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WPFLfACE

Before, thiz var, scoLntists at fliRL were asking the
question "Is it not possible, by methods akin to those of tele-
vision, to scan a supersonio fiold in olync .onismr with the sean-
ning of a cathode-ray tube, and to presont on the cathode-ray
tu.be a picture of tbe contents of the supersonic field?" The
answer is "Yes" aid0 the enodyment of the method is the Sector
Scan Indicator (S41).

rhe detauil obti nd by tolorision is not approached in
SSI because of thiThng transit tine o? somd, difficulties
which would be enc;titered in att-nmpting to focus, and Jrany
other reasonz ilcttn -2Ak of cooopration ma the part of the
subject. Noverthctcss, t crse-grained picture which at
least resolves srt ii oi . s se rated in range and at best

resolves different lnrar of the sane reflecting object separated
in range has been o-taineda

This report tells ha S51 functions, presents soe of
the mny uses to rhich it; ray be put, rand includes photographs
and data regarding actnzl tests4
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I. FORM OF PIISNTX2iO4 AN~D FNI.)AILITTAL THEIORY

A. Form of lPresont'.tion

1. The Sector Sean Indioator (S31) is a device for present-
ing. on the screen of~ a cathode-ray tube, a picture of the re-
flecting objects in the Ific'1d Of~ a~ supersonie projector. Such
ob jects are displayod as a se'rie of short, bright, horiont1-
line segmonts, with -vertical.deflection froma the bottom propor-
tional to m~nge, and itith hoizontali def'Lection froma a vertical
center line proportiox3. to angular deviE'.tio fron the axis of
the sound beamr.

2* Fig-..re I--& reprosents the display of~ an echo at three-
rourths xLximu range and~ at 20 to the, r- .ht of the projector

a~xis* The extent ini ranLg; corresponids to eeho-length.

Figure 1-a Figure 1-b

3. SI rmy be used as -v-vel for observing propeller noises
Since prop noise is ccntinuomsq the bright line'segraents recur
from the bottom~ of' the screen to 1de3 top as in Figure 1-b. The
indica~tion shovis bearing rate as wiell o-_s instantanreous bearing.
The time required for the vertical sweep in Figure 1-b is four
seconds and the bearing o1harie IF 40. This Is a bearing rate of~
1 degree 1er sezond represertox by th~e traversal ofh one horizontal
a-pace during~ the vertical zwiee'o tirae. A slower vertical sweep
permits reading lo~er bearig rates more accurately. one space
during a vertical sweep may be xiade to represent W -/600., or

0 /seec.
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At 3-a. echoes from a bridge are displayed, three brightened
spots representing echoes froa three different piers. The in-
dication in the foregroud is reverberation. At 3-b, there are
displayed three ships, an aircraft carrier, a heavy cruiser, and
a light cruiser, lying at anchor in Mlipton Roads, The distinct-

ness of each echo is Worth noting. The angular separatian is
shown very definitely.

Be Fundamental Theory

6. SSI requires the use of a projector split electrically
along the vertical diameter (or split along the horizontal
diameter for use in a vertical plan)a. Vhen a noise or echo
is directed along the beam axis,of the projector, the two halves
of the projector should respon& alike. If, however, the signal
is displaced to the right of the beam axis, it reaches the right
half of the projector before it reaches the left half, giving
rise to a phase lead in the right-half response ahead of the
left-hsalf response. SSI uses this phase difference in the two
halves of the projeotor to produce an indication of the devia-
tien of the source or reflector to the right or to the left of
the beam axis.

7. In the SSI display on the screen of a cathode-ray tube,
the screen is scar.nad rapidly from leftb to right in a succession
of horizontal lines, and mlore slowly from bottom to top in such
a manner that the successiv horizontal lines are displaced up-
ward, forming a ooip)eto rectangular frame. In this rectangular
frame, vertical displacement of a brightened spot corresponds to
the range of a target from which an echo is received. This cor-
respondence is achieved by starting the scan at the bottom of
the screen at the instant a signal is transaitted, by uaking the
vertical sweep linear, and by using the echo to brighten* the
spot on the screen at the time of its reception. Thus, since
displacement from the bottom of the screen and the range of the
reflecting object are both proportional to the time between the
transmission of a signal and the reception of an echo, they are
proportional to each other.

8. Horizontal dicpb.coment from the center represents angular
displacement of the reflecting object froma the beam axis of the
projector. While a coraplete description of the method of pro-

*In this report the term spot brightening and like phrases"to brighten

the spot" refer to the production of a bright spot or a succession of
bright line segments on a completely dark background. The phraseology
bas historical significance and is convenient.
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ducing proportional horisontal deflection is relegated to Appen-
dix A of this report, a general idea of this method may) be ob-
tained from.the following description. The signals picked up on
the tvo halves of a split projectot- (described in paragraph 6)
are fed into separate amplifying channels. In these channels the
phase of one of the signals is continuously advanced relative to
that of the other, 3600 in each horizontal sweep across the o-r
tube. There result instants of phase coincidence once each sweep,
which occur at positions in the sweep depending upon the origimal
relative phase of the incoming signals, and which are made to
produce spot brightening on the screen of the cathode-ray tube.

9. SSI thus far Ias been fixed-tuned to one of three select-
able frequencies. The roblems involved in producing tuning
throughout a wide land considerably exceed in difficulty the
same problems in a receiver-amplifier. However, they appear not
to be insurmountable and a discussion of rrmlhods is given in Ap-
pendix A.
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III USE oP SSI IV A/s WAlRFARE~

A.

10. In the attack, there is probably no other type of beam

so effective as the trainable and tiltable searchlight beam in

maintaining contact with the target and in playing & part in

providing inforration concerning the location of the target for

transmission to other related equipment. The use of one SSI to

indicate azimuthal centering to the "train" operator and of another

SSI to indicate depression centering to the "tilt" operator, en-

ables these tvo operators to work independently so long as each

performs his function properly. Tests described in Appendix II

have demonstrated that a team coaposed of two operators can min-

tain contact vith the target in spite of whatever maneuvers it
may exe cute.

il. The consoles for two operators may be very -simple, as

illustrated in Figure 4, where the t-o consoles are' shown side

Figure 4

by side. The "train" operator sits before the console shown at

the left. The indicator dial shrvs him the bearing deviation of

any target Which is picked up, the finger-tip train control en-

ables him to keep the image centered on the cathode-ray tube,

while the gain control enables him to adjust the SSI gain for

optimom contrast in the image. Ile is assisted in identifying

echoes by the usual audible reproduction. The controls of the

receiver amplifier should be within his reach although adjusted

preferably by the operator of the range recorder when the latter

is at his station. At times coaching of a train Opera Uor by the

recorder operatcr and vice versa may provehelpful.

-9-
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12. The tilt operator takes his station only after a contact
has been established, At the start of the attack no tilt should
be required but as the range is closed, and particularly in run-
ning just ahead of or over the target, the projector will have to
be tilted to nrintain contact. The tilt operator functions only
in controlling the tilt and in adjusting the goin of the tilt SSI
for optimum contrast in the image.

13. The irformation obtained by the train operator includes the
aspect of the target, while the tilt operctor should be able to
determine the depth of the target sufficiently soon in the attack.
These problems are so important that sections II-D and II-F 4re
devoted entirely to them.

