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The present invention relates to secrecy com 
munication systems and, particularly, to secrecy 
communication systems of the type wherein the 
intelligibility of signals to be transmitted is Sub 
stantially completely destroyed, prior to trans 
mission thereof, by modifying a given character 
istic of a signal by means of a random-frequency 
control signal. Intelligibility is restored at the re 
ceiver by operating on the signal thus transmitted 
in inverse manner to that at the transmitter. 
. There has long existed a need for a secrecy 
communication System which insures a consider 
able amount of secrecy and which is adaptable for 
use with existing speech communication chan 
nels. Such Systems are especially desirable for 
radio communication, which is easily intercepted 
by unauthorized persons. A communication sys 
tem of this nature is considered satisfactory 
from a practical standpoint only when unau 
thorized reception of communications is practi 
cally impossible even though an unauthorized 
perSon has a complete receiving apparatus capa 
ble of rendering the received signals intelligible 
and lacks only information concerning the pre 
established procedure by which the transmission 
is rendered unintelligible, for example, a code 
disc or pattern. 
One proposed form of Secrecy communication 

system of the prior art comprises an arrange 
ment for alternately transmitting desired sig 
Iials and noise signals, the alternate transmis 
Sion occurring in an irregular manner in accord 
ance with a time Sequence plan. The receiver 
includes apparatus similar to that used at the 
transmitter which, when Operated in accordance 
with the time sequence plan of transmission, 
effectively removes the interjected noise thereby 
to leave only the desired signal. The apparatus 
at the transmitter used for interjecting the noise 
into the signal and the corresponding apparatus 
used at the receiver for removing the inter 
jected noise are synchronized in their operation 
by Synchronizing signals included in the trans 
mission. This prior art arrangement has the 
disadvantage that, when the transmission is re 
ceived and reproduced in conventional manner 
without Specifically removing the noise inter 
jected at the transmitter, the communication 
may be frequently understood by an unauthorized 
person since the desired signal is simply repro 
duced against a background of disturbing noise. 
In the event that the noise interjected at the 
transmitter has large intensity and the inter 
jection occurs at a high frequency, whereby the 
communication when reproduced in conventional 

2 
manner cannot be understood by an unauthor 
ized person against the high level of background 
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noise, there is the disadvantage that the quality 
of the transmission may be seriously impaired 
when reproduced by an authorized listener. 

It has been proposed in accordance with an 
other prior art secrecy communication system, 
particularly adaptable to speech transmissions, 
to employ a speech-frequency heterodyne oscil 
lator and to establish secrecy by transmitting only 
the lower sideband of the resulting heterodyne 
components, thus inverting the speech frequen 
cies of the transmitted signal. The heterodyne 
oscillator frequency in this arrangement is main 
tained constant over an interval of time, but is 
changed from time to time in accordance with a 
prearranged plan. Intelligibility of the speech 
is restored at the point of reception by adding to 
the received signal similar heterodyne oscilla 
tions having a frequency varying in the same 
manner as that of the heterodyne oscillator at 
the transmitter. Thus it is only necessary for an 
unauthorized listener to supply the correct heter 
odyne frequencies to the received signal to re 
store intelligibility of the communication. This 
may be done by the method of trial and error. 
A proposed improvement of this system is the 
transmission of certain portions of the range of 
Speech frequencies in normal manner and other 
portions in inverted manner and periodically to 
change, in accordance with a preconceived plan, 
the portions of the speech-frequency range which 
are transmitted in normal and inverted fashion. 
Here again an unauthorized person may restore 
intelligibility of the communication by trial and 
error, though with somewhat greater difficulty, 
it being only necessary to determine the correct 
frequency of the transmitter heterodyne oscil 
lator, a fact which can be established when por 
tions of the communication become intelligible, 
and thereafter by trial and error to combine in 
proper order the normal and inverted portions 
of the range of speech frequencies. This prior 
art arrangement has a further disadvantage that 
band-pass filters must be used for separating the 

portions and corresponding filters at the trans 
mitter and receiver must be unusually well de 
signed and carefully balanced to avoid severe im 
pairment of the quality of the reproduced speech. 

It is an object of the invention, therefore, to 
provide a new and improved secrecy communica 
tion System which avoids one or more of the dis 
advantages and limitations of the prior art sys 
tems of this nature. 
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It is an additional object of the invention to 
provide a secrecy communication system where 
in satisfactory reception of communications is 
premised upon the authorized listener having and 
following certain requisite information concern 
ing the plan of communication and in which un 
authorized interception is rendered practically 
impossible even though the unauthorized listener 
has a complete complement of apparatus neces 
sary for continuous and satisfactory reception of 
the communications but lacks only the plan of 
communication. - 

c 4. 
Referring more particularly to Fig 1, there is 

represented schematically a complete carrier 
signal transmitter of preferred form suitable for 
use in a secrecy communication system embody 
ing the invention. The transmitter includes a 
source of audio-frequency signals to be trans 

O 

In accordance with the invention, a secrecy , 
communication system comprises a source of sig 
nals to be transmitted, means for developing a 
random-frequency control potential, a signal 
translating channel, and means coupled to the 
source and responsive to the control potential 
for applying to the channel signals of normal 
phase when the potential has a first value and for 
applying to the channel signals of Opposite phase, 
when the potential has a second value, whereby 
the signals translated by the channel have mu 
tilated wave form and would not be intelligible 
if reproduced in conventional manner. The sys 
ten includes means for developing a second ran 

