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Patented Apr. 12, 1927. 1,624,601 
UNITED STATES PATENT office. 

JOSEFE. W. HORTON, OF BLOOMFIELD, NEW JERSEY, AssIGNOR. To WESTERN ELEc 
TRIC COMPANY, INCORPORATED, OF NEW YORK, N. Y., A coRPoRATIoN of New 
OR3, 

SECBE COMMUNICATIONO 

Application filed July 2, 1923, serial No. 648,903. 
The present invention relates to method 

and meanis for the transmission of messages 
with secrecy. . 
The invention is based on the principle 

5 that the intelligibility of received waves de 
pends upon the reception of a certain series 
of frequency, components occurring in quite 
a definite order between definite limits, with 
certain relative amplitudes, and to the prac 

10 tical exclusion of other frequency compo 
ments. The degree of intelligibility may be 
reduced by disturbing the order of frequency 
of the conponents, or by changing the fre 
quency limits or by deleting some of the fre 

15 quency components or varying their ampli 
tudes or by introducing extraneous or 
“noise' components. If the noise compo 
nents are within the range of essential sig: maling frequencies so as to be incapable of 

20 separation from these frequencies by filter 
ing and if they are of large amplitude, or 
if a material displacement in absolute fre 
quency occurs in the components that are re 
ceived, even though no essential signal com 

25 ponents be deleted, the received waves may readily be made impossible of understanding 
as received, and also extremely difficult to decipher by any apparatus, in the absence 
of knowledge of the scheme by which the 

30 wave is built up. 
The invention is particularly applicable to 

systems in which the signal is transmitted as 
a modification of a high frequency inaudible 
wave which must be detected to enable the 35 signal to be heard. In the detecting process 
a number of frequency components are pro 
duced by combination of frequency compo 
nents present in the high frequency wave. 
By properly choosing and introducing con 

40 fusion components into the high frequency 
wave, it is possible to predetermine the 
audible components resulting from detection 
and to make them of such frequency and 
amplitude that it is a matter of great diffi 45 culty, amounting to practical impossibility, 
for an unauthorized person to unravel the 
detected and unintelligible audible wave. 
The process of detection of a signal-modi. 

fied high frequency wave to give the signal 
50 depends upon the interaction, between the 

variation components of the high frequency 
wave, which variations arise from the con 
trol of the carrier wave by the signal, and 
the non-variation or unmot ulated high fre 

9ney Wive component. In the usual sig 
nal modified wave the relation between the . . 
Components is such that upon detection of 
the wave, components occupying the normal signal frequency range are produced. This 
is so by the very nature of the case, since the Components existing in a signal-modified 
wave are themselves determined by the proc 
ss of modulaton of the unmodulated high frequency wave by the signal so that the 
detecting process inay be looked upon as a 
Feversal of this modulating process, where. , 
by the reproduced signal is in exact corre 
SP2ndence with the original signal. 
The invention takes advantage of the ne 

cessity for a proper frequency relation to 
exist between components of a received wave 
if the detected wave is to correspond with 
the original signal, and one manner of tak 
ing advantage of this is by introducing into 
the modulated wave such components is will 
prevent correspondence between the detected 
colponents and the original signal. 
One of the objects of the invention, there 

fore, is SO to alter the transmitted signal 
modified wave that the components resulting 
from detection lack correspondence with the 
signal, to an extent amounting to unintelli gibility. 
An auxiliary object is to introduce confu 

sion or noise components into the transmit 
ted wave, so that, apart from or together 
with the lack of correspondence between the 
Original signal and the reproduced compo 
nents, additional components of large am 
plitude are produced, which tend to confuse 
and drown out any otherwise understand 
able components. 
According to one feature of the invention 

a single frequency component, different from 
the high frequency component or carrier that 
is modulated, is introduced into the trans 
mitted wave. This component may be 
termed a "false carrier' since upon detec 
shifted in frequency from the freduencies 
occupied by the components normally pro 
duced by interaction with the true carrier. 
In accordance with another feature of the 

invention the true carrier component of the 
transmitted wave is suppressed and one or 
more false carriers are introduced into the 
transmitted wave. 
According to another feature, the false 
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carrier or false carriers is or are shifted in 
frequency from time to time to render the 
discovery of the false carrier frequency more 
difficult. 
Other features of the invention comprise 

method and means by which the introduction 
of the false carrier or, in general, of the 
confusion components, is controlled at a 
transmitting point, and the effects of such 
components ineffacing or masking the intel 
ligibility of the received waves is neutral 
ized at the point at which the signal is au 
thorized to be received in intelligible form. 

Briefly and specifically stated, the inven 
tion involves the introduction at a trans 
nitting point of one or more false carriers 
or confusion components, and at a receiving 
point the neutralization of the deleterious 
effects of such introduced components upon 
the intelligibility of the received compo 

This neutralization may be carried 
out under control of the false carriers 
themselves. The received wave is detected 
and one of the components resulting by de 
tection from the false carrier component is 
used as a base frequency from which may 
be built up components identical with the 
true carrier and the one or more false car riers, respectively. The components so built 
up are used to reproduce the signal and to 
neutralize the effects in the reproduced sig 
nal of the received false carrier or confusion 

5 

40 

50 

components. - - 

The various objects and features of the 
invention and its exact nature and operation 
will be made clear from the following de 
tailed description in connection with the ac companying drawing. 
In the drawing, Figs. 1 to 6 show dia 

grams illustrative of the frequency relations 
involved in the system of the invention; 
Figs. 7 and 8 are schematic circuit represen tations, respectively, of a transmitting sta 
tion and a receiving station according to the 
invention; and Figs. 9 and 10 show alterna 
tive transmitting and receiving circuits, re 
spectively. 
The usual carrier or radio-frequency wave 

modulated by speech, noise, or other sound 
waves, is known to comprise in general a 
frequency corresponding to the unmodulated 
frequency of the carrier wave itself and two 
side bands of frequencies each equal in width 
to the actual width of the band of frequen 
cies making up the sound waves, one of these 
side bands extending into the frequency 
range higher than the carrier frequency and 
the other side band extending into the range 
lower than the carrier frequency. Thus in 

() Fig. 1 c represents the carrier frequency, 
and the horizontal arrows represent the ex 
tent either side of the carrier frequency to 
which the side bands reach. The side bands 
are indicated as being of width 8, this refer 
ring to the frequency range utilized in 
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speech transmission. The absolute frequen cies comprised in a speech modulated wave 
may, therefore, be designated c, c--8, and 
e-s. When such a wave is detected the sum 
frequencies 2c, 26-8, 2c-8, and also double 
frequencies result as the higher components 
due to the square law action of the detector, 
these frequencies being ordinarily above 
audibility, and the difference-frequencies & 
and 2s result as the low or audible-frequency 
components from the same action of E. de 
tector. 

in the usual type of signaling system. The 

70 

5 
Many other frequency components 

may result but are of no practical concern 
frequencies 2s are ordinarily of very small 80 
amplitude relative to the frequencies 8, so 
that for practical purposes it may be con 
sidered that only the bands is received. 
According to the invention one or more: 

frequency components is or are introduced 
into the modulated wave in such a way as 
to render it incapable of being received and 
understood by the types of receiving circuit 
generally known or used. In Fig. 1 for ex annple, the unmodulated carrier component 
c of the wave to be transmitted is prefer 
ably suppressed, this being indicated by the 
use of a dotted line in the drawing, and two 
frequencies situated at the frequency inter 
vals fa and fe, respectively, from the carrier 
frequency are introduced into the respective 
upper and lower side bands. When two of 
these introduced frequencies or false carriers. 
are used, they are preferably positioned un 
symmetrically with respect to the carrier 00 
frequency and may lie in the two speech side 
bands or outside the frequency limits of 
these side bands. The component situated 
at the interval fa, for example, is shown 

