Wo built a filter to go in the output of Mixer No. 3, a narrow 
filter which had variable bandwidth, and examined the output for noisc- 
to-noise ratios to detoruino the improvement that could bo obtained. 
The lower curve of Figure 24 shows an IF bandwidth of 50 cycles, and 
a narrow filter bandwidth of from -^ to 10 fiy«"1fts- This curve shows 
that with a noise-to-noise ratio of unity in the input of the SSI, we 
get an improvement that ranges from 6 db up to something like 17 db, de- 
pending on narrow-filter bandwidth. With a 500 cycle IF band, we get 
something in the order of 8 db better than for the 50-cycle IF band. 
With the half-cycle filter at the output, we get an improvement in the 
order of 2U db in the noise-to-noise ratio. With a 5000-cycle IF band, 
a substantial additional improvement is to be expected. It is possible 
with a device of this type to open the bandwidth of the front end wide 
enough to accept all the major (or important) noise that is emitted by 
an enemy submarine or target vessel and then process it through a very 
narrow band filter to get an improvement in the noise-to-noise ratio. 

We now leave consideration of noise signals and consider c-w 
signals, For a moment, refer back to Figure 17. In our work with 
signal-to-noise ratios, of course, the obvious advantage is in the 
narrow filter at the output of Mixer No. 3. Since the returning echo 
always has the doppler information removed by the SSI, regardless of 
what the doppler is, the signal is always at the frequency Gj_ - G£ at 
the output cf Mixer No. 3- Therefore, we can put in at this point a 
falter with a bandwidth that is optimum for the pulse length we are 
using. For example, for a -^-second jiuJ.se, a bandwidth of this filter 
would be in.the order of 2 cycles. The IF bandwidth had to be some- 
thing in the order of 200 cycles at, say 10 kc, in order to accommodate 
the doppler. So this gives us the advantage of accommodating the doppler 
and at the same time using a narrow filter with which to process the 
signal and noise. In one instance, in a rather rough check which we 
made, we used a signal-channel bandwidth ahead of Mixer No. 3 of 50 
cycles and a narrow filter of 1 cycle and obtained 50% recognition on 
a signal-to-noise ratio of -5 db as measured in the 50-cycle band. That, 
referred to a 1000-cyole band, as is customary, would be equivalent to 
-18 db. A  recognition differential of -18 db is appreciably better than 
what can be obtained with the unaided ear, and it at least shows that we 
are on the right track. 

There is an additional method by which to process the information 
which I have indicated in the lower part of Figure 17. We take the out- 
put of the third mixer, in which the two IF outputs are mixed, and pass 
it through the narrow filter into a balanced mixer in which it is mixed 
with the reference frequency obtained from Mixer No. U to get a zero-beat 
phenomena in which the balanced mixer takes out any output due to the 
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reference frequency and leaves us only an output due to the difference- 
f^uTcy com^enL. The noise components vnich lie on either side 
of Gi - Go, and those noise components that He at &X - Gj "^ °a^L 
a distribukon at the output of the balanced mixer £™ *? ^^^ 
frequency determined by the narrow filter, * i^^f ^/^ ^ 
be placed at the output of the balanced mixer to exclude the noise 
components that lie on all frequencies except Gx - G2 to give us tue 
resulting improvement in our recognition. 

Dr. Saxton has developed a mathematical treatment for this device 

in ,hich he shows that, ^^^^^^i^- 

rin^asrmte^^co^se, acts like ■^^££^1 £* 
av raeine device as is necessary in the correlation function, l cto 
noi hive any data on the balanced mixer in a form that I can present 
ITthiltiml but we have made a few experiments with this type of 
circuit and we get an output that resembles very closely the output 

+v,Q C;H:A PAT that the modification to the SSI to give tms i-ype 01 <-ff ^* 
resulted in ^Lny?o?d increase in sensitivity,- but exactly what that 
means in range or db, we have not determined. 

DISCUSSION 

Dr. Saxton: I have, perhaps a little ^.^^^^o1^^ 
Th*  q>4 QaT  We were able to track a target to 11,000 yarcts on ^ *«, 
Sthttis Lice which range is better than double what was usually 
obtained with the previous equipment... 

naptain Prvori Were you using propellers? I 

Dr.-Saxton: ..Using propellers, listening. 1 
" "■ •■-■ 3 

" Captain Pryfc'^er/you using the frequency spectrum of th, propellers . 
as your signal? I 

nr Saxton- Yes at 2k  kc. That seems to me to be the longest range , 
T^Sf heard of at that particular frequency which is not a good ; 

frequency for obtaining long range. 

