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The present inyention relates to signaling 
and has particularly to do with securing Se 
crecy in the transmission of signals. 
An object of the invention is to secure a 

high degree of secrecy in the transilission 
of messages by radio or carrier while still 
enabling the linessages to be received at an 
authorized station with high quality of re 
production. 

It has been suggested to secure, secrecy by 
transmitting only waves the frequency com 
pronents of which have a frequency order lif 
ferent fro) that of the signal waves, as, 
fo' (Nail . waves having a frequency order 

5 f :( ) verse of that of the signal waves so 
at t! Jo west rectic icy component of the 

signal is ti'al: litted as the higliest fre 
(Jiency, all i? higher frequency coin 
?ents of the signal are transmitted as 

successively lower requency components. 
Such a wave is nintelligible and can only 
be understood by inverting it so as to re 
store the normal frequency order of the sig 
al. It has further been proposed to cause 

the inverted frequency wave to undergo a 
cyclic re?ency variation to prevent the 
in essage fro Feing intercepted by list of a 
local source () ( (); ciliations of stol a fre 
cliency as to give a be: it wave of the signal 
int? frequency and of the orial frequency 
order. This has been accomplished by in 
ti'? ?ticing fir?t it ency variations into the 
t!'a is: {tig ('lier wave so that the entire 
l: ) of fri (tiencies trains initted ince goes 
cy?lie Freiency variation:. Detection of 
slich : Wii ve yiells the modition compo 
nent directlv, and if the cy, lic: frequency va 
riations are not so I'; pid as to produce an 
2 it lible soil il pon detection, no interfer 
('ic: iii. h. (litect et sign: results. The cle 

'feil Waye in sci: system is incapable of 
hiin Elicit: 'stood silic; it represents the in 
Veited frey cities of the signal. all the sys tel) possesses a high legree o' secrecy, 
the refore. since the oper;ition of simple lo 
( 'it in mitist. lt followed by a freiency in 
V-1'lili ( (); je t'ation iH order to reproduce the 
sign:ll. As state alive, the cyclic frequency 
Villiati:) is of the transmittel waves nake it 
ill (ssile for one to receive the signal by a single s () of itecting ai in verting by 
tise of a local Sotirce of beating waves. 

1923. Serial No. 648,887. 

According to the invention, a higher de 
gree of secrecy is obtained by varying the 
freqt (ency of the signal component with re- 55 
spect to the carrier component. The carrier 
component may have a cons ant or a variable 
frequency, and in either case the transmitted 
wave components, representing the signal, 
commonly called the side band components, 60 
have cyclic frequency variations entirely in 
dependent of the carrier. Upon simple de 
tection of such a wave, a band of audio fre 
quency components is obtained, which band, 
as a whole, undergoes cyclic frequency varia- 65 
tions. If the carrier wave has been modu 
lated by speech of normal frequency order 
but varying in frequency as to the entire 
speech band, a similar speech band shifting 
upward and downward in the frequency 70 
spectrum is received upon simple detection, 
and such a wave is not only incapable of 
being understood as it is but is very diffi 
cult to transform into understandable speech, 
since in order to transform it, continuous 75 
Oscillations of the proper absolute frequency 
and with the sale frequency variations as 
the detected band are required. By in 
verting the speech at the transmitter, a still greater (legree of unintelligibility is pro- 80 
(u?ed in the detected wave. The signals sent according to the invention 
are received at an authorized station by 
combining with the detected audio band of 
varying frequency a wave of similarly vary- 85 
ing frequcncy and of proper absolute fré 
(tency, and this wave is obtained at the 
receive' by operating upon a control wave 
collaponent sent from the transmitting sta-. 
tion lic reproduced at the receiver upon go 
simple detection. This control component, 
however. Inay be of the same amplitude as 
the signal components and lay have a fre 
(incy lying in the normal signal frequency 
"ange, so that an outsiler would not have 95 
any reason to consider the control wave con 
onent as anything but one of the signal 

* 1: Iponents. Moreover, in case it should be 
larie? that a certain conponent of the de 
("cted wave is a control component, this loo 
information, would not enable the signal to 
be 'prolliced since the wave that is essential to the reproduction of the signal is, accord 
ing to the invention, only derived by Qp 
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erating upon the control waye component in 
a particular manner to derive from it the 
necessary wave. 

