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This invention relates to methods of 

transmission and systems for carrying the 
methods into effect and is particularly ex 
emplified in a radio system for two-way 

5 communication between two distant points. In a prior system, incoming high-fre 
quency carrier waves are combined with 
energy of the locally transmitted carrier 
wave frequency to produce an intermediate 

10 frequency wave which is detected or other 
wise utilized to reproduce the signal. Such r. - 

. Where successive detection at th a system has numerous advantages among 
which are a high degree of selectivity, good 
amplification of received signals, and full 

15 opportunity to each of two persons com 
municating over the system to break in on 
each other at any time if they so desire. 
Although all the features of the present 

invention are not limited in their applica 
20 tion to systems of the kind just described, 

one object of the present invention is to 
adapt that type of system to operate in ac 
cordance with the principle of partial or 
complete suppression of the unmodulated 

25 carrier component. The method of un 
modulated carrier component suppression is 
described in U. S. patent to Carson, Serial 
No. 1,343,306, granted June 15, 1920. 
The present system utilizes suppression of 

30 the unmodulated carrier component, but it 
will be understood in connection with the 

or may be as completely suppressed as pos 
35 sible. In this latter respect the system is: 
- an improvement upon those in which it is 

essential to the operation that a Small por 
tion of the energy of the unmodulated car rier frequency is transmitted. 40 A further object is to provide means for 
supplying an unmodulated component of the 
intermediate carrier frequency of large 
energy at each station and to maintain the 
frequency of the energy thus supplied at the 

45 correct value. . . . . . . . . 
A feature of the present invention is that 

all the carrier frequency waves including the 
intermediate frequency carrier waves at 
each of two or more communicating stations 

fit are derived from a common control source. 
Any variation in frequency of one of these 

- waves is therefore accompanied by a simul ri 

CARRIER-WAVE COMMUNICATION. 

is to provide means, for introducing an ele 
ment of Secrecy into radio communication, 
as hereinafter described. . . . . . . . 6 

the modulated carrier wave it is essential 

ponent may be introduced before the first 

When two stages of 

stage of detection. A 

modulated carrier component which is 
with the frequency of the unmodula 
component which would be prese 
at the transmitting station. Therefore a 
master radio station is provided with 

the system. From these base freq 
cillations, both intermediate frequency os 
cillations and principal carrier frequency 
eration. The principal carrier w 
duced at this station is modulated 'd- 
ance with both base frequency oscillations 
and outgoing signals. Inco 

which they differ in frequency, to produce. 

termediate frequency waves to yield the in 100 
coming signal. . . . . . . . . . . . 

are all multiples of the same control fro- as quency. 
A further object of the prese ntion 

In radio telephone systems employings 
pression of the unmodulated component of 

reintroduced at the receiver. 65 
receiver 

tier com is employed the unmodulated 
stage of detection or at any time before the . . . . 
final stage of detection. . . . . . . . . 70 

detection are em ployed it is advantageously introduced as an 
unmodulated car 
before the second - 

. . . . . . . . . . An essential feature in 75 
any case is that the frequency of the ---. . . .' 

intermediate freque 
rier after the first and 

troduced be correct, i.e., it must :oincide: 
* ... • - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t at that 80 point had the carrier not been suppressed 

source of frequency setting or base 
a l, with the quency oscillations, e.g., of 5,000 cycles fre 

following description that the unmodulated ' ' ' 
carrier component may be partly suppressed 

quency, to set all the carrier frequenci 
yos 

oscillations are derived by harmonic gen- go 

oing signals. Incoming carrier 
Waves received at this station are com-95 bined with the outgoing carrier wave, from 
intermediate frequency waves which may 
be combined with the locally produced in 

taneous variation of equal percentage in all and p 
the other waves owing to the fact t at they s 

  

  

  

  



in the same manner as at the master station. 
The invention will be described in detail 

in connection with the accompanying draw 
ing wherein Fig. 1 is a circuit diagram of 

5 a master station. A having associated there 
with a frequency setting source or generator 
for the entire system; Fig. 2 is a circuit 
diagram of a typical form of station B 
which is adapted to communicate with a 

10 station such as the station A; and Fig. 3 is a 
diagrammatic illustration of an arrange 
ment for varying the frequency of the frequency setting generator. 
In the drawing, use is made of conven 

15 tional indications of the well-known three 
electron discharge amplifier, without, how 
ever, showing complete circuits associated 
with these devices. The manner of connect 
ing up the complete circuits is well-known. 

