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4. Cains. (C. 340-5) 

This invention relates to electrical sound systems and 
more particularly to systems for producing or responding 
to underwater sound. While not limited thereto, the in 
vention is particularly applicable to sound systems for use 
in connection with swimming pools. 
A general object of the invention is to devise an im 

proved electrical system for selectively producing sound 
under water or detecting underwater sound and repro 
ducing the same above water. In this regard, the inven 
tion is useful for producing underwater oral instructions 
for swimmers, for producing musical accompaniments for 
water ballets, and for like purposes, the device also being 
capable of response to underwater sound, as for warning 
purposes, or of reproducing underwater sounds. 
Another object is to provide a novel, selectively oper 

able, multi-purpose sound system for Swimming pools and 
like applications. 
A further object is to provide an electrical circuit 

incorporating an underwater transducer which detects 
and determines when there has been an increase and 
When there has been a decrease in pressure at the trans 
ducer thus providing a means to maintain the water in a 
swimming pool or tank at a constant level or to maintain 
a submarine at a predetermined depth. 
A further object is to provide an improved underwater 

transducer for such systems. 
In order that the manner in which these and other 

objects are achieved in accordance with the invention can 
be understood in detail, reference is had to the accom 
pany drawings, which form a part of this specification, 
and wherein: 

FIG. 1 is a sectional view, with some parts shown in 
elevation and with windings shown schematically for 
clarity, of an underwater transducer constructed in ac 
cordance with the invention; 

FIG. 2 is a schematic diagram illustrating one embodi 
ment of the invention, and 

FIG. 3 is a schematic diagram illustrating a second 
embodiment. ... 

Referring now to F.G. 1, it will be seen that the in 
vention includes a transducer indicated generally at and 
comprising a solid body 2 in which is partially embedded 
a U-shaped permeable core 3. The body 2 is provided 
at one face with a recess 28, the ends of the legs of core 3 
extending out of the body into the recess. On one leg of 
the core 2 is wound a coil. 4 embedded completely in body 
2. Disposed between the legs of core 3 and exfending 
parallel thereto is a permanent magnet 5, to the tip of 
which is secured a permeable core 6 on which is wound 
a second coil 7. 

Disposed within recess 23 and extending thereacross is 
a plate 3 of permeable material such as mild steel or soft 
iron. Provided with a flex joint 9 adjacent its periphery, 
the plate 8 is secured in place by means comprising an in 
ner resilient gasket it an cuter resilient gasket:32, and a 
clamping plate 12. Clamping plate 2 is secured to the 
face of body 2, as by screws E3, applying a clamping force 
to gasket 11, which force clamps the periphery cf perme 
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switch.34 is connected via 

able plate 8 between the gaskets. The combination of 
plate 8, gaskets A, EA and ciamping plate 2 serves 
to seal the interior of recess 2a. It will be noted that per 
meable plate 8 is spaced outwardly from the tips of the 
legs of core 3. 
When the transducer is placed below the surface of a 

body of water the pressure existing at the transducer, due 
to the water above the transducer, will tend to move the 
plate S to a position which is closer to the tips of core 3. 
The combination of flex joint 9 and resilient gaskets 10, E: 
permit the pressure present at the transducer to be effec 
tive to so move piate 8. 
At the face of the body 2 opposite permeable plate 3, 

there is partially embedded in the body a coupling or 
adaptor 4 via which insulated conductors are led to cois 
4 and 7. Thus, conductors 15, 5 are connected to the 
terminals of coil 4, while conductors 7, 8 are connected 
to the terminais of coil i. 

Body 2, with the eiements 3-6 and 4 embedded or 
partially embedded therein, is advantageously formed by 
conventional casting procedures from a suitable “piastic” 
raterial, such as wax or synthetic resin composition. 

