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METHOD AND SYSTE OF HIGH-FREQUENCY TRANSMiss Iory. 
Application filed September 29, 1919. 

This invention relates to methods and sys 
tems of high frequency transmission and 
more particularly to multiplex carrier wave 
signaling in which high frequency rein 

6 forcing oscillations of the carrier frequency 
are combined at a receiving station with the 
received carrier oscillations. 
An object of the invention is to make pos 

sible two-way transmission with the same 
i0 carrier frequency and at the same time to 
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secure an exact correspondence in frequency 
between the carrier frequency of the oscil 
lations received at each station and the re 
inforcing oscillations at that station. 
A feature of the invention is the deriva 

tion of all of the carrier and reinforcing 
oscillations used in a multiplex system at 
both terminals of the high frequency line 
or both radio stations, as the case may be, 
from control oscillations produced by a 
single oscillator. 
A further feature of the invention is the 

arrangement whereby the reinforcing os 
cillations are applied to the output circuit 
of a lill-directionally conducting detector 
or demodulator in order to prevent trans 
mission of these reinforcing oscillations to 
the high frequency line. 
According to the present invention, the 

different frequency carrier oscillations or 
carrier waves are produced by first gener 
ating oscillations called “base frequency' or 
“control' oscillations as, for example, 5000 
cycles. These base frequency oscillations 
are then distorted to produce harmonic fre 
quency oscillations as, for example, of 
10,000, 15.00?) and 20,000 cycles, and the har 
monic frequency oscillations are then sepa 
rated so that oscillations of one particular 
harmonic frequency may serve as one car 
rier wave and oscillations of other harmonic 
frequencies as other individual carrier 
waves. It is desirable to be able to carry 
on two-way communication using waves of 
the same carrier frequency for transmission 
in each direction. This may be accom 
plished by transmitting part of the base fre 
quency oscillations from the station where 
they are produced to the receiving station 
with which communication is to be main 
tained. At the receiving station, the re 
ceived base frequency oscillations are dis 
torted in the same manner as at the trans 
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mitting station to produce carrier waves for 
the return transmission. 
According to the method of carrier wave 

reception termed “homodyne,' the ampli 
tude of the signal obtained from the re 
ceived carrier wave when detected or de 
modulated is intensified by combining the 
modified or modulated carrier wave oscilla 
tions as received with locally generated re 
inforcing oscillations of the carrier fre 
(quency. This method of reception is dis 
closed and claimed in United States Patent 
1330.471 patented February 10, 1920, to 
B. W. Kendall. If these locally generated 
or reinforcing oscillations differ in fre 
quency from the carrier frequency of the 
received oscillations, beats of the difference 
frequency are produced and may be mani 
fested as a sound or noise which interferes 
with a distinct reception of the signal. An 
important feature of this invention lies in 
the use of a portion of the carrier wave os 
cillations produced at a station to reinforce 
the modified oscillations of the same carrier 
frequency received at that station. It will, 
therefore, he clear that all of the carrier os 
cillations transmitted in both directions in 
the various two-way transmissions of a mul 
tiplex system as well as the reinforcing os 
cillations supplied to the receiving circuits 
are derived primarily from a single source, 
the base-frequency oscillator. The power 
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output of the base-frequency oscillator may, 
however. be very small, since amplifiers op 
erating substantially without distortion are 
available to increase the magnitude of a 
fluctuating current to any desired degree. 

It is frequently highly desirable that no 
oscillations of the carrier frequency be 
transmitted through the ether or over the 
conducting multiplex circuit, as the case 
may be, except during transmission of sig 
nals or control impulses. It is further de 
sirable that during the transmission of sig 
nals or control energy, the envelope of the 
modified carrier oscillations, as transmitted, 
be directly proportional to the signal or 
control impulses or, in other words, that 
there be no unmodulated component of the 
transmitted carrier wave. The first of these 
objects, namely, the prevention of trans 
mission of carrier frequency oscillations, ex 
cept during intentional transmission, is ac 
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complished by two different expedients. 
For the outgoing high frequency channel, 
a modulator of the general balanced type 
disclosed in United States Patent 1,343,306, 
patented June 15, 1920, to J. R. Carson, 
is used. This modulator is placed between 
the source of carrier oscillations and the 
high frequency line of transmitting antenna 
and permits no carrier waves to pass to the high frequency line except as modified 
O waves varying substantially 
in direct proportion to the low frequency 
waves or impulses impressed on the modul 
lator. For the incoming channel, a uni 
directionally conducting detector or de 
modulator, preferably of the thermionic 
type, is used and the local source of rein 
forcing oscillations is connected to its out 
put circuit and is thus prevented by the uni 
directionally conducting characteristic of 
the detector from supplying high frequency 
oscillations back through it to the high fre 
quency. line. It follows, therefore, that 
waves of carrier frequency are excluded 
from the high frequency line except during 
signal or control transmission and that dur 
ing such transmission, the envelope ampli 
tude of the high frequency carrier wave is 
directly proportional to the signal or con 
trol wave. 
This invention is applicable to telephony, 