9. 

nearer to the frequency of the unmodulated, 
carrier c than is the component situated at 
the interval fa. The frequency components 
of such a wave may, therefore, be repre 
sented as-e-8, c-8, el-fa and c-fi the carrier component a being assumed, as 0 
stated, to have been suppressed. 
The principal frequency components re 

sulting from the simple or non-heterodyne 
detection of such a wave are diagrammati 
cally shown in Fig. 2. The sum-frequencies . 
are all higher than the carrier so that these 
components as well as the double frequency 
components will ordinarily be inaudible and 
need not be considered. The difference-fre- 120 
quency components are seen to be: 

fA-8, a-s,fa--s,fe--s,fa-I-fe 
and a range of components resulting from 
the interaction in the detector of every 
speech component in the e--8 side band with 
every speech component in the c-8 side 
band. These latter components might at 
first sight be thought to represent the double 
frequencies of speech, but while the double 

5 
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frequency component of each speech compo. 39 
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nent is theoretically present, a large number 
of other components are also present which 
do not represent speech but are merely noise 
components impressed upon the double-fre 
quency components, 
sulting from the interaction of the two 
speech side bands by themselves, may there 
fore be disregarded. It is furthermore to 
be noted that these components are of very 
low amplitude compared with the compo 
ents produced as a result of introducing the 

false carriers as will presently be described, 
and that these stronger components com 
pletely drown out the weak double frequency 
components of speech. 
The components 

may be interpreted as representing, respec 
tively, four side bands based on fA and fe, each 
of which (except for any doubling back of 
a band upon itself or overlapping of one 
portion upon another, as explained herein 
after) may be considered to be of the width 
s or of the width of the normal speech band, 
and the single component representing the 
sum of the two frequencies fa and fa. In 
the diagram of Fig. 2 these components are 
represented at convenient distances above 
the horizontal axis, their numerical frequen 
cy values being determined from their posi 
tion in the horizontal direction. 
tempt is here made to indicate their relative 
amplitudes. Two side bands of speech 
width extend in the positive direction from 
the respective components fa and fp, these 
bands being fa-3 and fa-I-S, respectively. 
The side band fa-3 and fa-s, may be in 

terpreted as being, in part, simply speech 
bands displaced in the downward direction, 
in the frequency scale by the amount fa or 
fe as the case may be, and as being, in part, 
inverted in their frequency orders in that 
portion of the normal speech range extend 
ing from Zero to forfe, respectively, the in 
verted portion being, therefore, superposed 
on the displaced portion. These partly in 
verted and partly displaced side bands may 
therefore be considered as doubled back 
upon themselves. The component fa--fe 
represents a single-pitched tone and for the 

80 

frequencies of fa and f assumed, this tone 
lies within the normal speech frequency 
limits, w 

No one of these resulting audio-frequency 
components is capable of producing under 
standable speech. The double-frequencies 
come, perhaps, the nearest to being capable 
of being understood but, as pointed out above, 
these are intermixed with a large number of 
noise components and are of such small am 
plitude that they are drowned out by the 
other components. 
ing normal speech as a whole upward or 
downward in the frequency spectrum by 

The components re-- 

chosen 

No at 

It is known that shift 

even a very slight constant amount intro 
duces very serious distortion and a material 
frequency shift renders it incapable of be 
ing understood. However, it will be noted 
that, in addition to the incapability of any 
single one of these bands to reproduce 
speech, the frequencies may easily be so 

(as is indicated) that each band 
overlaps the others in the occupied frequen 
cy range so that a still greater confusion re. 

0 

75 
sults from the practical impossibility of dis 
tinguishing one band from another either 
byear or by any usual apparatus such as 
filters. 
If it be attempted to receive the waves of 

the character shown in Fig. 1 by the hetero 
dyne method or by the homodyne method, 
sometimes referred to as zero beat reception 
because the locally introduced oscillations 
are of the same frequency as the carrier 
component, the same kind of difficulties are 
encountered as described in the case of sim 
ple detection. The use of a local wave ma 
terially different in frequency from the re 
ceived frequencies will result in even more 
confused components than are indicated in 
Fig. 2 since the audible beats produced be 
tween the heterodyne wave and the received 
components simply serve to add more of the 
components of equally meaningless char'- 
acter. It is improbable that one would lo 
cate the exact frequency of the unmodulated 
carrier and adjust the local oscillator to that 
frequency. If this be done however, the in 
verted and displaced speech bands due to 
the false carriers are present as indicated 
in Fig. 2 and two noise components of fre 
quencies fa and feare now superposed on the 
speech bands and cannot be separated from 
the speech by any ordinary methods. If 
the amplitude of the locally supplied wave 
is increased in an attempt to make the 
speech louder, this results in making the 
noise components louder, and moreover, the 
false carrier components may purposely 
be made of much higher amplitude than 
the speech side band components in the 
wave that is sent out, so that a complete 
masking of the speech results. 
lihood of locating the exact carrier fre 
quency is lessened by the fact that fa and 
fe are located unsymmetrically with respect 
thereto. An observer in exploring the fre 
quencies, of the wave would not be inclined 
to choose a beating frequency which gave 

80 
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O - 

The like. 
i. 

audible tones in place of one corresponding 
to a beating frequency half way between 
c--fA and c-fe, and such a beating fre 
quency would give effects somewhat similar 
to those of Fig.2 where two of the side bands i 

are partly inverted. If the local oscillator 
were set at either frequency c-fa or c-fi 
only displaced bands, incapable of being un 
derstood, would be received. 

Reference will now be had to Figs, 7 and s 



communicating by radio waves, but it will 

10 

sé 

8, which show, respectively, a transmitting 
station and a receiving station for carrying 
out secret speech transmission according to 
the invention. These stations are repre 
sented as being associated with antennae for 
be obvious that they might equally well be 
associated with a transmission line of any 
desired type. 
The oscillator OS may be of any suitable 

type and is indicated as comprising an elect 

5 

3 

tiric discharge device provided with a feed 
back coupling and a frequency-determining 
circuit in accordance with usual practice. 
An oscillator suitable for this purpose is dis 
closed in United States patent to Hartley 
No. 1,356,763, October 26, 1920. The har 
monic generator HG, may be of the type 
described in the U. S. patent to Kendall No. 
1446,752, February 27, 1923. As specifically 
shown in the present system, it is provided 
with a high resistance in the grid circuit for 
promoting the production of harmonics. 
The wave from the source OS is impressed 
on the circuit HG with such amplitude as 
to produce a distorted wave in the output 
circuit of the harmonic genérator, the wave 
shape being such that the wave is rich in 
harmonics. The other harmonic generators 
indicated throughout the system, such as 
HG, HG, etc., may each be similar in con 
struction and operation to HG, and to the 
disclosure of the Kendall patent. - 

Various filters F, F, etc., are indicated 
at various parts of the system for selectively 
transmitting a wave of a particular fre 
quency or range of frequencies and for sup: 
pressing transmission of waves of other fre 

4) 

component. 

quencies. Each of these filters may be con 
structed and proportioned in accordance 
with the disclosure in U. S. patent to Camp 
bell No. 1,227,113, May 22, 1917. 

