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 Section 1. Study of- Vibrations and Waves., ﬂﬁg

Sound may be difined as the sensation resulting from the .
action of the externsl stimulus on the sensitive nerve appara-
tus of the ear, .

Sound may also be defined as a disturbance in a medium
consisting of alternate regions of condensations and rareface
tions. g

SOURCE OF SOUKD. An investigation of various types of ;
sound producing apparatus shows that emitted sound arises from
somé 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 §
body will emit sound if it be caused to vibrate with sufficient
force and rapidity.

MEDIUM IN WHICH SOURD TRAVELS. Sound requires some pondev
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 air is removed and increase
as 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 sound waves, that is, to the a
portions of air which are above the natural density. The troughs
that is, the dotted portions, correspond to the rarefactions Qf’
sound waves that is, the aortions of air which are below the .
nstural density. But while the water waves are like heat, light
and electric waves, transverse to the direction of propaga%fan,~
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 longitudinal waves,

We find that the velocity V of scund was equal to the
square root of the elasticity E divided by the density D of
the mediume For our purpose w= are most interested in the vel
city of sound in water, It enters essentially into the construe=
tion of acoustical instruments and in the design of the retard=-
ation values of the recurrent seétions of electrical compensa=
tors., We must therefore have an exact knowledge of the veloecit
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 1,62
yards at a temperature of 62 degrees Fahrenheit. For wse in p
design of most of our sound apparatus the value of 1, 6@0 yarda
;.per second was used as an average value,
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Fige 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 faet 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 sound is wholly ~
in- U dependent of pressure,

Ratio of velocity of sound in water to velocity of sound
in air., In studying the theory 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,

Characteristiecs of Sound:- All sound may be divided
roughly into two classes, namely, ncises and musical sounds,
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
vibration,

(¢) Their quality, determined by the harmonics and
overtones present.

The extreme minuteness of a motion which may be pereeived
as sound maskes it evident why sound may be detected at su&\,
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 frequeney 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 frequerer., Hence we may also say that the
piteh of a sound depends on the 1léngth 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 less than

30 per second nor more than 30,000 per second. The upper limits
of frequency is different for different people and is lowered
by age and by disease of the ear,

Qualitye.

The quality of a sound depends on tne shape of the curve
representing the vibration; and the shape of the curve depends
solely upon the number and relative strength of its partial
simple tones or harmonics and orertones,

If the sound 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 called the fundamental of the bell and
the others are called overtones.,
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Sketch:= Wave forms of sound having different quality.

Voice.
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harnonic.

When we are given the frequeney of s fundamental, we can
at once calculate the frequencies of its harmomice by multiply-
ing by 2, 3, 4, etc. Overtones may not be harmonics, and usually
refer to some particular instrument,

The sketch above shows three curves of the same amplitude
and length, but of different forms. The lower is what we call
a simple harmonic curve, and is the form given off by the tuning
fork. ‘

The second is more like the wave from a violin string, and
the third like the wave from the human voice, ‘

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

The curve d has a frequency of 3.5 and an amplitude of
0e3, and it represents a loudness equal to that of A, Taen the
sounds represented by a and 4 are equal loudness; and those :

represented by b and ¢ are equal, but four times as loud as a
or d.

Most people can distinguish a single sound from a mixture'
of sounds; thus one may distinguish a single sound from a tun= }
ing fork through a mixture of sounds, !

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

SOUND WAVE:= A sound wave consists of pulse of condenss-
tion followed by a pulse of rarefaction. In a pulse of condenss-
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 some surface transverse to its line of propaga=
tion, ,

Skete h Reflection of a sound ray from the bottom
of a body of liquid, ie., the ocean bottom,
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Reverberatlon consists of a prolongation of sound due
to repeated reflections from all reflecting surfaces. Almost
everone has experienced this phenomenon when walking thry a
tunnel.

