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ing with the corresponding receiving system, 
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the receiving antenna system at each station 
includes a device, which may be in the form 
of a band filter, that acts to divert the re 
ceived energy of the locally transmitted fre 
quencies from the receiving branches of the 
receiving antenna system and to dissipate this 
energy, if desired, in suitable resistance ele 
ments or an artificial line. 
Of the carrier wave transmitting channels 

with which each station is provided, one 
serves, in the present embodiment of the in 
vention, as a channel for transmitting a wave 
which is modulated to control the signals in 
cident to the establishment and supervision 
of the connections, while the other transmit 
ting channels are employed to transmit the 
waves that are modulated to convey the 
speech or communicating currents. At each 
station the group of communication trans 
mitting channels and the several groups of 
communication receiving channels, one 
group for receiving the carriers from each 
of the distant stations, are conveniently ter 
minated in springjacks with which a num 
ber of plug-terminated connecting cord cir 
cuits cooperate to associate, as desired, a 
transmitting channel with a receiving chan 
nel to constitute a radio link for two-way 
communication, and to connect the two-way 
radio trunk thus formed with any desired 
one of a number of springjack terminated 
local lines. - 
As each of the stations of the system has 

certain frequencies i which dit employs in 
transmitting, the receipt of the frequency 
assigned to a particular station definitely 
identifies that station as the calling station; 
and the modulation of the calling station's 

40 controlling or calling frequency by lower 
frequencies in various combinations serves 
to identify the particular one of the distant 
stations that is being called and the partic 
ular one of its communicating channels that 
the calling station has selected for establish 
ing the connection. The combination of 
lower frequencies which the calling station 
employs to modulate its calling or control 
ling carrier wave causes the display at the 

60 
between the calling 

particular station that is being called of a 
signal associated with the particular com 
munication receiving channel corresponding 
to the transmitting communication channel 
which the calling station has selected for use. 
The signals associated with the correspond 
ing receiving channels at the stations other 
than the one being called are not displayed. 
The establishment of the two-way radio link 

and called stations is 
completed by the called station selecting and 
connecting with one of its available com 
municating channels, and indicating the se 
lected channel to the calling station by mod 
ulating its own calling or controlling car 
rier wave with the proper combination of 
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lower frequencies to cause the display of 
the corresponding signal at the calling sta 
tion. 

In the present embodiment of the inven 
tion two base frequencies generated in any 
convenient manner and transmitted from 
any convenient point are received at each of 
the stations; and harmonics generated from 
these base frequencies are combined to pro 
duce carrier waves for modulation by speech 
or controlling frequencies in the transmit 
ting channels of each station, and for the de 
modulation of the modulated carrier waves 
in the receiving channels at each station. 
The combination of the base frequencies at 
each station is effected in such a manner 
that each of the combining units serves to 
produce a number of the desired carrier 
and demodulating waves as a plurality of 
readily separable side bands of the com 
bined harmonics of the base frequencies. 
The novel features which are considered 

characteristic of the invention are set forth 
with particularity in the appended claims. 
The invention, both as to its organization 
and mode of operation, together with the 
particular objects and advantages thereof, 
will best be understood by reference to the 
following description taken in connection 
with the accompanying drawings, which 
constitute a disclosure of the preferred em 
bodiment of the invention. In the accom 
panying drawings, Fig. 1 illustrates in 
schematic form a carrier wave connaunicat 
ing system comprising four stations organ 
ized for general intercommunication through 
the medium of a plurality of non-interfering 
carrier waves; |?? 2 illustrates schemati 
cally, but in greater detail, the organization 
of one of the stations, station 1, of Fig. 1; 
and Figs. 3 to 8, inclusive, when arranged 
as indicated in Fig. 9, show in detail as 
much of the circuits of one of the stations 
as is necessary to enable the wiring and or 
ganization of the entire system to be under 
stood. 

Referring first to Fig. 1, this schematic 
drawing is merely intended to show an outline 
or skeleton of the general arrangement and 
relationship of four stations adapted for in 
terconnection through the medium of high 
frequency or carrier waves in accordance with 
the plan of the present invention. These sta 
tions are indicated in the present instance as 
radio stations, that is, stations between which 
interconnection and intercommunication are 
established through the medium of unguided 
high frequency waves transmitted through 
space. In the specification that follows, the 
high frequency stations will occasionally be 
referred to as radio stations: but it is to be un 
derstood that the use of this term is not in 
tended to limit the invention to exclude a sys 
ten the stations of which are operativelv re 
lated through the medium of high frequency 
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1,709,044 3. 

waves guided upon conductors, as the sta 
tions of the organization disclosed may 
be of this character. Furthermore, in Fig. 
1 as well as in the other figures of the 
drawing, definite frequency values are indi 
cated as being assigned to the carrier waves, 
to the base frequencies and to the lower con 
trolling frequencies with which the calling or 
controlling carrier wave of each station is 
adapted to be modulated. It should be un 
derstood, however, that these definite and spe 
cific frequency values are used merely for the 
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purpose of clarity in the disclosure and that a 
wide diversity of frequency values may be sub 
stituted, as desired, for the purely typical and 
illustrative values that are herein employed 
without in any way departing from the spirit 
of the invention. 

in the typical arrangement indicated in 
outline in Fig. 1 there are four stations, sta 
tion l, station 2, station 3 and station 4, re 
spectively; and in addition thereto there is 
illustrated a transmitting Station designated 
"Base frequency source” which may be as 
sumed to be any convenient location, -at some 
separate point, at any one of the four stations 
indicated, or, if desired, may have its function 
served by the transmitting antenna of one 
of the four stations. Associated with the base 
transmitting antenna are oscillation genera 
tors of any suitable type which act to produce 
two base frequencies, in the present instance 
100,000 and 107,000 cycles per second, and to 
transmit these base frequencies through the 
base transmitting antenna to the other sta 
tions of the system. The frequencies that are 
employed in the system and which the stations 
tse for interconnection are indicated in Fig. 
1 by a number of broken lines. The lowest of 
these broken lines is designated 100,000 and 
107,000 cycles. The other four broken lines are 
designated respectively 565,000 to 586,000, 
614,000 to 635,000, 665,000 to 686,000 and 714 
000 to 35,000. The broken line connection of 
the transmitting antenna of each of the four 
Stations to a particular one of the four last 
nientioned broken lines indicates that the co 
responding transmitting antenna is adapted 
to utilize for transmitting purposes the par 
ficular band of frequencies of the broken line 
With which it has connection. Thus station 
1 is represented as transmitting on the 565,000 
to 586,000 band, station 2 on the 614,000 to 
635.000 band, station 3 on the 665,000 to 686. 
000 band, and station 4 on the 14,000 to 735 
000 band. 
The broken line connections of the receiv. 

ing alatemna at each station with the hori 
ZOntal broken lines indicate the particular fre 
quency bands to which the receiving systeins 
of the various stations are adapted to be re 
sponsive. As may be seen by reference to Fig. 
3. the receiving system of each station is re 
sponsive to the base frequencies, and also to 
all of the other frequency bands excepting 

that which is adapted to be propagated from 
the associated transmitting antenna. 
The total frequency range assigned to each 

station for transmitting purposes is divided, 
in this particular embodiment of the inven 
tion, into four frequency bands, one of which 
is employed for calling or signal controlling 
purposes and the other three of which are used 
for communication or speech transmission. 
As indicated in Fig. 1, station transmitsmod 
ulated carrier waves of 586,000, 579,000 and 

75 

52,000 cycles respectively for communicat 
ing and a modulated wave of 565,000 cycles for 
signal controlling; station 2 transmits carrier 
waves of 614,000, 621,000 and 628,000 cycles 
respectively for communicating and a wave of 
635,000 cycles for controlling; station 3 trans 
mits Waves of 686,000, G79,000) and 672,000 cy 
cles respectively for coinin unicating and a 
wave of 665,000 cycles foi controlling; and sta 
tion 4 transmits waves of 714,000, 721,000 and 728,000 cycles respectively for communicating 
äänila, w Rive of 735,000 for controliing. "The 
i'eceiving antenna System of each station in the 
enbodiment of the invention ilustrated, has: 
tuned branch responsive to each of the four 
carrier wave frequencies transmitted by each 
of the other three or distant stations, as well as 
a tuned branch responsive to the two base fre 
quencies of 100,000 and 107,000 cycles. There 
is also included in the circuit of the receiving 
antenna of each station a tuned branch re. 
Sponsive to the frequencies of the associated 
transmitting antenna, which branch, as wil 
be explained in connection with Fig. 5, acts as 
a trap to divert the energy received from the 
local transmitting antenna and largely pre 
vent it passing through the portion of the 
circuit including the other tuned branches of 
the receiving antenna system. 
The general Scheme of organization of the 

Various stations of the system will now be 
(eXplained by reference to Fig. 2 of the draw. 
ing. The particular station that has been 
chosen for schematic illustration in this fig. 
til re of the dra Wiig is station 1. It willi je 
Understood that the plan of each of the other 
stations is the Sane excepting for such dif 
ferences as have already been indicated in 
the matter of the particular frequencies as 
signed to the different ti'an,Sinnitting and re 
ceiving charinels. Fol' the purpose of simpli 
fied and concise representation, nost of the 
devices and grup3 of apparatus that con 
stitute elements in the organization are in 
dicated in Fig. 2 by means of appropriately 
lettered squares. For 3onvenient reference a 
key to the lettered squares in this and the 
other figures is here given. The squares 
inaiked A are amplifiers. The squares 
marked BA are balanced amplifiers. Squares 
SEF are band filters. Square A, is an arti 

ficial iline Or energy dissipating device. 
Squares Bi) are balanced detectors. Squares 
TC aire tuned circuits. Squares STC are 
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tuned circuits with anti-resonant shunts. 
Squares LPF are low pass filters, Squares 
Mare modulators. Squares D are detectors. 
Squares HG are harmonic generatoi's. 
Squares O are oscillators. Squares IBM aire 
balanced nodulators. Squares Hy are hy 
brid or conjugate coiis. Squares N are bal 
ancing networks. In addition a number of 

: unlettered squares are employed which ne'e- 
-- liv represent grobaDs of apparatus the de ? ? ??? H) 

tailed representation of which is un neces 
sary to an understanding of the general plan 
or scheme of organization, and the nature of 
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the appal'atus in which groups may be con 
veniently ascertained by reference to the fig 
ures of the drawing showing the circuits in 
detail. Such familiar pieces of apparatus as 
plugs, spring jacks, lahaps, telephone receiv 
ers and transmitters, etc., are represented by 
their usual conventional symbols, so that in 
explaining the plan of organization illus 
trated in Fig. 2 it wili be unnecessary to iden 
tify by reference nulnerals the elements to 
which there may be occasion to refer. The 25 
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various apparatus referred to above as being 
indicated by squares in certain figures of the 
drawing will be described more fully he'eil 
after, and reference is here made to the paper 
by Colpitts and Blackwell entitled “Carrier 
current telephony and telegraphy', published 
in the Journal of the American Institute of 
Electrical Engineers, April 1921, and suc 
ceeding issues, for a disclosure of individual 
apparatus and subcombinations of apparatus 

5 of the general type employed in the present 
system. 
The receiving antenna system is made 

aperiodic, or in any convenient and well 
known way is given as many degrees of free 
domas are necessary to make it responsive 
to the range of frequencies that are to be re 
ceived. The output circuit of the balanced 
amplifier is connected with as many tuned 
branches as there are carrier. Waves to be re 
ceived from the various distant stations und 
from the base frequency generating station. 
The branches for responding to the carrier 
waves from station 2 are designated channel 
1, channel 2, channel 3 and control channel 
respectively, these branches, as indicated, 
being responsive respectively to 614,000, 
621,000, 628,000 and 635,000 cycles. The 
branches of the receiving antenna system 

5 5 
adapted to respond to the carrier waves froin 
station 3 are designated channel 1, channel 
2, channel 3 and control channel and are respectively responsive to frequencies of 
686,000, 679,000,672,000 and 665,000 cycles. 

: The branches of the receiving antenna system 
60 adapted for cooperation with station 4 are 

likewise designated channel 1, channel 2, 
channel 3 and control channel, and are re 

(i. 

spectively responsive to carrier waves of 
714,000, 721,000, 728,000 and 735,000 cycles. 
The branch of the receiving antenna system 
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responsive to the base frequency waves, 
which branch is shown at the lower left hand 
corner of Fig. 2 is responsive to a range of 
frequencies from 100,000 to 107,000 cycles in 
clusive. 

