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This invention relates to an improved
communicating and switching system, and
more particularly to a system of the type
in which carrier waves or oscillations, either
free or guided, are employed as the medium
for conveying energy for effecting the opera-

tion and control of electric signaling switch-.

ing and communicating apparatus located at
separated points in the system. The inven-
tion especially relates to a system in which
carrier currents, in the form of high fre-
quency waves guided upon wires, are used
as the medium of electrical connection be-
tween the electrical devices and apparatuses
located at different points in the system.
- These carrier currents are assigned such fre-
quencies that they are non-interferring with
one ancther, so that each carrier serves as a
connecting medium separate and distinct
from the other carriers superposed upon the
line or medium over which the carriers are

_ transmitted.  FEach of the carriers is modu-
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lated in accordance with the voice currents

or other signaling or controlling currents.
5 that are to be carried. The carriers thus

modulated are transmitted over the toll or
long distance line and are passed through
individual receiving arrangements each of
which is selective of one carrier frequency
to the exclusion of the others, and -each of
which serves to reproduce from the modu-
lated carrier the voice, signal or controlling
currents with which the carrier was modu-
lated at the distant station.

The apparatus which is used to transmit
and receive by means of any one high fre-
quency wave as distinguished from that
which is used for transmitting and receiv-
ing by means of a wave of a different fre-
quency is commonly known as a high fre-
quency or carrier channel, or as a frequency
selective channel. )

The present invention is directed partic-
ularly toward providing a system in which

5 a connection may be built up, link by link,

between two toll or long distance stations
through intervening stations or toll cen-
ters and the lines extending between them

without the necessity of employing human

agencies at the intermediate stations or cen-
ters; also toward providing a system 1n
which a connection thus built up between two

toll stations through intervening interme- .

diate stations may include a series of carrier
channels each of which may be characterized

by the employment of a different frequency

from the frequency employed by one or’

more of the other channels that are linked to-
gether to form the completed connection.
As a consequence, in the system of this in-
vention the operator at any of the toll sta-
tions of the system is able to control mecha-
nisms that act at the intermediate stations
or toll centers to build up the completed
connection and automatically to select at
each successive center an idle or available
channel to the next station or center in the
series, and automatically to cause connected
channels of diverse frequencies to operate
together as though they were of correspond-
ing frequencies.

The present invention has for its princi—

pal objects to provide an organization in
which the extending of a toll connection
through one or more intermediate toll cen-

‘ters is accomplished by machine switching

methods; in which machine switching meth-
ods are employed for effecting the intercon-
nection of carrier channels with each other;
in which the automatic interconnection of
the carrier channels with each other takes
place at carrier frequency levels; in which
any station of the system is enabled to com-
plete connection with any other station of
the system through the agency of a series
of carrier channel links automatically built
up through one or more intervening carrier

switching stations or toll centers and utiliz--

.

ing any of the carrier channels that happens
at the time to be available in each of the
series of links; in which where succeeding
carrier channels in the series operate at di-

verse frequencies, these diverse frequencies

are automatically transformed at each suc-
ceeding point of interconnection to the fre-
quency at which the next succeeding channel
of the series is adapted to operate the chan-
nel frequencies thus being automatically
matched with each other; in which a plu-
rality of matching frequencies is applied at
the point of interconnection of two_diverse
channels of the series, and modulating
means employing the matching frequencies,
so that whatever the frequency level of the
incoming frequency band may be, one of the
products of modulation will be at the fre-
quency level at which the outgoing channels
is adapted to operate, means being provided
to suppress the other modulation products;
in which the matching frequencies applied
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show in skeleton form a

2

at the point of interconnection of two di-
verse frequency channels are higher than the
frequency level at which the outgoing chan-
nel is adapted to operate in order to invert
the relative positions of the side bands and
prevent the passage of unmodulated match-
ing frequencies into the outgoing channel;
in which the control of the building up and
holding of the connection between the sta-
tions and the control of the. display of the
calling and supervisory signals is effected
by means of a continuously applied audible
frequency modulation of the carrier, which,
however, is barred from the talking cir-
cuits at the terminal stations; in which the
switching circuits and apparatus -at the in-
termediate stations or toll centers are de-
signed and adapted to minimize interference
offects and facilitate the shielding of the
high frequency circuit paths; and in which
the control of the building up, calling, su-
pervising and connection holding operations
at the terminal stations is effected over a
path entirely separate and apart from the
talking circuit .of the terminal station.

“The foregoing are some of the principal
objects that the system of the present inven-
tion attains. The foregoing and other fea-
tures are all included in the present embodi-
ment of the invention, but are capable of
separate use in systems where it may be de-
sirable to employ only part of the features
herein disclosed. - The manner in which the
above mentioned and other objects and fea-
tures are attained and realized will be ex-
plained in the following description of the
preferred form of the invention, and the
structures and combinations involved in the
realization of the various novel features will
be more particularly defined in the appended
claims. o

The preferred embodiment of the inven-

"tion is illustrated in the accompanying draw-

ings, in which Figs. 1 and 2 taken together

gortion of a com-
prehensive carrier multiplex toll switching
system having a_plurality of terminal sta-
tions and a plurality of intermediate switch-
ing stations or toll centers; .and in which
Figs. 3, 4, 5, 6 and 7 taken together and
arranged In the manner indicated in Fig.
8 show diagrammatically as much of the ap-

paratus and _circuits of one of the terminal’

stations and of one of the intermediate
switehing stations as is necessary to disclose
the manner in which the apparatus and cir-
cuits of the entire system may be or ized.

Reference will first be made to the por-
tion of a comprehensive carrier multiplex
interconnecting system illustrated in skele-
ton form in Figs. 1 and 2. The portion of
the entire system shown in Figs. 1 and 2
includes station 1, -station 3 and station 5,
which may be terminal toll or long distance
stations, each of which operates in conjunc-

‘mits over the upper side

1,678,208

tion with a telephone exchange in which
local subscribers’ lines are ‘served; and
switching station A and switching station B,
which may be intérmediate switching sta-
tions or toll centers into which the toll or
long distance lines from the various terminal
stations or other intermediate switching sta-
tions converge, and in which the various en-
tering lines are adapted for interconnection
by mechanisms under the control of the oper-
ators at the remote terminal stations. Toll
or long distance lines extending to station 2,
station 4 and station 6 are also indicated as
having connection with the intermediate
switching stations A and B. .
As diagrammatically indicated in fhe por-

tion of the comprehensive system illustrated

in Figs. 1 and 2 there may be local lines at
each of the terminal stations extending from

their respective subscribers’ stations to
springjacks where the toll operator may have
access to them by means of pairs. of con-
necting cords and plugs. From each termi-
nal station a toll line extends to the associ-
ated intermediate or switching station; and

‘as shown in the present embodiment of the

invention, each of these toll lines is provided
with apparatus to constitute three non-inter-
fering selective channels, which in each case
are designated channel 1, channel 2 and chan-
nel 8. Likewise switching station A and
switching station B are connected by means
of a toll line provided with apparatus to
constitute three non-interfering frequency
selective channels, which channels are.-also
designated channel 1, channel 2 and channel

70
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3. In the case of all of the toll lines enter-

ing switching station A from station 1, sta-
tion 2 and station 3, and switching station
B respectively, channel 1 in each case is ar-
ranged to receive upon the upper side band
of the 10,000 cycle modulated carrier wave
and to transmit upon the lower side band
of the 23,333 cycle modulated carrier wave;
chainel 2 is arranged to receive upon the
upper side band of the 13,383 cycle carrier
and to transmit upon the Jower side band of
the 26,666 carrier, and channel 3 is arranged
to receive upon the upper side band of the
16,666 cycle carrier and to transmit upon the
lower side band of the 30,000 cycle carrier.
At the distant end of each of the toll lines
centering in switching station A, the fre-
quency selective construction and adjustment
of the channel apparatus is such that the
transmission is effected upon the same fre-
quency band which is used for reception at
switching station A, while reception at the
distant stetion is effected over the same fre-

uency band that is employed for transmis-
sion at switching station A. That is, at the
distent or terminel station channel 1 trans-
band of the 10,000
cycle modulated carrier and receives over the
lower side band of the 23,333 cycle carrier,
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" channel 2 transmits over the upper side band

of the 13,333 carrier and recelves over the
lower side band of the 26,666 carrier, and
channel 8 transmits over the upper side band

. of -the 16,666 carrier and receives over the

10

. and side ban

-

26

30

35

40

lower side band of the 80,000 carrier.

