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UNITED STATES PAre NT office 
EDMOND MAURICE DELORAINE AND EDWARD KENNETH SANDEMAN, or LoNDoN, 

ENGLAND, ASSIGNORS TO WESTERN ELECTRIC CoMPANY, INCORPORATED, OR NEW 
YORK, N. Y., A CORPORATION OF NEW YORK 

MULTICHANNE, RADIO COMUNICATION SYSTEM 

Application filed February 14, 1925. Serial No. 9,199. 

This invention relates to communication 
systems adapted for the simultaneous trans 
mission of a plurality of waves in either one 
or both directions between two stations. The 
term "multiplex transmission' is used in the 
specification and claims to define, broadly, 
Such communication systems. The invention 
relates especially to modulated carrier wave 
communication whether by means of an elec 
tric conductor, as in line-wire carrier waye, 
or through etheric space, as in radio carrier 
wave, communication. . An object of the invention is to provide 
methods of and means for multiplex com 
munication whereby greatly increased econ 
omy of plant, energy and frequency range is 
secured, and especially as adapted for multi 
plex radio, instead of line-Wire, carrier Wave 
communication; since therein the urgency of economy of energy and frequency range is 
inherently relatively the greater. 
This object is achieved in part by employ 

ing a single carrier frequency for all of the 
transmissions, message discrimination being 
effected on a time basis rather than on a fre 
quency basis. A conimutating means is em 
ployed to alternately paralyze all of the 
modulated carrier wave transmissions, ex 
cept one, the commutation being effected at 
a super-audible frequency so that for any 
appreciable interval of time a plurality of 
separate messages employing the same car 
lier frequency, are, so far as may be deter 
mined by the senses, being simultaneously 
transmitted, although only one message is 
being transmitted at each instant of time. As has already been suggested this operation is 
without limitation as to the distribution of 
the transmissions between the two directions. 

Since there is only one carrier frequency 
concerned in the transmitting function, fre 
quency selection cannot be relied on at the 
distant receiving station for separating a 
plurality of message waves transmitted there 
to in such manner. Since the message waves 
are differentiated only in the different times 
of arrival of their component parts, separa 
tion must be effected on a time basis. Ac 
cordingly, commutating or distributing 
means, the characteristic frequency of which 

one form of system the synchronizing wave 

change of carrier frequency, the synchroniz 

is the same as that of the corresponding means . 
at the other station, is provided at the receiv. 
ing station. 

It is desirable that all of the energy ca 
pable of being radiated from a given radio 55 
transmitting station of the invention be em 
ployed for message transmission, since the 
readability of the eventually demodulated 
signal depends in large measure on the ratio 
of signal energy level to interference energy so 
level at the receiving antenna. 
Accordingly, it is desirable to separately 

transmit the impulses necessary to insure the 
Synchronous operation of the commutatin 
and distributing means. In the operation g 35 
is separately transmitted to both stations 
from an independent third station. 
An important feature of the invention is 

the utilization of the normal transmission 70 
from an independent signal transmitting sta 
tion for the transmission of the synchroniz 
ing Wave. A necessary condition is that the 
synchronizing wave must be transmitted con 
tinuously whether the station is transmitting 
a signal Wave or not. This condition is satis 
fied in the operation of one modified system 
of the invention by utilizing a third station 
which transmits a telegraphic signal by a 

75 
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ing Wave being transmitted as a modulation 
of the outgoing carrier wave of changing 
frequency. By the use of this feature the 
Synchronizing wave may be transmitted from 
the third station without increase of radiated 85 
energy and without interference with its sig 
nal transmission. 
Under conditions where interference is less 

harmful, the multiplex signaling system it 
self can readily be adapted for transmitting 
the synchronizing wave, although from theo 
retical considerations it appears that the pres 
ence of interference limits the effective trans 
mission to a distance materially less than 
where separate synchronization is used. 
However, the transmitting conductor of a 
multiplex transmitting station of the inven 
tion may also be used for transmitting the 
signal wave with its superposed synchroniz 
ing Wave which waves would otherwise be 
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transmitted from the third station, and with 
similar effect. 
The invention attains its greatest efficiency 

where all of the transmissions are in one 
direction, since for this case the transmit 
ting circuits would be used at all times, a 
particularly economic method of working, in 

O 

15 

view of the high cost of antenna structure. 
Duplex or quadruplex operation (respective 
ly, one or two transmissions in each direc 
tion) would require that the circuits operate 
during only half of the time. One way work 
ing would be adapted for telegraphy, but 
not so well adapted for telephony. How 

ent after a reading of the following detailed ever, the economic advantages of one-way 
transmission, in the multiplex system of the 
invention, may be preserved and utilized in 
a two-way system by providing two such one 
way systems for opposite directions of trans 
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mission, a different frequency being used for 
the two directions. 
From the above brief description, it will 

be apparent that the invention provides 
methods of and means for multiplex opera 
tion using substantially the same amount of 
energy and frequency range as a single chan 
nel system. 

Besides the features, as above described, 
relating to the basic principles of the inven 
tion, the invention, especially as embodied in 
radio systems, includes several novel elements 
and combinations, the use of which contrib 
utes to the efficient operation of the system 
as a whole. Included in this category are 
the following features: 

1. Commutating means which produce the 
commutating effect withoutbreaking the con 
tinuity of any circuit. The means comprises 
electric discharge devices having controlling 
means for varying the discharge in propor 
tion to impressed electrical variations. The 
synchronizing wave is Egy to produce 
these variations and thereby alternately re 
duce the discharge of all said devices, except 
one, to substantially zero. The signal mod 
ulated carrier waves are impressed on the 
devices and are accordingly correspondingly variably repeated. 

