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This invention relates to privacy systems 
for radio circuits and its purpose is to render 
more complete than heretofore the secrecy 
which may be attached to radio communica 
tion. 

Heretofore it has been proposed in the case 
of speech to obtain secrecy by splitting the 
voice frequency band into a number of sub 
bands which are then rearranged with re 
spect to each other and in this new unin 
telligible form are transmitted to a remote 
station. It has further been proposed to 
change this arrangement from time to time 
to defeat the efforts of those who may at 
tempt surreptitiously to decode the message. 
Certain disadvantages are inherent to such 
an arrangement, among others being the ef 
fects arising from the sudden changing from 
one arrangement to another. 
In my invention I rearrange the voice fre 

quency band and change the configuration of 
the arrangement smoothly and continuously. 
I cause the speech band to move upward (or 
downward) in the frequency range and as 

3 the band passes from its normal position, 
that portion of it which goes outside the nor 
mal band limits is transferred to the position 
left vacant at the other edge of the band, thus, 
yielding a continuous but cyclically chang 
ing arrangement of the portions of the orig 
inal speech signal. '. 
The invention will be better understood 

from the following. specification taken in 
connection with the accompanying drawings 
in which Figure 1 shows a radio transmitting 
station in which the purposeful mutilation 
of the speéch signal to be transmitted is ac 
complished, after which it is impressed on a 
radio carrier frequency; Fig. 2 is a diagram 
illustrating the shiftings of the speech signal 
band as it passes through the apparatus of 
Fig. 1: Fig. 3 shows schematically the cir 
cuit at the receiving station; and Fig. 4 is a 
diagram illustrating the shifting of the car 
rier frequencies. . . . . " 

Referring more particularly to Fig. 1, 
there is shown a microphone or other source 
of speech signal at 10. This speech signal 
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input of this modulator is then impressed 
on a band filter 14 which is arranged to trans 
mit one side hand only. Either side band 
is suitable but in this specification I am de 
scribing the invention in terms of the upper 
side band. The output from this band filter 
is now impressed in parallel on four modul 
lating devices 15, 16, 17 and 18, supplied with 
different carrier frequencies. The oscilla 
quiencies are arranged to have their frequency. 
varied cyclically by any suitable means, 
such, for example, as the variable condensers 
21, 22, 23 and 24, the adjustable portion of 
which is driven continuously by a constant 
speed motor 25, the variable elements of the 
condensers all being mounted on a shaft ro 
tated by this motor. . 
The frequency of each of these oscillators 
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tors supplying these respective carrier fre- to 

moves over the same range, the range in this '') 
description being twice that of the width of 
the speech band. Any one of them which 
starts at a certain moment with its minimum frequency, proceeds continuously in half a 
revolution of a condenser to its maximum 
mum value, repeating this process indefinite 
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value and then falls continuously to its mini 

ly. The other oscillators follow the same 
course, being displaced 90 degrees one behind 
the other. Thus there appears, among other 
things, in the output of the four modulators, 
taken together, four upper side bands, of 
which two at least are adjacent to each other, 
moving Smoothly upwards in their frequency 
location and each corresponding to the orig 
inal speech signal. - 
This will be clear from Fig. 4, in which 

four carrier waves pi, p, pa, and p vary in 
frequency over a range 2s equal in width to 
two side-bands of width s. Each frequency 
completes a cycle of frequency variation in a 
time interval which is represented in the dia. 
gram by 360 degrees. The rising part of 
each curve showing frequency variation is 
in full lines and the falling part in dotted 
lines. The four curves representing the fre 
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quency variation of the four carrier waves are 
90 degrees out of phase with respect to each 

is modulated against a comparatively low other. The side bands associated with any w 
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time will lie adj acent and one above the other. 
The invention as thus far described will be 

better understood by reference to Fig. 2 in 
which abscissae represent various points 
along the circuit and the ordinates repre 
sent the frequency or frequency bands ap 
pearing at a given portion of the circuit. 
Thus in Fig. 1 various portions of the circuit 
have been represented by the letters a,b,c, 
etc., and the corresponding points are indi 
cated on Fig. 2. At the microphone there is 
generated a speech signal of a certain width 
which might, for example, be taken as ex 
tending from substantially zero. to about 
3,000. This band of frequencies has been 
indicated at a in Fig. 2. After modulation 
against the carrier frequency there ap 
pears in the modulator at b the carrier fre 
quency and the upper and lower side bands 
but at c, the carrier frequency and the lower 
side band have been suppressed, leaving only 
the upper side band. This is shown in Fig. 2 
and correctly indicates that the effect of the 
elements 12 and 14 has been solely. that of 
shifting the speech frequency as found at a 
to a higher level by the amount r. In the 
output of the modulators 15 to 18 there will 
appear, as shown at d in Fig. 2, the four 
carrier frequencies p1, p.2, pa and p, along 
with the side bands which generally are adja 
cent to each other and each of which corre 
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sponds to the original speech band lifted to 
a higher frequency level. As the carrier fre uencies go through their cyclical changes, 
E. side bands will move up or down in 
the frequency level in precisely the same 
8e. 
The condition represented in Fig.2 at d 