Instead of using for the control wave a 
single component transmitted from the trans 
mitting station, a plurality of waves may 
be transmitted either from one station, or, 
preferably, one from each of a plurality of 
stations, as, for example, one from each of 
two communicating stations, and at each sta 
tion the beat between the transmitting waves 
may be used as the control component. If, for example, Chicago were communicating 
with Seattle and at each station the control 
wave were derived as the beat between two 
waves, one sent from each station, the only 
location at which these components would 
appear of equal intensity would be halfway 
between the two stations, assuming both sta. 
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tions had equal power, of course. At a point 
between the stations but not equi-distant 
from them, one of the components would be 
stronger than the other, so that an outsider 
who might be looking for a control.com 
ponent would be led to suspect that the 
stronger component would be the key. Sim 
ilarly, at New York for example, any per 
son who could receive Chicagó but who could 
not receive Seattle would be unable to hear 
even one. side of the conversation since he 
could not receive the component from Seattle 
necessary to reproduce the control cond 

40 

ponent. - - - . 

The invention may be briefly and specifi 
cally characterized, therefore, as fundamen 
tally comprising the transmission of a car 
rier wave with a side band of varying fre 
quency relative to the carrier frequency. 
Preferably the speech to be transmitted is 
inverted by modulating a variable frequency 
wave by the speech and selecting the lower side band. The variable frequency wave 
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used for inverting is derived from a control 
wave, which, together with the inverted 
speech, modulates a carrier wave for trans 
mission. At the receiver, the waves are de 
tected and the control component is used to 
reproduce an inverting wave identical with 
that used at the transmitter. This invert 
ing wave is then employed to re-invert the 
detected band and reproduce it as under standable speech. 
The various features and objects of the in 

vention will be more fully set forth in the 
following detailed description, in connection 
with thc accompanying drawings. In the 
drawings, Fig. 1 is a scleati? circuit, ar 
rangenient of one terminal station of a sys 
ten according to the invention and Fig. 2 is 
a similar showii is of a station adapted to co 
operate with the station of Fig. 1. Figs. 3, 
4 and 5 are not lified, circuit arrangements which may be employed in the systern shown 
in Figs. I and 2. Fig. 6 shows a two-way 
station with a soniewiat different arrange 
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ment. Fig. 7 shows a two-way station en 
ploying modifications similar to those shown in Figs. 4 and 5; and Fig. 8 shows a modifi 
cation of the arrangement of Fig. 7. 

Referring first to Fig. 1, the transmitting 
side will be seen to comprise a speech invert 
ing portion comprising the nicrophone cir 
cuit 1, a modulator M, and the source 2 of 
inverting frequencies; and the high fre quency transmitting portion comprising the 
transmitting modulator M, and the carrier 
wave source 3. The modulator M, is prefer 
ably of the balanced tube type shown, for 
example, in the Hartley Patent 1419,562 
June 13, 1922, and the input circuit is sup 
plied with conthnuous waves from the ampli 
fier A and with speech waves from the micro 

70 

76 

phone circuit 1. The source 2 is preferably 
a yacuum tube oscillator of the type shown. 
in the Hartley Patent 1,356,763, October 26, 
1920 and is arranged to produce a continu 
ously varying frequency as, for example, by 
having the movable plate of its tuning con 
denser 4 continuously rotated by the motor 5. 
The frequency of the source 2 may conven 
iently vary between the limits 494 and 506 cycles per second. 
The mathematical convention -- will be 

used throughout the specification and draw 
ings to indicate that the mean frequency or 
band of frequencies written before the sym 
bol varies between apper and lower limits. 
differing from the mean by the amount writ 
The varying frequency wave from source 

2 is impressed on the harmonic generator 
HG and the sixth harmonic is selected by 
the filter F from the harmonic generator and 
applied to the amplifier A. The contint 
ous wave supplied to the modulator M, is, 
therefore, a wave of varying frequency hav 
ing the extrenic frequencies 2964 and 3036. 
The harmonic generator may be of the type 
disclosed in Kendall Patent 1446,752, Feb 
ruary 27, 1923. The filtor F, should have a 

8. 
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() 
uniform frequency transmission characteris 
tic over the range of variation of the trans 
mitted wave. This 'c'sult may be accom 
plisled by constructing the filter F, as a 
band filter in the nanner described in the l l . 
Campbell IPatent 1227,113, May 22, 1917. 
Each of the other filters shown throughout 
the drawing may be constructed in the man 
ner disclosed in the Campbell patent and 
may be designed to lave the transmission 29 
l'ange recipired in any particillar instance. 
The filter F, in the speech circuit is prefer 

ably designed to transin it the essential speech 
frequencies, for example 200 to 2000 cycle: 
inclusive. The output of the moldator M, 
is transmitted through the land filter F, and 
amplifier A. to the modulator M, from which tlit outgoing wave is stipplied through tie 
radiofret lency alli?ie A to the antenna 
6. The source of carrier waves 3 may be 
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of the type disclosed in Hartley's Patent 
1,356,763 above referred to. This wave is 
modulated at M, both by the waves received 
through the filter IF, and by a small amount 
of the wave from the :ore 2, this being 
applied through the transformer 7 to the 
input of the modulator. V 

