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MULTIPLEX CARBRIER-WAVE COMMUNICATION.

Application filed December 23, 1922, Serial No. 608,766

This invention relates to multiplex carrier
wave communication, and more particularly
to radio toll links for connecting ordinary
telephone and telegraph systems for two-way
communication.

Carrier wave transmission is-accomplished
by means of high frequency oscillations
termed “carrier waves” which are modified
or modilated in accordance with the signals
to be transmitted. Where two ordinary con-
ductive communication circuits ave to be con-
nected by means of a carrier wave link for
simultanccus  two-way  transmission, each
of the conductive communication circuits is
operatively associated with carrier  trans-
mitting and carrier receiving apparatus.
The carrier transmitting apparatus serves to
modulate a earrier wave in accordance with
the speech or signal to be transmitted and to
transmit the energy of the modunlated wave
over a carrier circuit or to radiate it into
space. The carrier receiving apparatus se-
lectively receives carrier waves modulated at
a distant station and demodulates the re-
ceived waves to produce low frequency cur-
rents correspending to the low frequency
speech or signal currents by which these car-
vier waves were modulated at the distant
station. Where a plurality of communica-
tions are to be effected simultaneously, the
carrier waves are assigned such frequencies
.as to be non-interfering one with another;
or in other words each of a plurality of car-
Fler wave transmitting epparatus s so organ-
ized ag to produce, and each corresponding
carvier wave vecelving apparatus is so- or-
oanized as to receive, a particular frequency
of carrier wave to the exclusion of carrier

“waves produced and received by the other
transmitting and receiving apparatus. In a
system thus organized there may be as many
~simuliznenousty proceeding and non-inter-
fering: communications as there are non-in-

terfering carrier waves with apparatus for

producing and receiving them. _
The apparatus which is used to transmit
and receive by means of any one high ive-
quency or carrier wave as distinguished {rom
chat which is used for transmitting and re-
ceiving by means of a wave cta di
quency, 1s commonly known as a channel, or
2 high frequency communication channel.
in the present

nt cion the selective prop-
erties of high frequency or earrier wave pro-

- be transmitied by the

ducing, transmitting and receiving devices

are utilized to provide a system for opera- -

tively relating a plurality of toll centers or
stations through the medium of carrier wave
links in such a way that there may be estab-
lished between these stations a plurality of
sinultaneous and non-interfering. intercom-
munications without any restriction as to
whether the connections which may simulta-
neously exist with each station are incoming
or outgoing with respect to that station. In
other words the system is so organized that
cach station may be the calling station with
respect to certain of the conections and at the
same time the called station with respect to
others of the connections that simultaneonsly
exist; and each station may employ its entire
radio or high frequency trunking facilities
simultaneously in either calling one cr more
of the other stations, ov In being called by one
or more of the other stations, or in calling
some and being called by others, in whatever

iy

~way traffic conditions may happen to require

and without interference of one communica-
tion with another. This may be, and in the
present embodiment of the invention is, ac-

complished by means of a single pair of an-
‘temnee at each station.

In the particular embodiment of the inven-
tion to be specifically described hereinafter,
four carrier wave stations will be assumed to
comprise the system, bub it is to be under-
stood that the system may have any desived
number of stations and that these stations
may be provided by merely duplicating and
cxtending the avrangements of the four sia-
tions deseribed;

In the pregent emabodiment of the invention
each radio toll center or station is assigned
a certain number of carvier waves or fre-
guencies. for fransmitting purposes; and each
station hag available for nse ag many receiv-
ing channels, preferably permanently or-
ganized as there are carrier waves adapted to
' other distant stations
collectively.. Iach of these receiving chan-
nels at each station is so organized as to be
selectively responsive to o different one of the
eavrier waves that the other distant stations
are arranged to tranamit., At none of the sta-
tions are there receiving channels responsive
to the particular carrier waves transmitted
from that station; and further to prevent the
locally transmitted frequencies from interfer-
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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 *which it 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-

60

ular one of its communicating channels that

" the calling station has-selected for establish-

ing ‘thée 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
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
between the calling and called stations is

“completed by the called station selecting and

“connecting” with one of its available com-

65

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

1,709,044

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. 1In the nccom-
panying drawings, Fig. 1 illustrates in
schematic form a carrier wave communicat-
ing system comprising four stations organ-
ized for general intercommunication through
the medium of a plurality of non-interfering
carrier waves; Fig. 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 ungnided
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-
tem the stations of which are operatively re-

lated through the medium of high frequency
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waves guided upon conductors, as the sta-
tions
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 1is
adapted to be modulated. It should be un-
derstood, however, that these definite-and spe-

“-cifie frequency values are nsed 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
Hustrative 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 ave four stations, sta-
tion 1, 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, niay have its funetion
served by the transmitting antenna of one
of the four stations. - Associated with the base
transmitting antenna ave 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

fransmit 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
use for interconnection aré indicated in Fig.
1 by a number of broken lines; The lowest of
these broken lines is designated 100,000 and
107,600eycles. Theother four broken lines arve
designated respectively 565,000 to 586,000,
614,000 to 635,000, 665,000 to 686,000 and 714~
000 t0785,000. The brokenlineconnection of
the transmitting antenna of each of the four
stationg to a particular one of the fourlast
nientioned broken lines indicates that the cor-
responding fransmitting antenna is adapted
to utilize for transmitting purposes the par-

ticular band of frequencies of the broken line

with which it has connection.  Thus station
lisrepresented 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 714,000 to 735,
600 band.

The broken liné connections of the receiv-

ing antenna at each station with the hori-

zontal broken lines indicate the particular fre-
queney bands to which the receiving svstems
ot the various stations are adapted to be re-
sponsive, - Asmay beseen by reference to Tig,
1 the receiving system of each station is re-
sponsive to the base frequencies, and also to
all of the other frequency bands excepting

of the organization disclosed may-

that which is adapted to be propagated from
the associated transmittingantenna.

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 conirolling
purposes and the other three of which are used
for commuinication or $peech transmission.
Asindicated in Tig. 1, station 1transmitsmod-
ulated carrier waves of 586,000, 579,000 and

75

572,000 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
685,000 cycles for controlling; station 3 trans-
mits waves of 686,000, 679,000 and 672,000 ¢y-
cles respectively for communicating and a
wave 01 665,000 cycles for controlling ;anid sta-
tion 4 transmits waves of 714,000, 721,000 and
728,000 cycles respectively for communicating
and a wave of 735,000 for controlling. The
receiving antenna system of each station in the
embodiment of the invention illustrated, has s
tuned branch responsive to each of the four
cairier wave frequencies transmitted by each
of the other three or distant stations, as well as
atuned 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 o tuned branch re-
spensive to the frequencies of the associated
transmitting antenna; which branch, as will
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 svstem will now be
explained by reference to Fig. 2 of the draw-
ing. The particular station that hag heen
chosen for schematic illustration in this fig-
ure of the drawing is station 1. Tt will be
understood that the plan of each of the other
stations is the same excepting for such dif-
ferences as have already been indicated in
the matter of the particalar frequencies dg-
signed to the different trangmitting and re-
ceiving channels. For the purpose of simnli-
fied and concise representation, most of the
devices and groups of apparatus that con-
stitute elements in the organization are in-
dicated in Fig. 2 by means of appropriately
lettered sguares. For convenient reference a
kev to the lettered squares in this and the
other figures is-here given. The squares
marked A are amplifiers.  The squares
marked BA are balanced amplifiers. Squares
D ave band filters. "Square AL is an arti-
ficial line or —energy dissipating device.
Squares BD ave halanced detectors. Squares
TC -are tuned circuits. ~Squares STC are
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“tuned circuits with anti-resonant shunts.

Squares LPF. are low pass filters. Squares
M are modulators. Squares D are detectors.
Squares. HG are harmonic generators.
Squares O are oscillators. Squares BM ave

balanced modulators.  Squares Hy wre hy-

brid or conjugate coils. Squares N ave bal-
ancing networks. In addition a number of

unlettered squares are employed which mere-

Iy vepresent gronps of apparatus the de-
tailed representation of which is unneces-
sary to an-understanding of the general plan
or scheme of organization, and the nature of
the apparatus in which groups may be con-
veniently ascertained by reference to the fig-
ures of the drawing showing the cireuits in
detail. “Such familiar pieces of apparatus as
plugs, spring jacks, lamps, telephone receiv-

ers and transmitters, ete., are represented by

their usual conventional symbels, so that in
explaining the plan of organization illus-
trated in Fig. 2 it will be unnecessary to iden-

ity by reference numerals the clements to

which there may be oceasion to refer. The
various appaiatus referred to above as being
indicated by-squares in certain figures of the
drawing will be described more fully hersin-
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 individunl
apparatus and subcombinations of apparatus
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-

dom-as 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 and
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,%00,
The

~branches of the receiving antenna system

o
Tt

adapted to respond to the carrier waves from
station 8 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

[65]

adapted for cooperation with station 4 ave
likewise designated channel 1, channel 2,

~channel 3 and control channel, and are re-

spectively Tesponsive to carrier waves of
714,000, 721,000, 728,000 and 735,000 cycles.
The branch of the. receiving antenna system

1,709,044

responsive to the base frequency waves,
which branclis shown at the lower left hand
corner of Fig. 2 is responsive to a range of
frequencies from 100,000 to 107,000 cyeles in-
clusive.

Figs. 1 and 2 have been referred to for il-
lustration ot the general lnyout of the system
and of a station of the system, respectively,
but these figures do not pretend to give the
cirenit arrangements since in these figures
single lines are uged for the various transmis-
sion paths whereas in reality two or morc con-
ducting or control or other wires would he
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 wrrangement of a
system or of an individual station, but Figs.
3 to 8, arranged as shown in Fig. 9, are relied
on to show specific cireuit arrangenients; and
wherever mention is made specifically of the
civeuit stractures, reference should he had to
Figs. 3 to 8 tor the corresponding iustration.