is that corresponding to the instant d-d in 
Fig. 4. The side bands corresponding to 
carrier waves p and p are both moving up 
wards adjacent each other and the side bands 
corresponding to waves p, and pare falling, 

45 
the carriers p, and p, having fallen to values 
slightly below p, and pa, respectively. The 
arrows representing the falling side bands 
are shown in dotted lines, and for reasons 
which will appear later the side bands while 
falling are suppressed. 
By means now of a band filter 30 a section 

of the side band group is transmitted, the 
width, of the selected section being equal to 
the width of the original speech band. As 
shown in Fig. 4, the cut-off points f and f' of 
the filter may correspond to the midpoint and 
maximum values of the range 2s through 
which the carrier waves vary in frequency. 
As shown at e in Fig.2 and at the particular 
instant illustrated in the figure, there is trans 
mitted an upper portion of the side band 
corresponding to the carrier pa and a lower 
portion of the side band corresponding to the 
carrier p2, these two portions together giv 
ing a full representation to the original mes 
sage but being rearranged in such a way as 
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to yield unintelligible speech in that form. 
Furthermore, as the carrier frequencies shift, 
a different portion of each of these two side 
bands or of a third side band will be trans 
mitted so that there is a continual change in 
the distortion or mutilation which has been 
applied to the original. speech band. As 
seen from Fig. 4 the range of frequencies in 
the selected band will pass through one cycle 
of rearrangement during one-fourth of a 
cycle of frequency variation of the carrier 
waves. . . 

In Fig.1 the output of this band filter 30 is 
impressed on a demodulator 31 supplied with 
a carrier frequency S of such a value as to 
shift the band from the filter 30 to the zero 
frequency level, that is, the level correspond 
ing to the original speech band at the micro 
phone 10. This shift is indicated in Fig.2 at 
f and it will be observed that the mutilation 
at the point e in the circuit is maintained, 
and from the output of the demodulator 31 
speech'. 

For the purposes of my invention this 
secret speech may now be used for modulat 
ing a radio frequency wave and thus trans 
mitted to a remote station. This is indicated 
in Fig. 1 by the modulator 33. 

It is evident that by the reverse process the 
secret speech could be restored to normal in 
telligible speech. Fig. 3 shows a radio receiv 
ing station having a demodulator 41 the out 
put of which goes to a correcting circuit 43 
containing appropriate band filters and 
modulators to perform precisely the reverse 
operation of that which has been described in 
connection with Fig. 1 and thus applying 
finally to the receiver 44 a reproduction of 
the original speech message. 

Referring again to Figs. 1 and 2, it is seen 
that there might be confusion between one of 
the side bands which is rising as its carrier 
frequency rises and one of the other side 
bands which is falling in frequency level at 
the same time, and in such manner that their 
carrier frequencies might be at or near the 
same value. This would lead to undesirable 
effects and I therefore make provision to re 
move from operation any modulator circuit 
while its carrier frequency is falling in value. 
This may be accomplished in a number of 
ways and a convenient method which is shown 
in Fig. 1 is to have contact elements 26, 27, 28 
and 29 on the rotating shaft of the condenser 
plates which open the modulator circuits for 
half of the time, namely, that portion of the 
time while the oscillator frequency is being 
restored to its lower value and leaving the 
circuit closed during the time that the oscil 
lator and therefore its corresponding side 
band is moving upwards in the frequency. 
It is to be understood that this method of up 
ward movement is used for illustration only 
and that it would be equally effective to use 
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there issues what may be called “secret 
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wards in the frequency range. 

