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The ̀ present invention relates generally to the under 
water transmission of intelligence, and more particularly 

. to the underwater transmission of speech or other‘complex 
forms of intelligence by 
medium. „ f i 

In general, it has been well known that the most eiì’icient 
mode of transmitting intelligence through a water medium 
is by the use of acoustic or compressional wave‘energy, 
and numerous systems and methods have been developed 
for this purpose. The prior art <development of under 
water intelligence transmission has ̀ been devoted prin 
cipally, however, to the transmission of what may be 
termed coded intelligence, which may be embodied in a 
pulsed transmission of a selected and iixed frequency of 
acoustic energy, or possibly in a frequency variation of 
continuously transmitted acoustic energy. The foregoing 
developments may be characterized as coded transmission 
of intelligence, because the transmitted signals must be 
decoded in accordance with a predetermined code before 
being intelligible. It is sought here to distinguish between 
the foregoing coded type of intelligence transmission and 
the direct transmission of speech or other complex forms 
of intelligence, wherein the complex intelligence is itself 
directly transmitted and received. Although considerable 
advances have been made over the years in the underwater 
transmission of coded intelligence, there has heretofore 
been no development of a practical system and method 
for direct voice intelligence transmission under water, and 
this condition has persisted despite the recognized great 
need therefor in numerous industrial, commercial, sport 
ing, and military underwater activities. 
The present invention is directed toward the provision 

of a practical, eíñcient, and effective method and system 
for affording the desired direct transmission of voice or 
other complex intelligence by propagation of the intelli 
gence through a water medium, and this result being had 
with reasonable power requirements for the effective trans 
mission range obtained. Generally, it may be stated that 

propagation 1 through the water 

the purposes of the present invention are attained by ~iirst` 
converting the speech, or other intelligence to be trans 
mitted, into electrical energy. 
energy pattern is then mo-diñed into a different electrical 
signal pattern in accordance with a selected function to 
render it most effective for underwater transmission. This 
new ‘pattern of electrical energy, however, retains in de 
tectable‘form the characteristics ofthe original electrically 
converted intelligence. The ultimate electrical energy 
pattern is then converted into a corresponding form of 
acoustic or compressible wave energy, and in the form of 
this ultimate pattern is transmitted and propagated through 
the water. At the point of reception of the transmitted 
energy, the acoustic signal is reconverted into its electrical 
form or counterpart. Since this received signal contains 
the original electrical intelligence signal characteristics in 
detectable form, and the modification of the original elec 
trical intelligence signal was had in accordance with a 
known selected function, the received signal can be readily 
converted electrically into its original intelligence form or 

The resultant electrical` 
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pattern and transduced into intelligible speech in acoustic 
.» energy form, or any other desired presentation form. 
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1L Accordingly, it is one object of' the present` invention 
to provide for the direct transmission of intelligence, such 
as speech intelligence, under water. 

‘ Another object of the present invention is to provide 
for the direct underwater transmission of intelligence of 
a complex form, without the necessity of coding the in 
telligence. 

Another object of the present invention is to provide for 
the direct transmission through water of speech and other 
intelligence in acoustic energy form. ` 

t Another object of the present invention is to provide 
for the direct transmission and reception of speech in 
telligence through water, wherein the speech intelligence 
is `transmitted in an acoustic energy form best suited for 

1 underwater transmission, and wherein the original speech 
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intelligence is detected from the transmitted energy for 
presentation in a form substantially identical to the original 
speech intelligence. ‘ p 

A still further object‘of the present invention is to 
‘ . provide for the direct transmission and reception of in 
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telligence of a complex form through water, wherein the 
intelligence is transmitted in an acoustic energy form best 
suited for underwater transmission, and wherein the 
original intelligence is detected from the transmitted energy 

' ` for presentation in a form directly corresponding to the 
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original intelligence. 
Other objects and advantages of the present invention 

will become apparent from a consideration of the follow 
ing detailed description of one exemplary specific embodi~ 

` « ment of the invention, had in conjunction with the accom 
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panying drawing which is a block diagram of a transceiver 
operable for the purpose of the present invention. ` 

Referring to the specific embodiment of the present 
. invention illustrated in the accompanying drawing, there 