It is of the utmost importance that the acoustic in 
pedance of the moving system of the transducer be 
accurately matched to that of the Water. in this regard, the 
thickness of permeable plate 8, the flexibility of joint 9 
and the compliance of gaskets 6, 51 must be carefully 
selected to accomplish acoustic impedance matching. 
To employ transducer for producing underwater 

Sound, an audio frequency voltage is applied to coil 7, 
via conductors i7, 8, so changing the magnetic flux 
density at the tip of core 6 in accordance with the audio 
frequency of the voltage, resulting in a corresponding 
vibration of permeable piate 8. 
The transducer can be employed as a detector of 

underwater acoustic energy. The device is then employed 
as a microphone using the voitage induced in coil 7 by 
the movement of the permeable piate 8 caused by 
underwater acoustic energy, 
One mode of employing the transducer in accordance 

with the invention is illustrated in the system embodiment 
shown in F.G. 2. Here, the inventic; employs electrical 
circuit components indicated generally at F and connect 
ed to trailsducer 3, the transducer being submerged in a 
Swimining pool. The system comprises four gainged 
rotary selector Switches 9-22 provided with movable 
contacts 23-26, respectively. Each selector switch has 
four fixed contacts A-D. The Switches are so ganged 
that all four rotary contacts engage like fixed contacts, 
that is, when one is in the A position, all are in A 
position. The A, C and ED contacts of switch is are con 
nected to ground through coil 27 of speaker 28. Contact 
B of switch 19 is connected to grou ind through resistor 
29 and coil 27. The pivotal end of contact arm 23 is 
connected to the output of audio amplifier 39. Switch is 
thus provides a means for connecting the output of the 
amplifier to speaker 28 for each position of movable coin 
tact 23. The output of amplifier 3 is also connected to 
contact E of Switch 2g. - 
The outputs of microphone 33, radio frequency detector 

32 and phonograph pick-up 33 are connected to the fixed 
contacts of a switch 34. The movable contact of selector 

resistor 35 to the A and B coin 
tacts of Switch 28. The movable contact of switch 28 is 
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connected to ground via the resistance 35 of potentioneter 
37. The adjustable contact 38 of the potentiometer is 
connected to the input of audio amplifier 39. The 
potentiometer 37 provides a means for varying the level 
of input to the audio amplifier. 
The lead 7 of coil 7 of the electromagnetic transducer 
is connected to contact C of switch 20 and is also con 

nected to the movable contact 25 of Switch 2. Lead 
8 of coil 7 of the transducer is connected to ground. 
Contact D of switch 21 is connected to ground via the 

primary winding 39 of transformer 40. One end of the 
secondary winding 41 is connected to ground and the 
other end is connected through the grid current limiting 
resistor 42, to the grid of triode vacuum tube 43. The 
cathode of tube 43 is connected to ground through the 
grid biasing resistor 44. The plate of the triode is con 
nected to ground via coupling capacitor 45 and grid 
resistance 46. The plate is also connected via load re 
sistance 47 to contact D of switch 22. 
The grid of a second triode vacuum tube 48 is con 

nected, via grid current limiting resistance 49, to the con 
ductor which connects capacitor 45 and resistance 46. 
The cathode of tube 48 is connected to ground through 
the grid biasing resistor 50. The plate of this tube is 
connected to ground via coupling capacitor 51 and grid 
resistance 52, and is also connected via load resistance 53 
to contact D of Switch 22. 
The grid of a gas discharge tube 54, which in this en 

bodiment is a thyratron, is connected via grid limiting 
resistance 55 to the conductor which joins capacitor 5i 
and resistance 52. The plate of thyratron 54 is con 
nected to contact D of switch 22. The thyratron 
cathode is connected to one end of resistance 56. The 
other end of resistance 56 is connected to ground via 
capacitor 57. A gas discharge tube 58, which in this 
embodiment is a neon tube, is connected in parallel with 
capacitor 57, the anode of the neon tube being connected 
to the conductor which connects resistance 55 to ca 
pacitor 57. The cathode of the neon tube is connected 
to ground. The anode of neon tube 58 is also connected, 
via series-connected capacitor 59 and resistance 60 to 
contact D of switch 25). 
The cathode of thyratron 54 is also connected, via 

resistor 65, to the movable contact 62 of potentiometer 
63. The resistance 64 of the potentiometer 63 is con 
nected between the D contact of switch 22 and ground. 
The potentiometer 63 is used to adjust the bias of the 
thyratron 54. 
The B+ or plate supply voltage for tubes 43, 48 and 