Balanced modulators BM, BM, etc., are 
used for producing modulation of one wave 
in accordance with another, and for sup 
pressing transmission of the unmodulated 

These modulators may be of the 
general type disclosed in U. S. patent to 
Carson No. 1,343,306, June 15, 1920, or in 
U. S. patent to Hartley No. 1419,562, June 
13, 1922. 
The detectors or demodulators D, D, 

(Fig. 8) are of the usual three-element dis 
charge type, and the modulator M is of 
similar construction, the purpose of both 
these detectors and this modulator being to 
produce sum and difference frequency com-- 
ponents of the impressed wave-components. 
A modulating circuit of this type is dis 
closed in U. 3. patent to Van der Bijl No. 
1,350,752, August 24, 1920. 
The description from this point on, will 

be simplified by reference to particular fire 
quency values, and these values are indicated 

624,601 

on the drawing. It is to be understood, 
however, that these values are only for illus 
trative purposes and to serve as examples, 
but that any other suitable frequencies may 
be chosen and ordinarily would be chosen if 
two of the systems of the invention were in 
operation side by side or if the invention 
were applied to wire rather than to radio 
transmission. 

Referring now to the operation of the 
System showii in Figs. 7 and 8: The oscilla 
tor OS generates a continuous wave of a 
frequency which for convenience, will be as 
sumed to be 100 cycles per second, and this 
Wave is impressed on the harmonic gener 
ator HG with such amplitude as to over 
load the harmonic generating tube and pro 
luce a highly distorted wave in its output. 
This harmonic generator operates, in the 
manner disclosed in the Kendall patent re 
ferred to, to produce a number of harmonic 
frequencies of the impressed wave, and the 
construction and operation may be such that 
all of the harmonics from the double fre 
quency of the impressed wave up to har 
monics higher than the 10th harmonic are 
produced. These harmonics may be filtered 
out from the output circuit of the harmonic 
generator for separate use as may be de 
sired. The filter F, which may be a band 
filter having a narrow transmission range 
or may be simply a sharply tuned circuit, 
is designed to select the frequency 1000 
and impress it upon the harmonic generator 
HG sufficient amplification being intro 
duced if necessary so that the harmonic gen 
erator HG is overloaded and produces a 
highly distorted wave in its output. The 
filter F, 
10,000 which is supplied to the neutral 
branch of each of the balanced modulators 
BM, and BM. This central or neutral 
branch is so related to the output windings 
in the case of each of these modulators that 
none of the waves supplied to this branch 
is repeated into the output circuit of the 
modulator except when a modulating or 
control wave is supplied to the control ele 
ments of the modulator in such a way as to 
disturb the balance. When such control 
waves are impressed, the wave impressed on 
the neutral branch is transmitted with an 
amplitude proportional to that of the con 
trol waves and the resulting modulated wave 
is resolvable into two side bands having fre 

higher and lower respectively than 
the impressed 10,000 cycle wave but contain 
ing no component of the 10,000 cycle fre 
quency. This action is more fully described 
in the Carson patent above referred to. 
The filter F, selects from the output of 

the harmonic generator HG, the wave of 
frequency 600, which is applied to a con 
trol winding of the balanced modulator 
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BM. Similarly, the filter F selects the fre 
quency 1100 and applies it to the balanced 
modulator BM 
The speech to be transmitted is directed 

against the microphone 5. and the resulting 
speech currents are supplied through the 
amplifiers A and A to control windings of 
the respective modulators BM, and BM. 
The effect of the waves applied to the modu 
lator BM, is to produce two side bands of 
the 10,000 cycle wave, these side bands be 
ing made up of frequencies corresponding 
to the impressed speech and each containing 
a single frequency component spaced in fre 
quency 600 cycles from the center of the 
wave, which would be occupied by the 10,000 
cycle component if this were not suppressed. 
Similarly the modulator BM, produces two 
side bands of the 10,000 cycle waves, these 
side bands representing speech components 
with a single RE introduced into each 
side band at an interval of 1100 cycles from 
the 10,000 cycle frequency. Suitable ampli 
fication may be introduced with the filters 
F, and F, so that the single frequency com 
ponents corresponding to the 600 cycle and 
1100 cycle point in the side bands respec 
tively are of relatively large amplitude con 
pared with the speech side band amplitudes. 
The character of the wave produced by 

the modulator BM is indicated in Fig. 3. 
Here the 10,000 cycle component is indicated. 
by a dotted line signifying that this compo 
.nent is suppressed. The modulated wave is 
made up of the two side bands indicated as 
extending approximately from the 10,000 
cycle position to the 12,500 cycle and the 
7,500 cycle limits respectively. At intervals 
600 cycles from the 10,000 cycle point in 
each direction the respective single fre 
quency components of relatively large am 
litude are located. Fig. 4 in similar man 

ner indicates the composition of the wave in 
the output of the modulator IBM, this wave 
differing from that produced by the modu 
lator IBM, in the different position occupied 
by the single frequency component or false 
carrier. 
The filter F is proportioned in the man 

nor indicated in the Campbell patent, re 
ferred to, to selectively transmit the lower. 
side band produced by the modulator BM, 
but to suppress transmission of the upper 
side band, that is, this filter transmits only 
that portion of the wave indicated in Fig. 3 
which lies to the left of the 10,000 cycle 
frequency. Conversely, the filter F, trans 
mits only the upper side band of the wave 
produced by the balanced modulator BM, 
that is, only that portion of the wave in 
Fig. 4 which lies to the right of the 10,000 
cycle line. The waves selectively trans 
mitted by these filters are impressed on the 
control circuits of the radio transmitting 
modulator BM. The character of the re 

sultant wave supplied from these two filters 
to the modulator BM, is indicated in Fig. 5 
and is seen to consist of two speech side 
bands of the 10,000 cycle wave, the upper 
side band containing a noise component. 
situated 1100 cycles higher than the 10,000 
frequency and the lower side band contain-. 

70 

ing a noise conponent situated 600 cycles 
lower than the 10,000 frequency. The neu 
tral branch of this modulator is supplied 
with a 100,000 cycle wave produced in the 
harmonic generator HG and selected by the 
filter F. Suitable amplification may be in 
troduced into any of the waves supplied to 
the modulator BM as may be desired. 
The modulator BM operates in a manner 

75 

80 

similar to that described of the other bal- - , 
anced modulators to produce two side bands 
resulting from modulation of the 100,000 
cycle wave by the waves from the filters F. 
and F. The character of the lower side 

85 

band resulting from this modulation. is in 
dicated in Fig. 6. This wave is seen to have 
the same frequency arrangement as the wave 
indicated in Fig. 5, except that the frequency 
order of the components is inverted and the 
inverted wave, as a whole, is shifted in the 
absolute frequency range to such position 
that the center of the wave is at 90,000 cycles 
rather than at 10,000 cycles. An upper side 
band with its center at the frequency 110,000 
is also E. but the transmitting an tenna 6 is prefe 
as to radiate only the lower side band and to 
suppress practically completely the upper 
side band. 