20 This indicates that electron discharge de 
vices of the type indicated are preferred 
forms of means for performing the func 
tions described. However, any equivalent 
devices suitable for performing the same 

5 functions may be utilized. - - - - - - - At the station A (Fig. 1) is provided a 
master generator or frequency setter 1 which 
produces waves assumed in the present in 
stance to have a frequency of 5,000 cycles 

80 per second. In this specification, the term 
“frequency' will be utilized to indicate 
“cycles per second.”. ::. . . . . . . . . . . . . . . . . . . . . 
The source 1 impresses waves having the 

frequency of 5000 cycles upon a harmonic 
85 producer 2 the function of which is to pro 

duce frequency components which are har 
monics of 5000 cycles. Such harmonic pro 
ducers are known in the prior art and in One 
form usually consist of one or more electron 

40 discharge tubes with Suitable auxiliary ele 
ments. A suitable harmonic producer is 

led November 13, 1919. 
shown in British Patent No. 131,426, grant 

circuit a current component which is the 
20th harmonic of 5000 cycles, viz, 100,000 
cycles, which is selected from other accom 

50 selective circuits 3. . . . . . . . . . 
In the present specification, it is under 

stood that the selective circuits 3 may be 
band filters or other circuits capable of per forming the necessary selection. 
A part of the current energy of the 100 

000 cycle component, after selection by the 
circuits 3 is impressed upon another har 
monic producer 4 to produce current of the 
tenth harmonic of 100,000 cycles, viz 1,000 

so 000 cycles. The current of the last named 
frequency is selected by suitable selective cir 
cuits 5, amplified in a thermionic amplifier 
6, and, after passing through a selective cir 
cuit 5', is impressed upon the input circuit 
of a modulating system 7 of the type de 

panying components by a suitable system of 

scribed in U.S. patent to Carson, Serial No. 
1,343,306, granted June 15, 1920. Also im 
pressed upon this circuit are waves of speech 
frequency from a telephone circuit 8. 
The Source 1 also supplies energy to the 

input of a thermionic unidirectionally con 
ducting device 9 whose output circuit is also 
coupled to the input circuit of the modulat 
ing system 7. The modulating system is ad 

modulating system results in less complete 
justed to suppress part or all of the unmodu- 75. 
lated carrier component. Unbalance of the 

suppression of the unmodulated component. 
a larger grid potential to one of the modi 
solute balance is difficult to attain. 
- The mode of operation with the unmo 

first be described and thereafter will be de 
scribed an optional method with the unmod 

accordance, with current of 5000 cycles. The 
unmodulated component is largely sup 

ulated component wholly suppressed. The 
output current from the modulator, thus 
comprises a current modulated in accord 
ance with speech and also modulated in." 

pressed from the output current. The ra 

Unbalance may be accomplished by applying 
lator tubes than the other. In practice ab 

du 
lated component only partly suppressed will 

diating antenna, 8 may be tuned to selec 
tively radiate one side band of the modul 

... lated wave more efficiently than the other 
2. 

side band, or it may radiate both side bands equally well. 
includes a receiving antenna 9, which re 
ceives carrier waves having a frequency of 
1,000,000 cycles-radiated from the antenna. 