RESONANCE:~- Every vibrating body has one cor more natural

. periods in which it vibrates easily. If a body capable of

vibrations is excited by any means whatever 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 bodg
there will still be response, but in a lesser degree, is,

the resonance or tuning is not so sharp,

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 will 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 msde to vibrate with the transmitter, 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 draw-
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 distinet 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 quality
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 hsrmonics,

Refraction of Sound:- Waves are refracted, or their line

‘0of propagation is bent when.they pass obliquely from medium into

another in which the veloclty 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 sound in water is variation of temperature. The velocity of
wind is less nearer the surface of the earth than higher up,
gsince near the surface it is retarded by the firctional resis=-
tance of the surface., When sound is traveling in the same direc
tion as the wind its resultant velocity is greater above than
below, Hence, the waves, which always trsv~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 temperaturs 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

A

Sketch:= Bending upward of a sound ray traveling
against the wind,
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Sketch:= Bending downward of a sound ray traveling
with the wind,
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MANUAL OF SOUND,
Methods used in collecting sound energye.

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 (KC or KA)
Submarine Bells.,
Supersonice.

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

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

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,

{¢) By intercepting sound energy radiating from
the vessel.

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

(e) By means of stray electrie currents,

(f} By acting as a reflecting medium of controlied
sound waves,

Reasoning from a military standpoint the @b ove may be
divided into main divisions: (1) Means under control of an
enemy vessel (2) Means over which the enemy has no control.
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Possibility of control by eneny vessel:

Visually:- Control by submerging, producing smoke screen
darkness, intercepting sound energy radiating from vessel., Con-
trol, by stappin7 source of sound {engine auxiliary mechinery,
etc) running at silent speed, Intercepting radio signals, Dlred
control by stopping source. Launching 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 hullj 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 scunds sound alike and it is difficult
to distinguish one vessel from ancther. They also do not

reproduce phase faithfullye.

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 b

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

The =2goustic 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 above receiver depends
on the area, shape of receivers, diameter, 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
diaphragme. As pressure was imposed againgt the carbon pencil
and so caused changes in resistance and current in the circuite.

In 1881 Hunrings msde 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
glectrodes 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 t¥: above transmitter, but,
there being more surface on the carbon granules to make cortacte
more current could be carried without heating,

Pressure type of microphones: Thegs3 microphones are not
good for sound 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 period of the crystal. As
the current output of such a generator is but a few microampers:
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 telephcne receivers
and is converted to sound energy to the ears of the observers,

=: Practical Sound g~

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 binsural Center is the spot in the head where a
sounnd 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.

Microvrhcone 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 compensatorse.

Frequencies of Microphones now in use:

, CYCLES
Submerine Signal Company - Mica diaphragm, type G....800
Western Electric-Type H double mica diaphragmesess..se800
Navy Type 1877-FD-Felt diaphragmo...........o........soo

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 slightly 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) Mechanical,

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

In modern electrical compensators, the battery switch
is protected by a cordenser to take upr the arc.

Microphone Readings,

7 to 150.0000&.0...0.00....oooooo.o.G‘ood.
15 to 25....."....Q...Ql............gair.
25 to 40.....................'.‘.....Bad.
Above 40. © 0 0000000009000 000000000000 .PaCKO

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 oscillator for five minutes to notice any
possible trouble, take readings of the mike again, The longer
juice is kept on the microphones, the better snd more sensitive
tey become, if the microphones are allowed to lay idle for
any length of time packing is bound to give trouble.

The average lerigth of time a microphone can be used is
about two years and should then be renewed, If a mierophone
shows a high reading above 40, the only remedy is a new one,
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Sound Acoustic Receivers,

Globular acoustic sound=-
receiving unit designed
for use with the type SE
4214 and (Porm I)=(SC)
rotatable sound receivers,
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Type SE 4207

Acoustice Sound Receiver
Nipple, sectional view, A
group of these nipples,

{8) constitutes an ascoustiec
unit for the model JE (MV~I6B)
Sound Receiver,
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Threaded Stud Movable Electrode
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Diaphragm WashereessssesscsssssssssasssssBrass
Granulated CarbONeecsssessesecscessesseseeelarbon
Insulating WasSheTresessssesesesesnsssssseelelt
Cagizﬁ.gb’.i.ﬂCQOO...O.DQO..ODO...aol..a‘.'AlumiIlllm
Inertis Electrode..ca......a........og...Carbon
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Sound Screens and Inertia Plates,

A sourd screen msy be anything that would cast a sound
shadow,

The term "Sound Screen" is used ts desigrate any object
that would cause a reduction in the intensity of the s=cund
heard in a receiving unit when placed between it and the source
of the scund, In other words, a sound screen is anything which
produces a sound shadcw, The screening effect may be due to
either to abscrption or to reflection,