14. The ultimate design (if there is any ultimate) of soar
equipment for the attack must include an attack director. The
logical culmiration of development is a combination of an attack
director and SSI closely interdependent. The SSI, for its part,
may be an important factor in obtaining precise preliminary infor-
ration for feeding the attack director. This information ay in-
clude target bearing, target bearing rate, range, range rate,
target aspect, and target depth. Subsequently, after the problem
las been automatically set up in the attack director from sonar
information fed to it, the attack director may feed into the pro-
jector incremental bearing and depression, as derived from a
problem generator, thereby taking over and carrying out autonotically
the training and tilting of the projector, The train operator may
then use any further indication of bearing deviation to correct the
training of the projector, thereby correcting the problem setup
automatically, while the tilt operator ma use the indication of
depression deviation to correct the projector depression and thereby
the problem setup.

15. Obtaining range and range rate with iSI involves the use of
a range gate controlled incrementally by the range generator of
the attack director. This gate permits a relatively short extent
of nornal range, say from 600 yards to 1000 yards, to be selected
and expanded to fill the whole screen (see Figure 5). If the
generated range is correct, its control of the gate keeps the tar-
get vertically centered on the screen. If the echo starts to
drift off center vertically, the operator superimposes a correc-
tion in the generated range, which in turn tends to correct the

-10-
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Figure 5-a Figure 5-b
Norml Range Scan Expanded Range Scan

generated range rate. Figure 5-9 sbows the display obtained
from an echo received from a target at about 800 yards range,
the whole display covering from zero to 1200 yards range. A
certain section of this range from 600 yards to 1000 yards,
as indicated by the rectangie superimposed over the display is
to be selected by the range gate and expanded to fill the whole
screen as shovn in Figure 5-b where 600 yards is the range at
the bottom of the screen, 1000 yards is the range at the top, and
the range of 800 yards which is the Zenerated range comes on
center. In this case the center of the echo is slightly above
center indicating tY.t the generated range is too short. There-
fore the operator should insert an adjustment which brings the
spot to center (so that the scale nmr represents 615 yards to

/t,5 yards and the center line 115 yards) by directly correcting
the generated range. Further discussion of this type of display
will be given in Section D under Aspect Indication.

B. Use with Sword

16. The Svrd is a projector which produces a fan-ahaped beam,
broad in azimuth, but extremely sharp in depression angle. The
azimuth beam width, eliminates the necessity for training the
Sword, and tilting only is renuired. The sharpness of the angle
in the vertical plane pormits determination of the depression
with extreme accuracyi. In this determination SSI may play an

-11-
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important role. In griergl the deflection sensitivity of SSI is
inversely proportiono 1 to the beam width in the plane to which it
is applied. When used with the Sword, full scale deflection should
represent about two degrees and the deflection sensitivity near
center may be further enhanced, if desired, by the method of phase
difference expansion described in II-G. Thus, if stabilizing gear
of sufficient accuracy is available, and if the direction from
which echoes return is not subject to fluctuations which introduce
comparatively large errors, great accuracy is to be anticipated
with this combination. A factor which adversely affects the opera-
tion of SSI is the presence of echoes returning by paths other
than direct. Such extraneous paths are moat likely to be provided
in a plane vertical with the direct path. Therefore, if the recep-
tion angle in this plane can be kept narrow the undesired inter-
ference is more likely to be eliminated.

17. An additioral projector must be used with the Sword in
order to permit the determination of ati,-uth. Such a projector
could be, for example, another Sword rotated through 900 to give
a fan-shaped beam narrow in azimuth. Anoth3r coabination which
has favorable possibilities is the use of thq Sword with QH Scan-
ning Sonar. In either, combiration, the SSI affords a sensitive
indication of bearing deviation.

C. Use with QR Scanning Sonar

18. The QH gear gives a presentation on a cathode-ray tube
which is a plan position indication, "PPI". W.lhile this type of
presentation has the advantat;e of covering all directions simul-
taneously, there is less detail than is given by the SSI, which covers
only a small sector. The QH indicates a target as occupying a
*hole beam width, which so far has been about 150 or greater. SSI
gives an india bion occupying not over 20 of beam width unless the
target subtends a larger angle. 'Then obtaining an indication of a
target at short range with QH, the angular sensitivity is poor be-
cause the radial distance from the center is symll; consequently
angular displacement does not produce much linear displacement. The
nornal type of presenbation of SSI gives as good angular sensitivity
at short range as at long. Finally, the SSI registers 400 tirie-s
per second during the reception of an echo, whereas the QH registers
only 30 times per second. While the QH is giving one line the SSI
gives 13. Consequently the SSI is intrinsically better able to indi-
cate aspect as discussed in Section II-D, under "Aspect Indication".
The advantages of SSI over QH in accuracy and detail are enumerated in
order to justify the use of the former with the latter, each supple-
menting the other. In search, a QH would be expected to be the more
effective. In attack, the SSI should give more information and greater
accuracy, and it should function better with an attack director.

-12-



19. The QH gear is normally provided with a listening channel
directed in azimuth to cover a desired sector, and this listening
channel is of great assistance in identifying suspected echoes be-
cause echo quality becomes observable in it. The SSI may be
directed into the same sector and trained in the same manner as the
receiver channel. Thus whenever an indication on the QH is suspected
of being an echo, corroboration nay be obtainable by directing the
receiving charmel and the ssi into the sector from which the sus-
pected echo arrives. If an attack follows; the SSI may prove of
primary importance.

D. Aspect Indication

20. Since SSI is a proportional deflection device, a succession
of echoes from different directions and ranges register indepen-
dently and in their correct angular positions and ranges provided
that the outgoing signal is short enough so that the successive
echoes do not suffer much overlap. For example, in Figure 6-a, a
sound beam is shown in relation to a shore line. The shaded portion

-A ~I -9- I £ -

Figure 6-bFigure 6-a
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be deduced from this photograph that the ship is moving toward
the right, and that the range is opening. Figure 7-b is a photo-
graph of another avmle left by a ship progressing from right to
left and opening its range.

22. More recently the same sort of aspect indication has been
obtained from a submerged submarine under conditions where no
wake echo was received. Figure 8 illustrates echoes from an
elongated submerged target. In 8-a, the nearer portion of the

Figure 8-a Figure 8-b Figure 8-c Figure 8-4

trge t is toward the left. In 8-b. all parts of the target are
at the same range. In 8-c, the nearer part of the target is
toward the right, and in 8-d, the successive echoes all come
from the same direction, Which faict clearly indicates that the
axis of the target is along the sound beam. Some idea of the
scope of SSI in indicating aspect my be gained from Figures
6, 7, and 8. Logical extension of this application will be con-
sidered.