Relerring now to the branches of the re-
ceiving antenna system that constitute the
incoming channels from the various distant
statious, each of these is connected serially
with the outpnt cireuit of the receiving an-
tenna balanced amplifier through the medinm
of a tuned circuit which is provided with an
anti-resonant shuni to aid in the diversion
into the particular tuned circuit of the fre-
quencies to which the cireuit is tuned and the
mnattennated 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 cffect in itself the exclusion
of adjacent frequencies from the hranch. but
merely to effect as great a measure as possihle
of attennation 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 he hereinafter de-
seribed. 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 halanced detector. The
voice or low frequency currents are then am-
plified and passed dirvectly to the springjack
which constitutes the incoming. terminal of
this channel. ‘

Tn the case of the control channel incoming
from each of the remote stations; the ampli-
fied low frequency products.cf demodulation
which are obtained through the operation of
o 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-
euit 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 veference 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 eycles, 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-
nel carrier wave with 400 cycles, station 3 fo
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 1 for vse, the moedalation of the cor-
rezponding control channel carrier with 1,200
cycles occurs when the transmitting station
selects its channel 2 for vse, and the modula-
tion with 1,400 cycles occurs when the trans-
mitting station selects its channel 8 for use.
The devices associated with the various selec-
tive branches of each of the receiving system
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 terminate 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 harmonies
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 carrierr waves developed
from the base frequencies as will hereinafter
be deseribed. . The products of modulation
arethen 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 ecireuit, of the trans-
mitting antenna by way of a tuned circnit
with a shunt that is anti-vesonant to the
frequency of this particular transmitting
channel.

In the case of the fourth or ¢ontrol 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-
guired through a tuned branch to the input
eirenit of the control channel balanced modu-
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-

- tlons, station 8 omits the 600 cycle harmonic

s

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 frequencics

as may be required in the establishment and.

control of connections are made effective by
means of relays that control the energizing
cireuits 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

T
>
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40

nel selected are controlled through the agency
of circuits completed when a connecting cir-
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 cirenit
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—38 and K—4 (not

shown) ‘at station 2, keys K—1, K—2 and
K—4 (not shown) at station 3, and keys
K1, K—2 and X—38 (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 lineslocal 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

B
&

.65

channels incoming from the three distant sta-
tions, a transmitting plug for insertion in any
one of the three springjack 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.  Xach connecting cireuit 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 cireunits 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
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
clements and ecircuits will be described in

- connection with the detailed description of

operation hereinafter. It may also be noted

at this point that each connecting cirenit has -

assoclated 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
{rom the distant station,

Referring now to the apparatus for devel-
oping the high frequency carrier and demaod-
ulating waves from the received base fre-
(uencies, 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 hase frequency of 100,000 cycles
and the difference frequency 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 hy means
of harmonic generators included in each cir-
cuit. After amplification the 600,000 and
700,000 cycle harmonies of the 100,000 cycle
hase are selected and pass into a common is-
tributing circuit. In like manner the har-
monics developed in the harmonic generator
of the 7,000 cycle cirenit are amplified and
the 14,000 cycle, 21,000 cycle, 28,000 cycle,
and 35,000 cycle harmonies 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 civeuit. Asa 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 hands of 700,000
modulated by 14,000; that is, the frequencies
586,000, 614,000, 686,000 and 714,000. In like
manner the modulation of 600,000 and 700,000
by means of the 21,000 frequency in the sec-
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 sepa-
rated in the frequency range from the groups
of frequencies above mentioned, so that they
ave 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 present 1y the output civeuits of the four
harmonic modulators ave derived from the
respective circuits by means of tuned circults
at the various points where they are to be
used and ave applied To the input ¢ircuits of
the balanced detectors and the balanced mod-
ulators of the various channels-through the
medium - of amplifiers - 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 oi 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. Befors
proceeding to a detailed .description of the
operation of the system, however; the or-

ganization and operation of that part of the

system which sexves to generate, modulate,
transmit, receive and -detect or demodulate
the high frequency carrier waves will be de-
scribed in sufficient particularity so that o
detailed reference to the tunctions and rmode

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 systenn ab each sta-
tion includes a veceiving antenna RA con-
nected by way of a band filter B¥—1 with
one winding of an inductive coupling 101 the
other winding of which is connected with.the
input cireuit of a balanced amplifier BA—1.
The band filter BF—1is of the general type
disclosed in the U. S. Patents to Geo. A.
Campbell, Numbers 1,227,118 and 1,227,114
issued May 22,1917, This band filter is de-
signied 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 be propagated from the trans-
mitting antennsg TA of the corresponding
station, (Fio. 83, and to permit to fow. se-
rially in the receiving antenna civeuit with-
ount substantial attenuation all. frequencies
that are adapted to be received from the dis-
tant stations.  To nssist din dissipating the
energy. of the frequencies diverted through
the band filter BF—1, the band filter is con-
nected with an energy dissipating device 102
which may take the form of o resistance of
such value as to perform the function shated
without interfering-with the selective chavac-
teristics of ‘the band filter BF—1." The re-
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 s

7

repeater having in effect a substantially
linear characteristic throughout a large oper-
ating range to permit of the repeating of the
arriers that pass through it without inter-
modulation ~ between  them. A balanced
amplifier or repeater arranged to function in
this manner is disclosed in U, 8 patent to
B. W. Kendall, No. 1,544,910, dated July 7,
1926, ‘

Atfter amplification in the balanced ampli-
fier or repeater BA—1 the received carrier
and base frequency waves pass by way of the
common circuit 108 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 presentem-
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 cireuit 108 by way of the branch in-
cluding the band filter BF—2.  This filter is
ot the Campbell band filter type previensly
referred to, and is so constructed as to divert
100,000 and 107,000 frequéncies with substan-
tially negligible attenuation and to prevent
the entrance into the corresponding branch
of the other frequencies present in the com-
mon civceuit. The base frequencies that flow
throngh the band filter BF—2 pass to a de-
tector D—1 from the output circuit of which
the base frequency of 100,000 cycles is se-
lected- by means of a tuned circuit TC—S8,
while the difference frequency of 7,000 result-
ing from the demodulation of the 100,000 and

107,000 frequencies is selected by means of a-

tuned circuit TC—9. The base {requency of
100,000 thus selected is amplified by the
amplifier A—8 and the amplified oscillations

are impressed upon the input circuit of the

thermionic tube HG—S8. The magnitude of
the oscillations is such as to overload this
tube, with the rvesult that, as disclosed in
U. 3. patent to B. W, Wendall, No, 1,446,752,
dated February 27, 1923, the repeated oscil-
lations ave distorfed into n series of currents
the frequencies of which are the harmonics of
the base frequency current, the tube HG—8
thus acting as a harmonic generator. The
base frequency and its harmonics are. then
amplified by. the amplifier A—8' and the
sizth and seventh harmonies, 600,000 cycles
and 700,000 cycles, respectively, pass by way
of the {ransformer 105, ave selected by the
tuned civenits TC—6 and TC--7 and are im-
pressed upon the distrilbuting cireuit 104.
In like manner the 7,000 cycle frequency se-
lected by the tuned circuit TC—9 is amplified
by the amplifier A—9 and the amplified oscil-
Iations are impressed upon the input civeuit
of the harmonic generator HG—9 where they
ave distorted into a sévies of currents the fro-
quencies of which are the harmonics of the
base frequency of 7,000 cycles.  The base fre-
quency and: its harmonics are then amplified
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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
100,000 that. are present-in distributing cir-
cuit 104 and the four harmonics of the de-
rived base frequency 7,000 that ave present

- in thedistributing eiveuit 107 are combined in
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a manner that will now specifically be de-
seribed to produce ‘sixteen carvier and de-
modulating frequencies which. are conven-
iently. generated in four groups of four fre-

-quencies in each greup. As.the selection of a

plurality of frequencies from a common cir-
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
in ‘the output circuits of the combining de-
vices or modulators:shall be sufficiently far
apart to enable them to be simply and casily
segregated from each other by means of sim-

" ple tuned circuits. To this end each of the

harmonies of the lower base 7,000 is com-

© bined with the two harmonics of the higher
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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
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

the lower base were combined with the har-
monics of the higher bage in a common com-
bining or modulating  device, and the com-

bination frequencies in the output circuits

are therefore far enough avart to permit of

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

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
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
input circuit of amplifier A—2. The output
cireuit of this amplifier is connected through
2 potentiometer 109 with the input circuit
of the modulator M—1. The circuit arrange-
ment of this modulator as shown is of the type
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.-
503 may be referred to, or the Colpitts and

1,709,044

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 civcuit of an amplifier A—2,
and the output circutt of this amplifier is con-
nected by way of potentiometer 111 and in-
diictive coupling 112 with the input cireuit of
the same modulator M—1 with which the
14,000 eycle frequency from the distributing
cireuit 107 has been desceribed as being con-
nected. As a vesult there arve present in the
output circutt of the modulator M—1 the
sum and difference frequencies of each of
the higher frequencies 600,000 and 700,000
with the lower frequency 14,000. These fre-
quencies are applied to the distributing eir-
cuit 113 by way of the windings of a coupling
coil or transformer 117. In like manner the
21,000 frequency is sclected from distribut-
ing circuit 107 by way of tuned circuit TC—3,
is amplified by amplhifier 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 arc 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,

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 supplied 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
harmeonic frequency 35,000 is supplied to the
mput 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-
¢uit 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 sum and difference frequencies of the

-1
=1

S0

85

HI]

100

105

110

115

125

130




<

10

30

40

45

60

1,709,044

two higher component frequencies 600,000
and 700,000. Butall of these frequencies are
sufficiently widely separated in the frequency
spectrum from the frequencies that arve 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. '

Ot 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 vespectively and are
normally inert.  The fourth branch, that

“which feeds the distributing circuit 116, is

permanently enevgized, 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-
mally responsive condition.