.` is presented a functional block diagram of a voice trans 
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ceiver system adapted to the purposes of the present in 
vention, and employing the principles of single-sideband 
suppressed-carrier transmission and reception. For intel 
ligence transmission, the switch 2 is placed in the posi 
tion shown in the drawing connecting switch contacts a 
and b. Speech picked up by the microphone l is converted 
into its electrical signal counterpart .and fed through switch 
2 to the balanced modulator 3. Also fed into the 
balanced modulator is the output of a `fixed frequency 
oscillator 4. These audio or intelligence and oscillator 
signals are mixed in the balanced modulator to produce 
an upper and lower sidebands output, but no carrier as 
such. The sidebands output of the modulator, being 
the sum and difference frequencies 0f oscillator and 
audio or intelligence signal inputs to the modulator, are 
fed through a band pass filter 5. The band pass filter 
is designed to pass a range of frequencies constituting 
the upper sideband of the modulator output, and to at 
tenuate all «other frequencies. The transmitting output 
of the band pass ñlter thus constitutes an amplitude 
modulated signal whose frequency varies in .accordance 
with that of the audio signal plus a" lixed frequency-_that 
of the oscillator 4. This signal is then power amplified 
at 6 and fed to the underwater transducer 7, from whence 
it is transmitted and propagated as acoustic or compres 
sional Waveenergy into the surrounding water medium. 
For intelligence reception, the switch 2 of the trans 

ceiver is set with its contact bar in the position joining con 
tacts c and d. Whereupon, acoustic signals transmitted 
from a transmitter or transceiver operating as above de 
scribed are picked up by the transducer 7 -and converted 
into the corresponding electrical pattern of energy. The 
electrical output of the transducer 7 when receiving will 
therefore be a signal constituting the upper sideband of the 

l., transmitting station’s modulator output, whose frequencyn 



3 
varies in accordance with that of the original audio or 
intelligence signal applied to the transmitting station’s 
modulator plus the oscillator fixed frequency. This elec 
trical output of the transducer 7 is then amplified by the 
listening amplifier 8 and passed by the band pass filter 
5, where much extraneous noise is filtered. From the 
filter, this incoming signal is again mixed in the balanced 
modulator 3 with the fixed frequency output of oscillator 
4, to again produce a carrier-free upper and lower side 
bands output, comprising the sum and difference fre 
quencies of the incoming and oscillator frequencies. With 
the oscillators 4 of the transmitting and receiving stations 
set for the same frequency, it will be apparent that the 
difference frequency or lower sideband obtained in the out 
put of the modulator at the receiving station is the original 
yaudio or intelligence signal had at the transmitting station. 
The output of the modulator is then fed through the audio 
amplifier 9, whose frequency response is such as to reject 
the upper sideband coming from the modulator and pass 
only the lower sideband as an appropriately amplified sig 
nal to the headset or other speaker means 10. 

Taking into account the attenuation characteristics of 
acoustic energy in water, and other factors such as noise 
level and distortion in operation, from the standpoint of 
optimum intelligibility at appreciable range the optimum 
frequency range for transmission or propagation of 
acoustic energy into water is approximately 8-11 kc. for 
a 3 kc. intelligence band. Applicants have found that 
excellent operating characteristics are had when utilizing 
the present system with a frequency range of transmission 
from the transducer into the surrounding water medium 
of 8.3 to 11.1 kc., where the microphone or other voice 
pickup response is in the range of 250 C. P. S. to 3 kc. 
In `order to obtain such a transmission frequency range 
with the stated intelligence frequency range, it is apparent 
that the oscillator frequency must be set at approximately 
8.1 kc. 
As a measure of the effectiveness of the present sys 

tem for transmission of voice intelligence under water, 
it has been found that when operating at a frequency 
range of 8.3 kc. to 11.1 kc. of acoustic energy transmitted 
into the water medium, a directional 100° beam trans 
mission has a range capability yof approximately 2,000 
yards with a transmitter output of 0.6 watt and a receiver 
capable of delivering 6 milliwatts, reception over this 
range being comparable in clarity and fidelity with that of 
normal telephone communication. 
The specific embodiment of the present invention 

shown in the drawing includes the additional feature of 
generating a constant frequency signal, useful for homing 
and direction finding functions, as will be apparent to 
those skilled in the art. For this purpose, the switch 11 
is closed causing the oscillator to deliver a constant se 
lected frequency signal to the power amplifier 6, Whose 
output is then applied to the transducer 7 and transmitted 
into the surrounding water medium. As will be readily 
apparent, switches 11 and 2 should in an actual system 
be appropriately ganged or unified into one selector 
switch, so that the constant frequency transmission will 
not coincide with intelligence listening or transmission 
operation. 

