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Foreword \

There is well under way at the Naval Rsssarch Laboratory a
comprehensive, promising, and vigorously prcsscuted Pro-Submarins
Sonar Research and Developmental Program that should be more widely
recognized and understood within the Naval Ssrvice. The following
paragrsphs state in nontechrical language the aims and sketch the
nature, content,and prezent status of this program.’
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I. SCOPE AND CONTENT

The pro-submarine ressarch and developmental program of the Scund

1.
Division of NRL, now well underwsy, has been gredually moulded to its

Vé' :. present content through conversetions with submerine of ficers havirg
' combat experience end a study of reports dealing with entisubmarine
attack procedursa. This progrem sims to:

a. Improve search by extending the listening range.

b. Strengthen attack by supplying beiter target range and
bearing dats and determining the course of the target.

c. Reduce the hazard imposed by mines snd mine {ield by supply-
ing improved ways and meens of deteciing and locating small
objects.

d, Detect the presences and bearing of approaching torpedoes.
] e, lelp determine escaps procedure by providing visusl indicetion

(PP1) of the bearing and approximate range of the attacking
ship or ships.

2. The underlying reasons that have determined the nature and content
of this progrem end a simple word description of the component perts
follow in turn. o

A. Increasing Ssarch Range

3. Extension of the present submarine seerch range zust be accomplished
through impioved ways snd means of detecting by listening %o the scund
generated bty the target, since & submarine csucot risk diselosing its
presence and whereabouts by prolonged echo ranging. The approxirete
range to which a target cen be detected is reachsd when the intensity

of the "signal® (the sound received from the terget) oquals the intensity
of the "noise™ (the sound received from sourcss cther than the target).
Stated more technicelly, the target can be detscted as long as the
signal-to-noise ratio exceeds unity. It follows that sxtensiocm of
gsearch renge rust be sought through development of equipment that in-
creases the sigrnel-to-noise ratic over and neyorid thet given by pre-
.&ent submarine listening equipment.

RESIHETED -4
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4. The signel-to-noise ratio is'influenced by several fectors, of
which the more important are:

a. Character of the sound generatec by the target.
b. Attenuation of 'the target sound in tvansit.

¢. Character ardorigin of the various compunents of the looal
sound field to which the receiver is exposed.

d. Directivity, location, and sensitivity of the receiver.

e. Distortion of the signal path from linearity in the vertical
plane.

f. Response of the receiver-smplifier end of ths sound reproducer
&s & functior of frequenoy.

Extension of the search range rust be sought® through e consideration
of and a proper weighting of the part played by each of these factors.

5. Sound generated by the propellers forms %he major part of the
totel sound output from the target. Analyses of <he propelier socund
of surface ships steaming at standard specd sliow a substentially
continuous spectrum extemding throughout the =udible and far into the
supersanic ranpge of frequencies. The intensity tends toward a broad
end somewhat indefinite meximum within ths frequency bend 0.8 - 3.0
kilooycles, '

€. Attenuation of the target sound in trepsit results from ebsorption
due to the viscosity of the medium and to scettering cauved by ite
leck of homogeneity. The loss from both causes vcan be roughly expresssd
a8 proportional to the three-halives jower of the freguency. Loss of
signal intensity in trensit is of little consequsne at the shorter
ranges employed in attack procedures, but suei less beconms & poteant
factor in determining long-range detection iimitis.

7. The cheracier of the local sound field to which & receiver mounted
forward of the coaning tower is exposed while the submerine makes from
4 to 6 knots submerged ¢iffers from the gound genereted Ly the target
in three respects ss {ollows: '

&. The overall intensity is decidedly less.

b. The intensity vs frequency curve givcs more emphasin to the
sonic than ftc the supersonic part of ths spectunm.
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c. The meximum intensity tends to full within the freguency
band 0.1 - 0.3 ke, which is notioesebly lower than the
corrasponding band for the sound from the terget.

8. A considerable part of this sound field originetes nt the pro-
pellere, which gererate relatively weak supersornic componsnts because
cavitation does not occur within this low speed range. The propsller
sound reaches the receiver meinly by three peaihs; aﬁ'by refraction
around the hull, b) ty reflection from the ssa surface, and 2) by
reflection from the sea bottom. :

9. The portion of propeller sound refractec around the lwmll arrives
from a direction astern and emphesizes the low frequency end of ths
propellier spectirurm. This component, for a top-site mounted receiver,
is relatively wesk &5 compsred with the surfecs-reflected component.
It is also wesk &5 compsred with the bottom refiected component for
& keol-mounted receiver except when operstingin deep webter.

10. The reflected compouents traverse a vertical plane that lucludes
the keel. They arrive et %¢he receiver from s direction astern of the
vertieal that depends on the distance Letwaen the reflsciing surface

snd the ship's hull in accerdence with the relstions

tan { = b/n (1)

where(?)is the angle which the surfece or bottom-reflectsd component
of the propeller sound makes with the verticel, (b) is half the
distance separeting the vropellers and the receiver, ard {h) is the
vertical distance from the subrerine to the refilscting surfuce.