Numerous experiments have shown that sclid objects such as
a plate ¢of iron or steel or lead, are nct entirely effective as
screense A plate ¢f 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 siightly increased in inten=
sity on front of it. The plates ¢f an iron vessel, even with
the added stiffness and inertia ¢f 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 such cases is doubtless due to the fact that
the thickness of the metal is always small compared to the wave=~
length of tke sound, With sounds whose pitch is above the audibl¢
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 sf
their ability to yield freely tc the pressure of the waves, very
effective screens are made, A buhbble of aiyr cor a toy balloon cf
thin rubber is perhkaps the simplest form of illustrati g a
screen of this type. When sound waves fall apoxn the balloon or
bubble, the surface yields so freely that no appreciable increas¢
in pressure can be preduced, In the immediate vicinity of the
surface the pressure of the water is unaffected by the scund
waves, and a receiver whose action depends upon pressure chang s
will give no response., fhus air bubbles on the diaphragm of an
underwater 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 ag sender and as !
a receiver. ;

Screens which possess the property of yielding freely to

pressure mey be made in a great 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 collapsirng, the bag may be loosely filled with felt
or some similar material. Spongy rubber makes a gocd 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 ssaiked, Flat air filled boxes with metal walls
make screens that are apparently as gocd as rubber pads, provide¢
the metal is not too thicke. 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 plgced 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 receiver,
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The SC Sounid Receiver.
Type SE-4214 ¢

The SC tube is a two unit rotatable receiver, operating on
the binaural principle. The natural period is approximstely 900
cycles., Therefore above ncrmal range of subaqueocus sound,

The tube itself consists of a key shaped arrangement of
brass pipes fitted with pure gum rubber accustic receiving units
on the two extreme ends of the "t",

Brass tubes lead from the acoustic receivers thru the leg
of the "T", down into the bcat.

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 shipe. The lcwer ends
of the tubes leading from the acoustic receivers are slightly
belled., Upper end of the tubes contained in the handle are slight
ly tapered,

Cne necessary precaution when getting the tube ready to
take bearings is to maske sure that the stethoscopes are of equal
length and are pushed on the tubes the same length, thus making
sure that the air pass to both ears is equale.

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 bedy centainirng the stuffing gland for making the set water='
tlght This gland contsins stsndard flux packing and a recessed
ring filled with graphite greaseg This graphite grease igs 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 decks Bolted to
the underside of the heavy stuffing body is the supporting bear-
ing frame or splder housing a ball thrust bearing for supportlng
the sound receiving apparatus proper. |

The scund receiving apparatus proper consists of two hollo@
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 |
fourteen inches and twenty inches above the super-structure deck,

The lower end of the vertical colurn 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.
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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
*pr 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 Jjoint.
These tubes terminate at the lower end of the vertical column
and have ends shamfered on the inside and slightly flared out,

Accurately located on the bearing Splndle 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-
side 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 en the outer edgees The lower ends are provi=-
ded with tips which fit into the rubber ends of the stethoscope
tubese

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 columne, At the lower end of the column is a8 collar or
hub to which are fastened the two handles for rotating the device

Operation:= The fOllOWng procedure covers the operation oi
this instrument: .

l. Remove the water~tight cap snd with short stick make
sure that the flapper valve iz free tc close,

2e Insert tke upper &#ud of the detachable extension column
into the hole in the bearing spindle, taking care to see that
the keyway in the spindle and the key on the cclumn are in line,
and push up until the ccllar on the column sets against the lower
end of the bearing spindle., Tighten hand nute.

3+ Secure the column in place by means of the hand nut and
pull down locking device,

4, Put the stethoscopes in place on the tips at the lower
end of the column, taking care to see that the leads are of the
same length and are pushed ortc the tubes the same amount, If
this is net done, incorrect readings will be obbtained.
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- 180 degrees may occure. As a check on the above reading after

o Stand fz2cing the column with the peinter indiecating 0
degrees on the dial directly sbuve, place the stethoscopes to ?
the ears such that right ear is counreeted to the right-hand
sound tube and receiver and the 18f% sar ls gonnected to the
left-hand tubs and raeceiver,