Figs. 1 and 2 have been referred to for ill 
lustration of the general layout of the system 
and of a station of the system, respectively, 
but these figures do not pretend to give the 
circuit arrangements since in these figures 
single lines are used for the various transmis 
sion paths whereas in reality two or more con 
ducting or control or other wires would be 
needed. In the following description Figs. 
1 and 2 may, on account of their outline na 
ture, conveniently be consulted where refer 
ence is made to the general arrangement of a 
system or of an individual station, but Figs. 
3 to S, arranged as shown in Fig. 9, are reliel 
on to show specific circuit arrange tents; and 
wherever mention is niade specifically of the 
circuit structures, reference should be had to 
Figs. 3 to S for the corresponding illustration. 
Referring now to the branches of the re 

(eiving antenna systein that constitute the 
incoming channels from the various distant, 
stations, each of these is connected serially 
with the output circuit of the receiving an 
tenna balanced amplifier through the medium 
of a tuined circuit, which is provided with an 
:anti-reson: ht shtimi to aid in the cliversion 
into the particular tuned circuit of the fre 
(ile:cies () which the circuit is tuned and the 
that tenuated passage through the series cir 
cuit of the frequencies to which the other 
tuned branches are responsive. For a more 
complete description of the action of these 
selecting circuits, reference may be had to 
the patent to Raymond A. Heising 1,313,483, 
August 19, 1919, in which similar selecting 
circuits are shown at a transmitting station. 
The spacing of the carrier waves is so close 
that the tuned circuit of each branch is not 
relied upon to effect in itself the exclusion 
of adjacent frequencies from the branch, but 
merely to effect as great a measure as possible 
of attenuation for all frequencies other than 
that for which the particular branch in ques 
tion is tuned. The manner in which the se 
lectivity of the channel for its particular fre 
quency is increased and response to other 
frequencies prevented will be hereinafter de 
scribed. The frequencies diverted from the 
common circuit by way of a tuned circuit are 
amplified and then passed to a balanced de 
tector where they are combined with a locally 
generated wave developed in such a manner 
as to have identically the same frequency 
value as that of the modulated carrier that is 
received over this tuned branch. Among the 
demodulation products developed in the bal 
anced detector as a result of the combination 
of these frequencies are the reproduced low 
voice or signaling frequencies with which the 
carrier wave was originally modulated at the 
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transmitting station. These low voice fre 
quencies, or signal controlling frequencies 
in the case of the control channel, are segre 
gated from the other demodulation products 
by the interposition of a low pass filter in the 
output circuit of the balanced detector. The 
voice or low frequency currents are then am 
plified and passed directly to the springiack 
which constitutes the incoming terminal of 
this channel. 

In the case of the control channel incoming 
from each of the remote stations, the ampli 
fied low frequency products of demodulation 
which are obtained through the operation of 
a series of elements similar to those men 
tioned above, may include one or more of a 
number of low frequency controlling waves 
with which the carrier wave is modulated at 
the transmitting station in accordance with 
the particular associated communicating 
channel that is to be used in establishing the 
connection and the particular station that is 
being called. Consequently the output cir 
cuit, of the last amplifier in the control chan 
nel is provided with a number of branches 
each of which is selective of a particular One 
of the controlling low frequencies with which 
the controlling carrier wave may be modu 
lated. In the case of station 1 illustrated in 
Fig. 2 there are four selective branches of the 
control channel incoming from each of the 
distant stations, these selective branches be 
ing tuned to respond to 200 cycles, 1,000 cycles, 
1,200 cycles and 1,400 cycles respectively. 
At the other, stations of the system, as may 
be seen by reference to Fig. 1 the tuned 
branches of each receiving control channel 
are adapted to be selective of the same low 
control frequencies of 1,000 cycles, 1,200 cycles 
and 1,400 cycles, respectively, but the remain 
ing branch is arranged to be selective of 400 
cycles in the case of station 2, of 600 cycles 
in the case of station 3, and of 800 cycles in 
the case of station 4. Thus station 1 responds 
to the modulation of any of the control chan 
nel carrier waves with 200 cycles, station 2 
responds to the modulation of a control chan 
inel carrier wave with 400 cycles, station 3 to 
its modulation with 600 cycles, and station 
4 to its modulation with 800 cycles. The 
modulation of the corresponding control 
channel earrier with 1,000 cycles occurs when 
a transmitting station selects its transmitting 
channel for use, the nodulation of the col'- 
responding control channel carrier with 1,200 
cycles occurs when the transmitting station 
selects its channel 2 for use, and the modula 
tion with 1,400 cycles occurs when the trans 
mitting station selects its channel 3 for use. 
The devices associated with the various Selec 
tive branches of each of the receiving Systein 
control channels interact and cooperate in 
such a way that the lamp signal associated 
with a particular incoming communicating 
channel at a particular station is lighted when 

5 

the transmitting station takes the correspond 
ing channel for use and signals the station in 
question. 
As has been stated there are at each of the 

stations four transmitting channels, three of 
which termainate upon springjacks at the op 
erator's position and are used for communi 
cating purposes, and the fourth of which is 
arranged to be used for calling and signal 
controlling purposes. The voice frequencies 
that are supplied to each of the communicat 
ing channels when connection is established 
by way of the terminal springjack of the 
channel are carried through a low pass filter 
which serves to suppress the upper harmonics 
and higher voice frequencies and thus hold 
the frequencies within a moderately restrict 
ed range. The voice frequencies that are 
conveyed through the low pass filter are sup 
plied to the input circuit of a balanced modu 
lator where they are combined with the ap 
propriate one of the carrier waves developed 
from the base frequencies as will hereinafter 
be described. The products of modulation 
are then passed through a tuned circuit which 
serves to suppress all but the voice frequency 
modulations of the carrier wave and such un 
modulated component of the carrier wave as 
is not balanced out and suppressed by the 
action of the balanced modulator. The voice 
modulated carrier then is amplified and 
passes into the common circuit of the trans 
mitting antenna by Way of a tuned circuit 
with a shunt that is anti-resonant to the 
frequency of this particular transmitting 
channel. 

In the case of the fourth or control channel 
of the transmitting group the input circuit 
of the balanced modulator is arranged to re 
ceive the locally generated carrier wave 
which this channel employs, and also any one 
or more of the previously mentioned group of 
low frequency controlling waves. The con 
trolling waves are generated as harmonics of 
a base frequency or fundamental produced in 
an oscillator, this fundamental frequency in 
the present instance being 200 cycles. Har 
monics or multiples of this frequency are pro 
duced in a harmonic generator, are then am: 
plified and distributed by means of tuned cir 
cuits to other amplifiers where each harmonic 
that is to be used is amplified to whatever 
degree may be desired, and is applied as re 
quired through a tuned branch to the input 
circuit of the control channel balanced modul 
lator. in the case of station 1 illustrated in 
Fig. 2 the harmonics that are segregated and 
amplified for use are 400,600, 800, 1,000, 1,200, 
and 1,400 cycles respectively. The 200 cycle 
frequency is not utilized at station 1 for the 
reason that this is the frequency with which 
the other distant stations modulate their con 
trolling carrier waves to select station 1. In 
like manner as indicated in Fig. 1 station 2 
omits the 400 cycle harmonic by means of 
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which it is adapted to be selected by other sta 
tions, station 3 omits the 600 cycle harmonic 

lo 

and station 4 omits the 800 cycle harmonic. 
Thus the control frequency generating ap 
paratus of each station makes available for 
use all of the frequencies up to 1,400 cycles 
excepting the particular frequency or har 
monic that is used in effecting the selection of 
this particular station. Such control fre 
quency or combination of control frequencies 
as may be required in the establishment and 
control of connections are made effective by 
means of relays that control the energizing 
circuits of the amplifiers in the corresponding 
tuned branches of the harmonic distributing 
circuit. The three relays controlling the 
1,000, 1,200 and 1,400 cycle branches, used to identify the particular transmitting chan 

20 
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40 

nel selected are controlled through the agency 
of circuits completed when a connecting cin'- 
cuit plug is inserted into the spring jack of 
the selected channel; while the relays con 
trolling the energizing circuits of the am 
plifiers in the other or station selecting 
branches of the harmonic distributing circuit, 
are controlled respectively by the station 
selecting keys designated K-2, K-3 and 
K-4 in the case of station 1. Similarly there 
will be keys K-1, K-3 and K-4 (not 
shown) at station 2, keys K-1, K-2 and 
K-4 (not shown) at station 3, and keys 
K-1, K-2 and K-3 (not shown), at sta 
tion 4. . . . . 

As shown in Fig. 2, the operator's position 
is provided with three connecting circuits 
for establishing a two-way radio link with 
any one of the distant stations and for bring 
ing this two-way link into connection with 
the lines local to the associated station. These 
connecting circuits are each provided with a 
receiving plug adapted for insertion in any 
one of the springjack terminals of the nine 
channels incoming from the three distant sta 
tions, a transmitting plug for insertion in any 
one of the three springiack terminals of the 
three communication transmitting channels 
of the associated station, and a local plug for 
insertion in the springjack of any one of the 
local lines. Each connecting circuit includes 
the usual hybrid coil and balancing network 
for rendering the receiving and transmitting 
branches of the circuit conjugate with respect 
to each other. The connecting circuits also 
have connection with the usual operator's 
telephone set and ringing generator by means 
of the customary listening and ringing keys, 
and in addition are provided with controlling 

60 

keys for governing the application of the de 
sired low frequency controlling currents for 
the modulation of the associated controlling 
channel, (see Figs, 5 and 6). These parts with 
their associated controlled and controlling 

?65 

elements and circuits will be described in 
connection with the detailed description of 
operation hereinafter. It may also be noted 

at this point that each connecting circuit has 
associated with it a supervisory lamp that is 
under the control of the distant station 
through the medium of the corresponding re 
ceiving plug and receiving channel spring 
jack and the controlling channel incoming 
fi'i in the distant, station. 

Referring now to the apparat us for devel 
oping the high frequency carrier and demod 
ulating waves from the received base fre 
quencies, the base frequencies of 100,000 and 
107,000 cycles after passing through the band 
filter shown in the lower left hand corner 
of Fig. 2 pass to the input circuit of the de 
tector. From the output circuit of the de 
tector the base frequency of 100,000 cycles 
and the difference ????????????? of 7,000 cycles 
are separated out by means of tuned circuits, 
and each of these frequencies after amplifica 
tion is caused to produce harmonics by means 
of harmonic generators included in each cir 
cuit. After amplification the 600,000 and 
700,000 cycle harmonics of the 100,000 cycle 
hase are selected and pass into a common dis 
tributing circuit. In lilke manner the har. 
monies developed in the harmonic generator 
(if the 7,000 cycle circuit are amplified and 
the 14,000 cycle, 21,000 cycle, 28,000 cycle, 
and 35,000 cycle harmonics are then sepa 
rated out by means of tuned circuits. Each 
of the last mentioned harmonics of the 7,000 
cycle fundamental is then separately ampli 
fied and passes to the input circuit of a mod 
ulator where in each case it is combined with 
amplified 600,000 cycle and 700,000 cycle 
frequencies derived from the common dis 
tributing circuit. As a result there is present 
in the output circuit of the lower one of the 
four modulators the upper and lower side 
bands of 600,000 modulated by 14,000 and 
the upper and lower side bands of 700,000 
modulated by 14,000; that is, the frequencies 
586,000, 614,000, 6S6,000 and 714,000. In like 
manner the modulation of 600,000 and 700,000 
by means of the 21,000 frequency in the see 
ond modulator produces the frequencies 
579,000, 621,000, 679,000 and 721,000. In the 
third modulator the frequencies 572,000, 
628,000, 672,000 and 728,000 are produced; 
and in the fourth or upper modulator the fre 
quencies 565,000, 635,000, 665,000 and 735,000 
are produced. There are also, of course, 
other products of modulation in the various 
output circuits; but they are widely sena 
rated in the frequency range from the groups 
of frequencies above mentioned, so that they 
are readily suppressed in the tuned circuits 
that take off for use from the output circuits 
the frequencies mentioned. 

It will be noted that the frequencies spe 
cifically mentioned as the combination prod 
ucts of the harmonics developed from the 
two base frequencies are the same frequencies 
as those which have heretofore been men 
tioned as being employed for demodulation 
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of the incoming modulated carriers in the re 
ceiving channels and for modulation by the 
voice and lower controlling frequencies in the 
transmitting channels. The useful frequen 
cies resent in the output, circuits of the four 
harmonic modulators are derived froy the 
respective circuits by means of tuned circuits 
at the various points where they are to be 
ti sed and are applied to the input circuits of 
the balanced detector's aint the balanced mod 
ulators of the various channeis through the 
medium of amplifie's connected with the 
tuned circuits. . . . . . . 