20 

dom-frequency control potential having the same 
Waveform as, and substantially synchronous with, 
the first control potential, a signal-reproducing 
device, and means adapted to have applied there 
to signals translated by the channel and re 
sponsive to the second control potential for ap 
plying to the reproducing device translated sig 
nals of one phase when the second potential has 
a first value and for applying to the device trans 
lated signals of opposite phase when the second 
potential has a second value, whereby the signals 
applied to the device are reproduced thereby " 
with substantially the full intelligibility of the 
signals of the source. 
Also in accordance with one feature of the in 

vention, a signal-translating system for a se 
crecy communication system comprises a source 
of signals to be translated, means for developing 
a randon-frequency control potential, a signal 
translating channel, and means coupled to the 
source and responsive to the control potential 
for applying to the channel signals of normal 
phase when the potential has a first value and 
for applying to the channel signals of opposite 
phase when the potential has a second value, 
whereby the intelligibility of the signals trans 
lated by the channel is modified. 

For a better understanding of the present in 
-vention, together with other and further objects 
thereof, reference is had to the following de 
scription taken in connection with the accom 
panying drawings, and its scope will be pointed 
out in the appended claims, , , 

Referring now to the drawings, Fig. 1 is a cir 
cuit diagram, partly schematic, of a complete 
transmitter for a secrecy communication sys 
ten embodying the invention; Figs, 2 and 3 are 
graphs used in explaining the Operation of the 
invention: Fig. 4 is a circuit diagram, partly 
schematic, of a complete receiver for a secrecy 
communication system embodying the invention; 
Fig. 5 represents a modified form of signal source 
suitable for use in the transmitter of Fig. 1; Fig.' 
6 is a graph used in explaining the operation of 
the Fig. 5 arrangement; and Fig. 7 is a circuit 
diagram, partly schematic, representing a nodi 
fied form of the signal-reproducing arrangement 
which is used at the receiver when the signal 
source of Fig. 5 is used at the transmitter, 
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mitted, such as a microphone to coupled to the 
input of an audio-frequency amplifier . Also 
Coupled to the input of the amplifier f through 
a switch. 2 is a masking-tone generator 3 for 
generating oscillations of one or more frequencies. 
suitably spaced over the speech-frequency range 
and serving as masking tones for the transmitted 
signals. The average amplitude of the oscilla 
tions generated by unit may be suitably con 
trolled in accordance with the average amplitude 
of the transmitted speech signals by a control 
system which is coupled through a switch 4 to 
the Output circuit of the amplifier . Also cou 
pled to the output circuit of the amplifier is 
a conventional balanced modulator is having an 
output circuit coupled to a signal-translating 
channel 8, 7. The signal-translating channel 
includes a switch 8 having a first set of contacts 
9 by which the channel may be coupled directly 
to the input of a modulator 20 and a second pair 
of contacts 2 by which the channel may alter 
natively be coupled to the input of the modulator 
20 through a band-pass filter 22. The modulator 
20 is also coupled to a carrier-signal oscillator 
23. The output circuit of modulator 2 is cous 
pled to the input circuit of a carrier-signal am 
plifier 24, the output circuit of which is coupled 
to an antenna system 25, 26. 
The transmitter includes means for developing 

a random-frequency control potential comprise 
ing a cathode-ray tube 2 and a code card 2 
which is positioned in front of the screen of the 
tube. The code card is generally opaque but has 
a plurality of apertures 28a aligned in parallel 
rOWs. A condensing lens system 29 is positioned 
to focus upon a photocell 30 light projected 
through the code card 28 from the fluorescent 
screen of the Cathode-ray tube 2, thereby to de 
velop in the output of the photocell a control 
potential of random frequency determined by 
the spacing and configuration of the apertures 
28a. The cathode-ray beam of tube 2 is de 
flected in two directions normal to each other 
to form a predetermined pattern of scanning 
lines, corresponding to the aligned apertures 28a. 
of the code card 28, by a scanning system con 
prising line-scanning and field-scanning Winda 
ings 3, 32, respectively. The windings 3 and 32 
are respectively energized by line-scanning and 
field-scanning generators included in a scanning 
generator and synchronizing system 38. An Out 
put circuit of the synchronizing system of unit 
33 is coupled to the input of modulator 20 addi 
tionally to modulate the carrier-signal Oscilla 
tions of unit 23 with synchronizing-signal con 
ponents necessary to synchronize Operation of 
the transmitter and receiver apparatus. The 
line-synchronizing signal component may be of 
sine wave form and the frame-synchronizing 
component may be a pulse used to modulate the 
line-frequency component, as by periodically de 
leting one half-cycle thereof at the time of the 
frame retrace. It will be pointed out in greater 
detail hereinafter that the preferred line-scan 
ning and frame-scanning frequencies are 200 and 
20 cycles, respectively. Such synchronizing com 
ponents require a relatively narrow band to trans 
mit the synchronizing information, for example, 
200 to 400 cycles if only the upper sideband of the 
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200-cycle carrier is used, aid thus lie below the 
range of speech frequencies utilized and may be 
transmitted continuously without interfering with 
the transmission and reproduction of the speech 
signals. The photocell 30 is coupled to the input 
circuit of a phase inverter 34, the output circuit 
of which is coupled in push-pull relation to the 
input circuit of the balanced modulator 5. 
In considering the operation of the circuit just 

