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“AHSTRACT

This report outlinesthe work ‘of planning and in'stallla~
.., tion of a modified Gé¥man GHG sonic listening system in_ |
" the USS COCHINO (S5345). Includedare numerous figures
" which provide a pictorial history of the deVéllofim_éni: and
present the results of sea tests of the completed instal_l_&itipn;
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. (coNFIBENTIALY

INSTALLATION OF THE MODIFIED GERMAN GHG
EQUIPMENT IN THE USS COCHINO (SS345)

INTRODUCTION

In July 1948, the Underwater Sound Laboratory undertook, at the request
of the Bureau of Ships, the installation of the German GHG equipment from
the Ex-U-3008 in a United States submarine of the Guppy II class. The
submarine ultimately selected to receive the installation was the USS COCHINO
(SS345), which was then undergoing conversion, The installation was to be
‘done atthe Electric Boat Company, Groton, during the conversion period, and
assistance was 'to be provided by the Laboratory. A series of conferences
' with Electric Boat Company personnel resulted in a decision to design a new
balkon, or appendage, since the German structure was not adaptable for use on
U. S. bow profiles, '-"Prla_ns for the new structure were prepared at the Boat
Company according to Laboratory instructions and specifications, In the
"rneantime,the components ofthe U-3008 system were removed at Portsmouth
Naval Shipyard and forwarded to the Laboratory, where they underwent
extensive modifications and tests,

Since the COCHINO was already partially converted and drydocking was
scheduled for approximately 1 September, only six weeks remained in which
to execute the design of the underwater appéndage.' The deadline was met,
however; by the end of July, the design was completed, and late in August,
fabrication and installation were well under way., Bythe end of September, the
balkon had been attached and the hydrophones and main console installed.
Operational evaluation of the equipment took place during the four-week period
beginning 14 February 1949, With the onset of unfavorable weather, the simulated
detection, approach, and attack problems which had been scheduled were nec-
essarily cancelled. It was expected that the information would be obtained at
a later date, but in October, while on a training mission in Arctic waters, the
COCHINO met with the disaster which resulted in the loss of the submarine.

On the basis of experience obtained with the COCHINO, another modified
GHG system was installed, inthe spring of 1950, onthe USS CLAMAGORE (S5343).
The Laboratory' modified a GHG console for this purpose, and a hydrophone
array, similar tothat onthe COCHINO, was fabricated atthe Philadelphia Naval
Shipyard, Thus, whenthe CLAMAGORE was returned toservice, the evaluation of
performance, interrupted by the loss of the COCHINO, was resumed at Key West.

The material which follows is a record of the work done by the Laboratory
in the development, installation, and evaluation of the GHG equipment for the

COCHINO.

i
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Fig. 1B - COCHINO Installation

Fig. 1 - Comparison of Bows of Type XXI and USS COCHINO (SS5345), Showing Array Installations



PRELIMINARY CONSIDERATIONS

Once the submarine had been selected, a decision was necessary as to the
type of underwater appendage to be used, A study of the factors involved
showed that the existing structure on the U-3008 was not suitable and’ that
existing plans were not applicable to the 345-class bow profile (see Fig. 1),
As a result, an entirely new structure was needed. Because of the time
limitation, a relatively simple design was suggested as being the most
practicable, It was first proposed to use a structure composed mainly of
aluminum, but since the hydrophones were of brass and the hull was of steel,
it was feared that electrolysis might be excessive. Information compiled by
the German scientist Dr, Eng. Maase, of the Atlas Werke, revealed that as a
result of their experience, the Germans had been led to design a smooth outer
fairwater in an attemptto improve the listening performance at high speeds, |
A study was made of the design for the proposed Walter type XXVI U-boat, which
was intended to be the ultimate in German submarine construction. As this
balkon had vertical sides, it approached most nearly the requirements of the
proposed appendage. The design finally developed represented what seemed
to be the best possible compromise betweeén what was desired and what could
be accomplished in the time available. The two designs investigated and the
final designto whichtheyled are presented for comparisonin Fig. 2. The lines
of the type XXI are shown in Fig. 1, Appendix A; the lines of the COCHINO
may be seen in Figs. 2 through 4 of the same a._ppendix.