6. Upon listening, if the sound appears to come from the
right the set is rotated to the right until the seund seems to
shift to the left ear; likewise, if the sound appears to conme
from the left, the set ig retatzad to the left until the sound
seams to be in the right ear, These gwings are repeated graduall
decreasing their amount until the scund seems tc be diresctly
ahead, The pointer then indicates the direction of the source
cf sound, If the abovs instructions are rnot followed errors of

the dirsction of the scurce of sound is found rotate the set
to the left 90 degrees, The sound will have moved to¢ the right
ear, Still facing the cclumm, the sound will off to the righte-
hand,

Ma intenance:-= The apparatus is extremely simple and only
requires examination from time to time of the following items:

1. The rubber resceivers should be kept as far as possible
onto their tubes and the clawp securely tightened, otherwise a
leak will occur at this point, which in additicn to admitting
water is liable if the apparatus ig in use at the time, will
injure the operators ears,

2. The stuffing gland shculd be kept well supplied with
grease in order to insure easy rotation at all times,

3, The ball bearings should be greased at regular intervalé
and inspection should be made to see that salt water is not al-
lowed to leak into this bearing aud cause erosione.

: 4, The length ef the stethoscope tubes should be kept
exactly the same, If there is any difference in length, it will
cause an error in chservationse.

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 te 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
eolumn,

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.

3es Remove dial,

4, Remove bearing support or spider,

5. Remove valve housing complete with bearing spindle

from upper vertical column,



19, 6+ Release plug packinge.
7« Remove upper vertical column from "T",.

Note:= During this operation grsat care should be taken
to see that the column slips freely around the lower wlug 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
zertical sound tubes, and by holding these keep them from rota=

ing.

B8e Remove plug packing together with packing washers from
the tube end,

9. Unsolder vertical sound tubes at connection sleeve,

10,Cut off lower end of vertical sound tubes and vertical
columm to such a length so that the receivers are
between 14 and 20 inches above superstructure.

ll, Rethread lower end of vertical column taking care that
new thread fits a standard Briggs guagee

Notes for disassembly of the extensions columns

l. Release plug packings 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 4% feet above deck when ase=
sembled for operation,

4, Cut off end of sound tubes to suit alteration to hous=
ing tube,

Notes for assembly of permsnently installed units:

le Clean and tin about 1 inch of lower end of vertical
sound tubes,
2e Scolder 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 becone
bent or touch the inside of the column, They pust remain parale=
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 operatioms 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=-
umne

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 threasd alone
it will be necessary to move the bearing spindle on the valve
body by taking out the eap screws and moving it ahead or bsck
one hole ss neec2sssry. An assembly fixture should be used for
accurately checking the alignment,

7¢ Braze upper vertical column to valve body,

8e Assemble ball thrust bearing support or spider,

9, Assemble bearing support on the main stuffing body with
cap Screws,

l0,Assemble dial complete with lamp brackets on bearing
support,

11, Assemble pointer complete with locklng pin,

i2,.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

Notes on assembly of the extension column:

l, Slip hand nut in place on the lower extension column,

2e Weld handle hub to lower vertical column.

3e Put plug packing teogether with packing washers and
tightening screws in places on lower sound tubes,

4, Put assembled sound tubes in place in lower extemsion
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 in
place until the plug packings are compressed, These lower sound
tubes should not touch the extension column pipe, i

@y W am

Se Tlghten plug packlngs with screws,
NOmHNCLATUQ“ OF S. Co TUBE,

NO. PIECE METAL,
1, Stethoscope Rubber and metal earplam
e Handle Wood,
3e Handle hub Steel
4, Lower vertical housing tube., Steel or Brass
5 Handle Nut, Steel
6o Azimuth cirecle, or dial, Brass
Te Flapper valve, Steel
8e Valve body Steel
s Bearing support Steel
10, Stuffing body Brass
11, Pressure hull Steel
12, Top flarnge Brass
13, Superstructure of Sub, Wood and steel
14, Sound lead pipe Steel
15, Upper vertical housing tube Steel
16,4 Plug packing Rubber
17, Sound lead pipe from mike. Steel
18, Horizental housing pipe Steel
1. Housing pipe tee, Steel
20. Receiver Rubber
21, Steam hose elamp, Comb
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Grooves
< 50% opes.