In operation, the Sotired 2 supplies waves 
of continuously varying re?ilieny to the lar 
moni get crator ( frtin which, as stated, 
the wave of 3()()() - 36 cycles is selected 
by the filter F, amplified at A and applied 
to the midlator M. Also, the essential 
speech frce encies are selectively transliitted 
to the filter F, and splied to the nodula 
tor M. By the well known action of the 
In?tillator, two side lands are produced, each 
having a frequency width of 1,800 cycles at 
any instant. When the inverting frequency 
is 3000 cycles, one of these side bands extends 
from 100? to 28}() cycles and the other ex 
tends from 320?) to 500() cycles. The two side 
bands and the inverting frequency vary to 
gether upward and downward in freyriency 
through a total variation range of 72 cyclei. 
The filter F is: a lanc filter designed 
transit sclectively only the lower side band 
from the modulator M. By referring to the 
Hartley Patent 1,419,562 mentioned above. ii 
will he seen that a property of the modulator 
M, is to suppress the uninodulated compo 
nent of the applied in verting wave and also 
of the applied speech waves, IEven though 
the frequency range of the filter F, overlips 
that of the filter F, none of the original 
speech can pass through to the carrier mod 
lator M, on account of the suppressing action 
of the modulating circuit M. he lower 
side band transmitted through the filter F, 
represents in verted speech, that is, the lowest 
speech frection?:y has been transformed into 
the highest frequency of the band and the 
highest speech frequency has been changed 
to the lowest frequency of the band. Also, 
the band has been shifted it war in fre 
quency a slight amount, since, as stated 
above. it now extends from 1 (()() cycles to 
2800 cycles with a cyclic shift in frequency to 
the values 36 cycles higher and 36 cycles 
ower than these limits. 
The inverted frequenties modulate the 

radio waves from the source 3 in the modula 
tir M. and the resulting modulated wave 
is transmitted from the antenna (3. 
hot necessary that both side bands of the 
radio frequency wave be transmitted but it 
is sufficient if only a single side land of 
the inverted speech and control wave is trans 
is lifted. Accordingly, if desired, the modu 
at O'M, may/be of the same type as modul 
lator M, or, of the type shown in the Carson 
Patent i.:343.806 June 15, 1920, so as to 
preyent transmission of the unmodulated 
radio frequency wave, and the antenna 6 

'', 

It is 

3 

may be tuned to select one of the two side 
bands for transmission. 

If the wave so transmitted is intercepted 
on a simple detecting receiver whether one 
or both side bands are transmitted and 
whether or lot the carrier is suppressed, only 

85 

70 

waves incapable of being understood will lie 
''f'eived. For the most that can be obtained 
from a single stage of detection will be a 
band of waves of speech frequency width 
continuously varying in frequency and shift 
et from the normal speech frequency wive. 
If this band occupied the niinal speech 
range it would be unintelligible on account 
of this cyclic variation. To rei?ler the 
wave intelligible... therefore, the frequency 
'ariations list (; neutralized, and this is 
practically impossible witholt a knowledge 
of the Inanner and frequency of the variation. 
The waves; so transnitted may be received 

and reprodi Irel as inderstandable speech by 
a station of the type slown in Fig. 2. The 
wave's it ('i?'('pted on the antenna 8 are de 
te?t ('il at I), and the resilting low frequency 
:"olonents comprising in part the control 
wave of 5ff) " (3 cycles and the inverted 
seech waves are separated by the respective 
filt?!'s IF : 1 ( I.. The control waves airc 
illied the harinonic gnei'ator IG 
which I: y be identical with II (i, and the 
filt '' F selectively tra:smits; the six lar 
nonic or 3(){}(). It 
A and filter F, connected to the denot littor 
I) M. The inverted specil waves it ri' selec 
tively transnittel thro: 1sh the filter F. an plifier A and referably through a strong 
Alter I air alplifier A to the doint) dilator. 
IDM, 
The coi)striction and Inode of operation 

of the denottulator DM may be identical 
with that descried of the motilator M, its 
prose being to re-invert the received in 
vetetl speech waves by coin bining them with 
the $:ain? arrionic of the control wave as 
was list'? in the transnitt (r. The lower sid: 
band produced in the demodulator I)M, 
will extend from 20?) to 2f}()() (ves; ant will 
have the same order of frequencies as the 
w:ves in the output of the filter F. at the 
transmitting station. This lower side lant 
is selected by the filter F., which may lie 
identical with the filter F, and is applied to 
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36 ?y-les to the amplifier . 
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the receivers 10 where it is heard is inter- . 
standable speech. 