Mr Bayston has presented the material that ve thought appropriate 

sd? ffss St -ft »^TÄ^rfs^n %x-     ■ 
^enough now to write a fairly comprehensive report and one wUl bo 

forthcoming. 

* reviev: of background data which includes reports on the two high- 

ly CQLiFIOGhTIfcli 
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PRACTICALITY OF 10-KC SCWAR SYSTEM 
to. S. Wilson, Sonar Systems Branch 

A practical sonar system for long-range search is possible using 
presently SoSn techniques.    We have had some six »"^«^nee 
?pe ationaSy, with the experimental ICMcc ^J^^*?%£ 
the USS GUAVINA in the Key West area.    The performance of this sonar 
Z been reported and you no doubt^are,-ll^^ted^i^the fact 

Xo^lfllfs SSSSS; r^o;mneTp,acUcaI system based on 
S£ experience with the GUaVIHk installation,and to project our ideas 
toward a surface ship installation. 

I intend to outline for you the simplest sonar system ^ired for 
obtaining relatively ,longranges    ^^^       Augh^ey 

X^£^£Z^.^& *° ^*™*system simple- 
Figure 25 shows a block diagram of a complete but ^P^Ä™* 

THP electronic portion can be built into three main stacks composed of. 
If tn cfera^rCconsole, which can be remote from the rest of the 

.   K.    n\  n -»-ni, fn-r fhp  receiver and SSI, and 3)  a rciCK lor "wie 
SehTower oiiver  Otner n?c

res aS equipment/not requiring -ck-type 
SSffiÄ 'the rectifier and blower, ^e ^£^"*»* 
control equipment, and the train and tilt gear. The transducer ana 
transducer housing will be discussed a little later. 

The electronics is relatively simple and imposes no great Problem 
of training S maintenance. * receiver is shown whxch can ^ajimple 
as a straightforward audio channel, or the more complex configuration 01 as a srcaigawürwouu ,  ■  ^  it can obtain a high 
a multichannel design. The ~ül is snown sxuw transfer relay 
recognition differential with very simple circuitry. ^££J»r ^ 
unit is a simple relay and is shown separately only to illustrate IT,S . 
faction! T>ogram search control is a simple mechanical means of 
aSS'eve/seLch coverage **-^*££^^ 

state 5 the art is adequate for immediate Production. Th^.interest in 
?his portion of the system lies in the energy-storage *™*Y£-    ™ 
hrPn successful in using either electr cal storage in capacitors or 
^cnanical sSraec £ -ans of a flywheel on the generator. Probably 
the latter would bo superior for Flee* use oecuu»« ux *„*- r— 
Sctors and especially from personnel hazard considerations. 

The greatest problem associated with a system for surface craft 
installation is the mounting of the transducer in the dome, although 
thl  future solution of this problem will no doubt consist of hull-    _, 
JAS««, arrays for listening, and a nonalrectional trans- 
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mitting transducer. The immediate solution probably requires a single 
transducer for both functions and its associated train-tilt-hoist 
mechanism in a dome. See Figure 26. 

If it proves feasible to tow a fish capable of housing a 3-foot 
transducer, it may offer an attractive alternative. In this discussion 
however, we are restricting ourselves to proven components. 

I have described in brief a workable system. Now let us see what 
such a system is capable of in terms of operational performance one 
could expect. Dr. Saxton and others have reported results of studies, 
bt-s + U      -!•>> ~«*~«~4* i  _.0       „«J      ^4.      — „„ .   4 +V      --—,« —J—-".!^1!         S X      ~1 3      XI  

wuu     ullOVJi ti tiJ-Od-X    Uilti    Ulj    OCUj      Vllwl    MipRi  1 iilt-:il i.ri I      e4UJ.pmei.lli    UUUuI'U      UliU 

USS GUAVINA, from which studies, performance of the proposed system 
can closely be anticipated» In surface-bounded channels, one would 
expect at least 20-kiloyards range with the target in the duct. 
Targets below the channel present a more difficult problem and the 
echo ranging path via the bottom appears the only acoustic path getting 
sufficient energy to the target and back. We now have experimental 
evidence of the loss encountered by this path and if we put figures in 
our equation for this path we can closely predict performance. 