Model JE (MV) receiver with sound approaching at an
angle of 20 degrees.
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and aubmesrine oselllatorse

How to detact and determine

sounfzes~It is a focusing device, This means y
sensitively to sounds from the particular 4i; ig
focured and weakly, or 81 331; to sounds GIiS o
As alreadj'g}sﬁn, vhe r dirsction i red
depends uron the settiy lurve rbt&tf* 2e
Theresfore, to debect 1 on
with the b drvphone it te
Lhe GmppzngQr plate a3 214
glasses sbout the horizon, 31 the

sverator should proceed ag

(ay Adlusbt ithe ear pisces ¢f the stethoscopes sc that
they €1t the ears anuglye.

(b) et 4h TARECARD or
ig bto he set at

F I A
GLOT &%
fad

b

(c) Turn the top vists of !
and forth gr bthe whole lengbh of the scale and sten ! ntly for
any S%uﬁd% uﬁﬂt are brought inte focus,

Notes= This mfera**Cﬁ resu]
in which the hydrcephone 13 fonused f”‘“
off the starbosrd side of the vegsel and
turred slowly, & faint semwd may come in out sgain withe
out being hesrd by the operster, just s
e

at Just as the lookout may £2il o
ocbgerve a dimly ocutlined vesgel orn the horizon if he Huamn
28 too rapidlye

compenssto

() If, during this operstion, any Torsign sound is
heard, it should be GZNTERED by properly sdjusting the compsusstor
rlates,

Hwte le= The direction of ths sound cun net yst he ane
nounced =fipce it ig nobt yet known whether *he scund comes from off
starboard or porte

Fote 21~ BJ Toraign Sound is meant a gound noet origine
ating on the receiving vessel, Dvary muviag ?ower-driveﬁ ves 2] 2o
ersbes numerous sounds gﬂd they vary cc 1idera bly with speed of
the vessel sud the depth of ths water, The operator “ﬂst f milisrize
himsel?f with these various lcoczl sounds defore hie can succesefully

detect smd determine the directlion of “oreizn sounds,

(e) Leavin
which czuses the sournd + L
the “ort recziving positlen and judg
the louler response,’ -

the compensator plate set at the poszition
be CENTHERED shift over fronm tar%mard to
g2 carefully which position gives

me

oo
e
(%

{f) Anncunce

indiceated by the ses
corresponding to the pesitior 201 '

louder

Hotas= If the direction of the sound is nearly doad
ahead or fst;rﬂ gay within 15° off the boew or stern, the shielding s
effqu‘af ihj vassels hull is arly the ssme for hoth starbosrd snd
§14) e 3 2ivine o S mo8y g [kl i 3 " Y
bory ilues or recelving and, ss s result, the inte 2ugity of the sound
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The rslstion between the depth of water and the direc-
tion of the echo can he dstermined from the relative location of the
gound source and sound recsivers and expregsed in & surve having
depth ss one set of ocordinates and the sngle that thm gcho makes
2 1th the keel ag the other zet ¢f coord Ze The pth calibvration
surve should slways be chechked up and e fri: taklg “rom
“he corrected curve it ig possible o rampensat
& scunding scale such that the dspth can
raferring %o the sslidbration curve,

t

(a) Set the compensator at either the STARBCARD or
PORT vecalving position,

(b} Debtbermine th ion of the echo of whatever
gound sourve is provided for & undings by contering ths sound,

Hotas= liost vessels he provided with s submarine
os3ceillator located well sstern having acrtrol ranel snd key lonated
in the gound rocm convenient for the operalors use., Under such con-
ditions, the listerrer will scund short dashes oan the oscillator
and th% ?3%@ time adjust the compersators that the oseillator gig-
nalsg are heard on the “fuua recsiver or CENTERED, Do nct hoid the
key down and sttempt to CENTER the stezdy cseillasber sound, Hesidss
the oscillator wmay QV@rheat ¥ the currs ig maintained st a long
rericde If the vessel is not provided an cscillator located aft]
then the echo of the frogell r iz uged inste Tor taking soundings,
It is to be rememberady howsver, that the so & cale, or sounding
galibration curve refers bto one, and only ow gource, It will
not give ccrrecht sounding whepn the propellers zre used as sound

sguree, and vica verss.