The receiving apparatus of the station. A 

8, and carrier waves having frequency of 
900,000 cycles radiated from station B, here 
inafter described, or from a station of simi 
lar nature. . . . - . . . . The trap circuit 10 may be tuned to dis 

ar. . . . . . . . . . . . ';1919. . . . . . . . . . criminate against the current of frequency 
in the present instance, the harmonic pro 

45 ducer is designed to produce in its output 
of 1,000,000 cycles so that the energy of this 
frequency, entering the receiving apparatus. 
is reduced to an amount. Such that it beat's 
a reasonable relation to that received from 

(5. 

() 

the station B. This is not to say, however, that the energy entering the receiving appa 
ratus. from the antenna. 8 is to be reduced 
in amplitude to an amount equal to that re 

more times as much energy enter the receiv 
ransmitter as is received from station B. 
1,000,000 cycles frequency will be under 
stood to consist of a relatively. Small or neg 
ligible unmodulated component together 

modulation in accordance with current of 
5,000 cycles frequency. These currents in 

ing system of the station. A from its local 

ceived from the remote station B, since it 
may be desirable, under certain circulin 
stances, to have as much as one hundred or 

The current energies of 900,000 cycles and 

with one or two side bands resulting froin 
modulation in accordance with speech and 

l:30 
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companying speech side bands and side fre 
quencies due to modulation with 5,000 cycles. 
:Current of this frequency is selectively sep 
arated from other components of current by 
a band filter 11 or other equivalent selective 

The band filter 11 may have a transmis 
sion band extending from 95,000 cycles to 
105,000 cycles or it may exclude one side 
band in which case: its transmission band 
will extend from and include 95,000 cycles 
to 99,800 or 100,000 cycles, or from 100,200 
or 100,000 cycles to include 105,000 cycles. 
: The wave energy...received from the dis 
tant and local stations will have but a small 114 . . . . . . . . . . . . 'i' 

the filter 111 and the amplifier. 111. The 85 
filter 115 and the amplifier 116 correspond 
to the filter 15 and the amplifier 16 of sta 
tion. A and function in a similar manner: 

unmodulated component. For this reason 
the wave energy transmitted through the 
band filter 11 will have an unmodulated car 
rier component too small to permit good 
speech reproduction. There is, therefore, 
Supplied from the output of the selective. 
circuits 3. through the thermionic amplifier. 
12 in the channel 13 a relatively, large un 
modulated component of 100,000 cycles. 
This is impressed together with the energy 
from filter 11, upon a detector 14, from 
which the output current is supplied to a 
filter 15. The filter 15 is designed to pass 
speech frequencies and suppress other fre 
quencies. It is particularly designed to 
Suppress currents of the frequency of 5,000 
cycles. . . . . . . . . . . . . . . . . . . 
The output of the filter 15 is amplified by 

the amplifier 16 and impressed upon receiv 
ing telephones 17. An operator talking into 
the microphone of the circuit.8 and simul 
taneously listenin ing at the receiving tele 
phone 17 will therefore hear his own con 
versation in the form of side tone. He will 
also heal the conversation of a person at the 
communicating station B. ... .. ... . 
At the station B, a receiving antenna 109. 

is tuned to receive waves from station A and 
also from the local transmitting antenna, 

5 s 

108. At the station B. the trap circuit 110 
in the antenna. 109 is tuned to discriminate 
against Waves of frequency of 900,000 cycles... 
The received waves are impressed upon : 

a thermionic detector 110 in the output cir 
cuit of which will appear a small ampli 
stude beat frequency component of 100,000 
cycles together with accompanying side 
bands of large amplitude which result from 

60 
modulation. This current is selected by a 

the filter 111 is amplified by an amplifier 
111. The amplified current thus produced 

: ... is not suitable for signal reproduction on 
account of the Small amplitude of the un 
modulated component as compared with 

teract in the thermionic detector 10 to pro- the accompanying side bands. Provision 
duce a difference-frequency current consist 
ing of an intermediate carrier frequency 
current of 100,000 cycles frequency with ac 

a Small amplitude component having a fre 
quency of 5,000 cycles. This currentisse. 