S 

0 

15 

20 

d 1816,953 

the side bands while they are moving down 

It is evident that the rotating condensers 
at the receiving station must move in Syn 
chronism with the rotating condensers of 
Fig. 1. For this reason I find it preferable 
to have these motors run at constant speed 
such, for example, as may be obtained from 
tuning fork driven motors which are ex 
tremely constant. However, it is to be under 
stood that a variable speed in these motors 
may be used, the only requirement being that 
the two motors shall remain strictly in synchronism. . . . 
While the invention has been described in 

a specific form, it is to be understood that 
nuimerous variations may be made without 
departing from the spirit of this invention. 
For example, it is to be recognized that modu 
lation with elimination of the carrier and one. side band is equivalent to merely shifting the . 
signal from one frequency level to another. 
Consequently in Fig. 1 it would have been 
possible to omit the modulator 12 and impress 

25 the speech signal directly on the plurality of 
parallel modulator circuits. The main pur 
pose of this modulator 12 is to lift the signal 
band to such a frequency level that when it is 

30 
modulated against the four carrier frequen 
cies p, p, pa and p, the upper and lower. 
side bands for any one carrier shall be suf 
ficiently removed from each other and from 
the carrier so that there will be no difficulty 

35 
in separation of the desired set of side bands 
from the total output of the modulators. 
Also, the function of the demodulator 31 is 
solely to lower the band which has been trans 
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mitted by filter 30 to original speech fre 
quency level whereupon it is used for modult 
lating a radio frequency oscillator. It would, 
however, be possible to omit the demodulator 
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31 and allow the output of filter 30 to be im. 
pressed directly on the modulator 33, the re 
sult being that the side bands associated with 
the radio signal would be further removed 
from the carrier radio frequency. This of, 
course would result in the radio signal oc 
cupying a wider frequency band unless the 
method of signaling, were used in which the 
carrier and one side band is suppressed. . . 

It should be pointed out that this invention 
is not limited to four of the parallel modula 
tors, and the group of four in Fig. 4 have been 
shown for illustrative purposes only. In gen 
eral it would be desirable to reduce the 
amount of apparatus by reducing the num 
ber of such modulators and transmitting the 
desired portion of the output of these modula-. 
tors through the band filter. Such decrease 

mum frequency value. 

in number of modulators could be obtained 
by decreasing the time required for an oscil 
lator to fall from its maximum to its mini 

This shortening of 
time might be obtained in any of a number 
of suitable ways, as by a cam motion, or by 
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some spring action which would return a con 
denser plate to its initial position in a much 
shortened time, whereupon it would in due 
course be picked up to go through the useftil 
portion of its cycle or, again, the same result 
might be obtained by having the stationary 
and movable plates or sets of plates non 
parallel with respect to each other so that even 
with complete meshing of the two sets of 
plates the capacity will change continuously 
through a large portion of a complete cycle 
and a relatively small additional motion will 
then bring the condenser back to its starting 
position. .v. . . . 

Also, it is not necessary that the carrier 
frequencies for these modulators shall be 
spaced as indicated earlier in the specifica 
tion. They should be spaced sufficiently so 
that there will be no overlapping of the side 
bands, but they might be spaced further 
apart than this, and either uniformly or 
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otherwise, the requirement being that the 
portion of the resultant side bands transmit 
ted by the band filter 30 shall give represen 
tation to the whole of the original signal 
band. Also, while for simplicity the inven 
tion has been described in terms of the pres 
ervation of the upper side bands, it would 
have been equally feasible at any stage to 
have used the lower side bands, in which case 
the output at 31 would have corresponded to . 
“inverted speech'. This latter would have 
the advantage of contributing. a further ele 
ment of secrecy to this system of communi 
cation. - 

What is claimed is: 
1. In a secrecy communication system, the 

method of obtaining secrecy, which consists 
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in modulating the signal band against a plu 
rality of carrier frequencies, causing the car 
rier frequencies to change continuously and 
cyclically, suppressing all but a band of 
width equal to the original signal band. 

2. In a secrecy communication system, the 
method of obtaining secrecy, which consists in modulating the signal band against a plu 
rality of cyclically varying carrier frequen 
cies uniformly spaced and transmitting a 
portion of these only. 

3. In a secrecy communication system, the 
method of obtaining secrecy, which consists 
in modulating the signal band against a plu 
rality of cyclically varying carrier frequen 
cies uniformly spaced and transmitting por 
tions of these only which together will rep 
resent the whole of the original signal band. 

In a secrecy communication system, the 
method of obtaining secrecy, which consists 
in modulating the signal band against a plu 
rality of uniformly spaced carrier frequen 
cies, selecting the side bands from these car 
rier frequencies, moving these continuously 
in one direction, and selecting from these a 
portion representing the whole of the origi 
nal signal band. 
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4. 