23. In order, for the target to be shown in true aspect, which
can readily be measured, it is essential that T1i vertical and
horizontal scales of distance be the same# The maning of this
statement is de clear by an e-amaintion of Figure 9. At 9-a,
there is showm a sound beam with a tarlet in it. The exension
in range of this target is epresented byAR. The extension in
width is represented byAW. It is essential that the same pro-
portions be obtained on the screen of the cathode-ray tube as
exist in the sound field. For the norm l SSI scan the require-

-15-



Figure 9-a Figure 9-b

ment is fulfilled if the width of the scan is to the distance of
the inv-ge from the bottom of the presentation as the width of the
sound beam at the range R is to tbat range. Referring to Figure
9--a and 9-b, this mathemtical relationship is

.(1)

This relationship is readily satisfied by adjusting the vertical
'and horizontal gains. w can be fixed once and for all. The rate
of sweeping vertically can be adjusted by a control knob until the

in.oge coes at a distance d from the bottom of the seween, 'as
indicated by a reference iiark, thereby satisfying equation (1).

24. Assuing that the condition of paragraph 23 has been satis-
fied, and that the true aspect appears on the screen, a means for
transmitting this information is illustrated in Figure 10. Here
again, the presentation is shown. In addition, the angle betwzeen
the projector bearing and the course of the submrine is indicated
by the symbol "A". A translucent dial on which are engraved a
number of parallel vertical lines is placed over the dis1play. This
my be rotated by maans of a knob to the position illustrated, in
which the lines are parallel to the direction of the trace. This
rotation is the angle which must be added to the direction in which
the projector is trained to give the course of the target. The
pperation of addition i-y be accomplished autoiatically by having
a differential synchro generator geared to the cursor in one-to-one
ratio, and by feeding into it electrically the true bearing of the
projector. Its output of target course can be transmitted to in-
dicators anywhere in the ship. In order to trahasmit this informa-
tion correctly the sound operator must t-Sintain two adjustments,

-13-
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Figure 10

namely vertical sweep rate for positioning the image vertically, for
which adjustment the second knob in Figure 10 is provided, and cursor
rotation for alignment with the image.

25. The indication when measuring aspect by the method described
in the preceding paragraphs suffers from the -fact that the width of
the scan has to be cut down to very small proportions relative to the
length. This difficulty may be overcome by depicting on the screen
only a relatively short extension in range starting at, say 200 yards
less range than the target and ending 200 yards beyond the target.
The type of sweep which is required, then, is a sweep which starts at
sore time after the signal is sent out. The displacement of the spot
vertically plotted against range is showm in Figure 11. With this

F4WIL S7C4

11!%
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Figure 11
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type of sweep the relation which has to be satisfied is

(2)
w Re

in which 1 and w are respectively the vertical and horizontal
dimensions of the SSI frame, 9 is the angular width of the sound
beam w1ich is scanned by SSI, R is the range which is to be centered
in the i1age, R1 and RZ are the ranges corresponding to the bottom

and top of the i.age. In order that this relationship be satis-
fied for all ranges with 1 and w fixed, it is necessary that R2-"-

R
be constant. That is, the extent of range must be proportional to
range, or the raGe of sweeping vertically from the bottom to the
top of the screen of the cathode-ray tube must be inversely propor-
tional to range. Consequently, the electronic means provided for
producing this sweep must increase the speed of sv.eep at shorter
ranges as shown in Figure 11 by the dotted line for shorter range.

26. It has previously been mentioned (paragraph 15) that a dis-
play somewhat like the one just described may receive its position-
ing in range from an attack director, except for adjustments to be
added by the sound operator, which adjustments autoatically correct
the generated range rate. The two functions may be combited and the
same display which serves for correcting range rate may be used to
show aspect. Note in Figure 5, page 11, how the spreading out of
the vertical scale brings out the true aspect of the target.

27. The true sector scan deserves mentioning under the heading
of aspect indication. A true sector scan is one which is shaped
like the sound field and represents all objects in the field in
their correct relative positions. This type of display therefore
shows true aspect. It is a crowded type of display for ranges far
short of the maximum rannge depicted and for this reason is not
so well adapted to uses such as fire control where a high degree
of accuracy is required. However, it does have possibilities,
particularly in navigation. In the section on navigation this
method of display will be given further attention.

E. Use with ASAP

28. The AntiSubmarine Attack Plotter (ASAP) is a device which
shows a true navigational plot of the courses of own ship and
target on the s~rae cathode-ray tube. A spot is made to traverse
a course representative of own ship's corse. At each ping this
spot is brightened and then sweeps out radially from own ship's
position in the direction in which the projector is pointed, being

-18-



brightened again whan an echo is received to indicate the position
of the target in the navigatiomal plot. The persistence of the
screen is made so long that a number of registrations remain observ-
able siiultaneously, thereby enabling the visualization of the tracks
as well as the positions of ovn ship and target. If the projector
is trained on the target, the location of the target is correctly
depicted, otherwise not. By supplanting the radial scan along a
line by a true sector scan (see paragraph 27) with its apex at
own ship's position, the indications can be made correct regardless
of the precision in training the projector. Even without the
addition of this type of sweep, ASAP operation would be improved if
SSI were used (preferably with an attack director), to maintain the
projector beam on the center of the target.

F. Determination of Depth

29. The simplest use of 4SI for the determination of depth is
that of centering the projector beam on the target. The depression
angle of the projector can be fed into a computer which also uses
slant range and bathythermographic data in its computation of
depth. This device should preferably be in the form of a recorder
in order that instantaneous indications of depth may be averaged
out by eye in reading the recorder trace.

30. When the depression angle is changing rapidly, as during an
approach, it may be difficult for the depression operator to keep
the image centered since he cannot always anticipate the amount
of depression increment required from one echo to the next. This
difficulty is obviated by the use of an attack director to provide
aided tracking, with the sound operator adding only the necessary
corrections.

31. In order to determine the depth of a target to within 1-25
feet at a range of 1000 yards, a depression accuracy of 4- *o To
required. The SSI can attain this degree of accuracy wih ease
provided that the echo does not return from varying directions
over multiple paths. Unfortunately, the echo nearly always re-
turns over a miniraura of two paths, namely the direct and the one
involving a surface reflection. If this is the only cause of the
relatively large fluctuations which have actually been observed,
the correotion of the difficulty would appear to be the placement
of the interfering echo on a null point of the projector beam
pattern by selection of a proper tilt. This would in general place
the inmage of the desired echo off center by a variable amount de-
pending upon tilt. but a means for taking this offset into account
is-available since proportional deflection makes readings off cerbr
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feasible. Operation ith the surface reflection on a response null
point is illustrated in Figure 12. Other means for reducing the

49/

Figure 12

effect of the surfce-reflacted echo are the use of a projector
having a larger vertical dimension for each receiving channel and
the use of higher frequency. In either case the objective is the
sharpening of the beam pattern.

32. It is now known that the depth of a target can be determined
at some range with an error not exceeding + 25 feet. It is not
known whether this range can in all cases be made great enough to
permit usin the information in the attack, but experimental work

is being prosecuted in order to provide the answers.