It will be noted that the composition of 
the wave in Fig.6 which is the wave actually 
transmitted from the antenna 6, is of the 
same character as that indicated in Fig. 1, 
where C is now 90,000 cycles, f, is 600 cycles 
and f is 1100 cycles. If this wave as trans 
mitted were detected by the ordinary 
methods, either simple detection or detection 
by the aid of locally supplied waves, no com 
E. representing speech would result 
ut only the confusing components above de 

scribed in connection with Figs. 1 and 2 
would be obtained. 
The wave transmitted from the antenna 6 

is received at the station indicated in Fig. 
8 upon the receiving antenna 7. Detection 
of this wave by the detector D, will produce 
as one component the fa--fi component, or 
in this case 1700 cycles. This component is 
selected by the filter F, and after suitable 
amplification, if desired, is impressed on the 
modulator M, which, together with the filter 
F, the harmonic generator HG, and the 
filter F, forms a sub-multiple frequency 
generator of the type described in my appli 

ably quite sharply tuned so 
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cation Serial No. 545,562, filed March 21, ... 
1922. The principle of operation of this cir 
cuit may be described briefly as that of a 
generator in which the feed-back from the 
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output side to the input side contains fre 
quency converting means. It is evident that, 
with the proper character of selective cir 
cuits and with sufficient amplification, such 
a circuit may be made to oscillate continu 
ously under the control of impressed waves, 
since an initial impulse produced by shock 
excitation or otherwise in the filter F and of 
a frequency of 100 cycles will excite the har 
monic generator HG to produce harmonic 
components, the sixteenth multiple of which 
is applied through the filter F, to the input 
circuit of the modulator M where it combines 
with the incoming frequency of 1700 to pro 
duce the difference frequency of 100, this be 
ing in turn supplied to the harmonic gen 
erator HG, and causing the action to con 
tinue. 
The result of the action of the sub-multi 

R frequency generating circuit causes the 
harmonic generator HG to produce a num 
ber of components of the impressed 100 cycle : 
wave under control of the received 1700 fre 
E. wave. The filter F, selects the 1000 requency wave and applies it to the har: monic generator HG from the output of 
which the filter F selects the 10,000 cycle 
wave which is supplied to the neutral 
branches of the respective balanced modula 
tors BM, and BM. The filter F selects 
the 600 cycle component from the harmonic 
generator HG, and supplies it to the control 
windings of modulator BM, and the filter 
F selects the 1100 cycle component and 
similarly supplies it to the control windings 
of modulator BM. . . 
The action of the modulator BM is to 

produce two side frequencies of 600 cycles 
above and below the 10,000 frequency re 
spectively and having therefore the respec 
tive frequencies 10,600 and 9,400. The filter 
F, selects for transmission only the 9,400 
component, this being supplied to the cir 
cuit generally indicated by the numeral 9, 
the purpose of which circuit is to adjust the 
phase of the 9,400 cycle component in a 
manner to be described. . The modulator 
BM produces two side frequencies of 8,900 
cycles and 11,100 cycles respectively, the 
upper one of which is selectively transmitted 
by the filter F, to the phase controlling cir 
cuit 10. 
Some of the 10,000 cycle wave from the fil 

ter F is supplied with suitable amplifica 
tion to the harmonic generator HG from the 
output of which the filter F, selects the 
100,000 cycle component. This 100,000 fre 
quency is introduced through the coupling 
11 to the input circuit of the detector D, 
which is also coupled to the receiving an 
tenna 7. As a result of the action of the 
detector D, the sunn and difference fre 
quency components of the 100,000 cycle wave 
and the received wave are produced. The 
difference frequency components include a 

based on a 10,000 cycle wave. 
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wave of the character indicated in Fig. 5. 
this being clear from considering that each 
of the components of the wave indicated in 
Fig. 6 (which is the received wave) is sub 
tracted from the locally supplied frequency 
100,000. The filter F, is designed to pass selectively the frequencies comprised in the 
difference frequency wave and this wave 
thereafter impressed on the amplifying cir 
cuit Aa. 
The input circuit of the amplifier A is 

also supplied with the 11,100 frequency con 
ponent from the circuit 10 and with the 
9.400 cycle component from the circuit 9. 
Suitable amplification or attenuation unay be 
introduced into the several circuits associated 
with the input of the amplifier A and also 
the phase of the locally supplied components 
may be so adjusted by means of the circuits 
9 and 10 that the 9,400 cycle component and 
the 11,100 cycle component locally supplied 
are each of the same amplitude as the cor 
responding components impressed from the 
detector D, and are each in phase opposition 
to these respective components. As a result, 
the false carriers or noise or confusion com 
ponents purposely introduced into waves at 
the transmitter are balanced out in the ann plifier. A leaving only two speech side bands 

These side 
bands, after passing through the amplifier 
Aa, are supplied to the control winding 
of the modulator BM where they interact 
with the locally supplied 10,000 cycle con 
ponent from the output of the filter F, and 
produce speech currents in receiver R in the 
manner indicated in Carson's patent above 
referred to. 

In the foregoing description, it is stated 
at several points that amplification may be 
introduced where desired. No attempt has 
been made to indicate all of the points where 
almplification may be desirable but it will be 
understood that amplifiers or attenuating 
networks, and potentionmeters and the like 
for regulating the amplitude of the waves 
may be employed. 
Under some circumstances, it may be de 

sirable to render the secrecy scheme utilized 
still more incapable of being deciphered than 
is the scheme employed in the system of 
Figs. and 8. For example, it might be 
desirable under some conditions, where the 
E. secrecy scheme made use of might be 
nown, to employ some means for rendering 

it more difficult to discover the frequencies 
fA and for false carriers. One way of rendering false carrier frequencies more dif 
ficult of discovery would be to change their 
frequency from time to time during trans 
mission. This method is applicable, of 
course, to systems in which two false car 
riel's, such as are described in Figs. 7 and 8 
are used or in systems where more than two 
false carriers or only one are used. If more 
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than one false carrier is used, the circuit 
arrangements for providing the false car 
riel's and shifting their frequencies becomes 
somewhat involved, and for the sake of sim 
plicity and for the purposes of illustration 
it has been deemed sufficient to show as an 
example of a system with variable frequency 
false carriers, the system indicated in Figs. 
9 and 10 in which provision is made for 
using at any instant a single false carrier 
and for shifting the frequency of this false 
carrier from time to time. However, by 
mere extension of the principle illustrated 
in Figs. 9 and 10, to be described, it will be 
clear that the frequencies of a plurality of 
false carriers may likewise be shifted from 
time to time, in cases where a plurality of 
false carriers are used. ... ' 
The frequency of the false carriers could 

obviously be shifted in accordance with any 
desired scheme. For example, the frequency 
might be shifted in accordance with a pre 
arranged time schedule, the corresponding 
shifts being effected simultaneously at the 
transmitter and receiver with preferably 
some synchronizing system for controlling 
the shifting means at the two stations. 

3.) 

