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FREFACE

Before thiz var, scisntists at YJRL were acking the
question "Is it not poseibls, by methods akin to those of tele=-
vision, %to scan & supersopic fisld in synchronism with the ssan-
ning of & cathode-ray tube, and to present on the cathode-ray
tube & pieturs of the contonis of the supersonic field?"™ The
answer is "Yes" and the embodyment of %the method is the Ssctor
Scan Indicator (SS1).

The detz il obigimed by bLelevision is not approached in
SSI because of cng trensit tiwe of sound, difficulties
which would be erncoumbersd in atitompting to focus, and mny
other reasonc incivding lack of cooperation on the part of the
subject. Neverthaless, & ccoarse-greined picture which st
lsast reselves smll objests sepzreted in range 2nd at best
resolves different paris of the same reflecting object separated
in range has been obLimined.

This report tells how 831 functions, presents some of
the many uses to which it may be put, end ineluvdes photographs
and data regepding setial tosts.
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I, FORM OF PRUSENTATION ARD FUNDAMENTAL THEORY

A. Form of Presentztion

1. The Sector Scan Indicator (SSI) is a device for present-
ing, on the screen of a cathede-ray tube, a picturs of the re-
flecting objects in the field of s superscnie projector. Such
objects are displayed as a seriss of short, bright, horizontal-
line segments, with vertical deoflection from the bottom propor-
tiorpl to rengs, and with hoerizmiel deflection from & vertical
center lins proportioml to snguler deviation from the axis of
the sound beam,: '

2. Figure l«s represents the display of an echo at three-
fourths maximum renge and at 2° to the right of the projector
axis. The extent in range corresponds te scho-length.

E
=
B 3
H
1
Pigure l-a Figure 1-b
S SSI may be used as wzll for cbserving propsller molse.

Since prop noise is continuous, the bright line segments recur
from the hottom of the scresn to the tep &s in Figure l«b, Thse
indication shows bearing rete as well os instantansous bearing.
The time required for the vertical sweep in Figure 1l«b is four
secords and the bearing change is 4°., This is a bearing rate of

1 degree per sesomd represented by the traversal of one horizontal
space during the vertical sweep time. A slower vertical sweep
pernits reading lowsr bearing rates more accurately. One space
during 2 vertical swesp may be made to represent 3°/sec., or

% ° /sec.
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&. The use of the Sactor Sean Indlcator im & vertionl
plane is also fesrible. The cathode-ray-tube dleplay is rotated
through 90° so thet rengs i= shown horizonially and depressicn

above or below the besm werticelly. Pigwre 2 shows & signal
enm, an indleation thet

aerriving from 2° telow the axls of the b
the projector should be tilted dunmerd 8% in order to center
the imgs. It will be epprent ¥t a tiltebls projector is
Hilizs 881 in this Torm 4o ite fullest

necessary in order Lo ubl
advantage.

Flgure 2
Be The discrimlmation betwoen different argets at differsnt

renges 1§ illustrated by the reproduction of actwrl photogravhe
of 887 displaye in Pigure 3.

FIG. 3a Fig. 3b



At 3-a, echoes {rom & bLridge are displayed, thres brightoned
spots representing echoes from three different piers. The ine
dication in the foreground is reverberation. At 3=b, there are
displayed three szhips, an aircraft oarrier, 2 heawvy cruiser, and
e light cruiser, lying at enchor in Fempton Reads., The distincte
ness of each echo is worth noting. The angular separation is
shown very definitely.

B, Fundamsntel Theory

6. 8SI requires the use of & prcjector split electrically
along the vertical diametsr {or split along the horizontal
diameter for use in & vertical plane).  ¥When a noise or echo

is directed along the bean axis,of the projector, the two halves
of the projector should respond aliks., 1f, however, the signal
is displaced te the right of the beam exis, it reaches the right
half of the projoctor before it reaches the left hlf, giving
rise to a phese lead in the right-half response ahead of the
left-lalf response, SSI uses this phase difference in ths two
halves of the projector to produce an indication of ths devia=
tion of the source or raflector to the right or to the left of
the bsam axis, '

Te In the §37 display on the screen of a cethode~rey tubs,
the soresn is scenned rapidly from lsft 4o right in a succsssion
of horizontal lines, ahd mors zlowly from bottom to top in such
a mannsr that the successivs horizontal lines are displacsd up-
ward, forming & complete rectmngular frame. In this rectengular
frame, vortical displacemen® of a brightoned spot corresponds to
the rangs of a twrgot from which an echo is= received., This cor=
rospondence is achleved by starting the scan at the bottom of
the screen at the instant a sigoml is transmitied, by making the
vertical sweep linear, and by using thes echo to brighten® the.
spot on the screen at the time of its reception. Thus, since
displacement from the botbtom of the screen and the range of the
reflecting object are both propertional to the time bstween the
tronemission of & signal and the racepticn of an echo, they are
proportional to each other, '

8. Rorizontel digplacemsnt from the center reprosents sngular
displacement of the reflecting object from the beam axis of the
projector. thile a conplete description of the methoed of pro=

- o <= - - - - - - - - - - - - - - o - - - -

*In this report the term spot brightening and like phrases'to brighten
the spot" refer to the production of & bright spot or 8 succession of
bright line segments on & completely dark background. The phraseology

“ has historiczl significance and is convenient.



dueing proportiomal horizontal 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 two halves of & split projector (deseribed in paragraph 6)
are fed into separete amplifying chamnels. In these channels the
phase of one of +the signals is continuously advanced relative to
that of the other, 360° in eaoh horizontal sweep across the c-r
tube, There result instants of phase coincidence once each sweep,
which oceur at positions in the sweep depending upon the origimal
relative phase of the incoming signals, and which are made to
produce spot brighusning on the screen of the cathode-ray tube.

94 8ST thus far lms been fixed-tuned to one of three select-
able freauencies. The problems involved in prcducing tuning
throughout & wide band considerably exceed in difficulty the

same problems in & receiver-amplifier. However, they appear not
to be insurmountable and a discussion of methods is given in Ap-
pendix A,



II.  USES OF SSI IN A/S VARFARE

A,

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

so effective as the trainable and tiltable searchlight beam in
mintaining contact with the target and in rlaying & mrt in
providing inforration concerning the locatlon of the target for
transmission to other reletéd equipment. The use of one §SI to
indicate azimuthal centering te the "train" operator and of another
SST to indicate depression centering to the "tilg® operator, en=
ables these two operators to work independently so long as each
ﬁerforms his furction properly. Tests described'in Appendix II
have demonstrated that a tsam composed of two operators can main~
tain contact with the target in spite of whatever reneuvers it
my execule.