(¢) Read off the depth directly from the sounding scale
on the compensater or note the angle given on the compensator scale
ard aseertsin the gorresponding dvuth frem the sounding 2alibration

T h:= If the tw
cutlets froum the tugether in a 18
and then gepsrate ant ocutliets for the s
geope leads, the the two ears will bhe
the came and rea and ag & result
the operator wil found from one side
to the other ss ouﬁd remaing CEN=-
TERED at all tim : af the outlet leads
destroys the Biun the e anw'JAGf but net the maximum
: e, “nd asg a3 tor notice %hst the inteﬂaity
ak ga of nds
isg ted, rds,
foous und -
hear! ated
vhen ths recelve: sy im %w%ra&e“t

Binsursllye

Some conpensabors are yTLVldad with
necty in bhetwesen the compengator cutletg and the gt
by means of which it is posszidble to guieckly adjust ¢ ‘
either mexinonm o ™3 ]
- Shatd B e 183 r N 3 o 3 v !
tnaural receiving, Full value of this svifan
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Blister-=Flood, Drain, Blow and Vent Systsm.

Blister
Flood wall.
drain

Drain line
into Bilge.

‘/' C

Vent.

Blister \S‘nips air line

% inchb

blow and Blister.
vent line

fifteen

inches long

Snips hull,

N

\|/



Elistsr - Plocd, Drain

Ship's air line

Vent & 69

Y
N
N
AN
Globe wvalves N
N
DN\
\\\
N\ \\
\
NN
\: W
7 =/
7 R
[ = T
e3ical
Ny -~
E‘ /7
u 1
\
: \
‘,s ~N o - %
A=
AR
AN
NN
W
AN
NN
\
N
N
rainage line
biles -
@ @ Ship's skin

Globe valves

Flood 1line

T S SR



3BL

135"

S

E = 20
0 <3 o2 [AY] T2 2ed
] ] 1 st 4>

o (e ey “d ,w.,m o
o @G
S g

P

®
e S 2 SR aru
% [y ,w\ Gu o Qu . N P
& e e [ [ o

*de5g T B B A S v B W
L 5 it D] ) <] S x=f i

“Hw sdsy 5w < LA AN ) &y Y
P [ (59 o 7o T & o VS
“q

%]

& gymmr 2w @ 2w o 0

m B L~ - S S

M e =y

14
f

; -

mk et s
-7 “d e
£ <3 £

4
wr uﬁ




SIDE CHLJBRRTION

CURVE FOR TJPE SE 42/5' (OMFE/YSHTOFT

.d:... Cos -9-
a




3

BOG=45"
307 4"
771400
T

516141

et >r~'|
R4 -\I.i.,. Sl B
“1/‘

rxg!
:5&‘54““4:1% !
340~-48"7
GISIe R

)

3

\

5%}
}.,

O

DOWa

$o .v.
LT
3 £ L [
(¥~ p CURT Do
-~
O
B 4
o
~
i
o2
A
-
Y
w

P
<
o
)
fal
e
LA
11
16 >
La 4L “
T 3 ~ £
1o L et
oA Al Fdl
L IR0 ST
"= " =
B 2Y=-35
1o D e ™
RS AH5=E3
9 Sl AR
17 V=1l
18 90~
- - -
19 E0~-40
e il
; el "":3"’7
o vl
Bl=¥h
»y o)
H ’?‘”“}h(‘_j
7E=33
Y e LAY

¢
&
I

SV -07

i

63=37
S0

= bt 3 BY
56-15 H
?:3" [t

LR N N

A =1 T

Fro 'S:'ir.-r‘"'"\'i“ i

- Cosle

ol ©lo

ross ecalitb.

ghes Inside cslibration the tauin
¢f the hlister mush bo Z1owWn.e
Por the etsrbeard sidse, the
bauin of the bhlister is mube~
tracted,
For the pert =lde, ths tauin
Wlister Lle sdded,

850 Tauin &

\/9@3 blister

180°




iver,

k=Y
Y

T

Rac

vV Scul

B
e

44,

o
&
A X
-

ES -
@ M O + oNT g O
B o Q 42 o o = oo e +
o - Falhwiil B8 02 O D o4 B mE
(o) £ Hoe sl o W o* €Ll Ly D Wi
v eed [OE SRR ] i R $ia42 P B OB £,
o0 A e Pl et P o3 [ |
b} s oM TSI W K TN e W o S
4 wd @ £ P T & e T 42 O
4 R 5 Dl O Q O ©
& gy Wow QO et 40 Mo
r~t 3 @ & LA 1
- @ £3 4 o S
D 5 [
4] = [ I o I B %
- o] ot ard ]
B < b 4
- DO
o et QA ] 7]
o) W b R
ard ) ,mv oo 2.1 Fvs BAy]
- i o
3 Fa Ly
& © 4o U1 4
@ 43 3 m W A
£ g eh 0Ty D O
') 3 st R e
|2 L] [
[ i <