11. In practice {b) epproximates 100 fest. Therefors, at shoal
submergence(qyapprcximatss 45° for the surface-raflected component,
and at desp submergorce -- sey 400 feet ~- this angle shrinks to about
15°. It may bz noted that the surface-reflscted componeants piesr mo
importent part in detsrmining the cheracter ot e receiver best suited
for the subljeet purpose, because reception of threse relatively intepse
surfece schoss rusi be svoided ©o minimise ohe woise baciground.

12. The locsl sound field to which the recaiver is exposed also contains
components gensrated by the flow of weler : +ths ventsd deckiung,

bow planes, uprights, =nd the receiver doms ¢i rousian, together with
hull-radiated sound genersted by suxilisry mechinery. The points of
origin and the intensity of tbese somewiat ruoder components ¢f the local
sound field varies from ship to ship. Tney osn bz controlled within
limits through proper hull dssign end thelir influsnce minimired by
proper form and location of the receiver.

SECRET -6=
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13, These consideratione lead to the conclusion that at long ranges
the ratic at the reczeiver of the intensity of the sound field from
the target to that of the locally generated souné field inereases as
the pitch of the reception band is lowered, and that +the maximunm
value occurs well down in the audible range, nrcbably below 1000 cps.
This ratio of intensities, which squals tho signsleto-roise reiio
for & non-directive resceiver, influences but, as will bs seer, is not
& prime fector in detsrmining the sipgrel-to-vwice retio for e
directive receiver.

14. The signal intensity for a directive receiver does ot differ
greatly from that cf & non-directive receiver employing elements cf
like sensitivity. But the weakened responsze of = directive recsiver
to all components of the local scund field that 1) without its
directive pattern roduces ihe noise, and hence increases the signal-
to-noise ratio: over that given by a norn-directive receiver. Thue

a question arises es to the practicel limits to #ldch ths signal-
to-nolse ratio can be imoreased by sherperdang the directivity of the
receiver.

15, The directive patterr of & scund receivsr is s function of the
wave length (A ) end of the geometric form ard Simensions of its
sensitive receiving eroa. The well known psiierr for a circular
receiving area consisis of & centrel coniesl Yewm surrocunded by
rings or "side lobes" over which the iztensii; sversgss some 17 or
more db lsss than the axial inmtensity of the cesrirsl ecens. Obvi-
ously the limit of direetivity of such & reveiver i§ determined in
practice by the limits to which the angle subtiendsdé by the axis

and an element of the conicel beem can be reduced. This angls [ )
conforme to the relations: ‘

Sin 4 - 0.52 A« 0.62 WY {2)

Where { r) is the radius of tho reoeiver feen, {7 is the wvelocity of
sound in see water, end (n) ie the frequensy in oyeles per second of
the socund. Substituting 480C ft/sec. for (V) give:r the very spproxi-
mate relation:

—
[}
~s

Sin 6’ 2 300U/ m.r
where (r) is expresged in feet.

16. 1Inspecticn of this relation shows that (i) becomes impracticelly
large at the lower frequencies. Evsn when sis ¥ 1s given its weximum
value of unity or, in other words, whern the ruceivsr hes only hemi-
spherical directivity, a frequency (n) no lcwer i(ien €00 eps calls for
a circular receiver face 10 feet in diameter. It folliows thet et the
lower frequencies tle directivity of the receiver becomes ineffective

RES¢iay; gy ~7-
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in determining the signel-to-noise ratic and inadequate for determining
the bearing of the target becauce of the dimensionel restrictions
jmposed by practical consideratioens. Thus , the question arises as te¢
the maximum receiver dimensions permitted by practice.

¢. A consideration of the possibilities of improving the signal-to-~
noise ratio by propser locetien of the recziver answers this question.
The rsnge of bearings (relative) through which seerch is normally
conducted lies forward of the bteam of the ship and more probably
within 72 degrees of the bow. Our consideration of the nature and
origin of the local sound field shows thet most of the components &are
directed from sbaft ths beam. If, therefore, the reccivser were loca-
ted &t the bow,all cof the local sound field except the component
generated along the recsiver housing itseif woulé reach the receiver
from a direction ssteru of the bearing range through which search is
conducted. Under euch conditions,the signal-to-ncise retio of a
circular faced receiver utilizec to full advantage the directivity
feature,even - ghough the directivity of the receiver is not high.
This desideratum holds only for a beam type of projector. A linear
array of sensitive elements as employed by thesa-called ¥B and JP
types of receivers is receptive to all sounds dirscted perpendicular
to the linear axis end hence iz sensitive %o the surfece~-reflected p
components of the propeller sound and of other components ol ths :
locsl sound field. It is therefore concluded that the receiver should
be a beam type end mounted as far forwerd ss practice permits.

18. This condition is best mot by locating the receiver over tha bow
buoyanecy tank. And to assure protection from the elements in this :
exposed position when rumning on the surface tha receiver mounting !
should be retrsctable. A survey of the shepe and dimensions of the

bow buoyancy tank cf our subrarines indicetes thalt e retractable

housing 30" in dismeter can be accomodéatec. This will permit using

a receiver with en active @ircular fauce et lcasv 24" in diemeter.