The choice of hydrophones was llmlted since only two types were available in
sufficient quantities (see Fig. 3). One lotwas of the kind used in the conventlonal
German systems; the other consisted of entirely new units whichhad been obtained
from Germany by the Naval Research Laboratory., These units, of the X =cut
Rochelle-salt crystaltype, appearedtobe those designed for the Einheits (single~
cabinet) array and intended for use on the type XXVI.2 As these hydrophones
were new and also slightly more compact thanthe older ones, they were chosen
for the purpose. Noother suitable hydrophones could be found inthis country,

A study of the lines of the COCHINO resulted in the decision to install the
balkonatthe lower extremity of the stem, startingatabout Frame 6 and extending
aft to about Frame 14. A troublesome factor in the German arrays was found
tobe the result of turbulences causedby sharp boundaries between the hull and

lPertlnent in this connection are the following reports by Dr. Eng. Maase; ‘' Memorandum gbout German
Group Listening Plants, ' Bremen, 13 December 1945 (USL Ser. 7188, N-D10]1) (CONFIDENTIAL): “‘Report on
Tests of Effect of Self Noise on Multi-Unit H drophones Instaﬂation with Container Unit in U-3003
(Type XXI)," Pelzerhaken, 27 April 1945; and * geport on Trials of the Multi-Unit Hydroghone Installa-
tion on U-3003. Ty e XXI (Container Unit--Multi-Unit Hydrophone Installation), ' Off Faaborg, February-
March 1945. ast two reports appear in an ONI publication, Translation of German Document, Ser.

TR/PG/28463/NID (CONFIDENTIAL) .

2For further information with regard to the Einheits system, see NavlecMisEu Report No. 530-45, Sonar
in the German Navy, 31 October 1945 (RESTRICTED).

CRoNEIbETIAL ) - 3







DIAPHRAGM

CABLE
SPLICE

OUTER BOLTS

Fig. 3A - Einheits Hydrophone, ; Fig. 3B - Einheits Hydrophone Exploded Vlew
Side View ..~ -Showing Construction Details

BRASS CASE LEATHER

CRYSTAL

e DIAPHRAGM
& MOUNTING
: % — "HOLES

Fig. 3C - Einheits Hydrophone, Fig. 3D - Conventional Hydrophone, Exploded Vlew
Front View, Showing Diaphragm Showing Construction Details -

i l\\\\§=g~

DIAPHRAGM

Fig. 3E - Line Drawing of Conventional Hydrophone,
Showing Assembly Details

Fig. 3 - Einheits and Conventional German GHG Hydrophones




the balkon structure;the Laboratory designattempted to, and subsequently did,
minimize this difficulty (see Fig. 1).. Since the marine railway atthe Boat
Company has a knuckle in the forward end, only a limited vertical dimension
could be attained. As a result, installation of a larger number of hydrophones
:in order to obtain some degree of vertical directivity was not possible.

'EQUIPMENT DESIGN AND DEVELOPMENT
Acoustic Design
It was finally decided that an enclosure should be designed for anarray of

48 hydrophones, staggered in two parallel rows, with a 6-inch separation
betweenrows and 12 inches betweenhydrophones in each row (see Fig. 4). The

Fig. 4 - Side View of Array for USS COCHINO (SS345), Showing Hydrophones in Place
prior to Installation of CRS Window

width of the array was to be the maximum pos sible in the location chosen.

The available compensator limited the usable longitudinal dimension to about
11 feet, Asthe effective width wasabout 5-1/2 feet, the resulting (approximate)
‘over-all outside dimensions were: width, 6 feet; length, 16 feet; and height,
4 feet. The effective array size was 5.5 by 11.2 feetas compared, for example,
with a corresponding 5.5 by 7 feet for the array on the U-3008. As shown in
Fig. 4, hydrophones were mounted in a vertically positioned plate of steel 3/8
of aninch thick, in such a manner that their diaphragms were spaced 13/16 of
aninch behind a 16-gauge CRS window, pictured in Fig. 5. The assembly was
designed to have as few as possible interfering members in the hydrophone
area. Its construction may be more easily visualized by reference to the




Fig, 5 - Side View of Array for USS COCHINO (SS345), Showing CRS Window in Place

manufacturer's photographs (Fig. 6), and the drawings included as Figs. 2
through 4, in Appendix A. The interfering members in the German system
can be seen in Fig. 7.