5 

(t) 

that all of the brushes 18 to 24 may be () 
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In the system of Figs. 9 and 10, however, 
the shifts in frequency of the false carrier 
waves are effective under control of the 
speech to be transmitted, the specific ar 
rangement being such that during a pause 
of sufficient length between words a fre 
quency shift is made simultaneously at both 
stations. - 

For the purpose of shifting the frequen 
cies, step-by-step switches of the type com: 
monly used in the automatic telephone art 
are indicated as being employed. In Fig. 
9, for example, the rotatable switch arms 12 
may be mounted upon a single shaft ar 
ranged for actuation under control of the 
'stepping relay 14. Similarly, the brush 
arms 15 may be stepped by the relay 17. In 
Fig. 10, a number of pairs of brush arms 
18 to 24 inclusive, are indicated together 
with a single stepping relay 25 for control 
ling all of these brushes. It will be obvious 
mounted on a single shaft or upon different 
shafts with suitable driving connections so 
that when relay 25 actuates its armature, all 
of these brushes are advanced from the con 
tact upon which they are resting to the next 
succeeding contact in the direction indicated 
in each case by the arrow. 
The stepping relays 14, 17 and 25 are each 

arranged in the manner common in the auto 
matic telephone art to effect no movement 
in the brushes during the upward or attrac 
tive stroke of their armatures but to advance 

... the brushes one step during the backward 
stroke of the armatures. This may conven 
iently be arranged, for example by having 
the armatures normally retracted by a spring 

7 

and providing a pawl which upon the at 
tracting stroke passes from engagement with 
one tooth of a ratchet wheel to engagement 
with a succeeding tooth and upon retraction 
of the al'mature moves the ratchet wheel one 
step. 
The relays 14, 17 and 25 are normally de 

energized except when speech is being trans 
mitted. Speech currents directed against 
the microphone 26, for example, are repeated 
through amplifier 27 and set up correspond 
ing speech currents in the N. 28. The 
grid of the rectifier tube 29 is normally at 
such a high negative value that the space. 
current in the tube 29 is too low to cause en 
ergization of the relays 14 and 17, but the 
speech currents in the windling 28 producing 
corresponding voltage changes on the grid 
cf the tube 29 and 'cause an increase in the 
space current in this tube to such a value 
as causes the relays 14 and 17 to attract their 
armatures. At the receiving station of Fig. 
10, received speech currents are impressed on 
the rectifier 36 which acts in a manner sini 
lar to the rectifier 29 at the transmitting sta 
tion to control relay 25, and this will be 
made more clear from the detailed descrip 
tion of the operation which follows. 

It will be assumed that at the beginning 
of the operaticn to be described, each of the 
brushes in Figs. 9 and 10 is in the position 
indicated in the drawing, which will be 
termed pestion 1, signifying that each brush 
is in position to establish connection with 
the uppermost of the three stationary con 
tacts respectively associated with it. 
The oscillator OS in Fig. 9 and the har 

monic generator HG operate as described in 
connection with Fig. 7 to produce a series of 
waves having frequencies which are harmon 
ics of the base wave of 100 cycle frequency. 
The filter F selects 1000 cycle component 
and applies it to the harmonic generator 
HG from the output of which the filter F. 
selects the 10,000 cycle component and ap 
plies it in turn to the harmonic generator 
HG, and from the output of HG the 100 
000 cycle component is selected by the filter 
F, to be used as the radio, or carrier fre quency. This component is applied to the 
neutral branch of the balancing modulator 
IBM, associated with the transmitting an 
tenna. 30. . 
With the brushes 12 and 15 in position 1, 

the filter F is connected between the har 
monic generator HG and the input side of 
the amplifier A, so that this amplifier is sup 
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plied with a 400 cycle component. As soon 
as speech is directed against the microphone 
26, the amplified speech currents are sup 25 

plied preferably through a second amplifier 
A to the control windings of the balanced 
modulator BM, together with the 400 cycle 
component from the amplifier A and two 
side bands of the 100,000 cycle wave are pro 30 
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duced in the modulator, each of these com prising components representing speech and 
a 400 cycle noise component or 'false car 
rter, preferably of large amplitude compared 
with the speech components. These side 
bands are radiated from the antenna. 30. 
With the beginning of the conversation, the 
relays 14 and 17 are energized in the manner. 
previously described and are thereby put in 
readiness to advance the brushes 12 and 15 
as soon as a sufficiently long pause occurs in 
the talking, thereby permitting these relays 
to release. 
The side bands transmitted from the an 

tenna 30, if detected on an ordinary detector, 
would produce only the double frequencies of 
speech upon which would be superposed a 
very strong component of 800 cycles. As 
stated above, it is practically impossible to 
understand the double frequencies of speech, 
and the relatively loud 800 cycle component 
would completely mask what little intel 
ligibility the double frequencies have. If a 
local oscillator of the carrier frequency were 
used to. receive the transmitted wave, a very 
loud noise current of a 400 cycle pitch would 
be superposed on the speech and render the 
received currents of practically Zero intelli 
gibility. By the use of two or more false 
carriers or noise components, particularly 
if they are unsymmetrically spaced as de 
scribed in the case of Figs. and 8, the wave 
would be rendered still more difficult of un 
derstanding. 
The wave received on the antenna 31 of 

station 10 is detected in the circuit D, and 
produces a conponent of 800 cycles in the 
output. This component is 
passed through the filter F, brush arms 18 
and 19 being in position 1, and is impressed 
on the modulator M. This modulator, to 
gether with filter F, harmonic generator 
HG and the particular filter Fao, Fs, Fae, 
that is connected in the circuit at any in 
stant, forms a sub-multiple generator of the 
type described in connection with Fig. 8. 
With brush arms 20 and 21 in position 1 
the application of the 800 cycle component 
to the modulator M, causes the production 
in the modulator of the difference frequency 
l:etween the 800 cycle component and the 700 
cycle component transmitted through the 
filter F, so that a component of 100 cycles is 
maintained in the input circuit of the har 
monic generator HGo. 
The filter F selects the 1000 frequency 

component from the output of the harmonic 
generator HG and applies this component 
to generator HG. 
ponent occurring in the output of the har 
monic generator HG is selectively trans 
mitted by filter F to harmonic generator 
HG, from the output of which the 100,000 
frequency component is applied through fil 
ter F to the input circuit of detector D. 

selectively . 

The 10,000 cycle com 
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This detector serves to combine the received wave connponents with the locally supplied 
100,000 cycle component to produce speech. 

-70 
frequencies with the 400 cycle noise compo 
ment superposed thereon, and the speech-fre 
quencies are selectively transmitted through 
the filter F to the input side of the ampli 
fier 32. 
With the brush arms 22 and 23 in position 

1, the filter F is made operative to select 
the 400 cycle component in the output of 
harmonic generator HG and supply it 
through brush arm 24 in position 1 to the 
phase adjusting circuit 33, and transformer 
34. Also the secondary of this transformer 
is connected through the uppermost brush 
arm 24 to the input circuit of the amplifier 
32. The phase of this 400 cycle component is 
so adjusted by means of the circuit 33 that 
this component exactly neutralizes the 400 
cycle noise component in the detected speech 
wave, and the speech in understandable form 
is transmitted through the amplifier 32 and 
speech transformer 35 to the receiver R. 
When the conversation started, the speech 

currents present in the transformer 35 were 
impressed on the rectifier 36 which is con 
trolled in a manner entirely analogous to 
that described in connection with rectifier 
29, Fig. 9, and the resulting increase in 
space current energized relay 25 causing its 
armature to engage a tooth on the driving 
mechanism for the various brush arms indi 
cated in Fig. 10 and to hold the armature at 
tracted so long as no pause of less than pre 
determined length occurs in the conversation. 
When a pause of sufficient length occurs be 
tween words or sentences, for example, the 
rectified current in the rectifiers 29 and 36 
respectively, falls to such a low value that 
the relays 14, 17 and 25 simultaneously re 
lease their armatures and advance the brush 
arms 12, 15 and 18 to 24 inclusive, to the 
second position, that is, the position suc 
ceeding that in which the brush arms are 
shown in the drawing, in the direction of the 
arrows. With the brushes in the second po 
sition, the conversation when it is resumed, 
proceeds exactly as described above except 
that the false carrier or noise frequency 
component has been shifted to a different fre 
quency from what it formerly had. In the 
example chosen for illustration, the false 
carrier has a frequency 500 cycles different 
from the true carrier when the brushes are 
in position 2, that is, a 500 cycle tone is su 
perposed on the detected speech. 
This 500 cycle tone is impressed on the 

