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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 hecause it provided features of 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 VWest 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 40 interested
representatives of offices and bureaus concerned
with the problem.

Chairman
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WELCOMING REMARKS
Captain F. R. Furth, Director, Naval
Research Laboratory

Rear Admiral Bolster, Rear Admiral Akers, Gentlemen:

We're delighted with the opportunity to present to you this morning
some of the most recent developments in our Long-Range Underwater-Sound
Echo-Ranging Program. We particularly welcome this opportunity to inform
you of these latest developments and also to acquaint you with our needs
for additional ship's services to carry on the work which we have started
and have been carrying on actually for some two years now. Two rather
startling developments have occurred recently. One has to do with the
measurement of target strength at the low frequencies and the other has
to do with cross~correlation and improving the signal-to-noise ratios.
The details on these two new developments will be given to you later on
in the presentation. I also welcome this opportunity to express my
appreciation on behalf of the laboratory to the Bureaus and to the Office
of Chief of Naval Operations, and to, of course, our parent office, ONR,
for the complete support which they have given us in this particular
program.

The long-range-sonar research started out with very little to go on
except the use of parameters which were developed during the war, prior
to the war, and immediately after the war and from those parameters it
was hard to visualigze just what we might be able to accomplish in low-
frequency echo-ranging. However, there was sufficient evidence from the
theoretical studies to give us hope for considerable improvement. We
were not looking for a matter of small percentage improvement in the
values of ranges obtained by World War II equipment; we were looking
for several times these ranges. We were interested in getting really
ocut to long ranges. It was only by the support of the bureaus and the
officers that we were able to conduct this work, and it is gratifying
to report that we have had some considerable successes.



REVIEW OF PROPAGATION PATHS OVER LONG RANGES
Dr. H. L. Saxton, Superintendent of Sound Division

Our effort in long-range search has been stated as aimed at finding
acoustic paths and designing equipment to exploit them. We never under-
took to punch our way into shadow zones by brute force. Efforts in this
direction could only result in incremental improvements, while we were
after an order of magnitude. From time to time persons, including
myself, have stated that 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-bounded ducts
and over paths which include a bottom reflection -~ in both cases to
ranges of 28 miles. The use of pulse transmission was found mandatory.
These paths are shown in Figure 1., The use of such long ranges has
enabled accurate determination of divergence loss and attenuation in
the 5 to 10-ke¢ frequency band. Via the bottom in deep water, the loss
is that of spherical, divergence plus an absorption, the absorption co-
efficient being .01f°. In surface-bounded ducts the loss after the first
1000 yards is approximately that of cylindrical divergence plus attenua-
tion, this attenuation consisting of an absorption, { o, plus a leakage
term, &, value of which depends upon sea conditions, layer depth, and
frequency. The nature of the dependence was presented and explained by
Mr. Urick in the Second U.S. Navy Symposium on Underwater Acoustics last
fall (1950).

The loss found by both paths was very appreciably less than
predicted and anticipated from previous data, and is sufficiently
consistent to permit confidence in range predictions over either path.

The surface-bounded duct is a phenomenon of common occurrence,
arising from a mixed surface layer. If the transducer and the target
are both contained in this duct, it will permit long ranges. With the
present equipment, ranges up to 25 kiloyards have been obtained. There
are two objections to depending upon this duct. First, it is variable
in quality sometimes vanishing altogether, and second, an enemy submarine
may escape detection by diving below the duct.

The use of bottom reflection provides an altcrnative path which
can be depended upon all the year around in some areas, since it is
not subject to variations with sea state and atmospheric conditions.
Furthermore, it is a path to a target at any depth. Ranges out to 15
kiloyards should be reasonably dependable with present experimental
equipment, and no limitation of maximum range is known other than the
limits of the reasonably flat-bottomed portions of the oceans. It
suffers the possible deficiency of introducing a skip distance inside
an annular ring of coverage.



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 kec.
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-refleetion loss and target strength.
NRL has recently acquired, by utilization of its cxperimental 10-kc search
equipment in the USS GUAVINA, experimental data which indicate a reflection
loss and additional data which permit caleulation 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 Prppagation 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.



MEASUREMENTS OVER LONG RANGiS WITH PRESENT EXPERIMENTAL
EQUIPribNT aND TARGET-STRENGTH MEASUREMENTS
R. J. Urick, Propagation Branch

It secmed 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 GUAVINA,

There are obviously two ways to go about this. One is to use an
actual live submarine and obtain echoes from this submarine at liong
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 highly symbolic picture of the
USS GUAVINA with its transducer mountcd 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-intcensity 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 progector; the second is realized by a tilt that
varied between 20° and 30° downward, depending upon the water depth
and the range. With horizontal tilt, closing runs were made from a
range of between 20 and 25 kiloyards. By closing run, I mean a reccording
of all cchoes rcaching 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 db against range from
zero out to 26 kiloyards. Each plotted point is the average of 10 pings
during the approach 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 found, 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 know 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 type. Again the fit is good. The principal objective is to
determine the echo levels from a targct having a torget strength of
somc constant value. This value was taken to be 30 db target strength.
The lowcst plot shows the data of the upper two plots corrceted to 30
db, and at the buse arc 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 ccho levels are 10 or 12 db above the noisc level at 2 knots.

In addition to obtaining these fictitious cchoes 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 examplcs of the
records that werc 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 obtaincd on the GUAVINA. The
bottom record was obtained on the ALBATROSS to detcrmine the equivalent
target strength associated with each falsc ccho. It is important to
notice that all reverberction dies out by 16,000 yards and that the
cchoes, markcd by arrows, appear in a noisc background. The two echoes
arisc from the two acoustic paths that exist; even though the transducer
was tilted downward, we did obtain an echo by way of the surface channel.
The channcl was so good, and the searchlight beam so non-idecal, that thc
horizontally traveling echo was strongcr than the bottom rcflection.