Of course it will be understood that the car-
rier and demodulating wave distributing cir-
cuits'113; 114 and 115 and 116 are to -be =0
located and shielded from each other and the
other cireuits 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 veference 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

~recelving 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 ¢ircuit 108 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 108, 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 cansed
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 am-
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
branch RO—48 there is a tuned  circuit
TC—43 that has connection with the distrib-
uting circuit 115 of the carrier frequency gen-
arating appiratus. The constants of bthis
tuned circuit are such as to cause it to take
off from the distributing circuit 115 the 728,-
060 cycle frequency, which ig the same fre-
quency as that to which the tuned circuit
ST0—438 is arranged to be responsive. The
728,000 cycle frequency that is diverted by
the tined circuit TC—43 is applied by way
of a potentiometer 121 to the input circuit of
amplifier: A—481, and the output civeuit of
this amplifier is connected to the common
conductor of the two input eiveuits of the bal-
anced detector BD—43 by way of a poten-
tiometer 192.
plained and as s disclosed in British Pat-
ent No. 102,503 above referred to, and in

United States patent to Carson 1,348,306,

June 15, 1920, the carrier wave at the trans-
mitting station is modtlated by the speech
or volce currents in a modulator of a type
that operates-to suppress the nnmodulated
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—48 by way of tuned
cirenit TC—43, amplifier A—43' and the po-
tentiometer 122 in the commeon conductor of
the input circuit corresponds to the carrier
frequency that was suppressed at the trans-
mitting station, the detector acts, in accord-
ance with the principle disclosed in U. S.
Patent 1,848,306, to Carson, and in British
Patent No. 102,508, 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 modulator BD—43 is
connected by wav of the windings of trans-
former 123 with the low pass filter LPTF-—43.
The constants of this filter, which is con:
structed -in accordance with the-principles
disclosed in the Campbell patents hereinbe-
fore referred to, ave such that all of the higher
frequencies tesulting 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 LPHF—43 are applied through the me-
dium of the transformer 124 to the inputi.cir-
cuit of the amplifier A—43? and the output
circuit of thig amplifier is connected by way
of the windings of transformer 125 with the
line contacts of the receiving springjaclk
RJ—48 agsociated with this particular receiv-
ing channel. . The conductors over which bat-
tory current is supplied for the energization
of thethermionic tubes in the communication
receiving channel RC—43 are controlled in
contacts of a relay 16. These contacts are

Ag will hereinafter be ex-:
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normally open so that the tubes of the recelv-
ing channel are nmmallv inert.
AC has been stated, the other comnmmcu-

tlon 1'c(~elvnw c‘nnnels are organized in ex-
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: JLHV the same manner as c¢hannel RC
“whicl has just been deser ibed, excepting that

-apparatus the particulaz

'1n<r channel

~former.

49
43,

the.constants of their associated tuned cir-
cuits are so admstcd ag to divert from the
common receiving antenna _circuit 103 the
narticulay modulated carvier w aves to which
the channcls are vespectively adapted to re-
spond, and to select from the distributing
circuits of the carrier ilequen 'y generating
couespondnw fro-
quencies that are requir ed for the demodula-
tion of the modulated carriers that enter the
associated channels. The voice currents that
are reproduced by the flemoduhtm« action
in. channel ¥ C——Al are condueted to The line
contacts of receiving springjack RJ—41, and

the yoice currents replodnced by the demod--

ulating action in receiving channel RC—42
are conducted to the line contwctb of receiv-
ing springjack RJ—42. As the or ganization
of ench oi these communication receiving
channels is the same as that of receiving chan-
nel RC—438, the channels RC—41 and RC—19
are merely represented by appropnqtelv des-
ignated blank squares.

The calling or controlling 1ecelvmﬂ chan-
nel RC—44 is also substantully similar in its
organization.to the -communication  receiv-
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
two input circuits of the balanced detector

’BD~~/U throngh the medium of a trans-
At LhO same time the correspond--

~ ing frequency is taken from distributing cir-

o4
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cnit 116 of the carrier flequency (fenomtmw
apparatns by way of tuned cireuit TC—41
and after dmpilﬁmtlon n amplifier A—44*

is applied to the common conductor of the

two 1input branches of balanced detector

BD~—1& Asgin the case of receiving channel-

3, the demodulating action which oe-
curs .in- the balanced detector BD—44 is
such as immediately to reproduce in the out-
put circuit of the balanced detector the par-
ticular controlling frequencies with which
the carrier waves of controlling channel
RC—44 was modulated at the tranqmlttmw
station. The low pass filter LPF—44 acts
to-suppress all of the higher frequency prod-
uets of demodulation and to impress the re-
produced low frequency controlling currents
upon the input circuit of amphﬁer A—442
The outgut circuit of amphﬁer A—442 s

_\’(,(‘s TC—45, TC—46,

1,709,044

conneeted by way of the windings of trans-
former 126 with a distributing ecircuit 127.
Connected \uih distributing cirenit 127 are
a number of branches 128, 129, 130 and 131
cach made 10w‘n111t to a different one of the
controlling frequencies by the tuning de-
TC—47 and T(‘f——48

pwtn cly. In cach of the tuned cncmts,
anda constituing a part of the inductance, is
& relay so eonsirueted and adjusted that it
maintaing a contact normally closed, but
when f{raversed by alternating current of
the frequency to which the associated branch
is responsive, it ho'ds its contact open. These
relays in the four-tuned branches are desig-
nated respectively 18,19,20 and 21. The last
menﬁonnd relays coopmate with correspond-
ing asg qc“ntml velays 22, 23, 24 and 25; and
the rel ays 23, 24 and 25 have operatively
associated with them corresponding relays 26,
97 and 28. 'Iho manner in which the above
'ne‘lﬁ(“iod relays, together with relays 29,
30 and 31, associated vespectively with the
terminals of the communication receiving
channels RC—41, RC—42, and RC—43, co-
operate i m controlling the display of the line
stanal” lamps L1, T—42 and T—43 of
the three communication receiving chan-
nels 1'oq])L“L1\'e]V will be mphmml herein-

after in connection with the desceription of

the operation of the system.

Reference will now be made to the trans-
mitting channels for modulating the high
frequency carricr waves assigned for trans-
mission purposes to this station with the low
frequency v ()m\ and controlling currents,  In
Fig. 8 of the detail drawing these channels
are (10%101141(,(:1 C—11, C-"12, C—13 and
C—14. The frst three are the communica-
tion transmitting channels and the last one
is the calling or controlling transmitting
channel. Tnasmuch as the communication
transmitting channels  are  substantially
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 (=13 i
the only one of the communication transmit-
ting channels that is shown in detail, the
other channels being represented merely hy
squares ommlod by broken lines. As the
organization of the controlling transmission
channel C—14 differs xh(rhth/ from that of
the communicating transinission channels, it
algo ig ilustrated in detail.

The line contacts of the springjack TJ—3
in which the communication transmitting
channel C—18 terminates, are connected lw
way of a low pass filter LPF—13 and a po-
tentiometer 132 with the primary winding
of a tmnsfmmel 133. The low pass filter
LP —18 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-

70

76

80

90

05

100

105

120




f

%0

(e T

it}

aa

40

pel

ot

1,709,044

ble attenvation the
M,JOO cyeles per

stantially uniform negli <_'"
volice frequencies up to,

second and suppresses or greatly attenuates
all of the frequencies L‘«," above this limit.
A frequency band of this width carries all of

the ﬂomwnc 108 Necessary ior the proper re-
produe i;m1 ofepeech, and prevents the higher
frequencies and harmonics which may | be
present in the veice currents from cmusmﬂ'

any wezhp ng oi the closely spaced fro-
gitency bands of the communication carrier
waves,

The transformer 138, through t
winding of which -the voice

channel C—13 flow, has two secondary wind-

im«~, one included in each of the ’;mﬂ!.!’ cir-

cuits of the pair of rhemm: nic tubes o

n

P

he primavy
"r“m encies of

3 i
e con-
srenits of the

balanced modilator BM-—1 8.
mon conductor of the input ;,
balanced modulator is a nouemumaeh e 134
ihroug_:h which “the (ol'zu‘pmwsm“ rrier
wave of this channel is impressed 'u the C(\
sired -potential upon the two inpub circuits
of - the balance ’v modulator. The carrier
wave is devived £

2

rom the distributing eivenit
115 of the carrvier frequency fm‘m"li ng an-
aratus by way of the tuned cirenit TC181,
” Phe carrier *rf\(*“omy selected ‘n'/ tho tuned
civenit is apphied by way (n the potent
135 to the nput ('wwﬂ of emplifier
and the ontput cirenit of the ampli
nected with the common conductor
balanced modulator BM-——13 by way of
tentiometer 134, ag deseribed. The b
mwhu tor BAL—13 is constructed
770{1 'n accordance with the  discl
. &, Patent 1,345,807 is
to John R. Carson, and the »)}:m szm of
xxl(“ld]dﬂi’“' is suech that
suppressed exe 0171 ing ats
frequency voice cin '1u‘“~; are mpres .‘-‘1
upei the input cirewit of the modula tﬂ' by
way of the inductive coupling or
former 183,

The output cim"lm: of modulator Bl .
is connected by way of the windings of trans-
former 138 with atnned civenit TC—18 which
is tuned to the carrier wave froguency of the

In the ense arsumed, the
such m.Qh Ermwen(‘y that
alting from the'moedulation
of the carrier by rhe, speech waves have only
a very small perceniage frequency difference
from the carrier wave frequency value,
the simple tuned cirenit T C—~1u igins
case suilicient to transmit
lated waves with little or noappreciable dis-
tortion. At the same time the tuned eircuit
TC—12 operates to press. the undesived
lower and h‘Ohm' products of modulation
present in the m'*pm cireuit of the balanced
modulator BM-—13, © The speech modulated
side bands that pass through tuned civeunit
TC—18 ave applied by way of potentiometer
137 to the input circuit of amplifier A—13,