Reference will now be had more particu 
larly to Figs. 3 to 8 inclusive of the drawing, 
which illustrate as much of the preferred 
circuit organization of a single one of the 
stations of the system as is necessary to en 
able the invention to be understood. Before 
proceeding to a detailed description of the 
operation of the systein, however, the or 
ganization and operation of that part of the 
system which serves to generate, modulate, 
transmit, receive and detect or demodulate 
the high frequency carrier waves will be de 
scribed in sufficient particularity so that a 
detailed reference to the functions and mode 
of operation of these elements will not be 
needed in the description of the operation of 
the system as a whole which follows: 
The receiving antenna system at each sta 

tion includes a receiving antenna RA con 
nected by way of a band filter BF-1 with 
one winding of an inductive coupling 101 the 
other winding of which is connected with the 
input circuit of a balanced amplifier BA-1. 
The band filter BF-1 is of the general type 
disclosed in the U. S. Patents to Geo. A. 
Campbell, Numbers 1,227,113 and 1,227,114 
issued May 22, 1917. This band filter is de 
signed in accordance with the principles of 
the said Campbell patents to shunt or divert 
from the circuit of the receiving antenna all 
frequencies in the bands of frequencies that 
are adapted to he propagated from the trans 
initting antenna TA of the corresponding 

permit to flow se 
rially in the receiving antenna circuit with 
out substantial attenuation all frequencies 
that are adapted to be received from the dis 
tant, stations. To assist in dissipating the 
energy of the frequencies diverted through 
the band filter BF-I, the band filter is con 
nected with an energy dissipating device 102 
which may take the form of a resistance of 
sich value as to perform the function stated 
without interfering with the selective charac 

maining frequencies, those which are not 
blocked or trapped by the band filter BF-1, 
act inductively through the medium of the 
windings of the inductive coupling 101 to 
control the operation of the balanced ampli 
fier BA-1. This amplifier is of the well 
known the “push-pull' type, and serves as : 

repeater having in effect a substantially 
linear characteristic throughout a large oper 
ating range to permit of the repeating of the 
carriers that pass through it without inter 

A balanced modulation between them. 
amplifier or repeater arranged to function in 
this manner is disclosed in T. S. patent to 
B. W. Kendall, No. 1.544,910, dated July 7, 
1925. 
After amplification in the balanced ampli 

fier or repeater BA-I the received carrier 
and base frequency waves pass by way of the 
common circuit 103 to a plurality of tuned 
branches where the different frequencies are 
selected and diverted into their separate 
channels. Referring first to the amplified 
base frequencies, which in the present tem 
bodiment of the invention are assigned the 
values of 100,000 and 107,000 cycles per sec 
ond, these frequencies are selected from the 
common circuit 103 by way of the branchin 
cluding the band filter BF-2. This filter is 
of the Campbell band filter type previously 
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referred to, and is so constructed as to divert 
100,000 and 107,000 frequencies with substan 
tially negligible attenuation and to prevent 
the entrance into the corresponding branch 
of the other frequencies present in the com 
imon circuit. The base frequencies that flow 
through the band filter BF-2 pass to a de 
tector D-i from the output circuit of which 
the base frequency of 100.000 cycles is se 
lected by means of a tuned circuit TC-8, 
while the difference frequency of 7,000 result 
ing from the demodulation of the 100,000 and 
10,000 frequencies is selected by means of a 
tuned circuit TC-9. The base frequency of 
100.000 thuis selected is amplified by the 
amplifier A-8 and the amplified oscillations 
are impressed upon the input circuit of the 
thermionic tube IHG—8. The magnitude of 
the Oscillations is such as to overload this 
tube, with the result that, si disclosed in 
U.S. patent to B. W. Kendali, No. 1,446,752, 
dated February 27, 1923, the repeated oscil 
lations are distorted into a series of currents 
the frequencies of which are the harmonics of 
the base frequency current, the tube HG-8 
this acting as a harmonic generator. The 
base frequency and its harmonics are then 
airplified by the amplifier A-81 and the 
sixth and seventh har 
and 700,000 cycles, respectively, pass by way 
of the transformer 105, are selected by the 
tlined circuits TC-6 and i C-7 and are im pressed tipon the distributing circuit 104. 

- - - in like i:alaner the 7.000 cycle frequency se. 
teristics of the band filter BF-1. The re 

Onics, 600,000 cycles 
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lected by the tuned circuit TC-9 is amplified 
lations are impressed upon the input circuit 
of the harmonic generator HG-9 where they 
are distorted into a series of currents the fro 
quencies of which are the harmonics of the 
base frequency of 7,000 cycles. 
quency and its harmonics are then amplified 

The base fre 

by the amplifier A-9 and the amplified oscil 
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by the amplifier A-9 and are impressed by 
way of the windings of the transformer 106 
upon a distributing circuit 107. 
The two harmonics of the base frequency 

5 100,000 that are present in distributing cir 
cuit 104 and the four harmonics of the de 
rived base frequency 7,000 that are present 
in the distributing circuit 107 are combined in 
a manner that will now specifically be de 

lo scribed to produce sixteen carrier and de 
modulating frequencies which are conven 
iently generated in four groups of four fre 
quencies in each group. As the selection of a 
plurality of frequencies from a common cir 

15 cuit presents some little difficulty when the 
percentage separation between the frequencies 
is slight, provision is made for combining the 
component or base frequencies in such a way 
that the combination frequencies produced 

20 in the output circuits of the combining de 
vices or modulators shall be sufficiently far 
apart to enable them to be simply and easily 
segregated from each other by means of sim 
ple tuned circuits. To this end each of the 

25 harmonics of the lower base 7,000 is coln 
bined with the two harmonics of the higher 
base 100,000 in a modulator separate from 
that in which each other harmonic of the low 
er base is combined with the two harmonics 

30 of the higher bases. Thus the combination 
frequencies produced in the output circuits 
of the various modulators are separated from 
each other by a greater frequency interval 
than would be the case if the harmonics of 

85 the lower base were combined with the har 
monics of the higher base in a common com 
bining or modulating device, and the com 
bination frequencies in the output circuits 
are therefore far enough apart to permit of 

40... their ready separation by means of ordinary 
resonance devices. 
A description of one of the harmonic fre 

quency combining circuits will serve for all 
of them, as they are all alike excepting with 

45 respect to the frequencies that are supplied 
to them from the various branches of the dis 
tributing circuit 107 of the lower base fre 
quency harmonics. From the distributing 
circuit 107 the 14,000 cycle harmonic of the 

50 7,000 cycle base is taken off by means of a 
tuned circuit TC—2 and is applied to the ter 
minals of a potentiometer 108 by means of 
which such fraction of the oscillatory current 
potential as may be desired is applied to the 

55 input circuit of amplifier A-2. The output 
circuit of this amplifier is connected through 
a potentiometer 109 with the input circuit 
of the modulator M-1. The circuit arrange 
ment of this modulator as shown is of the type 

80 shown in the United States patent to Van der 
Bijl 1,350,752 dated August 24, 1920. For a 
discussion of the action of a modulator in 
producing the combination frequencies of the 
impressed waves, the British Patent No. 102 

0. 503 may be referred to, or the Colpitts and 

Blackwell publication above cited. At the 
same time the 600,000 and 700,000 cycle fre 
quencies present in the distributing circuit 
104 are applied by way of a potentiometer 
110 to the input circuit of an anplifier A-2, 
and the output circuit of this amplifier is con 
nected by way of potentiometer 111 and in 
dictive cotipling 112 with the input circuit of 
the same modulator M–1 with which the 
14,000 cycle frequency from the distributing 
circuit 107 has been described as being con 
nected. As a result there are present in the 
output circuit of the modulator M-1 the 
sum and difference frequencies of each of 
the higher frequencies (500,000 and 700,000 
with the lower frequency 14,000. These fre 
Quencies are applied to the distributing cir 
cuit 113 by way of the windings of a coupling 
coil or transformer 117. In like manner the 
21,000 frequency is selected from distribut 
ing circuit 107 by way of tuned circuit TC-3, 
is all lified by implifier A-3 and is applied 
to the input circuit of modulator M-2 where 
it is joined by the 600,000 and 700,000 fre 
quencies that are applied to the input circuit 
of modulator M-2 by way of amplifier 
A-3; and these frequencies are combined 
to produce sum and difference frequencies 
of the lower frequency 21,000 with each of 
the higher frequencies 600,000 and 700,000, 9; 
which frequencies are supplied to the dis. 
tributing circuit 114. Similarly the 28,000 
lower harmonic frequency is supplied to the 
input circuit of modulator M-3 by way 
of tuned circuit TC-4 and amplifier A- 4 
and is there joined by the two higher har 
monic frequencies Šupplied by way of ampli 
fier A-4, and corresponding sum and differ 
ence frequencies are created in the output cir 
cuit of this amplifier, and are supplied to dis 
tributing circuit 115. Likewise the lower 
harmonic frequency 35,000 is supplied to the 
input circuit of modulator M-4 by way of 
tuned circuit TC-5 and amplifier A-5, is 
joined by the two higher harmonic frequen 
cies supplied by way of amplifier A-5, and 
corresponding sum and difference frequencies 
appear in the output circuit of modulator 
M. 4 and are supplied to distributing cir 
cuit 116. As a result there are present in 
the distributing circuit 113 the frequencies 
586,000, 614,000, 686,000 and 714,000; in dis 
tributing circuit 114, the frequencies 579,000, 
621,000, 679,000 and 721,000; in distributing 
circuit 115, the frequencies 572,000, 628,000, 
672,000 and 728,000; and in distributing cir. 
cuit 116, the frequencies 565,000,635,000,665 
000 and 735,000. It may be seen that the fre 
quencies in each of these distributing circuits 
are sufficiently spaced apart so that they are 
readily capable of clean-cut segregation by 
means of ordinary tuned circuits. Of course 
there are present in each of the distributin 
circuits the unmodulated components as we 
as the suum and difference frequencies of the 
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two higher component frequencies 600,000 
and 700,000. But all of these frequencies are 
sufficiently widely separated in the frequency 
spectrum from the frequencies that are to be 
derived from the distributing circuits as car 
rier and demodulating waves to prevent them 
from passing through the tuned branches 
through which the useful frequencies are 
taken off. 
Of the four modulating or frequency-com 

bining branches, the three which feed distrib 
uting circuits 113, 114 and 115 are controlled 
by relays 13, 14 and 15 respectively and are 
normally inert. The fourth branch, that, 
which feeds the distributing circuit 116, is 
permanently energized, as it is the frequen 
cies produced in this branch that are supplied 
to the calling or controlling receiving chan 
nels, which channels are maintained in a nor 
inally responsive condition. 
Of course it will be understood that the car 

rier and demodulating wave distributing cir 
cuits 13, 114 and 115 and 116 are to be so 
located and shielded from each other and the 
other circuits of the system as to prevent any 
objectionable interference and interaction 
arising from the high frequency currents that 
they carry as well as excessive attenuation 
of such currents. Ways in which this result 
may be accomplished are well known in the 
art. 

Specific reference will now be made to the 
organization and operation of One of the com 
munication receiving channels associated with 
the receiving antenna system. The receiving 
channels RC 43 will be described, and it will 
be understood that the other communication 
receiving channels are similar to this except 
ing in the matter of the particular frequen 
cies to which they are adapted to be selective, 
The receiving branch RC-43 has connection 
with the common circuit 103 of the receiving 
antenna system by way of the shunted tuned 
circuit STC 43. The shunted tuned circuit 
STC-43 includes a series resonant circuit 
with an anti-resonant shunt in the common 
circuit 103, this shunt being anti-resonant to 
the same frequency to which the series reso 
nant circuit is tuned. Consequently the par 
ticular carrier frequency to which this re 
ceiving branch is adapted to respond is caused 
to pass through the primary winding of the 
coupling coil that forms part of the series 
resonant circuit, while the other frequencies 
are provided with a path of low attenuation 
by way of the anti-resonant shunt. The sec 
ondary winding of the coupling coil is in 
cluded in a circuit resonant to the frequency 
in question, and the carrier wave of corre 
sponding frequency thus diverted from the 
common circuit is applied by Way of a poten 
tiometer 118 to the input circuit of an ampli 
fier A—43. The output circuit of the ann 
plifier is connected by way of a potentiometer 
119 and a transformer 120 with the two input 

9 

circuits of a balanced detector BD-43. As 
sociated with the communication receiving 
blanch RC-43 there is a tuned circuit 
TC-43 that has connection with the distrib 
uting circuit 115 of the carrier frequency gen 
ej'aiting apparatus. The constants of this 
tulined circuit aire Sutch as to cause it to take 
off from the distributing circuit 115 the 728, 
000 cycle frequency, which is the same fre 
quiency as that to which the tuned circuit 
STC-43 is arranged to be responsive. The 
728,000 cycle frequency that is diverted by 
the tuned circuit TC-43 is applied by way 
of a potentiometer 121 to the input circuit of 
amplifier A-43, and the output circuit of 
this amplifier is connected to the common 
conductor of the two input circuits of the bal 
anced detector BD-43 by way of a poten 
tionmeter 122. 
plained and as is disclosed in British Pat 
ent No. 102,503 above referred to, and in 
United States patent to Carson 1343,306, 
June 15, 1920, the carrier wave at the trans 
mitting station is modulated by the speech 
or voice currents in a modulator of a type 
that operates to suppress the unmodulated 
component of the carrier and transmit mere 
ly the speech modulated side bands. As the 
frequency of 728,000 that is applied to the 
balanced detector BD-43 by way of tuned 
circuit TC-43, amplifier A-43 and the po 
tentioleter 122 in the common conductor of 
the input circuit corresponds to the carrier 
frequency that was suppressed at the trans 
Innitting station, the detector acts, in accord 
ance with the principle disclosed in U. S. 
Patent 1,343,306, to Carson, and in British 
Patent No. 102,503, above cited, to demodu 
late the voice modulated carrier side bands 
and immediately reproduce the voice cur 
rents in the output, circuit of the modulator. 
The output circuit of nodulator BD-43 is 
connected by way of the windings of trans 
former 123 with the low pass filter LPF-43. 
The constants of this filter, which is con 
structed in accordance with the principles 
disclosed in the Campbell patents hereinbe 
fore referred to, are such that all of the higher 
frequencies resulting from demodulation are 
suppressed, and only the voice frequencies 
reproduced in the output circuit of the modu 
lator are permitted to pass. The voice cur 
rents that are carried through the low pass 
filter LPF-43 are applied through the me 
dium of the transformer 124 to the input, cir 
cuit of the amplifier A-43° and the output 
circuit of this amplifier is connected by way 
of the windings of transformer 125 with the 
line contacts of the receiving springiack 
RJ-43 associated with this particular receiv 
ing channel. The conductors over which bat 
tery current is supplied for the energization 
of the thernionic tubes in the communication 
receiving channel RC-43 are controlled in 
contacts of a relay 16. These contacts are 