What is required has been shown by Dr. Saxton. You will recall 
that for 15-kiloyards horizontal range 106 db total must be obtained 
using a frequency of 10 kc. The equipment parameters of this proposed 
system are the power (4&£ db), twice the directivity index (50 db), and 
a recognition differential of -13 — adeing to 111 db total. This total 
therefore means that the equipment should be fully capable of detecting 
a target below the channel out to a range of at least 15 kiloyards with 
some 5 db to spare. With a -20 db recognition differential, using 
equipment described by iür. Bayston, this will give some 12 db to spare. 
However, it would not reach out to 23 kiloyards in deep water at 10 kc. 
As Dr. Saxton implied, by lowering the frequency, ue might lose a bit 
on the equipment parameters (a few db), but we would be able to reduce 
the figure which equipment parameters have, to total for 23*000 yards 
range from 130 db to 105 db which could be obtained with the simple 
proposed ßystem. 

In conclusion, a sonar syscem can be built at the present time 
which will detect targets well beyond prevent fleet detection 
capabilities. A simple system is proposed which although it does not 
include all the latest ideas, will nevertheless extend ranges to at 
least 15 kiloyards, a significant percentage of the time. Thank you. 

-  DISCUSSION 

Captain Prypr: Would you tell us what ship speed this is calculated for? 

Mr. Wilson; These figures assume the self noise of a 12^-knot surface 
ship, a destroyer. 
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OPifiilTlOiiAL PROBLIU-JS AND FUTURE RbbEArtCII 
DT,  H. L. Saxton, Superintendent, Sound Division 

Now that it has been shown that a 10-kc equipment is feasible and 
should give an increase in range of about an order of magnitude a high 
percentage of the time, we believe that the Navy will want a low- 
frequency-search equipment on its ships. There are, however, a number 
of questions that need to be answered. First is the question of area 
coverage, since range alone is not enough. Let us suppose that we are 
operating in 2,000 fathoms of water with a vertical beam width of 18° 
between the 10-db down points. We wish to rely on only the central 
portion of this beam with rays between 20° and 30° downward tilt. This 
gives coverage at horizontal ranges of ±U  to 22 kiloyards. However, 
suppose we choose to focus our attention on 15 to 20 kiloyards range. 
If we wait for the first ping to return from 20 kiloyards before pinging 
a^ain, we must wait 25 seconds. Suppose that, instead, we ping three 
times before listening for the first return. We will.hav^ to use three 
different frequencies such as 9.5, 10 and 1Q..5 kc in order that the 
reverberations from the third ping will not interfere with reception 
of the first echo. About 3 seconds elapse between pings, and we can 
afford to train continuously 4-° per ping and still obtain throe returns 
from a single target within- the rotating beam,. The beam is envisioned 
as continuously rotating, then, at-g° per second. The receiving beam 
must- be delayed spatially by about 10° relative to the transmitting 
beam in order to be directed correctly to receive echoes from the 
extension in range for which we arc aiming. If we train from relative 
bearing 060 to 000, then slew to 300, and then train toward the bow to 
000 and so on, we cover the successive areas shown in Figure 27. 

With own ship assumed at 12-g- knots, the extension in r-nge is 15 
kiloyards to 20 kiloyards, or from aj_ to bi at relative bearing 060 in 
the figure. We sweep the shaded area around to the bow, then slew over 
to a2, b2 at relative bearing 300, sweep to the bow again, then slew 
over to a-j, \>-$  at 060 and sweep back to the bow again. This is con- 
ventional procedure except that in the interests of getting higher .; 
speed" and because we can got out almost as far toward the sides, we 
havu swept only 60° each side of the bow instead of the usual 90°. 
Now you will observe that when this is done, by the time that we get 
back to covering the same area again, the second time starting at aj, 
b3, the advance has been such that we have about 4/5 overlap. It 
would hn irnpnHsibln for any target to get through without being 
exposed at least once. If it were moving at 20 knots and timed 
precisely, it might be able to be at a point just beyond maximum 
range on one sweep and teo sweeps later at a point just less than 
minimum r^nge. But we always get at least one chance at it. More- 
over, if the enemy is making any such speed as 20 knots, we ought to 
bo able to pick him up by listening, .and the system should be employed 
for simultaneous lower-frequency listening. 
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The area coverage without gaps is 4.6,5 square miles per sweep in 
a little over U uinutos. That's a sweep on each side — a complete 
coverage on both sides from 60° to the bow, assuming that with the 
five coverages of the same area because of overlap, we have a 75^> 
probability of detecting anything in that area on at least one of the 
several sweeps through. Multiplying this .75 limes the swathwidth 
times own speed, ve obtain an area-coverage rate of 160 square miles 
p^r hour. Assuming that ^HB at the same speed has a 100Jt> probability 
of detection out to 2000 yards, and a 50jt> probability of detection 
from 2000 to 3000 yards, its coverage rate is computed to be 31 square 
miles per hour. There is a difference of about 5 to 1 in coverage rate. 
Wo have here the possibility of a fivefold increase in coverage rate and 
at the same time cove t-age of that area where detection will be in time 
for us to act. We give these results not with any idea of having 
specified an ultimate operational procedure, but rather to enable 
estimating roughly the possible effectiveness of some feasible procedure. 
We conclude that this method looks effective. For official quantitative 
calculations and determination of optimum sweep procedure, we prefer 
to depend on 0EG. 