telegraphy or any other form of electrical 
signaling or transmission. Although use 
ful for radio signaling, it is of particular 
importance in wire line signaling, not only 
in that it enables a number of telephone or 
other communications to be carried on si 
multaneously, but also because this multi 
plex carrier system may be applied to pres 
ent day signaling lines, thus increasing the 
number of messages which they may trans 
mit without interfering with the ordinary 
lower frequency signal currents which they 
at present use. 
In the drawing, Fig. 1 illustrates dia 

grammatically, the circuits and apparatus 
at one terminal of an ordinary signal line 
on which the high frequency system of the 
present invention has been composited, and 
Fig. 2 illustrates' diagrammatically, the cir 
cuits at the opposite terminal of the same 
composited line but with certain modifica 
tions. Referring to Fig. 1, the ordinary 
signal line to be composited is indicated at 
1. A low frequency line 2 of the usual type 
indicated as a telephone line is connected by 
two-way repeating apparatus 3 including 
three-element vacuum tube amplifiers of the 
thermionic type to incoming channel 4 and 
outgoing channel 5 which are conjugately 
connected to composited line 1. Both lines 
1 and 2 are balanced with respect to their 
conjugate connections by networks N each 
of which simulates the characteristic im 
pedance of the line which it serves to bal 

1,593,865 

ance for currents of all frequencies trans 
mitted by that line. Since high frequency 
currents are also to be transmitted over 
channels 4 and 5, it is necessary to provide 
means to exclude them from line 2 and its 
connections which might otherwise dissipate 
their energy. Such high frequency currents 
are excluded from the incoming side of the 
repeater 3 by a low pass filter of the type 
described in U. S. patent to Campbell, No. 
1,227,113 patented May 22, 1917. This par 
ticular filter consists of a plurality of sim 
ilar sections each having series inductance 
and shunt capacity and its electrical char 
acteristics are such that it transmits cur 
rents of the range of essential speech fre 
quencies as, for example, 100 cycles up to 
2500 cycles with negligible attenuation, 
while substantially excluding currents of all 
frequencies outside this range. High fre 
quency currents in outgoing channel 5 are 
excluded from the outgoing side of repeater 
3 by reason of the well known uni-direc 
tionally conducting characteristic of the 
thermionic amplifier connected therein. 
The telephone station of line 2 may, there 
fore, carry on two-way communication over 
composited line 1 without interference from 
the high frequency carrier currents. 
Turning now to the high frequency cir 

cuits, 6 represents a thermionic oscillator 
which produces oscillations of base or con 
trol frequency, for example, 5000 cycles. 
Oscillator 6 overloads a thermionic repeater 
7 connected to it by supplying to the in 
put circuit of the repeater, oscillations of 
greater amplitude than the repeater is able 
to repeat without distortion. The repeated 
oscillations in the output circuit of repeater 

will accordingly be of non-sinusoidal wave 
form and are, therefore, the equivalent of a 
base frequency current of sinusoidal wave 
form and a series of currents of frequencies 
which are multiples of the base frequency, 
that is, harmonic frequencies. The repeater 
7 will hereinafter be termed a harmonic 
producer. The output circuit of hermonic 
producer 7 is provided with a plurality of 
tuned selecting circuits 8, 9, and 10 each 
comprising a tuned path bridged across the 
output circuit and a similarly tuned loop 
inductively related thereto. Selig cir 
cuits 8 select currents of the base frequency 
and supply them through an amplifier and 
a filter 11 to outgoing channel 5 and thence 
to line 1. Filter 11 is of the Campbell type 
and freely transmits oscillations of the base 
frequency, while substantially extinguish 
ing currents of frequency appreciably dif 
fering therefrom. It therefore assists in 
preventing the transmission of harmonic 
frequency currents from the harmonic pro 
ducer to channel 5 and it serves to exclude 
high frequency currents in channel 5 from 
the harmonic producer circuits. 