This figure may be regarded as represernting sbout the maximum

receiver dimensions permitied in practice. Ioraover, it will be

seen that a larger dimeasion should not be exnectad to ret e worth-

while gain.

5 i

19. The directivity of such a receiver =s s fune

given by substituting (3') for {r) in egueticn {3}. Startirg a%
hemispherical directivity where sino (6) ecusls unity, the freguency
(n) proves tc be 3000 cps, & value tha% falis wlthin the upper limits
of the frequency hend of rmeximum sound cutput from the terget.
Experience indicates thet the bearing of & tergst cen be determined
within about + 15° by receiving a freguency tend centered at this
frequency and settins on maximum intensity elone, and to within i_2°

-tion of freguency ie
3
: e

RESyRGREZ,, . -8




by use of the NBL type of BDI., The correeponding limlts for 10, 20,
and 30 kilocycles are approximately = 6°, + 20, and # 0.5% when
settin on maximum intensity elone, and one filth of these respective
values wher the BDI is used for final edjustment of the setting-
These figures are theoreticel,and do not ineliude errors that may

result from feulty training mechenism.

20. The limiting renge to which a target can be detected is inde~
pendent of the sansitivity of the receiver for sensitivities beyond
the point where the background noise cen be heard or registered.
This fact becomes cbvious when one considers that incressing the
sensitivity affects both the numerstor and tie denominator of the
signal-to-noise ratio in like proportion. The modern high-gain
amplifier permits recepticn of the noise background at spceds as
low as two knots with a recsiver of redium tc evern of low sensi-
tivity. The flat frequency response of such a receiver reises the
hope that a single receiver can serve for both long range search at
the lower frequencies,where & high degree of directivity is unmec-
essary, and for atteck at the higher fregquencies,where the resulting
higher directivity is required. The development of such s broed
band receiver is under way-.

21. The signal intensity becomes & meximum when the active face
area of the receiver is adjusted to parsllelism with the weve fronts
of the sound received from the target. 1% follows thet the signal-
to-noise ratio becomes & maximum,other things being equal, when the
receiver is so edjusted. Since the submarime normelly operates in

a plane below the targst snd the oft-present negative vertical
temperature gredient bends the signal sound path dowrnward, it follcws
thel the receiver must bs traineble in both the vertical and nori-
sontal planes.

22. Influence of the receiver emplifiser in determining the signal-
to-noise ratic lies primarily im its ability to select the frequency
band of reception. The character of the sound geuere ted by a target
ship depends on the %ype of ship end upon its speed. Large)slow-
noving ships tend to emphasize the low frequerciez while smaller siiys.
and especially high-speed ships, accentuate ihe higher fyrsquencies.

The . frequency band giving the maximum signel-to-ncise ratio may vary
considerably with the clase of ship, the speed, snd the ses conditions.,
Trus the receiver-emplifier, through tuning or other means, ghould be
capable of readily selecting the freguoncy berd thet gives the most
favorable signal-to-noise ratio at the longer ssarch ranges irrespes-
tive of the character of ke sound gencrated by the target. The

range of tuning should also carry through to ths higner frequencies
employed in ettack procedure.

RESTRAGTED —o-




2. These coneiderations of ways and meens of improving the search
range of our submerines lead to the followinp conclusions:

(a) The sound equipment puét provide for beam-type 'directive
reception of target sound pitched =5 low ms about 3000 cpe.

(b) About 24" should be considered a minimum for the Giameter
of the active circuler face of the receiver.

(c) The receiver should be retractively mounted ae far forward
&: practical in the bow buoyancy tank.

{d) Ths receiver mounting should provids for both wrain end itilt.

(e) The receiver-amplitier must provide ror selecting, by tuning
or otherwige, & recsption band giving optimum signel-to-noise
ratio.

24. The sc-called cepsule type of receiver, which sims o nmeet the
requirements of subheads a, b, ¢, and d,msy bs described briefly as
consisting of a trunion-supported 24" circular receiver mounted in the
top half of = capsule-shaped housing,with ©il%, train, and selsyn
repeat-back motors mounted in the lower half »f the housing. The
multiple-lead cable from the housing mey terminate on the control
units et any desired romote location.

B. Strengthening the Attack

25. The present emergency has omphusized the need for direscting an
attack without exposing the periscepe. Tiiis eells for supplying the
Torpedo Data Computer with more accurate and contiruous sound range.
and bearing of the tarpet, The prejector equipment is designed
primerily to serve this purpose. .

26. Both theory an¢ practice indicste thet an aversge szimuth bearing
deviation not to exceed 10 minutes can be conservatively expscted from
ths combination of & vertically-split 24" circuler receiver and an

MRL type of BDI. Recent tests,using the BEI with a 10" receiver, hsve
shown an everags deviation of 12 minutes, which figure includes such
errors es obtain in the trein end repest-beck systems. Cther things
being equal, the averags devistion given by the 247 receiver snould
equal about 5/8 of ihis figure or 7.5 minutes.