In the case of the toll lines centering in
switching station B, and connecting that
station with station 4, station 5, station 6
and switching station A, the carriers and
side bands employed for transmitting and
receiving over the various channels are the
same at switching station B as are employed
at the terminal stations 1, 2 and 3 associated
with switching station A ; and the carriers

gs employed for -the- various

channels at the distant ends of the toll lines
centering in switching station B are the
same as those that are employed.for trans-
mitting and receiving over the correspond-
ing channels in the case of switching sta-
tion A. The reason for using the fre-
uencies indicated above in connection with

the channels at the various terminal and in-
termediate switching stations and the man-
ner in which these frequencies are adapted
to each other in the building up of a com-
municating and controlling connection be-
tween different terminal stations by way of
one or more intermediate switching stations
will be explained in the detailed description
of the system that will follow. :

In the present embodiment of the inven-
tion, as shown diagrammatically in Figs. 1

5 and 2, four toll or long distance lines center

in each of the intermediate or switching
stations; and as each of these four toll or
long distance lines is provided with three
frequency selective channels, means are pro-
vided at each switching station for inter-

. connecting any channel of any one of the

45
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toll lines with any channel of any of the
other three toll lines entering the switching
station. This is accomplished by terminat-
ing each channel of each of the four toll
lines upon the movable terminals of an in-
terconnecting switch, which movable ter-
minals have access to stationary terminals
representing the various channels of each of
the other toll lines. These inteérconnecting
switches are designated St to S, inclusive,
at each of the two switching stations A and

B. At switching station A channels 1,2 and -
3 of the toll line extending to station 1 ter-'

minate upon interconnecting switches St, S?
and S¢, respectively; channels 1, 2 and 8 of
the toll line extending to station 2 terminate
on switches S*, S°% and.S¢; channels 1, 2
and 3 of the toll line extending to station 3
terminate on switches 57, S® and S°; chan-
nels 1, 2 and 3 of the toll line extending to

intermediate or switching station B termi-

nate on switches S, S and Sz At
switching station B interconnecting switches

S, S? and S* are similarly identified with

3

channels 1, 2 and 8 of toll line extending
to station 4; interconnecting switches S%; S°
and S¢ ave identified with channels 1, 2 and
3 extending to switching station 5; inter-
connecting switches S7, S® and S° are identi-
fied with channels 1, 2 and 3 of the toll line
extending to station A; and interconiect-
ing switches S, S'* and S are identified
with channels 1, 2 and 3 of the toll line ex-
tending to station 6.. .

- No attempt has been made in the skeleton
diagram of Figs. 1 and 2 to show the elec-
trically actuated mechanisms at the switch-
ing stations and the controlling devices at
the terminal stations by means of which th¢
operations of the switching station mecha-
nisms are governed, these elements being
fully disclosed in the detailed circuit dia-
gram of Figs. 3 to 7, inclusive. The skele-
ton diagram of Figs. 1 and 2 merely at-
tempt to indicate the general scheme of in-

terconnection employed between - certain

75
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typical terminal stations and intermediate

or switching stations of the system. The
significance of what is shown merely in out-
line in Figs. 1 and 2 of the drawings will
be clearly apparent after the detailed cir-
cuits as shown in the other figures of the
drawing are explained. It is sufficient at
this time tosay, with regard to the arrange-
ment shown in Figs. 1 and-2, that the oper-
ator at any one -of the terminal stations in-
dicated, by making connection with an
available channel o% that terminal station,
obtains control over the interconnecting
switch identified with that channel at the
associated switching station; and that there-
upon this interconnecting switch is caused

90

95
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to operate, under the control of the operator

at the distant calling station, to extend the
channel selected by the operator at the call-
ing station to any available or non-busy
channel of the toll line extending to the
called terminal station, or in the direction
of the called terminal station through the
medium of a toll line extending to the next
intermediate or switching station through
which the completed connection must. pass.

At switching station A, as shown in Figs.
1 and 2, there is an oscillator O, which pro-
duces a base frequency of 3,333 cycles, and
this base frequency is supplied over the toll
lines to the. various other switching and
terminal stations of the system. At each
at the terminal stations this base frequency,
acting through the medium of a harmonic
generator, produces the wvarious harmonic
frequencies of the base, including 10,000,
13,333, 16.666, 23,333, 26,666 and 30,000
cycles, and these harmonic frequencies are
supplied to the transmitting branches of the
various channels to be modulated by the
voice currents and to the receiving branches
of the various channels to demodulatethe
corresponding incoming carrier side bands
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and reproduce the voice currents with which

the carriers are modulated at the distant sta-

tions. At each of the intermediate or switch-
ing stations the base frequency of 3,333 acts
through the medium of a harmonic gene-
rator to produce two groups of harmonic
frequencies. One of these groups, consist-
ing of the. frequencies 10,000, 13,333 and
16,666 at switching station A and the fre-
quencies 23,333, 26,666 and 30,000 at switch-
ing station B, is employed- for demodulat-
ing corresponding carrier side bands in-
coming to the switching station over the
receiving branches of the channels of the
various toll lines that center at the switch-

ing station for the purpose of separating

out a relatively low controlling frequency
that is employed to control the operation of
the interconnecting switches at the switch-
ing station. The remaining harmonic fre-

‘quencies produced at the intermediate or

switching stations from the base frequency
are the frequencies 33,333, 36,666, 40,000,

43,333 and 46,666; and these frequencies are
5 all applied to modulators included one in

“each of the various channel transmitting

© a0

(-]
k5

40
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50

branches to change the frequency level of
the carrier side band received over the chan-
nel from the calling station to a level such
as to permit it to pass out over the traps-
mitting branch of the channel that the inter-
connecting switch identified with the calling
station has selected for -use in establishing
the next link in the completed connection.

5 Thus as the connection is built up from one

station to the next in the series, the inter-
connecting switch of the calling toll line
acts under. the control of the calling station
operator to select the line extending from the
switching station to the terminal toll sta-
tion wanted, or in the direction of such
terminal toll station, the interconnecting
switch automatically selects an idle channel
of the toll line that is to constitute the next
link in the connection, and the harmonic
frequencies applied to the modulating ap-
paratus in the transmitting branches of the
two channels thus interconnected operate
to change the carrier wave frequency level
of the incoming branch of each channel to

" match it with the frequency level of the out-

65

60

going branch of whichever channel has been
automatically selected to extend the connec-
tion to the next toll point. '
As will subsequently appear from the de-
tailed explanation of the organization and
operation of the system, the system is capa-

ble of substantially indefinite extension s0.

far as the inclusion of terminal stations and
switching or intermediate stations is con-
cerned, successive switching stations and
their associated terminal stations employ-
ing modulating, demodulating and match-
inglfrequencies either of the value of those
indicated in connection with switching sta-

“ments of such

1,678,208

tion A and its associated terminal stations,

or of the value of those indicated in connec- -

tion with switching station B and its asso-
ciated terminal stations, Of course it will
be understood, and will be eviderit from the
detailed explanation of the system that fol-
lows, that the particular frequencies that
have been indicated are merely typical, and
that if desired for any reason other sets
of frequencies may be substituted for them.
Reference will now be
representation of certain of the circuits of
two of the terminal stations and one of the
intermediate or switching stations that are
shown in Figs. 3 to 7, inclusive, of the draw-
ing. In order to present a concrete ex-
ample it has been assumed that these cir-
cuits are the circuits of terminal stations 1
and 3 and certain of the circuits of switching

‘station A indicated in Figs. 1 and 2 of the

drawing. Inasmuch as stations 1 and 3 are
identical in the matter of the arrangement
of their circuits and the carrier frequencies

70
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‘had to the detailed ..
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emlpoyed, Fig. 3 and Fig. 4 will be assumed .-

in the following description to represent the
circuits of both
which stations a connection will be assumed
to be completed by way of the intermediate
switching station or toll center station A.
Referring now to Figs. 3 and 4, the terminal
toll station illustrated is assumed to have
access to and to be accessible by the local
telephone lines of an ordinary telephone
exchange. These local lines are represented
as being of the central energy type and as
extending from the local subscribers sta-
tions, as SS, by way of metallic line cir-
cuits 101, 102 and 103 to terminal apparatus
at the central office. The terminal appa-
ratus of each line is represented as compris-
ing the usual cut-off relay 10, line relay 11
and line lamp LL; and each line is further
assumed to be provided with an answering
springjack AJ and one or more multiple
springjacks LMJ. The -circuit arrange-
lines are well known in the
art and need not be specifically described.
Obviously any other desired type of line
for establishing communication {gtween the
central office and the subscribers’ stations
may be substituted for the type of line par-
ticularly illustrated. -