0. 

76 

95 

100 

105 

O 

s 

120 

25 

10 



6. 

6 

595,366 

Selecting circuits 9 select currents of a 
particular harmonic as, for example, 15,000 
cycles and apply them as a carrier wave to 
circuit 12. In a similar manner, circuit 10 
selects current of a different harmonic fre 
Sty and transmits it to circuit 13. ere may be as many of such selecting cir 
cuits each selecting a different carrier wave 
as is desired, depending merely upon the 
number of different frequency carrier waves 
which are to be used. 
A signal line 14 of the usual type, illus 

trated in the drawing as a telephone line 
has terminal connections similar to those o 
line 2 with its repeater 3. However, the cir 
cuits 15 and 16 associated with line 14 are 
not repeater circuits in the sense that they 
serve merely to transfer speech currents to 
and from line 14. The function of circuit 
15 is to modulate carrier frequency oscilla 
tions in accordance with the currents trans 
mitted from the telephone station of line 14 
and to transmit such modulated carrier fre 

39 

3. 

nected in tandem. Speech frequenc 

3. osciliations to outgoing channel 5. 
The function of circuit 16 is to select from 
incoming channel 4, the particular modu 
lated carrier waves which “carry' the return 
communication from the communicating sta 
tion at the opposite terminal of line 1 and to 
cause these selected modulated waves to re 
produce in line 14, speech current by which 
they were modulated. Circuit 15 includes a 
balanced modulator M of the type disclosed 
in United States Patent No. 1343,306 and 
a band filter 18 of the Campbell type, con 

C 

rents are applied from line 14 to the divided 
input circuit of modulator M and carrier 
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frequency oscillations are applied by circuit 
12 to the potentiometer 17 in the common 
input path of the modulator. As is well 
known, a modulator of this type will repeat 
no carrier current from circuit 12 in its in 
put circuit, except at such times as an elec 
tromotive force is applied across its di 
vided input circuit when it will repeat the 
carrier currents in its output circuits with 
a magnitude directly proportional to the 
amplitude of the wave applied to the di 
vided input circuit. The Campbell wave 
filter 18 transmits currents of a band fre 
quency which may range either up or down 
or both up and down E. the carrier fre 
quency by the essential speech frequenc 
range which has been previously stated. 
Filter 18 serves to define, as desired, the 
range of the band transmitted to prevent 
low frequency currents from being repeated 
from line 14 through the modulator M to 
channel 5 and to exclude from the output; 
circuit of the modulator, the foreign fre 
quency, currents of channel 5 which might otherwise enter into its modulating action 
and produce cross-talk at some receiving 
station. 

Circuit 16 includes a band filter 19 simi 
lar to 18, a balanced detector or demodula 
tor D, a thermionic amplifier and a low pass 
filter 20 similar in electrical characteristic to 
the low pass filter of repeater 3. Filter 19 
selects from incoming channel 4, the modu 
lated oscillations of a particular carrier fre 
quency and applies them across the divided 
input circuit of balanced detector D. The 
common path of the output circuit of de 
tector D includes a space current source and 
a. choke coil in series. Shunted around the 
source and choke coil, is an alternating cur 
rent path comprising a capacity element and 
a potentiometer, Across the potentiometer, 
reinforcing oscillations of the carrier fre quency are applied by circuit 12, it being 
understood that the carrier frequincy of the 
modulated wave received by filter 19 is the 
same as that of the modulated wave trans 
mitted out to channel 5 by filter 18. The ef 
fect of the reinforcing oscillations is both to 
supply the unmodulated carrier component 
necessary for demodulation of the received 
modulated wave components, and to augment 
the resulting low frequency signal current 
which detector D supplies to the amplifier. 
Filter 20 prevents transmisson of high fre 
quency currents to line 14. 
There may, of course, be any number of 

lines similar to line 14 and each may be con 
nected to line 1 by circuits similar to those 
of ine 14 but differing principally in that 
they are each designed to operate with an 
individual carrier frequency wave. It will 
also be clear that line 1 serves to transmit 
ordinary speech currents from line 2, base 
frequency oscillations from the harmonic 
producer 7 and modulated carrier waves for 
each of the lines 14. 