The selected current is amplified by anam-7 
producer 102, in order to derive the 20th . 
harmonic, viz, 100,000. . . . . . . . . 

impressed on the input circuit of a detector . 

inal wave to the receivers 117. . 

component at both the transmitters of sta 
tions A and B is complete, or practically 
complete, there will be no component of 

and implified to a useful amplitude by the 

change in the System is necessary other than . . 
a to tune the circuits; 20 to select waves of 105 . 

... The resultant, will have a frequency of 100 
000 cycles per second in either case. . . . . . 
The transmitting system of the station B. 

will now be described. . . . . . . . . . . . . 
... A portion of the energy of 100,000 cycle. 

9th, harmonic, viz. 900,000 cycles, from other. 
components. The selected component is . . . . 
amplified in the amplifier 106 and impressed 120. 

ted by a large unmodulator carrier component. 
band filter 111 which may be a duplicate of . 
the band filter 11. The current selected by is connected to a telephone circu 

which is included a microphone 
the person at the station. B. speaks. - 
person, Speaking into the microphone in the 
circuit. 108 listensin, the receiving tele. . . 
phones: 117, he will hear his own conversa-3.0 

is therefore made to introduce a large un 
modulated component. This is brought. 
about in the following manner: In the out 
put circuit of the detector 110 will occu 

lected by a system of circuits 20 to separate: 
components of other frequencies therefrom . 

plifier 21, and impressed upon a harmonic 

A portions of the current of 100,000 fre 
quency, after selection by a suitable circuit.80 
103 is transferred through a circuit. 113. 
including a thermionic amplifier 112 and 
114 with the current transmitted through ... . 

to select and apply the speech or other 
If the suppression of the unmodulated: . 

5,000 frequency in the output of detector. 
110 of Sufficient amplitude to be separated: 
circuits 20 and amplifier;21. In this case. 
the circuits 20 are tuned to select a com ponent having a frequency of 10,000 cycles. 
per second which will always be present . 
When both side frequencies are radiated: 
from the transmitter of the station A. Ni 

10,000 frequency rather than 5,000. The 
harmonic producer 102 will then function. . . . 
to produce the tenth harmonic of 10,000 : 
rather than the twentieth harmonic of 5,000. . - 

frequency selected by the selective circuits 115 
193 ) is impressed upon harmonic producer 
104. The selective circuits 105 separate the 

upon a modulator. 107 which like modulator: . . 
it is designed to prevent transmission of a .. 

The input circuit of the modulator. 107. 
t: 1087 in 125 

into which 
If the 
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tion in the form of side tone together with The signals in transit are therefore based 

upon a carrier wave from which the un- . . . the conversation of the person at the station 
A with whom he is communicating 

It will be noted that all carrier frequen 
cies, both principal and intermediate, at - us . . . s - - - - 

... each of the stations A and B are derived transmitted from station A, and over a 
from source 1. This insures that any change 

is occurring in any one of these carrier fre 
10 centage change in all of the others. 

The mode of operation of this system will. 
be readily understood from the preceding 
description. ... ." . . .'-, ... . . . . . . 

venient means to undergo a slight variation 
in frequency. This variation in frequency. 

s 5 

quencies is accompanied by an equal per 

A special mode of operation, however, 
lends itself to the introduction of an element of secrecy, whereby persons having Ordinary 
receiving apparatus will not be able to inter 
cept and receive messages readily. This 
special mode will now be described. . . 

Let it be supposed that the generator 1 in: 
stead of generating a constant frequency of 
5,000 cycles is caused by the use of any con 

may be cyclic or may occur at irregular in 
tervals. Inasmuch as the frequency varia 
tion is a small one it may be brought about 
by means of a small conductive body moving 
in the neighborhood of the oscillator 1. See Fig. 3. 
The 5,000 cycle source 1 consists, for ex 

ample, of a thermionic generator a carefully 
other external disturbing influences by a 
shield b. of conductive material. The fre 
quency determining element is the usual the circuits, Mointed within the shield, 
adjustably adjacent the tuning condenser, 
is an electrically driven, self-winding clock. 