described, it will be assumed that switches 2 and 
4 are open and that switch 8 is operated to 
connect the signal-translating channel 6, 7 di 
rectly to the input circuit of modulator 20 through 
the contacts 9. Referring to the curves of Fig. 2, 
curve. A represents a speech signal generated by 
the microphone 0 and which it is desired to 
transmit. The speech signal is applied to the 
amplifier where it is amplified and applied to 
the input circuit of the balanced modulator B. 
As the cathode-ray beam of tube 2 scans par 
allel lines corresponding to the aligned apertures 
28a of the code card 28, the light from the illumi 
nated fluorescent Screen of tube 2 is projected 
through the apertures 28a of the code card 28 
and is focused by the lens system 29 upon the 
photocell 30. There is thus developed in the out 
put of the photocell 30 a random-frequency con 
trol potential having a rectangular pulse wave 
form of constant amplitude, as represented by 
curve B. Either the number of apertures 28a. 
in each line, or the configuration of the apertures, 
or both, is so proportioned that the fundamental 
frequencies of the control potential developed by 
the photocell 30, that is, the frequencies of oc 
currence of the pulses, lie in a frequency range 
preferably slightly above the range of speech fre 
quencies selected as satisfactory for speech intel 
ligibility. 
Since the random-frequency control potential 

is applied through the phase inverter 34 in push 
pull relation to the input circuit of the balanced 
modulator f3, the gains of the repeater vacuum 
tubes conventionally included in unit 5 are 
changed in inverse sense in accordance with the 
value of the control potential. That is, if it be 
assumed for simplicity that each of the repeater 
vacuum tubes of unit 5 is normally biased to cut 
off, the control potential causes one repeater vac 
uum tube to be conductive when the control po 
tential has a first value, as the value e, and alter 
nately causes the other repeater vacuum tube to 
be conductive when the control potential has a 
second value e1. The signal applied to the input 
circuit of the balanced modulator 6 is thus ap 
plied to the signal channel 6, 7 in normal phase, 
as during the intervals t-ta, ta-ts, etc., when the 
one repeater vacuum tube is conductive due to 
the control potential e and is applied to the sig 
nal channel in opposite phase when the second 
repeater vacuum tube is conductive, as during the 
intervals ta-its, ta-ts, etc., when the control po 
tential has the second value e1. The signal thus 
applied to the control channel 6, 7 is of muti 
lated wave form, as represented by curve C, and 
would not be intelligible if reproduced by conven 
tional reproducing apparatus. 
The signal of mutilated wave form applied to 

the signal-translating channel 6, f is applied to 
the input of modulator 20, together with syn 
chronizing-signal components from unit 33, to 
modulate in conventional manner the Carrier sig 
nal generated by unit 23. The modulated Oscilla 
tions are subsequently amplified by the carrier 
signal amplifier 24 and are transmitted by the 
antenna system 25, 26. 
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6 
In the above-described operation of the inven 

tion, it was stated that the random-frequency 
control potential preferably had fundamental fre 
quencies lying above a selected range of speech 
frequencies. Thus, if the range of speech fre 
quencies necessary for satisfactory intelligibility 
be considered as including the range from 0.5 to 
2.5 kilocycles, as represented by curve D of Fig. 3, 
the control potential of random frequency pref 
erably includes a fundamental frequency range 
extending from 2.5 to 3.5 kilocycles as represented 
by curve E. From another viewpoint, the modu 
lator is effectively mixes the speech signals and 
the randon-frequency control potential to pro 
duce a lower sideband extending from 0 to 3.0 
kilocycles and an upper sideband which, consider 
ing only the fundamental frequency components 
of the control potential, extends from 3.0 to 6.0 
kilocycles, as indicated by the respective solid 
and broken line curves F of Fig. 3. The value of 
this sideband analysis of the operation of the Flg. 
arrangement will become more apparent here 

in after when a modified type of operation involv 
ing the band-pass filter 22 is considered. 
A control potential of a random frequency such 

as shown by curve B of Fig. 2 may be derived by 
providing ten aligned rows of apertures 28a in 
the code card 28 and by causing the cathode-ray. 
beam of tube 2 completely to scan the code card 
28 twenty times per second. The line frequency 
of the scanning system is then 200 cycles per sec 
Ond and the frame frequency is 20 cycles per sec 
ond. Since the desired mean frequency of the 
control potential for the case here assumed is 
3.0 kilocycles, there would be an average of fifteen 
apertures 280, or thirty elements comprising fif 
teen opaque and fifteen transparent elements, in 
each row. The required maximum frequency de 
viation of 0.5 kilocycle above and below the mean 
frequency of 3.0 kilocycles may be obtained by 
the method of increasing or decreasing the num 
ber of elements in the several rows. That is, the 
addition of elements to or the subtraction of ele 
ments from, each row increases or decreases the 
frequency of the control potential by a deviation 
of 500 cycles. Thus, by suitably varying the 
number of elements in the row, the random fre 
quency of the control potential may be varied 
within a range extending from 2.5 to 3.5 kilo 
cycles. 