Figure 6 is another record which shows thrce pulses. The first
one (shown by an asterisk) is the reflcction from the hull of the
ALBATROSS., kven though the aLBATROSS is so small in sizc and so shallow
in draft, we did at this renge, 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
clectronically for the purposc of scale calibration. Shown below in
the figure is the record obtaincd on the ALBATROSS.

Figure 7, in two parts, shows a rccord obtcined on the GUAVINA.
It shows successive echocs at a range of 19,000 yards with zero tilt
as the GUAVINA dove telow thc surface layer. The repeated or false
echo is indicated by the arrows. You will notice that this arrowed
c¢cho dies away as the submarine dives below the surface bounded channel.
This is simply an illustration of thc observation that the transmission
in the surface duct seems to be best at a shallow depth.

Finelly, Figurc 8 agcin shows the effect of depth on transmission.
The upper poair of records were obteined with zero tilt and the bottom
pair with 25° tilt. The upper pair (at depths of 60 feet cnd 200 fect
with zero tilt) show that the ccho is markedly affccted diving below
the surface channcl (about 120 feet in thickness.) With 259 tilt, the
bottom reflection remains unaffected.

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



Guontanamo is probably the irregular and stecep slopc of the bottom. The
charts show considerable variations in water depth, in this rcgion. We
were, I think, simply not able in a given situation, to becam the search-
light accurately on & fixed target. Howcver, in four of the five arcas
worked during the week'!s cruise, we did obtain bottom refleccted signals.

Question: How did you measurc thosc variations in depth -- with a
fethometer reading, or were you measuring the stretching out of a pulse?

Mr. Urick: With the fathometer on the GUAVIKA.
Question: Were you measuring gross irreguloritics or fine irregulorities?

Mr. Urick: Just thc gross irregularities in deep water. It is apparcnt
that if the bottom has appreciable slope 1t will send the GUAVINA's
bcam away from the ALBATROSS.

When the bottom reflection was obtained, it was found that thc trans-
mission loss from 600 yards out to a long ronge was about 113 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, wherc we found no loss at
all. The source of that discrepancy is unknown, and is perhaps associated
with the use of nondircctional transducers in thc earlier work.

Figure 9, again with level plotted against range, summcrizes the
data obtained. The crosses are cach an average of 10 pings by way of
the surface duct, obtained with horizontel tilt. The horizontal lines
show the noise background against which the cchoes were obtcined. (1
should stress at this point that the noise background at ranges in excess
of 15,000 yards was consistently self-noise rather than rceverberation.
Reverberations scem to die into noise at about 15,000 yards, so that we
were not "reverberation-limited! at long ronges.) The dots are 10-ping
averages of thc bottom reflecetion. The plotted points have been reduced
to a target strength of 30 db, that is, they are plotted to rcpresent a
target of strength 30 db. This is believed to be a good rough cstimate
of the 10-kec target strength from the new data to bec deseribed later,
The figure shows that the echo of a submarine of strength 30 db at about
30,000 yards in thc surfacc duct would be at the samc level as the noisc.
By way of the bottom reflection, the ccho at about 16,000 yards would be
at the same level as the noise. I shoyld stress that this figure is
entirely obsecrvational, 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 surfacc chapncl echo in lovel and illustrates the apparcnt
loss of ll% db at bottom roflection -~ for which w. havce no explanation.

I would like now teo describe somc very recent measurcments of target
- strength. Having this much information on the cxpected ranges of a
synthetic target, what we would likc to know next is the target strength
of o typical submarine. Wo obtained the services of the USS CHOPPER in
the Key West arca for a 3-day period, and were successful in dectcrmining
the torget strength by @ ncw method. The results were somewhat startling



in that the average target strength turned out to be 32.7 db, which is
approximatcly 20 db higher than the figure that has been used in
cstimates of performance.

Target strength is a measure of the reflecting power of a submarine,
and is cxpressed as the ratio of the reflected intensity to the incident
intensity when the reflected intensity is measured at onc yard. Target
strength as used in sonar is similar to the parameter uscd in radar
(radar cross section), except for a factor of b . Target strength
is, howcver, morc convenient because it can be used dircetly in the
ccho-ronging cquation without troublesome questions of the factor 477 »

Mony measurcments of target strength have been made in tho past,
especeially during World Wer II., Field measurcments as well as theorcvtical,
and optical studics on models huve been made. The data obtuined at sca
on an actual submarine at frequencics of 18 ke and above secm 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 gquite
agree with the field data in that lower values arc found on the bow and
stern; in other words, the ficld measurcments give higher values on off-
beam aspects. Sincc World War II, there have been, to my knowledge, two
additional determinations of target strength in the ficld, one by Woods
Hole and USNUSL jointly, and the other morg recently by NEL on their
cxperimental submarinc USS BAYA., ' :

A1l the field measurcmcnts seem to have been obtained by the same
mcthod which requircs the accurate knowledge of the driving and recciving
sensitivities of the echo-ranging cquipment, plus o knowledge of the
trensmission loss at the time the data werc obtained. This transmigsion
loss could be obtained either by guess work or by ficld measurcment
 during thc target-strength mcasurement,

We have preferred to measurc the target strength directly by a some-
what more claborate method that requircs no knowledge of the transmission
loss or of the cquipment calibrations. It does, howcver, require an in-
stallation and a recording of data on board the target submarine.

Figurc 10 scrves to show the essence of the method. The submarine
on the left is the target submarine, the USS CHOPPER, a guppy-schnorkel
submarine. The one on the right is the GUAVINA, which contuins the 10-
kc ccho-ranging sonar, plus suitable recording geur to rcceive and record
what comes back from the target. A special installation of two hydrophones
wes made on the CHOPPER. One hydrophaone acted as a transponder, scnding
back a constant-intensity delaycd ping on r¢eeipt of the ping from the
GUAVINA. The other hydrophone served to receive both the ping from the
GUAVINA and that from the truonsponder. The two hydrophones were mounted
5 fcet apart as far farward as possible toward the bow of the target
submarine, and both werc nondircotional in the horizontal planec.

