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PRYs!OS OF SQUID. , · · ·· ·· ·· G.B.Todd. !Utle;: , 

section 1. Study of Vibrations and waves. �}� 
Sound may be difined as the sensation resulting from the . 

action of the external stimulus on the sensi tive nerve appara• 
tus of the ear. 

Sound may also be defined as a disturbance in a medium 
consisting of alternate regions of condensations and rarefae� 
tiona. 

SOURCE OF SOUND. An investigation of various types of 
sound producing apparatus shows that emitted sound arises from 
some vibrating body. The wall of a bell or the diaphragm of a 
megaphone or oscillator will be found to be in rapid vibration , 
when emitting sound. More generally it will be found that any 1 
body will emit sound if it be caused to vibrate with sufficient 
force and rapidity. 

MEDIUM IN WHICH SOUND TRAVELS. Sound requires some ponde� 
able medium as air or water for its propagation. This may be 
demonstrated by placing an electric bell under the receiver of , 
an air pump. Sound will diminish as sir is removed and increase! 
sa air is restored, From this we can conclude that not only is 
the presence of air necessary for the transmission of the 
sound. but that its intensity or loudness depends upon the 
amount or density of the air in the pump. 

WATER WAVE ANALOGY. Condensations and rarefactions of 
sound waves are exactly analogous to the familiar crests and 
troughs of water waves. Thus the wave length of such a series 
of waves as that shown in figure 3 is defined as the distanee 
between two crests (bf) or the distance dh. or ae. or og. or 
mn between any two points which are in the same conditon or 
phase of the disturbance. The crests, that is, the shaded parts� 
which are above the natural level of the water, correspond 
exactly to the condensation of s ound waves, that is. to the 
portions of air which are above the natural densit7� The troug)� 
that is. the dotted port ions, correspond to the rarefactions o:t] 
sound waves, that is, the portions of air which are below the . j 
natural density. But while the water waves are like heat. �tgh't 
and electric waves. transverse to the direction of propeaa�t•n, 
in sound waves the particles move back and forth in the line 
of propagation of the wave. 

Water waves are called transverse waves. while sound 
waves are called long itudinal waves. 

We find that the velocity V of sound was equal to the 
square root of the elasticity E divided by the density D of . 
the medium. For our purpose we are most interested in the velo'! . 
city of sound in water. It ertters essentially into t he construe� 
tion of acoustical instruments and in the design of the retar4-
ation values of the recurrent aedtions of electrical compensa ... ·.·· 
tors. We must therefore have an exaet knowledge of the ve loe it7·>l 
of sound in water to understand the theory of any sound appara•. · 
tus. 

The velocity of sound in water is about 1. 590 yards per . ·. 
second at a temperature of 40 degrees Fahrenheit and about 1,6$01 
yards at a temperature of 62 degrees Fahrenheit. For use in · · ·  
design of most of our sound apparatus the value of 1, 600 J"&rds 
per second was used as an trerage value. 
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Fig. 3:- Anology of water waves to the sine wave 
. generally used to illustrate the compressions 

and rarefactions of sound waves. 

Effect of Temperature upon the Velocity of Sound. 

The speed of sound in air and water and in fact all 
medii is found to increase with an increase in temperature. 

If the pressure is changed without a change in tempera­
ture, the density is proportional to the pressure change; that 
is, P equals constant. Hence the velocity of s ound is wholly 
in- � dependent of pressure. 

Ratio of velocity of sound in water to veloeity of sound 
in air. In studying the theor,y of design of acoustical instru­
ments it is important to know the ratio of the velocity of 
sound in air to the velocity in water. It has been assumed in 
the construction of such instruments that the ratio 0.23 is 
suitable for average conditions. 

Characteristics of Sound:- All sound may be divided 
roughly into two classes, namely, noises and musical s ounds. 
Noise is a sound resulting from irregular and practically 
unanalyzable vibrations. 

Musical tones are distinguished by:-
( a) Their force, intensity, or loudness, determined 

by the amplitude and by the frequency of the 
vibration. 

( b) Their pitch, determined by the frequency of the 
v ibration. 

( c) Their quality, determined by the harmonica and 
overtones present. 

i 

The extreme minuteness of a motion whtch my be per�•lved 
as sound makes it evident why sound may be detected at sueh 
great ranges in water. 

In case of strictly spherical waves spreading radially 
from a point of source the intensity will vary inversely as 
the square of the distance. 

-•"'-'�'""'-�" ' 
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PITCH:- -The pitch of a sound depends on the frequency of the 
vibrations in the sound wave. We have already seen that there 
is a simple relation between frequency and wave length in a 
medium; they are inversely proportional; that is, the longer 
the wave the less the freque�cy. ftence we may also say that the 
pitch of a sound depends on the length of a sound wave. It must 
not be concluded that a regular succession of sound waves pro­
duce the sensation of sound, no matter what the frequency., To 
produce sound, the frequency or pitch must not be les s  than 
30 per s econd nor more than 30,000 per s econd. The upper limits 
of frequency is different for different people and is lowered 
by age and by disease of the ear. 

Quality. 

The quality of a s ound depends on tne s hape of the curve 
representing the vibrati on; and the shape of the curve depends 
solely upon the number and relative s trength of its partial 
simple tones or harmonics and overtones. 

If the s ound of a bell be analyzed, it will be found that 
it consists of several sounds of different pitches. The deepest 
or lowest of these is cal led the fundamental of the bell and 
the others are called overtones. 

Voice. 

"!iolin. 

S i:�;p le 
rmo:nic. 

Sketch:- Wa'\Je forms of sound having different quality. 

When we are given the frequency of a fundamental. we can 
at once calculate the frequencies of its harmonics by multiply­
ing by 2, 3, 41 etc. Overtones may not be harmonics, and usually 
refer to some particular instrument. 

T he sketch above shows three cu.rves of the same amplitude 
and length, but of different forms. The lower is what we ca 11 
a simple harmonic curve, and is the form given o ff by the tuning 
fork. 

The second is more like the wave from a violin string, and 
the third like the wave from the human voic e. 

The sketch below represents simple sounds of various 
degrees of loudness. The curve b has a frequency the same as that 
of curve a, but its amplitude is twice as great; hence it repre­
sents a sound four times as loud. The curve c has an amplitude 
the same as that of a, but its frequency is twice as great, and 
again its loudness is four times as much as that of a. 
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Sketch:- Curves representing s imple sounds of various 
degrees of loudness. 

The curve d has a frequency of 3.5 and an amplitude of 
0.3, and it represents a loudness equal to that of A. Then the 
som1ds represented by a and d are equal loudness; and those �::. 
represented by b and a are equal, but four times as loud as a : 
or d. . 

.Most people can distinguish a s ingle sound from a mixture\ 
of sounds; thus one may distinguish a single sound from a tun- J 
ing fork through a mixture of soUllds. I 

A well trained ear is capable of doing more than this. 
For instance, it can detect the slightest discord when a piano . 
is being played; similarly a trained sound observer can detect ! 
the soUlld of a motor boat through a mixture of subaqueous sound� 

SOUND WAVE:- A sound wave consists of pulse of condensa­
tion followed by a pulse of rarefaction. In a pulse of oondenaa� 
tion the particles are more dense than normal and in a pulse 
of rarefaction the particles are less dense than normal. In a 
pulse of condensation the particles are always moving in the . 
same direction as the pulse, whereas in a pulse of rarefaction� 
the motion of the particles is always opposite to the direction 
of propagation of the pulse. 

The angle of reflection is equal to the angle of incidencE 
In the sketch below, let SS represent a sound source. R a recei· 
ver and the reflecting surface B'. Let B represent the incident 
wave and A the reflected wave. Then·, according to the above� · 

the angle B that the incident wave makes with the reflecting 
surface. An echo is the repetition of a sound caused by its 
reflection from soma surface transverse to its line of propaga- , 
tion. 

- - - - - ....___.. ---- ---
____,_ _______ _ 

- --::::::_ - --- - - - - -
SketCh:: Reflection of a so�d ray from the bottom 

of a body of liquid. ie., the ocean bottom. 
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Reverberation consists of a prolongation of sound due 
to repeated reflections from all reflecting surfaces. Almost 
everone has experienced this phenomenon w hen walking thry a 
tunnel. 

RESONANCE:- Ever.y vibrating body has one or more natural 
periods in which it vibrates easily. If a body capable of 
vibrations is excited by any means w hatever and the exciting 
cause is removed, the body will usually vibrate freely in its 
natural frequency, or with its free period. If the exciting 
cause operates in this same frequency • the two are in resonance� 

Under these conditions the response of the body receiving 
the vibration is a maximum • If the exciting cause differs in 
frequency but slightly from that natural to the other body. 
there will still be response, but in a lesser degree, that is� 
the resonance or tuning is not so sharp. 

llaltl 
Sketch:-

·when the two bodies are quite out of tune there will be 
very little resonance, and while the second body may still be 
made to vibrate the response wil l  be small. These conditions 
are well illustrated by the curves in the above sketch. 