Alternatively required frequency deviations of 
the control potential may be obtained by the 
method of maintaining equal numbers of aper 
tures in each line but suitably changing the 
lengths of the apertures in the direction of their 
alignment, as indicated schematically in Fig. 1 in 
which, for the sake of clarity, the number of 
apertures and scanning lines has been reduced. 
A sufficiently large number of changeable code 
cards may be thus provided to insure a high prob 
ability of secrecy of communication. The code 
cards are preferably printed on strong photo 
graphic film, as in lengths of film of 35 mm. 
width. This has the advantage that several hun 
dred such code cards may be printed on a single 
strip of film, thereby to facilitate transportation 
and distribution, 
The secrecy of communication may be im. 

proved by operation of the switch 8 to close its 
contacts 2 f, whereby the Output circuit of the 
balanced modulator f3 is coupled through the 
band-pass filter 22 to the input circuit of the 
modulator 20. The band-pass filter 22 has a pass 
band sufficient only to pass the useful portion 
of the lower sideband of the modulation compo 
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nents appearing in the output of the balanced 
modulator 5, preferably the portion of the lower 
sideband extending from 0.5 to 2.5 kilocycles, as 
indicated by curve C of Fig. 3, the speech fre 
quencies of the lower sideband being inverted 
with respect to the original signal as indicated 
by the arrow applied to curve G. It will be noted 
that by this selection of only a portion of the 
lower sideband, energy produced by speech com 
ponents between 1000 and 2000 cycles is trans 
mitted all of the time, while that due to the 500 
to 1000 cycle and 2000 to 2500 cycle bands is 
transmitted alternately, as indicated by the 
shaded areas of curve C, depending upon whether 
the random-frequency control potential has an 
instantaneous value of frequency above or below 
3 kilocycles. 
of the transmitting channel spectrum while the 
output has an effective band width of about 750 
to 2250 cycles. 
The transmission of a single sideband in the 

manner just described has the slight disadvan 
tage, however, that the requirement regarding 
the reinsertion of a random-frequency control 
potential to restore intelligibility of the speech is 
not as rigid as where both sidebands are trans 
mitted, the tolerance in the frequency of the con 
trol potential being about 500 cycles to pro 
duce understandable speech in single sideband 
transmission, as compared to about 100 cycles 
with double sideband transmission. This slight 
disadvantage may be avoided by the use of the 
masking-tone generator 3. Thus when the 
switch 2 is closed, one or more constant fre 
quency tones are applied to the input circuit of 
the amplifier if and are combined with the speech 
signal in the output circuit of this amplifier. 
One of the masking tones should have a fre 
quency at about the middle of the range of speech 
frequencies, for example, 1.5 kilocycles. When 
the random-frequency control potential at the 
receiver, presently to be described, has the same 
wave form as, and is synchronous with, that de 
veloped by the photocell 30, the masking tone or 
tones can be selected out by sharply-tuned re 
jector filters without any appreciable effect upon 
the reproduced speech. When, however, the ran 
dom-frequency control potential at the receiver 
does not accurately correspond to that at the 
transmitter, as when an unauthorized listener is 
attempting by the method of trial and error to 
restore intelligibility of the communication, the 
masking tone or tones effectively become a noise 
which produces a masking effect upon any Small 
amount of intelligibility that would otherwise be 
obtained. 
When using masking tones in the manner de 

scribed, they should not be allowed to continue 
during the intervals between speech since they 
represent information from which the character 
of the random-frequency control potential can 
be deduced. It is thus preferable to use a voice 
operated relay or a "press-to-talk' switch for si 
lencing either the masking-tone generator f3 or 
one of the units 20 or 24 during the intervals be-, 
tween speech. A voice-operated relay is prefer 
ably employed in unit 3 and is arranged to be 
come operative upon closure of switch f4 to con 
nect the relay in suitable manner to the output 
circuit of the amplifier . The masking tones 
of unit 3 can also be used to mask the syllabic 
content of speech. The average amplitude of the 
speech signal is obtained by suitable rectifica 
tion and is utilized to vary the amplitude of the 
masking tones inversely in accordance with the 

This arrangement permits full use 
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average amplitude of the speech signal, so that 
the total speech signal and masking tone output 
from the speech amplifier f is of approximately 
Constant amplitude. 
From the above-described operation of the Fig. 

1 arrangement, it will be evident that the bal 
anced modulator is comprises means coupled to 
the source of signals 0 and responsive to the ran 
dom-frequency control potential developed by the 
photocell 30 for applying to the signal channel 
6, 7 signals of normal phase when the control 
potential has a first value and for applying to the 
signal channel signals of opposite phase when the 
control potential has a second value, whereby 
the signals translated by the channel have muti 
lated wave form and would not be intelligible if 
reproduced in conventional manner. Also, the 
phase inverter 34 comprises means for applying 
the random-frequency control potential devel 
oped by photocell 30 to the modulating means to 
develop in the signal channel 6, 7 random-fre 
quency modulation sidebands, as those indicated 
by curve F of Fig. 3. 