outgoing speech at the station in Fig. 9 in 
the modulator BM and is derived by means 
of the filter F from the output of the har 
monic generator HG when brushes 12 and 
15 are in position 2. 
The frequency resulting from detection of 

this 500 cycle modulating component is now 
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of 1000 cycles and this component is selected 
from the detector D. by the filter F, brush 
arms 18 and 19 being in position 2. The sub 
multiple frequency generator circuit contin 
ues to derive the base frequency of 100 cycles 
for supplying to harmonic generator HGo 
through filler F. since brush arms 20 and 21 
are now in position 2 and filter F is in 
circuit to feed back the 900 cycle component 
to combine with the incoming 1000 cycle 
component. 
ceived speech is neutralized by the 500 cycle 
tone selected by filter F from the output of 
harmonic generator HG, and the phase of 
this neutralizing component is adjusted by 
means of the circuit 37, brush arms 24 being 
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in the second position so that this neutraliz 
ing component is supplied to the amplifier 
32. So long as the conversation continues 
without sufficient pause, relays 14, 17 and 25 
remain with their driving pawls in engage 
ment with the shafts of the respective brush 
arms. A pause of sufficient length occurring 
in a conversation with the circuit conditions 
as last described above causes all of the 
switch arms shown in Figs. 9 and 10 to ad 
vance to the third position, whereupon the 
false carrier or noise component is again 
shifted in frequency. In the example chosen 
for illustration, the new noise frequency is 
600 cycles and it will be seen that brush arms 
12 and 15 in position 3 connect the filter F. 
in circuit to supply the 600 cycle component 
to the outgoing modulator. Also at the re 
ceiving station, filters Fes., F. F. and phase 
adjusting circuit 38 are cut into the cir 
cuit so that when the talking is again re 
sumed, the neutralizing component applied 
to the phase amplifier 32 is now 600 cycles 
and is of proper phase to neutralize the 600 
cycle noise component of the received speech. 
When talking is resumed, relays 14, 17 and 
25 are again energized in preparation for 
advancing the various brush arms into posi 
tion 1 upon the occurrence of a sufficiently 
long pause. 

It will be seen that the above described ar 
rangements for shifting the frequency of 
the false carriers or noise components are 
such that no shift in frequency is made in 
the middle of a word or between words that 
follow each other with the normal rate of 
succession used in ordinary conversation. 
The relays 14, 17 and 25 may be made suffi 
ciently slow so that a considerable pause is 
necessary before a shift in the frequency of 
the false carrier is made, such, for example, 
as the pause which occurs between sentences 
or during a considerable break in the con 
versation as between the time when one 
party ceases talking and the distant party 
begins to talk. - 
There are two possible ways in which the 

frequency shifting system might get out of 
step, that is, first, due to failure of the 

The 500 cycle tone in the re 

in the manner generally indicated in Figs. 

brushes at the receiver to advance a step 
when the brushes at the transmitter advance, 
and second, due to an advance of the brushes 
at the receiver when no advance takes place 
at the transmitter. Since the stepping of 
the brushes at the receiver is effected upon 
release of the relay 25, and this relay is posi 
tively held energized by received energy, it 
is highly probable that the brushes at the 
receiver will always advance with an ad 
vance of the transmitter brushes, so that the 
first of the two conditions mentioned above 
may be considered as practically never exist 
ing. There may be interruptions in the 
transmission due to other causes than a pause 
in the conversation and lasting sufficiently 
long to permit relay 25 to release and ad 
vance its brushes. If this occurs during con 
versation and without a simultaneous ad 
vance of the brushes at the transmitter, the 
receiving circuit is momentarily disabled 
from receiving intelligible speech. However, 
upon the first pause in the conversation suf 
ficiently long to advance the brushes at the 
transmitter, the two stations are again in 
step and conversation may proceed in the 
normal manner. In such a contingency the 
loss of a few syllables or words might occur, 
but in a two-way system such as would ordi 
narily be employed the speaker at the trans- 9 
mitter could readily be asked to repeat this 
lost portion of the sentence. It is evident 
that in case of such a lack of synchronism 
between the mechanisms of the two stations, 
the missed words through lack of synchonism 100 
would be heard as noise at the receiving sta 
tion so that the receiving party would know 
that words were being spoken and that a 
lapse was not occurring in the speech. 

In the very unlikely event of the trans- 105 
mitter brush arms taking one step without a 
corresponding advance of the receiver brush 
arms, it would be necessary for the trans 
mitter brushes to take one less than the total 
number of additional steps necessary to ad-0 
vance a brush from any given position. 
through all the positions and back into that 
position. The receiver brush arms would, of 
course, be forced to wait for the transmitter 
brush arms to come into corresponding posi. 
tion, since the energy necessary to move the 
receiver brushes is not received until the ap 
paratus at both stations is in step. 
No provision is shown in either of the de 

scribed systems for carrying on two way con 
versation but it will be obvious that a return 
channel can be provided by a mere duplica 
tion of the apparatus shown with nr without 
the use of different frequencies at the various 
points throughout the system. 

Provision is shown in Figs. 9 and 10 for 
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only a single false carrier or noise com 
ponent, but it will be obvious that a plu 
rality of false carriers may be employed 30 
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7 and 8 and that by providing sufficient 
brush arms and filters at the various points 
in the circuit, the frequency of each of the 
false carriers or of one or more of them 
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may be shifted from time to time. 
In the system described in Figs. 7 and 8. 

employing two false carrier's or noise con 
ponents, both side bands of the speech 
modulated wave are transmitted and one of 
the noise components is inserted in each side. 
band. It is within the invention, however, 
to supply a plurality of noise components 
to a single side band and to transmit only 
this side band, suppressing transmission of 
both the unmodulated carrier and the op 
posite side band. It is also within the in 
vention to transmit two false carriers and 
either a single side band or both side bands, 
whether the false carriers lie within the 
limits of the side bands or outside these 
limits, and to introduce frequency shifts in 
to one or more of the false carriers. 
The foregoing descriptions assume that 

harmonics, as high as the sixteenth, are ob 
tainable in the output of a harmonic gen 
erator but it will be obvious that the six 
teenth harmonic or any desired harmonic 
of a wave may be secured by means of a 
plurality of harmonic generators operating 
in tandem with proper selecting circuits 
between, and accordingly, in case the de 
sired harmonic is not obtainable from a 
single harmonic generator, it will be ob 
vious to supply other harmonic generators 
where they may be needed throughout the 
system. 

It is to be understood that the scope of 
the invention is defined in the following 
claims and that the invention is not to be 
construed as limited by the specific show 
ing either in the drawing or the descrip 
tion, this being for illustrative purposes 
only and merely by way of example. 
What is claimed is: 
1. In signaling in which the signal is re 

vealed at a receiving point by derivation 
from a carrier wave component and com 
ponents containing signaling variations, the 
method of obtaining secrecy in transmission 
comprising replacing the carrier wave com 
ponent by a component of a different fre 
quency, transmitting the wave so altered, 
and deriving at a receiving point the carrier 
component from the component of different 
frequency. 

2. The method of purposely reducing the 
degree of intelligibility of a modulated wave 
comprising Suppressing the unmodulated 
carrier component of the modulated wave 
and introducing a sustained wave of a fre 
quency different from the carrier frequency 
by an amount between the audio frequency 
limits. 