In a two-way system there will be at one 
terminal, a transitting station of the type 
shown in Fig. 1, and at the other station a 
receiving ciruit of the type shown in Fig. 2. 

It is not necessary, however, to diplicate 
these circuits, in order to provide a tra...:- 
mitter and a receiver at each station. For 
example, in Fig. 2 the in verting wave frt in 
the output of filter F, may be applied to the 
inverting modulator M, of the transmitt of 

20 
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waves of 700 cycles. and either or both of 

25 
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of that terminal, thus avoiding duplication 
Qf the harmonic generator circuits. Simi larly in Fig. 1, the inverting demodulator 
DM”, may be supplied with an inverting 
wave from the output of filter F, The re 
maining elements of the respective traris 
mitter and receiver may be identified from 
the reference characters, which are the same as are employed in the other respective fig- a 

T. modulating system of speech frequency coll ure with a prime ( . mark added. 
Instead of controlling the inverting waves 

at the transmitting and receiving stations by 
transmitting a single control wave as was 
done in the system of Fig. 1, this control 
wave may be derived at both the transmitter 
and receiver as a beat frequency wave be 
tween two separately generated and trans 
mitted waves. An arrangenient for doing 
this is shown in Fig. 3. The oscillator 19 
may supply waves of a frequency of 200 
cycles and the oscillator 20 may produce 

these frequencies may be varied by connect 
ing the appropriate tuning condenser 21 or 
22 or both of them to the motor 23. The 
beat frequency waye between the two waves this produced will have a frequency of the 
orter of 500 cycles. This beat frequency 
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the source 2. 

- may be derived at the transmitter by apply 
ing the waves to the detector D, so that a 
variable wave of the order of 500 cycles is 
produced in its output circuit. 
waves from the sources 19 and 20 may be 
applied to the outgoing modulator so that 
they are sent to the distant station. The cir 
cuit arrangement of Fig. 3 may be substituted 
for that portion of Fig.1 shown to the left 
and above the dotted line A-A. At the re 
ceiving station the products of detection.of 
the transmitted wave will include the beat 
wave between the 200 and 700 cycle modula 
tion components at the transmitting station. 
A modified system for producing the in 

verted speech frequency waves is indicated 
in Fig. 4, which arrangement may be substi 
tuted for that portion of the system of Fig. 1 
shown to the left of the dotted line B-B. 
In the modified arragement. the speech 
waves from the filter F, modulate at M, a varying frequency wave of the order of 7500 
cycles, supplied through the filter F, from 
the harmonic: generator HG, associated with 

The 7500 cycle wave is ob 
tained as the 15th harmonic and the frequency 
of this wavc syill lie at any instant between 
the limits of 590 and 7410 cycles. The up 

60 

per side band comprising frequencies from 
7700 to 9500 cycles with variation of 90 
cycles upward and downward from these 
values, is selected by the filter F, and ap 
plied to the modulator M. The filter F, 
Selects the 21st harmonic from the harmonic 
g'('iei'ator TG. This harmonic having a 
freiency of 10.5 ( ::126 cycles is applied to 
the illodulator M. The filter F, selects the 

order. 

Both of the 
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lower side band of the modulated wave from 
modulator M. This side band extends from 
1000 to 2800 cycles, the limits of which vary cyclically through 36 cycles upward and 
downward from these values, 
tage of this type of inverting arrangement is 
that the inverted wave does not depend upon 
any balanced circuit arrangement to prevent 
the occurrence in the output circuit of the 

The advan 70 

ponents having the normal speech frequency 

single tube modulators, since there is no pos sibility for speech to pass directly from the 
filter F, through the filter F. 
Whether or not the modification shown in 