.
v
It
~
¢
2

Ak 03

%

ter

)

311

- 4
<
o o
%) e
{8 ¥] -4
ored
34 ®
[ 42
v 173 13 o ©
y 15 vg

Lagpeite

s

€
o 2
i
oo
o

Fd e

240

e

ThOEY AT g O D SR O




3

- <o & w

83 Q) i [} m»ﬂ Ay o3 o)

389 B w = £ o
+ 3. o] @ O F

§ < w o 4 20

} - . o] =] el

b » et 2 P> b

&

-

2
2
T
o
ke
o
W
-

! o
b i P

© S ‘
b el g3y unu
@ G i e
by mm O o b =
oy el 0 4> £ 2w
o (02 a4 - s a3 mu

(s s

)
o
§
T3

. [ 2 U.w -
a [ E » ¢ =
& =oo s **
oo j Oy 1% &3 ?w
€ it et & et G
ol hyped e + @ ° T ow
o % 7 o Y
9o * oo 2
p B 2
D et m.“
= [ =1 o4 V&
- g L R
; ' £ 42 D e
2 w8 e o
o o et Dif} Q ®
P L] as ped [43] £
< el ) S e $
O "] L) ] L] e
& $ o i I D
as 2 ped g 4> eed L
~ Q@ 4 b Z "..1}\
S B B @ 5
Iy = e Rl
3 L
= w3 B
<5 iy T bt
9] &1 -
£ 0
P W5
et o
2

&
I
&,

i
i n3 WO S £ £ .
13} i el et &3 £
il [s)IEAY] I .
) 2 < . 3 o < 0

LI

bl o]
el T2

T
3
Ll

< i R IS

4
1

£y 2

+
i

45,




LA ey

o

e

A

o

i
the

rry

S
(e s

oy
b

U

g @
IR
g E01
Ly SR

77 B o

=

W o




s i § ap f] @ Q () +>
ol 2 %49 O i v o 51a Eagps o =
v ) by O et oYy Ot o © O - 43 e 43 B 5> mBD
wd ped (o Il o B S <3 ot €3 O DB e [ RO T TR o] b et
O iU ord Bd S — Mmoo = - by oy H el ® o 8054 o
Womed SED 5 KT ) e @ @ Soed R, Ted wm@ W QO 0 @ ]
%5 11 o O ol < NFoX o} o0 oo M oL M wi 0 om
amd g Iy 43 o L © . ot 3 Ori 2 MO
%235 O a4 @ %] +> mE N o o
Y ooh w4 1) Koo 7} DM O O
&35 et 54 4 D eod e (DRSSO N )) O %4
wd m R ) 5T b g e~ 4
L) ] o4 gy O Mt e @M@ O W
(5 I s [ R ») g1 2% 5 @ e T3 ogy %2 42 € - o~
53 ] A0 B0 g —m o ey
@ oz b} & O ~ D e 4 5 o )
(IR ] ool c 3 om A QO e e oo
wrh Bk D & o B oo LU 42
D o WD D
[ Rt ML I = R R Eate
© @ Q4> Al @ e
b 33 WS4 &4 R O L S oo s O
o wed omd 4D C3eed D3y erd eeed Y e Yce L3 I S W B PR 81
32 1 B O D o “ G4 &
5 e g B O led O i
~ o3 ol By Mo e ] & <
» B O Do H O W =
LRI e et et Q) @ 94 E ¢ w1
= A & 5 oo
o pm O O%E O iy 03 4%
e @ T3 B e ot 4D o o
: LI RS NG o @ o
B I i oers 4> [/3 )}
w0 @ 5] g B
- (L
o] ® A
0l
O Loam =1
o e )
ormd i K
4> -
o 0n o
3 43 o
& =