11, The consoles for two operators may be very ‘simple, as
illustrated in Figure 4, where the two oconsoles are shown side

GAIN Gg
- g
TRAIN :
PEPRESSION

Figure 4

by side. The "train" operator sits before the console shown at
the left. The indicator dial shows him the bearing deviation of
any target which is picked up, ths finger-tip trein control en=
ables him to kesp the image centered on the cathode-ray tube ,
while the gain control enables him to adjust the 8SI gain for
optimym contrast in the image. Ie is assisted in identifying
echoes by the uswal audible reproduction. The oontrols of the
receiver amplifier should be within his resch although ad justed
preferably by the operator of the renge recorder when the latter
is at his station. At times coaching of & train opers ior by the
recorder operater and vice versa may prove helpful,

-9-—



12. The tilt operator takes his station only after a contact
has been established. A% 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 maintain contact. The tilt operator functions only
in eontrolling the tilt and in adjusting the gein of the tilt SSI
for optimum contrast in the image.

13. The information obtained by the trein operator includes the
aspect of the target, while the tilt opere.tor should be able to
determine the depth of the target sufficieontly soon in the attack.
These problems are so important that sections II-D and II-F are
devoted entirely to them.

14.  The ultimmte design (if there is any ultimaie) of somr
equipment for the atitack must include an attack director. The
logical culmimtion 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-
mticn for feeding the mttack director. This information may in-
clude target bearing, itarget bearing rate, range, range rate,

target aspect, and target depth. Subsequently, after the problem
has been eutomatically 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 teking over anc carrying out autoratically
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
automr tically, while the tilt operator may use the indication of
depression deviation %o correct the projector depression and thereby
the problem setup.

15, Obtaining range and range rate with 3SI involves the use of
a range gate controllsd incrementally by the range genersator of
the attack director. This pate pernits a relatively short extent
of normal 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

«10m=



12.00 1000
1000
EXTENT 1+ N RANGE
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EXPANSI\ON
b0 0! =
b=
o (35
Figure 5-a Figure 5-b
Normal Range Scan ‘Expanded Range Scan

genoerated range rate. Figure 5-a shows the display obtained
‘from an echo received from a target at about 800 yards range,
the whole display covering from gero to 1200 yards range. A
certain section of this range from 600 yards %o 1000 ya2rds,

as indicated by the rectangle superimposed over the display is
to be selected by the range pate and expanded to fill the whole
screen &8s shown 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 generated range comes on
center. In this case the center of the echo is slightly above
center indicating thet the generated range is too short. There-
fore the operator should insert an adjustment which brings the
spot to center (so timt{ the scale now represents BR5 yards to
{925. yards and the center line §25 yards) by directly correcting
the generated range. Further discussion of this typs of display
will be given in Section D under Aspect Indication.

B. Use with Sword

ls. The Sword is e projesctor which produces a fan-ghaped 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 recuired. The sharpness of the angle
in the vertical plane permits determinmtion of the depression
with extreme accuracy. In this determimation SSI mey play an

-]l



important role. In gznergl the deflection sensitivity of S8SI is
inversely proportioml 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 emhanced, if desired, by the method of phase
difference expansion described in II-G. Thus, if stabilizing gear
of sutficient accuracy is available, and if the direction from
which echoes return is not subject te fluctuations which introduce
comparatively large srrors, great accuracy is to be anticipated
with this combination. A factor which adversoly 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 & 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 additiomal projector must be used with the Sword in
order to permit the determimation of agimvth. Such & projector
could be, for example, another Sword rotated through 90° to give
a fan-shaped beam narrow in azimath. Anothar combimation which
has favorable possibilities is the use of ths 8Sword with QH Scan=
ning Somar, In either combimation, the SSI affords & sensitive
indication of bearing deviation.

Ce Use with QH Scanning Somar

18, The QH pear gives a presentation on a cathode-ray tube

which is a plen position indication, "PPI". While this type of
presentation has the adventaze of covering all directions simul-
taneously, there is less detail than is given by the SSI, which covers
only a smll sector. The QH indicates & target as occupying a

whole beam width, which so far has been about 15° or greater. SSI
gives an indication cecupying not over 2° of beam width unless the
target subtends & larger angle. Vhen obtaining an indication of a
target at short rangs with QH, the angular sensitivity is poor be-
cause the radial distance from tho center is smll; consequently
angular displacement does not produce much linear displacement, The
normal type of preseniation of SSI gives as good angular sensitivity
at short range as at long. Fimlly, the SSI registers 400 times

per second during the reception of an echo, whereas the QH registers
only 30 times per seconds While tho QH is giving one line the SSI
gives 13. Consequently the SSI is intrinsically better able to indi-
cate aspect as discussed in Section 1I-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. 1In eearch, a QH would be expected to be the more
effective. In attack, the SSI should give more inforration and greater
accuracy, and it should function better with an attack director.



19. The QH gear is normally provided with a listening channel
directed in azimuth to cover a desired sector, and this listening
chamnel is of great essistance in identifying suspected echoes be=-
cause echo quality becomes cbservable in it. The SSI mmy be
directed into the same sector and treined in the same manner as the
receiver channel, Thus whenever an indicaition on the QH is suspected
of being an echo, corroboration may be cbteinable by directing the
receiving chammel and the §SI into the sector from which the sus=-
pected echo arrives, If an atiack follows, the 551 may prove of
primry importance.

D. Aspect Indication

20, Since SSI is & proportiomal deflection device, & 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 shovmn in relstion to & shore line. The shaded portion

Figure 6-a Figure 6-b



of the beam represents the extension dn range of = sigml 10
milliseconds long. This pulse is travelling toward the shore-
line and will shortly reach et portion of the shoreline at the
right of the beam. Whatever reflectlon is obtained from this
porbion of the shoréline will be the first reflection %o be re~
ceived and will register on the S$8I dlsplay =t the extreme right
of the screen. Thereafter reflections will be received from
different angular positions progressing to the left and in every
case the correet angular poeition will be shown in the S8I display.
Consequently a display similar to Figure 6-b will be obtained. .
This type of display ray be termed sspsct indicatlion.