While the balkon was being fabricated by the Electric Boat Company, the
hydrophones chosen for the task were individually tested and calibrated. New
cables, 50 feet long, were installed in each. The resulting sensitivity versus
frequency curves for each individual unit and free-space directivity patterns
in both planes at a frequency of 5 kc are illustrated in Figs. 8 and 9.

A comparison of external features of the COCHINO and German Type XXI
installations may be made by reference to Figs. 1B, 10, 11, and 12.

The hydrophones, constructed as shown inFig. 3C, are assumed to function
as omnidirectional receivers for the frequency range of the equipment—500
to 5000 cps. As the effective hydrophone spacing is about a half wavelength
at 5 ke, a 5-kc low=-pass filter is included in the system. With frequencies
higher than 5 kc there results an increase in the secondary lobe structure of
the directivity pattern.
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. Fig. 7B - Lboking Forward through
' Dome Structure

‘Fig. 7 - Internal Construction of Type XXI Balkon Sﬁbwiug Interfering Members
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Fig. 10A - over-all View

Fig. 10B - Rear View

Fig. 10C - Side View

Fig. 10 - Exterior Views of COCHINO Installation




Electronic Modifications

One source oftrouble in each of the German installations was that of elec-
trically induced interference from various electrical equipments inthe vessel,
A prime offender was the main power supply for the GHG preamplifiers. In
laying out the location of components of the electrical system for the COCHINO
installation, an effort was made to eliminate the causes of such interference. The
cables from each hydrophone were kept exactly the same length, and the Junctmn
boxes (Fig. 13) were located as near totheir hullentrancesas physically pos=
sible. As shown in Fig. 14, shielded leads then carried the signal to a. more
convenient location for the individual portand starboard preamplifier units, By
locating the power supply onthe overhead (see Fig. 15) ata point approximately
midwaybetween the main console and the preamplifiers, it was possible to
obtain a substantial reduction in interference from this cause. The block
diagram, Fig. 16, shows the relative locations of the components of the system.

As previous evaluation of the mainaudio amplifier used by the German sys=
tem had revealed poor frequency-response characteristics and audio fidelity, it
was decided toadapta standard JP audioamplifier (see Fig. 17). The amplifier
chosen was altered in several ways to provide suitable characteristics. The
500-cycle high-pass filter was modified to give a sharper slope inorder toelim-
inate interference from low-frequency rumbles in own-ship noise output. Since
the original carbon type potentiometer tendedto become noisy with use, a step

‘type gain control was added. Themagnetizer output and the turn-countdetector
were removed, and a new input transformer was installed to match the amplifier
input to the compensator output impedance. A tie- in connectiontothe 27-mc com=
munication line was made to permit conning-tower orders to be heard directly
by the operator. A drawing showing these modifications appears in Fig. 18.

A set of constant K low-pass filters was designed and inserted between
the compensator output and the main amplifier input. A choice among 2000-,
3000-,and 5000-cycle low-pass filters was possible. The filter chosen, when
used in conjunction with one of the high-pass filters provided in the main
amplifier, made it possible to select from a wide range of frequency band~-
widths., A W1r1ng d1agram of the low-pass filters is presented in Fig. 19.

The main console was checked over carefully, and a connection block (see
Fig. 20) was providedto permit use of either one-half (2 trays), three-fourths
(3trays), or all(4 trays) of the available delay line. Another connection block,
together with an additional jumper which modified the relay operationinthe
stack (shown in Fig. 21), provided for selection from a wide range of possible
h'ydrophone connections. Byadjusting the jumpers, it was possible to use only
the hydrophones facing the target or all the hydrophones in the system. The
effect of using one-half, three-fourths, or the entire delay, with and without
the additional jumper, is graphically illustrated in Figs. 1 through 6, Appendix B.
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Top left: U-873 Balkon, Front View; Top right: U-234 Balkon, Front View; Center left: U-873 Balkonm,
Quarter View; Center right: U-234 Balkon, Quarter View; Bottom left: U-873 Balkon
and Rumph (Hull-Mounted) Installation; Bottom right: U-234 Balkon, Side View.