Fig. 4 schematically represents a carrier-sig 
nal receiver Suitable for use with a transmitter 
of the type shown in Fig. 1 in a secrecy communi 
Catlon system embodying the invention. The re 
ceiver includes a radio-frequency amplifier 35 
having an input circuit coupled to an antenna 
system 36, 37. Coupled to the output circuit of 
the radio-frequency amplifier 35, in the order 
named, are a detector and synchronizing-signal 
Separator 38 and a balanced modulator 39. The 
output circuit of the balanced modulator 39 is 
coupled through a first pair of contacts 4 of 
Switch 40 directly to the input of an audio-fre 
quency amplifier 42 or through a second pair of 
Switch contacts 43 and through a masking-tone 
filter 44 to the input circuit of amplifier 42. The 
output circuit of the audio-frequency amplifier 
2 is coupled to a signal-reproducing device 45, 

for example, a loudspeaker. The receiver in 
cludes means for developing a second random 
frequency control potential having the same wave 
form as, and substantially synchronous with, the 
first random-frequency control potential devel 
oped at the transmitter, this means comprising a 
Cathode-ray tube 46, a code card 47, condensing 

60 

70 
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lens system 48, and photocell 49, identical with, 
and arranged in the same manner as, the corre 
Sponding elements of the transmitter. The cath 
Ode-ray beam of tube 46 is deflected in two di 
rections normal to each other by line-deflecting 
and field-deflecting windings 50, 5 f, respectively, 
which are energized by suitable line-scanning 
and field-scanning generators 52. The scan 
ning generators of unit 52 are operated in syn 
chronism with the corresponding generators of 
the transmitter, except, of course, for the infini 
tesimally Small time delay required for the car 
rier signal with its speech-frequency and syn 
chronizing-modulation components to travel 
through Space from the transmitter to the re 
ceiver, by separating from the transmitted car 
rier signal in the unit 38 the synchronizing-sig 
nal components which, after proper separation 
from each other, are applied to synchronizing 
circuits of the scanning generators of unit 52. A 
random-frequency control potential is developed 
in the output circuit of the photocell 49, in a man 
ner identical to the development of the corre 
Sponding random-frequency control potential at 
the transmitter and is applied through a phase 
E. 53 to the input of the balanced modu 

O S. 
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In considering the Operation of the receiver 
above described, it will be assumed that either the 
single or double sideband method of speech trans 
mission is employed at the transmitter and that 
no masking tones are transmitted. In this event, 
the switch 0 is operated to close its contacts 4, 
whereby the balanced modulator 39 is coupled 
directly to the input circuit of the audio-frequen 
cy amplifier 42. The synchronizing-signal com 
ponents of the received carrier signal are sepa 
rated therefron by the synchronizing-signal sep 
arator of unit 38 and are applied to the scan 
ning generators 52 to synchronize their opera 
tion with the corresponding units at the trans 
mitter. The Cathode-ray beam of tube 66 conse 
quently moves in synchronism with the cath 
ode-ray beam of the corresponding tube of the 
transmitter and there is developed by the photo 
cell &S a random-frequency control potential hav 
ing the same waveform as, and Substantially Syn 
chronous with, the random-frequency control po 
tential developed at the transmitter. This con 
trol potential thus has the Wave form represented 
by curve B of Fig. 2 and is applied through the 
phase inverter 53 in push-pull relation to the in 
put circuit of the balanced modulator 39. 
The received carrier Signal after amplification 

by unit 35 is detected by the detector of unit 38 
to derive the Speech-frequency modulation com 
ponents of the carrier signal, these components 
having a wave form as represented by curve C 
of Fig. 2. The modulation-frequency components 
are applied from the detector of unit 38 in push 
pull relation to the vacuum tubes of the balanced 
modulator 39. The balanced modulator 39 oper 
ates in similar fashion to that of the correspond 
ing unit of the transmitter and applies to the 
audio-frequency amplifier 42 and signal-repro 
ducing device 45 signals of one phase when the 
control potential developed by photocell 49 has 
a first value and signals of Opposite phase when 
the control potential has a Second value, thus 
performing an operation on the Speech-frequency 
components inverse to that performed at the 
transmitter, whereby the signal applied to the 
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45 
unit 42 and reproducing device 45 has a wave 
form as represented by Curve A of Fig. 2. This 
is the original wave form of the speech signals 
developed by the microphone C of the transmit 
ter. The signals applied to the sound-reproduc 
ing device A5 are reproduced thereby with sub 
stantially the full intelligibility of the original 
signals. 
In the event that masking tones are Superim 