The figure shows thc two pairs of idealized pulscs, labeled 4, B, C
ond D. A and B are, rcspectively, the ccho-ranging ping from the GUAVINA



as rceceived on the CHOPPER, and the trunsponder ping sent out a few
scconds later by one of the two hydrophoncs. C and D crc respcctively
the echo from the target and the transponder ping rcecived on the
GUAVINA. The equations below indicate the basic principle of the

mcethod. The differcnce between the unknown torget strongth of the sub-
merine ond the equivalent target strength of the transponder T!' is cqual
to the difierence C-D when expressed in db. The transponder target
strength T' is the differcnce in db between the pulse heights B-A on

the rccord obtaincd on the target. Henece, the target strength is mercly
the sum of the two level diffcrcnces between the two pairs of pulscs when
attention is given to sign. The second cquation taocitly assumes that the
two transducers orc one yard apart; in our case, when they were 5 feet
apart, the corrcetion 20 log 5/3 is required. In summery, it should be
clcar that what is boing donc is to obtuin from the GUAVINA rccord a
comparison of tho submarinc echo with thc spurious echo from the trans-
ponder and from the target-submarine rocord the equivalent target
strength of the spurious ccho.

Figurc 11 is a photograph of the pair of hydrophoncs on the CHOPPER,
mounted on a hexapod about 6 fect above the deck ncar the bow. This
location provided the clearest all-cround acoustic vigw from the
hydrophoncs, with only a 10~ or l5-degrcc scetor aft obseurcd by the
conning towcr.

Figurc 12 is an cxample of the rccords obtained. The top record,
obtuined on the CHOPPER, shows the A and B pulscs. Below it arc the
corrcsponding C and D pulses obtuined on the GUAVINA, plus reverberation.
At the basc are l-sccond timc ticks. Pulse-to-pulsc matching was
focilitated by accurate time checks and the use of manual rcepeat-back on
the transponder to give slightly varying time intervals. On the right
is shown the rccord scele in decibels above an arbitrary refercncc. The
average target strength, the sum of the db differcnces plus the correction
from 5 feet to 1 yard, comcs out to be 42 db for the 10 pulscs shown.

The field measurcments were made during 3 operating days in August
1951 in an arca off Key West, Florida, where the water depth was 100 to
400 fathoms. The GUAVINA circled the CHOPPrR at about a 1000-yard range
while the latter maintained a constant course at a speed of 2 knots.
Bight cireling runs were made with both submarines at periscope depth,
and about 1000 pings were recorded and measured. The comparatively long
pulsc length of 100 ms provided by the 10-kc equipment was employcd.
Note that this pulsc lcngth was sufficicnt to insonify simultancously
the whole of the submarine cven at bow or stern aspects.

PMgure 13 shows onc day's rcsults of submarine target strength
plotted against aspcet for somowhat over two revolutions of the GUAVINA
about the CHOPPER. Each plotted point is the target strength mcasured
from o single ping, differcnt symbols boing uscd for the differcnt times
around. Secveral featurcs shown here arc worth icntioning. One is the
apparcnt abscnec of any pronounced depcndence on target aspect., Another
is the unexpcctedly hich valucs of target stroength, the average of the
valucs plotted here being 36.3 db. A further featurc 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 submorine 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.

411 the data were obtained with horizontal tilt and represent
horizontal "looks" at the target. Considerable time and effort was
spent during 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 arca, 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 ke 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 high,
and that it was surprising to us when it was obtained.

DISCUSSION

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

Mr, Urick: Yes. Dr. Saxton will mention the proposed work at 7 kc. It
will be very interesting to moke similar measurements at a number of
frequencies.

Captain Pryor: 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. Saxton: Yes. Of course, this is at 10 kec. Now at 25 ke, the old
picture is correcct as far as we know.

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

Captain McCains I think therc may have been reverberations.




Mr. Urick: The first pert was rceverberation. This dies of{ very
rapidly; the reverberation background is very low at the time the
echoes arrive.

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

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

10



EQUIPMENT PERFORMANCE REQUIRED
Dr. H. L. Saxton

I would like to add to the picturc 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
botiom reflection and the gain duc to target strength, factors which
have now been covered by Mr. Urick. I want to arrive at some figurcs
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
mecting them. In Figure 15, the threec cases tabulated in Figure 2
arc 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. Urick
mentioned on both the outward and the rcturn 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 havec 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 megns that if we have cn intensity I, at one yard from the
gource, the intensity of the echo which comes back to our rcceiving
hydrophone is at a level below Iy by thc net loss. With an ocean depth
of 900 fcet and 13.5 kiloyards horizontul range, 184 db is lost and the
echo intensity is I, - 184 db.

Let us look briefly at the over-all picture including equipment
and operator. Figyre 16 shows the parts of a complete system. Therc
is shown a power P’ going into the transmitting transducer and an acoustic
power P from the transducer inte 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. And go Iozs P+ o+ 72 is what is sent
out. The power, in traveling te the target and back, suffers a net loss
(tubulated in Figure 15), so the intensity arriving back is what started
out minus this net loss, or P + & « 72 - net loss.

At the receiving transduecr we have the signal and background noise,
the latter at a level of =15 db in a l-ke band at 10 ke at 12.5 knots
ship specd. The transducer has a directivity, A , so that the effective

*A loss somewhat less than 11 db was obpserved.
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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 rcverberations always die down into noise
before the echoes are received. When we had good paths, we obtained
echoes, and the limitation that was found only at very-long range was
duc to noise background since reverberations had completely died out.
If we did not have good channels, we sometimes falled to obtain cchoes
and it is possible that we were reverberation-limited in those cases.
In Figure 16, we have indicated that we have noise masking to combat,
since our interest is in long ranges with acceptably good ducts.

We have indicated that the noise masking level is -15 - £ db.
If the echo level in db (P + T2+ £ -~ net round-trip loss) then equals
the noise-masking level in db by the recognition differential (&),
detection probability on a single ping with the target on the sound-
beom axis is 50%. This is expressed by the equation shown in Figure 16.