In order that the instant constant frequency signal 
may be audible at the receiver, the chosen transmission 
frequency from the oscillator must be equal to some audi 
ble frequency plus the frequency of the oscillator during 
normal reception and transmission, in order to have an 
audible signal passed by the receiving station modulator 
3. For example, if the constant frequency transmitted 
is 9.2 kc. and the oscillator output during normal recep 
tion and transmission is 8.1 kc., it is apparent from the 
preceding discussion that at the receiving station the 
balanced modulator and audio amplifier will pass a con 
stant frequency signal of 1.1 kc. 
Having thus described one specific embodiment of the 

present invention, it is intended that that embodiment is 
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by way of example to enable a complete understanding 
of the invention. The present invention is therefore not 
limited thereto, for modifications will be apparent to 
those skilled in the art; and it is contemplated that the 
present invention embraces such modifications and other 
embodiments as come within the spirit and scope of the 
appended claims. 
What is claimed is: 
1. A system for underwater transmission and reception 

of voice intelligence: including a transmitter comprising 
a first transducer for converting voice intelligence into an 
electrical intelligence signal, an oscillator for generat 
ing a selected fixed frequency signal, a balanced modulator 
for mixing the oscillator output and said intelligence 
signal to produce an upper and lower sidebands sup 
pressed-carrier amplitude modulated signal, a band pass 
filter for passing the upper sideband of the modulator 
output, and a second transducer for converting said upper 
sideband signal into corresponding acoustic energy and 
propagating the same into water; and including a receiver 
comprising a first transducer for receiving said propagated 
acoustic energy in water and converting it into a corre 
sponding electric signal, a band pass filter for passing 
said signal, an oscillator for generating an electrical signal 
equal in frequency to that of the transmitter oscillator, 
a balanced modulator for mixing said filter passed signal 
and said oscillator output to produce an upper and lower 
sidebands suppressed-carrier amplitude modulated signal, 
an amplifier designed to reject the upper sideband fre 
quencies and amplify the lower sideband frequencies of 
the modulator output, and a second transducer for convert 
ing the amplifier output to an audible intelligence; the out 
put frequency of the two oscillators being chosen to pro 
vide for the second transducer output of the transmitter a 
frequency band of approximately 8-11 kc. when carry 
ing intelligence having frequencies up to about 3 kc., there 
by providing for optimum intelligibility of the transmitted 
intelligence. 

2. A system for underwater transmission and reception 
of voice intelligence; including a transmitter comprising 
a first transducer for converting voice intelligence into an 
electrical intelligence signal, an oscillator for generating 
a selected fixed frequency signal, means for mixing the 
oscillator output and said intelligence signal to produce 
an upper and lower sidebands suppressed carrier ampli 
tude modulation of said oscillator signal, means for se 
lectively passing the upper sideband signal, and a second 
transducer for converting said upper sideband signal into 
acoustic energy and propagating the same into Water; 
and including a receiver comprising a first transducer for 
receiving said propagated acoustic energy in water and 
converting it into a corresponding electric signal, means 
for detecting the voice intelligence signal from the re 
ceived signal, and means for transducing the detected 
signal to audible intelligence; the frequency of said oscil 
lator being chosen to provide for the second transducer 
output of the transmitter a frequency band of approxi 
mately 8-»11 kc. when carrying intelligence having fre 
quencies up to about 3 kc., thereby providing optimum 
intelligibility of the transmitted intelligence. 