posed upon the speech frequencies before trans 
mission, in the manner explained above, the 
switch 40 is operated to close its contacts 43, 
whereby the output circuit of the balanced modu 
lator 39 is coupled through the masking-tone 
filter 34 to the input circuit of the audio-fre 
quency amplifier 42. The masking-tone filter 44 
includes one or more very narrow band-rejector 
filters, each tuned to an individual one of the 
masking tones. The masking tones are thus 
removed by unit 4 from the speech-frequency 
components of the carrier signal and consequent 
ly are not applied to the audio-frequency ampli 
fier 62 and are not reproduced by the signal 
reproducing device 45. In the event that the 
amplitude of the masking tones is varied at the 
transmitter in accordance with the average am 
plitude of the speech signals to be transmitted, 
the band-pass selectors of unit 48 have wider pass 
bands, since the masking tones now have low 
frequency sidebands. 
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Fig. 5 is a circuit diagram representing a modi 
fied form of signal source which is suitable for 
use in a secrecy communication System embody 
ing the invention in the event that it is desired 
to transmit keyed signals instead of speech sig 
nals, the source being suitably substituted for 
the units -3, inclusive, of Fig. 1 by connec 
tion of the terminals A, B, C to corresponding 
terminals of modulator 5. In this arrangement, 
a manually operable key 59 is connected through 
a battery 60 to the operating winding 6 of a 
relay 62. The relay 62 includes a pair of mov 
able contact arms 63, 66 which are normally 
biased to close a pair of respective contacts 
65, 66, but which, upon energization of the relay, 
move to close a second pair of respective con 
tacts 6, 68. A battery 69 is connected through 
relay arms 63 and 66 and normally closed con 
tacts 65, 66, respectively, to apply a bias of one 
polarity to one of the repeater vacuum tubes of 
unit 5, Fig. 1, and opposite polarity to the other 
repeater vacuum tube of this unit, the polarity 
applied to each tube being reversed upon move 
ment of the relay arms 63, 68 to close the respec 
tive relay contacts 6, 68. 

Considering now the operation of the Fig. 5 
arrangement, and referring to the curves of Fig. 
6, curve D represents, the desired signal to be 
transmitted and which is produced with opposite 
polarities between terminals A-B and B-Cupon 
manual operation of key 59. This signal is ap 
plied to the input of the balanced modulator 
5. There is also applied to the input of the 

balanced modulator f 5 through the phase in 
verter 36 a random-frequency control potential, 
as represented by curve E. The control poten 
tial So controls the operation of the balanced 
modulator 5, as explained above, that there is 
applied to the signal channel 6, 7 signals of 
normal phase when the control potential has a 
first value and opposite phase when the control 
potential has a second value, as represented by 
curve f, this operation being the same as that 
described above in connection with speech signals. 
When the keying arrangement of Fig. 5 is ulti 

lized at the transmitter, the signal-reproducing 
device 45 of the receiver arrangement of Fig. 4 
is replaced by the signal-reproducing system of 
Fig. 7 by connection of the terminals X, X to 
corresponding terminals of amplifier 42 of Fig. 4. 
The latter arrangement includes a relay 0 hav 
ing its operating winding Coupled across the out 
put of the audio-frequency amplifier 82. The 
audio-frequency amplifier 42 in this case is a 
direct current amplifier in order that the direct 
current component of the keying signal shall not 
be lost by translation of the signal through the 
amplifier. The relay 70 is provided with a pair. 
of relay contact arms, 72, which are coupled to 
the output of an audio-frequency oscillator 3, 
and normally open Switch contacts 74, 75 which 
are coupled to a signal-reproducing device 6, 
for example, a pair of headphones. A receiver 
embodying the signal-reproducing system of Fig. 
7 operates in general, as described above in con 
nection. With the arrangement of Fig. 4, to de 
rive the modulation components of the received 
carrier signal, represented by curve F of Fig. 6, 
and to combine therewith a random-frequency 
potential having the wave form represented by 
curve E, Fig. 6, which is identical to that of 
the corresponding control potential at the trans 
mitter, thereby to derive the original keying sig 
nal represented by curve D of Fig. 6. The keying 
signal is applied to the relay 70 to close the relay 

  



contacts 74, 75 during each pulse of the signal, 
thereby to apply a keyed audible tone from unit 
8 to the signal-reproducing device 76. 
From the above description of the invention, 

it will be evident that a secrecy communication 
system embodying the invention has the advan 
tages of simplicity of construction and a high 
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degree of reliability of operation. There is the . 
additional advantage that the code cards, which 
determine the manner of operation and which 
make it substantially impossible for an unauthor 
ized person to restore the intelligibility of the 
transmitted signal, may be easily and rapidly du 
plicated on photographic film by well-known 
printing processes, and a large number of such 
code cards, for example, 500 or 1000, may be 
printed in prearranged order in compact form 
for ready distribution as a continuous strip of 
film. In using this secrecy communication sys 
tem, it is preferable that the code cards be 
changed in prearranged Order at rather frequent 
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intervals, thus making it practically impossible 
for an unauthorized listener by trial and error to 
restore intelligibility of the communication even 
though he possesses a complete receiving appa 
ratus and a complete set of code cards in current 
se 
While there have been described what are at 

present considered to be the preferred embodi 
ments of this invention, it will be obvious to those 
skilled in the art that various changes and modi 
fications may be made therein without departing 
from the invention, and it is, therefore, aimed in 
the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and scope of the invention. 
What is claimed is: 
1. A secrecy communication system compris. 

ing, a source of signals to be transmitted, means 
for developing a randon-frequency control pO 
tential, a signal-translating channel, means cou 
pled to said source and responsive to said control 
potential for applying to said channel signals of 
normal phase when said potential has a first value 
and for applying to said channel signals of oppo 
site phase when said potential has a second value, 
whereby the signals translated by said channel 
have mutilated wave form and would not be in 
telligible if reproduced, means for developing a 
second random-frequency control potential hav 
ing the same wave form as and substantially syn 
chronous with said first control potential, a sig 
nal-reproducing device, and means adapted to 
have applied thereto signals translated by said 
channel and responsive to said second control 
potential for applying to said device translated 
signals of one phase when said second potential 
has a first value and for applying to said device 
translated signals of opposite phase when said 
second potential has a second value, whereby the 
signals applied to said device are reproduced 
thereby with substantially the full intelligibility 
of the signals of said source. 