(P + 72 + & - net round trip loss)
§-— joud {\
(2‘ A ) J

A more convenient form of the equation involves equipment parameters
only on the left and everything else on the right. This is also shown
in Figure 16 as

P+ 24 -8 = net round-trip loss - 87

If cquipment is to be designed so that P4+ 24 - 1s as high as
fcasible, one quantity which may be the cheapest to improve is 4’ , the
recognition differential. This is defined as the ratio (expressed in
db) of signal having a 50% probability of detecction to interfering noise
in a 1000-cycle band centered at signal frequency. While we have shown
explicitly power rather than energy in our echo-ranging equations,
actually, the amount of cnergy in the pulse is the important thing,
because longer pulses yield higher recognition differentials. We can
do about as well against a noise background with double the pulse length
and half the power. We therefore have no thoughts of going to 0.01
present pulse lengths (except for classification) since this would not
permit inercasing the power a hundredfold or even tenfold.

d for a half-second pulse, with the unaided ear as a detector
(of course, we assume gain and frequency translation), is =13 db in the
Laboratory and perhaps -10 db in the field, which means that we can detect
50% of the time a signal 10 db below the masking noise in a 1000-cycle
band. Efforts to improve on the ear have gencrally led to complicated
systems. The most recent development along this line is relatively
simple in construction and I will now call on Mr. Bayston who has
superviscd the cxperimental work, to describe this development.
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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 problen
of extending the detcction range is the development of reception
cquipment and techniques which will give the maximum recognition
differential. Any improvement that we can obtain in the recognition
differential reflects a corresponding improvement in the detcction
range; and, conversely, anything less than maximum detection efficicncy
will rob an otherwisec good sonar system of much of its cfiectivcness.
We, in the Reception Unit, arc primarily concerncd with this problen
of devcloping reception techniques and reception cquipment which will
give us the maximun possiblc rccognition differcntial. Since we are
not thc only ones in the Sound Division that are working on this problen,
we have confined our own efforts to an area in which I believe there is
little work becing donc elsewhere. We have been concerned primarily with
2-channcl receivers or phase-scnsitive devices such as right-left in-
dicators, binaural recceivers; and sector-scan indicators.

Some of you may be familiar with the sector-scan indicator, or SSI.
It was used in the typc-A intcgrated-sonar system which was devecloped
here at the Laboratory and underwent sca trials on the USo FOSS. The
S5I is also used as a basic part of the XDG sonar system now undergoing
sca 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,
for c-w signals. Exactly how it handles c-w signals was understood 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.

The SSI was originally developed and used as a train-error or
bearing-crror indicator. It indicates the angle off thc axis from
which the cnergy is being reccived by the transducer. I would like to
sketch briefly what happens to a c-w signal in the SSI as a basis for
understanding what happens with noise. Figure 17 is o simple block
diagram of « typical SSI. Since this is a 2-channel device, it uses
a split transduccr and the signal frequency at the input of the SSI is
indicated as F,. This is amplified by conventional SF amplificrs. The
two signals are then mixed in two mixers by two local oscillators at a
slightly different frequency, oscillator 1 being at frequency Gp and
oscillator 2 being at some frequency G,. The intermediate frequency
selected is usually the difference between the oscillator and the in-
coning signels, to give a signal in the upper IF of G; - F,, and a signal
in the lower IF amplificr of Gy - Fo. The signals at the output of the
IF amplificrs arc mixed in a third convertcr to give an output. The
differcnce frequency is usually selected herc as the frequency desired.
This difference frequency becomes Gp - G2, ¥ou will notice the fre-
quency here, G} - G2, is independent of the incoming frequency Fg.
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That neans regardless of what the doppler is, the frequency out of the
third mixer is always G] - G2+ In the conventional usec of the SSI,

this frequency, G - G2, is sent through a videco amplifier where it is
linited and differentiated to mcke brightening pips which arc applied

to the control grid of the cathode-ray tube. The two local oscillators
arc also nixed (Mixer No. 4) to give a frequency G] -~ G2, and this
diffcrence frequency is sent through suitable amplificrs to synchronize
o horizontal swccp on the cathode-ray tube. Sinece the frequency of the
horizontal sweep is G - G and the frequency at the brightening grid is
Gy - Go, we shall get one brightening pip fo¥ cach horizontal sweep. It
follows from the theory of thosc mixers thot any change in phase between
the two input signals will result in a change in phase of the brightening
pips (with refercnce to the sweep) by the same amount. Conscquently, we
have a phasc-indicating deviec which operates as a train- or bearing-
error indicator.

To this point, handling of the signal plus the noise in the signal
channels 1s fairly straightforward. But wc werc not too surc about what
happens at the output of this third mixer -- just exactly what happens
to thc signel and noise ratio. I've indicated a narrow band filter at
this point in the circuit. The use of that filter is what we'vc been
studying just reccently.

When these sector-scan indicators are operated in the field with
the gain turncd up to a point to where they brighten on background noise,
or ambient-water noisc, thc brightening appears to be positioned quitc
randonly. In order to simulate in the laboratory so that wce could
evaluatec these devices, we had two possible approaches. We could use
a simnulcted noise in which we devised some scheme to shift the phase of
the noise randomly in onc of the chunnels to give us a random brightcning
or we could usc two indcpendent noisc gencrators. The sccond method was
the one that we adopted, that of using two independent noise generators
to supply noisc to each of these channcls to simulate ambient-water noise
or background noise. This mcthod results in a display on the SSI that
very closely duplicated that obtajned under actual operating conditions
at sea. This leads to o lot of thought about the type of noisc in the
water at the two halves of the transduecr. We have more or less come
to the conclusion that the noise is t9 a great extent incoherent, or
uncorrclated, between the two halves of the transducer for the frequencics
that we usually use in the sizes of the transducers normally cmployed.
As prcviously aentioned, we undertook o study of what happens to the signal
and the noise at the output of Mixer No. 3.