When the receiver is out of tune with the transmitter it 
is often made to vibrate with the transmi tter, and it is then 
said to be forced vibration. In such forced vibration, the two 
having different natural frequencies, the resulting forced 
frequency is in general not that natural to either, each d raw­
ing the other more or less to a common intermediate frequency. 
When a receiver or body is exactly in tune with the transmitter 
that is, when it is in resonance. it may take up the vibrations 
with great ease and vigor-� such a response is often called 
sympathetic vibration. 

There are two distinct kinds of resonators. one having 
no definite vibration frequency of its own to tones of any 
frequency and to combinations of these; it can produce a two 
gradations of tone quality. The second type of resonator poss­
esses a more or less definite natural frequency, and, because 
of selective control. it reproduces sounds of particular qualitJ 
only. Such a resonator will respond not only to tones corres­
ponding to its fundamental, but also to tones in unison with 
its overtones and harmonics. 

Refraction of Sound:- Waves are refracted� or their line 
of propagation is bent when they pass obliquely from medium into 
another in which the velocity is different. The chief causes 
of rarefaction of sounds in atr are winds and variations of 
temperature in the atmosphere. The chief cause of rarefaction 
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of s ound in water is variation of temperatura. The velocity of 
wind is lass nearer the surface of the earth than higher up. 
since near the surface it is retarded by the firctional resis­
tance of the surface. When sound is traveling in the same dirac 
tion as the wind its resultant velocity is greater a bove than 
below. Hence, the waves, which always tr�w,.,l at right angles 
to their fronts� are tilted forward, or the direction :)f their 
motion is deflected downward. The opposite effect takes place 
when the sound is traveling against the wind. 

Similar effects result from the temperatura being differ­
ent at different depths of water. { See sketdh below) . The tem­
perature is lower as the depth increases and the velocity of 
sound is less there. Thus the waves are reflected downward. 

Defraction of sound:- Defraction of sound means the 
bending of waves around obstacles. 

The amount of defraction in any case depends on the 
linear dimensions of the obstacles compared with the wavelength 
of the sound. A bank or hill in the ocean casts a fairly defi­
nite sound shadow because it is large in comparison with the 
wavelength. Cases have been known in which houses in the shadow 
of a hill have suffered no damage from very large sounds, such 
as the explosion of a powder magazine, while the windows of 
more distant houses have been broken by the impact of the waves 

E; 
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Sketch:- Banding upward of a sound ray traveling 
against the wind. 

A 

_, 
........ 

' 

Sketch:- Bending downward of a sound ray traveling 
with the wind. 
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MANUAL OF SOUND. 

Methode used in collecting sound energy. 

Forward:- The use of the term receivers in connection 
with sound is often misleading to the layman in that it is 
sometimes used in referring to an entire installation. and, at 
other times to a certain part. Strictly speaking in referring 
to an assembly of sound-receiving apparatus, the mission of 
which is to pick up sound energy and, by manipulation, to 
determine its bearing, the term receiver should be used; and 
the terms receiving unit or receiving line should be applied 
to that part or section of the receiver whose function is 
actually to pick up sound energy and to transmit it to the 
compensation mechanism of the receiver. 

Various Methods used in the Navy are as follows: 

Sound transmission thru water: 
Oscillators (XC or KA) 
Submarine Bells. 
Supersonic. 

Sound Reception in water: 
Acoustic:-
s.c. Tube and M.B. Tube. 
M.F. Tube and D.M.F. Tube. 
Model J.E. Receivers. 
Acoustical Electrical, Y-5 Tube. 

IClectrical: 
Models JA, JB, JC, and JD sound receivers. 
Microphone tank set. 
Navigational six spot. 
Supersonic. 

Special Apparatus: 
Sonic range and depth finder. 
Indicating trawl or sweep. 
Magnetic detector. 

The presence of a vessel at sea may be detected by the 
following means: 

( a) Visually. 
( b) By intercepting Radio signals. 
( c) By intercepting sound energy radiating from 

the vessel. 
( d) By the presence of a magnetic field surrounding 

that body. 
( e) By means of stray electric currents. 
( f ) By acting as a reflecting medium of controlled 

sound waves. 

Reasoning from a militar,y standpoint the above may be 
divided into main divisions: (1) Means under c ontrol of an 
enemy vessel (2) Means over which the enemy has no control. 
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Possibility of control by enemy vessel: 
Visually:- Control by submerging, producing smoke screen 

darkness, intercepting sound energy radiating from vessel. Con• 
trol, by stopping source of sound (engine atiXiliary machinery, 
etc) running at silent speed, Intercepting radio signals. Dir� 
control by stopping source. Lau:nohi11g interfering sound source. 

Means over which enemy has no control: 
The presence of a magnetic field surrounding the body. 

Strength of field depends upon the shape and size of vessel, 
material of hull, and amount of iron in hullf direction of 
stray currents; By acting as a reflecting medium of controlled 
sound waves; directly under control of attacking vessel. 

Resonance receivers:- Two serious weaknesses of this 
type of receiver are that they do not reproduce quality faith­
fully� therefore all sounds sound alike and it is difficult 
to distinguish one vessel from another. They also do not 
reproduce phase faithfully. 

The use of non-resonant receivers by the Navy is consi­
dered more selective than the resonant receivers. The non-reso­
nant receivers have a natural period above or below the loudest 
signals heard. Shape of the intensity curve is flat or should be 

Types of receivers:- Six types of sound receivers have 
been developed for soWld work, (a) Acoustic, (b) Microphone, 
(c) Piezo electric. 

The �coustic receiver is a water-tight chamber and is 
connected by a tube to the ears of the operator. Pure gum rub­
ber was found to be the best suited in the construction of such 
a receiver. 

The receiving capabilities of the a bove receiver depends 
on the area, shape of reoe i vera, d.iameter, ratio of length 
to diameter, and also the thickness of the walls. 

Thomas Edison devised an instrument which� instead of 
generating the undulatory current� depended on the action of 
causing variation in the length of a current generated by some 
different source. This instrument consisted of a pencil of 
carbon, bearing against a small platinum disk secured to a 
diaphragm. As pressure was imposed against the carbon pencil 
and so caused changes in resistance and current in the circuit. 

In 1881 Runnings made a transmitter but instead of using 
a carbon pencil as Edison did, used finely granulated carbon 
granules which were placed between two electrodes. One of the 
electrodes was connected to a diaphragm and when vibrations were 
sent against it, it caused the pressure against the carbon 
granules to vary� thus also varying the flow of current thru it. 
This works on the same principle as tr � a bove transmitter, but, 
there being more surface on the carbon granules to make co::ntact. 
more current could be carried without heating. 

Pressure type of microphones: The�a microphones are not 
good for s ound work as they are too sensitive to high frequency 
and local sounds. 
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. Inertia type microphones: The movable diaphragm is 
attached to the diaphragm fastened to the housing. The opposite 
electrode is held in place by the microphone diaphragm, and 
is not fastened to the housing. The microphone electrode poss­
esses enough inertia to hold this electrode stationary compared 
to the movable electrode when the frequency of vibration is 
within the audible. 

Piezo-Electric Receivers: Piezo electric effect is an 
electro-elastic property possessed by certain hemihedral cry­
stals, such as tourmaline and quartz (mineral). When these are 
subjected to stress in certain regions they liberate electrons 
of an alternating character (or generate electricity) and of a 
frequency peculiar to the resonance p eriod of the crystal. As 
the current output of such a generator is but a few microamperel 
and the frequency of the current generated is above audible 
range, it is necessary to heterodyne and amplify the Piezo­
Electric current before it passes thru the telephone receivers 
and is converted to sound energy to the ears of the observers. 

-: Practical Sound :• 

Binaural Sense:- Binaural sense is the ability of an 
operator to determine the direction of a sound source by the 
difference in the time of arrival of the sound at the two ears. 

The binaural Center is the spot in the head where a 
sound from a forward source seems to center. It differs for 
every person, but should be actually located and taken into 
consideration when taking bearings. 

Sound Receivers in the Navy are non-resonant and function 
on the difference in hydrostatic pressure between the dense 
and rare portions of a sound wave. 

Microphone circuits:- Microphone circuits containing 
impedance are used where the total resistance of the line is 
small in comparison with the resistance of the microphones. 

Micro�hone circuits containing induction coils; repeating 
coil or transformer are used when the total resistance of the 
circuit is large compared to the resistance of the microphone. 
This circuit is used with all electrical compensators. 

Frequencies of Microphones now in use: 
CYCLES 

Submarine Signal Company - Mica diaphragm, type G • • •• soo 

Western Electric-Type H double mica diaphragm •••• • ••• aoo 

Navy Type 1877-FD-Felt diaphragm •••••••• ••••••••• •••• zoo 

Theory of action of carbon in a microphone:- Changes in 
resistance are due to the variation of the contact between the 
electrodes. To illustrate this: If a ball was pressed against a 
hard surface covered with graphite, the spot touching the 
graphite would leave a spot. If the ball was thrown ciolently 
against the graphite� a larger spot would be produced showing 
that the ball had sllghtly flattened by the force of the impact 
If the two bodies mentioned were electrodes when pressed tightly 
together there would be a variation of resistance according to 
the amount of pressure put upon them. 
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Microphone Packing. 

The chief cause of microphone trouble lies in packing of 
the carbon granules in the microphone button. 

This packing is of two kinds:- (1) Electrical and 
( 2) Me chanica 1. 