5. In a secrecy communication system, the 
method of obtaining secrecy, which consists 
in raising the original signal band to a higher 
frequency level, modulating the resultant signal against a plurality of continuously 
varying carrier frequencies, spacing the car 
rier frequencies by an amount equal to the 
width of the original signal band, selecting 
from the resultant side bands a portion hav 
ing the same width as the original signal 
band and modulating a radio frequency car 
rier with this last named portion. 

6. In a secrecy communication system, the 
method of obtaining secrecy, which consists 
in raising the original signal band to a higher 
frequency level, modulating the resultant sig 
nal against a plurality of continuously vary 
ing carrier frequencies, spacing the carrier 
frequencies by an amount equal to the width 
of the original signal band, selecting from 
the resultant side bands a portion having the 
same width as the original signal band, mod 
ulating a radio frequency carrier with. this 
last named portion, receiving the radio fre 
quency signal at a remote station and per 
forming the reverse operation to restore the 
original signal. ' 

7. In a secrecy communication system, a 
plurality of carrier frequency sources, means 
for modulating each of these with a speech 
signal, means for changing the carrier fre 
quencies cyclically over a definite range and 
a band filter for transmitting a band of the 
same width as the original signal band. 

8. In a secrecy communication system, a 
plurality of equally spaced carrier frequency 
sources, means for modulating each of these 
with a speech signal, means for changing the 
carrier frequencies cyclically over a definite 
range in the same order, and a band filter for 
transmitting a band of the same width as the 
original signal band. s 

9. In a secrecy communication system, a 
plurality of equally spaced carrier frequency 
sources, means for modulating each of these 
with a signal band, the spacing between the 
carrier frequencies being such that the modu 
lated side bands adjoin each other, means 
for changing the carrier frequencies cyclical 
ly over a definite range in the same order, a 
band filter for transmitting a band of the 
same width as the original signal band and so 
arranged that portions from more than one 
'side band are transmitted but in a rearranged 
order. . . . . 10. In a secrecy communication system a 
plurality of equally spaced carrier frequency 
sources, means for modulating each of these 
with a signal band, the spacing between the 
carrier frequencies being such that the modu 
lated side bands adjoin each other, means p 
for changing the carrier frequencies cyclical 
ly over a definite range in the same order, a . 
band filter for transmitting a band of the 
same width as the original signal band and 

1,816,953 
so arranged that portions from more than 
one side band are transmitted but in a re 
arranged order, and means for demodulating 
to the original signal frequency band but in 
secret form. 

11. In a secrecy communication system, a 
plurality of equally spaced carrier frequency 
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Sources, means for modulating each of these 
with a signal band, the spacing between the 
carrier frequencies being such that the modul 
lated side bands adjoin each other, means for 
changing the carrier frequencies cyclically 
over a definite range in the same order, a band 
filter for transmitting a band of the same 
width as the original signal band and so ar 
ranged that portions from more than one side 
band are transmitted but in a rearranged 
order, and means for modulating a radio car 
rier frequency with the secret message. , 

12. In a secrecy communication system, a plurality of equally spaced carrier frequency 
sources, means for modulating each of these 
with a signal band, the spacing between the 
carrier frequencies being such that the modu 
lated side bands adjoin each other, means 
for changing the carrier frequencies cyclical 
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ly over a definite range in the same order, a 
band filter for transmitting a band of the same width as the original signal band and . 
so arranged that portions from more than 
one side band are transmitted but in a rear 
ranged order, and means at a remote station 
for performing the reverse operation to re 
store the original message. 

13. In a secrecy communication system, the 
method of rendering speech signals secret which consists in causing a frequency signal 
band to move continuously across a band of 
definite width, said movement continuing at 
all times in the same direction, the portion 
disappearing beyond the limit at one edge re 
appearing at the other edge. 

14. In a secrecy communication system, the 
method of rendering speech signals Secret 
which consists in causing a frequency signal 
band to move continuously across a band of 
definite width, said movement continuing at 
all times in the same direction, the portion disappearing at the high frequency edge re 
appearing at the low frequency edge. 

15. In a secrecy communication system, 
the method of rendering speech signals secret 
which consists in causing a frequency signal 
band to move continuously across a band of 
definite width, said movement continuing at 
all times in the same direction, the portion. 
disappearing beyond the limit at one edge 
reappearing at the other edge, and selecting 
for transmission a band of the normal fre 
Sey band width but with portions trans 
OSeO. 
In testimony whereof, I have signed my 

name to this specification September, 1929. 
RALPH BOWN. 
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