40 The pendulump of this clock, as it Swings 
to and fro adjacent the tuning condenserd, 

s 

60 

causes a small variation in effective capacity 
of the condenser. Other means for causing 
the small frequency variation may be em 
ployed. 
For causing irregular. Small frequency 

variations a long thin magnetic wire e, such 
- as a telegraphone wire, may be made of dif 
ferent permeability in various parts of its 
length and may be caused to pass slowly 
adjacent the tuning coil of the oscillator to 
vary the effective inductance of the coil by 
Small amounts. . . . . . . . . . . . . . 

Suppose, by way of concrete example, 
that the current produced by the source: 1 
varies between 5,000 cycles and 5,001 cycles, 
that is, it undergoes a total variation of 
1/50th of 1%, then all the other carrier fre 
quencies in the system will undergo a similar 
variation of 1/50th of 1%. For example, 
the current of 1,000,000 cycles: will vary be 
tween 1,000,000 and 1,000,200; current of 
900,000 cycles will vary between 900,000 and 

65 900,180; and the current of 100,000 cycles 
will vary between 100,000 and 100,020. 

modulated component is largely suppressed, 
which carrier wave is varying over a total 
range of 200 cycles in the case of messages 

range of 180 cycles in the case of messages 
transmitted from station B.. . ... The difficulty of introducing. an unmodu 

will be considerable and persons having an 
ordinary receiving system including one or 
more local sources of high frequency current 
of constant frequency will be unable to 
intercept the messages. The difficulty of so 
doing is increased owing to the fact that . 
the messages transmitted from the station 
A to the station Bare transmitted on one 
carrier wave and those from station B to 

carrier wave. 
same percentage variation but different 
absolute variations. The difficulties in the 

practically all the essential elements of both 

lated component of the proper frequency 

way of intercepting both the messages with 
out the use of a receiving system involving ' 

tO 

-75 

80 

90 

- stations A and B or their equivalents will 
therefore be considerable. However, the 
model of operation in which the control 
frequency is varied will not prevent recep 
tion with the systems of stations A and Bas 
described. The variation of all the fre 

-component and its accompanying side bands. 
In the case supposed, the total variation 

of intermediate frequency will be only 20 
cycles and a relatively small increase in the 
width of the transmission band of the filters 
11 and 111 and the selective circuits 3 and 
103 will be sufficient to take care of this. It 
will be understood, of course, that the design 

shielded from magnetic, electrostatic, and quencies will interfere: very little with 
a selection of the intermediate frequency '00. 

105 

of all the selective circuits of the system will 
be appropriately modified when the carriers 
quency for secrecy or other purposes. . . . . 

of stations B, each of which transmits and re 
Ceives on a different set of carrier frequen 

are caused to undergo variations of fre :0 

It will be obvious that source 1 can be uti 
... lized as a frequency setter for a plurality 

115 
cies. Various harmonics of the source 1 may 
be used for signaling over different channels. 
At the station A, additional channels or - - - 
duplicate sets of apparatus may be utilized 
to communicate with various remotestations 120 
such as the station B. The intermediate 
carrier frequencies of the various stations 
may be the same or different, but, of course, 

: the principal carrier frequencies must differ 
if several messages are to be transmitted 
simultaneously. . . 

source 1 is to cause it to generate at 5,000 
cycles per second for about one half second 
and then change to 5,001 cycles per second 

125 

A convenient manner of varying the 

'130'. 

the station A are transmitted on another 5 " . . 
These waves undergo the 

  



ally varying the frequency of the source 1 
over a small range, the present system is: 
admirably adapted to operate well if small 
changes in frequency of the source 1 occur. 
at irregular intervals and from unprevent 
able causes. . . ; . . . . . . . . - 

0 

1. The method which consists in tra 
l, mitting from each of two stations to the 

the other, selecting the demodulation prod 
2) 