27. The range to the target ean be detsrrined acousticaily by sccurate
measurement of the time interval betwsen trensmission of & signel end
return of ite echo from the target,or by trienguletion. ¥While echo
ranging is stenaard antisubmerine prectice, it has two inherent weak-
nesses that render this method of ruuging less desirabdioc end less

RE@MED : -10-
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effective for pro-subnarine use. First, ths signals employed for echo
ranging might be intsrcepted and thus leel *to succeesful evasion
tactics by the target,and/br expose the suhirarine to the hatard of
atteck. And, seccnd, the unfevorable signal-to-noise ratio caused

by directive reception of the propeller ecunds cf the terget mey
reduce the echc ranpe t0 impracticelly short limits in the case of
extremely noisy targets.

28. The echo-ranging equipment thal is uncder development for the
subject purpose amploys an impulse type of signal that is too short
to permit heterodyning to a clear sudible tone. The recsption of
such a signel by the terget is not easily racogpizad because 1t is
largely devoid of charscter. The click-like response in the recelver

A

tends to merge with the random irregularitiss of the noise background .

29. While it camnot be claimed thet the usec of very short signals for
echo ranging eliminmtesthe possibility of interception by the targst,
it can be stated that carefully conducted tests, wherein the target
was provided with modern sound-detecting equipment, heve proved tiat
disclosure of the preserce of a submarine ithrovugh its use of short-
signal single-ping echo ranging at rendom intervals is vary unlikely.
Ané it may be noted that e single ping is sufticient to give the
target range, within the limits of echo renging,. because the rsceiver
cen first be properly directed at the target by focussing on the
propeller souvds. A possibility of improving tihe gigual-to-noise
ratio by echoing from the weke immedietely rstern of the target will
be considerec later.

30. The use of very thort signals, in addizion to improving security,
permits of sefely driving the sound generztor at peak power inputs

thet would prove ruincus if prolonged, and cf generating signals

having peak intensity well bevond the iirit normally set by cavitation.
Preliminary tests indizste that such shori,intense signals may be
expected to give renges up to 2500 yards providing the barget is

‘ not sbnormally noisy end the water conditions ars favorable.

3l. Teste have alsc proved that e persistent-rision cathode-ray tube
provided with s circuler range swesp,with provigion for keying the
signal at the zero point of the range sesle;is supsrior tothe chemical
recoypder for determining the rangs from e single ping. The developmen:t

*,

™

(3
of such echo-renging equipment for the swijecl purposs is well advenced.
The 24% receiver serves e the prcjector for this eguipment.

32. Two preocedures for determing the target cistance by triangualtion
may be noted. The first and preferred rethod, ese shown in Fig. 1,
employs two receivers, one mounte¢ well furwsurd snd the other aft
along the keel line. '
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The. spacing between the two recelvers {b), ths resletive bearings of
the target (8) and (P} from the location of the fcrwerd end aft pro-
jectors respectively, determine the ranrs {r}) in gecordanee with the
relation, -

r=b.sing /sin (€-¢) ()

The second method, es shown in Fig. 2,
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.uaos the depth of submergence (h) as the bgse lime. Tris distance,
and the messured angle (/) subtended between the horizontal end

a line directed et the targst determine the rarnge (r) in. accordacce
with the relation:

¥ = hetgn U%_—q)) {5)

33. It may be rioted that the capsule type of rsceiver in combination
with the KRL proportional HDI can serve affectively for both methods,
since it measures both horizontal and vertical engles with a high
degree of accuracy. The sscond or stern-locazied receiver can be
installed without displacing or edding to the wiring, fixtures, or
equipment within the hull,since the c¢apsule receiver has no mechan~
ical parts that enter the hull. The control cables can be run out-
side to the control point and the sams recsiver-amplifier, BDI, ena
train controls that are provided for the forward receivor can serve
for both. 1In short, inclusion of the two-receiver method of ranging
adds nothing to the already crowded conditiors inside the submarine.
The desideratum doec not hold for the second method,which obviously
requires that the receiver shall be accurately stebilized.

3. The operatioé%procedure for determining range by the second or
one-projector metnod salls for accurste measurement of the one sngle
() and recording the sirmltaneous depth of submesgence (h). The
procedure for the two-receiver methed calle for e moderately accurate
measurement of (E)) and an accurate messuremsut of the difference
between (&) and (§>). This procedure is simplified by coupling the
two receivers to 2 single trein control with a differential train

in the line to the aft receiver. The system is sdjusted so that the
two receivers are directed to parallelism when the differential is
get at zero. The operator first trains the fcrward receiver on the
propeller sounds of the tsrget and then adjusts the differential
until the responses of both receivers ere aligred on the BDI when the
receiver-smplifier is autometiczlly switshed from one receiver to
the other from & to 10 times a second.

35. The differs:tiaml train measuree directly the differsnce between
(8) ana (qﬁ when their elternative responre¢a are in aligument or the
cathode-ruy screen. The proportional cdeflscition {eature makes this
true whether or not the line is centerod cn tie sereen. Thus the
operator cean ccneentrete on aligning the respcnsey of the two receiyvers
on the screen without at the same tims worrying sbout the angle (0 ).
When adjustment for allignment is accomplished Le ecan thent concentrate
on centering the line to messure (6} sceuretsly . Thus from the stend-
point of simpliclity of cperation meither method offers marked superi-
ority over the other.