Another operational problem arises from the desirability of covering 
the surface-bounded duct when it exists. We feel that this should bo 
done, and we envision shaping the transducer beam to permit radiation 
to the duct and to the bottom simultaneously and to permit reception 
from both simultaneously. We suggest that a secondary lobe down 10 db 
might be adequate for the duct, and this would not appreciably decrease 
the energy radiated on the tilted main lobe or the directivity index 
for reception via the bottom. Another solution might be to direct one 
ping in two or three into the duct. 

Another operational problem is that of ship development to utilize 
best the new mode of operation. This I do not intend to go into, but 
the existence of such problems should be pointed out. 

Operator training is going to be difficult unless the controlled 
targets go deep, because operators will otherwise prefer using the 
surface duct and may get into bad habits. That is to say, if our 
controlled targets always remain in the surface ducts, the operator 
will have no occasion to tilt down 30° or i.j°.    Furthermore, training 
in the use of bottom reflection is impossible in the Key West operating 
ar^-a because the bottom there does not reflect. Incidentally, there's 
one good point about having a place where there's no bottom reflection. 
Sometimes you like to know what you get via the direct path only, and 
,-,-.,,    n^   K„    ^nrfiHnnt    +Vm+   i.rhn ^-.Wfr   will   t.<+.   "in   KfiV   Wf:st   iS   Via   the   direct 

path. 

Now I would like to discuss some future research. We are left with 
many research problems. First we must actually work in deep water with 
a submarine target and obtain real echoes before the Navy should be 
willing to go into production on anything. So far no submarine target 
has been available to us in deep water, nor have we until now ccmo to 
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the point where wo wore ready to request such availability. We have 
now requested a 3-wcck Guantanamo trip in November with a guppy 
submarine and additionally a number of overnight trips from Key Vest 
to deep water with a fleet-type submarine. We anticipated, when I 
wrote this, adding convincing proof to our claims which can now be 
based only on calculations. Wo have a lot of pieces which we have 
presented heru which add up to certain rosxilts. But it would be much 
better to g^t real echoes and bring back recordings for you to see or 
hear, whero we had echo ranges via the bottom out to ranges, of say, 
20,000 yards. The latest information is that we probably won't get 
our cruise to Guantanamo which we requested, because of a week which 
la U> bu ü*ed in typo training. This will cut down our total timo to 
4§- weeks and there is no plan at the present time on the part of the 
Navy to provide any trip to Guantanamo. However, to compensate for 
this, ue have feared that the GUAVIity would have to go into an overhaul 
period in December, and it now appears after recent inspection in which 
she was found to be in unusually good condition, that this might be 
delayed until something like March or February at least. This would 
allow us one more operating period before the GUAVINA goes into 
overhaul. Possibly out of the next two operating periods wo shall be 
able to got what we most immediately need. 

There is a question of whether the target strength of the USS 
CHOPPER at 10 kc is characteristic. Ever, if characteristic, it should 
be confirmed. Exercises with the guppy-type and other fleet submarines 
should settle this question. There is the question of mechanism of 
reflection whereby such high target strength is evidenced. Can it be 
corner reflectors as suggested by Dr. Fay of MIT? If so, will an enemy 
have eliminated this type of reflection? Should our submarines start 

eliminating it? 

Some concern has been expressed relative to target classification 
at long range with the thought that spurious echoes might be,confusing. 
If the high target strength is dependable, echo strength may "be a 
sufficient criterion for classification. We certainly have no reason 
to believe that there will be any other targets out there of 30-db 
strength. Furthermore, there is some evidence that 10 kc is not 
reflected from wakes. This may be-helpful. However, research along 
this line, must in our opinion, be accelerated. We have the range- 
rate indicator, which is a sensitive device for indicating echo 
quality and especially for delineating details of frequency shifts, 
Wu have the SSI, which can under favorable conditions show aspect. 
We have both horizontal and vertical SSI with which to escperiment. 
Then thuro is the question of analyzing amplitude modulation. I have 
heru soüo echoes which we have recorded. Mr. Baker will play »WHW of 
the?e echoes while you watch them on an A-scon. 