30 

... Having described one form of the inven 
tion in detail, the various novel features in 
herent, therein will be defined in the ap pended claims. . 
What is claimed is: 

other on principal carrier waves, receiving 
said waves simultaneously at the receiver, of. - - - - - - - - - - - . . . . . . . . . . . . . . - 

sing from a master control wave a carrier fre each station and demodulating each with 
ucts corresponding to the difference fre 
quency of said carrier waves, demodulating, 
said products with a reinforcing wave of 
frequency equal to the difference of said 
carrier frequencies, and deriving said car 
rier waves and said reinforcing wave from 
the same source. 

receiver adapted to receive and combine en 

duce an auxiliary carrier wave, the method 

35 

of controlling and maintaining fixed rela 
tionships amongst said waves which com 
prises deriving all of said waves from a 
master control wave." 

3. In a two-way radio communication 
system having at each of two terminals a 

40 

55 

60 

65 

receiver adapted to receive and combine en 
ergy of an outgoing carrier wave with the 
energy of an incoming carrier wave to pro 
duce an auxiliary carrier wave modulated 
by the signal to be received, means for gen 
erating at one terminal a control frequency 
and deriving therefrom a carrier frequency, 

I means for transmitting said control fre 
quency on said carrier wave to the other ter 
minal, means thereat for detecting said con 
trol frequency, and for producing therefrom 
a second carrier frequency, means at both of 
said terminals for deriving from the control 
frequency auxiliary waves of frequency. 

- equal to the difference of the carrier fre 
quencies, and means to combine said auxil: 
iary waves with the aforementioned signal 
modulated auxiliary waves to yield the 
signal. . . . . . . . . . . . . . . . . . 

4. A carrier wave communication system 
comprising two stations having means for 
transmitting a modulated carrier wave, and 
each having means for receiving and com 
bining energy of its own outgoing carrier 
wave with the incoming carrier wave to pro 
duce an auxiliary carrier wave modulated 
by signals from each station and a single. 

1,696,258 
during alternate half seconds. In addition 
to producing desirable results by intention- - . . . . . . . . . . 

5. In a radio signaling 
control frequency. - 
which comprises simultaneously receiving in 
a common path an incoming carrier wave 
and an outgoing carrier wave of different. 
Waves with each other, selecting the differ 

... 6. The method - of radio comm inication, 

wave at each station, said carrier waves 
sponding to a frequency above the range of . 
according to low frequency signals, 

. . . . . . . . . outgoing and an incoming carrier wave, de 
2. In a two-way radio communication modulating said received. Waves with each 

system having at each of two terminals a, other'. Selecting the . . . . . . . . . . . . . 
sy - as - modulation products, and subsequently de-, 
ergy of an outgoing carrier wave with the iate fi th energy of an incoming carrier wave to pro- intermediate frequencies. . . . . 

between two stations which comprises de 

ate frequency wave at each station, said car 

said intermediate frequency waves. . . . 

low to radiate, deriving therefrom a carrier 

the control wave and deriving therefrom a . . . 

diate frequency wave, said intermediate fre 
differing in frequency by an amount equal to 
the intermediate frequency; modulating the 

wave and an incoming signal modulated 30. 

source of waves controlling the frequency of 
all of said carrier waves. . . . . . . . 

the carrier waves are de ived from a mas 
the method of reception 

frequency, demodulating... said received. 
ence frequency demodulation products, sub-... . 
sequently demodulating said products with 
a reinforcing wave, and also deriving said 
reinforcing wave from said master fre: 
quency. . . . . 

between two stations which comprises deriv 
quency wave and an intermediate frequenc 
differing in frequency by an amount corre 
audibility, modulating the carrier waves 

simul taneously receiving in a common path a 

other, selecting the difference frequency de 
modulating said products with one of said 95. 