54 is connected to the movable contact 26 of switch 22. 
Operation of the system of FIG. 2 is as follows: First 

consider the system when the respective movable contacts 
of switches A9-22 are in their A positions. Switch 34 
can be positioned to select any one of the three audio 
frequency sources 31-33. The audio signal so selected 
is applied to the input of audio amplifier 30, with fixed 
resistor 35 and potentiometer 37 controlling the magni 
tude of the input signal. The output of the amplifier 
is supplied, via movable contact 23 and the contact A of 
switch E9, to speaker 28. Thus, the system provides a 
loudspeaker operation for audio frequency signals ob 
tainable from either a radio frequency detector, micro 
phone or phonograph pick-up. 
When the movable contacts 23-26 are in their B posi 

tions, the system is effectively connected as just described 
and, in addition, the output of amplifier 30 is applied to 
the coil 7 of transducer via contact 25. Application of 
the audio frequency signal to coil 7 causes the plate 8 
to vibrate correspondingly, resulting in audible transmis 
sion of the amplifier output to the medium surrounding 
the trainsducer. 

Transducer requires a greater operating voltage than 
does speaker 28. Accordingly, to maintain the speaker 
volume at a desired level, the signal is now supplied to 
the speaker via resistor 29. 
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4. 
A third function of the system is provided when the 

movable contacts 23-26 are in their C positions. The 
system now utilizes transducer as a microphone with 
the signal amplified and supplied to speaker 28. In 
this case the lead 17 of coil 7 is connected to the input 
of audio amplifier 30 via movable contact 24 and input 
adjusting potentiometer 37. The amplifier output is con 
nected to the coil 27 of speaker 28 via movable contact 
23. 
The fourth, or D positions of selector switches 19-22 

provide a sound warning system which is initiated by a 
disturbance of the Water surrounding the transducer, 
which functions now as a pick-up. The voltage induced 
in coil 7 by vibration of plate 8 is applied, via movable 
contact 25, to the primary winding 39 of transformer 
40. The output of transformer 40 appears across the 
secondary winding 41 and is applied to the first stage of 
the two-stage resistance-coupled audio amplifier indicated 
generally at E and hereinbefore described in detail. The 
B+ supply for the amplifier tubes is derived via movable 
contact. 26. 
The audio output of the second stage of amplifier E is 

applied across grid resistor 52. The thyratron 54 is 
biased via the potentiometer 63, which is connected be 
tween ground and the B supply present at the D contact 
of Switch 22. The audio output of the second stage of 
the amplifier E is then used to overcome the grid bias 
on the thyratron, causing the thyratron to conduct. This, 
in effect, connects the B supply voltage to capacitor 57 
which then charges at a rate determined by the size of 
resistance S6 and capacitor 57. The voltage variation 
appearing across capacitor 57 is applied as an input volt 
age for the audio amplifier 30 via capacitor 59 and re 
sistance 60. This voltage variation is amplified to the 
coil 27 of speaker 28 where it is then emitted as a warn 
ing sound. The voltage across the capacitor 57 continues 
to increase until it is high enough to cause the neon tube 
58 to conduct. The discharge of the capacitor 57 through 
the neon tube is also amplified and emitted as a warning 
Sound via speaker 28. Thyratron 54 continues to con 
duct, again charging the capacitor 57, so that the cycle 
of operation just described is repeated for so long as the 
thyratron remains conductive. 