50 

55 

2. In a self-synchronizing system, the syn 
chronizing wave is transmitted as a mod 
ulation of the carrier wave used in the mul 
tiplex signal transmission. To insure that 
the synchronizing wave is transmitted at all 
times and in order to avoid the necessity of 
using a separate modulator for this wave, the 
EE wave is simultaneously and at 

all times impressed on all the modulators 

65 

used in the multiplex signal transmission. 
3. The synchronizing wave may be trans 

mitted directly, i. e. instead of as a modula 
tion of the carrier wave. It may be trans 
mitted from an antenna of the multiplex sys 
tem or from a separate antenna. The sep 
arate antenna may be used additionally for 
telegraph signaling by change of frequency. 

lar to that of Fig. 

nizing Wave. 
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4. If a two-frequency synchronizing wave 
is employed as in the modification last de 
scribed, its reception can be accomplished 
either by the use of two antennae tuned to the 
respective frequencies, or by a single antenna 
loosely coupled to a tuned circuit, the an 
tenna and tuned circuit preferably tuned to 
the same frequency. This frequency and the 
coupling are such that the two maxima of 
the resultant double-hump resonance curve 
of the combination have frequencies which 
are coincident with the two frequencies of 
the incident wave. 
Other features and objects will be appar 

description considered in connection with the 
accompanying drawing, in which: 

Fig. 1 illustrates a diplex self-synchroniz 
ing system. The term “diplex” indicates that two messages may be simultaneously 
transmitted in the same direction; 

Fig. 2 illustrates one form of commutating 
means for the transmitting station of the 

SO 

85 

systems of Figs. 1, 7, 10 and 13. A com 
mutating means having this function will be 
denominated in the specification and claims 
“transmitting intermixing selector”; 

Fig. 3 illustrates one form of the corre 
sponding commutating means used at the re 
ceiving stations of Figs. 1,7,10 and 12. Com 
mutating means having this function will. 
hereinafter be denominated “receiving sepa 
rating selector”; . . . . 

Fig. 4 comprises a characteristic curve of 
an electric discharge device used in the selec 
tors of Figs. 2 and 3, and which is employed 
herein to explain one method of operating 
such selectors; 

Fig. 5 comprises a characteristic curve of 
the devices used in the selectors of Figs. 2 
and 3 and which is employed herein to ex 
plain a method of operating the selectors 
which is alternative to that for which the 
curve of Fig. 4 is used; - 

Fig. 6 comprises a set of curves that illus 
trate the wave forms of the waves occurring 
in various parts of the transmitting and re 
ceiving circuits of Fig. 1; 

Fig. 7 illustrates a modified system simi 
1, but adapted for sepa 

rate synchronization; . - 
Fig. 8 illustrates a radio transmitting sta 

tion which may be used in common for trans 
mitting a telegraph signal and the synchro 

This station may cooperate 
with either of the systems illustrated by Figs. 
7 and 10; s 

Fig. 9 illustrates graphically the form of 
the wave radiated from the station of Fig. 8: 

Fig. 10 illustrates one station of a quad 
ruplex system of the invention, including 
both the transmitting and the receiving cir 
cuits; 

Fig. 11 illustrates the transmitting station 
of a self-synchronization double-diplex sys 
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tem of the invention. The term “double 
diplex' is used to designate a system or 
method employing four transmissions in one 
direction; 

Fig. 12 illustrates a receiving station of a separate synchronization double-diplex 
system of the invention. The two systems of 

0 

5 a method of generating a synchronizing Wave 

20 

2 5 

30 

40 

which Figs. 11 and 12 are each a part may be 
the same except that one is adapted for Self 
synchronization and the other for separate 
synchronization; 

Fig. 13 illustrates a radio transmitting sta. 
tion adapted in common for transmission of 
a telegraph signal and for transmitting di 
rectly a synchronizing wave. This illustrates 
alternative to that of Fig. 8. The method is 
used in the operation of the system of Fig. 7 
modified by the substitution of the circuits 
of Fig. 14; 

Fig. 14 illustrates a circuit that may be 
substituted for the portion of the receiving 
circuit of Fig. 7 at the left of line X-Y; and 

Fig. 15 illustrates the double-hump reso 
nance curve of the circuit of Fig. 14. 
The elements of the circuits illustrated 

will be identified thereon by reference let 
ters which are suggestive of their functions. 
For example, the labels S, M., AN, C, HFA, 
TIS, RSS, TISS, RISS identify elements 
whose functions relate respectively to a Syn 
chronizing wave, a modulator, an antenna, a 
carrier wave, a high frequency amplifier, a 
transmitting intermixing selector, a receiv 
ing-separating selector, a transmitting inter 
spacing selector, and a receiving interspac 
ing selector. The elements whose functions 
require the same literal designations will be 
differentiated by the use of different Sub 
scripts. The elements in similar systems or 
circuits which cooperate in an identical man 
ner with the remaining elements in the re 
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spective systems will be given identical ref 
erence labels. Different reference labels will 
be applied to features which distinguish one 
system from another previously described, 
and the detailed description will be confined 
to these novel features. 

Referring to Fig. 1, the portion at the left 
comprises the circuits at the transmitting 
station, and the portion at the right the cir 
cuits at the receiving station, of a diplex 
radio carrier wave signaling system ar 
ranged for self-synchronization. a 
The two transmissions are based on a sin 

gle carrier wave supplied by carrier Source 
C. The carrier wave is modulated by and in 
accordance with modulating currents pro 
duced in circuits 1 and 2 in modulators M 
and M respectively, to produce the modu 
lated carrier waves required for the two 
transmissions. The modulating currents 
may be amplified by low-frequency amplit 
fiers LFA, and LFA, before being impressed 
on the respective modulators. prising a carrier wave on which are impressed 

3 

The modulating currents may be of any 
kind capable of being used in carrier wave 
signaling including speech or telegraphic 
code impulses. In the interest of uniformity . 
of disclosure of the various systems, micro phonic modulating current generating means 
3 and 4 are indicated. However, the one 
way systems of the invention, for example 
the diplex and double-diplex systems, are 
probably better adapted for telegraphic than 5 
for telephonic operation. 
The modulators may each be of any conven 

tional type, for example, one type is described 
in U. S. patent to Wan der Bijl, 1,350,752, 
August 24, 1920. The amplifier LFA and so 
other amplifiers not yet described in this 
and other figures, as well as the other ele 
ments disclosed in diagrammatic form, are 
each well known in the art in many specific 
forms and are sufficiently described in this 85 
specification, by a statement of their respec 
tive functions, except where a detailed de 
scription is given. 
The synchronizing wave is generated by 

local source S and is impressed on the trans- 90 
mitting intermixing selector TIS, in which 
the synchronizing and the two carrier modu 
lated waves cooperate, to the end that the 
two modulated carrier waves are alternately 
impressed on output circuit 5. The inter- (5 
mixing selector is illustrated in detail in Fig. . 
2 and will be described later. --. 
The resulting waves are amplified by high 

frequency amplifier HFA and transmitted by 
conductor AN. This conductor here takes 
the form of an antenna, typifying other means 
that could be employed, such as a line wire. 
The synchronizing wave is of super-audible 
frequency so that a receiving operator would 
not be conscious of the commutating opera 
tion except to the extent that the quality is 
slightly impaired by the deletion of half of 
the wave, in the form of elements minutely 
divided and uniformly distributed on a time 
basis. - 

The synchronizing wave, which is used at 
the receiving station in a manner analogous 
to the method of operation of the transmit 
ting intermixing selector is continuously 
transmitted as a modulation of the carrier 
wave by utilizing the modulators employed in 
signal modulation, such wave being impressed 
on the respective modulators by circuits 6 
and 7. 