RE&EE!SE‘E -13-




36, Distortion of the sound path from linecarity end misaligmment of
the sound-receiving equipment may introduce serisus range errors in
the one-receiver determinations. And experiencs hes proved that
such distortion is magnified in the vertical plasne by oft-present
end unpredictable vertical temperature gradiente. The errors due to
migalignment can be minimized by providing convenisnt checks, but
tne unsteble warping of the sound paths by temperature gradients
forms & serious objsction to the cne-receiver mecthod of ranging that
has yet to be  satisfacterily overcome.

37. The two-receiver method avoids both of these sources of érror.
The distoriion of the sound path in the horizontal plane is usually
negligible, but, even if it were not, since the path distortion to
each receiver will be substartially identical, and since the direction
of each is measured by the same receiving equipmernt, the errors
jntroduced by path distortion or misalignment in the meesurement of
each angle cancels out in ths process of outaining the difference
angle. Herein we find a convincing argument in favor of the two-
receiver method of ranging.

38. Each method obyiously beccmes ineccurate and unreliasble under
certain conditions. Inspection of Fig. 1 shows that the two-receiver
. method fails entirely when the target is deed ahesd. In practice this

method is not considered rsliable when the target besrs within 30
degrees of the bow or stern. It may be noted, hcwever, that the
two-receiver method works equally well at sll depihs. The one-receiver
method obviously feils entirely when the subtrerize is surfaced. In
practice this rethod is not considered relieble for depths of sub-
mergence less than about 200 feet. 1t mey Ve noted, however, that the
one-receiver meti:od is rot dependent on the relative btesaring of the
target, excert perhapc for direciions across the conning tower.

39. Thus it appears that the method best suited for determining
target range may be any one of the thres descrit.ed, deponding on the
conditions that cbtain. BEecho renging is undoubtedly the most eccurate,
particularly at renges beyond about 1000 yards, but it lacks the
desirable festure of supplying continuous range deta andé may fail to
give the required ranges on unusually noisy tergets. The triengulation
methods, howevsr, work best on noisy targsts end sre capable of
supplying continuous range data,but, as noted, each triasngulation
method becomes inopsretive under certein COdu‘tUn' end both tend to
become impracticelly inaccurate at the longsr ranges.

40. Since the sddition of a stern~mounted cupsule projector is all
that is requirsd tc provice acoustically fer renging by any one of the
three methods, it is proposed to make such an addition s part of the
acoustical equiprment for submarines until and u;luss service experiencs
proves a stern-mounted resceiver to bs super{luous.
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41. An interesting by-product of the short-pulse =cho ranging in
combination with the propertionsl-deflection type of =UI should be
mentioned which may prove useful for determining the course of a
target or for navigeting through channels or slong shore lines.
The proportional BDI of NRL in reelity is = sesnuing device that
shows,on a horizontal sweep across the catnode-ray screen, the
angular bearing with respect to the projecter axie of ¢1J signal
echoes arriving within the angular spvead of the projector beam
while simultaneously the horizont.l sweep line is deflected
vertically &t a constaut rate. Therefcre, the vertical or time
sweep, which starts from zero at the jnstent the sigual rulse is
transnittad, gives the range, and the screen rospouse along the
horizontal scan gives the bearing,of all returning schoes. It
follews thet difference in range end bearing of the varicus
reflecting elements of e horizontally large tergzi should re:roduce
its contour on the BDI screen.

42. This expectation hes been realized,Prsliiuinary tisstc have
shovm that the screen response to signal echos: from wakes, reefs,
and shorelines give their range and directions? trend with consid-
able accuracy. In the case of wekes, determination of their trend
gives the ccurse of the ship when the wake was 1sii to withip about
plus or minus 10 degrees. The screen ressporss 1o signals directed
forward rey =id navigation thirough tortuous passeges by giving
advanes notice of necessary changes in course.

C. Detecting and Locating Small Objects { yirnee and Mics Fislds)

A

43. The detection and location of smell cbjscis such us ripes and mine
fields oalls for discrimination between twc echn responses thet differ
but little in bearingz or range. In cther words the sguiprent nust
possees & high degrea of resolving power as régards both btearing and
range. i

44. Both theory end practice egrse that an sbiect oer reflsct back &
signal echo when and only when the dimensicns of the refiscting srea
arelarge =s compared with the wave length of thz s 21. The relatively
emall dimensions of wines snd the dispropertioneteiy small reflecting
area resulting from their spherical or cylindwicel shepo sst the signal
frequency for nine dstection well witkin the srepie renge. HResolving
power requirements, as regerde bearing, are {uliyv 2et throughout the
gupersonic range by the 24" capsule type of pro

>y

45. Two objects at different ranges slong the somc teering line can be
separately identifiod by echoing,as lomg as ths ntervening distance
(the range difference) is grester than hslf “he signal lsngth. Thus
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the resolvirg power as regards range may be rogerded as inversely
proportionel to the signel length. The intense impulss type of
signal employed for determining target rengs can soarcely be
jmproved upon for detecting and locating suall objecss, since it
permi ts individual identificetion of objects sasparated by less
than 10 yards in renge. For this purpose, however, the chemical
recorder must repisce the c-r tube errloyed for single-ping target
ranging,since a record of continuous pinging alds graatly in the
recognition of echoes of small objects,such ss mnines, from a hete: o~
goni us background by the configuration which they trace on the
record. The somewhst less effsctive eel-mounted projector in
combination with the ippulse driver must be used for mine detection
during, surface cperations.