G. Phase Difference Expansion

53. There is a definite relationship in SSI between the deviation
of the image from center and the phase difference fed into the two
channels. When the phases differ by 1800 the imge appears &t the
edge of the frame. All deflections are in the same proportion to
phase difference, which is the meaning of proportional deflection.
It is possible to e.pand the scale in the central cathode-ray-tube
display by using a larger c-r tube. When this is done the individual
brightened-line segments are likewise expanded in the same propor-
tion and it is doubtful if any gain in sensitivity results in going
beyond a 5" diameter cathode-ray tube. However, if the phase differ-
ence between the incoming signals is expanded before being fed into
the SSI, an increase in sensitivity results. A method of expanding
smll phase-angle differences is to invert the signal in channel A



and to add part oV this inverted sigml to the sinal in channel B,
and at the same ti:loe to invert- the signal in oiaimel B and add part
of this inverted sigval to the simtl in 3hanzel A. The Vector
diagram in IFigure lZ-a illustrates the ef Cect. Figure 13-b shows

86 W4
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Figure 13-a Figure 13-b

various curves of distorted deflection plotted against original
phase difference. Expansion of the central portion of the scale
of SSI of two to three fold scems to be foasible., Esrly experi-
mental confirmation is planned.

H. Spotting

34. Spotting is the determination of the position in which the
projectile patter strikes relative to th3 target. If a pilot
projectile is deliberately made to fall short of the pattern cen-
ter by a known azuount, and it can be spotted relative to the tar-
get, the fire control corrections can be deduced. Methods of
designing such a pilot projectile to enable echo ranging from it
are being studied. For example, the emission by the pilot charge
of a bubble screen from which echoes can be obtained is receiving
attention. The SS is peculiarly adapted to showing two targets
such as a submarine and a pilot projectile on the sarae screen in
their correct relative positions provided that their ranges are
different. This last provision necessitates deliberately firing
the pilot projectile short in range. The display should be one
which shows extension in range from bottom to top and angle from
left to right. The sweep should be delayed as previously described

~4)wo ~v-W



in paragraphs 15 and 26 until the echo range is just short of the
pilot projectile. SUppose that the pilot projectile is deliberately
fired fifty yards short of the brgat. Then on the screen of the
cathode-ray tube thei'e can be a positlon as at A in Figure 14 at
which the target is held by Leans of aided trucking and there will
be a position B shown- :n themnme Figure at which the pilot projectile
should appear. If howmver, the pilot projectile image actually
appears at C in the Figure the error in range and bearing can be

C,

Figure 1-

read and called out (as 25 yards short - 63 right, in Figure 14),
and this information may also be fed directly to the fire control
officer.
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+o bearing deviation at the sme frequency. Even with the former
iensitivity, carefully controlled tests indicate the possibility
of centering, with an average deviation -from simultaneous periscope
readings plus correction for parallax, of 12 minutes. With a
larger projector, with an improved geometwical division of the pro-
Jector into two sections for reception, and with a phase difference
expander as auxiliary equipuent, it appears that errors introduced
by the SSI can be made completely negligible. Of course, errors
in the direction of arrival of the noise are beyond control and
should prove limiting factors in ultimate accuracy.

B. Use with TDC

38. The objective of determining target bearing with extreme
accuracy is to feed the TDC, especially when the submarine is sub-
merged and carnot safely expose its periscope. The feed to the
TDC receiver (embodied in the Mark IV) is at 1 and 36 speeds from
the projector shaft. The indication is given at the TDC receiver
on ring dials where it is compared with generated bearing corrected
for parallax. Any ftilure of the generated values to follow the
observed values can be used by the TDC operator in introducing
corrections into the TDC problem setup.

39. The TDC Mark IV has an incremental bearing output which
can be fed into the training system of the projector, thereby
providing aided tracking. When this feature is made use of, and
when the problem is correctly set up, the sound operator need not
train, save to insert corrections.

40. With the system thus far described there is one missing
lirnk, namely automatic correction of problem setup. This can
ultinately be achieved by the provision of an error voltage output
from the SSI for use in automatic correction of generated bearing
and bearing rate in the TDC.

C. Use wi th Triangulation Listening Ranging

41. Since the S5I is intrinsically a device which can measure
angles with great accuracy, the possibility of obtaining ranges
by triangulation is enhanced by its use. Two schemes of triangula-
ion, eadh possessing certain inherent advantages and disadvantages

are under contideration. These are (a) triangulation in a horizon-
tal plane using the distance between projectors placed well forward
and well aft on the submarine as a base line (b) triangulatioix in
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a vertical plane using the vertical diatence from the surface to
the single projector an a base line.

42. The method of horizontal triangulation is illustrated in
the sketch of Figure 16, which shows in perspective a triangle
formed by the target's propellers and the two projectors on the

Figure 16

subcarine used for the triangulation. The forward projector is
more likely to be used for measuring bearing B . The aft projec.
tor measures a different bearing Br'. The difference between these
two angles is the angle A subtended by the two projectors at the
propellers of the target. The range from either projector is
approximutely R. Now the relation which has to be satisfied in
this geometrical arrangement is the following:

sin A _sin B
(3)

This nmy be solved by a suitable computer since everything in
the equation except R is known or obt9inable from the bearings
at the two projectors. Horizontal triangulation Las been carried
out successfully in the "ITLR" at ranges up to about 2500 yards on
the beam of own ship. At snall angles off thp bow or stern the
base line la so greatly reduced that operation is possible only
at much shorter ranges. "TLR" functions without the benefit or
SSI. Also, it lacks aided tracking by TDC in angle and range. It
is believed that the addition of these features, together with the
use of error voltages to correct the problem setup would result in
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a substantial increase in accuracy in this rethod of obtaining
ranges. The proposed soheme for training the projectors is to
have the forward projector provided with aided tracking from the

TDC and to provide t, n angular differential between the two pro-
jectors which comes from generated range. Errors in the differ-
ential may be observed independently of errors in bearing by
switching from one _%rojeotor to the other for SSI and observing
whether the indication shifts on the screen without reference to
whether it is centered. Also an independent error voltage may
be obtained for correcting the generated range and range rate.
The advantages of this method of triangulation over that in a
vertical plane are its independence from depth of the subiwLrine,
from temperature gradients, and from roll and pitch of the ship.

43. Vertical triangulation is now receiving prelimimry tests.
This method requirea a tiltable projector and means for determin-
ing precisely the elevation of the target. It requires the use
of stabilization to compensate for roll and pitch-of the ship, and
'of coriputers which Nake an allowance for temperature gradients as
determined from batythermograph readings previously obtained.
The advantages of this system are a longer hase line obtainable
by deep submergence of the submarine, and the lack of dependence
of the length of ba.se line on the relative bearing of target.

44. Eigure 17 illustrates vertical triangulBtion. As will be
seen by reference to the Figure the range R is given by the
expressibn

R 1), cot e (4)

Figure 17
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D. Listening PPI

45. If a horizontlly split projector is used with SSI, the
scan is from the top to the bottom of the, boam or vice versa as

desired. Suppose that such a projector. is employed, that it it
stabilized against roll and pitch of the ship, and that it is

elevated through an angle of 450 . Such a projector is shown
mounted on the top side of a submarine in Figure 18. A beam

Figure 18

width of 600 is shown, and the scan is therefore from 150 eleva-
tion to 750 elevaticn. This scan in angle may also be rearded as
a scan along the sur2~ce from a horizontal range h cot 159to
h oot 750 . Any noise source in the particular azimuth in which
the projector is trained okn give an indication on the screen do-
pendent for its position upon the range of the source. In the
listening PPI the horizontal s weep of Figure 1-b is replaced by
a radial sweep from the edge of the screen nearly to the center.