As will hereinafter be ex 
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normally open so that the tubes of the receiv 
ing channel are normally inert. 
* As has been stated, the other communica 
tion receiving channels are organized in ex 
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actly the same manner as channel RC-43, 
which has just been described, excepting that 
the constants of their associated tuned cil'- 
cuits are so adjusted as to divert from the 
common receiving antenna circuit 103 the 
particula' ibnodulated carrier waves to which 
the channels are respectively adapted to re 
spond, and to select from the distributing 
circuits of the carrier frequency generating 
apparatus the particular corresponding fre 
quencies that are required for the demodula 
tion of the modulated carriers that enter the 
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associated channels. The voice currents that 
are reproduced by the demodulating action 
in channel RC-41 are conducted to the line 
contacts of receiving springjack RJ-41, and 
the voice currents reproduced by the demod 
ulating action in receiving channel RC-42 
are conducted to the line contacts of receiv 
ing springjack RJ-42. As the organization 
of each of these communication receiving 
channels is the same as that of receiving chain 
nel RC-43, the channels RC--41 and RC 42 
are merely represented by appropriately des 
ignated blank Squares. 
The calling or controlling receiving chan 

nel IRC-—44 is also substantially similar in its 
organization to the communication receiv 
ing channel RC-43. The modulated car 
rier wave to which the ehannel RC-44 is 
adapted to respond is diverted from the com 
mon receiving antenna circuit 103 by way of 
the anti-resonant shunted tuned circuit 
STC-44 and is impressed by Way of a po 
tentiometer upon the input circuit of the 
amplifier A-44. The current produced in 
the output circuit of this amplifier is im 
pressed through a potentiometer upon the 
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two input, circuits of the balanced detector 
- BD-44 through the medium of a trans 
former. At the same time the correspond 
ing frequency is taken from distributing cir 
cuit 116 of the carrier frequency generating 
apparatus by way of tuned circuit TC-44 
and after amplification in amplifier A-44" 
is applied to the common conductor of the 
two input branches of balanced detector 
BD-44. As in the case of receiving channel 
RC—43, the demodulating action which oc 
curs in the balanced detector BD–44, is 
such as immediately to reproduce in the out 
put circuit of the balanced detector the pa'- 
ticular controlling frequencies with which 
the carrier waves of controlling channel 
RC-44 was modulated at the transmitting 
station. The low pass filter LPF-44 acts 
to suppress all of the higher frequency prod 
lucts of demodulation and to impress the re 
produced low frequency controlling currents 
upon the input circuit of amplifier A-44°. 
The output circuit of amplifier A-44 is 
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connected by Way of the windings of trans 
former 126 with a distributing circuit 127. 
Connected with distributing circuit 127 are 
a nuinber of branches 128, 129, 130 and 131 
each nie restiant to a different ono of the 
controlling frequencies by the tuning de 
vices TC—45, TC-46, "TC-47 and TC-48, 
respectively. In each of the tuned circuits, 
and constituting a part of the inductance, is 
a rely st) enstructed and adjusted that it 
maintains a contact normally closed, but 
when travelised by alternating current of 
the frequency to which the associated branch 
is responsive, it holds its contact open. These 
relays in the four-turned branchos are desig 
nated respectively 18, 19, 20 and 21. The last 
mentioned relay's cooperate with correspond 
ing associated relays 22, 23, 24 and 25; and 
the relays 23, 24 and 25 have operatively 
associated with them corresponding relays 26, 
27 and 2S. The manner in which the above 
mentioned relays, together with relays 29, 
30 and 31, associated respectively with the 
terminals of the communication receiving 
channels RC-41, RC-42, and RC-43, co 
operate in controlling the display of the line 
signal lamps L-41, L-42 and L-43 of 
the three communication receiving chan 
nels respectively, will be explained herein 
after in connection with the description of 
the operation of the system. 

Reference will now be made to the trans 
mitting channels for modulating the high 
frequency carrier waves assigned for trans 
mission purposes to this station with the low 
frequency voice and controlling citi'rents. In 
Fig. S of the detail drawing these channels 
are designated C-11, C-12. C-13 and 
C-14. The first three are the communica 
tion transmitting channels and the last onc 
is the calling or controlling transmitting 
channel. Inasniuch as the comunication 
transmitting channels are stilstantially 
identical in their organization in all respects 
excepting in the matter of the value of the 
high frequencies that they are adapted to 
control, the organization of channel C-13 is 
the only one of the coinèmunication transmit 
ting channels that is shown in detail, the 
other channels being represented merely by 
squares bounded by broken lines. As the 
organization of the controlling transmission 
channel C-14 differs slightly from that of 
the communicating transmission channels, it 
also is illustrated in detail. 
The line contacts of the springiack TJ-3 

in which the communication transmitting 
channel C-13 terminates, are connected by 
way of a low pass filter LPF-13 and a po 
tentiometer 132 with the primary winding 
of a transformer 133. The low pass filter 
LPF-13 is constructed in accordance with 
the principles of the Campbell patents here 
inbefore referred to, and its constants are so 
chosen and adjusted that it passes with sub 
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ation the frequencies in the side bands result 
viously described, is adapted to pass with 
slight and substantially negligible attenu 

ing from the modulation of the carrier wave 

by 
5 

20 

30 

with the relatively low control frequencies. 
The tuned cireuit SC-14 is resonant to 
this narrow band of requencies; and the pres 
ence of the anti-resonant shunt comprising 
part of the element STC-14 prevents these 

10 freqriency bands from being shunted, but per 
imits the serial passage through the antenna 
conductor of the frequency bands produced 

modilation in the other transmitting 
channels. · · - 

The supply of current for energizing the 
thermionic tubes of the control transmitting 
channel C-14 is controlled in contacts of 
relay 32. These contacts are normally open, 
and therefore the control transmitting chan 
nel is normally inert. In like manner the 
supply of battery current for energizing com 
munication transmitting channel C-13 is 
controlled in normally open contacts of relay 

.33, and other similar relays control the ener 
25 gization of the othe' communication trans 

mitting channels C-11 and C-12 in like 
manner. 
Refering low to the organization by 

means of which the lower control frequen 
gies are generate, as shown in Fig. S, these 
frequencies are deri ved as multiples or har 
lihonies of a fundatiental or base frequency 
generated by the oscillator O-1. This os 
(illator may be of any usual and well known 
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thei'inionic type with a feed back connection 
i fron its output into its input circuit. The 
frequency of the oscillator current produced 
may be regulated by an adjustable condenser 
and may conveniently be, say, 200 cycles per 
second. The osciliator O-1 stipplies sub 
stantially situsoidal oscillations to the input 
circuit of the harmonic generator HG-1. 
An inductance is bridged across the input 
circuit, and the magnitude of the oscillations 
supplied is stich as to overload the tube 
HG-1: that is, to supy an input wave of 
greater an litude than the tribe call repeat 
without distotion. Asa result ühe repeated 
oscillations in the otitiit, circuit of : - t of the air 
Inic generator HG—i are of non-sinusoidal 
wave form, which is the equivalent of a base 
frequency current of sinusoidal form and 
a scries of currents of frequencies which are 
nultiples or hai'inonics of the base fre 

5 5 quency. The action is the same as that pre 
viously described in connection with the har 
monic generators illustrated in Fig. 5 of the 
drawing. The harmonic frequencies pro 
duced by the harmonic generator HG-1 are 
auplified in the amplifier A-1 and are then 
supplied to the distributing circuit, 145 by Way 
of the windings of a transformer 146. From 
the distributing circuit 145 the second, third, 
folith, fifth sixth and seve: h hallonics 
are selected by means of the tuned circuits 
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TC-—52, TC—53, TC—54, TC—-61, TC—62 
and TC-63 respectively. Each of the 
lharmonics thus selected is supplied through 
a litentioheter to the input circuit of the 
coi'i'esponding series of amplifiers A-52, 
A-53, A-54, A-61, A-62 and A-63 
lesiectively. The output circuits of these 
amplifiers are respectively connected by wa 
of the tuning devices TC-52, TC-53, 
TC—54?, TC——61?, TC—62? aund 'TC—63? 
with the conlon collecting circuit 147, 
and the circuit 147 is connected by way 
of the windings of the transformer 148 with 
the circuit 13S which has previously been de 
seibad as supplying the control modulations 
to the control transmission channel C-14. 
The trequencies of 400, (600, 800, 1,000, 
1,200 and 100 cycles per second are thus 
produced and made available for application 
to the nodulating circuits of the control 
transmitting channel C-14. The constants 
of the tuning devices in the respective 
bi'anches are of course adjusted to pass the 
particular frequency that each correspond 
ing bi'anch is intended to pass and to bar 
oit the other frequencies. The supply of 
battery current for energizing the tubes of 
amplifiers A-52, A-53, etc., is controlled in 
the normally open contacts of a series of re 
lays 52, 53, 54, 61, 62 and 63 associated re 
scetively with the corresponding an plifiers. 
The manner in which these relays are con 
trolled to bring about the energization of 
their respectively associated amplifiers will 
be described hereinafter. 

"The specific organization of the portions of 
the system that have not thus far been par 
ticularly explained will best be understood in 
connection with the detailed description of 
the operation of the system which follows. 
We will assume that the operator at sta 

tion 1 wishes to get into communication with 
the operator at one of the other radio stations 
or centers in order to establish telephonic 
connection between one of the local lines of 
station 1 and one of the local lines of the 
other station. For initiating the call there 
are available to the operator at the calling 
station three communication transmitting 
channels which terminate respectively upon 
the springjacks TJ-1, TJ-2 and TJ-3. 
The calling operator also has available for es 
tablishing the connection the three connect 
ing circuits CC—1, CC—2 and CC-3, each 
of which has a plug for connecting with the 
local line and two other plugs for connect 
ing respectively with the receiving and 
transmitting channels that are temporarily 
associated to constitute the two-way radio 
link. 
Noting that one of the communication 

transmitting channels, say the channel term 
inating in springjack TJ-3, is available for 
use, and that one of the connecting circuits, 
say the connecting circuit CC-3, is also avail 

70 

s 

80 

85 

90 

95 

00 

05 

O 

5 

20 

() 

  



. . ) 

1,709,044 | 3 

able, the operator first momentarily presses as the key K-4 remains depressed, the lock 
the key K-31 associated with and individual ing branch including the right contacts of re 
to the connecting circuit CC-3. The depres- lay 39 and the winding of relay 41 remains 
sion of this key closes a circuit that extends short circuited in the contacts of the key 
from battery through the winding of re- K-4. But when the key K-4 is released 
lay 34, light hand switch spring and Festing this short circuit is opened and current passes 
contact of that relay, closed contacts of key through the branch containing the winding 
K-31, and right hand back contact and ar- of relay 41, thus bringing about the energi 
mature of relay 35 to ground. Relay 34 oper- Zation of that relay. When relay 41 operates 
ates, and before breaking its original circuit it opensatits back contact the conductor over 
completed in the contacts of key K-31 it which the station selecting keys K-2, K-3 
closes a circuit that extends from battery and K-4 have control over their associated 
through the winding of relay 34, right hand relays 37,38 and 39. Therefore, after, one of 
switch spring and armature of that relay, these keys is depressed and subsequently re 

5 guard lamp (GL-3, right a mature and back leased all the keys are thereafter deprived 
contact of relay 36 of the common station of control over their relays until the end of 
selecting apparatus, and inner left hand ar- the calling operation. 
nature and front contact of relay 34 to The instant the station selecting key K-4 
ground. The last mentioned contact of re- is pressed and the associated relay 39 operat 
lay 34 is adjusted to close before the right ed, a circuit is closed that extends from bat 
hind switch spring of relay 34 separates from tery by way of left front contact and arma 
its resting contact. A locking circuit for re- title of relay 39, conductor 44, and winding 
lay, 34 is thus completed which includes the of relay 54 (Eig. 7) to ground. Relay 54 in 
giard lamp GL-3, so that that lamp remains operating energizes the amplifier A-54 and 
lighted to indicate to the operator that a call- thus makes effective the branch 154 of the con 
ing operation is in progreSS. tFol frequency generating apparatus. As a 
Having thus appropriated the commonsta- result the 800 cycle control frequency is ap 

tion selecting apparatus for the use of the plied to the common circuit 138 extending to 
chosen connecting circuit CC-3, the Opera- the input circuit of the balanced modulator 
for then presses the particular One of the keys M-14 of the control transmitting channel 
K-2, K-3 and K-4 of the station selecting C-4. At the same time a circuit is closed 
apparatus that corresponds to the distant that extends from battery through the wind 
station that is being called. We will assume ing of relay 32 (Fig. 8), conductor. 45 and 
that this is the key K-4 which corresponds outer right hand armature and front contact 
to station 4. When this key is pressed at of relay 54 to ground. Relay 32 in operating 
circuit, is closed that extends from battery energizes the thermionic tubes of control 
thirough the winding of the slow-acting de- ti'anslunnitting channel C-14 and thus makes 
vice or timer 40, left resting contact and that channel effective to apply to the trans 
switch spring of relay 36, winding of relay initting antenna TA the carrier wave of 
39, contacts of key K-4, back contact, and 565,000 cycles derived from distributing cir 
armature of relay 41, right airmature and cuit 16 nodulated with the 800 cycle control 
back contact of relay 36, and inner left hand frequency derived from the common cir 
armature and front contact of 'elay 34 to cuit 138. - 
ground. ' ' ' ' ' '. The nodulated carrier wave of 565.000 
The timer 40 is of the type disclosed in cycies thus propagated from the transmit 

t0S LSLmmLSSSSS LLLLLL 0S00tmS SS ELLL LLLS LLLLLLLG LLLL LLLLLL 0 LL LLLLLL LLLCLLL lLLLL 
Walter P. Aibert No. 1,332,680, dated April eceiving antenna systems of all of the dis 
20, 1920. It may be noted, however, that in fait, stations and is selected at each of these 
the case of the timer 40, the outward or return other stations by the control receiving chan 
ovement of the solenoid core is retarded, as incl{}i the grotii) identified with station 1 that 

well as the inward movement. The result is is 'esponsive to the 565,000 cycle control fre 
that an interval which may be regulated as de-, quency of that station. This is most clearly 
sired elapses froin the time when the timer indicated in the schematic diagrain of Fig. i. 
4.0 is energized until it closes its inner contact. As has been stated, in order to simplify the 
and another regulable interval elapses be- showing the wiring of station 1 only has 
tween the deemergization of the timer and the seen illist rated in : 

was ciosed an instant after the energization ing channels of all of the stations are alike 
of the device. excepting in the matter of the specific fre 
The closure of the station selecting key K-4 quencies to which they are made responsive, 

feed be only momenary, for relay 39 in oper- it may be assumed for the time being that 
ating completes a locking or holding branch the receiving channels illustrated in Fig. 3 
for naintaining its energization that includes are those of distant station 4 that is being 
the right front contact and arnature of re- called. that channel RC-44 is responsive to 
lay 39 and the winding of relay 41. As long the 565,000 cycle frequency of station 1 and 