,,.
<
2

ﬂ’ ¢in

ssried] June 15, 'lSQC

Lhm

trans-

aueociated cha

c-ﬂ’r?u' wave 1
the side bands res
R

O'f

1

and

such a
the speech-modu-

q‘,‘l}
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and the output cireuit of the amplifier has
connéction by way of the shunted tuned cir-
cuit 8TC—18 with the conductor extending
to the transmitting antenna TA. . Theindue-
tance values of the transformer or inductive
coupling included in  the tuned circunit
STC~—13 and the capacity values in the cir-
cuits of the two windings of the transformer
are such that there is series resonance for the
froquencies of the carrier side bands that are
to-be transmitted; while the anti-resonant
shunt included in the tuned cireuit STC—13
is anti-resonant to these same frequericies,
but permits the frequencies applied to the
transmitting antenna conductor by the other
u’an zmthn,(_; channels to pass through it with
1m tantially negligible fmonucﬂloaa as de-
seribed in the qumn‘ Patent 1,313,483 above

cited. Asin the case of the roceivi ing antenny
system, the transmitting antenna by the
proper adjustment of its constants may be

“made substantially apericdie, or may he given

the destred number of degrees of freedom
necessary for the
frequency bands in any convenient one of the
““us anf are well known in the art.” Of
course, the coupling between the transmitting
and recelving antenna circuits Mld their re-
spective ]_)l.urlhtles of branches will be made
such as to permit the transfer of energy to
take place without introducing interference
effu t% between the different branches.

The low {frequency controlling waves with
which the earrier wave of the control trans-
mitting channel C—14 ig modulated are sup-
pLed bv control frequency generating appa-
ratus, Whlch will be described her emmter, by
way of a pairof conductors 188, The control
iu*qunnu{“ present in these conductors are
anplied by way of potentiometer 139 and cou-
phng coil or transformer 140 to a halanced
"'1 tor BM—14 of the Carson carrier sup-
"1 iﬂ’jm like the balanced modulator
18 described above. The carrier wave
L ’/) be modutated by these conlrol
uencies is diverted from the distributing cir-
"’; ‘nlb of the carrvier frequency generating
wt"“tu by way of tuned mwmt TO—142
'J\ carrier wave, after :;eTe(“ ion b‘, the tuned
euit, heing applied | by way of the poten-
meter 141 to \h‘ mput eirveuit oi amplifier

"he outpub civenit of the amplifier
tutod ’; ¥ *\"w of ;,‘w W)te ybione 101' 142
2} 2344
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et
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©in pu eirenit, The Gutpat (‘ll'f-mi
L»‘] mced modulntor BM-—14 is con-
i‘V way of trans er 143 with one

the tuned civenit TC—14, and the

ide of the Hl"h d cizenit is connected by

" the potentiometer 344 with the input
1

4, the out;pub cireuit
r connection by way of
\J tuned civeuit STC—14 with the

ng antenna mndn“tor The tuned
014, like tuned circuit TC—13 pre-
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“viously dcséribed,‘ is adapted to pass with

slight and substantially negligible attenu-

ation the frequencies in the side bands result-

~ing from the modulation of the carrier wave

10.
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“without distortion.
Coseillations 1n the oulpub. cirewit o the har-
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-multiples or harmoni

“fourth, fifth, s

“with- the relatively low control frequencies.

The tuned cireuit STC-—14 is resonant to
thisnarrow bandef frequencies; and the pres-

ence of -the anti-vesonant shunt comprising:
-part-of the clement STC—14 prevents these

frequency hands from being shunted, but per-
nuts the serial passage through the antenna

Coed

conductor of-the frequency bands produced

by modulation 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. TIn like manner the
supply of battery current for energizing com-

“munication transmitting channel C—18 is

controlled in normally open contacts of relay
33, and other similar relays control the ener-

gization of the other communication trans-

mitting channels C—I1 and C—12 in like

cInanner.

Referving now to the organization by
means of which the lower control frequen-
ces-are generated, as shown in Fig. 8, these

~frequencies ave derived as multiples or har-

menies of a fundamental or base frequency
generated by the oscillator O—1.  This os-
cillator may be of any usual and well known
thermionic type with a feed back connection
£$, S g~ d . 54 3 - M R rm .
iroln 1ts output into its input cirenit.  The

-frequency of the oscillator carrent produced

may be regulated by an adjustable condenser
and may conveniently be, say, 200 cycles per
second. - The escillator O—1 supplies sub-
stantially sinusoidal oscillations to the input
circait of the harmosiic genervator TG—I1.
An - inductance is bridged across the input
circuit, and the magnitude of the oseillations
supplied is such-as to overload the tube
HG—L; that is, to-supply an input wave of
reater amplitude than the tube can repeat
Asg a result the repeated

monic genérator HG—1 are of non-sinuseidal
wave form, which is the equivalent of a base
frequeney current of sinusoidal form and
a series of currents of frequencies which ave
s of the base fre-
quency. Theaction 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 havmonic generator HG—1 are
amplified in the amplific A—1 and are then
supplied to the distributing civeuit 145 by way
of the windings of a transformer 146, From
the distributing civeuit 145 the second, third,

ixth and seventh harmonies
by meens of the tuned circuits

are selected

Y
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TC-—52, TC—53, TC—54, TC—61, TC—62
and  TC—63 respectively. Kach of the
Larmonics thus selected is supplied through
a potentiometer to the input cirenit of the
corresponding series of amplifiers A--52,
A—53, A—54, A—61, A—62 and A—63
vespeetively, The output circuits of these
amplifiers are respectively connected by wa
of the tuning devices TC-—-52, TC—5%,
TC—54’, TC-—61", TC—62" and TC—63’
with the comwmon collecting cirenit 147,
and the circuit 147 is connected by way
of the windings of the transformer 148 with
the civenit 138 which has previously heen de-
rervibed as supplying the control modulations
to the control transmission channel C—14.
The frequencies of 400, 600, 800, 1,000,
1,200 and 1400 cyeles per second are thus
produced and made available for application
to the modunlating cirenits of the control
transmitting channel C—14. The constants
of the tuning devices in the respective
branches are of course adjusted to pass the
particnlar frequency ihat cach correspond-
ing branch is intended to puass and to bar
out the other frequencies. The supply of
battery current for encrgizing the tubes of
amplifiers A—52, A—53, ete., 15 controlled in
the normally open contacts of a series of re-
fnys 52, 53, b4, 61, 62 and 63 associated re-
spectively with the corvesponding amplifiers.
The manner in which these relays are con-
trolled to bring about the energization of
their respeetively associated amplifiers will
be deseribed hereinafter.

The specific organization of the portions of
the system that have not thus far been par-
ticularly explained will best he imderstood in
connection with the detailed deseription 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 telephonie
connection between one of the loeal lines of
station 1 and one of the Jocal lines of the
other station. For initiating the eall there
are available to the operator at the calling
station three communication transmitting
channels which terminate respectively upon
the springjacks TJ—1, LJ—2 and TJ-—3.
he calling operator also has available for es-
ieblishing the connection the three connect-
ng circuits CC—1, CC—2 and CC—3. each
of which has a plug for connecting with the
Tocal line and two other plues for connect-
ing respectively with the receiving and
transmitting channels that are temporarily
associated to constitute the two-way radio
Iink,

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-
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able, the operator first momentarily presses
the key K--381 associated with and individual
to the connecting cireuit CC—3. The depres-
sion of this key closes a circuit that extends
from battery through the winding of re-
lay 84, right hand switch spring and resting
contact of that relay, closed contacts of key
E-31, and right hand back contact and ar-
mature of relay 35 to ground. Relay 34 oper-
ates, and before breaking its original circuit
completed in the contacts of key K—31 it
cloges o civeuit that extends drom battery
through the winding of relay 84, right hand
switch spring and armature of that relay,

5 guard lamp GL—38, right armature and back

contact of relay 80 of the common station
selecting apparatus, and inner left hand ar-
mature ‘and  front contact of relay 34 to
ground. The last menticned contact of re-
lay 34 is adjusted to close before the right
hand switeh spring of relay 84.separates from
its resting contact.. A ldcking cirenit for re-
lay, 84 is thus completed which includes the
guard lamp GL—3, so that that lamp remaing
lighted to mndicate to the operator that a call-
ing operation is in progress.

Having thus sppropriated the commion'sta-
tion selecting -apparvatus for the use of the
chosen connecting cireuit CC—38, the opera-
tor then presses the particular one of the keys
K92 T3 and B—4 of the station selecting
apparatus that corresponds {o ‘the distant
station that is being ealled. We will assumie
that this ig the key —4 which corresponds
to- station 4. When this key is pressed a
cirouit 15 closed that extends from battery
through the winding of the slow-acting de-
vice ov timer 40, left resting contact and
switch spring of relay 86, winding of relay

39, contacts of key B—4, back contact and
armature of relay 41, right ‘atmature and

baclk confact of relay 86, and inner left hand
armature and front contact of relay 34 to
ground:

The timer 40 is of the type disclosed in
T7. & patentfo Sermuel B, Withiame, Jr., and
Walter P. Albert No. 1,332,
20,1920, Tt may be noted, howeyer, that in
the case of the timer 40, the onbward or return
movement-ol the solenoid core is retarded, a8
well as the inward movement. The result is

that an interval which may be regulated as de-.

sired elapses from the time when the fimer
40 is energized until it cloges its inner contact,
and another regulable interval elapses be-
tweon the deenergization of the timer and the
opening -of its outer. contact, which contact
was closed an instant after the energization
of the device.