21, Ancther mnifestation of aspect indication osours in echoss
from wakes. Figurs 7-a is & reprodustion of & phobtograph of an
881 display in the wake of a surface vessel. The seatiered line

FiG, 7a Fi6. 7b

segmonts at the botbon of the Figure are reverberations. (The
dirsction from which these are received 1s, of courss, indionted,)
A short distance above the reverberations the wake echo may be
scon extending from lsft So right as the rangs increases. This
slearly shows that tho nearsst spprosch of the track of the ship
which produced the walke is at the left of ths screem. At the top
of the display is shown propeller noise received from the ship
which produced the wale. Thls prop nolse shows in the dlsplay only
at long range, because the operstion of ¢tlms variable gain reduces
the receiving sensitivity +o eall sigmals at the instant of transe
mission and graduwlly restores this sensitivity, thereby permitiing
response to relatively strong weks echoss at short range while the
senaitivity 1s still too low %o respurd wo prop noiss, but also
permitting response to prop noise st a later time when pgreaisr sen-
Bitivity has been restored. The presence of prop noise at a partle
ocular angle identifiss the angular position of the ship. It may

.-



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

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

Figure 8=-a Figure 8~b Figure 8-c Figure 8-d

target is toward the left. In 8-b, 211l parts of the target are
&t the same range. In 8~c, the nearer part of the target is
toward the right, and in B-d, the successive echoes all come
from the same direction, which fact clearly indicates that the
axis of the target is along the sound beam. Some idea of the
scope of SSI in indicating aspect may 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
oan readily be measured, it is essential that The vertical and
horizontal scales of distance be the same. The meaning of this
statement is made clear by an examinalion of Figure 9, At 9-a,
there is shovn a sound beam with & target in it. The exbension
in range of this target is pepresented by AR. The extension in
width is represented by AW. It is essential that the same pro-
portions be obimined on the screen of the cathode-ray tube as
exist in the sowmnd field. For the norml SSI scan the require-



Figure S=e Figure 9=b

ment is fulfilled if the width of the scan is to the distance of
the imepge from the hottom of the presentation as the width of the
sourd beam at the ranze R is to that range. Referring to Figure
9=6 and 9=b, this mathemm tical relationship is

=8 (1)

o
ol=

This relationship is readily satisfied by adjusting the vertical
‘end horizontal geins. w can be fixed once and for all. The rate
of sweeping vertically cen be adjusted by a control knob until the
image comes at a distance d from the bottom of the saereen,-'as
indicated by a reference rark, thereby satisfying equation (1.

4. Assuning thet the condition of paragraph 2% has been satis=-
fied, and that the true aspect appears on the screen, & means for
transmitting this information is illustreced in Figure 10. Here
again, the presentation is shown. In addition, the angle between
tHe projector bearing and the course of the submarine is indica ted
by the symbol "A™. A translucent dial on which are engraved a
number of prallel vertical lines is placed over the display. This
my be rotated by msans of a knob to the position illustrated, in
which the lines are parallel to the direction of the trace. This
rotation is the angie which must be added to the direction in which
the projector is trained to give the course of the target. The
peration of addition may be accomplished autouatically by having
a differential synchro generator geared to the cursor in one-to-one
retio, 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 trensmit this informa-
tion correctly the sound operator must rmeintain two adjustments,
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Figure 10

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

25, The indicetion 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 ray be overcome by depicting on the screen
only & 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
soms time after the sigmml is sent out. The displacement of the spot
vertically plotted against range is shown in Figure 1l. With this

FlL SCRLE
g ‘
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“type of sweep the relation which has to be satisfied is

1 - Ra-Ri , (2)
W RO .

in which 1 and w are respectively the vertical and horizontal
dimensions of the SSI frame, & is the engular width of the sound
beam which is scenned by SSI, R is the renge which is to be centered
in the image, Ry and R, are the ranges corresponding to the bottom

and top of the image. In order that this relationship be satis-
fied for all rangss with 1 and w fixed, it is necessary that Rp-Rj
' R

be constant. Thet is, the extent of range must bs proportional to
range, or the rate of sweeping vertically from the bottom to the
top of the screen of ths cathode-ray tube must be inversely propor-
tiomal to range. Consequently, the electronic means provided for
producing this sweep must increase the speed of sweep 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 renge from an atteck director, except for adjustments to be
added by the sound operator, which adjustments antoratically correct
the genserated mange rate. The two functions may be combined and the
same display which serves for correcting range rate may be used to
show aspect. Note in Figure 5, mge 11, how the spreading out of
the vertical scale brings cut the trus 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 sowumd field and represents all objects in the field in
their correct relative positions. This type of display therefore
shows true aspect. It is & crowded type of display for ranges far
short of the maximum renge depicted, and for this reason is not
so well adapted to uses such as fire control where & high degree
of acouracy is required. However, it does have possibilities, '
rarticularly in navipation. . In the section on navigation this
method of display will be given further attention.

Ee. Use with ASAP

28, The AntiSubmerine Attack Plotter (ASAP) is a device which
shows a true navigational plot of the courses of own ship and
target on the same cathode-ray tube. A spot is made to traverse
8 course representative of own ship's course. At each ring this
spot is brightened and then sweeps out radially from own ship's
position in the direction in which the projector is pointed, being
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brightened again vhen &n echo is received to indicate the position
of the target in the navigationmal plot. The persistence of the
screen is mde so long that a number of registratiions remmin observe-
able similtaneously, thereby enabling ths visualizetion of the tracks
as well as the nositione of own ship and target. If the projectar
is trained on the target, the location of the target is correctly
depicted, otherwise not. By supplanting the radial scan along a
line by & true sector scan (see paregraph 27) with its apex at

own ship's position, the indicetions can be made correct regardless
of the precision in treining the projector. Even without the
addition of this type of swesp, 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 SSI 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 2 computer which also uses
slant range and btathythermographic data in its computation of
depth. This device should preferably be in the form of a recorder
in order that instanteneous 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 ray bte difficult for the depression operator to keep
the imrge centered since he cannot always anticipate the amount
of depression increment reauired from one echo to the next. This
difficulty is obvirted by the use of an atlack director to provide
aided tracking, with the sound operator adding only the necessary
corrections.

1. In order to determine the depth of & target to within $25
feet at a range of 1000 yards, a depression accuracy of + 3° s
required. The SSI can attain this degree of accuracy with ease
mrovided that the echo does not return fronm varying directions
over multiple paths. Unfortunately, the echo nearly always re-
turns over a minimum of two paths, mamely 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 correction of the difficulty would appear to be the placement
of the interfering echo on & null point of the projector beam

mttern by selection of a proper tilt., This would in general place
the image of the desired echo off center by a variable amount de=-

pending upon tilt, but & means for taking this offset into account
is-available since proportiomal deflection makes readings off cexer
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feasible. Operation with the surface reflection on & response null
point is illustrated in Figure 12. Other means for reducing the

S/ E

Pigure 12

effect of the surfece-roflscted echo are the use of a projector
having e larger vertical dimeneion for each receiving channel and
the use of higher frequency. In either case the objective is the
shappening of the beam pattern.

32. It is now known that the d epth of & ‘arget can be determined
at some range with an error not exceeding + 26 feet. It is not
known whether this range can in all cases be made great enough to
permit using the information in the mtiack, but experimental work
is being prosscuted in order to provide the enswers.