2. In a secrecy communication system, a sig 
nal-translating system comprising, a source of 
signals to be translated, means for developing a 
random-frequency control potential, a signal 
translating channel, and means coupled to said 
source and responsive to said control potential for 
applying to said channel signals of normal phase 
when said potential has a first value and for ap 
plying to said channel signals of opposite phase 
when said potential has a second value, whereby 
the intelligibility of the signals translated by said 
channel is modified. 
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3. In a secrecy communication system, a sig 

nal-translating system comprising, a source of 
signals to be translated, means for developing a 
randon-frequency control potential, the mean 
fundamental frequency of said control potential 
being above the range of frequencies of said sig 
nals to be utilized, a signal-translating channel, 
and means coupled to said source and responsive 
to said control potential for applying to said 
channel signals of normal phase when said poten 
tial has a first value and for applying to said 
channel signals of opposite phase when said po 
tential has a second value, whereby the intelligi 
bility of the signals translated by said channel 
is modifled, 

4. In a secrecy communication system, a sig mal-translating system comprising, a source of 
signals to be translated, means for developing a 
random-frequency control potential having a 
fundamental frequency deviation range above the 
range of frequencies of said signals to be utilized, 
a signal-translating channel, and means coupled 
to said source and responsive to said control po 
tential for applying to said channel signals of 
normal phase when said potential has a first 
value and for applying to said channel signals of 
opposite phase when said potential has a sec 
ond value, whereby the intelligibility of the sig 
nals translated by said channel is modified. 

5. In a secrecy communication system, a sig 
nal-translating system comprising, a source of 
signals to be translated, means for developing 
a random-frequency control potential of substan 
tially constant amplitude, a signal-translating 
channel, and means coupled to said source and 
responsive to said control potential for apply. 
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ing to said channel signals of normal phase when 
Said potential has a first value and for applying 
to said channel signals of opposite phase when 
said potential has a second value, whereby the 
intelligibility of the signals translated by said 
channel is modified. 

6. In a secrecy communication system, a sig 
nal-translating system comprising, a source of 
signals to be translated, means for developing a 
random-frequency control potential of substan 
tially rectangular pulse wave form, a signal 
translating channel, and means coupled to said 
Source and responsive to said control potential 
for applying to said channel signals of normal 
phase when said potential has a first value and 
for applying to said channel signals of opposite 
phase when said potential has a second value, 
whereby the intelligibility of the signals trans 
lated by said channel is modified. 

. In a Secrecy communication system, a sig 
nal-translating system comprising, a source of 
signals to be translated, means for developing a 
random-frequency control potential, a signal 
translating channel, modulating means coupled 
between said source and said channel, and means 
for applying said control potential to said mod 
ulating means to develop in said channel random 
frequency modulation sidebands, whereby the in 
telligibility of the signals translated by said chan 
nel is modified, 

8. In a secrecy communication system, a sig 
nal transmitter comprising, a source of signals 
to be transmitted, means for developing a randon 
frequency control potential, a signal-translating 
channel, and means coupled to said source and 
responsive to said control potential for applying 
to said channel signals of normal phase when 
said potential has a first value and for applying 
to said channel signals of opposite phase when 
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said potential has a second value, whereby the 
signals translated by said channel have mutiliated 
wave form and would not be intelligible if re 
produced. 

9. In a secrecy communication system, a sig 
nal-translating System comprising, a source of 
signals to be translated, a cathode-ray tube hav 
ing a fluorescent screen, a photoelectric cell, a 
code card adapted to be positioned between said 
screen and said photoelectric cell and having a 
predetermined pattern of apertures, means for 
deflecting the cathode-ray beam of Said tube to 
scan said screen in a predetermined scanning pat 
tern corresponding to the pattern of said code 
card apertures to develop in the output circuit of 
said photocell a random-frequency control pos 
tential, a signal-translating channel, and means 
coupled to said source and responsive to Said con 
trol potential for applying to said channel sig 
nals of normal phase when said potential has a 
first value and for applying to said channel sig 
nals of opposite phase when said potential has a 
second value, whereby the intelligibility of the 
signals translated by said channel is modified. 