In the embodiment of the invention shown in FIG. 3, 
the transducer is employed in an electrical circuit which 
provides a means of detecting and determining whether 
the pressure at plate 8 of the transducer has increased or 
whether it has decreased and a means for actuating a 
Warning device, water supply controls or other devices 
which are to respond according to whether the pressure 
has increased or decreased. 
The circuit comprises an audio oscillator, a two-stage 

amplifier, a push-pull detection circuit, a push-pull ampli 
fier, two relays, and a B+ or plate voltage supply. One 
output terminal 80 of the audio oscillator 8 is connected 
to lead 15 of coil 4 of the transducer. The other output 
terminal 82 of the oscillator and lead 6 of coil 4 are 
connected to ground. Lead 8 of coil 7 of the trans 
ducer is connected to ground. The lead 7 of coil 7 is 
connected via series connected resistance 83 and variable 
resistance 84 to the conductor which connects terminal 80 
to lead 5 of coil 4. 
The grid of a triode vacuum tube 85 is connected via 

grid limiting resistor 85 to the conductor connecting re 
sistances 83 and 84. The cathode of tube 85 is connected 
to ground via grid biasing resistance 87, and the plate 
is connected to the Bit or plate supply voltage via load 
resistance 88. The plate is also connected to ground 
via coupling capacitor 89 and grid resistance 90. 
The grid of a triode vacuum tube 95 is connected via 

grid limiting resistance 92 to the conductor connecting 
capacitor 89 to resistance 90. The cathode of tube 91 
is connected to ground via grid biasing resistance 93, and 
the plate is connected to the BF or plate supply voltage 
via the primary, winding 94 of transformer 95. 
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The secondary winding 95 of transformer 95 has a 
center tap 97 connected to ground via resistance 98. Cen 
ter tap 97 is also connected via capacitor 99 to the plate 
of the output tube of the audio oscillator 81. One lead 
of the secondary winding is connected to the plate of 
diode 100. The other lead of the secondary winding is 
connected to the plate of diode 101. The resistance 102 
of a potentiometer 103 is connected between the cathode 
of diode 100 and the cathode of diode 10. The movable 
contact 104 of potentiometer 103 is connected to ground. 
The cathode of diode 100 is also connected via grid cur 
rent limiting resistance 105 to the grid of a triode vacuum 
tube 106. Similarly, the cathode of diode 101 is con 
nected via grid current limiting resistance 107 to the grid 
of a triode vacuum tube 108. 
The cathodes of tubes 106 and 108 are connected to 

gether via resistance 109 of a potentiometer 110. The 
movable contact 111 of the potentiometer is connected 
to ground. The plate of tube 106 is connected to Bt 
or plate supply voltage via winding 112 of relay 13. 
Similarly, the plate of tube 108 is connected to B+ or plate 
supply voltage via winding 114 of relay 115. The nor 
mally-open contacts of relays 113, 115 are each connected 
in a control or warning system. Thus, one warning sys 
tem comprises a current source and a bell 16 in series 
with the contacts of relay 113, while the other warning 
system comprises a current source and a bell 117 in 
series with the contacts of relay 115. 

Operation of the embodiment of FIG. 3 is as follows: 
When the transducer is placed below the surface of a 
body of water, plate 8 is moved closer to the tips of core 
3 due to the pressure of the water on plate 8. Placing 
the transducer at a particular depth establishes a certain 
degree of magnetic coupling between coil 4 and coil 7 
which changes when the transducer is moved to a dif 
ferent depth or when the water level changes. The audio 
oscillator output is applied to coil 4 of transducer which 
adds to and subtracts from the flux created by permanent 
magnet 5 which causes permeable plate 8 to vibrate. 
When plate 8 vibrates the magnetic coupling between 
coil 4 and coil 7 is varied in response to the vibrations. 
A voltage is induced in coil 7 which is a function of the 
magnetic coupling between coil 4 and coil 7 and the 
change in current in coil 7. 
The voltage induced in coil 7 is approximately 180 

out of phase with the voltage which is applied to coil 4 
from the audio oscillator 81 via adjustable resistance 84 
and resistance 83. By adjusting resistance 84 the voltage 
across coil 4 and resistance 83 can be set at zero. After 
such an adjustment is made, any change in pressure at 
plate 8 of the transducer due to a change in the water 
level or movement of the transducer to a different depth 
results in a change in the voltage induced in coil 7. The 
change in the voltage induced in coil 7 causes the voltage 
at summing point X to be either in phase or 180° out of 
phase with the audio oscillator output, such in phase or 
180° out of phase voltage then being applied as the grid 
signal of tube 85. Whether the increment of pressure 
change was an increase or decrease in pressure determines 
the phase relationship of the voltages. 
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tube will conduct only when the amplifier signal is 180° 
out of phase with the audio oscillator. The potentiom 
eter 103 is used to equalize the current flow through 
diodes 100, 101. 
When diode 100 conducts, the flow of current will be 