The modulators M and M. may be 

80 

Fig. 4 is used at the transmitting station, it 
may be desirable, at times, to use at the re 
ceiving station the type of inverting system 
shown in Fig. 5, this system being substi 
tuted for that portion of the circuit in Fig. 2 
to the right of the dotted line C-C. The 
operation of the circuit of Fig. 5 will be 
clear from the description already given of 
Fig. 4. The received and detected control 
wave of 500 it 6 cycles is, applied to the har 
monic generator HG, from which the filters: 
F, and F, derive, respectively, the frequen 
cies 10,500-E126 and 7500-90. These fre quencies are supplied through the respective 
annplifiers to the respective modulators M. 
and M. The detected inverted speech 
waves from the filter F are applied to the 
modulator M, and the upper side band of 
frequencies from 850 to 10,300 with their 
cyclic variation of 126 cycles is selected by 

05 

100 
the filter F, and applied to the modulator M. 
band from the modulator M, this side band 
representing normal speech between the fre 
quencies 200 and 2000 cycles. As in the case 
of Fig. 4. the circuit of Fig. 5 removes the 

The filter. F., selects the lower side 
1(5 

possibility of the received speech, being con 
fused or distorted' due to the direct trans 
mission to the receivers. 10 of components 
from the detector in case of an unbalance in : 

it. 

the suppressing circuit IDM, when such a . 
circuit is used. - . 

In the system shown in Fig. 6, the control 
of the inverting frequencies at the trans ls mitting and receiving stations is effected by. 
using two waves and deriving their beat wave 
at both stations. 
however, differs from that of Fig. 3. in that 
one of the two components is transmitted 

A from one of the two communicating stations, 

The system of, this figure, 
2: . 

and the other component is transmitted from 
the other station. In this figure, it will be 
assumed that a variable frequency of the 
order of 700 cycles is continuously trans 
mitted from the antenna 25 as a modulation 
of the carrier wave from source 26 in th 
madulator. M. by the variable frequencil 
Source 27. As in the case of Fig. i. thi 
carrier wave is also modulated at M, by its 
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verted speech waves resulting from modula 
tion of a variable frequency inverting wave 
of 3000 - 36 cycles in the nodulator M, by 
speech. At the distant cooperating station, a 
Source: similar to 27 is asslined to be 
present, this source: emitting a wave of 
200 cycles which modilates the carrier 
wave at that station for t'aismission 
to the station in Fig. 6. 
Wave may have either a varying or a 
constant fr; it 'I?is', hit for si plicity, in the 
present case it will it assi met i to have a con 
stant fre?ci:(s, if its frey ency, were cy 
clically varietl, the total range of variation 
of the sigilal as finally transmitted could be 
increased. The wav (; so transmitted is re 
ceived (n tic: an i{nn: 28 and detected at D, 
to yield as one of the components a 200 cycle 
wave which is selected by the filter F. 
This 200 cycle wave is supplic: to the de 
tector ID togtler will a wave from the 
source 27 and the beat }} (tr. ( i 500 cycles i. 
6 is selected by filter F, and applie? to the 
harmonic g: I?r:t or f i? . Th' filter F, 
selects the sixth armonic (r. 3(f)0 ii. 36 and 
tlis is insteil as the investing frequency for 
tle iro?lator MI, and the clernodulator IDM. 
The distant te: niral station nay be a 

duplicate of that of Fig. (3 : Xcept that as 
stated, the solice 2 of that station has a 
frequently of 200, and the filter F, of that 
statio is selective of 700 - 6 cycles. The 
ii veit - sp?:ec frequencies (CCupying the 
range 100?) to 2s ()() cycles with a plus and I?i 
n is 36 cycle variation receive? from the dis 
tant station on the art?: a 28 and detected 
at D., are selectively transmitted through the 
filter F, to the deliodulating circuit DM, 
where they conline with the inverting wave 
from the filter F, to yield understandable 
speech, for application to the receive IS 30. 
The syster described in Fig. 6 possesses 

a greater degree of secrecy than that de 
scribed in the previous figures for the reason 
that is necessary to receive the control coin 
ponent from each of the two intercommuni 
cating stations in order to receive even one 
side of the conversation. Thus, if an out 
sider should have a directional receiver and 
should arrange it to receive from only one 
of the two stations (; would not obtain Sufi 
cient wave components to enable him to re 
produce understandable speech. Further mort, at any point except laidway between 
the two stations. On thi: Assumption that they 
transmit (qial power, the two control com 
ponents would not apéa to be equal and an 
exterine or would brill likely to assume that 

60 
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the two (::ponents of unt: :al Imagnitude 
and of differint frequency were an essential 
part of the secrety Scheme. A station Sq 
situated as to be able to receive only one of 
the two intercommunicating stations as for 
example, a receiver at New York which could 