Fig., 12 - GHG Installations on Other Types of U-Boats
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'Fig. 13A - Junctlon Box, Port Slde
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Fig. 14 - port Preamplifier Location Fig. 15 - Preamplifier power Supply Location
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SIGNAL STRENGTH INDICATOR

Fig. 17 - Modified JP Amplifier, Front View
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A new compensator scale-
model brush plate (see Fig. 22),
corresponding to the hydrophone
layout in the balkon, was built. A
pilot-lamp dimmer control was
installed in the position occupied
by the volume control. Also
provided was a memory pointer
which could be fixed on any
selected bearing, for reference
while continuing a search. This
feature was useful in tracking
multiple targets or in verifying a
possible contact. A plan to pro-
vide for installation of synchros
for repeating bearings to the
conning tower was devised, but
time did not permit completion of this work, 3

Fig. 22 - Scale-Model Brush plate

PRE-COMMISSIONING PROCEDURES

Eleqtricél Measurements

After all components of the system hadbeen completely checked, a series
of measurements was made to determine the operating characteristics of
each component and of the over-all system. Following these tests, the equip-
ment was dismantled and turned over to the Electric Boat Company for
installation in the COCHINO. The measurements are recorded in Figs.1
through 22, Appendix C.

Pre-commissioning Checks

The balkonwas attached atthe time of the COCHINO’s September docking,
and the hydrophones were installed during the next docking. The boat then
was undocked, and the hydrophones we re submerged for a few weeks;all
packing glands in the hull and in the hydrophones checked out properly. One .
hydrophone failed at a later date, but its loss did not measurably affect the
functioning of the equipment. :

The main console was installed, facing aft, in the space formerly occupied
by the forward-room station of the WFA sonar equipment (see Fig. 23). The

3This work was later accomplished in connection with the CLAMAGORE installation.
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WFA equipment was modified to
permit operation without the
components which had to be
removed.4

SEA TESTS AND EVALUATION

A four-week period, which
began 14 February 1949, was
devotedto operational evaluation
of the equipment’'s performance.
In order to determine hydrophone
self-noise relative to operating
condition, data were obtained in
deep water (over 100 fathoms)
for each of 16 hydrophones
selected from the array. Runs
were made covering a wide range
of speeds and depths. Data for
system self-noise under the
same conditions asfor individual
hydrophones were also obtained.
The results appear in Figs, 1
through 13, Appendix D.

With a target circling the Fig. 23-- GHG Console Installation in Forward Room

submarine, several runs were of. GieEIw

made in Long Island Sound to compare relative target bearings obtained with
JT, periscope, and GHG equipment; the results of these tests are shown in
Fig. 14, Appendix D. The following procedure was observed: (1) at each
position, namely, the GHG, JT, and periscope, an operator and an observer
were stationed; (2) each observer started his stop watch at an “execute”
signal; (3) each operator then called the bearing of the circling target as
rapidly and as accurately as possible while his recorder noted the time and
the bearing of each observation; and (4) the resulting data were then plotted
versus a commontime base sothatthe spread from a norm could be observed.

Several runs were made with a target submarine passing directly over
and under the COCHINO to determine whether contact would be lost under
these conditions. The drawing in Fig. 24 illustrates the “lost-bearing” zones.
Also, torpedo firing runs and recordings demonstrating the usefulness of the
equipment for tracking such runs were made.