This radial line is so directed as to represent the relative
bearing of the projector. The display when noise is picked up, is

then as shown in Figure 19 with the relative bearings Br and
approximately the range 

R indicated.
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Figure 19

46. The orientation of the radial line on the screen follows
the orientation of the projector automatically by means of a
synchro-servo system,. In use, the projector is intended to be
rotated several times per minute and the display will thus in-
Clude in their oorre,3t relative positions all noise sources swept
through. The persistence of the screen is mde long enough so
that images from twc successive sweeps appear simultaneously,
thereby giving an iriication of motions of the various targets.
Figure 20 is the tyla of display obtained when sweeping is being

Figure 20

carried out. In this illustration two noise sources, the station-
ary one on bearing C30, and the moving one on bearing 270, are
illustrated. The t%. images on about 2700 are from two successive
rotations through this noise source.
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47. This listening PPI, which requires no transmission of signl
is regarded as a d fense weapon aginst attacking surface vessels.
It should present 7:aluable inform tion to assist the captain in
planning escape tactics. The possibility of firing torpedoes by
means of listening SSI exists, but appears remOte.

E. Aid in Echo Ranging

481 While range -by triangulation are being sought, it does not
seom propitious to do away with echo ranging. Rather, echo ranging
should be confined to a few single pings, possibly with pulses so
short that they po.seass no tonal qulity. In sow cases, partiou-
larly with short p:.ngs, the echo is badly masked by prop noise and
its detection is d.ffioult. To alleviate this unfavorable condition
the sound operator may train behind the props by an amount wdch
places them at or 7ear a null point in the reception beam pattern,
and may then echo ;ange from the target' s wake. As an aid in tren s-
lating the range o..' the wake into the range of the target, the
constants of SSI w..y be chosen such that when the props are on a
null point the ext insion in range of the wake echo subtracted from
tho mean range of ;he wake echo will give the range of the target's
props. In operati.m the operator of the range recorder could call
out wake range and the operator of the 5SI could call out. an exten-
sion in range whici is to be subtracted. Tho TDC operator could
perform the subtra:ption mentally and check his problem setup. The
geometry of the sii;ution is shown in Figure 21. T is the target

4D //
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ship the propellers (P) of which are kept centered on the Ss.
when not echo ranging. When echo ranging, the beam Pattern of the
projector is within the angle a with null points in the directions
ca and od. ob and oc are the limits of the SSI scan and o is the
projector axis. LM.king the angle eod equal to the angle boc, the
extension in range sownv on the SSI screen, namely blc0 will be
substantially identical with the extension in range of eld1 and
therefore may be subtracted from the mean vwake range to give prop-
eller range oP.
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IV. UES IN NAVIGATION

A, Application tc Small Object Location

50. At times* suol as when running through a mine field, it is
desirable to locate fnll objects. Various methods have been de-
veloped to all of which SSI.in a particular form may be added with
advantage. All such small object locaters must operate from echoes
since the objects arc not obliging enough to emit noise; conse-
quently in the usual SS1 display an indication like that of Figure
1-a would be obtaine. Better visualization of the situation is
to be anticipated if this type of scan is somewhat modified. The
sound beam itself is shaped in the form of a sector of a circle
of expanding radius. If the display of SSI is given the identical
shape, the images of objects in the field will be shown correctly
positioned relative to some reference line such as a vertical
line on the screen irdicating dead ahead. Any suitable scale may
be chosen.

51. If the locater includes a searchlight beam which covers a
relatively small ang.e it may be desired to rotate this projector
continuously or in s& Ieps. In either case, the SSI display may be
rotated in synchronium. If such rotation is zero, the apex of the
display sector may m-)st conveniently be placed near the bottom of
the c-r tube. If ro 'ation is through an angle of about 4600, the
center of rotation oi the screen may preferably be placed somewhat
below the center of .;he screen. If rotation is through 3600, the
center of rotation should be placed at the center of the screen.
All of these arrangei-ents are attainable.

52. Figure 22 shatrs successive indications of a smll object
ahead of a submrine and to starboard. In order to obtain the

Figure 22
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latter inications it vas necessary to rotate the projector and
with it the display. It wi 11 be seen that when first detected
the small object lay vary close to the track of the submarine.
Full left rudder was called and the indication veered to the
right until it was at a safe distance from the track, at which
time the isubmarine returned to zero rudder.

B. Usa in Determin Lng Bottom Contours

53. Indications of aotbom slope are obtainable much in the
same manner as target 1spect, or wake aspect. For this purpose,
the projector must be split horizontally and the indication shows
deviation from the bear axis in a vertical plane. The display
of Figure 2 (page 6) s-liould be rotated downward the same amount
as the projector is tiIted downward. A gated vertical sweep
should be employed for correct aspect indication (see II-D). With
this arrangement the s?.ope of that portion of the bottom on which
the sound beam is traiyed is correctly displayed.

54. A typical disply of the bottom is illustrated in Figure 23.

Figure 23-a Figure 23-b

At 23-a, the vertical ,;eetion through the bottom in the plane of
which scanning is taking place is shown, together with the direc-
tion from which the so d vave impinges. At 23-b, the display
obtained from the echo is given. (The slope of the bottom as in-
dicated is independent of the tilt of the projector.) Points 1,
2, 3, and 4 in Figure 23-a are represented by corresponding points
1, 2, 3, and 4 in the image at 23-b. Note the absence of an echo
between points 2 and 3 in the shadovi zone.
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C° Use in Loceting Temperature Layers.

55. Any temperature layer which is abrupt enough to give a
g6od echo can be thown in aspect by the same method used for de-
termining the slope of the bottom. Vile at the present time it
is not known ,whether at some higher frequency good echoes can
always be obtained from temperature layers, such a possibility
is being investigated. If this should prove to be the case, the
mapping of tempersture layers might be of great help to a sub-
marine if it, is leter under attack, and conversely to a surface
ship attacking.

-33-0



AS

I. SSI OPATICN

A. Dependence on Incoming Signals

1. SSI requiret the use of a projector divided electrically
into two parts with; their centers of area displaced in the plane
of scan. For the purpose of this discussion it will be assumed
that the plane of scan is horizontal, and that the division is
into two halves separated by the vertical diameter of the projec-
tor. "When a noise or echo comes from the beam axis of the projec-
tor, the two halves of the projector respond exactly alike. if,
however, the signal is displaced to the right of the beam axis,
it reaches the right half of the projector before it reaches the
left half giving rise to a phase lead in the right-half response
ahead of the left-half response. SSI uses this phase difference
in the two halves of the projector to produce an indication of the
deviation of the source or reflector to the right or the left of
the beam axis.

B. Block Dia gram

2. Plate I is a block diagram of the equipment. There are
two amplifying channels, one for the right half of the projector
(shown across the top of the plate), the other for the left half
of the projector (shown across the bottom of the plate). These
amplifiers are of the superheterodyhe type with separate local
oscillators tuned to slightly different frequencies as shown.
By heterodyning the two local oscillators against each other in
a mixer, a 400-cycle/sec. difference frequency is obtained, which
is passed through the second horizontal line of components in the
diagram to synchronize a saw-tooth generator and thereby to pro-
vide a horizontal sweep across the screen of the cathode-ray tube.
The third horizontal line of components represents the means for
obtaining a vertical sweep.