7. The method of radio communica ion 
riving from a master control frequency 
a carrier frequency. Wave and an intermedi 
rier waves differing in frequency and said 
intermediate waves having a frequency 
equal to the difference of the carrier fre 
quencies, modulating the carrier waves ac ... : 
cording to signals and transmitting the . 
modulated waves, simultaneously receiving . . . 
in a common pathan outgoing and an incom . . . 
ing wave, demodulating and selecting the . . . 
difference frequency products, and subse: lio 
quently demodulating: said products with 

8. The method of radio signaling between 
two interconnecting stations which comprises 
generating a control wave of frequency too ll? 
frequency wave and an intermediate fre- i. 
quency wave, modulating the carrier wave 
with the control wave, and radiating th 
modulated carrier wave, receiving the modu 
lated carrier wave, detecting and selecting 

second carrier wave and a second interme 
quencies being equal and said carrier wave 

carrier waves according to signals, simul 
taneously receiving an outgoing carrier 

  

  

  



6. 

5 

station a carrier wave for transmission and 

auxiliary carrier frequency which would re- a . . - - - - -- in accordance with an arbitrary law over. 

25 

Wave, demodulating and selecting the dif 
ference frequency products, and subsequently. 
'delmodulatin g said products with one of said 
intermediate frequency waves. . . . . 

9. A carrier wave transmission system 
two-way communication employing at each 

reception and an auxiliary carrier, wave for reception, comprising means whereby each 
station radiates a single modulated carrier 
wave with the unmodulated component 
largely suppressed, means at each station for 
conibining said radiated yaves, and means 
for supplying at each of said stations a large 
component wave of a frequency identical 
with the unmodulated component of the 
sult-froin the combination of the small re 
maining unmodulated carrier components of 
said radiated waves. , , , , - 

10. In a two-way radio communication 
system employing carrier waves of different frequencies varying in an arbitrary manner. 
for transmitting...in two directions, the 

I method which comprises receiving at each 
station and combining an outgoing carrier 
wave with an incoming carrier wave to pro 
duce an auxiliary carrier wave modulated by 

30 
signals, deriving said carrier waves from a 
master control wave, and varying in an arbi 
trary manner the frequency of said control 
wave. . . . . . . . . . . . 

11. In a two-way radio communication 
system having at each of two terminals, a 
receiver adapted to receive and combine 
energy of an outgoing carrier wave with 
the energy of an incoming carrier wave to 
method of securing secrecy which comprises. 

sii) 

produce an auxiliary carrier wave, the 
deriving said carrier waves from a master 
control wave of low. frequency, and varying 

1,696;258; 

quency 

the frequency of said control wave in accord- . 
ance with an arbitrary law over a fre 
quency range. Such, that the resultant fre 

... quency variation of said carrier waves does 
for 

45 
not exceed the frequency range of audible speech. . . . . . . 

12. In a two-way radio signaling system 
having at each terminal frequency selective transmitting and receiving apparatus-and-in 
which each receiver is adapted to receive and 
combine energy of an outgoing, carrier wave 
with the energy of an incoming carrier wave 
to produce an auxiliary carrier wave, the 
method of producing secrecy. which com 
prises deriving said carrier waves from a 
master: control wave of low frequency and 

50 

varying the frequency of said control wave. 
a frequency range such that the resultant, 
frequency variation of said carrier waves. 
does not exceed the limits of selective trans 
mission and reception. . . . . 

60 

13. The method of wave transmission com- - prising transmitting messages, as modula 
tions of two. carrier waves of different fres 
quencies in the two opposite directions, com 
bining at each of two stations the trans 

65 

mitted, and received carrier waves to pro-. 
duce at each station an intermediate fre 
quency wave modulated by the message be-, 
ing sent from each of the two stations, com 
bining such intermediate frequency. Wave at: 
each station with an unmodulated wave of the same frequency to reproduce the mes 
sage, and deriving both the carrier waves. 
and the unmodulated intermediate fre 

wave at the several stations from 
the same source. . . . . . . . . . . . 
In witness whereof, I hereunto subscribe 

my name this 27th day of June A.D., 1922. 
JAMES W. SCHMIED. 
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