The closure of the station selecting key K—4
nieed be only momenary, for relay 39 in oper-
ating completes a locking or holding branch
for maintaining its'energization that includes
the right front contact and armature of re-
tay 89 and the winding of relay 41. ‘Aslong

18

as the key K—4 remains depressed, the lock-
ing branch including the right contacts of re-
lay 89 and the winding of relay 41 remains
short circuited in the contacts of the key
K—4. - But when the key X—4 is released
this short circuit is opened and current passes
through the branch containing the winding
of relay 41, thus bringing about the energi-
zation of that relay. When relay 41 operates
it.opens at its back contact the conductor over
which the station selecting keys K—2, K—3
and K—4 have control over their associated
relays 37, 38 and 39.  Therefore, after, one of
these keys is depressed and subsequently re-
leaged ail the keys are thereafter deprived
of control over their relays until the end of
the calling operation. ‘
The instant the station selecting key K—4
1s pressed and the associated relay 39 operat-
ed, a cireuit is ¢losed that extends from bat-
tery by way of left front contact and arma-
ture of relay 89, conductor 44, and winding
of relay 54 (¥Fig. 7) to ground. Relay 54 in
operating energizes the amplifier A—>54 and
thus makes effective the branch 154 of the con-
trol frequency generating apparatus. As a
result-the 800 cycle control Irequency is ap-
plied to the common circuit 188 extending to
the input circuit of the balanced modulator
BH~--14 of the control transmitting channel
C—14. - At the same time a circuit is closed
that extends from battery through the wind-
ing of relay 32 (Fig. 8), conductor 45 and
outer right hand armature and front contact
of relay 54 to ground. Relay 82 in operating
energizes the thermionic- tubes of control
transmitting channel C—14 and thus makes

“that channel effective to apply to the trans-

mitting antenna TA the carrier wave of
565,000 cycles derived from distributing cir-
cuit 116 modulated with the 800 cycle control
frequency derived from the common cir-
cuit 188.

The modulated carrier wave of 565,000
cyelos thus propagated from the transmit-
ting antenna of station 1.is received over the
ing-antenna systems of all of the dis-
rons and is selected at each of these
ations by the control receiving chan-

up identified with station 1 that
b0 the 565,000 cyele control fre=
station. This 1§ most clearly

e schematic diagram of Fig. 1.
stated, in order to simplify the
showing the wiring of station 1 only has
beonillustrated v detail. - But inasimch ds
the arrangeménts of all: the control receiv-
ing chanmels of all of the stations are alike
excepting in the matter of the specific fre-
quencies to which they are made responsive,
it may be assumed for the time being that
the receiving channels illustrated in Fig.: 8
are those of distant station 4 that is being
called. that channel RC—44 is responsive to
the 565,000 cycle frequency of station 1 and

70

75

80

85

90

95

100

105

110

120

125

130



14

- that the tun‘ed branch 128.0f channel RC—44

[

20

40

45

50

55

- called station is responsive.

60

65

15 responsive to the 800 -cycle control fre-
quency - used for calling station 4 instead of
the 200 cycle control frequency used for cali-
ing station 1. Proceeding for the time heing
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
demodulated and “the 800 cycle low fre-
queney component is selected by branch 128

-of the:common circuit 127 and énergizes re-

iay 18 to. open its normally closed contacts.

The continued energization of relay 18
which now occurs breaks the normally closed
energizing cireuit of the associated relay 22;

and that relay thereupon releases its arma-

ture-and closes .its. back contact. For the
present we will. assnme that comrunication
transmitting channels C—11 and C—12 of
station 1 are both at this time in use, and
that communication transmitting channel
C—18 of station 1is the only one that is avail-
able for use.: Under these circumstances, as
will subsequentiy-be described, relays 23 and
94 at each of the distant stations, including
the called station 1, are inert ag a result of
the energization of their associated relays
19-and 20, and the coiresponding velays 29

- and 30 associated with the two busy channels

RC—41 and RC-—42 that cooperate with
channel C—11 and C—12 of station 1 may
also be energized; depending upon whoether
the channels C—11-and C—12 are already in
use for establishing connection with the same
gtation that is now being called.. Under
these assumptions, when relay 22 at cailed
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
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 gronnd. 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
Relays 26 and
27 -at the called station are not operated, as
they are associated with channels that ave 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
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called station excepting the operation of re-
Iays 18, 22 and 28, No signal is as yet dis-
played. Returning now to the actions that
are taking place at the calling station, it will
be remembered that the energization of the
control transmitting channel C—-14 and the
application of the modualated 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 ig 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 84 of connecting circuit
CC—3 that has been seleeted for use, and
winding of relay 35 to the sleeve contact of
transmitting plug key TP-—3 of connecting
civeunit CC—3. If the plug has not yet been
ingerted 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-
ting plug into an available transmitting chan-
nel springjack; the delay does not affect the
proper sequence of operation of the subse-
auent stages of action. If the plug TP—3
15 inserted in an available transmitting chan-
nel springjack at the time the timer 40 com-
plefes the inward movement of its plunger,
er whenever the plug is inserted at any time
subsequent 1o the completed inward move-
ment 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
springjack TJ—3, assuming that channel
(C—18 is the one selected for use, and thence
by way of conductor 48 and the winding of
relay 63 (Fig. 7) to ground.

When telay 63 of the control frequency
generating apparatus is operated as a re-
st of tho closnre 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 cirenit of halanced
modulator BM-—14 of the control transmit-
ting channel. There are thus now two con-
trol frequencies modulating the 565,000 cyele
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 deseribed,
and the other being the 1.400 evele frequeney
which acts, as will be explained to identify
the particular communieating channel that
the calling station has selected for use in
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completing the connection. The closure of
the prevmusly traced ecircuit, upon the in-
sertion of plug TP—3 intospr mrr]qck TJ-—3
and the closure of the inner contacts of timer
40, energizes the relay 35 which thereupon
completes a locking cireuit for itself that
extends from battely by way of resistance 51,
lefthand armature and front contact of 1'@1&37
35, and thence to ground by way of the pre-
Vlously traced path including the register-
ing sleeve contacts of phw TP_-3 and spring-
dck TJ—38. The resistance 51 is of such
v‘ﬂue that while enough current passes
through it to maintain the energization’ of
relay 35, it does not act to render ineffective
the energumg action of the right winding of
relay 36 that is included ina branch parallel
whh branch including resistance 51. 'There

fore the closure of the circuit by way of he’

registering contacts of plug ’i‘P—m and
fj)l]d\)]‘\(‘]\ J—3 energizes and oper o; re-
lay 36. Relay 36 m opomtmﬂ breaks at its

.

Teft switch spring and resting contact the
énerglzing c'ncmi, of i}mo" 40, and the timer
thmoupnn starts the backwsrd or veturn
movement of its plunger.  This is immedi-
ately followed by the n enking of the innor
confacts of the timer; but relay 36 iy main-
tained energized by a clvenit that extends
from bﬁﬁ.o,i,y through the lower winding
and the Jower armature and switch spring of
relay 36, winding of v (‘LW 39, upper . front
contact and armature of that 1ohy wind-
ino of relay 41 and closed outer contacts of
timer 40 to or )un'l Thus the energizing civ-
cuit of 101(137 39 is maintained after I(‘]“V 38
has been operated, and rel ,w 39 remains ener-
gized to continue the application of the 800
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 ene ml/ed to
deprive the station selocting keys K—2, K—3
fmd K—4 of control over their associated re-
lays 37, 88 and 39, and relay 84 and guard
Lunp GL—3 associated with the key K31
are also kept energized until the complete
restoration of timer 40 and the con%eqnent
opening of the outer timer contacts marks
the completion of the sending operation. As
the left or locking Wmdmo of relay 36 is
ﬂlh() under control of the pfuh to Ommld that
is now maintained solely by the outer timer
contacts, the relay 36 is also held energized
until the end of the ca alling operation.  The
return of the timer plunger therefore brings
about the restoration to normal of the parts
that are involved in. the station selecting
oper Atmn, and the (wﬂompam*mo release
of relay 39 deenergizes relay 54 of  the

contrel he(m eney - generating -apparatis
(Fig. 7) and thus withdraws the 800 cycle

station selecting modulation of the 565,000
cycle control carrier wave. The relay 85

Cbeing ea ied
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of the connecting civevit CC—3, however,
continues operated hy virtue of the path by
way of its left hand iodfing contacts and ve-
sistance 51, The eivenit in whiel the wind-
ing of relay 85 is thus included also ex-
tends by way of the registering slecve con-
tacts of plug TP-—8 and sm mh]a“ Td—38
and the winding of 1ehw 63 oi the control
frequency geénerating p‘u vtus to ground,
so that as long us ﬂw Plug. remains in the
springjack the lelay 63 continties ener oized
to keep the 1,400 cycle eontrol frequency
plied to the o(n()ﬂ) carrier wave.
Returning now to the actions “h'ch are

ap-

taking place at the ealled sta ition, station 4,
and further referring to ‘ho civeuits ot sta-
tion 1 il u%tmied in Mig. 4 in order to ex-

plain these actions, the vela y 18 rem:xiﬂs ener-
'n/od and the leLw 22 remaing deensrgized
as long as the cont rol hemwnc'y of 800 eyeles
assigned for the calling of station 4 continues
0 he ¢ pplied to the control uum wave of
%caﬁml J When the plug TP—3 is inserted
m the communicating channel TJ—3 at sta-
tion 1, the 1,400 cyde control frequency also

‘modul-*loc the control carrier wave that. is

being propagated from
antenna of s{';zi'ion 1. As soon as.this oceurs
the tuned branch 181 nf the control receiving
channel 1'054}}0]](1% and ‘the Agseclated rel: W
21 operates. This setion occurs not only »

the - trangmitting

the called station, .Mium 4, hat also at the
other' stations remote from ‘station 1. Ay
will be explained, this dees not lead to the