D. Detecting Torpsdoes

46. The sound field generated by “he cevitating propeliers of torpedces
is intense throughout a wide frequency bznc that extends well intc

the supersonic range. Experience has shown thaet the sound of approach-
ing torpedces cen be detected ou merchant ships,by a rapidly rotating
directive receiver, at sufficient rangs to permit teking evasive action.
Sinee the hazards cf torpedo attack are for the nost part linited to
surface operation, a kesl-mounted receiver must be employed for torpedo
detection. The cathode-ray tube used for echic ranging can serve to
indicete the presence and very approximate boaring cf an approaching
torpedo by synchronizing the rotation of the deflecting field of thse
c-r tubs with the rotation of the projector, since this iube is mot
needed for echo ranging when the submsrins is curfaced. Relative
bearing of received sounds will be indiceted -n the mzimuth scale of
the c¢-r tube.

B. Determining Optimum Escape Froesdurse

47. A continuous record of the approximate range and bwsring of the
stirface ships engaged in an etteck on & sutmerine shoul’ serve to
direct the escape prcceedurs o best edventegs. The tiltable forward-
mounted 24" capsule recelver; in combinatios with the BDUI set to secan
radially on & ¢-r tube with circular sweep, glves promwise of supply-
ing such infcrmatien to a submerine opercting et depths beyond, say,
300 feet.

48. For this purpcse, equal top and bottom segrents of the 24" recelver

ere disconnected, thus leeving an sctive horizontal strip centered
vertically across the recelver face. Thic strip is further split
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horizontally for use with the BDI. The directive receiver pattern of
the horizontally olongated active area is otviocusly fan shaped with

the spread in the vertiosl plane. The sherp azimuthal directivity of
the receiver locates by meximum response the relative bearing of all
sounds rsceived as the projector rotates sbout & vertical axis. In
practice the bearing is flashed on the persistert screern of the cathode-
ray tube, which is provided with an azimuth scale and which has its
deflecting coils coupled to rotate in synchronism and in proper phase
relation with the projector. '

49. The screen response of the BUI, which is connected to scan
redially, indicetes on a radial scale ths vertiesl angular departure
(from the acoustical axis of the receiver) of the bearing of received
sounds. Such angulsr departure added algebruiexlly to the angle
subtended between the vettlcal and the exis of ths scun: beam gives
the angle ccrresponding %o Qé}VO of eguation {(5). Thus the relative
bearing of each sound picked up by the continucusly rotsting receiver
is indicated by the position of its screen responss glong the azinuth
scale, and the horizontal range to its source on the ses surface is
related to the position of ites screen respone= along the radial scale
in sccordance with equation (8).

50. The relation between the horizontal renge ¢f & surface ship and
the response of lts propeller sounds or the CRT can be understood by
considering Fig. 3

Fieure 3
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gerein the axis (X} of the projector (p) makes wal engle () with
the verticel (h) and the angles (&) end (y) represert ruspectively
departure of sound source (s, {rom the axizi Girestiorn and the
vertical half angular spread of the sound beam. Tha horizontal

renge (r), as steted, conforms to the relaticn.
r r h. tan @ng) {6

The tilt angle () is indiceted on the t31it sesls of ths receiver,
and the departure angle 93) on the properiicral wesle cf the HDI.

Obviously ranges within the limits (ry) ani {rz) een be determined
without changing (h) or () where,

Tz -1y = h (tun (@4 ) - tem (07850 (7)

51. The zonel erea Lounded by the conecantric circles of radii rj and
‘To is scanned &s ihe receiver rotates about e vertical axis. And cince
these radii are proportional to. the depth of sulwergence (h), the
redial scale can bte calibrated in terms of & standard depth (h) of,
say, 100 yards (300feet) ard the range at sny otier dopth will be

given by multirlying the scale reeding by one percent «f the depth

(h) in yards. Thus it becomes of interest to <tnsider the pature snd
extent of the eresa that can be scerned wnile the tilt-angle (ol)
remains constent.

52. First it wey be postulated thet the ranmge () shell equel 10
times the depth of submergunce (k). Then, -

r/t = 10 = tan (Qif)’} (8)
Thus o4y = 84.5° {s)

From preliminary testg)the BDI ¢an scan 2 bram noresd ¢f at isast 6C
degrees .