Condensers 8 and 9 have large impedance 
for the relatively low frequencies of the sig 
nal and synchronizing currents so as not to 
effect the coupling of the low frequency cir 

5 

0. 

cuits to the modulators, but they have small 
impedance for the carrier current so as to be 
able effectively to by-pass this current around 
these circuits. 

Refering now to the receiving station of 
Fig. 1, the complex incoming wave, com- t 

0. 

as 

100 
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as amplitude variations the synchronizing 
wave and one or the other of the signal waves, 
depending on the instant of time considered, 

13 

is received by antenna AN. The loop an tenna typifies any known type of receiving 
antenna which may be used. 
The received waves are amplified by high 

frequency amplifier HFA. One portion of 
the amplified wave is demodulated in de 
modulator D. Among the products of this 
operation is a reproduced synchronizing 
wave. This wave will be continuous, since 
each of the two signal modulated waves trans 
mitted to this station carries a synchronizing 
wave as a modulation component. The re 
produced synchronizing wave is selected from 
the other components, which include the re 

20. 

produced superposed signal waves, of all the 
channels, by selective circuit FS, amplified by 
low frequency amplifier LFA, and transmit 
ted to the receiving separating selector. The 
circuit FS may comprise a series of coupled 
tuned circuits which are each tuned to the 
synchronizing frequency. Single frequency 
selective circuits of this kind are well known. 
The remaining portion of the received 

wave is amplified in amplifier HFA and im 

3. 5. 
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the devices indicate 

pressed on the receiving separating selector 
RSS. The receiving separator selector is 
illustrated in detail in Fig. 3. Its function 
is complementary to that of the transmitting 
intermixing selector, that is, it distributes the 
intermixed carrier modulated waves between 
output circuits 10 and 11 so that each of these 

5 circuits contains only those portions corre 
sponding to an individual one of the signaling 
currents produced in circuits 1 or 2 at the 
transmitting station. By separating the com 
ponent parts of the received modulated waves 
in this manner intelligible reception and indi 
cation of the respective signal currents is 
made possible. These remaining steps com 
prise demodulation in devices D, and D, 
which are analogous in operation and may be 
similar in structure to modulators M and Mi, 
separation of the reproduced signal current 
from the reproduced synchronizing current 
cation in telephone receivers R and R. The 
low pass filters may, for example, be of the 
type described in the U. S. patent to Camp 
bell, 1,227,113, May 22, 1917. Fig. 2 illustrates a transmitting intermix 
ing selector. It comprises the two three-elec 

5 trode electric discharge devices 12 and 13 and 
associated circuits. The labels identifying 
the circuits incoming to and outgoing from 

ow the selector is used 
in a multiplex system of the invention. The 
circuit from each of the modulators is ar 
ranged with respect to its immediate asso 
ciated device so as to cause said device to 
function like a conventional repeater. How 
ever, each of the devices is operated to repeat 
the impressed modulated carrier wave only 

1,742,902 

during alternations of the synchronizing wave 
of a particular sign which is different for the 
two devices. This results from the mode of 
impressing the synchronizing wave which re 
sults in a variation of the control electrode 
potentials of the two devices in opposite senses 
with respect to their cathodes. 
The operation of this selector can be better 

understood by reference to Fig. 4, the curve 
of which illustrates the well known control 
electrode potential-space current character 
istic of a three-electrode electric discharge 
repeater. The labels E. and I applied to the 
coordinate axes indicate respectively these 
two quantities. The potential of the control 
electrode-biasing source 14 of Fig. 2 is ad 
justed to a value corresponding to the abscissa 
A of Fig. 4. The variation of potential pro 
duced at the synchronizing source has a mag 
niture A-B or A-C. Accordingly, when 
the polarity of the wave impressed from a 
synchronizing wave source tends to decrease 
the control electrode potential, the space cur 

70 
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rent is reduced to substantially zero while 
during the alternations of opposite sign the 
normal space current is greatly increased. 
This means that the output currents of the 
two devices are commutated so that each is 
impressed on the transmitting antenna only 
.during half of the time and at different times 
than in the case of the other. It is preferable, 
although not necessary, that the potential B 
correspond to the point on the curve where 
the slope, and hence the amplification, is the 

Xlllll . 
Fig. 5 illustrates by means of the same char 

90 
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acteristic curve as in Fig. 4, an alternative 
method of operating the intermixing selector.: 
In this method the control electrodes are nor 
mally biased to potentials corresponding re 
spectively to points D and E, as by means of 
separate batteries in the control electrode 
leads. The primary windings of the trans 
formers for impressing the synchronizing 
wave are so related that the variations of con 
trol electrode potential of the two devices 
have the same phase. The variation of po 

by low pass filters LPF and LPF, and indi tential is sufficient to cause the resultant con 
trol electrode potential of one of the other 
device to have the value F, or the values for 
the two devices may be slightly different but 
close to this value, which corresponds to sub 
stantially the point of maximum slope of the 
curve. The synchronizing wave will in turn 
make the devices operative for repeating, to 
produce the same ultimate effect as in the 
other method of operation. 

05 

( 
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Fig. 3 illustrates a receiving separating . 
selector which comprises an arrangement of 
two thiree-electrode electric discharge devices 
15, and 16 and associated circuits, which is 
very similar to that of Fig. 2. The labels 
applied to the various circuits indicate how 
the selector is used in the multiplex systems 
of the invention. The arrangement of the 

125 
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circuits comprising the selector of Fig. 3 is 
identical with that of Fig. 2 except as modi 
fied by the fact that, from considerations of 
the basic functions of the two selectors, the 
two modulated waves in the intermixing Se 
lector must necessarily be impressed from dif 
ferent circuits and the resultant intermixed 
waves must be transmitted from it in a single 
circuit, while in the case of the separating 
selector, the converse operation and arrange 
ment of circuits is necessary. The internal 
operations of the selectors are identical. Figs. 
4 and 5 are each equally applicable to both 
selectors. 