)
ations that arve not
bud at the stationd the energina-
tion of rel (u 21 ,)]),\m the encrgizing (‘mmt
of relay 25, and that relay in releasing its
'ma.ltmn closes a mt’mt that oxtends from
battery through. resista 1\,0 50, i“ew@ by way
of the closed contacts of 1(\]-”7 928, armature
and back contact of velay 25, tnner armature
and back contact of re].w 31 of the COMMNMI-
cation veceiving channel cor ‘(‘sp’)mlnw to the
communication channel that efation 7 has se-
lected for nse, and thence by way of resista nee
55 and line lamp L—43 {0 ﬂmimd There ign
branch to ground from this civenit by way of
the winding of velay 281 but ¢ ance of
this branch ig guch as not to (1"\'0 4 onmz;?::h
current to prevent the energization of line
tamp T—43, which thereupon becomes illum-
inated.  For an interval, as has been  de-
rm;}wu in the foregoing, the station select-

© frequiency of 800 vv(wm as -well as
h,:n nel uhmﬁ ng frequency-of 1,400 vwws
are both 'u);m\d to the control cariier wave
of the calling station, the station sel (\Of,mv
'f"mqwm(*v remaining app! wﬂ fora space de-
‘v“wmeu by the time vequived for the vesto-

ion of the timer 40 to normal. When the
tion selecting frequency of 800 eycles is
hdrawn relay 18 1n the tuned circuit 128
is deener Oi”oﬂ andd closes the energizing cir-
cuit 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 encrgized by the operation of relay 22,
is now under the control of its locking wind-
ing, the circuit for the energization of lamp
1.—43 remains closed and the lIamp 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 recelving 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 conneet-
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-

30

35

40

. 55

“the time available for use.

cuit that she has sclected for use into the
transmitting springjack of one of the com-
munication transmitting channels that is at
The effects of
these acts are exactly the same as have been
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

modulated with the frequency of 200 cycles

used in_calling station 1, and also with the
particular-one of the channel identifying fre-
quencies 1,000 cycles, 1,200 cycles and 1,400
cycles; thatcorresponds 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
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 1,400 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 velay 21, As a result
relays-18, 22 and 28 are first actuated, then

~relays 21 and 25 are actuated, and then relays

60

65

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 lamp I.—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—438; 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 L—43. As the mate plug TP—3 of con-
necting circuit CC—3 has already been insert-
od 1n transmitting springjack TJ—3, as here-
inbefore described, communication transmit-
ting channel C—13 of calling station 1 and
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 teriminal of the incoming channe
from calling station 1, identified by the light-
ed lamp, the receiving plug of the connecting
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
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-
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
4, a circuit is closed that extends from bat-
tery through supervisory lamp SL—3, reg-
istering slecve contacts of plug RP—3 and
springjack RJ—43, winding of relay 31 and
winding of relay 16 to ground. Relay 16 in
operating connects the filament and plate
batteries to the thermionic tubes of commu-
nication receiving channel RC—43 and, by
encrgizing relay 15, causes the application of
the locally gencrated waves to the detecting
circuits. This channel is therefore made op-
erative. When transmitting plug TP—3 of
connecting cirenit CC—3 is inserted in sprin
jack TJ—3, which constitutes the termn-
nal of communication transmitting channel
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
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when the plug is inserted.. The operation of
relay 33 connects the filament and plate bat-
teries to the thermionic tubes of channel
C—18 and thus makes that chanrnel operative.

When 1eueiving plug RP——?; ig inserted in
springjack C—43, not
only 1% 1uay 16 oper Ated to energize the

- channel, but relay 31 is also encwlmd to

break at its left armature and back contact

the circuit that up to this time. has been
closed for the illumination of calling lamp

L—43. The 3y afore, when a plug is inserted
in' the springjack RJ—43 the associated line
lamp L—43 J,s‘wmnomshw At the same
e reluy 81 in operating closes a locking
clreuit for itself and relay 16 that extends
from battery through resistance 50, armature
and front contact « of relay 28, armature and
wack contact of veldy 25, inner armatire and
rond c@ntad of MLW 81 winding of relay
31 and winding of relay 16 to Olound The
value of vesistance 50 1s such in rolation to
the resistance of supervisory hmp SL—3
as Luluuu e the current flowing in the branch
including lamp SL—3 to the point where the
lamp does not receive enough current for
its J,Hmnmtzilo Therefore, as long as this
cirenit condition exists, the supervisory Iamp
ST.—3 remains dark although plug RP—8 is
inserted in springjack R RJ-—43 and rela ays 3l
and 16 are energized.

Precisely the same actions as those de-
seribed above take place at the callnd station
when the vecelving phw of the connecting
cireuit is inserted into the springjack of the
communication receiving channel incoming
from the calling station; that is, the receiv-
ing channel ig energized ¢ and made operative,
the ealling lamp associated with the spring-
jack terminal of this channel is extinguished,
and the super visory lamp as ssociated with the
iving ping is b ought into operative re-
lntion with the conuolhmﬁ channel but re-
mains dark.

Having established the two-way radio link
hetiween F)mtmm. the operators at the calling
and called stations may now ‘communicate
with each other by pressing the listening keys
LI of their res pechve co*mutma cireuits
and thus bringing their h]enhong gots - OT
into connection with the talliing conductors
of their circuits.  The receiving and trans-
witting high frequency br Anchu* and the low
frequency branch of each of the connecting
civeuits are associated through the medinm
of o hybrid coil with a be Lz-mno network M
to vender the receiving and transmitting high
frequency branches conjugate with res Dect to
gach other. Associated with the low fre-
guency branch of each connecting cireuit is
an arfificial line AT, the connection of which
with the talking conductors of the low fre-

griency branch is (‘()nu(ﬂlod in. normally
01( ced z‘efwimﬂ contacts of relay 56. The ‘1111—
Seial line AL has constants such as approxi-

e
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mately to balance the network N associated
with the hybrid coil of the connecting circuit.
When the operator presses her hstenmfr key
LK to connect her telephone set OT with the
low' frequency branch, local contacts of the
listening key LK bring about the clostire of a

circuit which causes the energization of relay

56 to disconnect the artificial line ALiso that
a-balance is maintaized between the receiving
and transmitting high frequency branches of
the connecting urcult the bridge through the
operator’s t(,lephone set being substituted for
the nomnlly closed bl‘ld”“ 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 insertthe local plugs LP of their respec-
tive connecting circuits into the springjacks
LJ of the local lines that are to be brought
into communication. - When the plug LP is

Anserted, a circuit is completed that extends

from batter v through the winding of relay 56,
normally closed contacts of ringing key RIS,
1(‘315&11110 sleeve contacts of pluo* LD and
I 1.J, and resistance 57 to 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 AT: from the
low frequency branch of the connecting cir-

cuit. - When ringing key RXK is oper aied
however, the resultant opening of the low fr e
quency branch is accompanied bV the break-
ing of the eneral/lng circuit of relay 56 in
the local conmcts of ringing key RK ¢ and the
consequent reconnection of artificial line AL
to maintain the balance in the connecting cir-
cuit. 'When the local subscribers at the two

stations respond to the ringing of their beHs,
they may converse ihrouﬂh the meditm of the
two-way radio link established between the

radio toll stations.

The operators at the calling and called
radio stations may supu‘ vise the connection
by means of their listening keys LE; or, if
desired. the eperators may be provided with
a monitoring connection depending upon the
unbalance 0{ the hybrid coil such as that dis-
closed in the anphmtlon (Case 10) of Lewis
M. Clement, Serial No. 466,548, filed May 3,
1921, Tt will be understood that if desired,
the local lines and the u)meepond}‘ng )01—
tions ot the connecting cord eircuits 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 usnal supervisory signals.

If for any reason it is necessary after the
connection 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). Tt will be re-
membered that the aﬁ‘socmtod 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
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—382 is pressed
it short. circuits the winding of relay 63 by
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
not release relay 35 of the connecting circait.
The effect of the withdrawal of the 1,400 cycle

© control modulation. of the control ecarrier

R
wt .

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 181 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 deenergization
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,

73
(314

60

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 lamyp is illuminated
by wiy 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 rve-
lease of relay 25 does not otherwise affect the
associated -circuits; for the reason that velay
©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 cirenit.and release re-
lay 28 by way of the patli 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,
“which relay is at this time energized. Either
operator thus by pressing a key correspond-
ing to K—382 of connecting circuit CC—3 is
able to cause the lighting of a supervisory
-1amp corresponding to SL—3 of the connect-

5-ing circuit at the station of the other opera-

1,709,044

tor; and when the key K—32 is released, the
control frequency is reapplied and lamp
SL—3 extinguished, and the connection con-
tinues as it was before the key was pressed.

When the operators ascertain that the con- 7

versation is ended, they disconnect by with-
drawing the three plugs of the connecting
circuit that has been employed. The with-
drawal of transmitting plue TP—3 from
transmitting springjack TJ—3 releases re-
lay 83 of channel C—13 and thus brings ahout
the deenergization of the associated trans-
mitting channel. It also opens the eireuit
extending by way of the registering siceve
contacts of plug TP-—3 and springjack
TJ—3 and deenergizes relay 35 of canneet-
ing circuit CC—3 and relay 63 of 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, an:
at the same time deprives key K32 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-
cnergizes amplifier A—63, thus withdrawing
the 1,400 cycle control frequercy, and also
opens the encrgizing circuit of relay 32 (Fig.
8) that has been held closed at the outer
right hand front contact and armature of
relay 63 by way of conductor 45. Relay 32
thereupon releases and deencrgizes the as-
sociated control transmitting chanmel C—-14.
The withdrawal of recetving plue RP—3
from springjack RJ—43 interrupts the
branch that extends from baitery through
supervisory lamp SL—3 and the registering
sleeve contacts of plug RP—38 and spring-
jack RJ—43 to the common portion of the
circuit including the windings of velays 3

and 16 and to ground. 'This, however, does
not release relays 31 and 16, as they ave 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 plugr iz withdrawn, are
left under the sole control of the velays as-
sociated with the tuned branch of the con-
trol receiving channel corresponding to the
communication receiving channel  with
which relays 81 and 16 are associated.