Taking the bsam soread (vertical) es 6C degrwes ives
2y = 600 (10)
- oz 84,50 - 3G - 0e.8Y g {1}
v o= 50
au i = 24.0 112)

Then at standard sutmergence of 300 feev 1107 wards:,

Ty = 100 ten 24.5° & 47.7 yords a4 50 yerds (13
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and ro = 100 teu 84.50 = 1000 yards. (14)

52. Thus the specing of the radisl or range scale will ceocord with
s tangent law if tho radial swesp is limeer, cr it mey be distorted
to approximate linsarily by approeching a tangential sweap relation.
In either case the zero of the scale will be the tenter oI the screen
and the active portion will lie betwesn 50 and 1000 yards. Tha
rotating projector will register on the ¢-r screen the bsaring and
renge of all surface ships opersting between the limiting horizontel
renges of 50 and 1000 yerds. fhe small circular erea of radius 80
yerds. centered directly above the submarine will rot be covered by
the rotating beam nor will areas outside the 1000 vard range, but
these aress can be investigated at any time b rroperly chenging (&)

the tilt angle.

£4. It may be noted, nowever, that the recoré s voving surface ship
leeves on the persistent c-r screen indicates the ship's course with
respect to the submarine, and that the relutite range of two cr more
surface ships cen bs estimated at eny time lun terms of the radial
distance of their rospective screen responsed without ccnsidering
either the tilt ergle or the depth of submergence. Tous 1% eppears
hopeful that the moving picture on the c-r screen can serve tc direct
sscape without introducing,during this eriticsl pericd Cslaye or
distractions incident tc datermining acturl renges.
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17. IKTEGRATED EQUIPMENT

55, The foregolng peragraphs have been concernec primerily with the
airs and grounds thet have determined and directed The present FRL
Proosubmarine program. A recapitulation foliows, giving emphssis to
the nature end content of the sonar portion ¢i the complete ineepgrated
equipment that includes an improved TC under development by Bulrd and
oooperating-radar to be provided by tne Red.o Divi: lon of NRL.

56. The sonar eguipment embodies no raCical ¢eperiures irom teg ted
end approved practicc. A comphrensive gearch for ways snd means thet
satisfy the severel and diverse aims end that corform sracticel
limitations >f weight end space has resulted ir e seseerch and
developmental program directed to produce thires seperate and Aistinet

integrants &8 follows:

a. A projector, having pormelly a standard conicel beam,with
provision for holgting, and for measursbly Zrsining and tilt-
ing the sound baam from a remote contro. stetion, but heving
no mechenical parts which would heve ~o enter the pressure
hull and thus preclude jnstalling the projector at any
desired location, or which would requirs,for iae coopersting
hoist and train gear, any space needed for other purposes. Th:e
sctive circuler face arse of this projscior will be sectioned
to permit the use of gDI for accurate adjusiwmant of +he trelr
or tilt bearings, and to produce w.er 2agired & fsn-shaped
beam pattern having sharp azimuthel c¢irectivity and a verticsal
spread of about 60 degrees.

b, An echo-ranging system employing a zingle intente izpulse
type of signel that is too shert 1o heterodyne to &an audible
tone.

c¢. A means of scanning the spacs within thc sound beam of the
projector whersby the range end reletive searing of all sound
reflecting aress within this spece erd denizted on & CRT
scresn through reception of this echeas ITom & single intense
impulse type of signel.

- througn development
mpANT, 28 stataed
tad g lar forward

57. The projector rsguirements prowise to b
of the “capsule type projoctor™. The sonar
neretofore, includss twe sush projectors, Ui
as possible to assuré minivum lecel (loise 1
far sstern as practicel to provide a maxiia
triangulation.

tasg lipe for rang
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58, The forward projector is designeé to mount in & well extending
from the deck to the bottom of the bow buoyarecy tenk. Lelsting end
lowering of the capsule is accomplished hydrasulically. Such a mount
obviously cannot be employed for the sterun-located cepsuie for lack
of well space. It is proposed to use a hinge type of mounting at
the lower end of the capsule that will permit tipping the cepsule

to a horizontal position with a protecting bearbetie during surface
operation. The tilting mechanism, which Las yet to be designed,
will also opermte hydraulically.

59, Echo ranging reguirements have not been fuliy met, but researches
directed to this end indicate that the ecapsule projector can safely
withstand & four fold increase over the 2600 volt ampsres supplied
by the present condenser-energized driver. 1t is estimeted that the
new driver, which hes yet to be constructed, should give consistent
and reliable ranges to ebout 3000 yards under favorabls operating
conditions., It may be mentioned here that worthwhile inecrease in
range has followed from investigating the relation between useful
output and shape of the driving pulse envelove.

60. Preliminary tests indicate thet greater echo rangss can be

taken on the wake thern or the hull of e noisy target bscause of the
resulting smaller contribution of the targets® prepeller sounds to

the noise background., The engle (5 ) which the reflecting wake

makes with the projector axis. (given by the NRL EBDI), the angle

(q)) by which the projector axis is dirscted astern of the propellers;
the echo range (r) to the wake;and the target range (R) are simply

related as shown by Fig. IV ?
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By the law of sines

am§ sin [T-(P+8)] _ s (Pré) (15)
) Y

R T

. 3bm 4 - éﬁﬁ_é____- 7 "
HRE Tl T T b prwbiep = @ P IRE o)

Beczuse of the small wvalue of ( ), #afficient accuracy for practicel
purposes i given by the simplified form:

R~ e+<};£9 ~ (1) (17)

61, It may be noted that this procedure of deternining farget rgnge
is of interest for two reasons; it not only promises e dssired ex-
tension of the echo renge, but, of squal °v greeter ilmportance, it
reduces the ohances of exposure to the point where mors raunge data

can be risked.