At the central office or toll station two
operators’ positions are indicated, and there
may be
vided as are required to handle the local
and . long distance or toll traffic. Each of

the two operators’ positions illustrated is

shown to be provided with a plurality of
connecting cord circuits, one connecting cir-
cuit at each position being shown substan-
tially complete and snother merely indi-
cated by branches from the common leads.
Each of the connecting circuits is illus-
trated as terminating in a local plug LP

of these stations, between

as many operators’ positions pro-
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and a toll plug TP the tip and ring con-
tacts of which are united by means of a pair
of talking conductors with an interposed
repeating coil RC. Each connecting cord

. circuit’ has a local supervisory lamp LSL

-

controlled by the connect local line
through the medium of a supervisory relay
12, and a toll supervisory lamp TSL that is
under the control of the channel with which
the associated toll plug TP is brought into
connection. Kach connecting cord circuit
also is provided with a ringing key RK, a
listening key LK and. a calling key CK.-
These keys are for the purpose of signaling
the local subscribers’ stations and bring the
operator’s telephone set OTS and the oper-
ator’s dial OD, common to the cord circuits
of each position, into operative relation with
the particular cord circuit with which the
listening key LK and the calling key CK
are associated. The operator’s dial OD may
be of the well known type disclosed in Pat-
ent 1,161,854, issued lgovember 30th, 1915
to O. F. Forsberg. On account of certain

"+ speed limiting factors in the circuits con-

trolled by the dial, which will appear in the
detailed description that follows, the speed
governing mechanism of the dial is adjusted
s0 as to retard the rate at which the dial in
its operation opens and closes the circuit
that it controls.

The carrier multiplex toll line through
which the terminal station has communica-
tion with the other stations of the carrier

' multiplex system is generally’ of the type

- quency - hybrid coil

disclosed in Fig. 49 in the Colpitts and
Blackwell paper entitled, “Carrier Current
Telephony and Telegraphy”, published in
the Journal of the. American Institute of
Electrical Engineers for: April, May, and
June, 1921. Referring to Fig. 4 of the
application drawing the toll line comprises
a pair of metallic conductors 104 that enter
the terminal station by way of a high fre-
FH® provided with
the usual network N for balancing the toll
line and producing a conjugate relation be-
tween the windings of the high frequency
hybrid coil. -From the hybrid coil there is
connection by way of the apparatus of chan-
nel 1, channel 2 and channel 3 to springjack
terminals associated with each of the three
channels, these being designated respectively
TJ*, TJ* and TJ*® at operator’s position 1 -

5

is in use either for an outgoing or incoming
connection, and the calling lamps CL are
lighted by incoming calls over their respec-
tive channels. :

Associated with each channel there are
two relays 15 and 16 responsive to the in-
sertion of a plug in one of the corresponding,
channel springjacks and controlling the
energization of the carrier channel and the
application .to the carrier of the low con-
trolling frequency; a relay 17 that responds
to the condition of use of the channel and
causes the lighting of the associated busy
lamps; a relay 18 that responds to the ap-
plication of the calling frequency at the dis-
tant end of the channel and controls the
calling, supervisory. and busy lamps; and
two relays 19 and 20 that operate under the
control of the other relays to energize the
transmitting branch of the channel and
apply to it the carrier frequency and the
lower calling and controlling frequency.
The high frequency hybrid coil HFH! of
the toll line has a main transmitting branch
and a main receiving branch, and from each,
of these main branches there is a sub-branch
to each of the three channels. Interposed
in each of these sub-branches is a band

filter, BF*, BF?, BF, BF*, BF*, and BF",

respectively, so constructed and adjusted as
to pass the frequency bands comprising in
each case the appropriate side-band of the
modulated carrier- wave of the frequency
respectively indicated by the numerals placed
above the rectangles representing these fil-
ters, the frequency bands for the various
channels being in accordance with what has
already been stated in connection with the
description of Figs. 1 and 2 of the drawing.
These and the other band filters designated
as BF throughout the system are of the gen-
eral type disclosed in Patent 1,227,113, issued
May 22, 1917, to G. A. Campbell and also
described, with respect to the specific man-

zer in which they are used in a carrier multi-

plex system of this type, in the Colpitts and
Blackwell ‘article that has been referred to.
The organization of onl{ one of the three
channels, channel 1, is illu

The other two channels are organized in the

-same manner as channel 1 excepting in the

matter of the -specific frequency values on

‘which they are designed to operate, and are

merely indicated by broken-line rectangles.

and MJ*, MJ? and MJ* at operator’s posi<™As specifically illustrated in the case of chan-

tion 2. All of the channel springjacks at
the two positions have associated with them
busy lamps, designated BL*, BL? and BL3,.
respectively, for the three channels; and
each of the toll line terminal springjacks at
operator’s position 1 has also associated with
it a calling lamp designated. CL?, CL? and
CL3, respectively, for the three channels.
The- busy lamps, as will be explained, are

* lighted whenever the corresponding channel

nel 1, the frequency band that passes through
the band filter BF? included in the receiv-
ing branch is carried into.the balanced de-

.tector BD* whefe it is joined by the corre-

sponding carrier frequency selected from the
common distributing circuit 105 by the tuned
circuit TC** Demodulation takes-place in
the balanced: detector BD?, and the products
of demodulation areamplified in the am-
plifier A* and are carried to the low pass
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filter LPF* and the band filter BF%. The
low pass filter LPF?, in the present instance,
is constructed and adjusted to have an up-
per cut-off limit of 200 cycles per second
and the band filter BF® is constructed and
adjusted to pass with substantially negli-
gible attenuation a frequency band extend-
Ing preferably from 300 to 2300 cycles per
second. The relatively low calling and con-=
trolling frequency conveyed by the carrier
passes through the low pass filter LPF?, is
rectified and amplified in the rectifier R*'and
energizes the relay 18. The essential voice
frequencies pass through the band filter BF®
and are carried to the mid-points of the
line windings of the low frequency hybrid
LFHY One end of the line windings of the
low frequency hybrid coil is connected
through condensers with a low frequency
balancing network N and the other end is
connected through condensers and through
an artificial line AL* of the well known H
type by way of conductors 50 and 51 to the
tip and ring or talking springs of spring
jack TJ?, and also to the corresponding
springjacks of such other multiple spring
jacks MJ* as may be associated with this
particular channe{

The series winding of the low frequency
hybrid LFH! is connected by way of the
band filter BF? with the primary wind-
ing of the transformers 21. The band
filter BF” i, of the Campbell type pre-
viously referred to, and is constructed and
adjusted to pass a band of frequencies rang-
ing from 300 to 2300 cycles per second and to
cut off frequencies below and. above these
limits. The outer terminals of the second-
ary winding of the transformer 21 are con-
nectv.. respectively with the grids of the
two Jharmonic .vacuum tubes of the bal-
anced modulator BM?* | and the inner ends of
the two halves of the secondary winding of
the transformer are connected with movable
contact points of the potentiometer 22 the
mid-point of which is connected by way of
the “C” battery and the potentiometer 23 with

- ground and the positive terminal of the fila-

50

60

ments of the two thermionic tubes of the bal-
anced modulator BM*. The potentiometer
22 serves to apply to the grids of the bal-
anced modulator tubes at the proper po-
tential the 150 cycle calling and controlling
frequency, and the potentiometer 23 serves
to apply to the grids of the balanced modu-
lator tubes at the proper potential the car-
rier frequency which this channel is adapted
to employ for transmitting purposes, in the

‘present instance the frequency of 10,000

cycles per second. The organization of the
modulator BM?* isin accordance with the dis-

" closure of Patent 1,343,306, issued June 15,

85

1920, to J. R. Carson, the modulator being

-of what is commonly known as the balanced

or carrier. suppression type. That is, -the
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effect of the potential variations in the di-
vided input circuit of the modulator is bal-
anced and neutralized in the output circuit
excepting when the low frequency voice cur-
rent fluctuations are impressed by way of the
band filter BE” and the transformer 21 or
when the low frequency calling or control-
ling current variations are impressed by
way of the potentiometer 22. In either of
these cases the fluctuations in the output
circuit of the modulator are no longer bal-
anced and consequently oscillations are pro-

duced in the output circuit having an ampli--

tude proportional to the instantaneous value
of the low frequency speech or low frequency

controlling modulating currents. The mov-

able points of the potentiometer 22 are so
placed that the amplitude of the voltages im-
pressed upon the grids by the low frequency
controlling.current are properly proportion:
ed to the amplitudes of the other voltages im-
pressed upon the grids, and also so that the
voltages 1mpressed upon the grids by the
carrier current flowing in the potentiometer
23 are of equal value. . .
The 150 cycle control frequency is de-
rived from the common distributing circuit
106 by way of a tuned circuit TC?, the con-
nection with the ‘primary side of the tuned