Mr. H._R._Bgkors (Recordings were reproduced of beam-aspoct echoes 
from the USS SfcA CAT at 11,000 yards range — keying range 15 kiloyards. 
Stern and quarter aspect echoes were also presented from the target 
opening range on a zigzag course.) 
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There is nothing about the modulation of the echoes (Fig. 28) 
that appears striking. There is some variation fron ping to ping, 
but as you listen to echoes they sound steady in tone. 

In Figures 29 and 30, wo go to stern, changing to quarter aspect 
with the target running away from us at the short range of approxi- 
mately 5,000 yards. Note that the echoes are highly amplitude- 
modulated. You'll notice that there appears to be, in many cases, 
just about 10O> modulation. lou can also hear a wavery sound in the 
audio presentation of the echo which gives these variations. If we 
can find out what causes the amplitude modulation and can rely upon 
• j-_     ,       +V.J «   _«■,■,  *v.~.-.rlA^   r.   t|imno   nf   pi nRfii f"i Q.O t.1 fin   of   SOMG 

targets with certain aspects. 

Dr. Saxton: As far as detection is concerned, perhaps the most important 
questions are: "How much further should we go down in frequency?"? 
"What is to be gained?" and "What is the price?" There's no question 
that downward in frequency is the right direction for utilization of 
bottom reflections. How far below 10 kc we should go on our first 
prototype equipment is a matter of speculation. I personally think 
that a moderate gamble would be -profitable, say down to 7 kc. As soon 
as operating time permits, we propose to take data at 7 kc with the 
10-kc equipment, which wc found will put out rather high intensity 
at 7 kc (within a few db of what it will put out at 10 kc.) We 
propose to take data at 7 kc with existing equipment in order to find 
out whether target strength holds up, whether the reflection loss is 
affected (maybe weUl got rid of this 11-db loss observed at 10 kc), 
and whether the wider beamwidth obtainable with the same equipment 
c-n be tolerated. The wider beamwidth in general.means higher rever- 
beration levels. To go much furthor down in frequency than 7 kc would 
almost surely cost in size of equipment. Five kc. is the optimum fre- 
quency for 25 kiloyards, as far as noise limitation is concerned, but 
not greatly superior to 10. There is no reason to go any lower in 
frequency for such a range. For a.ran^ of 50 miles, 2.5 kc is optimum 
but to get 50 miles takes more than lowering the frequency. Let us go 
into this a little more deeply. 

Suppose that we"have an equipment of 5 kc, which will give just 
25 ' 'Vyards. Now we change over to 2,5 kc holding transducer size 
and power constant. This latter equipment loses 18 db from higher 
background noise and wider beamwidths combined and it cannot make this 
up in 25 kiloyards, and cannot get echoes from 25 kiloyards let alone 
50 miles. (It might give echoes over the skip distance, but only in a 

narrow annular ring.) 

Suppose we could double the transducer diameter every time we 
halve the frequency, and at the same time quadruple the power. At 
5 kc (40 kiloyards via the bcttom), operation over 1 skip distance 
should b„' obtained. At 2.5 kc we should get coverage all the way out 
to the first skip distance and ov^.r 4 skip distances or 140 miles. At 
such ranges, still lower frequency than 2.5 kc would offer possible 
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advantage. Now a 12-foot diameter transducer at 2.5 kc docs not seem 
particularly feasible. However, a decrease in size to 6 feet for 
transmission would be acceptable if we could make up the loss oy a 
huge hull-mounted array for reception. Research on both transmitting 
and receiving arrays is called for. I have indicated that we shall 
try 7 kc when our operating tine is available. It looks as though 
this will be early next year. Our 5-kc equipment is contingent upon 
the completion of a 5-kc transducer, 'we have depended to a considerable 
extent on the General Electric Company to supply a 5-kc transducer. 
A preliminary model was for from encouraging since rupture occurred 
at*very low power. Wu have several other approaches such as our cavity 
i'eSuuator-a and I personally helicva that we can be ready to install Dy 
the end of the next calendar year. We propose that this equipment, 
involving a transducer having an activo face of 5-fect diameter, would 
be installed in a destroyer. Looking still further ahead, we envisage 
a 2.5-kc equipment using an array for reception, at least, and possibly 
for transmission as well. We believe that the ranges obtainable would 
warrant operation with own ship at rest and the lowering of an arr^'r 

to perhaps 50-fect depth. A submarine seens to lend itself best tt 
experimental work. A large semicylindricel transmitting transducer, 
and an array giving multiple-fixed bea-is over a total bcanwidth of about 
60° should establish the results obtainable by such an approach. 
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CLOSING REMäRKS 
Rear Admiral C. M. Bolster, 
Chief of Office of Naval Research 