Fig. 6 illustrates certain practical features 
of operation of the system of Fig. 1. Curve 
G represents the synchronizing wave plotted 
to a time scale of abscissae. E. H repre 
sents the wave radiated from the transmitting 
antenna when the carrier wave is being trans 
mitted by means of both channels. Curve I 
represents the same wave when the carrier 
wave is being transmitted by means of only 
one channel. Curve H accordingly is a com 

s posite of two curves each representing the 
carrier transmitted from an individual one 
of the channels, the transmissions for the two 
channels occurring, by reason of the function 
of the intermixing selector, during alternate 

9 periods of time. In order to avoid confusion, 
the variations of amplitude of the carrier 
waves of curves Hand illustrating the effects 

3. 3. 
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of telephone modulation thereof by the signal 
currents are not shown, but are capable of 
being represented in the conventional manner. 
For telegraphic operation waves of the form 
of curve will be interrupted in accordance 
with a telegraph code. The curves also illus 
trate the similar quantities at the receiving 
station. Obviously, the nearer the synchronizing 
wave approaches a rectangular form, as dis 
tinguished from the sine form for example. 
the nearer the operation approaches the con 

; dition in which commutation is attended by 
no other effect than the interruption of the 
modulated carrier. The faithfulness with 
which telephonic messages can be transmitted 
from the transmitting station and reproduced 
at the receiving station obviously is a direct 
function of the nearness of approach to this 
condition. The form of synchronizing wave 
is substantially immaterial in the case of tele 
graphic operation. As will be shown below 
the use of a rectangular wave form for the 
synchronizing wave is also conducive to effi 
ciency of operation from an energy stand 
point. 

Fig. 7 illustrates a diplex system which dif 
fers from that of Fig. 1 to the extent re 
quired by the fact that it uses a synchroniz 
ing wave transmitted from a third station as 
a modulation of a changing frequency, car 
rier wave. The form of this wave is indi 
cated in Fig. 9, in which the two portions on 

either side of the dashedline exhibit different carrier frequency characteristics, the syn 
chronizing wave being represented as the 
envelope of said double frequency carrier 
wave. There is no necessary relation between 
the duration of time when either of these 
carrier frequencies occur and the period of 
the synchronizing wave, since the change of 
frequency has to do only with the simultane 
ous operation of the circuit for signaling. 
purposes. - 

The modulated changing frequency car 

5 
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rier wave of the form illustrated in Fig. 9, which is transmitted from the synchronizing 
station is received at the transmitting sta 
tion of Fig. 7 on receiving loop antennae AN, 
ANs, which are, respectively, tuned to the 
two frequencies. The two portions are then 
amplified by amplifiers HFA and HFA, 
combined and demodulated in demodulator 
Ds, amplified in amplifier LAFs and im 
pressed on the transmitting intermixing se 
lector TIS. The remaining portions of the 
transmitting circuit are the same as in the 
system of Fig. 1, except that the circuits for 
transmitting the synchronizing wave are dis 
pensed with for obvious reasons. 

85 

90 

Considering the receiving station of this 
system the antennae AN, and ANs, the high 
frequency amplifiers. HFA and HFAs, de 
modulator D, and the low frequency ampli 
fier LFA function in the same manner as the 
corresponding elements AN2, AN3, HFAs, 
HFA, D, and LFA of the transmitting sta 
tion, to reproduce the synchronizing wave. 
This wave is then impressed on the receiving 
separating selector. The remaining portions 
of the circuits at the receiving station are the 
same as in the receiving circuits of Fig. 1, ex 
cept that, by reason of the separate transmis 
sion and reception of the synchronizing Wave, 
the elements D, LFA, and FS of Fig. 1 are 
dispensed with. 

Fig. 8 illustrates a type of radio station 
adapted to transmit a wave of the form dis 
closed in Fig. 9. It is adapted to cooperate 
with the system of Fig. 7 just described or 
with the quadruplex system of Fig. 10 to be 
described. " . . The circuit comprises in part sources C. 
and C, for simultaneously generating carrier 
waves of two different frequencies, high fre 
quency amplifier HFA, a transmitting an 
tenna AN, and the switching means 17 for 
alternately connecting the carrier sources to 
the amplifier and antenna in response to a 
telegraph code. These carrier waves are 
modulated in modulators M. and Ma, which 
are included in the circuits of the carrier 
sources, by synchronizing waves from source. 
S. The modulators M and Ms may be of 
the Wan der Bijl type disclosed in the above 
mentioned United States patent or any other 
type capable of accomplishing the same ulti 
mate result. 
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The antenna circuit is normally resonant at 

the frequency corresponding to that of the 
carrier wave from source C. When switch 
ing means 17 is actuated to the position alter 
native to that illustrated so as to impress the 
wave from source C, on the antenna, a cir 
cuit is closed through contact 18 and relay 
19, which connects condenser 20 in shunt to a 
portion of the antenna circuit and changes the 
resonant frequency of the antenna circuit to 
correspond with the frequency of the im 
pressed wave. - 

Since examples of a self-synchronizing and 
a separate synchronizing diplex system have 
been described, there is a basis for a comparis 
son of the effects of self- and separate syn 
chronization with, each other and with an 
ordinary simplex system. 
As discussed with reference especially to 

Figs. 4 and 5 and as shown in Fig. 6, the 
amplitude of the synchronizing wave must be 
substantially equal to the amplitude of the 
carrier waves, or of the modulated Wayes if 
telephonic transmission, for example, is as 
sumed. This means that in a self-synchro 
nization system substantially half of the ener 

10 

15 

20 

gy capacity of the system, particularly the 
antenna, is utilized for synchronization. 
If W is the output energy capacity of a 

given station, is accordingly the energy 30 

available for signaling. In an ordinary sim; 
plex system the wave corresponding to curve 
I of Fig.6 would have a substantially rec 
tangular form. The form shown in curve I 
is due to the operation of the intermixing 
selector and results in a decrease of average 
amplitude by the factor - 

T 

wave form for the envelope of the Wave. Ae cordingly, the energy received with a self 
synchronization system of the invention, 
when both channels are in operation, would 

assuming a sine 

2 - 

operation of the ordinary simplex system, 
i.e., there is somewhat less than half of the 
available energy used for signaling. In a 