3 ... - . kai. But inasannach as 
opening of its outer contact, which contact the arrangements of all the control receiv 
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14 
that the tuned branch 128 of channel RC-44 

... O 

is responsive to the 800 cycle control fre 
quency used for calling station 4 instead of 
the 200 cycle control frequency used for call 
ing station 1. Proceeding for the time being 
under these assumptions, channel RC-44 at 
station 4 responds to the modulated control 
frequency of 565,000 cycles from station 1, 
and, as the control receiving channel is in a 
constantly responsive condition, the modu 
lated 565,000 cycle frequency is immediately 

20 

demodulated and the 800 cycle low fre 
quency component is selected by branch 128 

- of the common circuit 127 and energizes re 
iay 18 to open its normally closed contacts. 
The continued energization of relay 18 

which now occurs breaks the normally closed 
energizing circuit of the associated relay 22: 
and that relay thereupon releases its al'ma 
ture and closes its back contact. For the 
present we will assume that communication 
transmitting channels C-11 and C-12 of 
station 1 are both at this time in use, and 
that communication transmitting channel 
C-13 of station 1 is the only one that is avail 
able for use. Under these circumstances, as 
will subsequently be described, relays 23 and 
24 at each of the distant stations, including 
the called station 1 are inert as a result of 
the energization of their associated relays 
19 and 20, and the corresponding relays 29 

... and 30 associated with the two busy channels 

channel C-11 and C-12 of station 1 may 
:35 

RC-41 and RC-42 that cooperate with 
also be energized, depending upon whether 
the channels C-11 and C-12 are already in 

40 

use for establishing connection with the same 
station that is now being called. 
these assumptions, when relay 22 at called 
station 4 releases as a result of the energiza 
tion of relay 18, it closes a circuit that ex 
tends from battery through resistance 49, 
back contact, and armature of relay 22, left 

45 

- 50 

55 

back contact and armature of relay 31 asso 
ciated with communication receiving channel 
RC-43, front contact and armature of relay 
25, and the winding of relay, 28 to gruond. 
Relay 28 then operates and closes a locking 
circuit for itself that extends from battery 
through resistance 50 and the closed contacts 
and winding of relay 28 to ground. Thus 
relay 28 associated at the called station with 
an available channel from the calling station 
is operated when the calling station sends 
out its control carrier wave modulated with 
the particular control frequency to which the 
called station is responsive. Relays 26 and 

60 
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27 at the called station are not operated, as 
they are associated with channels that are in 
use; and none of the corresponding relays 26, 
27 and 28 is operated at the other stations, as 
the calling control frequency sent out is not 
that to which the relays 18 of these other sta 
tions are responsive. 
Thus far nothing has happened at the 

Undor 
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called station excepting the operation of re 
lays 1S, 22 and 2S. No signal is as yet dis 
played. Returning now to the actions that 
are taking place at the calling station, it will 
be 'emembered that the energization of the 
control transmitting channel C-14 and the 
application of the modulated 565,000 cycle 
carrier was effected immediately upon the 
pressing of station selecting key K-4 and the 
energization of corresponding relay 39. At 
the same instant, as has been described, the 
timer 40 is energized and starts to operate, 
and, at the expiration of the interval for 
which the device is set, closes its inner con 
tacts. A path is thereupon closed that ex 
tends from battery through the right wind 
ing of relay 36, closed outer contacts of the 
timer 40, inner left hand armature and front 
contact of relay 34 of connecting circuit 
CC-3 that has been selected for use, and 
winding of relay 35 to the sleeve contact of 
transmitting plug key TP-3 of connecting 
circuit CC-3. If the plug has not yet been 
inserted into one of the associated transmit 
ting springjacks, the apparatus continues in 
the condition that it has now reached, with 
the core or plunger of the timer 40 in its fully 
attracted position and the inner timer con 
tacts closed. Therefore, if for any reason 
the operator delays in inserting the transmit 
tingir pigg into an available transmitting chan 
nel springi:ck, the delay does not affect the 
proper sequence of operation of the subse 
quent stages of action. If the plug TI-3 
is inserted in an available transmitting chan 
nel springiack at the time the timer 40 com 
plefos the in Ward movement of its plunger, 
or whenever the plug is inserted at any time 
SibScquent to the completed inward move 
inent of the timer plunger, the path hereto 
fore traced as far as the sleeve contact of the 
plug TP-3 is extended by way of the cor 
responding contact of transmitting channel 
springiack T.J-3, assuming that channel 
C-13 is the one selected for use, and thence 
by Way of conductor 48 and the winding of 
relay 63 (Fig. 7) to ground. 
When relay 63 of the control frequency 

generating apparatus is operated as a re 
suit of the closure of the circuit just traced, 
it brings about the energization of amplifier 
A-63 and makes effective the branch 163 
that is adapted to apply the 1,400 cycle con 
trol frequency to the input circuit of balanced 
modulator BM-14 of the control transmit 
ting channel. There are thus now two con 
trol frequencies modulating the 565,000 cycle 
control carrier of calling station 1; one he 
ing the 800 cycle frequency that is operating 
to select the particular station that is being 
called, in the manner that has been doseribed, 
all the other being the 1400 cycle frequency 
which acts, as will be explained to identify 
the particular communicating channel that 
the calling station has selected for use in 
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springiack TJ-3 energizes and operates re 
lay 36. Relay 36 in operating breaks at its 

25 
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completing the connection. The closure of 
the previously traced circuit, upon the in 
sertion of plug TP-3 into springiack TJ-3 
and the closure of the inner contacts of timeir 
40, energizes the relay 35 which thereupon 
completes a locking circuit for itself that 
extends from battery by way of resistance 51, 
lefthand armature and front contact of relay 
35, and thence to ground by Way of the pre 
viously traced path including the register 
ingsleeve contacts of plug TP-3 and spring 
jack TJ-3. The resistance 51 is of such 
value that while enough current passes 
through it to maintain the energization of 
relay 35, it does not act to render ineffective 
the energizing action of the right winding of 
relay 36 that is included in a branch parallel 
with branch including resistance 51. There 
fore the closure of the circuit by way of the 
registering contacts of plug TP-3 and 

left switch spring and resting contact the 
energizing circuit of timer 40, and the tin 
thereupon starts the backward or retii'i) 
movement of its plunger. This is immedi 
ately followed by the breaking of the inner 
contacts of the timer; but relay 36 is Blain 
tained energized by a circuit, that extends 
from battery through the lower winding 

'e and switch spring of and the lower armat 
relay 36, winding of relay 39, upper front 
contact and armature of that relay, wind 
ing of relay 41 and closed outer contacts of 

5 time', 40 to ground. Thus the energizing cir 
cuit of relay 39 is maintained after rely 36 
has been operated, and relay 39 remains ener 
gized to continue the application of the 800 

55 

60 

are also kept energize? 

cycle station selecting control frequency to 
the 565,000 cycle control carrier wave during 
the interval measured by the return move 
ment of the timer plunger. During this in 
terval the relay 41 is also held energized to 
deprive the station selecting keys K-2. K-3 
and K-4 of control over their associated re 
lays 37,38 and 39, and relay 34 and guard 
lamp GL-8 associated with the key K-31 

??? .?? 

restoration of timer 40 and the consequent 
opening of the outer timer contacts marks the completion of the sending operation. As 
the left or locking winding of relay 36 is 
also under control of the path to ground that 
is now maintained solely by the outer timer 
contacts, the relay 36 is also held energized 
until the end of the calling operation. The 
return of the timer plunger therefore brings 
about the restoration to normal of the parts 
that are involved in the station selecting 
operation, and the accompanying release 
of relay 39 deenergizes relay 54 of the 
control frequency generating apparatiis 
(Fig. 7) and thus withdraws the 800 cycle 
station selecting modulation of the 565.000 
cycle control carrier wave. The relay 35 

in the communicati 

he 

until the complete. 

current to 

scribed in the foregoing 
ch: nne identify 
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of the connecting circuit CC-3, however, 
continues operated by virtue of the path by 
way of its left hand locking contacts and 'e- 
sistance 51. The circuit in which the wind 
ing of relay 35 is this included also ex 
tends by way of the registering sleeve con 
tacts of plug TP-3 and springiack TJ-3 
and the winding of relay 63 of the control 
frequency generating apparat is to ground, 
S0 that as long as the plug remains in the 
springjack the relay 63 continizes energized 
to keep the 1,400 cycle control frequency ap 
plied to the 565,000 carrier wave. 

Returning now to the actions which are 
taking place at the called station, station 4. 
and further referring to the circuits of sta 
tion 1 illustrated in Fig. 4 in order to ex 
plain these actions, the relay 18 remains ener 
gized and the relay 22 remains deemergized 
as long as the control frequency of 800 cycles 
assigned for the calling of station 4 continues 
to be applied to the control carrier wave of 
station 1. When the plug TP-3 is inserted 

g channel TJ-3 at sta 
le control frequency also tion 1, the 1,400 cyc 

modulates the control carrier wave that is being propagated from the transmitting 
antenna of station 1. As soon as this occurs 
the tuned branch 13i of the control receiving 
channel responds and the associated relay 
21 operates. This action occurs not only it 
the called station, station 4, but also at the 
other stations remote from station 1. As 
will be explained, this does not lead to the 
display of signals at the stations that 

ing called; but at the station 4 the energiza 
tion of relay 21 opens the energizing circuit 
of relay 25, and that relay in releasing its 
a 'lisatillie closes a circuit that extends from 
battery through resistance 50, thence by way 
of the closed contacts of relay 28, arnhattire 
and back contact of relay 25, inner arnature 

In banci contact of relay 31 of the communi 
cation receiving channel corresponding to the 
con munication channel that Station has se 
lected for use, and thence by way of resistance 
55 and line lamp L-43 to ground. There is a 
hranch tº grond from this circuit, by way of 
the winding of relay 28; but the resistance of 
this branch is such as not to divert enough 

D?'event the energization of line 
Ai?P F-43, which thereupon becomes illum 

inated. For an interval, as has been le. 
- ig, the station select ing frequency of 800 cycles as wel als 4he 

ing frequency of 1,400 eyces 
re both applied to the control carrior wave 
of the calling station, the station selecting 
frequency renaining applied for a space de 
terrired by the timne required for the resto 
'ation of the tine' 40 to normal. When the 
station selecting frequency of 800 cycles is 
Withdraw in 'elay i8 in the tuned circuit 128 
is deemergized and closes the energizing cir 
cilit of relay 22 which thereupon operates to 
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break the battery connection of its armature 
and substitute a connection to ground. The 
result of the closure of this path to ground 
at the front contact of relay 22 will herein 
after be described. As the relay 28, orig 
inally energized by the operation of relay 22, 
is now under the control of its locking wind 
jing, the circuit, for the energization of lamp 
I-43 remains closed and the lamp contin 
ues illuminated. - 

When the operator at the called station, 
station 4, sees the line lamp L-43 lighted, she 
knows that she is being called over the com 
munication receiving channel that terminates 
in the Springjack RJ-43 with which the illu 
minated lamp is associated; and because, this 
lamp and springjack are in the group of chan 
nels that are incoming from station 1, she 
knows that it is station 1 that is calling. She 

20 

25 

therefore performs the same operations that 
she would perform if she were originating a 
call for station 1. That is, she presses the key 
K-11, K-21 or K-31 of one of her connect 
ing circuits that is at the time idle, then 
presses the station selecting key K-1 that is 
used for calling station 1, and then inserts the 
transmitting plug of the idle connecting cir ? s ??8 

30 
the time available for use. 

cuit that she has selected for use into the 
transmitting springiack of one of the com 
munication transmitting channels that is at 

The effects of 
these acts are exactly the same as have been 

35 
described at length in explaining the actions 
that occur when station 1 calls station 4. The 
result of them is that station 4 sends out the 
735,000 control carrier wave of that station 
nodulated with the frequency of 200 cycles 
used in calling station 1, and also with the 
particular one of the channel identifying fre 