G. Phase Difference Expension

33. There is a definite relationship in SSI betwesn the deviation
of the image {rom center and the phase difference fed into the two
channels. When the phases differ by 180° the image appears &t the
edge of the frame., All deflections are in the same proportion to
rhase difference, which is the meaning of proportional deflection,

It is possible to expand the scale in the centrel cathode-ray-tube
display by using & larger c-r tube, When this is done the individual
brightened~line segumonts are likewiss 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 8SI, an increase in sensitivity results. A method of exmnding
small phase-angle differences is to invert the sigmal in channel A
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and to edd part of this jnverted sigml 4o the sipual in channel B,
and at the same tiue to invert the siymal in ocvannel B and add part
of this inverted sirpal to the sigmnl in channel A. The Vector
diagram in Figure 1l%-a illustrates the effect. Figure 13=-b shows

8 A e
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Figure 13-a Figure 13=b

various curves of distorted deflsction plotted ageinst original
phase difference. Expansion of the central portion of the scale
of 58I of two to thres fold seems to bes foasible. . Farly experi-
mental confirmation is planned.

H. Spotting

34. Spotting is ths determirmmtion of the position in which the
rojectile pattern strikes relative to tha target, If a pilot
projectile is deliberately rade to fall short of the pattern cen-
ter by a known anount, 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 acho ranging from it
are being studied. For sxample, the emission by the pilot charge
of a bubble screen from which echoss can be obtained is receiving
attention. The S5SI is peculiarly adapted to showing two targets
such as a submarins and a pilot projectile on the same screen in
their correct relative positions provided that their ranges are
different. This last provision necessitaves deliberetely 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. Ths sweep should be delayed 2s previously described
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in ppragraphs 15 and 26 uniil the echo range is just short of the
pilot projectile. Supposs that the pilot projectile is deliberately
fired fifty yards short of the turgst. Then on the screem of the
cathods=-ray tube there cen be a position as at A in Figure 14 at
which the target iz held by neans of aided trucking and there will
be a positien B shown in themme Figure at which the pllet projectile
should appear. If howover, the pilot projectils impge actually
appeers &t C in the Fipure the error in range ard bearing oan be

R'+50 yOsS.
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Figure 14

read and called out {as 25 yards short = 6° right, in Figure 14),
and this information may also be fed directly to the fire control

officer.



III, USES OF SSI IN PROGUBMARINE PROGRAM

A.  Bearing Indieation

56« The principal use of S5I in submarines is for training
gcourately om. the propellers of e terget, using the 881 indicatic
of propeller noise. A sketch iLllustrating the mature of this
indication is given in Figure l-b, page b, except that in that
cage the projector was not trained to kesep the indicatlon centered.
For this use the §5I circuits are arranged to complete one frame
from botbom to top and then auntomtically to spap back to the
bottom of the screem end start over again. The persistence of
the screen is such thet the botbom portion of 8 preceding frame
res shout faded out at the siart of a new frams. '

36, The form-of the display is shown better in Figure lb-a and
156=b, which 1s 8 reproduction of photographs taken in the 820 Ine-
stallation. 15-6 shows a centersd itrece, 16-b illustrates ths

FiG. iba FiG. 15b

Figure 15-a Figure 18-b

effect on the display of training the péoj@ci;or aoross the Arget
and back again. :

87 The deflection sensitivity of 881 is related in a definite
manner to the geomstrical arrangement and dinensions of the two
halves of the projector, and to the frequency used. With a 13"
dismeter projector (erystal diametér), operating at 26 ke, deflec-
tion te the extreme right or left indicates & bearing deviation of

4 12°, with the use of & projestor of twice the diameter, which

Ya contempla'ﬁed, deflections %o the edge of the frame would represent
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489 bearing deviation at the same frequency. Even with the former
Bensitivity, carefully controlled tests indicate the possibility
of centering, with an average deviation from simultaneous periscope
readings plus correction for parallsxr, of 12 minutes. With a
larger projector, with an inproved geometrical division of the pro-
Jector into two sections for reception, and with a phase difference
expander es auxiliary equipment, it appears that errors introduced -
by the SSI oan be made completely negligible. Of course, errors

in the direction of arrival of the noise are beyond control and
should prove limiting factors in ultirnte acouracy.

B. Use with TDC

38. The objective of determining target bearing with extreme
accuracy is to feed the TDC, especially when the submarine is sube
merged and carmot safely expose its periscope. The feed to the

TDC receiver (embodied in the Mark IV) is at 1 and 36 aspeeds from
the projector shaft. The indication is given at the TDC recelver
on ring dials where 1t is compared with generated bearing corrected
for parallax. Any failure of the generated values to follow the
observed values can be used by the TDC opsrator in introducing
corrections into the TDC problem setup.

39, The IDC Mark IV has &n incremental bearing output which
can be fed into the training system of the projector, thereby
providing aided tracking. When this feature is mede use of, and
when the problem is correctly set up, the sound operator need not
train, save to insert corx'ec(tions.

40, With the system thus far described there is one missing
link, pamely autcmtle correction of problem setup. This can
ultimtely 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 SSI is intrinsically & device which can measure
angles with great acourscy, the possibility of obteining ranges

by triangulation is enhanced by its use. Two schemes of triangula-
tion, eadh possessing certain inherent advantages and disadvantages
are under conwideration. These are (a) iriangulation in a horizon-
@l plane using the distance between projectors placed well forward
and well aft on the submarine as a base line (b) triangulation in
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a vertical plane using the vertical distsnce from the surface o
the single prcjector as a base line,

42. The method of horizontal trisngulation 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

SHRLACE

Figure 16

subrerine 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 Be'. The diff'erence between thege
two angles is the angle A subtended by the two projectors at the
propellera of the target. The range from elther projector is
approximately R. Now the relation which has to be sailisfied ipn
this geometrical arrangement is the following:

8in A _ sin By
b 3 (3

This may be solved by & suitable computer since everything in

the equation except R is known or obtwinable from the bearings

at the two projectors. Horizontal triangulation las been carrieq
out successfully in the "TIR" at ranges up to about 2500 yards on
the beam of own ship. At smnll angles off the bow or stern the
base line is so greatly reduced that operation is possible only
at much shorter ranges. "“TLR" functions without the benefit of
S8I. Also, it lacks aided tracking by TDC in angle and renge. 14
is believed that the addition of these features, together with the
use of error voliages to eoerrect the problem setup would result in
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a substantial inorecse in acourasy - in this method of obtaining
ranges. The proposed sohems for training the projectors is te
have the forward projector provided with aided tracking from the
TDC and to provide &«n angular differential between the two pro-
jectors which comes from generated range. Errors in the differ-
ential my be observed independently of errors in bearing by
switching from one :rojector to the other for SSI and observing
whether the indication shifts onm the screen ‘without reference to
whether it is centered. Also an independent error voltage may
be obtained for correcting the generated range and renge rate.
The advantages of this method of triangula tion over that in a
vertical plane are its independence from depth of ths submarine,
from temperature gradients, and from roll and pitoh of the ship.