62. Tests of numerous schemes for incdicating or recording the range

as given by a single "pulse ping" havs consistently feversd ths e-r

tube with persistent screen and rotatsd megnetic deflecting field.

In practice,the deflecting field is so0 adjusted that the electron

beam scribes a circle with a radius half =n inch less then the redius
of the screen. - The projector is then focussed on the propeller

sounds of the target and the receiver sensitivity mdjusted to a

point where these sounds register faintly on the screem. OSuch adjust-
ment gives & trace of the propeller sound on the serssa about 1/4" wide.

65. The signel is triggered by contacts which ers opereted by a eam
that rotetes in phase with the deflecting f{ield of the ¢-r tube and
that is rotationally adjusted to tranemit & sigrnel at the instent the
deflected slectron beam passes zero on the circular renge scale. Range
deterningtion is initieted by closing a Land key connected in series
with the contact points. The design provides for traumsmission of but
one signel for each clesing of the hand key.

64. The c-r tub%iﬁrovided with & hand or TD0C operated cursor that can
be rotated to esnter on the persistent screen resjponse Lo the target
echo, The range is read from the subtended point on tho renge scale.
By serving a smemory of the last range, the cursor simpliifies determi-
netion of rate-of~change-ci~range. Thie inroimaiion 1s given by
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dividing the renge covered in moving the cursor to center on & new
target echo by the corresponding time interval. The cursor-indice ted
ranges are communiceted to the TDC, or tc other remote poimts, through
synchro-motor coupling.

65. Means have been perfected for scanning the directive pattern of
a projector that gives a screen presentation showing the relative
bearing of all sound sources located within this pattern, and both
the range and bearing of each and every object or surface element
within this space that reflects back en echoc frum a single projector
“pingVG This development™ provides & new meens ol scamning that
promises wide applicetion in the field of submarine mcousties. It
differs from the so-called PPI scarning in that it presents the
locetion of all echo targets within the confimes of a fixed socund
beam, while the ordinary PPI presents the lccation of scho target
swept past by & rotating sound beam. The fixed bazam scan thus gives
a fine-gmined presentation thet favors accurscy in bearing dis-
erimination within a limited sector, while the rotating scan covers
the whole azimuth but at a sacrifice of directivity and screen-
pattern resolution.

66. An exposd of the basic theory, precticel aspects, end operaticnal
capabilities of this new scanning sonar desvelcpment falls outside the
scope of this report. A sscond repert deveted entireiy to this subject
in preparation. y

* NOTE - The device has been recluctantly referred to in this report

as the "NRL Type BDI". This nomenclature is both cumbersome and mis-
leading. Laboratory personnel {rom the start havs used the suggestive
term "Echo Vision™ (E.V.) to designate this equipwent. But since the
screen picture indicates beearing deviation by depicting the actual
locstion of a target with respoct to the axis of the sound beam, the
device has somehow become classed as one of the several types cf BDI.
Such classification is entirely misleading in that it feils to recoguiz-
scanning ability, which is the salient feature.

This new development adds & secondand ussful method and means of
scanning & predetermined space thet should be recognized as such
through a suggestive neme., The rotating odeem scan has tecome generally
known as "Plan Position Indicator™ (PPI). The esimilar snd suggestive
nomenclature "Sector Scan Indicator™ (SSI) reedily identifies the
subjiect sonar device. Adoption of this name is reconwerced.
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‘through the aidé. of & PPI type of scan tha

PSR

67. The purpose of the present nontechnicsl report ig %o inform the
Submarine Service of %the neture snd extent of tlie sonar pro~sgubnarine
research snd developmental progres that is being prosecuted by MRL.
The following brief summery me serve to show thet the progrea is
well-considered end mores comprehensive than ic generally known anc
recognized throughout the Service.

68. The program aims to provide the submarinc with sonar squipment
that improves search resnge; coopsrotes with ¢ ncw end iwproved IDC
under developrent by Bulrd to etrengthen aitsol; rafeguards the
submarire by detectiny mines snd epproaching torpsdoes: asslists
nevigation by showing the presence, range sxd trewvd of shoals, reefls,
gnd shore lines; and finelly helps to direct =s<aps procedure
t depleis tha relativs
riete ship or ships.

&)

bearing, range, and ccursas of the attscking ru
ish these sceveral
shich is

T 1uvr*a e to form
the complete sonpar insaallation; ths cap:vzc typc ci grzijector, the
elements regquired for impulse echo rsngiug, »rd meene {or scanning
the space within the directive patiern of tihec scund besw.

69. The nature of the equipment r@qnireﬁ U RCuOW
aims hes dstermined the re~eer1 and CSvclouLent

70. These thres developments have Yeen cerrisd to the point where
preliminary tests encouraye e belief that sil or vearlv =il tha aips
of the program will be fairly well met, and tnal the completsd pro~-
gram will provide sericusly needed sefopuards for our submerines and
increase their effectiveness in combst.
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