3. The two amplifier channels are combined at the extreme
right of the diagram to provide voltage for spot brightening at
the proper position in each horizontal sweep when an echo or
propeller noise is being received.

-34-



C. Scanning the Screen

4. In the absence of an echo, the screen of the cathode-ray
tube is normally dark. If, however, the intensity grid voltage
is increased by tu ning the brightness control, an electron beam
is permitted to st.ike the screen, thereby producing a fluores-
cent spot. This sDot sweeps across the screen rapidly from left
to right and then rspeats to form a succession of horizontal lines.
At the same time a slower vertical sweep deflects successive lines
upvard from the bottom to the top of the screen in such a ianner
that a rectangular area is covered, as in television, but at a
much slower rate.

D. Vertical Sweep

5. The vertical sweep is produced by a saw-tooth current
applied to the vertical deflection coils, This current is so
sy2nchronized with Lhe transmission of sound ixnto the water that
the horizontal lines are deflected to the bottom of the screen
at the instant of sound transmission, and thereafter progress
upard. Vertical lisplacement from the bottom is therefore pro-
portional to range. The range proportiorality constant may be
chosen by the operator to :ake the top of the screen correspond
to any desired range, as for example, 3750 yards, 1500 yards, or
750 yards. If the transmitted pulse is initiated by a range re-
corder, the downward fly-beck may be synchronized regardless of
how far toward the top of the screen the vertical deflection has
proceeded. When listening to noise the fly-back from the top to
the bottom of the screen is accomplished autoatically without
external synchronisation. A convenient time for the vertical
sweep in this latter case is 6 seconds.

E. Reference System

6e The heart of the SSI is the means for symohronizing the
horizontal sweep with spot brightening. To this end, a time ref-
erence system is employed. The two local oscillators of the SSI
are tuned 400 cycles/sec. apart. The phase relations between the
two oscillations may be shown on a clock diagram, as in Figure 24,
in which a single hand rotating at 400 revolutions per second in-
dicates at every instant the phase of tha higher frequency relative
to the lower.
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Figure 24

F u Horizontal Svmep

7o If the cloak scale is broken at 180D .rnd straightened, as
in Figure 25, it represents the synchronioa., of the horizantal
sweep, across the screen of the cathode-ay t6ube, with the phase
relations betweon the two oscillations. This synchronism is

-1,60 4 fo* d 4f* do +4 +qot +135 +/80

Figure 25

achieved as follows, The two local oscillations are heterodyned
against each other to give a 400 cycle/sec. difference frequency.
Thiu difference troquer, cy in the plate circuit of the mixer bears
the definite relD.ti2hip to the clock diageram of going through
maximum when the oloo' hand goes through 180. The voltage at
the difference frequrioy is shifted in phase a fixed amount and
distorted in the desired ranner to trigger a gas tube, thereby
discharging a condenser, whenever the clock lnd goes through 1800.
This disclarge is wed to make the sweep "fly back" from extreme
right to extreire left at 1800 (see Figure 25). Then, as the con-
denser charges, the spot sweeps across the screen in one revolu-
tion of the clock hrnd.
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G, Synchronization of 3ignal

8. The signal Crom'the right half of the proj3ctor is fed
into the channel with the oscillator of higher frequency. In
the superheterodyne mixer, phases (as well as frequencies) are
subtracted. Thus, if the too incoming signals (right and left)
are in phase, the tvo intermediate frequencies Uave relative phase
identical with that of the local oscillations shown in Figure 24.
By producing spot brightening when the two I.F.'s pass through
phase coincidence (00 in Figure 24) the brightened spot falls on
center (Figure 25), as it should for this case.

9. Suppose the .;ignal output of the right half of the projec-
tor leads by 900 befvause the signal lias a bearing deviation to the
right. Then, becauic of subtraction of ghases in the mixers, the
I.Fo's have a relative phpse retarded 90 from Figure 24, as shown
by the added shorter hand in the clock diagram of Figure 26. This

*. )

lopN

Figure 26

added hand is an I.P. relative-pase hand and rotates with a con-
stant 900 lag behind the oscillation relative-phase hand for this
exaraple. Whenever "he I.F. relative-phase hand -ases through zero,
spot briitening taes place. At such instants the oscillation
hand is at 4900; hence ihe brightened spot occurs at +900 on the
sweep scale of Fig-e 25. In general, if the right half leads or
lags the left by an angle net exceeding 1800, spot brightening
occurs at the scale position of Figure 25 imrki.Ag the lead or lag.
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B. The problem of Thiung SSI

13. The problem of tuning SSI is one of aligdng two local
osillators 400 cycles aprt ±20 cycles over Vie frequency range
and at the same time allgning with these local oscillators any
tuned sigral-frequency circuits vhch may be rsquired. The
aligment of the signal-frequency tuned circuits with each other
must be a phase aligmnt which is oonsiderably more critical than
an amplitude aligement because at the peak response frequency the
amplitude variation with frequency is zero while the phase varia-
tion with frequercy is inxium. It is necessary then, that the
sigral-frequenoy tutied circuits be aligned with each other very
carefully: their aligment with the locsl oscillators Is not quite
so important since if all are out of alignment with the local os-
cillators by the same amomt the only effect is a decrease in eensi-
tivtty without rela tive phase shift between the t o channels0 The
principle problems boil down to these two;

a. Tracking of te tio local oscillators 400
cycles apart ±20 cycles, and

b. Tracking of all tuned sinal-frequeacy cir-
cuits with each other.

14. The following methods offer promise of providing tunabilitys

a. The diffarenos frequency between the two local
oscillatCors, already available, is put into a dis-
criminator tuned to 400 cycles per second. This
discrininatcr gives a d-o output vrhich is positive
or negative deoending on the direction of deviation
of the difference frequency frcma 400 cyiles per sec-
ond. The discriainator output is injocbed on the
grid of a reictance tube used in the tuied circuit
of one of the local oscillators and affsoting its
frequency of osillation. The circuit is so arranged
that variation in grid potential of the rcactance
tube times the oscillator of which iA is a part,
in the direction which makes 'te di iference frequency
between the two local oscillators approach 400 cycles
per second. Ganged with the oecillsav;or tming inn-
densers are those for signal-frequency .unlig. Re-
sults to date indicate tlat some tuning ahead of the
mixer in each channel is required. .'ither a single
tuned circuit with a fairly high Q, or two tuned
circuits in tascade each having a low Q appear to be
satisfactory. Whatever circuits lave to be timed
nay have their condensers gpnged with the oscillator
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tuning condensers, It should be noted that with
this scheme misalignment of the signal frequency
tuned circuits with the local oscillator tuned
corcuits my not be serious since it results only
in decreased sensitivity and not in relative phase
shift betwoen the two channels.

b. Another method of tuning is to use three oscilla-
tors, two on fixed frequencies 400 cycles per second
apart, and the third tunable with its condenser
tracked with the signal frequency tuned circuits.
The variable frequency oscillation is heterodyned
against each of the two fixed frequency oscillations
to produce the variable frequencies, 400 cycles per
second apart, which take the place of the local os-
cillations in the superheterodyne channel. These
variable frecuencies have to be carefully filtered.

c. A method of partial tuning involves the use of
pairs of crystals to control the local oscillator
frequency with the signal frequency stages tunable
by means of ganged condensers. When it is desired
to change frequency the pair of crystals in use is
removed and a new pair is plugged in whereupon the
signal frequency condensers may be retuned, for
maximum response.
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APPENDIX Bs EX PERILENTAL RFSULTS TO DATE IN_ A/S VIARFAR5

A, Installation in USS FOSS

1. The potentialities of SSI in A/s varfare have been partially
demonstrated in the Integrated Sonar type A installation in the de-
stroyer escort 1S POSS. This installation was completed in February
1945 and tests are still continuing. The portions of the installa-
tion associated with the tvwo SSI's are a projector, trainable, tilt-
able beyond 900, and stabilized against roll and pitch of the, ship,
a coupler unit, and a pulse length control.