... separate synchronization system the energy 
t i. e. the 

greater proportion of the available energy is 
usefully employed for signal transmission. 
For each channel, of course, the correspond 
inggies are 4 of those indicated above. From the standpoint of energy used, as 
compared with ordinary simplex communi 
cation, there are advantages in the nultiplex 
system of the invention, since with the same 
total energy twice as many channels of com 
munication may be operated, although with 
some sacrifice of quality. From the stand 
point of freedom from static and other inter 
erence, since the readability of the eventu 

65 ally reproduced signals is proportional to the 

equal x3, as compared with W for the 

would correspondingly be W X 

55 accomplished in the specific system of the 

1,742,902 

ratio of the energy level of the transmissions 
and the static energy level, both at the re 
ceiver, the conditions favor a simplex system 
in the ratio or ar, for each Wx1/2 x2/ar 70 
transmission for separate synchronization, 

W 2ar in the and in the ratio W/2 x 1/2X2/ 
similar case of self-synchronization. As a 
practical matter the effective ranges are cor- 75 
respondingly limited. This means that for 
the same total energy used, a greater range . 
is possible with separate than with self-syn 
chronization. 
To the extent that the synchronizing wave 

can be made to approximate a rectangular 
form, the comparison is more favorable for 
the multiplex method, because it would result 

2 in the 

80 

in the elimination of the factor 85 
above equations. 
The use of a separate station for transmit 

ting the synchronizing wave does not require . 
the use of additional energy for that purpose, 
since the modulation of the carrier wave at 
this-station does-not-increase the -energy 
transmitted from that station over what can 
be usefully employed for signal purposes, 
i. e., the amplitude of the carrier waves at 
that station can be adjusted so that the ampli-' 

90 

... i -tude of the resulting modulated wave is the 
rarr; i. -the an Same a S- litude of the e Wave 

that would otherwise be used. 
Fig. 10 illustrates the circuits at either sta 

tion of a quadruplex system embodying the 
same principles as have been applied in ear 
lier described systems to one-way systems. 
Since the transmitting and receiving circuits 
may be identical at the two stations, the figure 
equally represents the circuits of either one 
way branch of such systems, including both 
stations. The transmitting and receiving cir 
cuits of the figure differ only by the addition 
of certain elements, from the transmitting 
and receiving circuits of Fig. 7, for example. 
The description will be confined largely to 
these additional elements. 
The principal characteristics that distin 

guish this system from the one-way systems 
already deseribed are the use of four, instead 
of two transmissions, and the division of 
these transmissions between two directions. 
This requires that each transmission shall 
occur only one-fourth of the time. This is 
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figure by transmitting in one direction dur 
ing the first and second quarters of a given 
unit of time and transmitting in the other 
direction during the third and fourth quar 
ters of the unit. Different commutation 
means at each of the transmitting and receiv 
ing circuits effect the commutation between 
the transmissions in one direction and be 
tween the transmissions in opposite, direc 
tions. Because the two transmissions in each 

125 
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direction must take place during one alterna 
tion of the commutating frequency used at 
the commutator which commutates between 
opposite directions, the commutating fre 
quencies must have a harmonic relation. 

In Fig. 10, a single synchronizing fre 
quency is used. The first even harmonic is 
used for commutating between transmissions 
in the same direction and the fundamental 
frequency is used for commutating between 
transmissions in opposite directions. Since, 

5. 

even though the signal energy is radiated 
from each station during only one-half the 
time, the fundamental component of the syn 
chronizing wave must be transmitted to the 
distant station all of the time, a self-synchro 
nization system, at least of the type that has 
been described, cannot be used. A wave from 
a third station like that illustrated in Fig. 8 
can be used and is here assumed. 
The synchronizing wave is received by an 

tenna AN, which is tuned broadly enough 
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to efficiently receive both frequencies of the 
carrier wave. Two antennae, as in Fig. 7, 
could equally well be used. The synchroniz 
ing wave is amplified in amplifier HFA and 
impressed on demodulator D. Demodu 
lator Da and amplifier LFA function as do 
the similarly labeled elements in Fig. 7. The 
resultant synchronizing frequency is lim 
pressed on harmonic generator HG, in which 
there is produced a first even harmonic there 
of. This harmonic generator may be an 
overloaded amplifier of the type described in 
U. S. Patent to Kendall 1446.7 52, granted 
February 27, 1923. This harmonic is select 
led by selective circuit FS, and impressed on 
transmitting intermixing selector TIS, which 
functions as described above (Fig. 2). 
The fundamental component is impressed 

through circuit 21 on the other commutating 
means, hereinafter denominated a “transmit 
ting interspacing selector, TISS. This de 
vice functions on the same principle as the 
intermixing selector of Fig.2 and may differ 
therefrom structurally to the extent that only 
one of the electric discharge devices 12 and 
13 are used, since transmission occurs dur 
ing only one-half of the time. The resultant 
wave is amplified in high frequency ampli 
fier HFAs, which functions in a similar man 
ner to amplifier HFA of Figs. 1 and 7, and 
radiated from antenna AN. 
In the receiving circuit of Fig. 10, the 

carrier wave modulated by the synchronizing 
wave is received on antenae AN, and AN, 
and the synchronizing wave eventually re 
produced by a series of steps similar to that 
used in the system of Fig. 7. A single an 
tenna as in the transmitting circuit alter 
natively to the arrangement illustrated may 
be used, if desired. The reproduced syn 
chronizing wave is selected by selective means 
FS and amplified by low frequency ampli 
fier LFA. A portion of it is then im 

pressed on receiving interspacing selector 
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RISS, which functions in identical manner 
as the transmitting interspacing selector. 
Care must be taken, as by proper poling of 
the transformers concerned in this function, 
to insure that this selector selects the currents 
corresponding either to the transmissions 
from the transmitting circuit of Fig. 10 or 
the transmissions in the opposite 'direction, 
dependent on whether the receiving circuit 
illustrated is that at the distant station or 
at the same station, respectively. 
wave is impressed on harmonic generator 
HG, which produces a first even harmonic 
in the same manner as the similar device HG 
of the transmitting circuit. Selective cir 
cuit FS insures that the harmonic generator 
HG is not affected by frequencies other than 
the synchronizing wave. 