43, Vertical triangulation is now resceiving prelimimary tests.
This method requires a tiltable projector amd means for determin-
ing precisely the slevation of the target. It requires the use
of stabilization to compensate for roll and pitch -of the ship, and
‘of computers which rmke an allowance for temperature gradients as
determined from bathythermograph readings previously obtained.
The advantages of this system are a longer tmse line obtainable
by deep submergence of the sutwarine, and the lack of dependence
of the length of base line on the relative bearing of target.

44, Figure 17 illustrates vertical trisnguistion. As will be
seen by reference to the Figure the range R is given by the
expressidn

Rah cot ® (4)

Rz Hcols & _ el

SOHRCE

Figure 17
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D. Listening PPI

45,  If a horizontally split projector is used with SSI, the
scan 1s from the top to the bottom of the bsam or vice versa as
desired. Suppose that such 8 projector is employed, that it is
stabilized against roll and pitch of the ship, and that it is
elevated through an angle of 45°. Such & projector is shown
mounted on the top side of a submarins in Figure 18, A beam

Figure 18

width of 60° is shown, end the scan is therefore from 15° eleva-
tion to 75° elevaticn. This scen in angle ney 2lso be regarded as
a soan along the suriece from a horizontal range h cot 15% to

h oot 75°. Any noise source in the particular azimath in which
the projector is trained cén give an indication on the screen de-
pendent for its position upon the range of the source. In the
listening PPI the horirontal sweep of Figure 1-b is replaced by

a radial sweep from the edge of the screen nearly %o the center.
This radial line is so directed as to represent the relative
bearing of the projector. The displey when noise is pioked up, is
then as shown in Figure 19 with the relative bearing, B, 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 automstically 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-
¢lude in their correst relative positions all noise sources swept
through. The persistence of the screen is mpde long enough so
that images from twc successive sweeps appear simultanecusly,
thereby giving en iriication of motions of the various targets.
Figure 20 is the tyrs of display obtained when sweeping is being

Figure 20

carried out. In this illustration two noise sources, the station-
ary one on bearing €30, and the moving one on bearing 270, are
11lustrated. The tuw> images on about 270° are from two successive
rotations through tl.is noise source.
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47,  This listen:ng PPI, which requires no transmission of sigmal
is regarded as a dcfonse weapen against attacking surface vessels.
It should present valuable information to asslst the captain in
planmning escape tactics. The possibility of firing torpedoee by
means of listening SSI exists, but appears remote.

E. Aid in Eoho Ranging

48. While range:; by triangulsation are being sought, it does not
seem 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 posssss no tonal quality. In scme cases, particu-
larly with short pings, the echo is badly masked by prop nnise and
its detection is difficult. To alleviate this unfavorable condition
the sound operator may train behind the props by an amount which
places them at or near & null point in the reception beam pattern,
and my then echo ;ange from the target's wake, As en ald in trens-
lating the range o¢.' the wake into the range of +he target, the
constants of SSI m.y be chosen such that when the props are ona
null point the ext msion in range of the wake echo subtracted from
tho mean range of ;ho wake echo will give the range of the target's
props. In operatim the operator of the range recorder could call
out wake renge and the operstor of the SSI could call out an exten-
sion in range which is to be subtracted. Tho TDC operator could
perform the subtraition mentally and check his problem setup. The
geometry of the siiwation is shown in Pigure 21. T is the target

Figure 21
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ship the propellsrs (P) of which are kept centered on the gg

when not echo ranging. When echo ranging, the besp T8 thopy 1
projector is within the engle & with null points in the direOf the
oe and od. oband oc are the limits of the SSI gcap and oe Ctiong
projector axis. IBking the angle eod equal to the angle is the

extension in range shown on the SSI screen, name ly bl°1 w:‘t.,ﬁ’bthe
substantially identical with the extension in range op edy a.n;

therefore may be subtracted from the mean wake range

to pj
eller range oP. §ive prope



IV.  USES IN NAVIGATION

A, Application tc Small Object Lecation

50. A%t times, sucl as when running through & mine field, it is
desirable to locate small objects. Various methods have been de-
veloped to all of which 8S8I.in a particular form mey be added with
advantage. All such smll object locaters must operate from echoes
since the objects arc not obliging enough to emit noise; conse~
quently in the usual SSI display an indicetion like that of Figure
l-a. would be obtainec ., Better viswlization 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
shaps, the images of objects in the field will be shown correctly
positioned relative ‘o some reference line such as & vertical

line on the screen irdicating dead ahead. Any suitable scale my
be chosen.

51. If the locate:' includes a searchlight besam which covers a
relatively smll ang.e it may be desired to rotate this projector
continuously or in seps. In either case, the SSI display may be
rotated in synchroniim. If such rotation is gzero, the apex of the
display sector may most conveniently be placed near the bottom of
the ¢-r tube. If ro'ation is through an angle of about +60C, the
center of rotation o. the screen mey preferably be placed somewhat
below the center of =he screen. If rotation is through 360°, the
center of rotation siiould be placed at the center of the screen.
All of these arrangeiwnis are attainable.

52. Figure 22 shoirs successive indications of & small object
ahead of a submerine and to starboard. In order to obtain the
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latter indications it was necessary to rotate the projector and
with it the display. It will be seen that when first detected
the small object lay vary close to the track of the submarine.
Full left rudder was cilled and the indication veered to the
right until it was at o safe distance from the track, at which
time the submaArine returmsd to gzero rudder.

B. Use in Determin ing Bottom Contours

53. Indications of sottom slope are obtainable much in the
same manner as target ..spct, or wake aspect. For this purpose,
the projector must be 3plit horizontally and the indication shows
deviation from the bear axis in a vertical plane. The display
of Figure 2 (page 6) shoculd be rotated downward the same amount
as the projector is tilted downward. A gated vertical sweep
should be employed for correct aspect indication (see II-D). With
this arrangement the siope of that portion of the bottom on which
the sound beam is trained is correctly displayed.

54. A typical diepl.y of tho bottom is illustrated in Figure 23.

Figure 23-a Figure 23-b

At 23-a, the vertiocsl section through the bottom in the plane of
which scanning is teking place is shown, together with the direc-
tion from whioch the sowd 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
l, 2, 3, and 4 in the image at 23-b., Note the absence of an echo
between points 2 and 3 in the shadow zone.