2. The projector is of the QB type - Roohelle salt crystals. It
has a broad frequency-response characteristic peaking at 26 kilo-
cycles/soc. It is split, electrically cnly, along vertical and hori-
zontal diameters into quadrants. A three-axis system of stabiliza-
tion keeps the spl,.ts horizontal and vertical despite rolling and
pitching, while malUtaining the bearing and depression called for.
The training and tilting of the projector are independently con-
trolled by two sound operators, but only the training operator is
needed for searching.

3. The coupler unit eliminates the keying relay, an important
function, but necessary with SSI only for extremely short ranges.
More important for SSI operation, this unit combines the quadrants
in various combinaions and provides outputs of right and left
halves, of top and bottom halves, and of the whole projector. The
first and seomd p-irs of outputs are fed to the two SSI units, the
last to the receivorD which provides audible output and feeds the
tactical recorder.

4. The pulse length control is mentioned here because results
indicate that imlso length is of irportance in obtaining the most
information from the SSI. Pulse lengths of 2) 5, 10, 20, and 50
milliseconds are selectable.

5. One SSI, the display of which is on the console of the train
operator, utilizes the rair of coupler unit, outputs equivalent to
right and left alves of the projector. This unit scans the pri-
mary reception loba of the projector horizontally, and thereby
shows the objects contained in the lobe in plan. The second SSI,
the display of whibh is on the console of bhe tilt operator,
utilizes the pair of coupler ,mit outputs equivalent to top and
bottom halves of the projector. This second unit scans the pri-
nary receptim lobe of the projector vertically, and thereby shows
the objects contained in the lobe in elevation.



B. Operation of FOSS Equiyant

6 In search, one operator seated at the train console (Fig-
ure 4, page 9) traIns through the designated search sector on suc-
cessive pings until contact is established. Contact may first be
recoodzed aurally or on the chemical recorder, but should be readily
identifiable on the S1 at about the same time. The position of
the brightened spot in the horizontal scan on the cathode-ray tube
indicates at once which way and how far the operator should train
to center the target, and enables him continuously to caintain con-

tact as lonC as echoes can be received.

7. Contact having been established, the t lt operator takes
hts position at the tilt console (Figure 4) for the a.ttack. His
SSI presentation shows the target on or off center vertically. In
the approach, as the brightened spot moves down on the screen, he
cdntrols the tilt of the projector to bring it back to center. At

close range he may anticipate the shift in position and, by tilting.
through possibly as much as a degree, or more, between tic success-
ive nines. keen the indication on center.

0. Operational Results

8. Experimental operation of the FOSS installation indicates
that once a contact is made, operators with no special training
in the use of this particular equipnnnt can hold contact even when
runing uirectly over the target at 20 knots. Two runs in which
the maximum tilt anoles were 230 and 700 respectively are shown in
the accomp*ning reproduction of recorder traces (Plate 2). The
data regarding tilt is lritten on the traces along with an indi-
cation of minimun range4  Perhaps the most striking demonstration
occurred when working with the USS R-I ,,hich had been modified to
permit running at 13 knots submerged. With the R-l naneuvering at'
will, the FOSS nevor lost contact during a 90-minute operating
period.

9. One objective with the FOSS installation was to obtain
depth of a subnarine by reasurement of the tilt angle and slant
range. Sevoral runs were made on a single day of operation with
the submarine at depths of 100 feet, 200 fe6t, ant. 400 feet, Tit-
out the tilt operator's taking any particular care to keep the
L.ae centered and without his signalling when he was On the target,
teriodic observations of rene and tilt were taken on the bridge ro-

"eazer for the tiwee subarine depths during approaches. From te
dEava depths were. computed and these are plotted as curves (a). (b),
and (c) of Plate 3 for the 100-foot, 200-foot, and 400-foot depths,
rspeetively. The target'vas an Italian submarine which expresses
tts )entt as distance of I us vater line belw the surface. The limit
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lines in the plate represent coning tower and keel on the
assumption that the submarine was at the requested depth in
each case.

109 Several conclusions can be drawn from these graphs
of depth versus slant range, as follows:

a. Errors in individual determinations are rather
large.

b. The depth indicated by an average of several deter-
minations is reasonably good and is consistent out to
the maximum range at which readings were taken.

To these conclusions may be added that some interference from
surface-reflected echoes was observable at tilt angles of less
than 60 or 70, and less reliance vas put on determinations at
such angles although the graphs do not show less consistency
at the longer than at the shorter ranges.

11. It was observed during operations in the FOSS that a good
idea of target aapect mas obtained from the SSI presentation when
using short pulses (10 milliseconds or less). Admittedly, the
Doppler effect is lost at the shorter pulse lengths, thereby giv-
ing less discrimination between echo and reverberations. This
sacrifice may not be tolerable with poor water conditions. Even
so, possibly one ping in four could be a short pulse primarily
for aspect indication.

12. In the FOSS installation considerable attention was given
to the display of target a spect. With a submarine as a target
running slowly at 400 feet depth, conditions which should have
given rise to no wake, an indication of aspect vas clearly obtain-
able. For example, in a quarter approach, target angle 1350, the
display showed the successive line segments from bottom to top in
the duration of the echo displaced more and more to the right.
The observed extension in range agreed approximately with that of
the submarine. As the range was closed and a beam aspect ob-
tained, a display was obtained which spread in an irregular manner
completely across the screen. Beyond this in the approach, the
successive line segments became displaced more and more to the
left at increasing range, indicating a target angle between 00 and
900, and finally, in passing directly ahead of the target the lira
segments of the display were aligned vertically. (See Figure 14,
page 22.)

13. In the FOSS installation the method of aspect measurement
in which the scan conences at the time of transmission as tried
and gave an accuracy within +50 for the target course except when
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a near beam aspect was presented when the errors increased .to 100.
or 200. The li Ltations of this type of presentation were recog-
nized and the delayed sveep method is soon to be tried.