Selector circuit FS selects the first even 
harmonic and impresses it on the receiving 
separating selector RSS. This selector and 
the elements associated with its output circuit 
are identical with the identically labeled ele 
ments in Fig. 7. Although a quadruplex system makes pos 
sible the simultaneous transmission of four 
messages, as compared with two messages 
when using the systems of Figs. 1 and 7, it 
is less efficient from the standpoint of static 
elimination, if a given total energy capacity 
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The other portion of the synchronizing 
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is assumed, since energy is being transmitted 
in either direction only one-half of the time. 

Figs. 11 and 12 illustrate, respectively, a 
transmitting circuit and a receiving circuit 

3) 

of a double-diplex system, i.e., a system char 
acterized by four simultaneous transmissions 
in one direction. Two systems each using 
a transmitting and a receiving circuit like 
Figs. 11 and 12, together would constitute 
the equivalent of two quadruplex systems, 
different carrier frequencies being used in the 
two directions. The same arrangement of 
the two commutating means described with 
reference to Fig. 10, are here used to insure 

C. 

proper commutation between the four fre 
quencies transmitted in each direction, The 
principle of operation is the same. The in 
terspacing selectors, however, must commu 
tate between two groups of transmissions, so 
that an arrangement like that of Fig. 8 in 
cluding both electric discharge devices must 
be used. The transmitting circuit of Fig. 
11 is arranged for self-synchronization. The 
receiving circuit of Fig. 12 is capable of be 
ing used with the self-synchronization system 
of Fig. 11 or in a separate synchronization 
system accordingly the circuits of Figs. 11 
and 12 may be considered either as parts of 
one complete double-diplex system or the 
transmitting and receiving nortions of two 
distinct double diplex systems, either alter 
native to each other or constituting together 
a double quadruplex system. 

2. 
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Referring to Fig.11, Srepresents a means 
for generating a wave of the synchronizing 
frequency and the first harmonic thereof. It 
may, for example, comprise a combination 
of a synchronizing source, such as S of Fig. 
1 and a harmonic generator, such as HG of 
Fig. 10. Selective circuit SF, selects the 
first even harmonic which is amplified by low frequency amplifier LFAs and impressed on 

O 

2) 

transmitting intermixing selector TIS. The 
elements 1, 2, 3, 4, C, M, and M are the same 
as the similarly labeled elements in the other 
figures and cooperate similarly with the inter 
mixing selector TIS. A portion of the first 
harmonic also is impressed on transmitting 
intermixing selector TIS, which cooperates 
with elements similar to those justmentioned. 
to similarly commutate between the other two 
transmissions. 
The fundamental component of the syn 

chronizing wave is selected by selective cir 

quencies. 

50 
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; TISS, 

cuit FS and impressed with the output cur 
rents from intermixing selectors TIS and 
TIS on transmitting interspacing selector 
selector, there is produced, and transmitted 
by means of power amplifier FPA and an 
tenna AN, a wave which at equally dis 
tributed intervals of time comprises energies 
corresponding to the four transmissions. 
In the self-synchronization system of Fig. 

11, the synchronizing wave is transmitted di 
rectly, instead of as a modulated component 
of the carrier wave as in Fig. 1. This is ac complished by superposing on the message 
waves in the input of power amplifier PA the 
synchronizing wave, which is transmitted 
thereto by means of circuit 22. The antenna 
circuit is tuned broadly enough to radiate 
both the carrier and synchronizing fre 

Referring to Fig. 12, this figure illustrates 
the receiving circuits of a separate synchro 
nization double-diplex system or of a self 
synchronization system using the method of 
transmitting the synchronizing wave dis 
closed in Fig. 11. They may either be the 
receiving circuits at the distant station co 
operating with the transmitting circuits of 
Fig. 11 or the receiving circuits at the same 
station as those transmitting circuits. 
The synchronizing wave is received by an 

tenna AN, and amplified by high frequency 
amplfier HFA. The fundamental as well 
as the first even harmonic of the frequency of this wave is required. Although a harmonic 
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generator could be used to generate this first 
even harmonic as in Fig. 10, this figure illus 
trates an alternative means for accomplish 
ing this result. Device DO is an oscillator 
which normally oscillates at a frequency very 
close to the fundamental frequency and the 
output wave of which has a pronounced first 
even harmonic. The oscillating condition 
of this oscillator, which may be of the elec 

As a result of the operation of this 
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tric discharge type, is such that this frequency 
is effected by the frequency of a strong oscil 
lation impressed thereon. The synchroniz 
ing wave accordingly drives this oscillator, 
that is, causes it to oscillate at the impressed 
frequency. 
This arrangement constitutes a means for 

greatly amplifying the received wave and for 
simultaneously producing an amplified first 
even harmonic thereof and is the full equiv 
alent of the means which has been disclosed 
in other figures. However, a single fre 
quency synchronizing wave is required so that 
a third station supplying this wave would 
not be well adapted for also producing a sig 
naling wave as in the case of the circuits of 
Fig. 8. 
The fundamental frequency is selected by 

selective circuit SF and impressed on re 
ceiving interspacing selector RISS, on which 
is also impressed signaling waves received 
by antenna AN, and amplified by high fre 
quency amplifier HFA. The resulting sig 
naling waves are impressed on the receiving 
separating selectors RSS and RSS, on which 
is also impressed the first even harmonic of 
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the fundamental frequency, selective circuit 
FS, low frequency amplifier LFA, and cir 
cuit 23. The finally separated signaling 
waves are demodulated by demodulators D., 
D, D, and D, and indicated in the telephone 
receivers R,R,R, and Ra, respectively. The 
operation of the various selectors in this fig 
ure is so nearly the same as that of the corre 
sponding selectors in the transmittig circuit 
of Fig.11 and in the circuits of the other 
figures that further explanation is not con 
sidered necessary. 