We attenpted to analyzc the output of that filter with a spectrum-
analyzer to ascertain what sort of distribution we had in frequcency
and noise. The rosults were not very satisfactory. So as a first
step we uscd two independent noise bands, onc centered at 9 ke and onc
centored at 14 ke, mixed them together in a simple mixcr, and analyzed
its output with a spcctrum analyzer to find the frequency distribution.
Figurc 18 shows the results of the spectrum anglysis. It shows the
difference frequency bend at 5 ke, the two original bands of frcquencics,
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and a fourth band of intrachannel noisc -~ 2 low frequency band duc to
the noisc in cach channel beating with itsclf to producc low-frequency
conponents. The reason we did not have much succcss in analyzing an
earlicr SSI was that the difference frequency was low compared to the
signal-channel bandwidth; conscquently, the difference-frequency band
was masked by thc low-frequency noise. This differcence~frequency band
of noisc as it coucs out of the mixer is approxinmately twice as wide as
the original bands of noise at the original frequency.

The result of inserting a c-w signal with the two original bands
of noise is shown in Figurc 19. The spikes shown reprcsent the c-w
signal that was centered at 9 ke and at 14 ke to give us a diffcrence
frequency signal of 5 ke. It is intercsting to note that as we analyzed
all bands with tho 2-cycle band analyzer filter we got signal-to-noise
ratios in the same order of magnitudes at the differcncc frequencics
as in the two original bands.

With this in mind, we took an existing SSI and modified it to
raise the differcnce frequency out of the intrachannel noise. The
original equipment had a difference frequency (differcnce in IF channcl
frequencies) of some 400 cycles. The diffcerence frequency was fairly
well masked by the intrachannel noise. A differcencc frequency of 4 ke
brought the signal out of that noise and gave o reasonable distribution.
Figure 20 shows the distribution of the noisc resulting from incohcrent
noise fed into the input of thc SSI, It shows thot this noisc is dis-
tributed symetrically about the differcnee frequency.

At this point we inguired as to what happencd to o coherent noise,
or a target noisc, introduced into the SSI. The SSI works very well on
screw noiscs, which indicates that these noises must be coherent. So
we introduced a cohercnt noisc into the input of this modified SSI along
with the incohcrent background noisc and again scanned the output of the
third nixer with ¢ spectrum analyzcr. Figurc 21 shows the cohcrent
noise abovc the incohcrent noise. Note that the noise-to-noise ratio
at thc input of the 551 was unity, or zero db -- that is, the cohercnt
noisc and the incoherent noise werc both of the same value. At the
output of this 2-cycle filter we got an increase in the noise-to-noise
ratio in the order of 18 db which shows the troumendous improvement that
can bc obtained by this SSI bceause it concentrates, or stacks nearly
all the energy from the cohercnt noise into a single-frequency band at
the difference frequency. The incoherent noise is still spread about
in a band that is twicc as wide as the original IF band so that a narrow
filter placed after the second detector cen reject most of it and give
us a decided improvement in the noisc-to-noisc ratio.

Figure 21 shows the results of broadening the bandwidth in order
to confirm some points on a curve so that we could develop a thecory or
develop the mathematics for this phenomenon. We opened the sound-
channel bandwidth of this modificd SSI (originally 500 cycles) out to
2 ke. You notice with the wider bandwidth, thc difference frequency
now begins to fzll and be masked by the intrachannel noisc from each
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channel. But at this point, we get an improvement in the order of
20-22 db in a 2-cyclc band. Now Figurc 23 shows thc results of
opcning up the bandwidth to 4 ke with a 4-kec diffcrence freguency.
Ve arc now getting into troublc with the noisc from cach channel
nasking the difference-frequency noisc. Neverthcless, we get an
ifuprovencnt that is in the order of 25 db or so.

We built a filter to go in the output of Mixer No. 3, a narrow
filtcr which had variable bandwidth, and exanined the output for noisc-
to-noisc ratios to deternine the improvement that could be obtaincd.
The lower curve of Figure 24 shows an IF bondwidth of 50 cyeles, and
o norrow filter bandwidth of from 4 to 10 cycles. 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 2/ 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 advantaze 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 G; - G at
the output of Mixer No. 3. Therefore, we can put in at this point a
filter witn a bandwidth that is optimum for the pulse length we are
using. For example, for a 3~second Hulse, 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. 5o 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, ir 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~cycle 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 tuke the out-
put of the third mixer, in which the two IF outputs are mixed, and pass
it through the narrow filter jnto a balanced mixer in which it is mixed
with the reference frequency obtained from Mixer No. 4 to get a zero-beat
phenomena in which the balanced mixer tukes out any output due to the

16



reference frequency and leaves us only an output due to the difference-
frequency components. The noise components wnich lie on either side

of G; ~ Gp, and those noise components thut lie at Gy - Gy will cause

a distribution at the output of the balanced mixer from dc out to some
frequency determined by the narrow filter. A low-pass filter then can
be placed at the output of the balanced mixer to exclude the noise
components that lie on all frequencies except G; - Gy to give us the
resulting improvement in our recognition.

Dr. Saxton has developed a mathematical treatment for this device
in which he shows that,; if the mixers are square-law devices, the
products we get out are the same as that of the correlation function.
This low-pass filter, of course, acts like an integration device and
avcraging device as is necessary in the correlation function. I do
not have any data on the balanced mixer in a form that I can present
at this time, but we have made a few experiments with this type of
circuit and we get an output that resembles very closely the output
that we would expect from a true correlation device. As I mentioned,
the only concrete data that I have so far in the laboratory is the
recognition differential result of -18 db. These results have been
partially confirmed in the field by an SSI on the USS GUAVINA and an
5SI on the USS Seh CAT, I say "partially confirmed" because the only
field data we have on this device is qualitative. I have a report from
the SwA CAT that the modification to the SSI to give this type of circuit
resulted in "a manyfold increase in sensitivity," but exactly what that
means in range or db, we have not determined.