C. Use in Loce ting Temperature layers.

55.  Any tempereture layer which is abrupt enough to give a
good echo can be thown in espect by the same method used for de~
termining the slope of the bottom, While at the present time it
is not kmown whether at some higher frequency good echoes can
always be obtained from temperature layers, such a possibility
is being investigeted. If this should prove to be the case, the
mpping of tempersture layers might ba"of great help to a sub=-
marine if it is leter under attack, and conversely to a surface
ship atmeking.,
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APPENDIX As SSI THEORY

I, 8SI OPERATICN

A,  Dependence cn Incaming Signals

1. SSI requires the use of & projector divided electrically
into two parts with their oenters of area displaced in the plane
of sean. For the purposs 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 projsctor respond emactly 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 & phase lead in the right-half response
ahead of the lsft-half response. SSI uses this phase difference
in the two halves of ths 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 Diagren

2. ‘Plate 1 is & 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 loocal
oscillators tuned to slightly different frequencies as shown.

By heterodyning the two local cscillators against each other in
a mixer, a 400-cycls/sec. difference frequency is obtained, which
is mssed through the second horizontal line of components in the
diagram to synchronize a saw=tooth generator and thereby to pro-
vide a horizontal swsep across the screen of the cathode-ray tube,
The third horizontal lime of components represents the means for
“obtaining e verticel sweep.

3. The two amplifier channels are combined at the extreme
right of the diagrem to provide voltage for spot brightening at
the proper position in each horizontal sweep when an echo or
propeller noise is being received.
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C.  Scamning 4he Screen

4. In the absence of an echo, the screen of the cathode-ray
tube is normally dark. If, however, the intepsiuy grid voltage

is increased by turning the brightness control, an electron beam
is permitted to strike the screem, thereby producing a fluores-
cent spot. This soot sweeps across the screen rapidly from left
to right and then repeats to form a succession of horizontal lines.
At the sams time a slower vertical swesp deflects successive lines
upward from the bottom to the top of the screen in such a manner
that 8 rectangular area is covered, as in television, but at a
much slower rate.

De Vertical Swesp

5. The vertical sweep is produced by a saw=tooth current
applied to the versical deflection ooils. This current is so
synchronized with the trensmission of sound into the water that
the horizontal linss are dellocted to the bottom of the screen
at the instant of sound transmission, and thereafter progress
upward. Vertical lisplacement from the bottom is therefore pro-
portional to range. The rangs proportiomlity constant my be
chosen by the operitor to mmke the top of the screen correspond
tc any desired range, as for example, 3750 yards, 1500 yards, or
750 yerds. If the transmitted pulse is initismted by a range re-
ocorder, the downward fly-back way be synchronized regardless of
how far toward the top of the scresn the vertical deflection has
proceeded. When listening to noise the fly-back from the top to
the bottom of the screen is accomplicshed automatically without
external synchronization. A convenisnt time for the vertical
sweep in this latter case is 6 seconds.

E. Reference System

6, The heart of the SSI is the means for synchronizing the
horizontal sweep with spot brightening. To this end, & time ref-
ersnce system is employed. The two local oscillators of the SSI
are tuned 400 cycles/sec. apart. The phase relations between the
two oscillatlons 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 plnse of the higher frequency relative
to the lower.
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F. Rorizontal Svwsep
7o If the cloock scale is broken at 180° &nd straightened, as

in Figure 25, it vepresents the synchronism of the horizamtal
sweep, across the scroen of the cathods=-ray %ube, with the phase
relstions betweon the two oscillations. This synchronism is

-180° -1357 -90° -45°  (° +45° +9C° +I35 +i80
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Figure 25

achieved as follows. The two local oscillaticns are heterodyned
against each other 1o give a 400 cycle/sec. difference frequency.
Thius difference froguerecy in the plate circuit of the mixer bears
the definite relnticaship to the clook disgram of going through
mxioun when the cloek hend goes through 180°. The voliage at
the difference frequsucy is shifted in phese a fixed amount ard
distorted in the dezired mammer to trigger a gas tube, thereby
discharging a condenssr, whenever the clock hand goes through 180°,
This disclarge is ussd to make the sweep "fly tack" from extreme
right to extreme left at 180” (see Figure 25). Then, as the con-
denser charges, the spot sweeps eacross the screen in one retvolu=
tion of the clock hend.
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Go Synohronieation of Sigml

8o The signal f{rom the right Wlf of the preojictor is fed
into the channel with the oscillator of higher frequency. In

the superheterodyne mixer, phases (as wsall as frequencies) are
subtracted. Thus, if the two incoming signals (right and left)
are in phase, the two intormediete frequencies have relative phase
identioal with that of the local oscillations shown in Figure 24,
By producing spot brighteninpg when the two I.F.'s pass through
phese coincidence {0° in Figure 24) the brightened spot falle on-
center (Figure 25), as it should for this cese.

9. Suppose the signal output of the right Wif of the projec-
tor leads by 90 besause the sigral has a bearing deviation to the
right. ZThen, because of subtraction of ghases in the mixers, the
I.F.'s have a relative phase retarded 90" from Figure 24, as shown
by the added shorter hand in the clock diagram of Figure 26. This

~i37° ‘\h'__/ +35°
j&o*

¥

Figure 26

added hand is an I.F. reletive~phase hand and rotates with a con-
stant 90° lag behind the oscillation relative-phase hand for this
example. Wherever “he 1.F., relative~pimse hand pmsses through zero,
spot brightening talies place. At such instants the oscillaticn
mand is at $90°; hence the brightened spot cccurs at +90° on the
sweop scale of Figw-e 25. In yeneral, if the right half leads or
lags the left by an angle nct exceeding 180°, spot brightening
occurs at the scale position of Figure 26 marking the lead or lag,
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B. The problem of Tuning &SI

13. The problem of tuning SSI is one of aligning two local
osoillators 400 cycles amart #20 cycles over the frequency range
and et the same time aligning with these local oscillators any
tuned sigmal=frequency circuits which my be r3quired. The
alignment of the sigmal-frequency tuned circuits with each other
must be & phase alipmment which is considerably more oritical than
an amplitude alignment Lecause at the peak respomse frequency the
amplitude variation with frequency is seroc while the phase varia-
tion with frequspey is maximun. Il is necessary then, that the
sigmal~frequency tuned circuits be aligned with each other very
carefully: their aligrment with the loesl oscillators is not qulte
80 important since if all are out of aligmment with the local os-
cillators by the same amcunt the only effect is & decrease in semsi-
tivity without relative plnse shift between the two channels. The
principle problems boil domn to these two;

a. Tracking of tle two local oscillatora 400
cycles epart ¥29 cyolss, and

bt. Tracking of all tuned simsl-firequeacy cir- .
culits with each other.