4 60-page manual, Preliminary QOperating and Maintenance Instructions for Modified GHG Listening Equip-
ment as Installed in the USS COCHINO, containing information on the characteristics of the equipment,
photographs, and performance charts, was prepared and published.
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Fig. 24 - Sketch Showing “Lost-Bearing” Zones

Representative patterns (Figs. 15 through 76,Appendix D) were obtained
for the system by mooring in the mouth of the Thames River and recording
the output of the system while a motor launch made circling runs ata range
of about 125 yards, with the array at the center of the circle. A TBT (Target
Bearing Transmitter) was mounted on deck, centered over the array, as may
be seen in Fig. 25, and a modified Sound Apparatus recorder was used to
record the GHG output. The rotation ofthe TBT head topside drove the paper
feed of the recorder at the rate of one foot of paper for each 360-degree
rotation. The compensator was set onabearing and left there while the launch
circled at high speed about the 125-yard radius centered on the array. The
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operator on deck kept the .
TBT trained on the stern of
the launch, thus driving the
recorder paper feed in syn-
chronism with the rotation of
the target. A bearing repeater
below permitted visual obser-
vation at all times of the
target's relative bearing, and
this information was noted at
appropriate intervals on the
recorder tape. In two nights’
operations,various filters, -
bearings, and hydrophone
selections were investigated
and approximately 60 beam
patterns were obtained. The
target noise was at all times
well above the ambient,

i ﬁmw Gl e

Simulated dete ction ap-
proach, and attack problems
were scheduled but were
cancelled because of unfa-
vorable weather. 3

Fig. 25 - Target Bearing Transmitter, Mounted on Deck above
Array, for Beam Pattern Measurements

CONCLUSIONS AND RECOMMENDATIONS

1. The performance of the modified GHG installation on the COCHINO
was superior to that obtained with any GHG installation previously tested.

2. Interference due to electrically induced noise was so low that it could
be considered eliminated. All previous German systems had interference
from this source, so serious in most cases as to preclude the possibility of
hearing any targets on certain fixed bearings.

3. The shape andlocation of the ba.lkon'p'rovided highly effective shielding
from own-ship noise due to propulsion machinery and screw cavitation.

4, Bearing determinationto withinapproximately one degree was possible
throughout the complete azimuth. Previous systems had been decidedly
deficient over a sector about 40° wide centered about the stern. The

51t is expected that this information will be available as a result of the CLAMAGORE evaluation.
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superiority of the system on the COCHINO was due to the balkon design and
system modifications, which permitted the simultaneous use of all the
hydrophones. ' i

5. The provision of independent high~ and low-pass filters made possible
the selection of more effective listening bands and materially assisted in the
detection of signals in the presence of masking sounds.

6. Beam patterns show relatively uniform main-lobe-width versus training
angle. The image responses are undesirably high but can be reduced by a
balkon structure having less attenuation and attendant phase distortions. The
patterns observed whenusing only those hydrophones facing the target appear
superior, a fact probably due to structural interference.® In order toobtain
bearings about the stern, however, the remaining hydrophones are essential,
and a cam-operated switch could be provided to permit use of the most
desirable combination at all bearings. ;

7. Tests made with vertically displaced targets failed to show any
appreciable errors in bearing. If the target approaches the vertical axis of
the array by no.less than fifty yards, continuous bearings may be observed.
If the target passes through the vertical axis of the array, contact is lost for
a very short interval., The actual lost-contact to regained-contact time
was less for the GHG than for the WFA or the JT, mainly because of the
rapidity of training.

8. In tracking torpedo runs, the equipment was effective, since its array
location below the tubes prevented the rising impulse bubble from screening
it from the torpedo immediately after firing.. On several occasions the torpedo
was tracked to the end of its run even though the submarine surfaced during
the run. : i &

9. During operation atnormal surface speeds, the usefulness of the equip-
ment was found to be limited, although loud, medium=-range, and close-range
targets were detected while operating at speeds upto 15 knots. Such detection
may not be very reliable, however, as surface gradients and sea state would
seriously alter detection ranges. ' R

10. Operation while snorkeling appears feasible, and on several occasions
medium-range targets were heard while running at about 10-knot snorkel
speed. Noise dueto snorkel exhaust or engines was well down inthe listening
background. Under these conditions good torpedo-detection ranges should be
obtainable. T s

6Tnis system of using only incident hydrophones was later employed ia the CLAMAGORE installation.
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11, In shallow water, considerable bottom-reflected sound was heard and
caused rather severe interference; in deep water, this effect disappears
completely. The same phenomenon was noted on the PRINZ EUGEN,

12, Superstructure rattles which cause severe interference with topside~
mounted sonar are hardly more than a minor nuisance in the GHG listening
system. As this type of self-noise has proved the most difficult to suppress,
it is a highly significant factor in choosing the location of a listening
array. "

13, The use of the topside gear when bottomed or in very shallow

'water showed the desirability of employing both types of equipment.