Fig. 14 illustrates an arrangement for re 
ceiving a synchronizing wave which is alter 
native to that shown at the left of line X-Y 
of Fig. 7. The synchronizing wave assumed 
for the operation of this means is a changing 
frequency wave, such as may be produced by 
the circuit of Fig. 13, to be described. This 
method of transmitting a synchronizing 
wave, in which the carrier wave itself is the 
synchronizing wave, is contrasted with the 
method above described in which the syn 
chronizing wave is transmitted as a modu 
lated component of the carrier wave. The 
carrier wave may equally well, as in the pre 
vious example, be additionally used for sig 
naling purposes. 
This changing frequency wave is received 

on antenna ANs which is loosely coupled 
through condenser 24 to the tuned circuit 25. 
The tuning of the antenna and of the tuned 
circuit 25 is preferably the same and is such 
that when the coupling is adjusted so that 
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the two humps of the resultant resonance. . 
curve are spaced apart by an interval corre 
sponding to the spacing of the two carrier 
frequencies, the maxima of these two humps 
will be coincident with the two carrier fre 130 
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quencies. Fig.15 illustrates the double hump 
character of the resonance curve. For a rela 
tively loose coupling, so that the frequencies 
corresponding to the humps are relatively 
close together, the frequency of tuning of the 
antenna and of the resonant circuits will be 
substantially the arithmetic means of the fre 
quencies of the humps. The phenomena ac 
companying the production of a double hump 
resonance curve are well known. For a 
theoretical consideration of the underlying 
principles, reference is made to Morecroft's 
“Principles of Radio Communication' pages 
94 et seq. Obviously, the same principle could 
be used if the synchronizing wave were trans 
mitted as a modulation of a double frequency 
carrier wave, in which case the arrangement 
of Fig. 14 could be used in the system of 
Fig. 7 in a similar manner except that it 
would be substituted for the receiving cir 
cuits of Fig. 7 at the left of the demodulator. 
D instead of at the left of line X-Y. 

Fig. 13 illustrates a radio transmitting cir 
cuit which may be used to transmit the double 
frequency carrier wave used in the circuit of 
Fig. 14. The circuit comprises merely an 
electric discharge oscillator 26 oscillating into 
the antenna circuit the tuning of which de 
termines the frequency of oscillation. This 
frequency may be changed in accordance with 
a telegraphic code by means of key 27. As 
in the case of the circuit of Fig. 8, the arrange 
ment makes possible the simultaneous use of 
the circuit without increased energy con 
sumption, for telegraphic signal transmission 
and for transmission of the synchronizing 
wave. Obviously the circuit of Fig. 8 could 
be made the functional equivalent of that of 
Fig. 13 by omitting the synchronizing 
source S. 

It will be understood that details of the 
circuits and methods herein set forth may be 
embodied in organizations widely different 
from those illustrated without departing 
from the spirit of the invention which is de 
fined by the following claims. 
What is claimed is: 
1. The method of multiplex carrier wave 

communication between two stations, which comprises simultaneously communicating be 
tween said stations by a plurality of modu 
lated carrier waves employing the same car 
rier frequency and commutating all of such 
waves at a super-audible rate in such man 
ner that at each instant of time, and in Se 
quence, the waves corresponding to one and 
only one of the channels are transmitted be 
tween said stations. 

2. The method of multiplex carrier wave 
communication between two stations employ ing terminal transmitting and receiving ap 
paratuses individual to each of several modul 
iated carrier wave communication channels, 
all of which use the same carrier frequency, and a transmitting path used in common for 
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such waves between such transmitting and 
receiving apparatuses, which comprises si 
multaneously operating such apparatuses for 
all of said channels and at the same time com 
mutating all of the resultant modulated car 
rier waves at superaudible frequency in such 
manner that at each instant of time only the 
transmitting and receiving apparatus indi 
vidual to one channel are operatively con 
nected to said path. 

8. In a multiplex signaling system, means 
for generating and transmitting between two 
stations at least two carrier waves having the 
Same frequency, means for modulating each 
of said waves at one station in accordance 
with a signal, corresponding means at the 
respective opposite stations for demodulat 
ing each modulated wave and commutating 
means at each station adapted to alternately 
provide a complete operative channel for 
each transmission, said commutating means 
being adapted to operate at a super-audible 
frequency. 

4. In a multiplex signaling system, means 
providing the terminal equipment of at least 
two complete modulated carrier wave chan 
nels between two stations, said channels being adapted to use the same carrier frequency, 
and synchronously operated commutating 
means at the two stations whereby only one 
channel is operative for transmission between 
said stations at each instant of time, said commutating means being adapted to operate 
at a super-audible frequency. s 

5. In a carrier wave communication system 
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in combination, terminal equipment at each . 
of two stations for a complete multiplex sig 
nal modulated carrier wave system using the 
same carrier frequency for all channels, a 
transmitting path between said stations, and 
synchronously operated commutating means 
at each station adapted to alternately and at 
a super-audible frequency effectively connect 
the terminal equipment individual to each 
channel to the station terminals of said trans 
mitting path. 
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6. The system of claim 5 in which the 
commutating means at each station comprises 
an electric discharge path in each channel. and means whereby the discharge paths for 
the respective channels are alternately ren 
dered conductive for discharge current in 
response to electric variations impressed on 
said discharge paths. 

7. The system of claim 5, in which the 
commutating means at each station comprises 
electric discharge means between the termi 
nal equipment of each channel and said path, 
and means whereby the impedance of said 
discharge means is varied in response to elec 
tric variations impressed thereon; said sys 
tem including, additionally, means for trans 
mitting a synchronizing wave to each of said 
stations for providing said electric varia 
tions. 
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8. The system of claim 5, in which the 

commutating means are responsive to electric 
variations impressed thereon; and including 
additionally a radio transmitting station for 
transmitting said electric variations to each 
station of the communication system. 

9. The system of claim 5, in which the 
transmitting path comprises etheric. Space 
and in which the commutating means at each 
station comprises means responsive to elec 
tric variations; and including additionally a 
separate radio station comprising means for 
transmitting a separate telegraph signal by 
varying the frequency of a carrier wave, and 
means for impressing amplitude variations 
on said changing frequency carrier Wave in 
response to the desired electric variations to 
be used in the multiplex system. . . 

10. The system of claim 3 in which the commutating means are responsive to elec 
tric variations impressed thereon; and in 
cluding, additionally, means for transmit: 
ting said electric variations as a modulated 
component of said carrier frequency. 
1. The system of claim 3 in which the 

commutating means are responsive to elec 
tric variations impressed thereon; and in 
cluding additionally means for generating 
said electric variations and for impressing 
them on each of said modulators whereby 
there is transmitted at all times with the con 
mutated signal modulated waves the Sane 
carrier wave modulated in accordance with 
said variations. 