3. A system for underwater transmission and reception 
of complex intelligence: including a transmitter compris 
lng means for converting complex intelligence into a 
corresponding complex electrical intelligence signal, an 
oscillator for generating a selected fixed frequency signal, 
means for mixing the oscillator output and said in 
telligence signal to produce a single sideband suppressedy 
carrier a-mplitude modulation of said oscillator signal, 
and a transducer for converting said sideband signal into 
acoustic energy and propagating the same into Water; and 
including a receiver comprising a transducer for receiving 
said propagated acoustic energy in Water and converting 
it into 'a corresponding electric signal, means for detect 
ing the original intelligence signal from the received 
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signal, and means for converting the detected signal into 
a desired presentation form; the frequency of said oscil 
lator being chosen to provide for the second transducer 
output of the transmitter a frequency band of approxi 
mately 8-11 kc. when carrying intelligence having fre 
quencies up to about 3 kc., thereby providing for optimum 
intelligibility of the transmitted intelligence. 

4. A system for underwater transmission and recep 
tion of complex intelligence; including a transmitter com 
prising means for converting complex intelligence into 
a corresponding complex electrical intelligence signal, 
modulator means for converting said intelligence signal 
into a single sideband amplitude modulation of a carrier 
signal, and a transducer for converting the sideband signal 
into acoustic energy and propagating the same into water; 
and including a receiver comprising a transducer for re 
ceiving said propagated acoustic energy in water and 
converting it into a corresponding electric signal, means 
for detecting the original intelligence signal from the re 
ceived signal, and means for converting the detected signal 
into a desired presentation form; the modulator means 
being designed to provide a frequency band for said 
sideband signal of approximately 8-11 kc. when carrying 
intelligence having frequencies up to about 3 kc., thereby 
providing for optimum intelligibility of the transmitted 
intelligence. 

5. An underwater transmitter for complex intelligence 
comprising means for converting complex intelligence into 
an electrical intelligence signal, an oscillator for generat 
ing a selected fixed frequency signal, a balanced modula 
tor for mixing the oscillator output and said intelligence 
signal to produce an upper and lower sidebands sup 
pressed-carrier amplitude modulated signal, a band pass 
filter for passing the upper sideband of the modulator 
output, and a transducer for converting said upper side 
band signal into acoustic energy and propagating the same 
into water, the frequency of said oscillator being chosen 
to provide a frequency band for the second transducer 
output of approximately 8-11 kc. when carrying intelli 
gence having frequencies up to about 3 kc., thereby pro 
viding for optimum intelligibility of the transmitted in 
telligence when received and demodulated. 

6. An underwater transmitter for complex intelligence 
comprising a first transducer for converting complex in 
telligence into an electrical intelligence signal, an oscil 
lator for generating a selected fixed frequency signal, 
means for mixing the oscillator output and said intelli 
gence signal to produce a single sideband suppressed 
carrier amplitude modulation of said oscillator signal, 
and a second transducer for converting the sideband signal 
into acoustic energy and propagating the same into water, 
the frequency of said oscillator being chosen to provide 
a frequency band for the second transducer output of 
approximately 8-11 kc. when carrying intelligence hav 
ing frequencies up to about 3 kc., thereby providing for 
optimum intelligibility of the transmitted intelligence 
when received and demodulated. 

7. A transceiver for underwater transmission of voice 
intelligence comprising a first transducer for converting 
voice intelligence into electrical signals, an oscillator for 
generating a fixed frequency electrical output, a balanced 
modulator for mixing said oscillator output with a second 
electrical signal to produce an oscillator-frequency-sup 
pressed amplitude modulated signal of upper and lower 
sidebands, a band pass filter means adapted to pass the 
upper side band frequencies connected to one side of 
said modulator, a second transducer connected to said 
band pass filter means for interconverting in water acous 
tic energy and electrical energy into their respective 
counterparts, a low pass filter means adapted to pass 
frequencies below that of the oscillator output and re 
ject frequencles above that of the oscillator output, means 
for converting the output of said low pass filter means 
to an audible signal, and means for selectively connect 
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ing the first transducer means and the low pass filter 
means to the other side of said modulator for intelligence 
transmission and reception respectively, the frequency of 
the oscillator output being chosen to provide an upper 
sideband output of the modulator in the frequency range 
of approximately 8-11 kc. during transmission when 
carrying intelligence having frequencies up to about 3 
kc., thereby providing for optimum intelligibility of the 
transmitted intelligence when received and demodulated. 