through that portion of resistance 192 of potentiometer 
103 between the cathode of diode 100 and ground thus 
providing the grid signal voltage for the grid of tube 
106. The grid of tube 108 is similarly provided with a 
grid signal voltage when diode 101 conducts. The tubes 
106, 108 will conduct when a grid signal is applied to 
their respective grids. Here again, the potentiometer 110 
is used to equalize the flow of current through tubes 106, 
108. 

Since the coil of relay 13 is in the plate circuit of 
tube 106, relay 113 operates when tube 106 conducts. 
Closure of the contacts of relay 113 completes the circuit 
containing bell 116. Similarly relay 14 operates and 
bell 17 rings when tube 108 conducts. Thus, one relay 
operates in response to an increase in pressure at the 
plate of the transducer while the other relay operates in 
response to a decrease in pressure. Rather than com 
pleting a circuit containing a bell as shown in FIG. 3, 
the relays can be used to control operation of a mecha 
nism designed to correct for the pressure changes. 
While specific embodiments of the invention have been 

employed to illustrate the invention, it will be understood 
that the invention is not limited to these specific embodi 
ments and that numerous changes can be made without 
departing from the scope of the invention as defined in the 
appended claims. 
What is claimed is: 
1. In a versatile communication system for under 

water and above surface use, the combination comprising 
a water submersed transducer, an atmospherically im 
mersed loudspeaker, an audio frequency input source for 
introducing radio signals and voice messages, and a uni 
tarily actuated switching means for selectively connecting 
said input source to said loudspeaker in a first position and 
connecting said input source simultaneously to said trans 
ducer and said loudspeaker in a second position, whereby 
the emission of signals originating at the input source may 
be selectively transmitted as sound waves in the air in said 
first position and as sound waves both underwater and in 
the air simultaneously in said second position. 

2. The communication system of claim 1, wherein there 
is a first audio amplifier having an input and an output, 
said unitarily actuated switching means being connected 
to the input of said first audio amplifier, the output of said 
audio amplifier being connected to said loudspeaker in the 
first position of the switching means and to said loud 
speaker and said transducer in the second position of the 
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Tube 85 is in the first stage of a two stage amplifier 
indicated generally at G. The voltage across resistance. 
83 and coil 7 which is applied to the grid of tube 85 is 
amplified and appears across secondary winding 96 of 
transformer 95. - 
The center tap 97 of the secondary winding is coupled 

to the plate of the last tube of the audio oscillator 81 
via capacitor 99 and is also connected to ground via 
resistance 98. The voltage at the center tap with respect 
to ground thus varies in accordance with the voltage pres 
ent at the plate of the last tube of audio oscillator 81. 
Dependent on whether the amplified signal was in phase 
or 180° out of phase with the audio oscillator voltage, 
one or the other of diodes 100, 101 will conduct. One 
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Switching means. 
3. The communication system of claim 2, wherein said 

unitarily actuated switching means, in a third position 
connects the transducer to the input of said first audio 
amplifier, the output of said first audio amplifier being 
connected to said speaker whereby the under water vi 
brations may be emitted only as sound waves in the air. 

4. The communication system of claim 3, wherein there 
is visual signalling means, and a second audio amplifier 
having an input and an output, said unitarily actuated 
switching means, in a fourth position, connects the trans 
ducer to the input of said second audio amplifier, actuat 
ing means connecting the output of said second audio am 
plifier to the visual signalling means to actuate said 
visual signaling means upon audio frequency signals 
from said transducer reaching said second audio amplifier 
said actuating means connected also to the input of the 
first audio amplifier to emit a signal from said loud 
speaker, whereby the water pressure changes against the 
submersed transducer cause visible and audible signals. 

(References of following page) 
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