4. The follewing methods offer promise 5f providing tunabilitys

&, The diffurence frequency between the two local
oscillators, already available, is put into & dis-
erimimtor tumed to 400 cycles per second. This
discriminatcr gives & d-¢ output whieh is positive
or negative devending on the direction of Jdeviation
of the difference f'requency from 400 cysles psr sec-—
cnd. The discriuinator output is injected on the
grid of a reactance tube used in the tuned circuit
of one of the local oscillators and affscting its
frequency of oscillation. The circuit is so arranged
that variation in grid potential of the roactance
tube twines the osscillator of which 4% is a pars,

in the directiom which mekes the iifference frequency
between the iLwo local oscillators apnroach 400 oyocles
per seoond. GCanged with the oscillator twaing mn-
densers ere those for sigmal=-frequency tuning. Re-
sults to date indicale tiat some tuning ahead of the
mixer in esch channel is requirod. Sither & single
tuned circult with a fairly high @, or two tuned
circuits in svascads each heving & low Q appear Yo be
satisfactory., Whatever circuits have to bs tuned
my have their condensers ganged with the oscille tor



tuning condensers. It should bs noted that with
this scheme misaligmment of the signal frequency

tuned circuits with the local oscillator tuned

corcults mey not be serious since it results only
in decreased sensitivity and not in relative phase
shift between the two chamnnels.

b. Another method of tuning is to use three oscilla-
tors, two n fixed frequencies 400 cycles per second
apart, and the third tupable 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 superhetercdyne channel. These
varlable frequencies have to be carefully filtered.

c. A methed of partial tuning involves the use of
rirs 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
sigmal frequency condensers may be retuned, for
maximum response.
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APPENDIK B: EXPERIMENTAL RESULTS TO DATE IN A/S VIARFARE

A, Installation in USS FOSS

1. The potentialities of $SI in A/S varfare heve been partially
denonstrated in the Integrated Somar type A installation in the de-
stroyer escort USS F0OSS, This instmllation wes completed in February
1946 and tests are still continuing. The portions of the installa~
tion associated with the two SSI's are a projector, trainable, tilt-
able beyond 909, ard stabilized magainst roll and pitch of the ship,
"8 coupler unit, ané a pulse lsngth control.

2 The projecter is of the QB type = Rochelle salt crystals. It
has a broad frequency-response characteristic peaking at 25 kilo-
cycles/soc. It is split, electrically omly, along vertical amd hori-
zontal diameters into quadrants. A three-exic system of stabiliza-
tion keeps the splite horizontal and wertical despite rolling and
pitehing, while maintaining the bearing and depression called for.
The training and tilting of the projecter are independently con=-
trolled by two sound cperatoreg, but only the training operator is
needed for sesarching,

3. The coupler unit elimimates the keying relsy, an important
function, but necessary with SSI only for extremely short ranges.
More inmportent for 8SI operation, this unit combines the quadrants
in various combima-;ions and provides outpute of right and left
halves, of top and bottom halves, and of the whole projector. The
first and secand puirs of outputs are fed to the two SSI units, the
lost to the receivor, which provides sudible ocutput and feeds the
tactical recorder.

4. The pulse longth control is menticned here because results
indicate that pulse length is of importauce in obteining the most
‘information from the 8§SI. Pulse lengths of 2, 5, 10, 20, and 50
milliseconds are selectable. ‘

6. One SSI, the display of which is on the console of the train
operator, utilizes the M ir of coupler unit outpute equivalent to
right and left lalves of the projector. This unit scans the pri-
mery reception lob2 of she projector horizontally, and thereby
shows the objects contmined in the lobe in plam., The second SSI,
the display of whish is on the console of the tllt operator,
utilizes the mir of coupler unit outputs squivalent to top and
bottom helves of the projector. IThis second unit scans the pri-
mary reception lobe of the preojector verticelly, and thereby shows
the objects contained in the lobe in elevation.
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B. Operation of FOSS Equipwnt

6. In search, one operator seated at the train console (Fig-

ure 4, page 9) trains through the desigmited search sector on suc-
cessive pings until contact is established, Conlact may first be
recognized aurally or on the shemical recorder, but should be reedily
identifiable on the S8I 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, amnd emables him ¢ontinuously to maintain con=-
tact a8 long as echoes can be received.

T Contact having been established, the tilt operator takes

his position at the tilt console (Figure 4) for the attack. His
SSI presentation shows the target on or off center vertically., In
the approach, as the brightened spot moves down on the soreen, he
controls the tilt of the projector to bring it back to center. At
olose range he mmy anticipate the shift in position and, by tilting,
through possibly as much as a degree, or more, between tw success=-
ive pinrs. keep the indication on center.

C. Operational Resulis

8. Experimental operation of the FOSS installation indicates
that once a contact is made, opsrators with no speeial training

in the use of this particular equipment can hold contact even when
running uirectly over the target at 20 knots. Tweo runs in which
the maximum tilt angles were 23° and 70° respsctively are shown in
the mccompanying remroduction of recorder traces (Plate 2), The
data regarding tilt is written on the traces along with en indi-
cation of minimum range. Perhaps the most striking demonstretion
ocourred when working with the USS R-1 whioch had been modified %o
permit running at 13 lmots submerged. With the R-1 reneuvering at’
will, the FOSS never lost contact during & S0-minute operating
period. '

9. Otne objective with the FOSS installation was to obtain

depth of a submirine by measurement of +he tilt angle and slant
range. Several runs were rmade on a single day of operation with
the subrarine at depths of 100 feet, 200 feet, and 400 feet. With=
out the tilt operator's taking any particular care to keep the

loame centered and without his signelling when he was on the target,
neriodic observaiions of range and tilt were taker on the bridge ro-
neaver for the tirees subrarine depths during apprcaches. From the
dava, depths were computed am tiese are plotted as curves (a), (b),
anéd {(¢) of Piate 3 tor the 100-foot, 200=foot, and 400-foot depths,
raspactively. The target was an Italian submarine which expresses
Lig venth ag distance of ius vater line belrw the surface. The limit
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lines in the plate represent conning towsr and keel on the
assumption that the submarine was at the requested depth in
each case,

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

a, Errors in individual determins tions are rether
large.

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

To these conclusions ray be added that some interference from
surface-reflected echces was observable at tilt angles of less
then 6° or 79, and less reliance was put on determinations at
such angles although the graphs do not show less consistency
at the longer than at the shorter ranges.