70
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circuit being by way of normally open con- -

tacts of the relay 19, and the secondary side
of the tuned .circuit being connected with
the extremities of the potentiometer 22. The
tuned circuit acts not only to insure the ap-
plication to the balanced modulator BM! of
the pure control frequency, but also to pre-
vent the backing up into the common dis-
tributing circuit 106 of the other frequencies

‘that are present in each of the balanced

modulator circuits, namely, the carrier fre-
quency of each of the various channels and
the voice frequencies with which the carrier
is to be modulated. The carrier wave em-
ployed in the transmitting branch of the
channel is derived from the common dis-
tributing circuit 105 by way of a tuned
circuit TC® which is cohstructed and ad-
justed to be selective of the particular, car-
rier frequency that the channel employs.
The connection with the primary side of the
tuned circuit TC, is by way of alternate con-
tacts of the relay 20, and the secondary side
of the tuned circuit has connection with the
extremities of the fpot;ention,xete-r 23.

The output side of the balanced modulator.
BM"* is connected by way of the windings of
the transformer 24 and a high -pass filter
HPF* with the input side of the balanced
amplified BA'. The high pass filter HPF*
acts to prevent the passage of the amplified
and unmodulated low controlling and voice
frequencies through the balanced amplifier
BA! in order to prevent these frequencies
from overloading the amplifier. The bal-
anced amplifier BA! is of the so-called
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“push-pull” type as illustrated and described
49 of the Colpitts
and Blackwell paper hereinbefore referred
to, and the high pass filter HPF" is of the
sort also illustrated and described in the
Colpitts and Blackwell paper. The output
of the balanced amplifier BA* is connected
by way of the band filter BF* with the main
transmitting branch that joins the. various
channel transmitting branches with the high
frequency hybrid coil HFH™.

As the tubes of the balanced modulator
BM* and the balanced amplifier BA! are
required to be active only when the asso-
ciated channel is in use, the circuit of the A
battery for heating the filaments of the tubes
is controlled in. contacts of the relay 20
which are normally open and are closed
only when the relay 20 is energized by the
taking of the channel for use. The circuit
of the A battery is illustrated as extending

_in parallel branches to the filaments of the

25

: glzm%

balanced modulator and amplifier tubes; but
it will be understood that this is merely a
diagrammatic showing, and that the ener-
circuits of the filaments of the tubes
may be connected with each other and the
associated circuits in accordance with the

- standard practice of the wiring of these de-
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vices. Inasmuch as it is desirable that the
receiving branches of the various channels
be normally in a responsive condition in
order that they may constantly be in readi-
ness to respond to a call originated at a

5 distant station, it is assumed that the ther-

mionic tubes associated with the receiving

branches have their filaments normally ener--

ized, and therefore the A battery circuit
or these tubes and means for controlling
it are not shown. o
The apparatus by means of which the car-
rier frequences for use in the various chan-
nels are produced is shown diagrammatical-

ly at the bottom of Fig. 3 of the drawing..

The receiving branch that extends from the
high frequency hybrid coil HFH* to the
receiving branches of the various channels
also has another branch that has interposed
in it a tuned circuit STC* which is tuned to
permit the If)assage through it of the base
frequency of 3,333 cycles per second sup-
lied over the carrier multiplex toll line
rom one of the remote stations, as will be
described, and also includes a shumt made
anti-resonant to the 3,333 frequency and
which therefore permits the substantially
unatienuated passage of the other frequen-
cies in the series circuit of the high fre-
quency hybrid coil receiving branch. The
tuned circuit STC! is connected by way of
conductors 107 with the input  circuit of

_ the amplifier A? (Fig. 3) and the output

- 68

circuit of the amplifier is connected with
the input circuit of harmonic generator
HG*. The output circuit of the harmonic

7

generator is connected with the input cir-

cuit of the amplifier A® and the output
c¢ircuit of amplifier A® is connected with
the distributing circuit 105. This train of
apparatus_acts to generate and amplify a
series of harmonics of the base frequency
3,333 in the manner described in the Col-
pitts and Blackwell paper previously re-
ferred to, the nature and arrangement of the
apparatus being in accordance with the dis-
closure contained in Patent No. 1,446,752 of
February 27, 1923 to Burton W. Kendall.
The low control frequency, 150 cycles per
second in the present embodiment of the in-
vention, is produced in the oscillator O*
(Fig. 3), which oscillator may be of any
usual and well known thermionic type with
a feed back connection from its output into
its input circuit. The sinusoidal oscillations
roduced in the oscillator O are amplified
in the amplifier A! and thence pass through

the tuned circuit T'C', which serves to sup--

press the undesired frequencies, to the pri-
mary winding of the transformer 14. This
transformer 1is provided with a grounded
shield between the primary and secondary
windings to prevent unbalance to ground
through the transformeér of the two sides
of the distributing circuit 106 which is con-
nected with the secondary winding of the
transformer. The distributing circuit 106,
as has been described, has branch connec-
tions with the different channels through
which the 150 cycle control frequency - is
applied for the modulation of the channel
transmitting branch carriers under the con-
trol of relays such as relay 19 of channel 1.

The organization of the circuits and ap-
paratus at the intermediate or' switching
station will now be described by reference
to Figs. 5, 6 and 7 of the drawing. Fig. 6
illustrates diagrammatically a. part of the
switches at the switching station through
the medium of which interconnection is
made between the various channels, and
Figs.-5 and 7 show the channels identified
with two of the four carrier multiplex lines
that are assumed to terminate at the switch-
ing station, the circuits of one of the chan-
nels of each of the two carrier multiplex
lines being illustrated diagrammatically in
detail and the other two channels of each of
these two lines being merely indicated by
broken line rectangles. The organizations

of the circuits of the different channels of

each carrier multiplex line are identical ex-
cepting in the matter of the different car-
rier frequencies upon which the channels are
adapted to operate. Therefore, a descrip-
tion of the organization of the carrier multi-
plex line illustrated in Fig. 5 and of chan-
nel 1 of this line will suffice for all of them.
The conductors 104 of the toll line are con-
nected with the high frequency hybrid coil
HFH* and the opposite sides of the line
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windings of the hybriu coil are connected
with the network N which exercises the usual
balancing function. From the high fre-
quency hybrid coil HFH? the main receiv-
ing branch has connection by way of the
band filters BF?, BF'* and BF"* with the
separate receiving branches of channel 1,
channel 2 and channel 8, and the main trans-
mitting branch entering the high frequency
hybrid coil has connection by way of the
band filters BF'°, BF'* and BF** with the
transmitting branches of the three channels.
The main transmitting branch also is con-
nected by the anti-resonantly shunted tuned
circuit STC? with the. apparatus illustrated
in Fig. 6 that generates the base frequency
of 3,333 cycles per second and the various
desired harmonics of this frequency. The
band filters BF® to BF', inclusive, are of
the type disclosed in the Campbell patent
previously referred to. The filters BFY,
BF** and BEF?® are constructed and adjusted
to pass the upper speech and control fre-

quency side bands of the 10,000 cycle, 13,333
5 cycle and 16,666 cycle carrier waves, re-

spectively, and the filters BF, BF"? and
B¥** are constructed and adjusted to pass
the lower speech and control frequency side
bands of the 23,338, 26,666 and 30,000 car-
rier waves respectively.