This 200 cycle. 
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receive Chicago but riot Seattle, would not 
b: alle to pick up even one side of a conversa 
tion between Chicago and Seattle since it 
would be unable to receive the control com 
ponent sent out froin Seattle, which is essen 
tial to the reception of any of the message 
waves. Fig. 7 illustrates a system similar to that 
shown in Fig. 6 but provided with the double 
Juodulation inverting arrangements of the 
type described in connection with Figs. 4 
and 5. In Fig. 7, the speech from the micro 
phone circuit 1 linodulates at M, a frequency 
of 7500 E 30 derived through the filter F. 
froin the harmonic generator HG. The filter 
F, trans) its the upper side band or 7700 to 
950?) with a pls and minus 90 cycle variation 
in the side rand frequencies, and this band is 
applied to the modulator M. The modu 
later M. is supplied with a wave of 10,500 
i: 123 (le rived through the filter F from the 
liai'inonic: generator HG, and the resulting 
lower side and from the modulator M, is 
selectively transmitted by the filter F, to 
the transiting modulator M, the frequency 
of this side laid being 1000 to 2800 with a 
and variation of plus and ninus 36 cycles. 

This side band represents inverted speech of 
varying frequency. A wave from the source 
27 to 700 cycles -- 6 also modulates the out 
going carrier. - 
The 'eceived waves incident on the re 
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(::iving ante) in a 28 contain a 200-cycle con trol component produced at the distant sta 
tion as explain:d in connection with Fig. 6, 
airl t is crinponent resulting fron detection 
of the receive? waves at ID is transmitted 
trough the filter F, to the detector D, 
where it is combined with some of the 
70?) - (; cycle wave from the source 27. The 
beat wave of 50t) - 6 cycles is selected by 
tie filter F. and is applied to the harmonic 
generator HG. The inverted speech con 
pin its of the received wave are selected 
v the filter F, and applied to the mod 
w 

100 

0. 

ulator M w.ere they inoculate the 10,500 
- 126 cycle wave. The filter F. Selerts the 
lower sile and ajid applies it to the nodu 
lator \, wiere it modulates with some of 
tle Ti500 : 90 cycle wave. The filter. F. 
selects the lower side; and or normal speech 
and applies it to the receivers 30. Thi? invention lends itself readily to va 
riotis Scheints of frequency transformations 
and it is to be understood that the numerical 
vali: -; this far given are to be taken merely 
as (.x: Injies at: not as in any wise limiting 
the frt inci?'s ti at IaaS actually be used. A 
flirt firsch Inc. employing son?: what differ 
crit free incies from those above given, is 
sho; in Fig. 8. The general arrangement 
of Fig. 8 is identical with that shown in Fig. 
7 except for the portion of the circuit, in 
clueled in the clotte line enclosure of the two 
figures. The filters of Fig. 8; however, have 
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different frequency ranges as indicated on 
the drawing. The elements in Fig. 8, similar 
to those in Fig. 7 except for the frequency 
ranges, bear the same reference characters 
with a prime () added. . . . . 
The result of making the substitution of 

the circuit of Fig. 8 for the circuit of Fig. 7 
is that the control wave component 
ated by the variable source 27, correspond 
ing to the source 27 in the previous figure, at 
this station is now 2500 it 9 cycles and that 
separate harmonic generators HG and HG 
are employed for independently transform 
ing the locally produced control component 
and the control component received from 
the distant station. It will be assumed that 
a similar change is made at the distant sta 
tion, except that the control component gen 
erated at that station is now 3100 cycles. this 
3100 cycles component may be varied in fre 
quency or not, but it will be assumed, in the 
present instance, that it has a constant fre 
quency. - 

In the operation of the modified circuit of 
Fig. 8 the control wave component from the 
source 27, is supplied to the harmonic gen 
erator Hd. and the 4th harmonic that is, 
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10,000 -- 36 cycles is now selected by the filter 
F., this filter being designed in the modi 
fied arrangement to select these frequencies. 
The modulators M and Ma are, therefore, 