12. A transmitting station of a multiplex 
one-way carrier wave system, comprising 
means for generating a plurality of carrier 
waves, all having the same frequency, means 
for modulating each of Said Waves in accord 
ance with a signal, a transmitting conductor, 
and commutating means whereby the re 
sultant signal modulated carrier, Waves are alternately impressed on said conductor, such 
alternations recurring at a Super-audible fre 
quency. 13. A transmitting station for a multiplex. 
one-way radio carrier wave communication system comprising means for generating, a 
plurality of carrier currents all haying the same frequency, means for modulating each 
of said waves in accordance with a signal, 
a transmitting antenna, and commutating 
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mean whereby the resultant signal modulated 
carrier waves are alternately impressed on 
said antenna, such alternations recurring at 
a super-audible frequency. . . . 

14. A diplex radio communication system 
comprising a transmitting station, a receiv 
ing station, and means for impressing on 
each of said stations a synchronizing Wave 
having a superaudible frequency, said trans 
mitting station including in , combination 
means for generating a carrier. Wave, means 

65 
for simultaneously modulating said carrier 
wave in accordance with two distinct signal 

the alternate transmission o 
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waves, a radiating means, means responsive 
to the alternations in sign of said impressed 
synchronizing wave to correspondingly al 
ternately impress the two signal modulated 
waves on said radiating means and said re 
ceiving station including in combination a 
receiving conductor, a demodulator and an 
indicator corresponding to each of the two 
signal modulated waves, and means respon 
sive to the alternations in sign of said 
synchronizing wave to correspondingly al 
ternately impress the incident signal modu 
lated waves on said demodulators. 
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15. A double-diplex radio communication 
system comprising a transmitting station, a 
receiving station, and means for impressing 
on each of said stations a synchronizing wave 
and a first even harmonic thereof; the trans 
mitting station comprising in combination 
means for generating a carrier wave, means 
for simultaneously modulating said carrier 
waves in accordance with four distinct signal 
Waves, means responsive to the alternations 
in sign of said harmonic wave to correspond 
ingly effect the alternate transmission of two 
of the signal modulated waves, similar means 
responsive to the alternations in sign of said 
synchronizing wave to Effigy effect 

the remaining 
two signal modulated waves, and means pos 
terior to the last two. mentioned means in the 
'direction of transmission responsive to the 
alternations in sign of said synchronizing 
wave to correspondingly effect the alternate 
transmission of the above two groups of sig 
nal modulated waves, and means for radiatin 
the resultant commutated signal modulate 
carrier wave; and said receiving station in cluding in combination a receiving antenna, 
two receiving circuits associated therewith, 
means responsive to the alternations of sign 
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of said synchronizing wave to correspond 
ingly alternately impress the two groups of 
signal modulated waves incident on the re 
ceiving antenna on said receiving circuits, 
means in one of said receiving cricuits re 
sponsive to the alternations insign of said 
harmonic wave to correspondingly effect the 
alternate transmission of the two signal mod 
tulated waves impressed on said circuit, simi 
lar means in the other receiving circuit re 
Sponsive to the alternations in signal of the 
said harmonic wave to correspondingly effect 
the alternate transmission of the signal mod 
ulated waves of the other group, and a de 
modulator and an indicator for each of the 
resultant separated signal modulated carrier 
waves. 
i. 16. A quadruplex radio communication 
System Comprising at each station, a trans 
Initting circuit, a receiving circuit, and means 
for impressing on said transmitting and re 
ceiving circuits a Synchronizing wave and the 
first even harmonic thereof; the transmitting 
circuits comprising in combination, means 
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for generating a carrier wave, means for mod 
ulating said carrier wave in accordance with 
two distinct signal waves, means responsive to 
the alternations in sign of said harmonic wave 
to correspondingly effect the alternate trans 
mission of said signal modulated waves, means 
posterior to the last mentioned means in the 
direction of transmission responsive to the al 
ternations in sign of said synchronizing wave 
to correspondingly effect the transmission of 
said signal modulated waves during alterna 
tions of one sign of said synchronizing wave, 
and means for radiating the resultant signal 
commutated signal modulatedwaves; and said 
receiving circuits comprising in combination 
a receiving antenna, a circuit associated there 
with, means responsive to the alternations in 
sign of said synchronizing wave, to render 
said associated receiving circuits operative 
for transmission during the alternations of 
said synchronizing wave having a sign oppo 
site to that correspondingly used at the trans 
mitting circuits, two circuits branched from 
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said associated circuit, means in said associ 
ated circuit responsive to the alternations in 
sign of said harmonic wave to correspond 
ingly alternately make said branched circuits 
operative for transmission and a demodulator 
and an indicator in each of said branched 
circuits. 

17. The system of claim 14 in which the 
means for impressing the synchronizing wave 
on said stations comprises in combination; a 
radio transmitting station having means for 
transmitting signals in accordance with a 
telegrah code by changing the frequency of 
the radiated wave, and means for modulating 
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said change in frequency wave in accordance 
with the synchronizing wave; and at each of 
said stations antennae respectively tuned to 
one of the frequencies of said changing fre 
quency wave, demodulating means for com 
bining the portions of the carrier wave re 
ceived by said antennae, and obtaining there 
from a reproduced synchronizing wave, and 
means for impressing said synchronizing 
wave on the circuits of said stations. 

18. The system of claim 16 in which the means for impressing on the transmitting 
and receiving circuits at each of said stations 
the synchronizing wave and the first even 
harmonic thereof comprises in combination; 
a radio transmitting station including means 
for transmitting a telegraphic code signal 
by changing the frequency of a radiated car 
rier wave, and means for modulating said 
changed frequency carrier wave in accord 
ance with the synchronizing carrier wave; 
and at each of said stations a means for re 
ceiving the changing frequency wave modu 
lated by said synchronizing wave, means for 
reproducing the synchronizing wave there 
from, means responsive to said synchronizing 
wave for producing the first even harmonic . 
thereof, and means for impressing said syn 
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chronizing wave, and the first even harmonic 
thereof, on the transmitting and receiving 
circuits of said station. 

19. A system comprising means for con 
trolling a wave-conveying-channel in accord 
ance with the sign of impulses of an alter 
nating current and additional means for con 
trolling said channel in accordance with the 
sign of impulses of a current of multiple fre 
quency derived from said alternating current. 

in witness whereof, we hereunto subscribe 
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our names this 26th day of January, A.D. 
1925. 

E. MAURCE DELORAINE. 
EDWARD KENNETH SANDEMAN. 80 
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