Referring now to the typical channel cir-
cuit arrangement illustrated in cennection
with channel 1 of Fig. 5, the receiving
branch extends directly from the band filter

5 BF* to normally open contact points of two

controlling relays 35 and 86, the functions
of which controlling relays will be described
hereinafter. The transmitting branch of
the channel extends from other normally
open contact points of these relays to the
input circuit of ‘the  balanced modulator
BM?. The output side of modulator BM?
extends by way of a Campbell type band
filter BE"®, adapted to pass the 23,333 cycle
carrier wave and its lower speech and con-
trol frequency side band, to the input cir-
cuit of the amplifier A®, and the output cir-
cuit of this amplifier is connected with the
band - filter BEF°,. previously referred to,
which is interposed between the channel
transmitting branch and the common trans-
mitting branch of the high frequency hybrid
coil HFH2,

The balanced modulator BM? is of the

type disclosed in Patent 1,343,306 to Carson

. previously referred to in which the currents

to be modulated are applied serially to the
input circuit of the two thermionic tubes
of the modulator and the modulating fre-
quencies are applied by way of the common
portion of the divided input circuit of the
two tubes. In_ the case of the balanced
modulator BM? the currents to be modu-
lated are supplied by way of the pair of
conductors that extend to the modulator

1,878,208

from the normally open contact points of
the controlling relays 35 and 86, and the
modulating frequencies are supplied to the
divided input circuit by way of the common
distributing circuit 108 that extends from
the harmonic frequency generating appa-
ratus illustrated in Fig. 6. As will sub-
sequently be described, there are present in
the common distributing circuit the har-
monic frequencies having the values of 75
33,333, 36,666, 40,000, 43,000 and 46,666
cycles per second. Consequently the fre-
quencies that are supplied to the balanced
modulator BM? by way of the serially con-
nected portion of the modulator input cir-
cuit simultaneously modulate all of the fre-
quencies supplied by. way of the common
distributing circuit 108 to the common por-
tion of the divided input circuit of the
modulator. The thermionic tubes of the
balanced modulator BM? are chosen of suf-
ficiently great capacity to carry the peak
voltages of the combined modulating har-
monic frequencies and the frequencies to be
modulated without causing the grids of the
tubes to go positive. If this oecurred it
would have a tendency to produce improper
intermodulations between the various fre-
quencies and to cause distortion in the
modulator. But by exercising care to
choose thermionic tubes of a t}‘;lfpe having
ample capacity from among those which
are available and well known in the art, the
modulation which occurs between the fre-
quencies which enter by way. of the series 100
portion of the input circuit and each of the

multiplicity of harmonjc frequencies which

enter by way of the-parallel portion of the

input circuit may be made to be the same as
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‘through the other harmonic modulating fre- 105

quencies were not present. _

It may be well at this point to explain
the manner in which this modulating organi-
zation operates in conjunction with the chan-

.nel switching apparatus to establish opera- 110

tive relation between incoming and outgoing
channels and change the incoming frequency
to the frequency at which the apparatus of
the outgoing channel is adapted to operate. |
It is apparent that in a general scheme of 115
interconnection such as is contemplated in
the present invention any incoming channel
receiving branch must be capable of being
extended to any outgoing channel transmit-
ting branch regardless of the diverse fre- 120

“quencies of the different channels that may

be brought into connection. Referring spe-
cifically for example to channel 1 as illus-
trated in Fig. 5 of the drawing, in order to
pass through the band filters BI** and BF 125
in the transmiting branch of the channel the
transmitted frequencies must lie within the
range of the 23,333 cycle carrier wave and its
lower speech frequency side band. Assum- .
ing that the speech frequency side band to 130
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be transmitted has a breadth of 2,200 cycles,
this means that in order to pass out of the
transmitting branch of channel 1 the modu-
lated current must lie within the range com-
prised between 23,333 cycles and 923,333—
2,200 cycles per second. But the frequencies
which enter the switching station by way
of the receiving branches of the various
channels of the carrier multiplex toll lines
that center in the station are the upper side
band of the 10,000 cycle carrier wave for
channel 1, the upper side band of the 13,333
cycle carrier wave for channel 2, and the up-
per side band of the 16,666 carrier wave for
channel 3 of each of the carrier multiplex
toll lines. None of these frequencies, there-
fore, as they enter the switching station, are

at the proper level to pass out by way of the -
transmitting branch of channel 1, or by

way of the transmitting branches of channels
2 and 8. TIn order to pass out by way of the
transmitting branch of any of the channels
the level of the incoming frequencies must
be changed; and moreover the extent of the
change necessary depends upon the difference
in frequency level between the incoming fre-
quencies and the frequency at which the
outgoing transmitting branch is adapted to
operate. Furthermore, as the received mod-
ulations of the carrier of each channel are
in the upper speech frequency side band of
that carrier, and as the transmitted modu-
lations outgoing from the switching station
must lie in the lower speech frequency side
band of the carrier, in the embodimeént of
the invention herein disclosed, the intercon-
nection of one channel with another at the
switching station must be effected in such
way as to invert the relative position of the
side band with its carrier.

All of the above mentioned {ransforma-
tions necessary to the operative indiscrimi-
nate interconnection of the channels are ef-
fected by providing for the modulation, in

~each channel transmitting branch, of the fre-

quencies received from the interconnected
channel by a group or multiplicity of fre-
quencies lying above the received frequencies
by a definite, predetermined amount in the
frequency scale.

To illustrate the action we may assume
that the switch mechanism at the interme-
diate station has operated to connect chan-
nel 1 of one of the carrier multiplex lines
with channel 1 of the line illustrated in Fig.
5. Under these circumstances the receiving

channel -of the first mentioned line is con-.

nected with the transmitting branch of chan-
nel 1 of Fig. 5, and consequently the 10,000
cycle carrier wave with its upper speech fre-
quency side band is being applied to the se-
ries input circuits of the balanced modulator
BM:* of channel 1. At the same time there
is applied to the parallel input circuit
of the modulator BM? the harmonic fre-

S

quencies 33,333, 36,666, 40,000, 43,333 and .

46,666. The result in the modulator BM?2
is to modulate each of these last mentioned
harmonic carrier frequencies with the
10,000 receiving branch frequency of the in-
terconnected channel,—that is, with the 10,-
000 carrier frequency and its upper speech
frequency side band. As a result there ap-
pear the sum and difference modulation

products of the received voice modulated

carrier with each of the five harmonic waves
as Tollows:.

33,333+10,000+ = 43,333+
33,333 — 10,000+ = 93.333—
36,666 +10,000+ = 46,666+
36,666 —10,000+ = 26,666—
40,000+10,000+ = 50,000+
40,000—10,000+ = 30,000—
43,333+10,000+ = 53,333+
43,333—10,000+ = 33.333—
46,666+10,000+ = 56,666+
46,666 —10,000+ = 36.666—

As may be seen from the foregoing the
result is a plurality of modulation products
of which the second in the series, namely
that represented by 28,338 —, represents the
23,333 cycle carrier with its lower speech
side band which is adapted to be transmitted
through the band filters BF and BF
interposed in the output circle of the mod-
ulator BM2. All of the other modulation
Froducts in the series lie outside of the
imits of the band filter BF%, and conse-

uently are suppressed and do not pass to
the amplifier A® which is:interposed between
the two band filters BF15 gnd BF. It
may be remarked that the amplifier A® is
employed for the purpose of relieving the
balanced modulator BM? as far as possible
of the work of amplification which would
tend to overload it and therefore prevent it
from properly performing its primary func-

tion of separately combining without dis-’

tortion the multiplicity of frequencies pres-
ent In its input circuit. It may also be
remarked that there will be present in the
output circuit of the modulator a number of
frequencies other than those noted in the
table given above, these frequencies includ-
ing the amplified 10,000 cycle carrier with
its upper side band of the interconnected
receiving channel as well as the group of
harmonic modulating frequencies 33,333 to
46,666, inclusive, which are not entirely
suppressed in the balanced modulator. But
it may be seen that these frequencies also are
outside of the frequency range of the band

filters BF*® and BE"° interposed in the out-’

put circuit of the modulator BM2, so that
these undersired frequencies are also sup-
pressed and do not pass into the common
f.ransmitting branch of the carrier multiplex
ine. .

If it is assumed that it is channel 2 of
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one of the other carrier multiplex lines that
has been brought into connection with
channel 1 of Fig. 5, then-it will be the 13,333

cycle carrier with its upper side band that’

will separately modulate each of the five
harmonic frequencies that in the present
instance are applied to the parallel portion
of the balanced modulator input circuit.
Under these circumstances the sum and dif-
ference modulation products which appear
in the output circuit of the modulater BM?
will be 46,666+, 20,000—, 50,000+, 23,333 —,
53,333+, 96,666—, 56,666+, 30,000—,
60,000+ and 33,333—. Of these modulation
products it may be seen that the fourth in
the series represents the 23,333 cycle carrier
with its lower speech side band which is

adapted to pass through the band filters BF*®,

and BF? in the output circuit of the modu-
lator BM2, and that the other products of
modulation will be suppressed in these filters
and barred from entering the carrier multi-
plex line. Futhermore, as stated in con-
nection with the case first considered, the
other undesired frequencies which are
present in the output circuit ‘of modulator
BM:? are outside of the range of the filters
BM* and BM* and are also suppressed.
If it is assumed that it is channel 3 of one
of the other carrier multiplex lines that is
connected with channel 1 of Fig. 5, it is the
16,666 carrier wave with its upper speech
frequency side band which is imposed upon
the series circuit of the input side of the
balanced modulator BM?2 The sum and
difference modulation products which then
appear in the output side of the balanced
modulator are 50,000+, 16,666—, 53,333+,
90,000—, 56,666+, 23,333—, 60,000+, 26,
666—, 63,333+ and 30,000—. It, will be

.noted that the sixth in this series represents
the frequency bearing the speech modulation

that is adapted to pass through the filters
BF* and BF* interposed in the output cir-
cuit of the modulator, and that the frequen-
cies of the other modulation products are
such that they are suppressed in these filters.