35 
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both supplied with the 10,000 - 36 cycle 
frequency. At the distant station the con 
trol component is, as stated, 3100 cycles con 
stant frequency and this modulates the out 
going carrier in the same way as described 
in connection with the previous figures. The 
wave received at the station in Fig. 8 upon 
detection yields a constant frequency com 
ponent of 3100 cycles which, it will be as 
sumed, is selectively, transmitted by the filter F', and applied to the harmonic generator 
HG. The 4th harmonic or 12,400 cycles is 
selectively transmitted by the filter F, and 
is supplied to the two modulators M and 
M. Speech currents from the microphone 
filter are impressed on the modulator. M', 
where they modulate the 12,400 cycle fre 
quency and the filter F is so proportioned as 
to transmit the lower side band or the band 
of frequencies 10,400 to 12.200 cycles. This 
band is supplied to the modulator M, where 
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it modulates the varying frequency of 10,000 
-- 36 cycles and the filter F selects the 
lower side band which it will be seen com 
E. frequencies from 400 to 2200 cycles 
aving a frcquency variation of plus and 

minus 36 cycles. As stated, the 2500 -- 9 
control component together with the in 
verted variable frequency speech waves are 
applied to the transmitting modulatór M'. 
In this modification, therefore, the inverted voice frequency waves are shifted only a very 
small atmount from their normal frequency 
range and the control component has a fre 
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quency, higher than any of the signaling components, 
The received inverted speech frequency 

components from the distant station compris 
ing the band 400 to 2200 cycles with a fre 
quency variation of plus and minus 36 cycles 
is selectively passed through the filter F. 
and applied to the modulator M', where it is . 

cle wave." combined with the 10,000 it 36 
The filter F selects the upper side band be 

O 

s 
tween the fixed limits of 10,400 and 12,200 
cycles and applies this band to the modulator 
M’, where it is combined with the 12,400 
cycle wave. The filter F's selects the lower 
side band which will be seen to comprise the frequencies 200 to 2000. 80 
From the examples which have been given 

it will be clear that a great variety of fre 
quency values may be employed in carrying 
out the principles of the invention. . . 85 
Except in Figs. 1 to 5 no amplifiers have 

been indicated but, it will be obviors to . provide amplification at any desired points 
in the system. 

In some instances, it has been assumed that 
a harmonic generator has supplied a har monic frequency of a high order such as the 
15th, 21st, etc. In practice, it may be found 
desirable to employ a number of harmonic 
generators in tandem when harmonics of this 

90. 

95. order are to be developed. For example, a 
harmonic producer capable of efficiently pro 
ducing harmonics up to the 5th may supply. 
these harmonics to a second harmonic gen 
erator capable of producing harmonics up to 00 
say the 4th or 5th, and this process may be 
continued as may be desired. Wherever a 
single harmonic generator is shown, there 
fore, it is to be assumed that it may be re 
placed by any required number of harmonic 
generators. - 
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For convenience in illustration it has been 
assumed that the carrier transmission was in . . 
the form of a radiated wave and also that. 
the speech transmitter and receiyer were di 0, . 
rectly associated with the radio transmitter 
and radio receiver, respectively. It is to be 
understood, however, that the invention is 
applicable to wire transmission and that a 
two-way telephone line may be arranged in 
any known manner for two-way repeating 
into the carrier system. 
Wat is claimed is: 
1. The method of secret signaling com 

prising modulating a carrier wave by the 
signal to be transmitted to produce side 
bands of signaling-frequency width, and 
causing the side band frequencies to vary 
cyclically in frequency with respect to the 
carrier frequency. - 

2. The method of secret telephony com 
prising transforming a speech wave into a 
wave of cyclically varying frequiency, and 
modulating a carrier wave thereby. 

3. The method of secret. telephony com 
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prising inverting the frequency order of 
speech waves, cyclically varying the fre:- 
(uency of the inverted waves, and modulat rted varying jlig a carrier was e by the in ve 
freency waves. 

4. The incthod of secret telephony coin 
prising Jiaord tilating a carrier wave by speech 
waves and causing the sile- and frey (ncies 
of the resulting in Odilated wave to vary 
cyclically relative to the carrier frequency. 

it. Ilic: I tho? (if secret telephony coin 
prising in verting the frequency order of 
speech waves, Ji () (lating a carrier wavely 
thi?; inverted waves, and causing the fre 
cliency of th: s de-band components of the 
resulting modulated wave to vary cyclically 
with respect to the carrier frequency. 

6. The Inethod of secret signaling com 
prising inverting the frequency-order of the 
message or other wave to be transmitted, by 
modulating a wave of varying frequency 
thereby, and selecting the lower side-band 
of the nodulated wave to the exclision of 
the other components, and Junoltilating a car 
ricr wave by the selected side-band compo 
nents. 

7. The method of secret signaling compris 
ing inverting the frequency order of the mes 
sage or other wave to be transmitted, pro 
ducing cyclic frequency variations in the in 
verted-frequency wave, nodulating a carrier 
wave by the varying-frequency wave and by 
a control wave, transliitting the wave so 
modulated to a receiving point, and there 
utilizing the control wave component to re 
produce the signal wave. 