11, It wvas observed during operations in the FOSS that a good
idea of target aspect was 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 my not be tolerable with poor water conditions. Even
0, 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 espect, Vith a submarine as a target
running slowly at 400 fest depth, conditioms which should have
given riss tc no wake, an indication of aspect was clearly obtain-
able. For example, in a quarter approech, target angle 135°%, 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 0° and
90°, and finally, in paseing directly ahead of the target the lime
segmonts 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 commences at the time of transmission was tried
and pave an accuracy within _«!-_5_0 for the target course except when
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a near beam aspect was presented when the errors increased to 100"
or 20°. The limitations of this type of presentation were recog-
nized and the delayed sweep method is soon to be tried.

14, Recently 2 Librascope type of attack director was installed
in the F0SS and operated with the Integrated Somr equipment. With
this combina tion the attack director s been found ocapable of tilt-
ing the projector correctly in runs directly over the target, so
that the tilt oparator has little to do except to detect dight bear-~
ing deviations cauused by errors in the problem setup. An example

of such & run is shown in the reproduction of the recorder. trace

in Plate 4. In this particular case the opsrator did not toush the
%ilt control within 400 yards of the target. The attack director
should be capable of doing well on training although the speed of
train is muoch higher than that of tilt when passing over tha

target.



APPENDIX C: EXPERIMENTAL RESULTS TO DATE IN PRO-SUBMARINE APPLICATIONS

A. Preliminary Experimental Instzllations

1. Early in the war, improvements in the somar equipment in
submarines lagged behind those in sonar equipment for surface
vessels out of all proportion to the need for such inmprovements
in the two ocases. 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 expsrimentsal work with SSI
was carried out in submarines. Here, maturally, the stress is on
indications from prop noise rather than from echoes.

2 Successive installations of SSI in the USS S=48, the USS S=20,
and the USS BASHAW, demonstrated that prop noise could be located by
this device at ranges at least as great as those whivh would permit
aural detection with conventional equipment, and that eccuracy of

et least + 1 degree in bearing was obtaimable, the training systems
employed being the limiting factors in accuracy determinations.

Se The BASEAW installation utilized the whole projector for
one channel and half the projector for the other. The diaplay
obtained with this arrangement proved inferior to that with the
more conventional mothod in that only the central portion of the
screen wvas useful. The method was thereupon discarded.

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

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

5. Baving been edvised of the accuracy of SSI in prelimimary
tests, the Bureau of Ordmence included in the design of torpedo
data computer, Mark IV, provision for

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

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

c. incremsntal relative bearing output for training

the projector except for corrections added differen-
tially by the sound operator.
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6a BuOrd eazd NRL, jointly, plannsd the installation of TDC
‘¥ark IV end SSI togather in an-experimentml submarine; These plans
were presented to other bureaus and to Comsublant, Modifications
of the S=20 were authorized and she was mde available for the in-
stallation and tests during November end December 1044,

Ce Installation and Tests of SSI=TLL in the S=20

74 The installstion and tests of SSI-TDC inthe §-20 are cov=-
ered ‘in NRL Sound Report No. 42 of January 10, 1946. The abstract
of that report reads as follows:

"Phe tests of the BDI-TDC combination in the USS 8«20
were condustod jointly by the Bureau of Orduneance and

NRL.

"Preparations entailed ramoval of the $=-20 port side
torpedo stowmage facilities, replacement of the sonar
equipment by modern components, and the installation
of: (a) a 4KVA MG set, (b) a split QB projector,

(¢) projector training gear similsr to WFA type but
driving a top=-side mount with 36 speed control and 1
and 36 speed repeatbacks, (d) BDI, (o) TDC Mark IV

Med 0, (f) BUI repsater, and (g) & periscope target-
bearing repeater,

"The tests included practice runs, & calibration
run, runs for recording dial roadings with the tar-
get on a knovm fixed course at known spesd, and reg-
ular fox runs by the target ship with the submarine
gimulating etbacks. In eight simulated attacks the
S$~20 used sound information exclusively while sound
contast was wintained, '

"The calibretion runs showed the difference between

observed sound bearing (plus conputed parallax bear-
ing) and periscope bearing tc be 12' on the average

over the 40 remadings on bearings all around the sub-
rarine except around the bow and conning tower.

"During the simulatved attacks, four torpedoes were
fired; thiee 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 summrized 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 TIC face of a continious correct
sound bearing was of immense value for purposes of analysis be-
tween periscope observetions. Secondly, since the bearing input,
using the BDI, is sc smooth; (no see-sawing back and forth across
the target,) it was found to be just about as feasible to fire with
" gound bearings as with periscope bearings. On both firing runs
conducted by the obssrvers, hits were made near 20T using sound
bearings exclusively with a bsolutely none of the confusion usually
attendant on & sound shot." :
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APPENDIX D: DESIGN OF PROJECTOR FOR SSI

A. Faults in Present Design

1, With the devslopment of BDI there came the split projector
which receives two sigmals which in general differ in phase, for
feeding two channels. There seems to have been no design work
carried ocut on the split projector beyond the decision te split a
standard projector along a vertical diameter. The sams simple
construction has generally bean used with SSI except in the F0SS
installation, where vertical amd horizontal splits into quadrants
erabled combination of reirs of quedrants into right half, left
half, top half, and bottom half. As & receiving projector, half

a circle is poor because of the very wide beam pattern and the

very high secondary lobes. Furthormore, the proportioning of the
factors - transmitting beam widths, receiving beam widths, and
angle scanned through - is particularly ill-choszen 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
below peak response at the edge of the twransmitting heam. Con=
sequently, at recepition, interfering noise can be picked up through-
out a solid angle of several times the useful solid angle.

B. Necessity for Compronise

2. Projector deuign requires compromises between the follow=
ing mirs of factors;

a., Narrow beam width and reduced minor lcbes
b. Narrow receiving beam width and deflection sensitivity

¢. Beam pattern in vertical plane end beam patterns in
other planes.

There are methods 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 inmdex more than
high minor lobes do. A pood compromise is reached when the minar
lobes are reduced a little over 20 decibels below the mmnin lobe,
Receiving beam widtl. can be decreased by permitting the two sectioms
of & 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 marrow the beem by some 307, and to suppress

the minor lobes to 2C db down soms sserifice in deflection sensi-
tivity is worth-while, particularly since it can be restored by

means of a phase difference exmnder. Experience has shown that
interference, probebly from surface reflected echoes, is most

serious in the vertical plane. consequen'bly, the beam pattern in
this plane should be sharper and should have suppressed minor lobes
even if optimum design 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 5.
This is & four-section design capable of combinntion to give a right
and left peir of sections and simultaneously a top end bottom pmir
of sections. The right and left sections are symmetrical relative
‘to vertical axes through their centers:; <the top and bottom sections
are symuetrical 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 lmlves and also that of
the proposed design. The narrowing of the beam, and the reduction
of the ninor lobes in the latter may be noted.
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