A further fact which appears from an
inspection of the groups of modulation
products recited in connection with the three
assumptions that have been made as to the
particular channel that has been connected
with the outgoing or transmitting branch
of channel 1 of Fig. 5, is that each of the
three groups noted contains the modulation
products represented by the numbers 26,-
666—, and 30,000— as well as that repre-
sented by the number 23,333—. That is
to say, whenever the receiving branch fre-
quency 10,000+, 18,333+ or 16,666+ modu-

_lates the plurality of harmonic modulating

frequencies 33,333 to 46,666, inclusive, among
the modulation products there is a speech
modulated carrier frequency so located in
the frequency scale as to be capable of pass-
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ing through the band filters, as BF** and
BEF, of whichever one of the three

channels is included in the connection;

and such other amplification or modulation

produets as are present in the output circuit
of the modulator are so positioned in the
frequency scale as to be barred out of the
main transmitting branch of the carrier
multiplex line by the interposed band filters.

It seems well at this point to digress long
encugh from the description of the organi-
zation of switching station A illustrated in
Figs. 5,6 and 7 to explain the way in which
the above described manner of matching the
diverse frequencies of the different intercon-
nected channels is applied at switching sta-
tion B. As illustrated in Figs. 1 and 2,
the channels of the lines that center at
switching station B employ the same car-
rier frequencies as the frequencies employd
by the channels of the lines that center at
switching station A excepting that the car-
rier and side band frequencies associated
with the transmitting branches of the chan-
nels at switching station A are associated
with the receiving branches of the channels
at switching station B, and vice versa.
Consequently the modulation that occurs in
the transmitting branches of the channels at
switching ‘station B must be of a- character
that will transform the incoming lower side
bands of the carriers 23,333, 26,666 and
30,000 into the upper side bands of the out-
going carriers 10,000, 13,333 and 16,666.
This is effected by applying to the common
portion of the divided or parallel input
paths of the balanced modulators in the
transmitting branches the same harmonic
modulating frequencies that have been de-
scribed as being employed to perform the
frequency transformation in the balanced
modulators of switching station A, —that is,
the frequencies 33,333, 36,666, 40,000, 43,333
and 46,666. The intermodulation of these
five frequencies with .the carriers 23,333,
26,666 and - 30,000 with their lower side
bands, one or another of which is applied to
the series input circuit of the balanced mod-
ulator by way of the receiving branch of the
interconnected channel, gives rise to sum

and difference modulation products-in the

output circuit of the balanced modulator,
just as described in the explanation of the
modulating action at switching station A.
All of the sum or additive products of mod-
ulation are far above the frequency range of
the band filters for passing the 10,000+,

13,383+ and 16,666+ frequencies to the

transmitting branches of the high frequency
hybrid coils of the respective carrier multi-
plex lines. The difference or subtractive
products of modulation of the five harmonic
modulating frequencies with the three in-
coming or receiving branch carrier frequén-
cies and their lower side bands include the
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frequencies 10,000+, 13,333+, 16,666,
20,000+ and 23,333+ in the case of the
23,333~ receiving branch frequency of an
interconnected channel 1; the frequencies
6,666+, 10,000+, 13,333+, 16,666+ and
20,000+ in the case of the 26,666— incom-
ing or receiving branch frequency of an in-
terconnected channel 2; and the frequencies
3,333+, 6,666+, 10,000+, 13,333+ and
16,666+ in the case of the 80,000— incom-
ing or receiving branch frequency of an in-
terconnected ‘channel 3. It will be noted
that in the case of each of the interconnected
channels, channel 1, channel 2 and channel

38, there appear in the difference modulation
products 1n the output circuit of the modu-

lator the frequencies 10,000+, 13,333+ and
16,666+. In other words, no matter which
channel at switching station B is connected
to any one of the other channels, the modu-
lation of .its receiving .branch frequency by
the five harmonic modulating frequencies
applied to the balanced modulator in the
transmitting branch gives rise among the
different modulation products to a carrier
wave and upper side band that is so posi-
tioned in the frequency scale as to be capa-
ble of passing out through the band filters

interposed in the output circuit of the mod-

ulator; and furthermore that the cut-off
limits of the band filters interposed beyond
the balanced modulator in the transmitting
branch of each of the three channelsis such
as to bar the passage of all modulation prod-
uct frequencies other than the particular
speech modulated carrier which the trans-
mitting branch of that channel is designed
and ‘adapted to transmit.

It may be seen from the foregoing dis-
cussion that the modulating frequency re-
quired to match the carrier side bands in
an interconnection between channel 1 and
channel 1 is 33,333, between channel 1 and
channel 2 is 86,666, between channel 1 and

5. channel 3 is 40,000, between channel 2 and

channel 2 is 40,000, between channel 2 and
channel 3 is-43,333, and between channel 3
and channel 3 is 46,666. This is under the
assumptions hereinbefore cet forth with re-
spect to the carrier frequencies employed for
the different channels and the relation of
the speech frequency side bands to their
respective carriers. Of course, a change in
these factors will necessitate corresponding
changes in the values of the modulating fre-

quencies for matching the channel frequen-.

cies with each other. It is obvious that in
the case of the interconnection of any one
of the channels with any one of the other
channels only one of the multiplicity of
matching frequencies, that is the frequencies
from 33,333 to 46,666, inclusive, is usefully
emploved. The particular one which 1s
needed is automatically selected and made
effective by virtue of the frequency selective

11

characteristics of the apparatus in the out-
put side of the balanced modulator BM?,
the other frequencies and their modulation
products being automatically suppressed
and eliminated in this apparatus. It is to
be understood that it is deemed to be within
the -scope of the present. invention to effect
the selection of the particular matching fre-
quency desired by means of a selection auto-
matically effected before the matching fre-
quency 1s applied to the modulator, as, for
instance; by -selective-circuits-operating-to
make effective one or another of the match-

-ing frequencies in the movement of the chan-

nel selecting switch upon which each channel
terminates. But it has been found that the
normal application of all of the matching
frequencies to all of the modulators, and
the 'suppression and elimination of the un-
desired modulation products in the output
circuit of the modulator, permits of a very
substantial simplification of the switching
apparatus; and therefore this form of the
invention is disclosed as the preferred em-
bodiment. '

It may further be noted that the modula-
tion which effects the matching of the car-

rier frequency of one channel with another

may be effected in modulators of well known
types other than the particular balanced or
carrier suppression type indicated at BM?,
the filters in the output circuit of the modu-
lator being relied upon to suppress the un-
desired products of modulation. But the
balanced modulator of the type that has
been described is preferred for the reason
that it is adapted in itself to suppress ov
materially reduce in quantity a portion of
the undesired modulation products, and is
furthermore ‘well adapted to handle with-
out distortion the relatively large amounts
of energy that are present in the multiple
modulation that the preferred form of the
invention renders desirable. .