The withdrawal of the transmitting plug
at either statien from the transmitting
springjack in which it has been inserted
causes the release of the relay 61, 62 or 63.
depending upon the particular transmitting
springjack 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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frequency upon disconnectien‘is the same
as-the previously: descvibed effect when the
withdrawal of the control h'“qdu 7 restlted
from the pressing of the cord cuuuc .sanal—
ing key K-—382. That is, the effect is to light
the supervisory 1211111) SL ot the connecting
circuit that is at the time in association .Vlth
the corresponding communication receiving
channel. Thus, whichever of the two oper-
ators is first tppri/cd of the comapletion of
the convers amo;n, uuﬁomuticnﬂy ¢alls the at-
tention of the other operator to the connec-

‘ [10_1 by withdrawing the commes cling civeuit

transmitting plug from the springjack ‘in
Whlch it has been mserted. The second oper-
ator may then supervise and withdraw the
three plugs of the connecting circuit that has
been emnloyed for establishin g the connec-
tion, the results of the withdrawal of the
phm‘s at-one station being the same as that
at the other station.

As has been pointed out; the relays 31 and
16 of the communication muuvmv channel
Hmt has bum in use are held energized afte:
the plug has been withdrawn from the as-
sociated springjack, and ave thus held emez-
gized until ihc transmitting plug has been
withdrawn from the @171'1110‘;&017 ot the cor-
responding communication  transmitting
channel at the distant station. When this
occurs the withdrawal of the cowespom“u
ing control frequency modulation of the con-
trol carrier wave releases relay 21, which en
ergizes associated relay 25; and rela ay 25 1in
operating opens at its back contact and ar-
mature the cireuit by way of the inner armz
ture and contact of relay 81 which has bﬂ
maintaining relays 31 and 16 energized,
Therefore, Doth 1 relays ave released. Tt ve-
lay 31 had been‘pernﬁ""ed to release as soon
as plug RP—8 was withdrawn from spring-
inck RJ—43 and before velay 25 had re-
opmu,ed to the withdrawal of the control
frequency at the distant st tation, the as
ciated line lamp L—43 would hax ve been re
o Asore-
]w 95 1g now in its normal t"lu”rlpmd eon-
dition and 10L1y 31 is released, a civeuit is
Jmod that extends from greund Dy way of
the front contact and armature of 22,
left back contact and armature of relay 81
and front cmw“-’ and aymature of relay 25
to the winding of relay 28.. This divect p:

velay

28, ith
to ground short. cirenits and releases relay
58, This completes the restoration to nov-
mal of the apparatus agsociated with the re-
ceiving channels.  Ag the apparatus asso-
ciated with the transmitting channel and
with the control frequency generating ap-
paratus has been released by the witl hdrawal
of the transmitting plug irom the transmit-
ting channel spmno]‘w]x, as has hereinbefore
been described, all of the apparatus is now in
its normal condition.

In the preceding description of

the estal

!1\.'
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lishment of the two: \"‘1y adio link between
the calling and called stations it has been as-
sumed that none of the other communication
transmitting c¢hannels of the ca Iling station
was at the time in use. A condition will now

- be assumed in which station 1 receives a-call

from station 4 over communication receiv ing
channel RC—438 (Fig. 3) at a time when thc
associated channels RC—41 and RC—42 i m-
coming from station 4 are both in use, channel
RC~-41 being in use for L(mnechuo station
4 with s station 1 and channel PC-4) being
in use for connecting station 4 with some “dis-
tant station other than station 1. Under the
conditions assumed relay 19 associated with
tuned branch 129 corresponding to recei ving
channel RC—41 is in 115 opelmod condition
as a result of the n]odnhmon of the 735,000
cycle control carrier wave with the 1, )OO cycle
coittrol h‘cmmncy, and the asbouaicd relay
is released.. The other associated ](}LW
and. 20 are both operated, as one of the
counecting circuit recelving plugs is inserted
m m'mpwd\ RJ—41 of recciving channel
qu.z In the case of communicabion re-
ceiving channels incoming from station 4,
RC—h-‘rQ,, relay 90 associuted mth the corre-
poncun,«; tuned branch 180 of the control
Lhmnd is energ mod as'a result of the modu-
lation of the 735,000 cycle control carrier
wave of S‘L‘mml 4 with the 1,k«00 cyele control
frequency ; and as a result of the ener(q/amon
of relay 20, associated relay 24 has released
its armature. DBub for a reason whlch will
P “o%nﬂy be explained neither associated
relay 27 nor associated relay 30 of corve-
Drmdny communication receiving channel
RC-—-»’!Q is energized. Now with a condi-
tion existing such as has been outlined
above, station 4 calls station 1 By modulai-
ing its 735,000 cycle carvier wave fivst with
the 200 cycle control fr eq\wnw to select sta-
~mn 1 and then with the 1,400 m'c]o con-
trol frequency to identify chanael RC
incoming from station 4 at station 1 as un,\J
channel over which communication is to be
established. The modulation of the 735,000
¢arrier wave of station 4 with the 200 cycle
control fre equency energizes the tuned branch
’1:’?’3 at ealled station 1. The corresponding
anches at ﬂ)e other stations, stations 2 and
vé not affected, as “1(‘HL branches at sta-
§ 9 and 3 are responsive only to the 400
cle ‘m(l 600 cyele uwduhuom As a rve-
,u,u}t of dm en ‘l'gll.dcluj(,‘l' of tuned branch 123,
celay 18 opervates and breaks the energd
cirenit {;i velay 22, thus releasing that rolav
Relay 224 in releasing bresks the normal con-
retion of its armature to grou :nu and com-
pietes a cirenif that extends from bmmy
through resistance 49, back contact and arma-
ture-of 1{JLW 22, and {hence by wav of which-
ever of the ! hran 1 paths q“mndmﬂ‘ i mn the
armati are closed. The first
encountered of these bianch p%m,), that as-
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- relays 23, 24 and 25.

60

Dot in use

of channel RC

20

sociated with tuned branch 129 and corve-
sponding receiving channel RC—41, is open
at the left back contact and armatuore 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 the arma-
ture of relay 22 is closed at the left back con-
tact and armature of velay 80 associated with
receiving channel RC—42, as this channel is
se at station 1; bub it is open at the
front contact and armature of relay 24, for
the reason that as long as the corresponding
channel isin use for connection with any sta-
tion relay 20 is operated and corresponding
relay 24 1s released. Therefore, the only one
of the branches from the armature of relay
22 that becomes energized as a vesult of the
release of that rejay is the one which extends
by way of the left back contact and armature
of relay 31 and front contact and armature
of relay 25 associated with the non-busy com-
munication receiving channel RC—43 1mmcom-
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 28 alone. Relay 28:in operuting locks
up and applies battery by way of resistance
50 to the armature cf relay 25, so that when
relay 25 releases shortly therveafter in ve-
sponse to the modulation of the control cax-
vier wave with the 1,400 cycle contrel fre-
quency, it causes the lighting ef line lamp
J.—48 associated with the springjack RJ—43
43 that calling station 4 has

taken for use.

Tt 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 agsociated 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. Thach of three relays 26, 27 and 28 is
thereupon locked up by way of the path from
battery through the armature and front con-
tact of the relay, and battery is thus applied
to the armature of each of the corresponding
Buat as none of the com-
munication transmitting channels of calling
station 4 is as yet in use, the relays 23, 24 and
25 ave in their normally energized condition
and have no connection with ground to make
effective the potential that has been applied
to the armatures. Assuming now that the
operator at calling station 4 chooses for use
the comimunication transmitting channel that
corresponds -to communication recelving
channel RC—43 of called station 1; a pre-
determined interval after the 735,000 cycle

1,709,044

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 responsc of relay 21 cause:
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 lump L—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 responsive have not been ap-
plied to the control carrier wave, relays 19
and 20 remain inert and associated relays 23
and 24 remain energized. Thercfore, 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 eycles, is withdrawn from the
centrol carrier wave a predetermined interval
after the channel identifying frequency is ap-
plied.  Consequently the relay 18 is released
and the relay 22 is energized shortly after the
line Jamp L.—43 has been lighted in response
to the cnergization 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 arc still in their normally operated con-
ditions and relays 29 and 80 of the corre-
sponding channels are inert, this ground is
immediately 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 92 does
not eperate at the distant stations other than
the ealied station. 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 communication 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 sct of resistance values for the elements
that are included in the branches of the sig-

80

83

90

a5

100

110

1

—
o

120

125

130




15

20

oo
T

oy
&

&0
[2

49

Tt

65

1,709,044

nal controlling network associated with the
control receiving channel may conveniently
be approximately as follows: the resistance
elemant 49 may have a resistance of 100 ohms;
the resistance elements 50 may have re-
sigtances of 40 ol each; the velays 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 chms
each; and the resistance element 55 asso-
ciated with each line lamp 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-

motive force and resistance values may of

course also be employed. The cirvcuits over
which the other relays of the organization are
energized ave 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 civeuits will be readily
apparentto those skilled in the art who may
desire to practice the invention.

What is claimed is:

1. In a multiplex carrier signaling system,
2 plurality of groups of carrier wave commu-
nication channels, a plarality of stations to
which sald channels have access, each group
of ‘channels serving for transmitting exclu-
gively from one of said stations and having
receiving terminals in each of the other sta-
tions, a call signal asseciated with each chan-
nel recelving terminal, means controlled from
a station in transmitting to operate cne of
said call sionals at a distant eall station to
the exclusion of all the call signals both at
that and at the othér stations to indicate the
channel over which communication is to take
place and the station that is calling.
In a wave communicating system, a mul-
tiplicity of stations, a group of carrier wave
channels terminating each station and
serving for transmitting from the respective
station lusively, receiving channel ter-
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 th(%
corresponding receiving channel at each of
the twa stations to form a two-way conversa-
tional channel, and calling means associated
with said cirveuits
one of gaid two stations; to the exclusion of
the c¢ther 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. :
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for marking at the distant -
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3. 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-
nals of the associated group of communica-
tion channels: ‘

4. In a high frequency comunicating sys-
tem having & 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-
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, means at each station
selectively responsive to the carrier waves
transmitted 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 modu-
Iations of the transmitted carrier wave to
identify the particular station that is being
called.