14. Recently a Librasoope type of attack director was installed
in the FOSS and operated with the Integrated Sonar equipuent. With
this combination the attack director has been found capable of tilt-
ing the projectoe correctly in runs directly over the target, so
that the tilt operator has little to do except to detect slight bear-
Ing deviations caused by errors in the problem setup. An example
of such a run is shown in the reproduction of the recorder trace
in Plate 4. In this particular case the op3rator did not touch the
tilt'control witiin 400 yards of the target. The attack director
should be caiablf) of doing well on training although the speed of
train is much hit;her than that of tilt when passing Over the
target.
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APPENDIX CS WE2PRIMEITAL RESULTS TO DATE IN PRO-SUBMARINE APPLICATIONS

A e Preliminary Experimental Installations

1. Early in the ar, improvements in the sonar equipment in
submarines lagged behind those in sonar equipment for surface
vessels out of all proportion to the need for such improvements
in the two cases. Recognizing this situation, NRL proposed to
Comsublant certain experimental installations of SSI and other
devices for submarines. Comsublant was at all times highly
cooperative and much of the earliest experimental work with SSI
as carried out in submrines. Here, naturally, the stress is on
indications from prop noise rather than from echoes.

2. Successive installations of SSI in the USS 8-48. the USS S-20,
and the US BASHAW, demonstrated that prop noise could be located by
this device at ranges at least as great as those whith would permit
aural detection with conventional equipment, and that accuracy of
at least 4. 1 degree in bearing was obtainable, the training systems
employed eing the limiting factors in accuracy determinations.

3. The BASHAWI installation utilized the whole projector for
one channel and half the projector for the other. The display
obtained with this arrangement proved inferior to that with the
more conventional mthod in that only the central portion of the
screen was useful. The method was thereupon discarded.

4. In these preliminary experiments, no range sweep was em-
ployed, successive horizontal sweeps being at a constant vertical
position. Having worked for some time without a range sweep, NRL
is now particularly avare of its advantages.

B. Plans for Installation of SSI with Torpedo Data Computer Mark IV

5. Having been advised of the accuracy of SSI in preliminary
tests, the Bureau of Ordance included in the design of torpedo
data computer, Mark IV, provision for

a. reception of projector bearing by synchro repeat-
back from the projector slaft at 1 and 36 speeds;

b. generated projector bearing by the TDC at 1 and
36 speeds including parallax corrections and allowance
for travel time of sound, for direct comparison with
the actual projector on ring dials; and

c. incremental relative bearing output for training
the projector except for corrections added differen-
tially by the souned operator.
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6. BuOrd and RL., jointly, planned the installation of TDC
Mark IV and SSI together in anexperimental submarines These plans
were presented to other bureaus and to Coraiublant. lHodifications
of the S-20 were authorized and she was made available for the In-
stallation and tests during November and December 1944.

C. Installation and Tests of SSI-TDC in the B-20

71 The installation and tests of SSI-TDC inthe 8-20 are cov-
ered -in NRL Sound Report No. 42 of January 10, 1945. The abstract
of that report reads as follows:

"The tests of the BDI-TDC combination in the USS 3-20
were conducted jointly by the Bureau of Ordnance and
NRL.

"Preparations entailed removal of the a-20 port side
torpedo stowage facilities, replacement of the sonar
equipment by aodern components, and the installation
oft (a) a 4KVA MG set, (b) a split Q8 projector,
(c) projector training gear similar to IWA type but
driving a top-side mount with 38 speed control and I
and 36 speeC repeatbacks, (d) BDI, (e) -DC Mark IV
Mod 0, (f) BDI repeater, and (g) a periscope target-
bearing repeater.

"The tests included practice runs, a calibration
run, runs for recording dial roadings with the tar-
get on a known fixed eoarse at known speed, and reg-
ular fox runs by the target ship with the submarine
simulating a-ttacks. In eight simulated attacks the
5-20 used sound information exclusively while sound
c(zeat was U.intained.

"The calibretion runs showed the difference between
observed sound bearing (plus computed parallax bear-
ing) and perisoope bearing to be 12' on the average
over the 40 readings on bearings all around the sub-
marine except around the bow and conning tower.

"During the simulated attacks, four torpedoes vre
fired; tluee were hits and the fourth was "cold"."

8. From these tests, and from others wherein TDC was used with-
out SSI, it appears to many observers that the installation in the

S-20 is the type best suited for operation with TDC. The situation
is perhaps best sunmaried by quoting from a letter written by
Comsublant to Chief of Naval Operations:



'Since, with the BDI, sound bearings were so remarkably
accurate, the presence on the TDC face of a continuous correct
sound bearing was of iunense value for purposes of analysis be-
tween periscope observations. Secondly, Since the bearing input,
using the BDI, is so smooth, (no see-sawing back and forth across
the target.) it vas found to be just about as feasible to fire with
sound bearings as with periscope bearings. On both firing runs
conducted by the observers, hits were mde near 'OT using sound
bearings exclusively with absolutely none of the confusion usually
attendant on a soumd shot."
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APPO)IX Dt DESIGN OF PROJECTOR FOR SSI

A. Faults in Present Design

1. ItMh the development of BDI there came the split projector
which receives two signals which in general differ in phase, for
feeding two channels. There seems to have been no design work
carried out on the split projector beyond the decision to split a
standard projector along p. vertical diameter. The same simple
construction has generally been used with SSI except in the FOSS
installation, where vertical and horizontal splits into quadrants
enabled combination of airs of quadrants into right half, left
half, top half, and bottom half. As a receiving projector, half
a circle is poor beeause of the very wide beam pattern and the
very high secondary lobes. Furthermore, the proportioning of the
factors - transmitting beam widths, receiving beam widths, and
angle scanned through - is particularly ill-chosen in this "design".
The scan is within '-he limits of the transmitting, beam pattern, and
no echoes would be expected to be received at the edge of this beam
because no energy is sent out in this direction. The receiving
beam pattern, on the other hand, is only three or four decibels
belo. peak response at the edge of the transmitting beam. Con-
sequently, at reception, interfering noise can be picked up through-
out a solid angle of several times the useful solid angle.

B. Necessity for Compromise

"2. Projector deiiign requires compromises between the follow-
ing pairs of factors:

a. Narrw beam width and reduced minor lobes

b. Narrow receiving beam width and deflection sensitivity

c. Beam pattern in vertical plans and beam patterns in
other planes.

There are rethods of reducing the minor lobes 30 decibles or more
below the main lobe. However, these methods cause a widening of
the beam pattern which may lower the directivity index more than
high minor lobes do, A good compromise is reached when the mincr
lobes are reduced a little over 20 decibels below the main lobe.
Receiving beam width can be decreased by permitting the two sections
of a split projector to overlap. This overlap closes the distance
between the centers and thereby decreases the deflection sensitivity.
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However, in order to narrow the beam .by some MI., and to suppress
the minor lobes to 2C db down some saorifice in deflection sensi-
tivity is worth-while, particularly since it can be restored by
means of a phase difference expander. Ex'perience has shown that
interference, probably from surface reflected echoes, is most
serious in the vertical plane. Consequently, the beam pattern in
this plane should be sharper and should have suppressed minor lobes
even if optimum desien in Other planes is thereby rendered impossible.

3. A proposed design of projector which appears to be the best
compromise between the factors involved for SSI is shown in Plate 6.
This is a four-section design capable of combination to give a right
and left pir of sections and simultaneously a top and bottom pair
of sections. The right and left sections are symmetrical relative
to vertical axes through their centerss the top and bottom sections
are symetrical relative to horizontal axes through their centers.

4. Plate 6 shows the theoretical receiving beam pattern in a
vertical plane of a projector split into halves and also that of
the proposed designo The narrowing of the beam, and the reduction
of the m;inor lobes in the latter may be noted.
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