8. The method of secret signaling corn 
prising in verting the frequency order of the 
in?issage or other wave to be transmitted, by 
modulating a varying-frequency wave by the 
Jessage wave, mediating a carrier wave by 
the lower side band of the message-modi 
lated varying-frequency wave and by a con 
trol wave, transmitting the modulated car 
rier wave and utilizing at a receiving point 
the control wave component to reproduce a 
varying-frequency wave for demodulating 
the inverted wave to restore the message 
W: W(e. 

9. The method of secret signaling between 
two separated stations comprising transint 
ting from each station a carrier wave nodul 
lated by a different freitency control wave, 
utilizing both control-wave components at 
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each station to obtain a wave having a fre 
?ency-order the in verse of that if the sig 
rials to be transinitted, and modulating the 
carrier wave sent from the respective station 
in accordance with the inverted wave pro 
diced at that station. 

10. The 4 (thod of Secret telephony be 
tween two separated stations comprising 
transmitting from each station a carrier 
wave modulated by a different frequency 
control wave, utilizing both control-wave 

7,932 A 

components at each station to obtain a wave 

7 

having a frequency-order the inverse of that 
of the speech signals to be transmitted, mod 
ulting the carrier wave sent from the re 
spective station in accordance with the in 
verted wave produced at that station, and 
11 tilizing 9th control-wave components at 
each station to re-invert the received in 
verted-frequency wave to produce a wave of 
speech frequencies. 
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1. In a secret signaling system, means to 

prodice a signaling wave having a cyclically 
varying frequency, means to modulate a car 
Irie' wave by the signaling wave, of varying 
fre?h ?incy. Ileans at a receiver to detect the 
Julodilated carrier wave to yield a varying 
fre?ency signating wave, means to produce 
another varying frequency wave, means to 
Iodilate 'said other varying frequency wave 

by the detected varying-frequency signalin 
waye to yield the normal signal wave, an 
?ails for synchronizing the frequency vari 

atin in the s 
wave that is modulated at the receiver. 12. In a secret signaling system, two sep 
a rated stations, means to provide at each sta 
tion a wave of varying frequengy, means to 
Inodulate the wave of varying frequency at 

80 

85 

ignaling wave with those of the 

one station in accordance with signaling 
waves to be transmitted, means to modulate 
a carrier wave in accordance with the modul 
latel wave of varying frequency, means at 
the ?, their station to detect the modulated 
carrier wave to yield the modulated varying 
fre?, ency wave, means to combine the de 00 

tected itive with the varying frequency wave 
at said other station to yield the normal 
signal, and Jeans to synchronize the waves 
provided at the two stations and the fre 
cliency variations in said waves, 

13. In a secret telephone system, means to 
produce a wave of speech frequencies, means 
to produce there from a wave of cyclically 
iarying frequency having a frequency-order 
the inverse of said wave of speech frequen 
cios, means to produce a carrier wave, means 
to modulate said carrier wave by said cycli 
cally-varying frequency wave, means to re 
ceive and detect the modulated carrier wave, 
a source of waves of varying frequency, 
means to combine the detected wave with the 
waves of varying frequency to reproduce the 
speech, and means to control the frequency 
and the frequency variations of said source 
of waves to make the reproduced speech con 
tinuously intelligible. 

14. In a signaling system, two stations, 
local sources of waves at each station, the 
waves produced from a local source at one 
station being of different characteristic from 
those of th; other station, and means at each 
station controlled by the local waves pror 
diced at the other station for transmitting a 
signal to the other station. 

15. In a telephone system, two stations, 
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local sources of waves of respectively differ 
ent characteristics at each of the respective 
stations for controlling the transmission of 
speech waves to the other station, at least 
one of said sources producing waves of peri odically varying frequency, the wave pro- . 
duced by one of the local sources at one sta 
tion differing in characteristic from the 
waves produced by the local sources at the 
other station, and means at each station con 

... trolled by the wave produced at the other 
station, differing in characteristic from the 
waves produced at the first station for re ceiving speech. 

16. In a signaling system, two statios, lo- 15 
cal sources of waves of respectively different 
frequency at the respective stations, at least 
one of said sources producing waves of peri 
odically varying frequency, means for utiliz 
ing said local sources to produce side band 20 
waves of periodically varying frequency rep 
resenting signals, and means EE 8. source of carrier waves of constant 
for transmitting said side band waves be tween said stations. 

requency 
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In witness whereof, I hereunto subscribe 

my name this 28th day of June A. D., 1923. 
JOHN.F. FARRINGTON, 

  