Electrical packing is the result of the breaking down of 
linea of force in the compensator circuit. Which is caused by 
an arc across t he battery switch. 

In modern electrical compensators. the battery switch 
is protected by a condenser to take up the arc. 

Microphone Readings. 

7 to 15•••••••••••••••••••••••••••••Good. 
15 to 25 ••••••••••••••••••••••••••••• �air. 
25 to 40•••••••••••••••••••••••••••••Bad. 
Above 40 ••••••••••••••••••••••••••••• Pack. 

If the very best of results is expected of an oscillator. 
or compensator. the following should be observed daily:- Make 
sure sound batteries are fully charged at all times. in the 
morning put the battery switch on microphones and keep a log 
of the mike readings every few minutes to notice condition of 
carbon granules in the mike. 

Sound the o scillator for five minutes to notice any 
possible trouble. take readings of the mike again. The longer 
juice is kept on the microphones. the better and more sensitive 
t'·.'.ey become. if the microphones are allowed to lay idle for 
�ny length of time packing is bound to give trouble. 

The average length of time a microphone can be used is 
about two years and should then be renewed. If a microphone 
shows a high reading above 40, the only remedy is a new one. 
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Sound Acoustic Receivers. 
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Globular acoustic sound­
receiving unit designed 
for use with the type SE 
4214 and (Form I) - ( SC) 
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Type SE 4207 

Acoustic Sound Receiver 
Nipple, sectional view. A 
group of these nipples·, 
(8) constitutes an acoustic 

unit for the model JE (MV-I6B) 
Som1d Receiver. 
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No. 

1. 
2. 
3. 
4. 
5. 
6. 

7. 
s. 
9. 
10. 
11.. 
12. 
13. 

14. 

Nomenclature For Microphone-Type 

SE-1877-F.D. 

Part Material 
- - � - - - - - � - - - - - - - - � - -

Clamping Hing ................................. .Aluminum 
Microphone Diaphragm ............................... �.Felt 
Diaphragm washer ............... ; ............. Brass 
Spacing Washer .. . .. . . . . . . .. . . . . @ . . . . . . . . . . .. Aluminum 
Assembly Nut .............................. Brass 
Threaded Stud Movable Electrode 

Backing Piece •••••• �···········•Brass 
Diaphragm Washer ••••• �•••••••••e•••••••·•Brass 
Granulated Carbon •••••••••••••••••••••••• carbon 
Insulating Washer •••••••••••••••••••••••• Felt 
Casi ••• ,. . . . . .. . . .. . . . . . . .. .. . . . .. . .. . . . .. . . .  Alllinirlum 
Inertia Eleotrode ••••••••••• - ............. Carbon 
Follower Nut ••••••••••••••••••••••••••••• Brass 
Threaded attachment Stud and 

Electrode Backing Piece ••••••••• Brass 
Movable Electrode •••••••••••••••••••••••• carbon 

- - � - � - - - - - - - - - - � - - - - - - - - - - - - - - - -
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OR TRANSFORMER. 



15. 

) 

) 

Sound Screens and Inertia Plates. 

A som1d screen may be anything that would cast a sound 
shadow. 

The term "Sound Screen" is used to designate any object 
that would cause a reduct ion in t.he intensity of the sound 
heard in a receivir..g unit when placed between it and the source 
of the sound. In other words, a sound screen is anything which 
produces a sound shadow. The screening effect may bt1 due to 
either to absorption or to reflection. 

Numerous experiments have shown that solid objects such as 
a plate of iron or steel or lead, are not entirely effective as 
screens. A plate of lead an inch thick and twelve inches square 
produces :no effect except in the case of extremely high pitch 
components of the sound, which are slightly increased in int.;en­
sity on front of it. The plates of an iron vessel, even with 
the added stiffness and inertia of the frames and bulkheads 
permit sound waves to pass so freely that sound receivers may 
be used in the water or oil tanks. The extremely small screening 
effect observed in sMch cases is doubtless due to the fact that 
the thickness of the metal is always small compared to the wave­
length of the sound. \Vi th sounds whose pitch is above the audible 
limit so that the wave length in water is only a few inches·� the 
screening effect of such metal plates is undoubtedly great. 

If, however, materials are used which modify the sound 
waves not because of their rigidity and inertia but because of 
their ability to yield freely to the pressure of the waves • very 
effective screens are made. A bubble of air or a toy balloon of 

thin rubber i.s perhaps the simplest form of illustrath:g a 
screen of this type. When sound. waves fa 11 npon the balloon or 
bubble, the surface yields so freely that no appreciable increasE 
in pressure can be pro<luced. In the immediate vicinity of the 
surface the pressure of the water is unaffected by the sound 
waves. and a receiver whose action depends upon pressure chan� s 
will give no response. tJ.:hus air bubbles on the diaphragm of an 
u:nderwater microphone reduces very greatly the intensity of the 
sound heard. A toy balloon placed in front of a Fessenden 
oscillator will greatly reduce its range both as sender and aa 
a receiver. 

Screens which possess the property of yielding freely to 
pressure may be made in a greet variety of ways. For example. 
a thin rubber pad filled with air is a good screen and can be 
made in any form desired. To make it remains in its shape. and 
to prevent collapsing. the bag may be loosely filled with felt 
or some similar material. Spongy rubber makes a good screen and 
can be used to good advantage providing the little bubbles which 
give its spongy character are water tight, so that the material 
cannot get water soaked. Flat air filled boxes with metal walla 
make screens that are apparently as good as rubber pads, provide( 
the metal is not too thick. It is surprising. however, how thick 
and heavy the walls may be without seriously affecting the yield· 
ing and screening action. The hull of a vessel, even when the 
plates are as thick as three fourths of an inch, forms a yield­
ing or pressure release surface for sound waves, as is demonstra .. 
ted by the fact that the intensity of the sound heard in a recei� 
ver placed near the hull is greatly reduced. Some reduction in 
intensity can be noticed when the hull of the receiver is at a 
distance of 18 inches or more from the r$ceiver. 
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The SC Sound Receiver. 

Type SE-4214 $ 

The SC tube is a two unit rotatable receiver. operating on 
the binaural principle. The natural period is approxirr.ately 900 

cycles. Therefore above normal range of subaqueous sound. 

The tube itself cons ista of a key shaped arrangement of 
brass pipes fitted with pure gum rubber acoustic receiving units 
on the two extreme ends of the "t". 

Bras·s tubes lead from the acoustic receivers thru the leg 
of the "T", down into the boat. 

Directly inside the hull and secured to it is a bronze 
housing containing ball bearings to permit easy rotation of the 
device. It also contains a flapper valve. which insures water 
integrity in case of accident when the tube is not in use. 

Directly below the bearing housing is an illuminated dial 
calibrated in degrees. Also a stop which keeps the SC tube in a 
fore and aft position when not in use. The pointer is attached 
directly to SC below the dial and indicates zero degrees. when 
at a right angle to the center line to the ship. The lower ends 
of the tubes leading from the acoustic receivers are slightly 
belled. Upper end of the tubes contained in the handle are sligh1 
ly tapered. 

One necessary precaution when getting the tube ready to 
take bearings is to make sure tr�t the stethoscopes are of equal 
length and are pushed on the tubes the same length. thns making 
sure that the air pass to both ears is equal. 

The Type SE 4214 (SC) receiver is of the acoustical rotat­
able type. 

Description:-

This receiver is for submarines only. Riveted to the pres­
sure hull is a filler plate to which is fastened a heavy stuff­
ing body containing the stuffing gland for making the set water­
tight. This gland·contains standard flux packing and a recessed 
ring filled with graphite grease. This graphite grease is forced 
into the gland by the means of a forced feed lubricating cup, 
thus makirig a lubricated water-tight joint. 

Mounted on this heavy stuffing body is a composition outer 
housing which extends to the super-structure deck. Bolted to 
the underside of the heavy stuffing body is the supporting bear­
ing frame or spider housing a ball thrust bearing for supporting 
the sound receiving apparatus proper. 

i 
i 

The sound receiving appa ra·tus proper consists of two hollO'II\ 
spherical rubber receivers fixed at the ends of brass tubes. The · 

brass tubes are suitably mounted and protected in a "T" shaped 
pipe frame which elevates the receivers to a position between 1 
fourteen inches and twenty inches above the super-structure deck..; 
The lower end of the vertica 1 column is threaded into the flap- · 

per valve body. which in turn is secured to a bearing spindle 
which freely rotates in the ball thrust bearing. 



17. 

) 

) 

This vertical column rotates within the heavy stuffing 
body and outer housing. The receivers and their respective brass 
tubes are extended beyond the end of the horizontal arm of the 
nT" shaped arm. These tubes are held central in the frame by me­
ans of a rubber packing plug, those at the outer ends of each 
pipe of the frame being compressed to make a watertight joint. 
These tubes terminate at the lower end of the vertical column 
and have ends shamfered on the inside and sli.ghtly flared out. 

Accurately located on the bearing spindle by means of a 
key is a pointer • together with a locking pin, by means of which 
the device may be locked, with the receivers in a fore and aft 
position. 

The dial and illuminating lamps are attached to the under­
s.ide of the supporting frame and spider. 