Further reference may now be made to the
organization of the receiving branches of
the channels, as typefied in connection with
the receiving branch of channel 1 shown in
TFig. 5. As has hereinbefore been stated,
the receiving branch extends in two con-
ductors from the band filter, as BEF?, inter-
posed at the head of the channel to normally
open contact points of the two controlling

relays, as 35 and 36. It is over this path

that the voice modulated frequency bands
pass between the two interconnected sta-
tions. Tor switching control purposes a
branch extends from this path by way of
the amplifier A® to the balanced detector
BDz2. This detector is of the type dis-
closed in Patent 1,343,306 to Carson issued
June 15, 1920, and is supplied.from the com-
mon distributing circuit 109 by way of the
tuned circuit TC® with the harmonic de-
modulating frequency of 10,000 cycles corre-
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sponding with the carrier frequency of the
associated channel branch. The output cir-
cuit of the balanced detector BD? is con-
nected with the input circuit of the rectifier
R? by way of the tuned circuit TC® which
is so constructed and adjusted as to pass the
control frequency of 150 cycles per second
which is separated out by the demodulating
action which takes place in the detector
BD>. After amplification and rectification
in the rectifier R? the 150 cycle control fre-
quency is effective to energize the relay 25
connected in the output circuit of the rectl-
fier, and the relay 25 acts as the medium
through which the distant station controls

_the selective operation of the interinediate
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station switching mechanism and its restora-
tion to normal when disconnection occurs.
This switching mechanism and its associated
controlling circuits will now be described.
Uuder the conditions that have been as-
sumed there are at switching station A
twelve switches, each one serving as the
active terminal of a different one of the
twelve channels of the four carrier multi-
plex lines centering at the station.. In Fig.
6 only four of these switches are diagram-
matically illustrated, the switches shown be-
ing designated St, S?, §° and S*". As the
titles on Fig. 6 indicate, switches St and S*
are the incoming terminals of channels 1 and
2 respectively of station 1, switch S° is thein-

coming terminal of channel 3 of station 3,

and switch S1° is the incoming terminal of
channel 1 of switching station B. Each of
the switches may conveniently be of the sin-
gle motion rotary type in which brushes or
wipers, in the present instance 1,9,8,4,5

and 6, respectively, are moved by electro-

magnetically driven step by step mechanism
over corresponding rows of stationary con-
tacts or terminals and are spring returned to
their normal position upon the withdrawal
of a holding pawl by the associated release
magnet. Such mechanism is diagrammati-
cally illustrated in Fig. 5, in which the step-
ping magnet 33 operates the brush moving
ratchet wheel 41 through the medium of the
stepping pawl 42 and the release magnet 34
when energized lifts the holding pawl 43
and also at the same time disengages the
stepping pawl 42 from the teeth of the
ratchet wheel. Rotary switches of this type
are well known in the art and require no
special  description or illustration. Ob-
viously one ordinarily skilled in the art may
readily and without the exercise of inven-
tion substitute other of the well known
types of switches for the single motion step
by step rotary switch that is indicated. It
may be remarked, however, that a type of
switch like that indicated, in which the
groups of contact terminals associated with
all of the channels of the carrier multiplex

5 lines may be reached, as will be described,

1,678,208

by a single unidirectional movement of the
brushes or wipers, is particularly well
adapted for the realization of that feature

of the invention which secures a simple, -

- compact and also readily shielded wiring ar-

rangement for the channel conductors that
operate at the diverse carrier frequencies
required. v
Each of the brushes 1 to 6, inclusive, of
the switch is adapted in its movement to
engage a corresponding series of -contact
terminals. The relation between brushes 1
and'2 and the contact terminals which they
are adapted to engage is such that the
brush engages each succeeding contact of the
ceries before it disengages the preceding
contact., In the case of the brushes 3, 4, 5
and 6 the relationship is such that each
brush disengages one contact before it comes
into engagement with the next contact of
the series. In the first or resting position
of the switch brushes as also in the second
position, only brush 1 engages a stationary
terminal. In their 3rd, 4th and 5th posi-
tions the brushes are In engagement suc-
cessively with three groups of contacts serv-
ing as terminals of channels 1, 2 and 3 re-
spectively of station 1. In the 6th position
brushes 1, 2,5 and 6, engage terminals con-
corned with the transmission of a busy tone
signal to the calling operator in- case all of
the channels of station 1 are in use. The
7th, 8th, 9th and 10th groups of stationary
contact terminals serve similar purposes in
connection with the channels of station 2.
The 11th, 12th, 13th and 14th groups of sta-
tionary terminals serve like purposes in con-
nection with the channels of station 3, and
the 15th, 16th, 17th and 18th groups of ter-
minals engaged by the set of brushes serve
like purposes in connection with the channels
of switching ~station B. Corresponding
aroups of contact terminals in all the switches
of the series are multiplied together, and the
multiple wires of each group are connected
with conductors extending to the channel
apparatus of the associated channel. As
it is never necessary for any of the channels
to complete connection with another chan-
nel of the same carrier multiplex line, the
multiple wiring between corresponding
groups of stationary terminals in the vari-
ous switches does not have connection with
the groups of terminal contacts in the
switches serving as the active terminals of
the channels of the corresponding carrier
multiplex lines. :Thus as shown in Fig. 6,
the multiple conductors representing the in-
coming paths to channel 1 and channel 2,
respectively, of station 1 are not extended
to connect with the stationary contact group
engaged in the 8rd and 4th positions of the
brushes of switches St and S?, and corre-
sponding omissions are made at switches S°
and S in the connections of the multiple
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conductors that serve as the incoming paths
to channel 3 of station 3 and channel 1 of
station B respectively.

The row of contact terminals engaged by
brush 1 has to do with the selection, under
the control of the operator at the remote
calling station, of the particular ecarrier
multiplex station or group of channels to
which it is desired to extend connection;
the stationary contacts engaged by brush 2
have to do with the automatic selection of a
particular available or non-busy channel of
the group that the distant operator has
selected; and the stationary contacts en-
gaged by the brushes 8, 4, 5 and 6 have to
do with the transmission of the speech mod-
ulated carrier frequencies between the con-
nected terminal stations. This will appear
clearly in connection with the description
of the operation of the system hereinafter.
It will be observed that the order of the
switch brushes and their respective rows of
contact terminals shown at one side of Fig.
6 is inverted relatively to the arrangement
shown at the other side of Fig. 6. This
involves no change in the relative circuit
arrangements of the different switches, but
is merely for the purpose of symmetry in
the two halves of the drawing shown in
Figs. 5, 6 and 7.

There still remains to be made a brief ref-
erence to the apparatus illustrated at the
bottom of Fig. 6 for generating the base fre-
yuency that is to be transmitted to the other
stations of the system and the harmonic
frequencies that are used at the switching
station for effecting the frequency changes
and demodulations to which reference has
hereinbefore been made; also the apparatus
for impressing a busy tone upon one of the
carriers to be employed in case all of the
channels of a selected group are found to
be in use. The base frequency of 8,333
cycles, in the present instance, is generated
in the oscillator O% which is preferably of
any usual and well known thermionic type
with a feed back connection from its output
into its input circuit. The sinusoidal oscil-
lations produced in the oscillator O° are
amplified in the amplifier A%, have the mag-
nitude of their voltages greatly increased m
the transformer 47 and are then impressed

upon the input circuit of the harmonic gen-.

erator HG2 The magnitude of the im-
pressed oscillations is such as greatly to over-
Ioad the thermionic tube of the harmonic
generator, with the result that the repeated
oscillations are distorted into an -extended
series of currents the frequencies of which

are ‘the harmonics of the base frequency .

current. The above described action is in
accordance with the disclosure contained in
said Kendall Patent No. 1,446,752. The
harmoniecs thus produced consist of an ex-
tended series having relatively uniform

13

energy values. The base frequency of 3,333
cycles is separated out by means of the anti-
resonantly shunted tuned circuit STC* and
is applied to the distributing circuit 100
from which it is supplied by way of shunted
tuned circuits, as STC? of Fig. 5, to the
main transmitting branches of the different-
carrier multiplex lines centering in switch-
ing station A, The group of harmonic fre-
quencies 10,000, 13,333 and 16,666 is sepa-
rated out by means of the band filter BF'"
and is applied to the distributing circuit 109
from which the different frequencies of the
group are supplied for the demodulation of
the carriers of the channels of the various
carrier multiplex lines by means of tuned
circuits as TC® of Fig. 5. It will be under-
stood of course that the harmonic frequency
taken off by the tuned circuit TC® of each of
the various channels centering in the switch-
ing station is such as in each case to corre-
spond with the carrier frequency of the re-
ceiving branch of that channel. The har-
monic frequencies 383,333, 36,666, 40,000,
43,333, and 46,666 are separated out ﬁy means
of the band filter BF*® and are applied to
the distributing circuit 108 from which they
are supplied to the balanced modulators, as
BM?, of the transmitting branches of all of
the channels centering in the switching sta-
tion for the purpose of matching the chan-
nel frequencies, as hereinbefore described.
Any one of the three frequencies 10,000,
13,333 or 16,666, the 10,000 cycle frequency
being used in the particular embodiment dis-
closed, is selected by means of the tuned
circuit TC” (Fig. 6) and is applied to the
parallel input circuit connection of the bal-
anced modulator BM?® for the purpose of
being modulated by a characteristic fre-
quency or tone which is derived from any
suitable source and is applied to the series

‘input circuit of the balanced modulator

BMs®. The modulation products are ampli-
fied by means of the amplifier A7 connected
in the output circuit of the modulator BM3;
and the 10,000 cycle carrier frequency with
its upper side band carrying the busy tone
modulation is selected by the band filter
BF¢ and is. applied to the distributing cir-
cuit 130 which has a branch connection with
the pairs of stationary contact terminals
adapted to be engaged by brushes 5 and 6
of the various switches in the 6th, 10th, 14th
and 18th positions that the switch brushes
are adapted to occupy in the successive.
stages of their movement.