DISCUSSION

Dr. Saxton: I have, perhaps a littlc later word on results obtained by
the SEA CaT. We were able to track a target to 11,000 yards on 24 kc
with this device which range is better than double what was usually
obtained with the previous equipment.

Captain Pryor: Were you using propellers?
Dr._ Saxton: Using propellers, listening.

Captain Pryor: Were you using the frequency spectrum of the propellers
as your signal?

Dr. Saxton: Yes, at 24 kc. That seems to me to be the longest range
I've cver heard of at that particular frequency which is not a good
frequency for obtaining long range.

Mr. Bayston has presented the material that we thought appropriate
for this meeting and we feel highly encouraged by the results of this
device. We know quite a bit more about it than what has been given; we
know enough now to write a fairly comprehensive report and one will be
forthcoming.

A review of background data which includes reports on the two high-
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lights has so fur been presented. Now let us ask the question, is it
feasible to build 10-kc equipment for the flect which will give the
long ranges via the bottom? Can we at the same time exploit surface
bounded ducts when they exist? For a discussion of these qucstions,
I now call on Mr. Wilson, the Head of our Sonar Systems Branch.
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PRACTICALITY OF 10-KC S0WAR SYSTEM
M. S. Wilson, Sonar Systems Branch

A practicul sonar system for long-range search is possible using
presently known techniques. We have had some six months experience
operationally, with the experimental 10-kc sonar system installed on
the USS GUAVINA in the Key West area. The performance of this sonar
has been reported and you no doubt are well acquainted with the fact
that relatively long-range contacts arec consistently observed. The
purpose of this discussion is to outline a practical system based on
our experience with the GUAVINA installation and to project our ideas
toward a surface ship installation.

I intend to outline for you the simplest sonar system required for
obtaining relatively long ranges, say 15 kiloyards. I wish to stress
that there are many ideas which I shall not include, even though they
might add somewhat to performance, in order to keep this system simple.

Figurc 25 shows a block diagram of a complete but simplified system.
The electronic portion can be built into three main stacks composed of:
1) thc Operator's console, which can be remote from the rest of the
equipment, 2) a rack for the receiver and SSI, and 3) a rack for the
high-power driver. Other necessary equipment not requiring rack-type
mounting includes the rectifier and blower, the energy storage and the
control equipment, and the train and tilt gear. The transducer and
transducer housing will be discussed a little later.

The electronics is relatively simple and imposes no great problem
of training and maintenance. A receiver is shown which can be as simple
as a straightforward audio channel, or the morc complex configuration of
a multichannel design. The SSI is shown since it can obtain a high
recognition differential with very simple circuitry. The transfer relay
unit is a simple relay and is shown separately only to illustrate its
function. A program search control is a siaple mechanical means of
assuring even search coverage with minimum attention and fatigue of
the operator. The driver is capable of high power and long pulse length.
There are no problems associated with the electronics since the prescnt
state of the art is adequate for immediate production. The interest in
this portion of the system lies in the energy-storage function. We have
been successful in using either electrical storage in capacitors or
mechanical storage by means of a flywheel on the generator. Probably
the latter would be superior for Fleet use because of weight and space
factors 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
the future solution of this problem will no doubt consist of hull-
mounted hydrophoncs, arrays for listening, and a nondirectional trans-
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mitting transducer. The immediate solution probably requires a single
transducer for both functions and its associated train-tilt-hoist
mechenism in a dome. See Figure 26.

If it proves feasible to tow a fish capable of housing a 3-foot
transduccr, it may offer an attractive altcrnative. In this discussion
howcver, 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 studics,
both theorctical and at sea, with cxperimental equipment aboard the
USS GUAVINA, from which studies, performance of the proposed systen
cen closely be anticipated. In surface-bounded channcls,; one would
expect at least 20-kiloyards rangc with the target in the duct.
Targcts below the channel present a more difficult problem and the
ccho ranging path via the bottom appears the only acoustic path getiing
sufficient encrgy to the terget and back. Wé now have experimental
evidence of the loss encountered by this path and if we put figures in
our cquation for this path we can closely predict performancc.

What is required has been shown by Dr. Saxton. You will rccall
that for l5-kiloyards horizontal range 106 db total must be obtained
using a frequency of 10 kc. The equipment p.rcmetcrs of this proposed
systcm are the power (48% db), twice the directivity index (50 db), and
a recognition differential of -13 -- aduing to 111 db total. This total
thercfore means that the equipment should be fully capable of dcetecting
a target bolow the channel out to a range of at least 15 kiloyards with
some 5 db to spare. With a =20 db rccognition diffecrential, using
cquipment described by Mr. Bayston, this will give some 12 db to sparc.
However, it would not recach out to 23 kiloyards in decp watcr at 1Q ke,
As Dr. Saxton implied, by lowering the frequency, we might lose a bit
on the cquipment paramcters (a few db), but we would be able to reducc
the figurc which equipment perametcrs have, to total for 23,000 yords
range from 130 db to 105 db which could be obtained with the simple
proposcd system.

In conclusion, a sonar system can be built at the present time
which will detect torgoets well beyond present 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, o significant percentage of the time. Thank you.

DISCUSSION

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

Mr. Wilson: These figures assume the sclf noisc of a 12-knot surface
ship, a destroycr.