:10 quencies 1,000 cycles, 1,200 cycles and 1400 
cycles, that corresponds to the particular com 
munication transmitting channel that the op 
erator at station 4 has chosen for use. As 
suming that the operator at station 4 selects 
the third of her communication transmitting 
channels for use, the channel that employs 

55. 

the 728,000 carrier, the control carrier wave 
of 735,000 cycles sent out from station 4 will 
be modulated with the 200 cycle control fre 
quency and also with the 1400 cycle control 
frequency. The 200 cycle control frequency 
reproduced by demodulation in the control 
receiving channel RC-44 of station 1 is se 
lected by tuned branch 128 and operates relay 
18. The 1,400 cycle control frequency subse 
quently applied is selected by the tuned 

- branch 131 and operates relay 21. As a result, 
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relays 18, 22 and 28 are first actuated, then 
relays 21 and 25 are actuated, and then relays 
18 and 22 are released and relays 21, 25 and 
28 remain operated. The energizing circuit 
of lamp L-43 at the calling station, station 1, 
is thus closed and the lamp lighted. The 
lighting of the lampL-43 indicates to the op 
erator at station 1 that there is a call incQm 

1,709,044 

ing over the communication receiving chan 
nel RC 43 that terminates in springjack 
RJ-43 associated with line lamp L-43; and 
inasmuch as this incoming call is from the 
particular distant station, station 4, that has 
just been called, it indicates to the calling 
operator that this is the return call, and that 
the operator at the called station, station 4 has 
selected this particular channel for the com 
pletion of the two-way radio link between the 
calling and the called stations. The operator 
at the calling station, station 1 now inserts 
the receiving plug RP-3 of the chosen con 
necting circuit CC-3 in receiving spring 
jack RJ-43 identified by the lighting of 
lamp IL-43. As the mate plug TP-3 of con 
necting circuit CC-3 has already been insert 
ed in transmitting springjack TJ-3, as here 
in before described, communication transmit 
ting channel C-13 of calling station 1 and 

70 
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80 

85 
communication receiving channel RC-43 in 
coming from called station 4 are now asso 
ciated at calling station 1 to constitute a two 
way radio link. At the same time the opera 
tor at the called station 4 has completed the 
establishment of the two-way radio link at 
that station by inserting into the receivin 
springjack terminal of the incoming channe 
from calling station 1, identified by the light 
ed lamp, the receiving plug of the connecting 05 
circuit that she has used to make the return 
call to calling station 1. Thus the two-way 
radio link is completed at both the calling 
and called stations, and a condition has been 
established that enables the operators at the 100 
two stations to communicate with each other. 

Provision is made for bringing about the 
energization of any of the communication 
receiving or transmitting channels into the 
terminal springjack of which any of the con- 105 
necting circuit plugs is inserted. When, for 
instance, the plug RP-3 of connecting cir 
cuit CC-3 is inserted in springjack RJ-43 
that constitutes the terminal at station 1 of 
the channel selected for use by called station 110 
4, a circuit is closed that extends from bat 
tery through supervisory lamp SL-3, reg 
istering sleeve contacts of plug RP-3 and 
springiack RJ-43, winding of relay 31 and 
winding of relay 16 to ground. Relay 16 in 115 
operating connects the filament and plate 
batteries to the thermionic tubes of commu 
nication receiving channel IRC-43 and, by 
energizing relay 15, causes the application of 
the locally generated waves to the detecting 120 
circuits. This channel is therefore made op 
erative. When transmitting plug TP-3 of 
connecting circuit CC-3 is inserted in spring 
jack TJ-3, which constitutes the termi 
nal of communication transmitting channel 125 
C-13 chosen for use by calling station 1, a 
circuit is completed that extends from bat 
tery through relay 33 of channel C-13 and 
thence to ground by way of local contacts of 
springjack TJ-3 moved into engagement 10 
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when the plug is inserted. The operation of 
relay 33 connects the filament and plate bat 
teries to the thermionic Élubes of channel 
C-13 and thus nakes that channel operative. 
When receiving plug RP-3 is inserted in 

Springjack RJ–43 of channel RC–43, not 
only is relay 16 operated to energize the 
channel, but relay 31 is also energized to 
break at its left armature and back contact 
the circuit, that up to this time has been 
closed for the illumination of cailing lamp 
L-43. Therefore, when a plug is inserted 
in the springjack RJ-43 the associated line 
ian, L-43 is extinguished. At the same 
tine relay 3i in operating closes a locking 
circuit for itself and relay 16 that extends 
from battery through 'esistance 50, a nature 
and front contact of relay 28, amature and 
back contact of relay 25, inner armatiure and 
front contact of relay 31, winding of Irelay 
31 and winding of relay 16 to ground. The 
"alue of resistance 50 is such in relation to 
the resistance of supervisory lamp SL-3 
as to reduce the current flowing in the branch 
including lamp SL-3 to the point where the 
lamp does not receive enough current for 
its illumination. Therefore, as long as this 
circuit condition exists, the Supervisory lamp 
SE-3 remains dark although plug RP-3 is 
inserted in springjack RJ-43 and relays 31 
and 16 are energized. 

Precisely the same actions as those de 
scribed above take place at the called station 
wien the receiving plug of the connecting 
circuit is inserted into the Springjack of the 
communication receiving channel incolining 
from the calling station; that is, the receiv 
ing channel is energized and made Operative, 
the calling lamp associated with the Spring 
jack terminal of this channel is extinguished, 
and the supervisory lamp associated with the 
receiving pilg is brought into operative re 
lation with the controlling channel but re 
mains dark. 
Haying established the two-way radio link 

between stations, the operators at the caling 
and called stations may now communicate 
with each other by pressing the listening keys 
LK of their respective connecting Circuits 
and thus bringing their telephone Sets OT 
into connection with the talking conductor's 
of their circuits. The receiving and trans 
irritting high frequency branches and the low 
frequency branch of each of the connecting 
circuits are associated through the medium 
of a hybrid coil with a balancing network N 
to render the receiving and ti'ansmitting high 
frequency branches conjugate with respect to 
each other. Associated with the low fre 
quency branch of each connecting circuit is 
in artificial line AL, the connection of which 
with the talking conductors of the low fre 
giency branch is controlled in normally 
diosed resting contacts of relay 56. The arti 
ficial line Ali has constants such as approxi 

17 

mately to balance the network N associated 
with the hybrid coil of the connecting circuit. 
When the operator presses her listening key 
LK to connect her telephone set; OT with the 
low frequency branch, local contacts of the 
listening key LK bring about the closure of a 
circuit which causes the energization of relay 
56 to disconnect the artificial line AL so that 
a balance is maintained between the receiving 
and transmitting high frequency branches of 
the connecting circuit, the bridge through the 
operator's telephone set, being substituted for 
the normally closed bridge by way of the 
artificial line AL. In order to extend the con 
nection to the local lines at their respective 
stations, the calling and called station oper 
ators insert the local plugs LP of their respec 
tive connecting circuits into the springiacks 
LJ of the local lines that are to be brought 
into communication. When the plug LP is 
inserted, a circuit is completed that extends 
from battery through the winding of relay 56, 
normally closed contacts of ringing key RK, 
registering sleeve contacts of plug LP and 
springjack H.), and resistance 57 te ground. 
Thus the extension of the low frequency 
branch of the connecting circuit to the local 
line is accompanied by the operation of relay 
56 to disconnect artificial line AL from the 
low frequency branch of the connecting cir 
cuit. : When ringing key RK is operated, 
however, the resultant opening of the low fre 
quency branch is accompanied by the break 
ing of the energizing circuit of relay 56 in 
the local contacts of ringing key RK and the 
consequent reconnection of artificial line A. 
to maintain the balance in the connecting cir 
cuit. When the local subscribers at the two 
stations respond to the ringing of their bells, 
they may converse through the medium of the 
two-way radio link established between the 
radio toll stations. 
The operators at the calling and called 

radio stations may supervise the connection 
by means of their listening keys LES; or, if 
desired. the operators may be provided with 
a monitoring connection depending upon the 
unbalance of the hybrid coil such as that dis 
closed in the application (Case 0) of Lewis 
M. Clement, Serial No. 466,548, filed May 3, 
1921. It will be understood that, if desired, 
the local lines and the corresponding por 
tions of the connecting cord circuits may be 
of the well known central energy type, in 
which case the condition of use or disuse of 
the lines will be indicated to the operators by 
the Islal Supervisory signals. 

If for any Feason it is necessary after the 
conection has been established for one op 
erator to signal the other, she may do so by 
pressing key K-32 of the connecting circuit 
over which the connection is established, (or 
in the case of the other connecting circuits the 
corresponding key 12 or 22). It will be re 
rembered that the associated relay 35 re 
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mains operated during the continuance of the 
connection, being maintained energized by 
way of a circuit that extends from battery 
through resistance 51, left hand armature and 

5 

: () 

front contact of relay 35, registering sleeve 
contacts of plug TP-3 and springjack 
TJ-3, conductor 48, and winding of relay 63 
to ground, the operated condition of relay 63 
serving to keep the control transmitting car 
rier wave modulated with the 1,400 cycle con 
trol frequency. When key K-32 is pressed 
it short circuits the winding of relay 63 b 
closing a direct path to ground that extends 
by way of the contacts of key K-32 and the 
right hand front contact and armature of re 
lay 35. Therefore, the pressing of key K-32 
withdraws the 1,400 cycle modulation of the 
control transmitting carrier wave, but does 

20 
not release relay 35 of the connecting circuit. 
The effect of the withdrawal of the 1400 cycle 
control modulation of the control carrier 

e 5 

40 

wave is to permit the release of the relay in 
the corresponding tuned branch of the con 
trol receiving channel at the distant station. 
Assuming that the control frequency thus 
withdrawn is the frequency that has been maintaining energized the relay 21 associated 
with tuned branch 131 of the control receiv 
ing channel RC-44 (Fig. 3), the result is to 
release relay 21 and close the energizing cir 
cuit of relay 25. When the relay 25 attracts 
its armature as a result of the deemergization 
of relay 21, it breaks at its back contact the 
branch path that has extended from battery 
through resistance 50, armature and front 
contact of relay 28, armature and back con 
tact of relay 25, and right armature and front 
contact of relay 31, which branch path has 
acted as a shunt of the other branch extend 
ing from battery through supervisory lamp 
SL-3 and registering sleeve contacts of plug 

. RP-3 and springjack RJ-43. As a result, 

5 5 

60 which relay is at this time energized. Either 

as long as the control frequency of 1,400 cy 
cles is withdrawn from the control carrier 
wave, the shunt of the supervisory lamp 
SL-3 is broken and that lamp is illuminated 
by way of the current that flows through it 
and to ground by way of the windings of re 
lays 31 and 16 in series. The temporary re 
lease of relay 25 does not otherwise affect the 
associated circuits, for the reason that relay 
28 remains locked up over an independent 
branch of the path through resistance 50 from 
battery; nor does the attraction of the arma 
ture of relay 25 short circuit. and release re 
lay 28 by way of the path to ground that has 
now closed at the front contact of relay 22, 
for the reason that this path is interrupted at 
the left armature and back contact of relay 31, 

operator thus by pressing a key correspond 
ing to K-32 of connecting circuit CC-3 is 
able to cause the lighting of a supervisory 
lamp corresponding to SL-3 of the connect 
ing circuit at the station of the other opera 
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tor; and when the key K-32 is released, the 
control frequency is reapplied and lamp 
SIL—3 extinguished, and the connection con 
tinues as it was before the key was pressed. 
When the operators ascertain that the con 

versation is ended, they disconnect by with 
drawing the three plugs of the connecting 
circuit that has been employed. The with 
drawal of transmitting plug TP-3 fron 
transmitting springjack T.J.-3 releases re 
lay 33 of channel C-13 and this brings about 
the deemergization of the associated trans 
mitting channel. lt also opens the eircuit 
extending by way of the registering sleeve 
contacts of plug TP-3 and springjack 
TJ-3 and deemergizes relay 35 of connect 
ing circuit CC—3 and relay 63 óf the con 
trol frequency generating apparatus and 
permits the release of these relays. Relay 
35 in releasing returns to key K-31 the con 
trol over relay 34 of which it was deprived 
by the energization of relay 35 during the 
course of the station calling operation, and 
at the same time deprives key K-32 of the 
control over relays 35 and 36 which might, 
otherwise improperly be exercised prior to 
the insertion of plug TP-3 into the spring 
jack terminal of a transmitting channel. 
The release of relay 63 of the control fre 
quency generating apparatus (Fig. 8) de 
energizes annplifier A-63, thus withdrawing 
the 1,400 cycle control freq!er cy, and also 
opens the energizing circuit of relay 32 (Fig. 
S) that has been held closed at the outer 
right hand front contact and ariature of 
relay 63 by way of conductor 45. Relay 32 
thereupon releases and deemergizes the as 
sociated control transmitting channel C-14. 
The withdrawal of receiving plug RP-3 
from springiack R.J-43 interrupts the 
branch that extends from battery through 
supervisory lamp SL-3 and the registering 
sleeve contacts of plug RP-3 and spring 
jack RJ-43 to the common portion of the 
circuit including the windings of relays 3 
and 16 and to ground. This, however, does 
not release relays 31 and 16, as they are still 
held energized through the locking branch 
controlled at the inner front contact and ar 
mature of relay 31. Therefore, the relays 
31 and 16, after the plug is withdrawn, are 
left under the sole control of the relays as 
sociated with the tuned branch of the con 
trol receiving channel corresponding to the 
communication receiving channel with 
which relay's 31 and 16 are associated. 
The withdrawal of the transmitting plug 

at either station from the transmitting 
springiack in which it has been inserted 
causes the release of the relay 61, 62 or (33. 
depending upon the particular transmitting 
springiack in which the plug has been in 
serted and the withdrawal of the correspond 
ing control frequency. The effect at the re 
mote station of the withdrawal of the control 
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sociated with tuned branch 129 and corre 
sponding receiving channel RC-41, is open 
at the left back contact and armature of relay 
29 associated with channel RC-41, as it has 
been assumed that this channel is in use at 
station 1 as a result of which relay 29 is ener 
gized. The next branch path from thearina 
ture of relay 22 is closed at the left back co 

O. 

not in use 

tact and al'mature of relay 30 associated with 
receiving channel RC-42, as this channel is 

at station 1: but it is open at the 
front contact and armature of relay 24, for 
the reason that as long as the corresponding 
channel is in use for connection with any sta 
tion relay 20 is operated and corresponding 
relay 24 is released. Therefore, the only one 
of the branches from the almature of relay 
22 that becomes energized as a result of the 
release of that relay is the One which extends 
by way of the left back contact and arnature 
of relay 31 and front contact and armature 
of relay 25 associated with the non-busy coln 
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relays 23, 24 and 25. 