8. A transceiver for underwater transmission of com 
plex intelligence comprising a means for converting com 
plex intelligence into electrical intelligence signals, an 
oscillator for generating a ñxed frequency electrical out 
put, a balanced modulator for mixing said oscillator out 
put with a second electrical signal to produce an oscillator 
`frequency-suppressed amplitude modulated signal of up 
per and lower sidebands, a band pass filter means adapted 
to pass the upper side band frequencies connected to one 
side of said modulator, a transducer connected to said 
band pass filter means for interconverting in water acous 
tic energy and electrical energy into their respective 
counterparts, a low pass filter means adapted to pass 
frequencies below that of the oscillator output‘and re 
ject frequencies above that of the oscillator output, means 
for converting the output of said low, pass filter means 
to a desired presentation form, and means for selectively 
connecting the first mentioned means and the low pass 
filter means to the other side of :said modulator for in 
telligence transmission and reception respectively, the 
frequency of the oscillator output being chosen to pro 
vide for said upper side band during transmission a fre 
quency band of approximately 8-11 kc. when carrying 
intelligence having frequencies up to about 3 kc., thereby 
providing for optimum intelligibility of the transmitted 
intelligence when received and demodulated. 

9. An underwater transmitter for complex intelligence 
comprising means for converting complex intelligence 
into a corresponding complex electrical intelligence 
signal, modulator means for converting said intelligence 
signal into a single sideband amplitude modulation of 
a carrier signal, and a transducer for converting the 
sideband signal into acoustic energy and propagating the 
same into water, the modulator means being designed 
to provide a frequency baud for said sideband signal of 
approximately 8-11 kc. when carrying intelligence having 
frequencies up to about 3 kc., thereby providing for 
optimum intelligibility of the transmitted signal when 
received and demodulated. 

l0. A transmitter as deñned in claim 6, and further 
including means cooperating Withsaid oscillator for gen 
erating a second selected fixed frequency signal of fre 
quency differing from that of the first mentioned fixed 
frequency signal by an audible frequency and for feed 
ing said second fixed frequency signal unmodulated to 
said second transducer. 

11. A transceiver for underwater transmission of com 
plex. intelligence comprising a means for converting com 
plex intelligence into electrical intelligence signals, an 
oscillator for generating a fixed frequency electrical out 
put, a balanced modulator for mixing said oscillator out 
put with a second electrical signal to produce an oscillator 
frequency-suppressed amplitude modulated signal of up- _ 
per and lower sidebands, a first filter means adapted to 
pass one sideband of frequencies connected to one side 
of said modulator means, a transducer connected to said 
first filter means for interconverting in water acoustic 
energy and electrical energy into their respective counter 
parts, a second filter means adapted to pass only fre 
quencies below that of the oscillator output, means for 
converting the output of said second filter means to a 
desired presentation form, and means for selectively con 
necting the first mentioned means and the second filter ` 
means to the other side of said modulator for intelligence 
transmission and reception respectively, the frequency 
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of the oscillator output being chosen to provide a fre- frequency output by au audible frequency and for feeding 
quency band for said sideband of frequencies passed by said second ñxed frequency output unmodulated to said 
said ñrst ñlter means during transmission of approxi- second transducer. t 
matel 8-11 kc. when carryin intelli ence havin fre- , , , 
quencyi'es up to about 3 kc., theregby provigdîng for optîmum 6 References C‘ted m the me of this Pam“t 
intelligibility of the transmitted signal when received and UNITED STATES PATENTS 
demodulated. 2 _______________ .__ 

12. A transceiver as deñned in claim 1l, and further ’423,459 Mason July 8’ 1947 
including means cooperating with said oscillator for gen- OTHER REFERENCES 
erating a second fixed frequency electrical output of fre- 10 Elements 0f A‘îoustical Engineering, by Harry F- Olsen, 
quency differing from that of the first mentioned ñXed D' van Nostfand C0” 1947» Pages 520’521 
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