Inside the valve body is a flapper valve which seats upon 
a rubber gasket set in the lower bearing spindle and so arranged 
as to close by gravity when the lower extension column is re­
moved. 

A cap having a rubber gasket is provided and screws on to 
the lower end of the bearing spindle thus making the sound 
receiver proper water-tight, when the apparatus is not in use 
and in case of emergency. 

The extension or detachable unit consists of a pipe within 
which are two brass tubes. These tubes are securely held in place 
by means of a rubber plug at either end. The upper ends of these 
tubes are shamfered on the outer edge. The lower ends are provi­
ded with tips which fit into the rubber ends of the stethoscope 
tubes. 

On the outside of this extension column near the top is a 
collar and an accurately located key, which are securely fasten­
ed to the column. At the lower end of the column is a collar or 
hub to which are fastened the two handles for rotating the device 

Operation:- The following procedure covers the operation o:f 
this instrument: 

1. Remove the water-tight cap and with short stick make 
sure that th.e flapper va 1 ve is free to close. 

2. Insert the upper end of the detachable extension column 
into the hole i:n the bearing spindle, taking care to see that 
the keyway in the spindle and the key on the column are in line� 
and push up until the collar on the column. sets against the lower 
end of the bearing spindle. Tighten hand nut. 

3. Secure the column in place by means of t;he h and nut and 
pull d own locking device. 

4. Put the stethoscopes in place on the tips at the lower 
end of the colurrm, taking care to see that the leads are of the 
same length and are pushed onto the tubes the same amount. If 
this is not done. incorrect rea dings will be obtained. 
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5., Stand facing the column with the pointer indicating 0 ' 

degrees on the dial directly above, place the stethoscopes to 
the ears such that right ear i.s connected to the right-hand 
sound tube and roor-;iver and the le... ear is connectdd to the 
left-hand tube and r�ceiver. 

6. Upon listening, if the sound appears to come from the 
right the set is rotated to the right until the sound seems to 

ift to the lef·t ear; likewise, if the sound appears to come 
from the left, the set is rotated to the left until the sound 
see:ns to be in the right ear. These swings are repeated gradual 
decreasing their amount until the som1d seems to be directly 
ahead. The pointer then indicates the d irection of t source 
of sou..11d. If the above i nst ructions are not followed errors o f  
180 degrees may occur. A s  a check o n  the above reading after 
the direction of the source of sound is found rotate the set ' 
t o  the left 90 degrees. The sou..'1d will have moved to the right ,i 
ear. Still facing column, the sow1d will off to the r ight- � 
hand. 

� 
Ma intenanoe :- The apparatus is extremely simple and only · 

requires examlnation from time to ti::ne of the following items: 

1. The rubber receivers should be kept as far as possible i 
onto their tubes and the clamp securely tightened, otherwise a 1 
leak will occur at this point, which in addition to admitting · 

water is liab le if the apparatus is in use at the time, will 
in jure the operators ears. 

2. The stuffing gland should be kept well supplied with 
grease in order to insure easy rotation st all times. 

3. The ball bearings should be greased at regular intervals 
and inspection should be made to see that salt water is not al­
lowed to leak into this bearing and cause erosion. 

4. The length of the ste·bhosoope tubes should be kept 
exactly the same. If there is any difference in length, it will 
cause an error in observations. 

5. The extension column should be examined from time to 
time to see that it has not become bent, or that the tubes have 
not shifted their position, otherwise it will be difficult to 
insert it into ·the bearing spindle, because the tubes of the 
lower column will not be in line with the tubes of the upper 
colunn:1., 

6. The entire assembly should be examined from time to 
time to see that there is no water in the pipes or tubes. If 
there is any water present the sense of direction will be lost. 

Notes for dissassembly of permanently installed units: 

1. Remove the water tight cap. 
2. Remove pointer� complete with locking pin from"bearing 

spindle. 
3. Remove dia 1. 
4. Remove bearing support or spider . 

5. Remove valve housing complete with bearing spindle 
from upper vertical column. 
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6. Release plug packing. 
7. Remove upper vertical column from "T". 

Note:- During this operation great care should be taken 
to see that the colamn slips freely around the lower plug pack­
ing, otherwise all tubes will become badly twisted. It is well 
to insert two short pieces of the rod in the lower end of the 
vertical sound tubes, and by holding these keep them from rota­
ting. 

a. Remove plug packing together with packing washers from 
the tube end. 

9. Unsolder vertical sound tubes at connection sleeve. 
lO.cut off lower end of vertical sound tubes and vertical 

column to such a length so that the receivers are 
between 14 and 20 inches above superstructure. 

11. Rethread lower end o:f vertical column taking care that 
new thread fits a standard Briggs guage. 

Notes for disassembly of the extensions columna 

1. Release plug packinga by loosening screws approximately 
one-third of an inch. 

2. Remove sound tubes from housing column. 
3. Cut off bottom end of housing column to right length 

so that handles will be 4t feet above deck when as­
sembled for operation. 

4. Cut off end of sound tubes to suit alteration to hous­
ing t1-1be. 

Notes for assembly of permanently installed units: 

1. Clean and tin about 1 inch of lower end of vertical 
sound tubes. 

2. Solder connection sleeve together with tube end. 

Note:- Plug packings should all be coated with soap suds 
or talcum before proceeding further. 

3. Replace upper vertical column and screw hard into "T". 

Note:- During this operation care must be taken to see 
that vertical sound tubes do not turn with the pipe. or become 
bent or touch the inside of the column. They �ust remain paral• 
lel and in the same plane as horizontal sound tubes. 

4. Compress plug packing at lower end by means of the 
tightening screws • 

Note:- Before proceeding further with the reassembly; the 
upper housing ( furnished by installing yard) , the top flange, 
and main stuffing should be in place on the submarine. 

5. Assemble unit completed in operations 1,2,3, and 4 into 
the stuffing body, housing. etc. 

6. Assemble valve housing or body (complete with clapper� 
bearings, spindle, etc) on end of upper vertical col­
umn. 

Note:- When the pipe thread makes up, the keyway in the 
bearing spindle must be in the same plane as the vertical sound 
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tubes. If this cannot be done by means of the pipe thread alone 
it will be necessary to move the bearing spindle on the valve 
body by taking out the cap screws and moving it ahead or back 
one hole as nec�saary. An assembly fixture should be used for 
accurately checking the alignment. 

7 • Braze upper vertical column to valve body. 
s. Assemble ball thrust bearing support or spider. 
9. Assemble bearing support on the main stuffing body with 

cap screws. 
lO.Assemble dial complete with lamp brackets on bearing 

support. 
11. Assemble pointer complete with locking pin. 
12. Screw on water-tight cap. 

Note:- After this assembly with the horizontal column and 
receivers in a fore and aft position, a check test should be 
made to see that the pointer indicates either 90° or 270° on dial 

1�otes on assembly of the extension column: 

1. Slip hand nut in place on the lower extension column. 
2. Weld handle hub to lower vertical column. 
3. Put plug packing together with packing washers and 

tightening screws in places on lower sound tubes. 
4. Put assembled sotmd tubes in place in lower exte:nsion 

column. 

Note:- The lower sound tubes should be located straight� 
parallel and be in the same plane as the key on the outer sur­
face, upper end of the extension column. This condition may be 
obtained by using "Assembling fixture" which should be left �n 
place until the plug packings are compressed. These lower sound 
tubes should not touch the extension column pipe. 

5. Tighten plug packings with screws. 

NOMENCLATURE OF S. C. TUBE. 

NO. PIECE 
1. Stethoscope 
2. Handle 
3. Handle hub 
4. Lower vertical housing tube. 
5. Handle Nut. 
6. Azimuth circle, or dial. 
7. Flapper valve. 
s. Valve body 
9. Bearing support 

10. Stuffing body 
11. Pressure hull 
12. Top flange 
13. Superstructure of Sub, 
14. Sound lead pipe 
15. Upper vertical housing tube 
16. Plug packing 
17. Sound lead pipe from mike. 
18. Horizontal housing pipe 
19. Housing pipe tee. 
20.. Receiver 
�1, �eam hose clamp. 

- - � - - - � - - -

:METAL. 
Rubber and metal earpiece 
Wood. 
Steel 
Steel or Brass 
Steel 
Brass 
Steel 
Steel 
Steel 
Brass 
Steel 
Brass 
Wood and steel 
Steel 
Steel 
Rubber 
Steel 
Steel 
Steel 
Rubber 
Comb. 
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Model J� (MV) sound Geivar. 

Its description, principle ration, use, c�re 
calibration. 

is sn acoustic unit The Model J� (MV) s 
underwater sound receiver. For 
ient to consider this device 

of description it is conven­

� four a rara parts, viz 
t receiver; blister s c:r1"� lose e: t receive 
rs, the 011Itect1oil t, :�. a ::1sa t,or. 