For fire-control work, the bearing accuracy of the JT or its equivalent
is required.

14, The absence of rotating shafts through the hull and their noisy,
motorized training systems made this equipment useful when running silent,
as no sounds which could be transmitted into the water were generated by
training the equipment.

15, The use of a large number of hydrbphones makes for a more reliable
system. Up to 25 per cent of the hydrophones may fail without seriously
affecting the practical operation of the equipment. The circuitelements, being

’largely passive, are not so susceptible tofailure asthose in other comparable

sonar systems,

16 In summary, the main desirable features of the GHG as 1nstalled on
the COCHINO, were the following:

a. It provided listening under both surfaced and submerged operating
conditions.

b, It provided effective listening at the high operating speeds of Guppy
submarines,

c. It permitted effective listening while snorkeling.

d. Its physical location reduced interference from own-ship super -
structure rattles and provided effective shielding from own snorkel.

e. It produced no sounds which could be radiated into the water.

f. Its bearingaccuracy was sufficient for the approach phase of an attack.

Conkipential 23



g. It tracked targets passing above and below without incurring serious
loss of contact. = , e !

h. It was an invaluable aid in tracking torpedoes.

i, Its performance indicated that it would be useful as a torpedo-detection
device. 1 ; : t

j. It was less complex than other comparable equipments and provedless
susceptible to failure, /
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APPENDIX A

CONSTRUCTION AND INSTALLATION
DETAILS OF BALKON
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APPENDIX B

GRAPHIC REPRESENTATION OF THE EFFECT OF
CHANGING THE LENGTH OF THE DELAY LINE
BY MEANS OF A CONNECTION BLOCK
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Fig. 1 - Reading of Bearing Indicator, in degrees, on COCHINO Console,
Two Delay Trays in Use, Terminal 89 Connected to Terminals 90-91
on Connection Block, (Black area is operative area.)

180 2i0 240 270 300 330 000 030 060 030 120 150 iso

TITT
T
Tt

D ] W il ) =

10

e

i
T
T

e
=1
i

Fig. 2 - Reading of Bearing Indicator, in degrees, on COCHINO Console.
Three Delay Trays in Use. Terminal 89 Connected to Terminals 90-91
on Connection Block. (Black area is operative area.)
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Terminal 89 Connected to Terminals 90-91
(Black area is operative area.)

on Connection Block.

Four Delay Trays in Use.
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Fig. 4 - Reading of Bearing Indicator.-in degrees, on COCHINO Console.
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Fig. 5 - Reading'of Bearing Indicator, in degrees, on COCHINO Console.
Three Delay Trays in Use., (Black area is operative area.)
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Fig. 6 - Reading of Bearing Indicator, in degrees, on COCHINO Console.
Four Delay Trays in Use. (Black area is operative area.)




APPENDIX C

FREQUENCY MEASUREMENTS
OF COMPONENTS AND OVER-ALL SYSTEM
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Fig. 20 - Over-all Response; JP Filter on 3000 cps;
Low-Pass Filter on 5000.cps; Signal Fed through

48

No. 7 Prepmplifier with Bearing Set at 3459;

Input Signal, 1 millivolt;
output across 600-ohm Load
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APPENDIX D

OPERATING CHARACTERISTICS
OF COMPONENTS AND OVER-ALL SYSTEM
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Figs. 2-5 - System Self-Noise versus Operating Condition versus Angle of Train
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Figs., 10-13 - System Self-Noise versus Operating Condition versus Angle of Train




Fig. 14 - Comparison of Bearing versus Time for JT, GHG, and Periscope
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Figs. 15-18 - Noise-Beam pPatterns
4 Trays of Delay; 500-cps High-Pass Filter
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Figs. 19-22 - Noise-Beam patterns
4 Trays of Delay; 500-cps High-Pass Filter
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Figs. 23-26 - Noise-Beam Patterns
4 Trays of Delay; 500-cps High-pass Filter
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Fig. 29 - Bearing Set at 1500 Fig. 30 - Bearing Set at 1600