10. In a secrecy communication system, a sig 
nal-translating system comprising, a source of 
signals to be translated, a cathode-ray tube hav 
ing a fluorescent screen, a photoelectric cell, a 
code card adapted to be positioned between said 
screen and said photoelectric cell and having a 
predetermined pattern of apertures aligned in 
parallel rows, means for deflecting the Cathode 
ray beam of Said tube to Scan said Screen in a 
predetermined scanning patttern of parallel lines 
corresponding to the aligned rows of apertures 
of said code card to develop in the output circuit 
of said photocell a random-frequency control po 
tential, a signal-translating channel, and means 
coupled to said source and responsive to said 
control potential for applying to said channel 
signals of normal phase when said potential has 
a first value and for applying to said channel 
signals of opposite phase when said potential has 
a second value, whereby the intelligibility of the 
signals translated by said channel is modified. 

ii. In a Secrecy communication system, a sig 
nal-transmitter comprising, a source of signals 
to be transmitted, a cathode-ray tube having a 
fluorescent screen, a photoelectric cell, a code 
card adapted to be positioned between said screen 
and said photoelectric cell and having a predeter 
mined pattel'n of apertures, means for deflecting 
the cathode-ray beam of Said tube to scan said 
screen in a predetermined pattern corresponding 
to the pattrrn of Said code card apertures to 
develop in the output circuit of said photocell a 
random-frequency control potential, a signal 
translating channel, means coupled to said source 
and responsive to said control potential for ap 
plying to said channel signals of normal phase 
when said potential has a first value and for ap 
plying to said channel signals of opposite phase 
when Said potential has a second value, whereby 
the intelligibility of the signals translated by said 
channel is modified, and means for combining 
with said translated signals synchronizing signals 
derived from said deflecting means to synchronize 
the operation of a signal receiver having a sim 
ilar cathode-ray tube type of random-frequency 
control potential generator. 

12. In a secrecy communication system, a sig 
nal receiver comprising, modulating means 
adapted to have applied thereto received signals 
the phase of which is alternately normal and re 
versed in accordance With two values of a ran 
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dom-frequency control potential, means for lo 
cally developing a random-frequency control po 
tential having the same wave form as and sub 
stantially synchronous with said , random-fre 
quency control potential, a signal-reproducing 
device coupled to said modulating means, and 
means for controlling said modulating means by 
said control potential to apply to said device re 
ceived signals of one phase when said control 
potential has a first value and for applying to 
said device received signals of opposite phase 
When said control potential has a second value, 
whereby signals applied to said device are re 
produced thereby with substantially the full in 
telligibility of the original signals. 

13. A secrecy communication system compris 
ing, an input circuit adapted to have applied 
thereto a speech signal to be transmitted, means 
for displacing said speech signal in the frequency 
Spectrum by predetermined values in a prede 
termined random order of such values at inter 
Vals not substantially longer than 50 millisec 
Onds, means for translating and receiving said 
displaced speech signal and for deriving there 
from Said first-named signal, and means for uti 
lizing said last-named derived signal. 

14. A secrecy communication system compris 
ing, an input circuit adapted to have applied 
thereto a speech signal to be transmitted, elec 
tronic Switching means for displacing said speech 
signal in the frequency spectrum by predeter 
mined values and in a predetermined random 
order of such values at intervals not substan 
tially longer than 50 milliseconds, means for 
translating and receiving said displaced speech 
signal and for deriving therefrom said first 
named signal, and means for utilizing said last 
named derived signal. 

15. A secrecy communication system compris 
ing, an input circuit adapted to have applied 
thereto a Speech signal to be transmitted, modul 
lating means coupled to said input circuit for 
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translating said speech signal, means for devel 
oping a random-frequency control potential, and 
means for applying said control potential to said 
modulating means for displacing said speech sig 
nal in the frequency spectrum by predetermined 
values and in a predetermined random order of 
Such values at intervals not substantially longer 
than 50 milliseconds, whereby the intelligibility 
of the signals translated by said modulating 
means is modified. 

16. A secrecy communication system compris 
ing, an input circuit adapted to have applied 
thereto a Speech signal to be transmitted, modul 
la?ting means coupled to said input circuit for 
translating said speech signal, photo-electronic 
means for developing a random-frequency con 
trol potential, and means for applying said con 
trol potential to said modulating means for dis 
placing said Speech signal in the frequency spec 
trum by predetermined values and in a predeter 
mined random order of such values at intervals 
not substantially longer than 50 milliseconds, 
whereby the intelligibility of the signals trans 
lated by said modulating means is nodified. 

17. A secrecy communication system compris 
ing, an input circuit adapted to have applied 
thereto a speech signal to be transmitted, modu 
lating means coupled to said input circuit for 
translating said speech signal, means for devel 
oping a random-frequency control potential, said 
last-named means including a code card for de 
termining the random frequency of said control 
potential, and means for applying said control 
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potential to said modulating means for displace 
ing said speech signal in the frequency spectrum 
by predetermined values and in a predetermined 
random order of such values at intervals not sub 
stantially longer than 50 milliseconds, whereby 
the intelligibility of the signals translated by said 
modulating means is modified. 

18. A secrecy communication system compris 
ing, an input circuit adapted to have applied 
thereto a speech signal to be transmitted, modul 
lating means coupled to said input circuit for 
translating said speech signal, means for devel 
oping a random-frequency control potential in 

is modified. 
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cluding means for determining the random fre 
quency of said control potential in accordance 
with a predetermined plan of transmission, and 
means for applying said control potential to said 
modulating means for displacing said speech sig 
nal in the frequency spectrum by predetermined 
Values and in a predetermined random order of 
such values at intervals not substantially longer 
than 50 milliseconds, whereby the intelligibility 
of the signal translated by said modulating means 
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