i
ek

ren

T

¥ i
V4

TYT AT
FX PSR

detexrmiz
g

boe O ] =4 M
, et 34 T Wm0 o ™ £y &0 , 3 ;
® 13 Q& ¢ Dy @ Dot @ U L4
D B eerd [ S RS MR ] £ &3 @ @
4 @ F £ Ll ed R 50 ) B4 B B2 om0 A
B O oot o @ £ 23 G 1T o3 0B A m
4 80 o € 03 Eh T oerd 1 B 4> B4 2t
A0 4D 42 ) eed +2 © Gy B (o BN % O 13
wed T3 e SR O @O D O e 04 A 7] ;
gD B Lo 0 3] I B @ P o
LEIN RG] QO Ed gl e a5 R i Rl QN
@ Rhan W 1 %4 b 5] o 54 a = o
B H B DO ena o LI ) g O 6y 5 e
@ meded O @ i~ 4 O Q I Tt D
LN ) [ R B % MY ) B I S VR 4 Fox) D QO et 25 -} el TE B4
%] D02 0@ e Kelio] FL) 20
£ MM Mol o AD [+ e by gl oy e I
o o R IR IS Y AR < D Eed O D ot O e
[ BRI B R BE b« Mo JR M -2 e~ 23 0 S o9~ ik P

47 e




Ty

o o
L&ﬁb

o)
$ 3

T am
Fanh ke

S)
H

23

w

B T

Sy B
v

WJdew
[

a
LY

AP S

R

o Ges
8ei et arcd




Pl

2

T

B

™y

o acl

ULy

BRI

2 :L “!‘y?

At et 1 i
(] 2D
oy [13]

e
e
e

oy
JEREN

7%

g




51,

SULCHs

| g

DR D e s e T B e

Ll I A T T i o
TR D T e A g0 RN
U M LD L 62 7 4 16 . e
A IR E
2 0 0 2 9 0 .a,.m:

&
[FO IS R
AR TN TOl S

R RS AN

PR 02

ST UL O B 00 O D G2 I <H D D B D O ) o G
Dl S T S R N R R R R I R VR To ST

180°

p;-e of firs

BO
0°

(3rd)

o
>~
«a

2pi-6 of

second

180°
STERN



o

i

)
&

i R AN Ty
185600810

L35°~=351
129°-071
143°-08"
14538
150 9=
153°=15"7
156°=55"
159°=-31"
163°331
165%=31"7
168*=-28"
171%=-230
174°=-16"1
177°=08"

180 Cw
1880521
1850441
188°-781
1

91¢=357
194°=-29"
1978577
Z00°=-291
203°%=357
206%-45"
£10%m=
£213°~2E1
£16°=551
280°=351
224°-25¢
288%=35"

' £E3Z%=52"
238*947‘
44T
2515127
Z70%=

v
[

oot
o I ]

w3

[0

)

oz
51
s
L
539
-
58
ol
57
58
55
oA
T 4
D

AD
&8s
43
4o
Ly i\}
%
o
~
)

PR G I B IR s B %

b B 00 s LY O =R (

bt £ 053 H

e
1

-
By
wy
S
e
i
o
e
do
<
N
1
whe
RS
3

3y ray
AW EY

90 ©m
71%.18¢
64°=-511
5E =AY
BIem3St
48°-351
44 %851
40 °=351

e e ma
S0 “"‘x‘r\)h;«:

)
{51
[<]

£
5
§
{
t

w7
(2]

ot = feed P15 D D ()

09 OV (s s <3 €30
[ed
]
¢
-

i

5

2 ¢

301e=-13"
295 %001
SHPRL480

270°-

[e2)

D

P

[gn ]

T O s OV O ~3

<
e 1
t

i
Joud

f o
oy
w .
£



53

<¢rto1

ARRANGEMENTE CF MICROPHONES USED WHEN REC
FPOUR POSITICNS OF THE "CBM" "4125" COMFEN

EIVING ON THE
SATOR.
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3
Copper conductor
/////// (4.C.Coil) '
/ Core winding I\\
2 Lbs # 19
B&S DCC
‘ enameled.
Field coil (1)
(A.Co.Coil) (D.C.Co0il)
//I (4.C.Coil) \\
| Field coil (2)
D.C. Coil)

COIL ARRANGEMENT OF "XE" GSCILLATOR.
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WIRING DIAGHAL OF YUNING FORK.
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RELATIVE
DEPTHS .

2400°

4800°
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