60 

munication receiving channel RC-43 incoln 
ing from station 4. Consequently the result 
of the response of relay 18 to the 200 cycle 
modulation of the 735,000 cycle control car 
rier wave of station 4 is the energization of 
relay 2S alone. Relay 2S in operating locks 
up and applies battery by way of resistance 
50 to the armature of relay 25, so that when 
relay 25 releases shortly thereafter in re 
spoise to the modulation of the control car 
ier wave with the 1400 cycle control fre 
quency, it causes the lighting of line alll) 
Í—43 associated with the springjack RJ-43 
of channel RC-43 that calling station 4 has 
taken for use. 

It will now be assumed that when station 4 
calls station 1 all of the communication trans 
mitting channels of station 4 are available 
for use. As a result, when relay 18 of sta 
tion 1 operates and associated relay 22 releases 
as a result of the application of the 200 cycle 
control frequency to the 735,000 cycle carrier 
wave, all of the branch paths from the arma 
ture of relay 22 to ground by way of relays 
26, 27 and 28 are in a closed condition, and 
consequently all of these three relays are en 
ergized. Each of three relays 26, 27 and 28 is 
thereupon locked up by Way of the path from 
batterythrough the armature and front con 
tact of the relay, and battery is thus applied 
to the armature of each of the corresponding 

But as none of the com 
munication transmitting channels of calling 
station 4 is as yet in use, the relays 23, 24 and 
25 are in their normally energized condition 
and have no connection with ground to make 
effective the potential that has been applied 
to the armatures. ASSunning now that the 
operator at calling station 4 chooses for use 
the communication transmitting channel that 
corresponds to communication receiving 
channel RC 43 of called station l; a pre 
determined interval after the 735,000 cycle 
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carrier wave is modulated with the 200 cycle 
control frequency for calling station 1, the 
carrier Wave is also modulated with the 
1,400 cycle control frequency. To this modu 
lation relay 21 responds by way of tuned 
branch 131, and the response of relay 21 causes 
the release of associated relay 25. Relay 25 
thereupon closes its back contact and the po 
tential that is applied to the armature of relay 
25 by Way of the closed contacts of relay 28 
becomes effective to light line lamp I-43 
of the corresponding communication receiv 
ing channel. As the 1,000 and 1,200 cycle 
control frequencies to which tuned branches 
129 and 130 are l'esponsive have not been ap 
plied to the control carrier wave, relays 19 
and 20 remain inert and associated relays 23 
and 24 remain energized. Therefore, the 
line lamps L-41 and L-42 of the corre 
Sponding communication receiving channels 
are not lighted. As has heretofore been ex 
plained, the station calling control frequency, 
in this case 200 cycles, is withdrawn from the 
control carrier wave a predetermined interval 
after the channel identifying frequency is ap 
plied. Consequently the relay 1S is released 
and the rely 22 is energized shortly after the 
line lamp L-43 has been lighted in response 
to the energization of relay 21 and release of 
relay 25. When this occurs relay 22 in oper 
ating connects its armature directly to ground 
at its front contact; and as relays 23 and 
24 are still in their normally operated con 
ditions and relays 29 and 30 of the corre 
sponding channels are inert, this ground is 
inunnediately applied as a short circuit of the 
Windings of associated relays 26 and 27, and 
these relays are thereupon released, and the 
normal condition of the circuit is established 
excepting as to the relays associated with 
communication receiving channel RC-43 
which has been taken for use. 
The application of the channel identifying 

control frequency to the control carrier wave 
at any of the stations causes the response of 
the relays in the corresponding tuned 
branches of the corresponding control re 
ceiving channel at all of the distant stations: 
and this response or operative condition of 
the relays continues as long as the channel 
identifying control frequency is applied. 
But as the station selecting relay 22 does 
not operate at the distant stations other than 
the calied stati::n. the response of the relays 
19, 20 or 21 at these other stations is without 
effect in so far as the lighting of the corre 
sponding collamunication receiving channel 
lamp is concerned, and is effective only to 
establish a condition that prevents a calling 
indication from subsequently being given 
upon the lamp of the corresponding channel 
as long as the channel continues in use at some 
other station. 
One Set of resistance values for the elements 

that are included in the branches of the sig 
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nal controlling network associated with the 
control receiving channel may conveniently 
be approximately as follows: the resistance 
element 49 may have a resistance of 100 ohms; 
the resistance elements 50 may have re 
sistances of 40 oh has each: the relays 26, 27 
and 28 may have resistances of 500 ohms 
each; the relays 31 and 16 may each have a 
resistance of 60 ohms; the Supervisory lamps 
SL of the connecting cord circuits and the line 
lamps L of the communication receiving 
channels may have resistances of 120 ohms 
each; and the resistance element 55 asso 
cated with each line anip may have a re 
sistance of 40 ohms. These resistance values 
are upon the basis of an electromotive force 
of 24 volts for the battery that supplies cur 
rent for the energization of the various de 
vices in this network. Other sets of electro 
notive force and resistance values may of 
course also be employed. The circuits over 
which the other relays of the organization are 
energized are simpler and Subject to less 
variation of current flow under the different 
operating conditions set up than the network 
for the elements of which the above, values 
have been assigned; and it is believed that 
the resistance and electromotive force values 
suitable for the other circuits will be leadily 
apparent to those skilled in the art who may 
desire to practice the invention. 
What is claimed is: 
1. In a multiplex carrier signaling system, 

a plurality of groups of cairier wave commu 
nication channels, a plurality of stations to 
which said channels have access, each group 
of channels serving for transmitting exclu 
sively fron one of said stations and having 
receiving terminals in each of the other sta 
tions, a cal signal associated With each chan 
nel receiving terminal, means controlled from 
a station is transmitting to operate one of 
said call signals at, a distant call station to 
the exclusion of all the call signais both at 
that and at the other stations to indicate the 
channel over which communication is to take 
place and the station that is calling. 

2. {{}}}unc{g Systen, !- 
tiplicity of stations, a group of carrier wave 
channels terminating each station and 
serving for transmitting from the respective 
station exclusively, receiving channel ter is 
minals at the other stations for all of the 
transmitting channels of the distant stations, 
circuits for pairing any one of the transmit 
ting channels at each of two stations with the corresponding receiving channel at each of 
the two stations to for in a two-way conversa 
{{}}} 
with said circuits for marking at the distant 
one of said two stations, to the exclusion of 
the other stations, the receiving channel to 
be taken as one of the pair, and the station 
in which the transmitting end of the channel 
so marked terminates. 

21 

8. In a multiplex carrier signaling system, 
a plurality of groups of communication chan. 
nels employing carrier waves transmitted 
over the same medium, stations to which said 
channels have access, signals for the respec 
tive channels at said stations, a separate high 
frequency control channel for each group of 
communication channels, and means con 
trolled over each respective control channel 
for Selectively actuating the individual sig 
inals of the associated group of communica 
tion channels. 

4. In a high frequency comunicating sys 
tem having a plurality of stations, means at 
each station for transmitting a carrier wave 
differing from the carrier waves transmitted 
by the other stations, and means at each sta 
tion. Selectively responsive to the carrier 
Waves transmitted by the other stations and 
Operating to identify the particular station 
that is transmitting. 

5. In a high frequency communicating sys 
ten having a plurality of stations, means at 
each station for transmitting a carrier wave 
differing from the carrier waves transmitted 
by the other stations, means at each station 
Selectively responsive to the carrier waves 
transliitted by the other stations and oper 
ating to identify the transmitting station, 
and means at each station for transmitting 
and at each other station for receiving modt 
lations of the transmitted carrier wave to identify the particular station that is being 
cailed. 

6. In a high frequency communicating 
System having a plurality of stations, means 
at each station for transmitting a carrier 
Wave differing from the carrier waves trans 
mitted by the other stations, means at each 
Station selectively responsive to the carrier 
Waves transmitted by the other stations and 
Operating to identify the station that is trans 
mitting, means at each station for transmit 
ting and at each other station for receiving 
imodulations of the transmitted carrier wave 
for identifying the particular station that 
is being called, other communicating carrier 
Waves adapted to be transmitted by each sta 
tion and received by each other station, and 
lineans at each station for transmitting and 
at the called station for receiving modula 
tions of Said first mentioned carrier wave to 
indicate the particular communicating car 
irie Wave that the transmitting station is 
about to employ for communicating purposes. 

7. In a high frequency communicating sys 
ten having a plurality of stations, means at 
each station for transmitting a carrier wave 
differing from the carrier waves transmitted 
by the other stations, means at each station 
Selectively responsive to the carrier waves 
transmitted by the other stations and oper 
ating to identify the transmitting station, 
Other communicating carrier waves adapted 
to be transmitted by each station and received 
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by each other station, and means at each 
station for transmitting and at each other 
station for receiving modulations of said 
first mentioned carrier wave to indicate the 
particular communicating carrier wave that 
the transmitting station is about to employ 
for communicating purposes. 

8. In a high frequency communicating 
system having a plurality of stations, means 
at each station for transmitting coin municat 
ing carrier waves differing from the com 
minicating carrier waves transmitted from 
the other stations, means at each station for 
receiving the carrier waves transmitted by 
each of the other stations, and other high fre 
quency means at each station controiled from 
each other station for indicating the particul 
lar coininunicating carrier Wave that said 
other station is about to employ for com 
municating purposes. 

9. In a high frequency communicating 
system having a plurality of stations, a plu 
rality of one-way high frequency communi 
cating channels for the interconnection of 
said stations, each of said channels being in 
dividual to a particular station for transmit 
ting and common to all of the other stations 
for receiving, means at each station for es 
tablishing transmitting relation with one of 
said channels and receiving relation with an 
other of said channels for two-way com 
munication with any desired One of said other stations, and high frequency responsive 

3 5 
means at each station controlled by each of 
the other stations for indicating the station 
that is calling and the station that is called 
in the establishment of two-way communica 

40 

tion over said channels. 
10. In a high frequency communicating 

system having a plurality of stations, a plu 
rality of high frequency one-way communi 
cation channels adapted to be temporarily 
operatively associated in oppositely directed 
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pairs to constitute two-Way communicating 
trunks between said stations, and high fre 
quency transmitting and receiving means 
separate from the communication channels 
at each station for exclusive use in control 
ling the establishment of said two-way high 
frequency communicating trunks between the 
stations of said system. 

11. In a carrier telephone system, a group 
of carrier telephone channels, a call signal for 
each of said channels, terminal circuits adapt 
ed to be connected with said channels for ex 
tending calls, a disconnect signal for each of 
said channels, a separate control channel, 
means to transmit simultaneously a plural 
ity of control indications over said control 
channel, and means selectively responsive to 
certain of said control indications for actuat 
ing certain of said signals and responsive to 
other of said indications for actuating other 
of said signals. 

12. In a wave signaling system, a receiv 
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ing station having a plurality of terminal 
circuits over which carrier waves may be re 
ceived, connection-extending circuits, a dis 
tant transmitting station having means to 
transmit a pair of high frequency waves, 
means at the receiving station responsive to 
one of said pair of waves for tesignating the 
terminal circuit over which the other of said 
pair of waves may be received, and means re 
sponsive to the connection of a connection 
extending circuit to the designate di terminal 
circuit for enabling communications to be 
carried on by means of the carrier wave re 
ceived over the connected terminal circuit. 

3. In a high frequency coilinicating 
system having a multiplicity of stations and 
a plurality of high frequency comunicat 
ing channels for the interconnection of said 
stations, transmitting terminals for certain 
different ones of said channels and receiving 
teriminals for the n'est of said channels at each 
station, selectively operated call indicating 
means associated with the receiving termi 
nals at each station, a plurality of high fre 
qui ency, controlling channels each having 
transnitting means individual to a particu 
lar one of said stations and receiving means 
at the other stations, and mechanism under 
the control of said receiving means for con 
trolling said selectively operatel (“al indi 
Cating means at the corresponding station. 

14. In a high frequency communicating 
System having a plurality of stations and a 
plurality of high frequency communicating 
channels for the interconnection of said sta 
tions, transmitting terminals for certain dif 
ferent ones of said channels and receiving 
terminals for the rest of said channels at 
each station, a signal for each of said receiv 
ing terminals at each station, and high fre 
quency means independent of said high fre 
quency communicating channels for giving 
each station control over the associated sig 
nals of the channel receiving terminals at 
all of the distant stations. 