Referring to Fig. 2, the opposite terminal 
of composited line 1 is illustrated as connect 
ed across a single distributing channel 21 in 
stead of to incoming and outgoing channels, 
such as 4 and 5 of Fig. 1. However, either 
arrangement may be used at both terminals 
of line 1. 
Connected to channel 21 through a filter 

similar in characteristics to filter 20, is a tel 
ephone signaling line 22 adapted to com 
municate over the line 1 with line 2. The 
filter selects incoming speech frequency cur 
rents from channel 21 and transmits out 
going speech frequency currents to this 
channel. 
A filter 23, similar to filter 11, selects from 

channel 21, base frequency oscillations and 
transmits them to an amplifier 24 by which a harmonic reproducer 25, similar in func 
tion and operation to harmonic producer 7, 
is overloaded. The selecting circuits 26 
which separate the various harmonic fre 
quency carrier waves are series tuned loop 
circuits and each corresponds in the fre 
quency to which it is tuned to a selecting 
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circuit, such as 9 or 10, at the other termi 
nal of line 1, shown in Fig. 1. 
Connected across channel 21 are band fil 

ters 27 corresponding in number to the lines 
28 which communicate with lines 14. Each 
filter 27 must transmit a range of currents 
including the ranges of both filters 18 and 
19 associated with the line 14 with which it 
maintains communication. A single filter 
27 with its associated line 28 is illustrated, 
it being understood that the others are similar in every respect except as to changes 
in their design necessary for the different 
carrier frequencies involved. Filter 27 is 
connected to a balancing network through 
a balanced transformer or hybrid coil with 
which are associated an incoming circuit 29 
and an outgoing circuit 30. Incoming cir 
cuit 29 includes a demodulator D having a 
constant current choke coil in its output cir 
cuit and a filter 31 of characteristics simi 
lar to those of elements D and 20 respective 
ly in circuit 16 of Fig. 1. Reinforcing os 
cillations of carrier frequency are supplied 

5 to the demodulator by the proper selecting 
circuit 26 of the harmonic reproducer 25. 
It follows that filter 31 transmits to line 28, 
the reproduced signaling currents of line 
14. E. outgoing circuit 30 includes filters 
and a balanced modulator M of the type de 
scribed in connection with circuit 15 of Fig. 
1. This modulator receives its carrier oscil 
lations from the selecting circuit 26 which 
supplies reinforcing i. to the de 
modulator or detector D of incoming cir 
cuit 29. These carrier oscillations are ac 
cordingly modulated in accordance with the 
speech currents of line 28 and are transmit 
ted to line 1. 

It will be noted that all of the carrier and 
reinforcing oscillations at this terminal of 
line 1 are derived as harmonics of oscilla 
tions of base uency transmitted over 
line 1 from the base-frequency oscillator 
and its harmonic producer. 
The same principles are applicable to 

radio signaling and to radio teledynamic 
transmission generally in so far as the car 
rier frequency communications are con 
cerned, and if the base frequency and car 
rier frequencies are sufficiently high to be 
effectively radiated, transmitting and receiv 
ing antennae may be substituted in lieu of 
the line 1. 
The term carrier wave, as used herein, in 

cludes, not only high frequency oscillations 
of varying amplitude such as are commonly 
used in radio telephony, but also high fre 
quency waves or currents either merely in 
terrupted or changed in frequency to denote 
signal or control impulses. This term is, 
however, not to be confused with high fre 
quency or radio frequency, since it is pos 
sible where ordinary telephony is not being 
transmitted, to transmit over a conducting 
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line, a large number of different frequency 
alternating currents ranging from a few 
cycles per second up to several thousand, 
each of these different frequency currents 
serving as an individual carrier. 
Although the features of this invention 

have been described as employed in particu 
lar circuits, it is to be understood that the 
invention is not to be limited thereto, but 
only by the scope of the appended claims. 
What is claimed is: 
1. The method of signalling between sepa 

rated stations which comprises producing at 
all of the stations a wave of the same fre 
quency and of substantially constant ampli 
tude, deriving at each station from the wave 
produced thereat a wave for the transmis 
ision of signals, producing amplitude varia 
tions in the wave so derived to represent the 
signals to be transmitted, deriving at each 
station from the wave produced thereat a 
wave of constant amplitude, and combining 
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the last mentioned wave at a station with the 
signal modified wave of the same frequency 
incoming from another station to reproduce 
annplified signals. 

2. The method of two-way carrier wave 
transmission between stations associated with 
a common carrier transmission circuit which 
comprises reinforcing the waves received at 
each station by oscillations of the carrier frequency of said waves and deriving all of 
said carrier waves and said reinforcing oscil 
lations from oscillations produced by a sin 
gle source. 