Receivers:- 3ach receiv e r cons sts a cluster o! eight 
the free s o� 

occ 
are 

les atts d wate ght to 
s. The inst�l tion carries 
eaoh side A 

c�ually oea 
receiv rs is 

sitionE on 

r 2 possibl 

rooeivers 
receivers of 

s 

vessel. They 
, 11es.r tJ 

ra 

ith el as s of vessel will 
L 
"• 

Blisters�- 3a h line of receivers la d beneath a 

stre>::med line protect "Blister" at to the o ;:Jl of 
s • The blister ratively thin iron 

t blister plate is 
strips. which turn are riveted to 

+ he h· 1U 1 �l ( ' -r + "'� '"" o "'' ·"" 1 ( ..; u.l:-'' "' ��. 1· '"' ,., '·) e +- '"' "' -� 1• + ,., 1 1· .;::: t"' -r" ..-. , !J ' .L - > ,.) �l... V If \,.# tt...� k. "->' ...... • ,.; A\..> lJ V c.J.� l U '(' V !:;:,., .0, '-,) V �t.. ..... '•••' <�• t.J' ..J, 

e te s�ri c rries s o and t t blister 
is msde practic ly weter-ti t.) T side t blister 
next to the hull is li.ned ith hea t"etD1 plstes "Inertia Plates'' 
end a sound scree!: interposes between tl1ese plates ;;:nd t.he ship' a 

skin. The "Inert Plates" decrease the absorption of the 'mtside 
sou1:ds b:y· the 's hull, the-re'by ix1.creas the sensitivity of 
the noises coming from with the vessel and al the skin. The 
12 receivers and ir on:nec·tior:c tul1es are hel,:J. i.n position by 
attaching tl::.em to i:nert;is p tes. 

The Con:nectin' rpubes;- ��oucd responses ea receiver 
are led l o t,he vessel through seamles steel t ing. Th� 12 
tubes, o:n.e for ea r •;cssel through a cwmpound 
water-tight st11ffi through t ships sidn from the 

f blister r. From here these tubee are carried 
�;; room connect. i th the Ci.Hrn:�ensator. 
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s 
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t3l ()":? s .. 
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Receivers. 

�1k � 5k �rk ��k2 Grooves 

Grooves � � � � 

Grooves � � 

oscopes. 

:Model JE (MV) r ec eiver with sound approaching at a.n 
angle of 30 degrees. 
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i is weak or fled. 

of receiver� a 
a direction 

will reibforce one 
e, but sounds from a 

�� A0r�e n�a r - ';,.,# -�> '""' v .. � ....... \...' • 

£J res po:nse 

0 tiOD effe G s:- The compens:::d:;ors 
t refore. serves two distiDat namely� 
into focus and to center receivers 
results ar:;} oocomplis d t o 
sre t e rmed focusing nd t 
stages are affected at the snme tirne by 

Binaural s. res 
turni 

bri 
head. 

t compensator exceut when t c tor in set a:t 

ch 

of 

rd 
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) 

) 

por::!ition. In t 
this plate 
sw.s 11 c 

:s,lnaura 1 sta 
tor located. 

The arrangerJe:nt 
Of t lve pat t t pass 

ompensator. six are f lly u 
nal1y terminate one stethosc 
flnall�r termiuate i o 
of a co::nper:ss tion is effected in 
they unite into twa t • bi_.aursl 
effec-tad 't; u p.s t ·�Jefort:: ,.; lea,.J'{! 

t ,; 
te 

s l<�ads. 

is as followe:­
ting rt of t 
path wh event-

lts 
part 

fore 

oomnense�o= plstes. 

When t;, sator is aet at t ta rt 
recr� i v• _ 
pens.stor to 
auxiliary co 
pensator i:; 

. t. ' 1-pos 1 1 ons. c, 
to the stet 
ly �r?•m ea 
SUXllUlry C: 
effected. 

Sltl S, 
�;J t i3 the t3 c o·:t)e 

nsa �Jor on 
l.i 9d. -

tor s1·�::; so i 
a:r:::'! acc�ompli. 
r�f:l!tled p GitiO!lS• 

When '::.he compensator 
aompensati t • . 

are Ehunted 
t 

shown hat this arra 
both uompensa tor� 
Forward position. 

t " 

com.-
SDJ8 lleJ 

CA:.)ID 

t both sta_ 
set at either 

Forward receiv 
frcm each 

c 

junction of 6 
sses direct-

tion is 
_ It will be 

the op9ra or to operate 
ator set at the 

weakness a overcome:- The 
sound rece r:�es dirt:ct5.oL.::: nearly rmsl t t liih5 of re(' 
civers with greate accuracy a�d e near 1 
of rec�iverd with the lesat accuracy e reaa ere 
1• q •1ear·1v "'"'"'"··] '1 -�1 <n·: +'1 + ·.;;,'-'-;pt "1 ln::l>el 'L ··:f ll'""l"'"" t't1at t .. ·J· �-y·'rl"" O•-f' .., ,, ""- _ _  t_IQ ...._ u � """"" v ,..., i:\I .:J.. VJ. o ,...;J..t. A.. ..... .,.. j,Q � 1 � v .vili- .•. ll. _ v '.t"'-·� �� 

r""·"'el·ver
"'

,.;� ·� •-·".o "''r"'c·'·l·'1r·, ···f ,.,e..,rl"' ��.,.,,. ,!1 a·'•ead ....,\.,;., �" , �.:.! ·.} b..-tA.....,. U..!l.., li:,1 1 •• � , V JO., \i�- J..J. Q iJ U c;; U't,Jl .L ... 

or astern with a h de :ree o� az;curacy* The tyry�; K c t;or was 
developed for t pu:;·pose of QV'"'- r-:3 this weakne�:m. cqm-
pensat�or is set at the forward receiv pu ition, 6 recei'7ers on 
�ither side of vee el are employe� and the line jo the two 

roups is t rp�ndicular to .
... L'lhip'l:-:1 eL, llnde:r oond.it 

directio:ns r'ear dead ahead or sstt3rt. a270 deter.nl.ned ':,he great-
est acc:uracy. 

Another appa 
or any other receiver that 
sations� is that every ad 
ter a so frcm eit r of 
receivers is placed 
setting t t will ceute 

d :f�com s 
cr at 

compe:nsator is set 

weaknes 
determines 

of 

:f (MV) s 
rite£ �·1s 

rec 
vf: 1. are 1�.sed 

receiver 
of 

of 
sa tor 

�\! li•311 

b 
s 
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_) 

t 
t 
s 

t 
ell. 

ith t 
re�dily re­

ort 

r:;l::;·te 
:� � �'"' •'"\;..,.. �-, 

e� 
;::, J.. �.l\..;v t '-' 
\'i it t b� 
�'� "' 

syrru.::tetrica l 
'� iculs r to t 

r 
, if ::;r�e 
c-:�:� •_} . 

a t t c di�ect �::: 
t _ t:rectio� ac 082 p s d ueruen-

or D 
or:r.ect u::.�e • i t l �� .l3l �:), (3 

·1"::; "' i This 

.A 
si"tiOI28'lS 

oara or port. Sl�il�rly, 
l ae t at t �O.r.tv�·.;;lRr 1?0 1 t ion� 

ri": 

iguous 
nft., 

oard !1d port ,.�t ::"'v ss re .r� r·:: nn d_ 

iguity in directl�n, 4-· " co t r 
is set at eit STA�30ARD or IGrlT sltion, is as regs rds 
starboard or. se� at t:::,3 :�,Cd'�JA3D is o:t1ly 
ambiguous :!"ore :3 Cift, t :::: igui ty 
BO.A:\I) or� POI�T l�erno�.�ea sett 

STP..R­
r at 

the FO:liLt\RD :position .. This :positL ·; will determixie whet 
sound is off pert or stc.1 card. It is, hGwever, usually n1cre cc:rlve·n-
lent to decid.e this po 'b;;' judg L ,311::-:.tty Qf t, L� <>Ul�d a 2 
::r.eporduced he rc\rt Gr starboard ra r; rmt� i:f 
r� '" ::t f' ""''"!"' Y'A 0 rl)y' d :� ;:-:·t <> ">'11 t. � t� 1 fl1• �"' .�.,'·;' . , 1..- V il .4-J.�RQ !_.,. l) .:....4 ..._. '-" k ,.,,.._, v J.. V., . i._,\ 
the ship's hull iG question : r 

is 
of 
sound 

is off pert or ts i d o·:f com-
pensator ' 

nearly parallel 

ly is weak in 
the direction 

!� sre 

, t 1 JE (MV) ;:.wu:nd reof;- i,vcr :r1ormal-
·fl. ""�t· ·t ··- r;;:::. l"lPl, �,.., ;·'�·r,R�"!-�:.t1v +r,}.�)-q f1 """' J.. ""' • .... 

" 
""" \,,;f � ,l, J ··' ,,.). 1i • "'"""" '""" v ........ ·-� 1-i v """ J),.\ 

"" 
'" 

a 1 a l!'eo �on �early paraltel 
t ('! i 1 n ,2 r'�· t' " ii"' 1'1"'1 'l y t ,., ""PI "l ., .,.,., .... ,t: � C'rl V • ,/ '.,.t �•- \.c .,_.,. • �J '¥ )...->, ,:0...,_ Q '!('h.,;, � .. � .l.. .i. ,_,.. ._ 'I,J .J.. .J ,J. 
with a:n ambiguity BE to rt r r"ooard of t of ::c:?.<:e rs. 
Both o:t: t se weak1:.:es2e are readily remov-ed if lines o4' rec'3iver 
are placed t iaal positions opposite ides of t vessel 
;;:nd the compensator so arra d t; t t e different C'Dmb tiona of 

• a· '- ' � · C'"'�-,.,.,,·,�un 1J m�·· '.>1'-A"''""' i reo �Vera, J.Slo 0 •:!u as cfl.'l·u:t::H. ... �I-.._1. t .L t a i!Ul:•Nt�.:t.U pOS -
tions, can be used, 

8 • 

• 

Two uses:- T!1e Model JE (MV) sclu:.d receiver serves 
purpose�3, 

(a) To detect determine direction of 

as are e tted mov lier:::, 1�i t1E' e 

ne 



f 

) 

. ) 

30. a submarlne oscil ora. 