15. In a high frequency communicating 
System having a plurality of stations and a 
plurality of high frequency channels for the 
interconnection of said stations, transmitting 
terminals for certain different omnes of sai 
channels and receiving terminals for the 
other of said channels at each station, a local 
communicating circuit at each station, means for temporarily associating said local con 
municating circuit with any desired one of 
said transmitting channel terminals, call in 
dicating signals associated with the receiving 
terminals at each station, and means made Operative in the temporary association of 
said local communicating circuit with one of 
said transmitting channel terminals to cause 
the operation of the associated si gnal of the 
corresponding receiving channel terminal at 
a distant station. 

16. In a high frequency communicating 
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System having a plurality of stations and a 
plurality of high frequency channels for the 
interconnection of said stations, transmitting 
terminals for certain different ones of said 
channels and receiving terminals for the 
other of said channels at each station, a local 
communicating circuit at each station, means 
for temporarily associating said local con 
municating circuit with any desired one of 
said transmitting channel terminals, a callin 
dicating signal associated with each of said 
receiving channel terminals at the various 
stations, and means associated with Said local 
communicating circuit and made operative 
in the temporary association of said local 
communicating circuit with a transmitting 
channel terminal for operating the call indi 
cating signal of the corresponding receiving 
channel terminal at a particular one of the 
remote stations of the system. 

17. In a high frequency communicating 
system in which each of a multiplicity of sta 
tions has assigned for its sole use a certain 
number of carrier Waves for transmitting 
purposes and is receptive of the carrier waves 
transmitted by each of the other stations, the 
method of interconnecting the stations which 
consists in each of the two stations selecting 
and transmitting any available one of the car 
rier waves assigned for its sole use, transmit 
ting a signal indication to the distant sta 
tion to indicate the particular carrier Wave 
that has been selected, and temporarily op 
eratively relating the Selected transmitted 
arrier wave with the received carrier wave 
transmitted by the distant station, as identi 
fied by the signal indication, to constitute a 
communicating pair of Waves between the 
two stations. 

18. In a high frequency communicating 
system in which a number of normally non 
paired one-way carrier waves are employed 
for the interconnection of the various sta 
tions of the system, the method of intercon 
two carrier waves, transmitting one of said 
waves from each of the stations to be connec 
ed and receiving the wave at the other sta 
tion, transmitting to each station a signal 
identification of the wave that the other sta 
tion is transmitting, and temporarily oper 
atively relating at each station as a con 
municating pair the carrier wave transmitted 
from that station and the carrier wave re 
ceived from the other station. 

19. In a high frequency communicating 
system having a plurality of stations, the 
method of producing carrier wave frequences 
which consists in transmitting to each station 
iron a coining in Source a higher base fre 
(?teilicy and a lo Yer base frequency, generat 
ing certain desired harmonics from each of 
said base frequencies, selecting each desired 
harmonic of the lower base frequency and 
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combining it separately with a plurality of 
the liarisonics of the higher base frequency 
take collectively, and seiecting for rise the 
Cindrii Natio), products of each of the ower 
base frequency i8rmonics with each of the 
higer base frequency har Hories. 

20. The method of deriving a series of 
radio carrier frequencies relatively closely 
spaced in the frequency range from two base 
frequencies, which consists in separately 
generating certain desired harmonics from a 
relatively high base frequency and a relative 
ly low base frequency, separately modulating 
the individual desired harmonics geneiated 
from the higher base frequency with a part 
of the desired harmonies generated from the s 
lower base frequency, and selectively seperat 
ing for lise the sum and difference modulation 
products of each of the higher base frequency 
harmonics with the particular lower base fre 
Cuency harmonics with which in each case 
they have been collectively modulated. 

21. In a high frequency communicating 
Systeil, means for producing and receiving a 
relatively high base frequency and a relative 
ly low base frequency, means for separately 
generating certain desired harmonics of each 
of Sailbase frequencies, means for separately 
Selecting each desired harmonic of the iower 
base frequency, a plurality of modulators in 
each of which a plurality of the higher base 
frequency harmonies collectively are modu 
lated with a particular different one of the 
lower base frequency harmonics, a distribut. 
ing circuit for each , modulator, and a, plu 
rality of tuned circuits branching from each 
distributing circuit, each tuned circuit being 
adapted to divert from its associated dis. 
tributing circuit a particular different one of 
the modulation products of the plurality of 
higher base frequency ha:monics with the 
particular lover modulating base requeney 
har Monic of the correspondling modulator. 

22, in a high frequency coin minicating 
Systein, means for produci a relatively 
high base frequency and a relatively low lase 
frequency, lieans for separately generating 
certain desired harmonics of each of said 
base frequencies, means for separately select 
ing each desired harmonic of the lower base 
frequency, a plurality of nodulators in each 
of which a plurality of the higher base fre 
quency harmonics colectively are modtlated 
with a particular part of the iower base fre 
quency harmonics, and means for Selectively 
deriving from each modulator the sum and 
difference modilation products of each of the 
higher base frequency harmonics and the 
particular part of the modulating lower base 
frequency harmonics. 

23. In a high frequency communicating 
System having a plurality of stations, means 
at One station for transmitting a high fre 
quency carrier Waye modulated by low fre 
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... quency communicating currents, means at 
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another station for receiving said modulated 
arrier wave, means at the receiving station 
for producing a wave identical with said 
carrier wave, a communicating terminal at 
said receiving station associated with the re 
ceiving means of said modulated carrier 
wave, and means made operative in making 
connection with said communicating termi 
nal for applying said identical frequency for 
the demodulation of said modulated carrier 
wave to reproduce immediately and make 
available at said communicating terminal the 
low communicating frequency with which the 
transmitted carrier wave is modulated. 

24. In a high frequency communicating 
system having a plurality of stations, means 
at each station fol producing a number of 
carrier waves for the exclusive use of the 
station in transmitting and a number of 
other carrier waves identical with the carrier 
waves employed by the other stations of the 

3. 0 

system in transmitting, means at each station 
for modulating its exclusive carrier waves 

5 with communicating currents, means at each 
station for receiving the modulated carrier 
waves transmitted from the other stations, 
means at each station for applying the corre 
sponding locally generated carrier Wave to 
the received modulated carrier wave to de 
modulate the same and reproduce the com 
municating current with which the carrier 
wave is modulated at the distant station, a 
connection terminal for establishing com 
municating relation with the received modu 
lated carrier wave, and means made opera 
tive in making connection with said connee 
tion terminal for applying to said received 
modulated carrier wave the corresponding 
locally generated frequency to demodulate 
said carrier wave and immediately reproduce 
the low frequency communicating current 
with which the carrier wave is nodulated at 
the distant station. 

25. In a selective signaling system, a send 
ing station, a plurality of receiving stations, 
a plurality of indicating devices at each re 
ceiving station selectively responsive to dif 
ferent wave characteristics, the correspond 
ing device at each station being responsive to 
the same wave characteristic, means at each 
receiving station responsive to a wave char'- 
acteristic different from those to which the 
said devices are responsive, said means at 
said stations responding each to a different 
wave characteristic, said means at each sta 
tion acting to prevent the response of any of 
said devices at the same station except said 
means be actuated in response to its character 

60 istic wave, sources of waves of different char 
acteristics at the Sending station and means 
to send a wave of a characteristic adapted to 
actuate the said means at any desired station 
and a wave of a characteristic to which a de 
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sired indicating device is responsive, whereby 
said device is actuated to the exclusion of the 
other devices at the same station and at the 
other stations. 

26. In a selective controlling system, a plu 
ality of stations, a plurality of devices to be 
controlled situated at each station, a corre 
sponding plurality of receiving wave respon 
sive elements at each station responsive to 
waves of different frequency, the elements at 
the different stations being responsive respec 
tively to waves of the sanne respective fre 
(uencies, another Wave responsive element in 
dividual to each station and each responsive 
to a different frequency of waves, means to 
transmit a wave of a frequency to which one s 
of the receiving elements at each of a plu 
rality of stations is responsive, means to 
transmit a wave of a frequency to which only 
the element individual to a desired station is 
responsive, and means dependent upon the 
actuation of both the element individual to 
the station and the selected receiving element 
for actuating the desired device. 

27. In a selective controlling system, a plu 
'ality of stations, a plurality of devices to be 
controlled situated at each station, a corre 
spoilding plurality of selecting elements at 
each station each selectively responsive to a 
wave of a different frequency, the correspond 
ing selecting element at each of a plurality of 
stations being responsive to the same fre 
(quency of wave, an element individual to each 
station and responsive each to a wave of a 
different frequency means to send out a sta 
tion-selecting wave having a frequency to 
which only the element individual to the 
desired station is responsive, means to send 
olt to all of said stations a wave to which the 
receiving element for controlling the desired 
device is selectively responsive and to which 
the corresponding receiving element at the 
one or more other stations is also responsive, 
to select the desired device, and means effec 
tive only tipon the actuation of the clonent 
individual to a station and a receiving element 
at the saile station for actuating the corre 
sponding device at said station. 

2S. In a selective controlling system, a plu 
rality of stations M in number. a plurality 
of devices to be controlled up to N in number 
at each station, means to transmit waves of 
M different frequencies, each selective of a 
station, and to transmit waves of N different 
frequencies, each selective of a devico at each 
station, and wave responsive means whereby 
any one of the Mtimes N devices may be se 
lected and controlled by the conjoint action 
of any of the M different waves and one of 
the N different waves. 

29. In a selective controlling system, a plu 
rality of stations, a frequency Selective elle 
ment individual to each station, a plurality 
of devices to be controlled situated at each 
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station, a corresponding plurality of fre 
quency-selective elements at each station, the 
corresponding frequency-selective element of 
said last mentioned plurality at each station 
being responsive to the same frequency, means 
to select a given device at a desired station 
comprising means for transmitting a wave of 
the frequency to which the element individual 
to that station is selective and a wave of the 
frequency to which the element correspond 
ing with the desired device is selective, and 
means to prevent the other devices from be 
ing actuated. 

30. In a multiplex signaling system, a plul 
ality of discrete high frequency communi 
cation channels for transmitting over the 
same medium, signals associated with the re 
spective channels, a separate high frequency 
controlling channel for transmitting control 
indications over said medium, means to trans 
mit a high frequency wave continuously over 
said controlling channel throughout the time 
that any of said plurality of communication 
channels is in use, means to impress upon 
said high frequency wave separate indications 
corresponding to the individual communica 
tion channels, and means responsive to said 
indications for actuating the corresponding 
signals associated with said communication 
channels. 

31. In a multiplex signaling system, a, plu 
rality of distinct high frequency communi 
cation channels for transmitting over the 
same medium, a separate high frequency con 
trolling channel for transmitting over said 
medium, a plurality of stations to which all 
of said channels have access, a signal for each 
channel at each station, means to transmit 
a plurality of indications over Said control 
ling channel for individually identifying said 
communication channels and a Second plu 
rality of indications for identifying the sta 
tions, and means responsive to the joint ac 
tion of a stations-designation indication and 
a channel-designating indication for actuat 
ing the signal of a particular channel at a 
particular station. 

32. In a multiplex signaling system, a plu 
rality of distinct high frequency communi 
cation channels, means to connect telephone 
circuits to said channels and to carry on Sep 
arate telephone conversations over the re 
spective channels, supervisory signals for 
said channels, a separate high frequency con 
trol channel, and means controlled over said 
control channel for actuating Said Supervis 
ory signals for said channels. 
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33. In a multiplex telephone system, a car 
rier telephone channel, Supervisory signals 
for said carrier telephone channel, a high fre 
quency control channel, means controlled over 
said control channel for transmitting calling 
indications for said carrier telephone chan 
nel and for exercising a continuous control 
over Said Supervisory signals during a con 
versation over said carrier telephone chan 
nel, a Second carrier telephone channel, and 
means to transmit a calling indication over 
said control channel for said second carrier 
telephone channel simultaneously with the 
exercising of said control over said super 
visory signals. 

34. In a multiplex telephone system, a 
group of carrier telephone channels, stations 
to which said channels have access, a call 
signal at each station for each channel, a 
Supervisory signal at each station for each 
channel, a high-frequency control channel 
cominon to said groups of carrier telephone 
channels, and means controlled over said con 
trol channel for actuatinor each of Said sig 
nals. 

35. In a carrier, telephone system, a 
of carrier telephone channels, a call signal 
for each of Said channels, a disconnect signal 
for each of said channels, a separate control 

group 

channel, means to transmit separate indica 
tions over Said control channel, and means 
responsive to said indications for selectively 
actuating signals of both of said kinds. 

86. In a multiplex carrier signaling sys 
tem, a plurality of groups of carrier wave 
communication channels, a pluralitv of sta 
tions to which said channels have access, each 
group of channels. Serving for transmitting 
exclusively from One of said stations and 
having receiving terminals in each of the 
other stations, a Separate control channel as 
Sociated with each group of channels, means 
at any station for temporarily associating 
any receiving terminal at that station, with 
one of the channels Serving as a transmitting 
channel for that station to form the two sides 
of a two-way communication trunk between 
the last-mentioned and another of said sta 
tions, and means controlled over one of said 
control channels for indicating the receiving 
terminal that is to be so associated with a 
transmitting channel. 

In witness whereof, I hereunto subscribe 
my name this 18th day of December A. D., 
1922. 

EDWIN H. SMYTHE. 
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