I want to express my appreciation to the Laboratory, to Captain 
Airth, and to Dr. Saxton for this presentation. I think the Laboratory 
should be congratulated on a very fine piece of work and I like the 
approach, I like the matter of fact and down-to-earth way you're going 
at it. I also want to say that I appA-e^iate having the people from the 
Bureaus and Offices all down here together to hear the presentation first 
hand. Getting the word around in this way permits person-to-person 
contacts and discussions, which are essential for progress. If you 
who are outside of ONR and NRL will tell us what you don't like, we'll 
try to do better. Thank you. 
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SOURCE TARGET 

25 Kyds. 

PROPAGATION   IN SURFACE-BOUNDED DUCT 

TWO-WAY LOSS- 20 log IOOO + 20log r + 2(<*,+ <*L)R 

PROPAGATION   OVER   PATH   VIA THE  BOTTOM 

TWO- WAY LOSS ■ 40 loa r ♦ .02 f *R 

Figure 1 

COMPUTATION   OF LOSS   40 log r *.02f2R   OVER PATH 
VIA BOTTOM   AT 10 KC   AND  7 KC 

HORIZONTAL PROPAGATION PROPAGATION 
DEPTH TILT RANGE LOSS (IOKC) L0SS<7KC) 

900f. 15* 13.5 Kyds. 194 180 

I800f 25* 15.5 Kyds. 203 186 

2700« 25* 23.2 Kyds. 227 zoz 

Figure 2 
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Figure 3 

DATE:   7/ll/SI JLM 

Figure 4 
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USS   CHOPPER 
(SS-342) 

USS   GUAVINA 
(SSO-362) 

A" 
B rm 

PING TRANS- 
FROM       PONDER 

GUAVINA       PING 

SUB       TRANS- 
ECHO      PONDER 

PING 

T-T -   C-D 

I1 =   B-A 

.% T * (C-D)+(B-A) 

Figure 10 
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NET  LOSS  ON 10KC OVER  THE  ROUND TRIP 

VIA THE BOTTOM 

HORIZONTAL PROPAGATION REFLECTION TARGET 

DEPTH TILT RANGE LOSS LOSS STRENGTH NET LOSS 

900 ft "•>• 13.5 Kyd». 194 22 32 184 

1800 ft. 25* !5.5 Kyd«. 203 22 32 193 

2700 ft. 25* 23.2 Kyds. 227 22 32 217 

Figure 15 

TO   OPERATOR 

TRANSMITTING 
TRANSDUCER 

-. P + a + 72-NET LOSS 
AND (-15-A) NOISE 

r--l5db NOISE 

,.p + a+ 72 ' 

SUBMARINE    TARGET 

(P + A+72-NET   LOSS)-(-15-A)-f 

P + Zi-i -NET LOSS- 87    (97, 106, !30 db) 

Figure' 16 
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SEA CHEST 

Figure 26 

CONFIDENTIAL 



CONFIDENTIAL 

Figure 27 
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Submarine echoes - bean aspect 

Figure 28 
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Suboarine echoes - stern aspect 

Figure 29 
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Subiüarlae echoes - stern aspect 

Figure  30 
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SUBJECT:   REVIEW OF REF. (a) FOR DECLASSIFICATION 

TO:   Code 1221.1 

^   Code 7100 

(a) NRL Confidential Report #3919 by H.L. Saxton et al, 28 Nov 1951 (U) 

1. Reference (a) reports the proceedings of a symposium on long-range search 
sonar research held in support of active sonar reduction in operating frequency 
following World War II. The major frequency of sonars during World War II was 25 
kHz. The research and development at NRL following the war progressed to 10 kHz, 
5 kHz, and 2 kHz. This report consists of environmental and transmission loss 
measurements. 

2. The technology and equipment of reference (a) have long been superseded. The 
current value of this report is historical. 

3. It is recommended that reference (a) be declassified and released with no 
restrictions. 
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