(b) To deterrniDe pth �va·te r th se J. 

directiun uf rir1e 
sound :-It is a focus device. This means t 
sensitively to so 
focused and weakly, or t at 
As already shown, the pa icu 
depends apon sett of t 
�n·erPf0�6- t•1 da+,ac·t t·�� ��P�P�ne nf 01•.1. i/B ...... "-" ""'" • .:1.. • y """ '1. .... ., --�· • • .;' 

J.. .. ,li.. ·�$ ....... _
_ 
, .� .. 

- �- -'"'" .:.:. .J,.... 
ith the hydrophone it i8 as :neces a 

compe:nsa or plate as is fer :: 
glasses about the horizon, a 
operat r d pr�oceed a:J :�, 

(a) Ad just '· ear piece�:, of 
t y fit the ears 8 ly. 

( b} <:i"" + ·'· ,,, e ..... -r' q t' �, }"" f.' + uv .,�.· ... ·-·� 'wi ··-·�� w�:;.1 ">;- � Q v 

very 

ions. 
i �3 focused 
tor plate. 

rlzon 
rotate 

l�r:n hi:=J :f ld 
ab a t.lf�:2:S<? l -�· 

stethoscopes o that 

r the STARBCARD or 
I'OB.T positions. For de:f eneB�3 sa:.v c r is to set at 
the STARBCliRD pcsi tion. 

(c) Turn the top plate of 
a:r1d forth ever t le 1erlgt11 of t� so� ert 

ck 
ly for 

any so und s trJ.St are hronght into focus. 

Note:- This operation re;:;n;lts n;.: l:�e dire io1 
in which the hydrophone is focused p ssively 
off the starboard side �·f t vessel :.::. 

t·nrou;h a1� pol·�tq • 6 •· ..._.J.. �.c -. 
compensators � 

,, 

�;ur:ned slovuly, a fs s;:; .d r:1a:;r coi;:e o •)..., "' out ::;ga 1ni th-
out be heard the operator� : as fai 1 to 
observe a di:nly lined vessel or! � .. h.e horizor1 if t·�.1X.tl6 h}S laSS• 
'-:! s too ra pi d l�y • 

heard� it 
plates. 

(d) If� 
should C 

a.u.ring this operation, any :'orei '3 is 
by perly adjusting the r 

Note 1:- The d.irect.ion of the sourui ca:n ot :1et oe an-
nourwed i.noe it is no t ther i:lOUI.td eoines from off 
starboard or porte 

te 2:- By Fore i Sound is mea.1:1t a sou.cd not origin-
sti on receiving vessel. Ev,:;ry rntl'Ving power-drl ven ·vessel ge:n-
erates numer0us sounds and they va1�y c lderably ;'d the apeed of 
the vessel aud t depth f th�� i\'ater. The operator must familiarize 
himse l:f "� ith the e V8 rious loca 1 so;:u; fore can s1.wcessfully 
detect uml cei;e r·mine c1 trect ion of '(lrelgn sounds� 

(e) Leav t;he corrrermator plate set at the o ition 
rd to which causes the sou:rcd to be CE1{'r�'i:RBD E3hift over f:r"cm 

the Port receiv po;::ition and judge carefully which 
t louder re Donee.· 

orre 

e:-. 

e tbe direc ion as 
t gi --:le + 

v 

e direction of t 

ioated 
louder s 

i 
ahead r ast'3ril� say 0 off b r ster.rt� 
effect t;h,:: vessels 1 :L� nearly sur.1e for bet 
port lines o:f rece i snd, as a result. t.l:e A'r'lt:� ..,;.,_,l,.b,; 

the scs le 
reo • 

,... i�J 

n.early d·:.:-ad 
elding e 

s s a.nd 
of the 
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IN i 11 be ne a r ly t sa me r 1) c t h S'TARBOl:. and PORT si-
.iB corti�iderab 
of the ·vessel t s 

naatcr to t:he 

tiona. Under st�ch conditior:s t 
unc,artainty in decidi ch 
This doubt i.s readily remcved 
Forward receiving p aition� sa 
J?CJR;NARD �tECEI�liNG POSITION • 

m:.der t • US� OF TEE 

reign s 
("r::t) RepAJ:�+ u··y,.">">''"'<+.t'' n·n!=l i'd) (<>) 0 v-v t;:·'- ..... �v �· .. �·""""" • , ,.,_, 

that are t e o t ed d 
""'·n a ( .1!1\ f' •or a ... .,. . J. I , .... \.J r 

(h) Set the co tor the 
rs ion (c). 

o r reced 
r"'' + l. ,. n ( .... ) 

·pcsi t ic1n 
in this case the PORT :p!.::F!ition a:1d execute :.:-...t v u .l v 

Note:- It is evi so dol the oc 
pert side. 

tor 
is progressively cused 

sounds are 
each sou 

' . ) If' � ·p ..,.. " ,., .:: \ .l . 1 U ;: - � ·  .;). . ·  C' 

rd. o ·ne ra t. 1. tYr:s 
t\•rn. 

i 

OI1e """ •. \ ...,,,. { ) n n 0 .l.: ...., "-" "·." -kl..,...1-, \ ',.- ..;,. . .-cv 

( d j , ( (:0) a (f) m" 
or mere relgn 

executed fur 

Use t'he :Tcrws.rd 1i i1::.spect i en 
of ·the s 
BOARD 

cing 
. . PORT rec·3lYl 

to 15 �egrees ff b r 
si·tio;:,s 

orrespo11d 'tO t STAR-
direction thin 10 

dete:rmi:ned �,vith acc11-
ra<.1y. reover, it i::i evi .nt t1:at s 
limits strike both linea of receivers 

se 
"'-. a ·re '��,,' t' t '-'"'· ·· ' ·"_, V"..b I 

the operator will have difficulty deci 012.;··d is 
off s tarb oa rd or port j i the ter 

ensity. ction 1 
compensator s that it {L:;te ;]irc;cti t;s ,.�head or 
�ith grea t e s t accuracy. This, as en a �ed, 
that t 1 coLnecting tw f reo 

d�:te 
iP 

ly acrost: tl'.te p x:�er1 t,'}·.,e r:� ·�.c.r.t�r�f�s tJor 1 

If, on c 
tcr f ·;�he dirE;ction 
h:u:.:tead of ex��e 
off a rl1oa rd 1.' 
tion and ·� 
dire io.n '.o!il1 :. 
astor sea s. There 
'1irect h:n 

et at either 
the scale tts 

of :-
tr,.':: 

reason 

"' 6 

:3d :from 

r-t ls 
tor it3 :r,;.ov;:Jr 

the so .td (opera ... ion (ct) ) , :J 
15 c of t e d f L sen le, 

( e ) .. , A "' t e "' 
� ·r· t- n · � � q V \,.<t.V , "-"" " ' .... � \..>' : -..... 1 t.. 

ould iff, t 
;;,eaJ �s 

si� 

The 
x1sat�::;r 

l:.c' resd off on 

rs or 'JEIJTERS 
'· .... , I.; ,, st r <.':J "' 
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) 

" ' 
abu�.J l t n ne + 

;; r-
tor nevers 

5irection i2 
� ·:"'::!!7:1: 1"' ··t--
Ut•.-... U.,; t, 

r a:1JVwr�-0Ltiellt ss ��l:a Jt.lrge 
Li ii or . t. 4 
s1 len, 

\�1 rJ.�i:l"CiVI:t �-.�ee tc e l�·aad ust� 
� � re� ·;: SI!13ll :..!:)ffif.ellSator. rgE 

compensator 
for the focus 

not be turned, 
f t c 

as slreadl'� adjru�ted pl�Opf1rly 
Gli�is t l or1. 