20



OPERATIONAL PROBLEMS AND FUTURE RESEARCH
Dr. H. L. Saxton,; Supcrintendent, Sound Division

Now that it has been shown that a 10-kc equipment is fcasible and
should give an incrcase in range of about an order of magnitude a high
pereentage of the time, we believe that the Navy will want a low-
frequency-search equipment on its ships. Therc are, howcver, o number
of qucstions thot need to be answered. First is the question of arca
coverage, since ronge alonc is not enough. Let us supposc that we are
operating in 2,000 fathoms of water with a vertical beam width of 18°
betwecn the 10-db down points. We wish to rely on only the central
portion of this beam with rays betwcen 20° and 30° downward tilt. This
gives coverage at horizontal ranges of 14 to 22 kiloyards. However,
supposc we choose to focus our attention on 15 to 20 kiloyards raonge.
If we wait for the first ping to return from 20 kiloyards before pinging
azain, we must wait 25 seconds. Suppose that, instead, we ping threc
timecs before listening for the first rcturn. We will have to usc three
different frequencies such as 9.5, 10 and 10.5 ke in order that the
reverberations from the third ping will not interfere with reccption
of the first ccho. About 3 scconds elapse between pings, and we can
afford to train continuously 4° per ping and still obtain threc returns
from a singlc target within thc rototing beam. The beam is cenvisioned
as continuously rotating, thcn, at $° per sccond. The receiving beam
must be delaycd spatially by about 10° relative to the transmitting
beam in order to bc direccted correctly to receive ecchoes from the
extension in renge for which we arc aiming. If we train from relotive
bearing 060 to 000, then slew to 300, and then train toward the bow to
000 and so on, we cover the successive ereas shown in Figure 27.

With own ship assumed at 12% knots, the extension in runge is 15
kiloyards to 20 kiloyards, or from aj to by at rclative bearing 060 in
the figure. Wec sweep the shaded arca around to thc bow, then slew over
to ay, by at rclative bearing 300, sweep to the bow again, then slew
over to asz, bj at 060 and sweep back to the bow again. This is con-
ventional procedure except that in the interests of getting higher
specd, and becausc we can got out almost as far towurd the sides, we
have swept only 60° cach side of the bow instcad of the usual 90°.

Now you will observe that when this is done, by the time that we get
back to covering the same arca again, the sccond time storting at as,
b3, the advance has been such that we have about L/5 overlap. It
would be impossible for any target to get through without being
exposcd at least once. If it were moving at 20 knots and timed
prceisely, it might bc able to be at a point just beyond maximum
range on one sweep and two sweeps later at a point just less than
minimun range. But we always get at least onc chance at it. More-
over, if the cncmy is moking any such speed as 20 knots, we ought to
be able to pick him up by listening, and the system should bc employed
for simultuneous lowcr-froquency listcning.
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The arca coverage without gaps is 46.5 squarc miles per sweep in
¢ little over 4 ainutes. That's a swecp on cach side -- a completc
coveragc on both sides from 60° to thc bow, assuming that with the
five coveruges of the same area bocause of overlap, we have a 75
probability of detceting anything in that arca on at lcast onc of the
scveral sweeps through. Multiplying this .75 times the swathwidth
times own speed, we obtain an arca-coverage rate of 160 square miles
pcr hour. Assuming that QHB at the same speed has a 100% proboability
of detection out to 2000 yards, and a 50k probobility of detcction
from 2000 to 3000 yards, its coverage ratc is computed to bc 31 squarc
miles per hour. There is a difference of about 5 to 1 in coverage rate.
We have herc the possibility of a fivefold inecrcase in coverage rate and
at the same time coverage of that arca wherc detcction will be in time
for us to act. We give these results not with any idec of having
specified an ultimate operational procedure, but rather to cnable
cstimeting roughly the possible effectivencss of some feasible procedurc.
We conclude that this method looks cffcctive. For official quantitative
calculations and determincition of optimum swecp procedure, we prefer
to depend on OEG.

Another opcrational problem ariscs from the desirability of covering
the surface-bounded duct when it exists. We fecl that this should be
done, and we envision shaping the transducer beam to permit radiation
to the duct and to the bottom simultincously and to permit reception
from both simultuneously. We suggest that a secondary lobc down 10 db
might be adequate for the duct, and this would not appreciably decrcase
the energy radiated on the tilted moin lobe or the dircctivity index
for reception via the bottom. Another solution might be to dircet one
ping in two or threc into the duct.

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

Opcrator training is going to be difficult unless the controlled
targets go deep, becausce operators will otherwisc prefer using the
surface duct and may get into bad habits. That is to say, if our
controlled targets clways remcin in the surface ducts, the operator
will havc no oceasion to tilt down 30° or 25°. Furthcrmore, training
in thec usc of bottom reflection is impossible in the Key West operating
arca becouse the bottom therc does not reflect. Incidentally, there's
onc good point about having a placc where there'!s no bottom reflection.
Somctimes you like to know what you get via the direet path only, and
you can be confident that whatover you get in Key West is via the dircet
path,

Now I would likc to discuss some future rescarch. We are left with
mony rescarch problems. First we must actuclly work in deep water with
a submarine torgot cnd obtain real cchoes beforc the Navy should be
willing to go into production on anything. So far no submarinc target
has been available to us in deep water, nor have we until now come to
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the point wherc we were ready to rcqucst such availability. We have
now rcqucsted a 3-week Guantenamo trip in November with o guppy
submarinc and additionally o number of ovcrnight trips from Key West
to decep water with a flcet-type submerine. We anticipated, when I
wrote this, adding convincing proof to our claims which can now be
based only on cclculations. We have a lot of pieccs which we have
presented herc which add up to certain results. But it would be much
botter to get real cchocs and bring back rccordings for you to scc or
hear, where we had ccho ranges via the bottom out to ranges, of say,
20,000 yards. Thc lotest information is thet we probably won't get
our cruisc to Guantanamo which we requested, because of a week which
is to bc used in type training. This will cut down our total time to
/% wecks and there is no plen at the present time on the part of the
Navy to provide any trip to Guantanamo. However, to compcnsate for
this, wc have fearcd that the GUAVINA would have to go into an overhaul
period in December, and it now appesrs after recent inspcetion in which
she was found t¢ be in unusually good condition, that this might be
delayed until somcthing like March or February at least. This would
allow us onc morc opcrating period before the GUAVINA gocs into
overhaul. Possibly out of the next two opcrating periods we shall be
ablc to get what we most immediatcly need.

There is a qucstion of whether the target strength of the USS
CHOPPER at 10 ke is characteristic. Even if charactcristic, it should
be confirmed. Exercisus with the guppy-type and other flcet submarincs
should scttlec this question. Therc is the question of mechanism of
reflection whereby such high target strength is evidenced. Can it be
corner rcflcctors as suggested by Dr. Fay of MIT? If so, will an cnemy
have climinated this type of reflection? Should our submarincs start
eliminating it?