Figs. 27-30 - Noise-Beam patterns
4 Trays of Delay; 500-cps High-pass Filter
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Figs. 31-34 - Noise-Beam patterns
4 Trays of Delay; 500-cps High-pass Filter

62




A mE s AR S T gy e
R AT T R e PR A7 :
SR j
P S 7 TR ey ey
N
2,
iy

i

3

50
R
%

24

40 S s L
X L, 5 ave
L e S L AL, e

SRR .\“ A A s
s NS T e LR
SN
L
5 1

1] i

X
R

2
555

7
i

X

gt L‘% /7 o,
i fif st

SRR o ‘\\‘q i YRBEARTS

%.;::5.:3.:.;‘3& \}-\@\\‘ﬁ‘l"‘\‘.‘“‘\" E,ﬂ .g-..‘ f'

3

i
i ?,!

i

e
525

o
s

S
=
2550

%

oot
e
o
e

RS
o
o

g5

7

. -
47 ey
.

i

Z (0‘
botel

B0

%
Gt

o

7
oy

T
Z

7

44 ow

rﬂz’,

b
i

g3
e,
o

i

5
LT

o

T,

1807 oy [ Ty
1000 [ 170 o i
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Fig., 37 - Bearing Set at 359°

Fips. 35-37 - Noise-Beam Patterns
4 Trays of Delay; 500-cps High-pass Filter
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Figs. 38-41 - Noise-Beam Patterns
2 Trays of Delay; 500-cps High-Pass Filter
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Figs., 42-45 ~ Noise-Beam patterns
2 Trays of Delay; 500-cps High-Pass Filter
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Figs. 46-48 - Noise-Beam Patterns
2 Trays of Delay; 500-cps High-pass Filter
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Figs. 49-52 - Noise-Beam Patterns
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Figs..‘ 53-56 - Noise-Beam patterns
4 Trays of Delay; 3000-cps High-pPass Filter .
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. Fig. 60 - Noise-Beam Pattem
4 Trays of Delay; 3000- to 5000-cps
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Fig, 66 - Noise-Beam pPattern
4 Trays of Delay, with Relay Jumper In;
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Fig. 67 - Noise-Beam Pattern Fig. 68 - Noise-Beam pattern
4 Trays of Delay, with Relay Jumper Out, 4 Trays of Delay, with Relay Jumper In;
500~cps High-Pass Filter; Bearing Set at 030° 500-cps High-Pass Filter; Bearing Set at 090°
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~ Fig. 69 - Noise-Beam Pattern Fig. 70 - Noise-Beam pattern
2 Trays of Delay, with Relay Jumper In; 4 Trays of Delay; Hydrophone Brushes 1-24

500-cps High-pass Filter; Bearing Set at 030° Removed; 500-cps High-pass Filter;
: A Bearing Set at 030°
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Fig. 71 - Noise-Beam Pattern
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4 Trays of Delay; Hydrophone Brushes 1- 24
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Removed 500-cps High-Pass Filter;

Bearlng Set at 0900‘
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Fig. 73 - Noise-Beam Pattern
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4 Trays of Delay; Hydrophone Brushes 1-24

Removed; 500-cps High-Pass Filter;
Bearing Set at 3300
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Fig. 72 - Noise-Beam Pattern
4 Trays of Delay; Hydrophone Briishes 1-24
Removed 500~cps. High-Pass:Filter;
‘ Bearlng Set at 2700 :
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Fig. 74 - Noise-Beam Pattern
Trays of Delay; All Even-Numbered Hydrophone
Brushes Removed; 500-cps High-Pass Filter;
Bearing Set at 030°
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Fig. 75 - Noise-Beam Pattern
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4 Trays of Delay; All Even-Numbered Hydrophone

Brushes Removed; 500-cps High-Pass Filter;

74

Bearing Set at 090°
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Fig. 76 - Noise-Beam Pattern
4 Trays of Delay; All Even-Numbered Hydrophone
Brushes Removed; 3000-cps High-Pass Filter;
Bearing Set at 090°
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