SUN1M.A.d.Y :- f o teet i ·det,::. :r· 
t direction a so 

s:stor at 
sound by 
plate in 
tJ 
v?!'gA� a�� �P(�•d R 

l)e l)r.iefly s11ntne :--

··•.::. rd·. ·.�.·· o· ''"' of q "'0"1'''d"' <::!8" t ... t> .i. .� �..,) � .:..J - �· -�·�l.,l. ' <>.,;; /J """ 

I·Cli� ·r:3c i v pcsi tion. C�?IJ.tt3r 
ooopensator late. Leav 
EO to 

to 
e. Read 

n-
the 
thiE 

V .._..f a,.;;�! �;...a; ,.;. • .,.-.J"' �� ?.L. ''-��' 

d..trt�C�lo.r�s of ccrre to t re-
cH�iv Position rt� s tJ o n.s e • 

I 4!" 
• o . •  n ..... , ... "" 

.. , �.., t F, ..I.. lll vrl."o . .,nv �..ve.� \.> 

b0w or stern. e "thr:'! oompe:.tH:�ator posi ticn 
to CF,U·:rERED J:;hift to t, rec::::iving sition. Again 

;:.1 �neans the small c·r read off the 
direct io;:.s of the proper seale ;::;,f t ompeD.ea tio:n., The proper so ale 
will "be ev i dent from the ro d.::J rmination o:f re::ction g en "by tre 
sc101le on the larg,� co sator plate. 

del JE (MV) s�'ill1d receiver e s depth:-
It determine t angle l<etween direetio:n of a sound a dire·::!-
tion of the line of receivers. And. since the line of reaeiver3 

rneath z.::ach blister i near ly pa :ral 1 with t keel. :t t is 
evident t t t hydrophox\e t'':tst 3ive ·the a le be·tween. +J�e sound 
and ship's ep �hen the compensstor ie set at either t star-
board or port listc;n.eing position, rrhis ater:tent holds tru.e wr:ether 
or not t ou.:1.d Ls traveling in a rizor.:.ta 1 plane . 

Then t i3L1lnn.sri:tJe ,,'\laves n:eet a i.l.rai:ace f diff-
erent ity f� t ;:?ea b ttom to t (le; t; sre r:-
f cted uv;o.y at t 1e hat t, :.:nlrface. The re-
flected sound is u10usll,y called .::n1 echo .. The receiver determines the 
direct ion of t reflected sounds or echoes. As readily as it does 
d'rAnt "', ,., . .,.nd ,.,· .,.. "" +>-,,.,t 1-.t,.····e +· '('6"'I' "e.ale Ad A.. V '>J J..J � ',.$;.J; .. t � t .k 0 VJ.A� .i.J: 'O..ol: ¥ ..,;, J 0 ..,. t._4 J... .__, • 

effect of a hull of a vessel prevents 
sour� originating :near ;Jtern from reachi:r:.g t .receive r:3 direct-
ly. Only the echo Gf sounds i heard. This ec is t sound 
reflected from see bottom its direction ith respect to 
keel de on pth water .. If t i great 
echo will be :nenrl;r ·pe r to keel. r i:r:tervening depths 

xna some angle l)etween these limits., ( If 
water is t:�hallovf. be rtear ly par£!l l to t keel ) ., 

: ever; dept echo will a defini with the keel 
th:ts 8ngle can zletermined i th he <::omuensstor 
is set at ei t, STARBOARD or PORT reoeiv position. 
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I 
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33. The relation between the depth of wate r and the direc-
tion of echo can be date d from the relative ion of the 
sou:nd s ource ar.t'J sound re r�:; and expre::3sed a cu . .rve 
depth as one� s et of ooordinateG and le that t echo nJ:al;:es 

ith t kee l as her set of coord ea. The depth cal ration 
curve should 1:0 ys ohec d and c:orr0;oted experirrentally., From 
":.he corrected curve it is possib to ovid e  t1H3 compensator· '<'IJ ith 
a so sc.::ile s thst the clepth cs.G 1:J read, off directly V'Jithou1 
referring to c::;libration �:mrve. 

taking a so 
c:edure for taking soundings:- The 

is as follows:-

(a) Set the collipensator at eit�er t 
POH.T rec,giving position. 

procedure for 

STA;lBOARD or 

(b) Dete:rzr>.i11e 
ided r 

of t echo of whatever 
oo urve is ering t sound� 

Note:- st vessel will be provided with a rine 
oscillator located well astern having c o ntrol panel snd key located 
in the sound room c ent f\.1r the operators use. Uncler such con-
ditions·, • listerr�er will scu:1d. s rt da s on the oscillator 
and ;;;arne time ad.just t compensators t t the oscillator Big-
na ls are heard on the sound recc::iver r CENTERED. no not hold the 
key down and attempt to ClElJI1Ert the eady oscil tor sound. Besi s 

the oscillator may overheat i:f t eurr\''lnt is mai:nta i ned at a long 
":,0riod. If t vessel is provid·�d : an os c; i l la tor loca d aft� 
then e c f the pro�pe 1ler i used i::t1stea d king ::Joundings. 
It is to lie remen1ber�:d.1 hovJever-. that 0 scale, or som.1d 
calibration c u rve refers to one, and only one� sound source. It will 
not give oo rr�:: ;:.; i t, propeller�J are m�ed as Pvu11d 
source, and vice versa. 

(c) Read off 
on the compensator or no 

a..epth directly fron: the sound.i scalE 
the angle giv en on :,he c:o�npensator scale 

and ascerta i n corre de h from the sounding calibration 
curve. 

The n:Jax:imum Binaural sw itch : - If t he tvvv 
out lets fru;n t co ensat?or are 1)rought together a 
a11d t separat;e:1 in o two differe:::-lt ou.tlete for t;, stetho-
scope leads, the s;,; LI:.pulses i rasch the t·:�o ears wlll be 
the eame and reach b'iO t3ar�: at t fJ.s.me time� ss o ree1�.1t 
the opera to.r V'i l experience no shift iug l'! m one side 
to tsl1e ot.l1c1· ss ·-�,he ·��rtBa t-c)r ls ro ted . •  The SOU11d 
TTI:RED at all 
de�rtroys t BiLaural 2 of t.he c 
stage·� as a result t;h,� operat r w 
and sha ss o" t vari ous s 

+ o,.. 1 .J..pd'· -)r ' 
" - .�- v... I \ t 
pass out of focus. It 
ly t sarne bea can bi� epa 
'J:hen t re ce 

Binaurally .. 

Some co . nec t 
ors are provided w 

tor outlets 
to quickly ad 

mum or Binaural reo iv .. Full va .e i 

1ra !'lear­
better 

ich con .. 
scope 1 ea cls 

ads for 

f:, 
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at first realized, tlS S t� is net inoorp�rated 
earli.e c 110 �' it bles 

ing 
s 

device B 
allliost i 

water 

i 

� 
.Les 

1� 3i:t:tSUl""'a1 l .. eceiv--
t� dJtsr� re a 

d seem to 1::11 t 

,, ' ,"' ,, , "0 + �'' '" 
• ...;;.. J.,.. :�\', .:...A ...... ;�) y v 0.:::..0.. 

:r:c��,"":l .. I:.: e.s.r�:.·,.. -· �·::.: e  :�:l0�1::..:r�-
sv� ually be rrovided itt 

incip 
s. T)E�3CTION 

f 
:rr-�:� �� e i ,:; l'f 

leta. A n:cre 
l + " 

; ·��-·,.,,;- ' ,....., .�� 0 tJ .Sl�...t� ..... li·:!. 
ill 

",,- �� ' ,,,,,. ui..J ... �.:i ·v ..t.. 

an.Cl 

8.,.;.......,.·- � 2T;ard. The should reed beth of 
S C8l"B:f'iilly, 

�"'!'B ·- fl�'he llod"" l ;:r� (HV) SJOUr111 "·'"0'·"=l·,·u:>-.• ' :::Jr:.d .,,Jt-. � �...... ....:u. .,_, �-.......f.!.ii .... �,. . ....... - """' .... ,,..,.._- I' 'J.t- .A.. Q'·• 

:rJ&.-::ed., If properly o�;:t'(j'Ct f .r it la 
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SE 4216 oiPensator. Bli 

i es ]._ i.!l,e i 
e :cs u :ro :f !�leta 1. 

ed to �ype 

blisters of 
neater. 

blisters o:; 
tor. 

Mode: JC � 
d 8 �f' c 0 :!18 t 

1\lotl 1 �rn: 

rnicr 

0�i tee lCl�O_ 

11"'q ·i •·1 e"'ch l�c,,.,.,A""·;>, '""'t:> .._ ....... -.._,. ..,.. y t 
4 I..At...: ,_,.,. :.J. 

c SE 4215 QOID-

esc 1 , 
d 

0012 :; ructi and c �nected tc SE 4216 o 

te:- co bli ers of JC a �10 s r•:; eye red 
�ith 1/16 inch galvanized iron. 

l JE: e e ao ical recelvi units n each 
ed 1. bliHte <.:onne,:::tod. 8. K or II (� Yl-line 

es<t� r 1Ilf3'�2lil8 
uc 
of t .. 

24 mic 

c cal 

Spec 1 
s. 

1 0 lect .sl s r,;; eiver 

Th.e oo:tmect ca 1e : - reo i ta:.;,::..o1J :ror an 

sound receiver is usually located in the radio room 
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r 
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a a 
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T\) t:l 
.g·veral +..·�1�!Ll ·:a 
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d 
"' \,/ 

lJ t 1�ecc: i.'tT 
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t ra::::s :for1:1e r 

3 {J !YlJ'Tl 0 11 
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microphone 

r l tc 
1 s. 

1 
,, 

y·;, �- ·rr·1 t� y d.�a .. "'""" I 
t �"OUYid 

oro-

ex-

s CB11 be 
the 



41. 