3. The method of secret transmission com prising modulating a carrier wave by speech, 
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suppressing the unmodulated carrier com 
ponent from transmission and introducing 
into the modulated wave a sustained wave of 
such frequency as to produce in the resulting 
modulated wave a component of the order 
of frequency of one of the speech side bands 
of the modulated wave. 

4. The method of secret transmission conn 
prising modulating a carrier wave by speech 
and by a confusion current of a definite fre 
quency within the audible frequency range, 
and suppressing transmission of the un 
modulated carrier component. 

5. The method of secret transmission com 
prising producing waves of two bands of 
frequencies, each band of a frequency width 
corresponding to essential speech frequency 
range and each representing the same speech, 
introducing in each of said bands a differ 
ent character of distortion, and modulating 
a carrier wave in accordance with both of 
the distorted bands. 

6. The method of secret transmission com 
prising modulating a carrier wave by speech 
waves, and introducing into the modulated 
wave sustained confusion components un 
symmetrically related in frequency with re 
spect to the carrier frequency and differing 
from the carrier frequency by an amount 
within the limits of speech frequencies. 

7. The method of secret transmission com 
prising producing two bands of waves each 
of speech frequency width and each repre 
senting the same speech, introducing into 
each of said waves a confusion component 
of respectively different frequency, and 
modulating a carrier wave by said waves. 

8. The method of producing a speech 
modulated carrier wave containing both side 
bands and confusion components, which 
comprises modulating a relatively low-fre 
quency wave by speech and a confusion com 
ponent, selecting the upper side band of the 
wave so modulated, modulating said low 
frequency wave by the same speech and a 
confusion component, selecting the lower 
side band of the wave so modulated, modu 
lating a high-frequency wave by both of 
said selected side bands, and selecting for 
transmission one of the side bands resulting 
from the modulation of the high-frequency 
WaWe. : 

9. The method of secret transmission com 
prising modulating a sustained wave with 
the same speech waves by separate modulat 
ing operations, introducing into the modu 
lated waves so produced respectively differ 
ent distortions, selecting the upper side band 
of one of the modulated waves and the 
lower side band of the other modulated 
wave and transmitting said side bands to 
gether over the same medium. 

10. The method of secret telephony com 
prising modulating a carrier wave by 
speech, suppressing transmission of the un 
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modulated carrier component, introducing 
a confusion component into the modulated 
wave, the frequency of said confusion com 
ponent lying within the frequency limits 
occupied by one of the speech side bands of 
the modulated wave, deriving at a receiving 
station a wave of the carrier frequency from 
said confusion component and utilizing said 
derived wave to receive speech from said 
modulated wave. 

11. The method of secret telephony com 
prising modulating a carrier wave by 
speech, introducing into each of the two side 
bands of the speech-modulated wave a con 
fusion component, obtaining at a receiving 
point the beat between said confusion com 
ponents, and utilizing said beat to derive 
components for neutralizing the confusion 
components in the speech to be received. 

12. Means to produce a wave for Secret 
transmission of speech comprising means 
for modulating a carrier wave by speech and 
suppressing transmission of he unmodulated 
carrier frequency component, and means to 
superpose the modulated wave upon a sus 
tained wave of relatively large amplitude 
and of a frequency differing from the car 
rier frequency by an amount Small enough 
to produce unintelligible audio waves when 
detected. 

13. Means to produce a wave for the se 
cret transmission of speech comprising 
means for modulating a carrier wave by 
speech and suppressing transmission of the 
“unmodulated carrier component, means to 
transmit the two speech side bands of the 
modulated wave, means to transmit with 
said modulated wave a sustained wave of 
the same order of frequency as the frequen 
cies of one of the side bands and a sustained 
wave of a frequency lying to the other side 
of the carrier frequency and spaced in fre 
quency from said carrier frequency by an 
interval different from the interval between 
the carrier frequency and the frequency of 
any sustained wave component on the same 
side of the carrier frequency as the first men 
tioned sustained wave. 

14. Means to produce a wave for the secret 
transmission of speech comprising means to 
produce an upper side band of a speech 
modulated wave of arbitrary frequency and 
to distort said upper side band wave, means 
to produce a lower side band wave by modu 
lation of the same arbitrary frequency wave 
by the same speech waves, and to distort in 
a different manner said lower side band 
Wave and means to modulate a carrier wave 
by both of said side band waves. 

15. In secret signaling, means to modu 
late a carrier wave by speech and means to 
introduce into the modulated wave a plu 
rality of confusion components of respective 
frequencies lying to each side of the carrier frequency and unsymmetrically positioned 

1. 

in frequency with respect to the carrier fre 
quency. 

16. In secret telephony, means to modul 
late a wave of sustained frequency by speech, 
means to introduce into the upper side band 
of the Wave so modulated a confusion com 
ponent of a frequency within the frequency 
limits of said side band, means to intro duce into the lower side band a confusion 
component occupying a relatively different 
position with respect to the frequency limits 
of that side band, and means to transmit 
said two side bands containing said con 
fusion components over a common medium 
to the Substantial exclusion of wave compo 
nents of other frequencies. 

17. In Secret telephony means to modul 
late a wave of arbitrary frequency by speech, 
means to introduce into the upper side band 
of the resulting modulated wave a confusion 
component of a frequency within the fre 
quency limits of said side band, means to 
introduce into the lower side band a compo 
nent of a frequency within the frequency 
limits of that side band, said latter compo 
neint occupying a relatively different fre 
quency location from the first component 
with l'espect to the said arbitrary frequency, 
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means to select said two side bands and said . 
confusion components, and means to modu 
late a carrier wave thereby. 

18. In a signaling system, means to mod 
ulate a carrier wave by speech and to sup 
Prels transmission of the unmodulated car 
lier component, means to introduce a confu 
sión component into the modulated wave, 
and means at a receiving point to derive 
a wave of the carrier frequency from said 
confusion component. 

19. In a signaling system means to mod 
ulate a carrier wave by speech and to sup 
press transmission of the unmodulated car 
lier component leaving the two speech side 
bands for transmission, means to introduce 
a confusion component of a frequency with 
in the frequency limits occupied by one side 
band and a confusion component within the 
frequency limits occupied by the other side 
band, and means at a receiving point for de 
living from said confusion components a 
Wave of the carrier frequency and other 
components for neutralizing the effect upon 
leceived speech of said confusion compo 
nents. 

20. In a secret telephone system, means to 
modulate a carrier wave by speech waves 
and to introduce confusion components into 
the modulated wave, means at a receiving 
point to obtain the beat wave between said 
confusion components and to derive from 
said beat wave components for neutralizing 
the effect on the received speech of said con 
fusion components. 

21. In a secret telephone system, means to 
modulate a carrier wave by speech and to 
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2. 

suppress the unmodulated carrier compo 
nent, means to introduce into the modulated 
wave a sustained false carrier component 
of a frequency differing from the suppressed 
carrier component by an amount within the 
limits of speech frequencies, and means to 
transmit the false carrier wave and the 
speech modulation components of the mod 
ulated wave. 

22. In a secret telephone system means to 
produce speech modulation components of 
a carrier wave substantially free from com 
ponents of the unmodulated carrier fre 
quency, means to produce false carrier waves 
differing in frequency from said unmodu 
lated carrier frequency, means to transmit 
said false carriers and said speech modula 
tion components over the same medium, said 
false carriers being so related in frequency 
to said modulation components as to permit 
of reception of only unintelligible sounds by 
Ordinary detection, and means at a receiving 
point for deriving intelligible speech from 
said speech modulation components under 
control of said false carrier waves. 