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 thesfation that is trans-
mitting, means at each station for transmit-
ting and at each other station for receiving
modulations of the transmitted carrier wave
for identifying the particular station that
is being ca other communicating carrier
waves adapted to be transmitted by each sta-
tion and received by each other station, and
means at each station for transmitting and
at the called station for receiving modula-
tions of sald first mentioned carrier wave to
indicate the particular communicating car-
rier wave that the transmitting station is
about to employ for communicating purposes.

7. In a high frequency communicating sys-
tem having a plurality of stations, means at
each station for transmitting a carrier wave
differing from the carrier waves transmitted
by the cothier stations, means at each station
selectively responsive to the carrier waves
transmitted by the other stations and oper-
ating to identify the fransmitting station,
other communicating carrier waves adapted

o
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to be transmitted by each station and received |
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“said channels, a separate control channe!

by ‘each other station, and means at each
station: for trangmitting 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 cach station for trensmitting communicat-
ing carrier waves differing from the com-
municating 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 particu-
lar comumunicating carrier wave that said
other station is about to employ for com-
municating purposes. .

9. In a high frequency communicating

‘gystom 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
means at each station contrelled by each of
the other stationg for indicating the station

that is calling and the station that is called

in the establishment of two-way communica-
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-
eation channels adapted to be temporarily
operatively associated in oppesitely directed
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 contrel-
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

. . 3
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 respensive to
other of said indications for actuating other

- of said signals’

12. In a wave signaling system, a receivy-

1,709,044

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 fo
transmit a pair of high frequency waves,
means at the recelving station responsive to
one of said pair of waves for designating the
terminal cireuit over whieh the other of said
pair of waves may be received, and means re-
sponsive to the connection of a connection-
extending circuit to the designated terminal
circuit for enabling communications to be
carried on by means of the carrier wave re-
ceived over the connected terminal civenit.

13. In a high frequency communicating
system having a multiplicity of stations and
a plarality of high frequency communiceat-
ing channels for the interconnection of said
stations, transmitting terminals for certain
daifferent ones of said channels and receiving
terminals for the rest of said channels at each
station, selectively operated call indicating
means asseclated with the receiving termi-
nals at each station, a plurality of high fre-
quency conirolling channels cach having
transmitting means individual to a particu-
lar one of said stations and receiving nieans
at the other stations, and mechaniem under
the control of said receiving means for con-
trolling said selectively operated c¢all 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 chunnels ! 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 sio-
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 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 com-
municating circuit with any desired one of
said transmitting channel terminals, eall in-
dicating signals associated with the receiving
terminals at each station, and mecans 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 signal 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 sdid local com-
municating circuit with any desired cne of
said transmitting channel terminals, & call in-
dicating signal associated with each of said
receiving channel terminals at the various
stations, and means associated with said local
communicating circunit and made opérative
in the temporary association of said local
communicating circuit with a transmitting
channel terminal for operating the call indiz
cating signal of the correspondmfr receiving
channel terminal at a particular cne of the
remote stations of the system.

17. In 2 high frequency communicating
system in w hich each of a multiplicity of sta-
tions has assigned for its solg 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 trausmitting any available one of theé 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
arvier wave with the received carrier . wave
transmitted by the distant station, as identi-
fied by the signal indication, to constitute &
communicating pair of waves between the
two stations. .

18.-In a high fréquency corummimtiﬁ@,
system in which a number of normally non-
pfmcd one-way carrier waves are employod
for the interconmection of the various sta
tions of the system9 the method of intercon-

ations which eensists in selecting
two carner waves, transmitting one of said
waves from each of the stations to be connec-
ed and recelving the wave at the other sta-
tion, transmitting to each station a signal
identification of the wave that the other sta-
tion ig frans mlthng, and temporarily oper-
atively relating at each station as a com-
municating pzur 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 frequencies
which consists in tmnsnnttmo to each c,ttmo*l
from o common source a lwnhm base fre-
giency and o lowsr base freque ey, g nerab-
ing certain desired harmonics from each of

said base frequencies, selecting each desired
harimonic of the lower base frequency and

23

combining it separately with a phualxtv of
ﬂ e harmonics of 1110 higher base frequency
collectively, and ,s,ui(\(wnu for use the
sination mcfhm'fo of exch of the lower
ase frequency harmonies with each of the
hw e bd'n h“quoucv harmonies.

20. The met thod of deuvmo a series of
radio carrier frequencies rels tl\*uy closely
spaced in the frequency range from tivo base
frequencies, which consists in separately
generating certain desired harmonics from a
mntnely Inr‘h base frequency and a velative-
ly low base fr equency, separately modulating
the individual desired harmonics generated
from the higher base frequency with a part

of the des uml harmonics generated from the 8

lower base frequency, and Selective sly seperad-
ing for use the sum and difference mouuhu ion
pr ‘oducts of each of the hi gherbase 1 uoqnumy
harmoniics with the par ticular low rer base Tre-
quency harmonics with which in each case
they have been collectively modulated.
21 In a high frequency communicating
system, means for P oducmo and receiving a
rel atwr\ly high base frequency and a'r Tative-
Iy low base il@( uency, means for separately
gener atmg celt.un dlesired havmonics-of each
of said base frequencies, means for separately
selecting each desired harmonic of the lower
base frequency, a plurality of modulators in
each of Whuh a plurality of the higher base
frequency harmonics coHec»n’e]y are modu-
lated with a particular different one of the
lower base frequency harmonics, a distribut.
ing cireuit for each modulator, and a plu-
rality of tuned cireuits branching il‘()m each
distributing ciredit, each tuned cu"cmt being
adapted to divert from its associated dls-
tributing circuit a particular different one of
the modulation products of the pluarality of
higher base lloquonw harmonics wﬁh ths
particular lower modulating Lase l‘oquomy
harmonie of the c-mresp<)11(L11'v modulator.
92, In a hwh hequouv communicating
system, means for producing a relat ndy
nﬂ]\ basze ncqn“ﬂc; and a relativ ely low base
mwuov means for separa mlw/ <>mo:'ahng
certain desived harmonics of said

T

each of
base frequencies, means for separately select
ing each.desired harmonic of the lover base
frequency, a plurality of modulators in each
of which a'plurality of the higher base fre-
quency-harmonies collectively arve nlodljxlai‘,ed
with a particular part of the i(m‘u mge fre-
quency harmonies, and means for selectively
deriving from each modulator Hle sum and
difference modulation nroducts of sach of +he
higher base frequency h(zrmoniw and the
particular part of ﬂm modulating lower base
frequency harmonics.

23. In a high frequency communi
system havinp‘
at one station
quency cariier

‘ahn_{g
8 plurality of stations, means
for trans miﬂmo a high i‘re—
wave mdvhtnd by low fre-
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. quency communicating currents, means at

another station for receiving said modulated
arvier wave, means at the receiving station

- for producing a wave identical with said
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carrier ‘wave, a communicating terminal at
sald 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 carvier
wave to reproduce immediately and make
available nt 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 for 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
system in transmitting, means at each station
for modulating its exclusive carrier waves
with communicating currerits, means at each

gtation for receiving the modulated carrier

waves transmitted from the other stations,
means at each station for applying the corre-
sponding locally generated carvier wave to
the received modulated carrier wave to de-
modulate the same and reproduce the com-
municating current with which the carrvier
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
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modulated carrier wave the corresponding
locally - generated frequency to demodulate
said carrier wave and immediately reproduce
the. low frequency coramunicating current
with which the carrier wave ismodulated at
the distant station. ’

25. In a sclective signaling system, a send-
ing station, a plurality of recerving stations,
a plurality of indicating devices at each re-
ceiving station selectively responsive to dif-
ferent wave characteristics, the correspond-
ing deviee at each station being responsive to
the same wave characteristic, means at cach
recelving 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 characteristie, 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-

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
° - . v .

and a wave of a characteristic to which a de-

1,709,044

sired indicating device is responsive, wherehy
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-

rality of stations, a plurality of devices to be 7

contralled situaled 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 respee-
tively to waves of the same respective fre-
quencies, another wave responsive element in-
dividual to each station and each responsive
to a different frequency of waves, means to
transinit a wave of a frequency to which one
of the receiving elements at each of a plu-
rality of staiions is responsive, means to
transmit a wave of a frequency to which only
the element individual to a desired station 1s
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-
rality of stations, a plurality of devices to he
controlled situated at each station, a corre-
sponding plurality of sclecting 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 cach
station and responsive cach 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
out 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 effee-
tive only npon the actuation of the element
individual to a station and a receiving element
at the same station for actuating the corre-
sponding device at said station.

28. 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 cach station, means to transmit waves of
M different frequencies, each selective of a
station, and to transmit waves of N different
frequencies, cach selective of a device at each
station, and wave responsive means wherehy
any one of the M times 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 cle-
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 plu-
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 résponsive 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 individunally 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. Tn a multiplex signaling system, a plu-
rality of distinct high frequency communi-
cation channels, means to ¢onnect telephone
cireuits 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.

25

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 staticn for each
channel, a high-frequency control channel
comihon to gaid groups of carrier telephone
channels, and means controlled over said con-
trol channel for actuatine each of said sig-
nals.

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

36. In a multiplex carrier signaling sys-
tem, a plurality of groups of carrvier 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

group

‘having receiving terminals in each of the

other stations, a sepavate 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 withess whereof, T hereunto subscribe
my name this 18th day of December A. D.,
1922: '

EDWIN H. SMYTHE.
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