(' 

") 

a res 
circ;uits 
circuit co 

value of 
d�vice. �he 

"1"'4-.i.v 
ser 

tor, 
te rn1ir�ols of 
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at -e<.:: the o:n.es lS 
of s trB11sfol�e1e:r \vit 

s J::'z; pn I*s llel 
iJBCO!ldS r�r 

_ r , l e 1 • TI:a 
n trz::;1sformer a 
s s. t 
s rc riJr S'/J i tchir;g 

i �3 to rets rd 
ssa 

_ se 
of the 

or i g i r1:3 t i in 
cal i;; pulses 

3::;ve ra 1 oo .rre • 
circuit 

3y 1;urn 
the amo re rdation 
secondary cir �it cs� 
re · i ve tirr:e ,::_;-_;:' 
L�;pulses t seve r:s.l 

'YV• + 
V4.J. V 

to ifferent positions 
ses of 

variea and, as a re�Jlt, 
urre o c;-1rrent 

s o::. �� be v �: e d • 

The pr<>::es�:; of vsryi t relati"'le t of t::�rl•i.vBl at; 
-.�,,-.p�v t···c:r �''A (t le -,"ho·"'�e '•1 -1a ca>=1e) or c·'lT'"""""'·t J.Cv ..... ..t. J..t0 ,.,-.. \._: . ..., l"'J.j. .;..... .L:.. .;.,.Q , \.J ._. .J..t__,...,J. 
or mere pa r.sllel ei rcuit s L:; cslled "CO:MF:�I�JA ?IGii" 

t sec o i �: l. i s G a 1 d s n C 0 I� ]1� SA? C i.\. "' 

Pr iples of Operation. 

Definition cf Te?os:- 'hl7 Sound Receiver determLnes 
direction of �� sou1.1d LH(.:)Sl'JS o:� t a-called ,Bil:AUR.rtL sd!lse. 

It Sl:toce·?d 1J ing that se:nse o play so-called 
?iii.trc;IPL"3 ()I� cu:,zr��!J3.t1�IC1r. It s 'he abil1 f��l- -the SOUild 
from a de ired d irectio� and Gt t t a 0nsi.ty 

nll sou:.1dr:: frorn r rec':ions. s er :1bill.ty is \l.sually 
spo of es it S�L�CTIVITY CR JGJUSING �BILITY. These four terms 
BINLUH.AL 'Uit!i.L PiU Il?LE, GOI:fC::GNSJTIUU, and s;cL�OTI'/ITY, 

i0h c�o11e associated w ith t art o"' teet� ertdn-
i t of :3 • will now detail, f� 
they must be used freely inde cribing ip of operation of 
the (�lectriC;Jl !iV Sou�1d H.eceive:r. 

The B ural Sense:-
ion of a ao os t be jud d 
or3e ear '::lo;Ie, L.e. mo.::1at<r'al 
high, L t e rec ti on 
considerab:e ::: c:cttracy u;? 

prove t the direct-
sn,.r degree accuracy using 

J;Jitch <)f so i.s ·very 
ible sound csn be judged with 

ears. i.e • •  'biJ.;.anrally. 

The date both ears are used 
(by meo r· r.:: od' + s ... ,. ,. , 'V ,, r ;::; >'�,'> " .,... ., __ M..�._ ..-... 1.,1' ,. ..Le:;"'..L,J ......, ,.,... �,:J,_,...,. 

time twee n  th� rr'::�eption at. the two ears of ir15 im-
ses of :�o • :3ince Ll time dl:�fereuce ::loes ud on 

i ensity of t'!otUld i:.�t eH;hel� ea , it follow t persons ps ial 
ly d,::;a:f h! one ee r or bo·th ears can c1ete direction of D 
q,·,u·nd ll'"'"'..,.l"lY ;4! '�Ul'tp "'0 q,"'""P1l''"t"'l'�r t h 'l"''v'r,.m,·1 "'"""'Cl J>..,V v�•'- ,·_ VQ k c7 t ..L. ...... � '..t1 ,.,. �<> '""" '' -•·· LA. o \...V' .J •'-'"' ..�:.�� t.., ... ,:.;:�; ,....,. -- .L. �it 

s the t ears at same time, 
listener judges it to come 
jo If �he 

the sound 
Q ,.ht t j1"rec+�on � t.:;""-'-· • "' ;,J ,d.. 4. 

sound stri ear. 
always such t a sound is judged 
or left, dependi whether it 
respect1vel;y. 

di rr.;cti on pe rpe:o.aicula r to the line 
to t liste:ners right 
judges it to come :Erom 

as coming from 
rea s his ri 

the li 
or 

earlier 

eners right 
:ft e�n· 
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53 ARRli:r.TGEI�1ENTS OF MICROPHOUES USED WHEN RECEIVI1TG- ON THE 

FOUR POSITIONS OF T:H].; "CB:WP' n4125" C01TPENS1\.TOR. 

'- ' . . . _, I R 

L 

.---1 -• • I [ I 

CROSS TAIL. 

0 0 0 0 0 0 0 0 

STARBOE..RD .. 

PORT 

�------------------------ L 

0 0 0 0 0 

CROSS HE.;:D .. 

0 

0 

., 
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I 
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I 
I 

I 

\ 1 Formula; 

\ 1 D=C plus 
:£ 

� I� x Tan m. 

\ r Fwd ¢. .e - w 
\ 1 Aft � :(¥-9) 
\ I plus w. 
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Sound Tra 

Four types 
of subs 

tters. 

d for t 
• are 

L Subma .rL'le 11, to1�. 
KA High Fre Or::ci lla. tor. Gseillator. 

Fe2Sd uscilla or. 

The Fessel'lde i 
C!·''U'llG 81"'• ·:rn '"lSI ... v ..... l"'" Q �.. •• , 
aqueous �:ou:::;d. s1 

12sed, Lr:arily, 
l s • t i s 21 so 113 e Ct :: o :r t re c (3 i o :r1 

e .. nd, fo' 1"' ;JRter1�11' �·:l''Y\0' ,:J,;r ;'C'"' ··,rl 41r\·,c·." 
• � t�l ..., "'" .Lt _,\..,.,.0 \.A.�o. ,.. ,..} J,. J,...,'.&. J.. ,_,..,.;j 

This oscillator surpasses t 

Sil �."" ;· • . . ,_, 
� • lJ<.J � • l .. � .�.:.o\:..:4 

r rsce1vers are ca 
t c s f 

t l1i s .::;; a r1 lJ e ass ttrne d f1a �tJ ;�:·3 l�'e t� 
tru:ne11t, t t, s s recJ r • it 

encies of it3 own .natur:.::l r:·eri a. 

The 
vide sn u 

l�) J..s aec 
to vibrate in a r ane p 

Oll:rjd ··3:r�.ergy ii1 a \\:ave li_�:e foi·1n. cc·r�.;ai 
tiona a�d rarefa tions. 

r1r:�arly ss: 
to teet 

• It is, 
i fre 

Csoillator 
.,.,. ._c; 

of :ro:;ions o 

iilg Sllb• 
')f sour:d, 

he 

·O·�'lSrlt 
t,o freq .. 

tor wss to 
Bell. 

is caused 
o·�'!uces 

ere ar·s; e t 
s !] t:l skin. �1he tank tion 

,.),e 
,__,, .,a., 

"l 
"'• 

t;·': r;•:e d 
tians, i� •• tsnk,keel 

oecause t o�oillator 
is rged wste·r i11 �;orne f3 
v,c;�;sel. '�he sound 
water, and, t 

os illstor i 
�t�1r10 \..., '>,...i �J..J.V 

l or 
c 

lstor can
-

be used 
p's ctt om. In 

r�s a part f t 
sal low 
u�nner 

is tlcti•:)n. 
over 'ts di 

12 ver:;l 
.. 

noes. 
t t e �ster should f:i<:> Jo..! !,_. 

""! ., • ' 

.t . ..LS 10!11 
ip. In 

osci 
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osci.l� 

gm 
VBE 
a 

con­
i I 

freely 

The s·tr:Lt\dn rd t$1 � Ul�� consists oscil tors., 
The sent practice :i.s to clt r 11 t se ca : on 

side f t ip d ric 1 
keel. Ul1S rd c•.':.·.:e aft .. 

site ahi well 

Tl1e of an ·"� "'ld msgnet 
COilS ists 

A coil 
t VJO t}li.Ck 
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ed one at ea by two 

stee r r 
spaced 

ith field 
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excitation. 

tcm co�aists a copper t 
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the oscil t The discs, 
clamped to t ft. The 

which are used to ld the c 

fr m the o er of the 
ft is secured and 

r ce ot,.�tJle di .. 

0 
rect 

.. 

support ... 
gr.n (Jf 

tube3are 
cular· 
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� --p�[� J.-.J..\""-""·"' 
,,, 
u r. : t so 

core are 

lt d fo h t 
s:3 rt e esc�.t }� 9 r S 'LJ. d Cl �r.:,r3 
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o cl i 1 ��71 e r\:� �::: s ,).. 'L 
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-'" 
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di;�c 

r 

cn:e 

1. �.�\� o t1 r!d 
;j 
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Copper conductor 

(A.C.Coil) 

Core winding 

2 Lbs # 19 
B&S DCC 
enameled. 

(A.C.Coil) 

(A.C.Coil} 

Field coil (1) 
(D.C.Coil) 

Field coil (2) 
D.C. Coil) 

COIL ARRANGE!JlENT OJ:i' "XE11 OSCILLd.TOR. 
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