28. In a secret telephone system, means 
to produce speech side bands of a true car 
rier wave and to superpose said side bands 
upon a false carrier wave for transmission, 
said false carrier wave having such a fre 
quency relative to said side bands as to per 
mit of reception of only unintelligible 
sounds by mere detection of the transmit 
ted waves, and means at a receiving point 
for deriving a wave of the frequency of 
the true carrier from said false carrier wave 
and for utilizing said derived wave to re 
ceive intelligible speech from the received 
WaveS. 
24. In a system of secret telephony, 

means to produce speech side bands of a 
true carrier wave and to superpose said side 
bands upon false carrier waves for trans 
mission comprising a source of base fre 
?quency waves, a harmonic generator for de 
riving waves of intermediate frequencies 
from the waves from said source, means 
for deriving higher frequency waves from 
one of Said intermediate frequency waves, 
means to modulate an intermediate fre 
quency wave by speech and by other inter 
mediate frequency waves, means to select 
the modulation components resulting from 
such modulation and comprising speech 
side band components and components rep 
resenting modulation by intermediate fre 
quency components, means to modulate said 
higher frequency waves by the selected 
modulation components, and means to se 
lect for transmission one side band of the 
last resulting modulated wave. 

25. In a secret telephone system, means 
to produce speech side bands of a carrier 
wave and to suppress transmission of the 
unmodulated carrier component, means to 
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superpose said side bands upon a plurality 
of false carrier waves unsymmetrically po 
sitioned in frequency with respect to the 
frequency of the carrier wave by which said 
side bands were produced, means at a re 
ceiving point to produce combination fre 
quency components of said false carrier 
waves, and means for employing said com 
bination frequency components to repro 
duce a wave of the frequency of the sup 
pressed carrier and to reproduce speech 
currents from the side band components, 
substantially free from effect of said false 
carrier components. ' 

26. In secret telephony, means to produce 
speech side bands of a carrier wave and to 
suppress transmission of the unmodulated 
carrier component, means to superpose con 
fusion currents upon said side bands and 
to transmit the side bands and confusion 
components together, means at a receiving 
point for deriving from the confusion com 
ponents a wave of the carrier frequency 
and waves of frequencies equal to the fre 
quencies of the confusion components, and 
means to combine the received waves with 
the derived waves to reproduce speech 
waves substantially free of the effects of 
said confusion components. 

27. In secret telephony, means at a trans 
mitting point to produce a sustained wave 
of a base frequency and to derive there 
from a carrier wave and confusion compo 
nents, means to modulate the carrier wave 
by speech and said confusion components 
and to suppress transmission of the un 
modulated carrier component, means to 
transmit the resulting modulation compo 
nents to a distance, means at a receiving 
point for deriving from the modulation 
components produced by the confusion 
components a wave of the base frequency, 
means for producing from the derived 
wave a base frequency, a waye of the car 
rier frequency and waves of the frequencies 
of the respective confusion components, and 
means to combine the waves so produced 
with the received waves to reproduce speech 
waves substantially free of the effects of 
said confusion components. 
28. In secret telephony, means to trans 

mit a speech modulated carrier wave and 
confusion waves together, the confusion 
waves bearing such frequency relation with 
respect to the carrier frequency as to per 
mit of reception of only unintelligible 
sounds by ordinary detection, means at a 
designated receiving point for combining 
the confusion components to reproduce 
waves of the frequencies of said confusion 
waves, and means to combine the repro 
duced waves with the received waves and 
thereby to neutralize the effect upon the in 
telligibility of the detected currents of said 
confusion waves, . 
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29. In secret telephony, means to produce 
a speech modulated wave for transmission, 
means to superpose on said waves confusion 
waves, means at a receiving point to utilize 
said confusion waves to reproduce compo 
nents for neutralizing the confusion waves 
to enable reception of intelligible speech, 
and means to change the frequency of the 
confusion waves during transmission of a speech message. 

30. In secret telephony, means to trans 
mit a speech modulated wave and to super 
pose confusion waves on the transmitted 
speech modulated waves, and means oper 
ating under control of speech, currents for 
changing the character of the confusion 
WWeS. 

31. In secret telephony, means to trans 
mit a speech modulated wave and to Super: 
pose confusion waves on the transmitted 
waves, and means controlled in response to 
a pause in the conversation for changing 
the character of the confusion waves. 

32. In secret telephony, a source of high 
frequency waves, sources of confusion 
waves of respectively different character, 
means for interchangeably transmitting con 
fusion waves of different character, means 
to modulate the high frequency waves by 
conversation currents and means controlled 
by the conversation currents for determin 
ing the particular character of confusion 
waves being transmitted at any instant. 

33. In secret telephony, a source of car 
rier frequency waves at a transmitting 
point, means to produce a plurality of con 
fusion waves of respectively different char 
acter, means to modulate the carrier Waves 
by speech and by selected ones of the con 
fusion waves, means at a receiving point to 
reproduce from the confusion waves, waves 
of the respective character to neutralize 
said confusion waves in their effect upon 
speech reception, means to utilize the re 
produced waves to derive intelligible speech 
from the received waves and means at both 
the transmitting point and the receiving 
point controlled by speech currents for se. 
lecting at any instant the character of 
confusion waves to be transmitted and the 
character of neutralizing waves to be uti 
lized respectively. 

34. In secret telephony means at a trans 
mitting point to produce a wave of base 
frequency and to derive therefrom a carrier 
wave and confusion waves for transmission, 
means to change the character of the con 
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fusion waves from time to time, means at a 
receiving point to derive from the confusion 
waves of one character a wave of said base 
frequency and to reproduce therefrom a 
wave of the frequency of said carrier wave, 
and means to derive from the confusion 
waves of changed character at any instant 
a wave of the same base frequency. 

35. In secret telephony, means to build 
up and transmit a composite wave compris 
ing speech side bands of a modulated car 
rier wave and confusion waves for prevent 
ing reception of intelligible speech from the 
transmitted waves by ordinary detecting 
processes, means to change the character of 
the confusion currents from time to time 
under control of speech waves, means at a receiving point to reproduce from said 
composite wave waves of the character nec 
essary to neutralize the effect of said con. 
fusion waves upon the reception of speech 
to enable intelligible speech to be received, 
and means controlled by the received speech 
currents for changing the character of the 
neutralizing waves in accordance with the 
change in character of said confusion waves 
at the transmitting point. 

36. The method of transmission compris 
ing producing at a transmitting point two 
side bands of a high frequency wave, each 
of said side bands being of speech fre 
quency width, suppressing the unmodulated 
Component of Said high frequency wave, 
transmitting the two side bands to a receiv 
ing point and there utilizing said side bands 
to produce unmodulated waves and com 
bining said unmodulated waves with the 
received side bands to produce speech waves. 

37. In a carrier system, the method of 
transmitting signals, which comprises sep 
arately modulating a carrier wave by sig 
mals derived from a single source, selecting 
one side band of each modulation, and 
transmitting the selected side bands over a 
single channel. 

38. A carrier system comprising means 
for separately modulating a carrier wave 
by signals derived from a single source, 
means for selecting one side band of one 
modulation, means for selecting one side 
band of the other modulation and means 
for simultaneously transmitting the selected 
side bands over a single channel. 
In witness whereof, I hereunto subscribe 

my name this 22 day of June A. D., 1923. 

JOSEPH W. HORTON. 
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