Some concern has been expressed rclative to target classification
ot long range with the thought that spurious echocs might be confusing.
If thc high target strength is dependablg, ccho strength may be a
sufficient criterion for classification. We certainly have no rcason
to belicve that there will be any other targets out there of 30-db
strcngth. Furthermore, therc is some evidence that 10 ke is not
reflceted from wakes. This mcy be helpful. However, rescarch along
this line, must in our opinion, bec accclerated. We have the ronge-
rote indicator, which is a sensitive device for indicating ccho
quality and especially for delineating dctails of frequency shifts,

We have the SSI, which can under favorable conditions show aspect.

We have both horizontal and vertical SSI with which to expcriment.
Then there is the question of anolyzing amplitude modulation. I have
here somc echocs which we have recorded. Mr. Baker will play somc of
these echocs while you watch them on an A-scan,

Mr. H, R. Baker: (Recordings werc repraduced of beam-aspcet echocs
from the USS SkA CAT at 11,000 yards range -- koying ronge 15 kiloyards,
Stern and quarter aspect gchoes were also presentcd from the target
opening range on a zigzag course.)
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There is nothing about the modulation of the cchoes (Fig. 28)
that appcars striking. Therc is some variation from ping to ping,
but as you listcn to echocs they sound steady in tonc,

In Figurcs 29 and 30, wc¢ go to stern, changing to quartcer aspect
with the target running awcy from us at the short range of approxi-
mately 5,000 yards. Note that the cchoes are highly amplitude-
modulated. You'll notice that there appears to be, in many cascs,
Just about 100% modulation. You can also hear a wavery sound in the
audio prescntation of thc echo which gives these varictions. If we
can find out what causcs the amplitude modulation and can rely upon
its occurrence, this may provide o mecans of classification of some
targets with certain aspects.

Dr. Saxton: As far as detection is concerned; perhaps the most important
quustions arc: "“"How much further should we go down in frequency?";
"What is to bc gainced?" and "What is the price?" There'!s no question
that downward in frcquency is the right direction for utilization of
bottom rcflections. How far below 10 ke we should go on our first
prototypc cquipment is a matter of spcculation. I porsonally think
that a moderatec gamble would be profitable, say down to 7 kc. As soon
as opcrating time permits, we propose to toke data at 7 ke with the
10-kc cquipment, which we found will put out rather high intcnsity

at 7 k¢ (within a few db of what it will put out at 10 ke.) We
proposc to takc data at 7 ke with oxisting equipment in order to find
out whether target strongth holds up, whether the reflcetion loss is
affcoted (moybe we'll get rid of this 11-db loss obscrved at 10 ke),
and whether the wider bcamwidth obtainable with thc same cquipment

can be tolerated. The wider beamwidth in goneral means higher rover-
beration levels. To go much further down in frequency than 7 ke would
almost surecly cost in size of cquipment. Five ke is the optimum fre-
quency for 25 kiloyards, as far as nolse limitation is concerncd, but
not greatly supcrior to 10. There is no rcason to go any lower in
frequency for such a range. For a rangc of 50 miles, 2.5 ke is optimum
but to get 50 milcs takes more than lowering the frequency. Let us go
into this a little more decply.

Suppose that we have an equipment of 5 k¢, which will give just
25 kiloyards. Now we change over to 2.5 kc holding transduccr size
aend power constant. This latter equipment loses 18 db from higher
background noisc and wider becamwidths combined and it cannot moke this
up in 25 kiloyards, and cannot get cchoes from 25 kiloyards lect alone
50 miles. (It might give echocs over the skip distance, but only in a
nerrow annular ring.)

Suppose we could double the transducer diameter every time we
halve the frequeney, and at the same time quadruplc the power. At
5 ke (40 kiloyards via the bottom), operation over 1 skip distance
should b: obtaincd. At 2.5 ke we should get coverage all the way out
to the first skip distance and over 4 skip distenccs aor 140 milcs. At
such ranges, still lower frequency than 2.5 ke would offer possible
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advantage. Now a 12-foot dicmeter transducer at 2.5 ke docs not secm
porticularly fceasible. However, a decrcasc in size to 6 fect for
tronsmission would be aecceoptoble if we could moke up the loss by a

huge hull-mountcd array for rcception. Rescarch on both transmitting
and receiving arrcys is called for. I have indicated that we shall

try 7 kc when our opecrating time 1s availablc. It looks as though

this will bc carly next ycar. Our 5-ke cquipment is contingent upon
the completion of a 5-ke transduccr. We have depended to a considerable
extent on the General Elcetric Company to supply a 5-kc transducer.

A prelininery modcl was far frowm cnecouraging since rupturc occurrcd

at vury low power., We have scveral other approaches such as our cavity
rcesonators and I personally belicve that we can be ready to install by
the cind of the next calundar ycar. We proposc that this equipment,
involving a transducer having an activce facc of 5-fect diamcter, would
bc installed in o destroyer. Looking still furthor shead, we cnvisage
a 2.5=ke equipment using an array for rceception,; at least, and possibly
for tronsmission os well. We believe that the ranges obtainable would
warrant operation with own ship at rest and the lowcring of an array

to pcrhaps 50-fcct depth. 4 submarince secms to lend itsclf best to
cxperimental work., A large semlcylindrical transmitting transducer,
and an array giving multiple-fixced beams over a totcl beamwidth of about
60° should cstablish thc results obtzinablc by such an approach.

R5



CLOSING REMARKS
Rear Admiral C. M. Bolster,
Chief of Office of Naval Research

I want to express my appreciation to the Laboratory, to Captain
Furth, 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 appreciate having the people from the
Bureays 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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SEA CHEST
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Submarine echoes - beam aspect
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Submarine echoes - stern aspect

Figure 29



Submarine echoes - stern aspect
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