3. A two-way carrier wave transmission system comprising separated stations, means 
at all of the stations for producing a wave 
of the same frequency and of substantially 
constant amplitude, means at each station 
for deriving from the wave produced thereat 
a wave for the transmission of signals, means 
for producing amplitude variations in the 
wave so derived to represent the signals to 
be transmitted, means for deriving at each 
station from the wave produced thereat a 
wave of constant amplitude, and means for 
combining the last mentioned wave at a sta 
tion with the signal modified wave of the 
same frequency incoming from another sta 
tion to reproduce amplified signals. 

4. The method of two-way carrier signal 
ling comprising modulating in each of a 
plurality of stations a carrier wave by sig 
inals and suppressing transmission of the un 
modulated carrier component, transmitting 
from and receiving at each station the modu 
lation components of the signal-modulated 
carrier wave, separating the received wave 
from the wave being transmitted detecting 
the received wave by combining it, with an 
unmodulated carrier wave of similar char 
acteristics to the wave used at a distant sta 
tion for modulation, and deriving at a given 
station the unmodulated wave for both the 
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modulating and demodulating processes from 
the same carrier WaWe SOl Ce. 

5. The method according to claim 2 which 
comprises deriving a plurality of different 
frequency carrier waves from the oscillations 
produced by the single source and transmit 
ting each of said carrier waves modified in 
accordance with an individual signal over a 
common transmission circuit. 

6. A receiving station comprising means 
for receiving high frequency oscillations, a 
balanced unidirectionally transmitting de 
modulator having a symmetrical input cir 
cuit and a symmetrical output circuit, means 
for impressing received high frequency os 
cillations upon said input circuit, means for impressing reinforcing oscillations of the 
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carrier frequency of said received oscilla 
tions Ericy upon said output cir cuit whereby said reinforcing oscillations 
are preyented from being transmitted to said 
input circuit or from said output circuit. 

A multiplex transmission circuit having 
a plurality of receiving channels each in 
cluding an asymmetrically conducting de 
modulator, and means for supplying locally 
produced reinforcing oscillations to the out 
put circuit of said demodulator, whereby 
said reinforcing oscillations are prevented 
from being transmitted to said transmission 
circuit. 

8. A system of two-way carrier transmis 
sion comprising a plurality of stations, 
means at each of said stations for receiving 
carrier oscillations, means for reinforcing 
said received oscillations by local oscillations 
of the carrier frequency, and means for de 
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riving all of said carrier oscillations and said 
reinforcing oscillations from a single oscilla 
tion source. 

9. A system according to claim 8 compris 
ing means for compositing a plurality of 
two-way carrier transmissions on a common 
transmission circuit. 

10. In a two-way carrier telephone system 
a plurality of stations each having a trans 
mitting and a receiving circuit AS 8, SOC8 

s 

of oscillations, said sources of oscillations 
having the same frequency, means in the 
transmitting circuit of each station for mod 
ulating oscillations from the source at said 
station in accordance with speech, and means 
in the receiving circuit of each station for 
combining speech-modulated carrier waves 
from another station with oscillations from 
the source at the station at which said re 
ceiving circuit is located for producing in 
teraction currents of speech frequency. 

11. A transmission line, a receiving chan 
nel and a transmitting channel each connect 
ed thereto, a common source of oscillations of 
a single frequency for supplying carrier os 
cillations to said transmitting channel and 
reinforcing oscillations to said receiving 
channel, and means for preventing interac 
tion of either of said channels upon said 
source or upon each other. 
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12. A receiving system comprising means 
for receiving high frequency oscillations, a 
demodulator consisting of two three-element 
electric discharge devices having separate 
input and output circuits and having their 
input circuits oppositely connected to said 
means, a transmission circuit, said discharge 
devices having output circuits oppositely 
connected to said transmission circuit, and 
means for impressing high frequency rein 
forcing oscillations on said output circuits. 

13. In a carrier telephone system having 
stations, sources of carrier oscillations of 
the same frequency at respective stations, 
means at each station for modulating oscil 
lations from the respective source by voice 
control for transmission, means at each sta 
tion for combining oscillations from the 
source at the respective station with the in 
coming voice modulated signal oscillation 
from the other station, and means responsive 
to the combined oscillations for receiving the 
detected voice message. 
-In witness whereof, I hereunto subscribe 
my name this 27th day of September A. D., 
1919. 

EDWARD O. SCRVEN. 
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