'fhe operation of the system will now be
described in detail. It will be assumed that
connection is to be established between one
of the local lines centering in station 1 and
one of the local lines centering in station 3
by way of switching station A, as shown
generally in the skeleton diagram of Figs.
1 and 2 and as shown more specifically in

70

75

80

85

90

95

100

110

1156

120

125

180



10

3n

3B

40

45

50

the detail drawings of Figs. 3 to 7 inclusive.
Assuming that it is the local subscriber at

station S5 (Fig. 3) that initiates the call

for a subscriber at the distant station, when
the telephone receiver at station SS is taken
off of its switch hook a conductive path is
established over line wires 101, and the line
relay 11 operates to cause the illumination of
the associated line lamp LL in the usual
manner. As the line lamp LL is located at
operator’s position 2, the operator at that
position inserts the local plug LP of one of
her pairs of connecting cords CC? into the
answering jack AJ associated with the il-
luminated line lamp and operates the cor-
responding listening key LK. This act con-
nects the operator’s telephone set OTS with
the calling subscriber’s telephone, and the
operator then learns the distant toll station
with which connection is desired and the
particular desired called subscriber’s station
at the distant toll statiom.

It is assumed that the route to the distant
toll station is by way of the carrier multi-

5 plex line illustrated in Fig. 4 and extending

to the intermediate or switching station

shown in Figs. 5, 6 and 7. Having obtained

the necessary information from the calling
subscriber the toll operator first ascertains
the condition of use or disuse of the chan-
nels of the carrier multiplex line by observ-
ing the illuminated or unilluminated condi-
tion of the lamps BL!, BL? and BL® cor-
responding with the different channels of
the carrier multiplex line, and then inserts
the toll plug TP of the connecting circuit
CC? into the multiple spring jack of one of
the channels that is not at the time in use.
It may be assumed that this is the spring-
jack MJ* associated with the busy lamp BL.
When the plug is inserted in the spring jack
a circuit is completed that extends from bat-
tery by way of the toll supervisory lamp
TSL, resting contacts of the calling key CK,
registering sleeve contacts of the toll plug
TP and multiple channel jack MJ*, con-
ductor 52, winding of relay 15 and winding
of slow release relay 16 to ground. This
causes the illumination of the lamp TSL and
the energization of relays 15 and 16. Relay
16 in operating closes a circuit that extends
from battery through the winding of relay
20 and right hand front contact and arma-
ture of relay 16 to ground. The resultant
operation of relay 20 applies current from
the A battery for the energization of the
tube filaments of the balanced - modulator

~ BM! and the balanced amplifier BA® of the

60

transmitting branch of channel 1, and also
connects the harmonic distributing circuit
105 with the tuned circuit TC? so that the
10,000 cycle carrier frequency appropriate
to channel 1 is applied to the balanced modu-
lator BM* for modulation by the voice fre-
quencies and the low controlling frequency.

1,878,208

Relay 16 in opefating also closes a circuit
that extends from battery through the left

‘hand winding of relay 17 and the right hand

front contact and armature of relay 16 to
ground. This energizes relay 17 which
thereupon operates to connect battery with
the conductor 53 for the illumination of the
busy lamps BL* associated with all of the
springjack terminals of the channel that has
been taken for use. The illuminated condi-
tion of the busy lamps guards the channel
from intrusion. Relay 16 in operating also
deprives relay 18 of control over the calling
lamp CL* of the associated channel and
gives it control over the toll supervisory
lamp TSL of the cord circuit CC* now con-
nected with the channel, for a purpose that
will hereinafter appear. As has been stated,

‘relay 15 is also energized by the insertion of

the toll plug TP into-the channel multiple
springjack MJ*. Relay 15 in operating en-
ergizes relay 19; and relay 19 in operating
connects the control frequency distributing
circuit 106 with the tuned circuit TC? to
cause the application of the 150 cycle control
frequency to the balanced modulator BM!

of the transmitting branch of the channel

that has been chosen for use.

It therefore appears that as a result of
the insertion of the toll plug TP into the
springjack MJ* the transmitting branch of
channel 1 is energized, and that the 10,000
cycle carrier frequency of this channel and
the 150 cycle control frequency are both ap-
plied to the balanced modulator BM*. The
modulation of the carrier frequency by the
control frequency takes place in the balanced
modulator, and after amplification in the
balanced amplifier BA* the modulated upper
side band of the 10,000 cycle carrier passes
by way of the band filter BF* into the com-
mon transmitting branch and thence by way
of the high frequency hybrid coil HFH" to
the carrier multiplex line 104.

At the switching station the upper side
band: of the 10,000 cycle carrier wave passes
through the high frequency hybrid coil
HFH? (Fig. 5) into the receiving branch
common to the various channels of the line,
and thence by way of the band filter BF®
into the receiving branch of channel 1.
After passing through the band filter BEF®
the modulated upper side band of the 10,000
cycle carrier is amplified in the amplifier
A’ and passes to the input circuit of the
balanced detector BD? where it is joined by
the corresponding 10,000 cycle frequency
derived ‘from the common distributing cir-
cuit 109 by way of the tuned circuit TC®,
Demodulation takes place in the balanced

‘detector BD? and the 150 cycle control fre-

quency is separated out of the other demod-
ulation products by the tuned circuit TC",
is rectified and amplified in the rectifier R?
and causes the energization of relay 25. Re-
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lay 25 in operating energizes the slow re-
lease relay 26. Therefore the instant that
the channel is appropriated at the calling
terminal station by the insertion of the toll
plug TP into the channel springjack MJ*
the relay 25 and the slow releasing relay 26
of the corresponding channel of the carrier
multiplex line at the distant switching sta-
tion are energized, and the relay 26, on ac-
count of its slow release construction and
adjustment, remains energized until discon-
nection finally takes place.

When relay 26 operates it breaks at its
outer right hand back contact and armature
the path that normally exists for the ener-
gization of relay 36 by way of conductor
125 and the multiple test terminals of this
channel that appear upon the interconnect-
ing switches representing the channels of
the other carrier multiplex lines. At the
same time the outer right hand armature of
relay 26 closes at its {ront contact a circuit

from conductor 125 to ground that creates a -

busy test condition upon the busy test termi-
nals of this channel in the other intercon-
necting switches, and in addition energizes
relay 38. Relay 38 in operating connects
the A battery with the filaments of the ther-
mionic tubes of the balanced modulator BM?
and the amplifier A® of channel 1 and thus
places the modulator and amplifier in opera-
tive condition.

The circuits of channel 1 at the terminal
station and at the intermediate or switching
station are now in condition for the trans-
mission of the impulses that control the in-
terconnecting operation at the switching sta-
tion. Referring to Fig. 3, the operator at
position 2 now operates the calling key CK
of the conmecting cord circuit CC2 This
has the effect of disconnecting the branch
to battery by way of the toll supervisory
lamp TSL and substituting a normally
closed branch to battery by way of the nor-
mally closed contacts 13 of the operator’s

dial OD and a protective resistance 48. This.

substitution of one branch to battery for the
other is effected without breaking the cir-
cuit, as the calling key is constructed o as

to close one of the branches before breaking -

the other. The operator at position 2 now
inserts her finger in the finger-hole of the
dial OD corresponding with the digit, or
the first of the series of digits, correspond-
ing to-the arbitrarily assigned call number

. of the distant terminal station to which the

60

connection is to be extended. In thé pres-
ent instance it is assumed that the distant
terminal station is station 3, and the calling
number for his station is the number “3”.
The dial OD is rotated until the operator’s
finger comes into contact with the stop and
is then released. In returning to normal
the dial causes the associated contacts 13 to
break and make the circuit in which they

18

are included three times. The speed of
operation of the dial is so regulated that
each break is for a short interval and each
succeeding make is for a longer interval,
the circuit remaining closed after the last
break until the dial is again operated.
At the first interruption of the circuit at
the dial contacts 13 the relay 15 included in
the circuit of sleeve conductor 52 (Fig. 4)
is released, but the relay 16 included in the
same conductor, being of the slow release
type, remains energized. Relay 16 remain-
ing operated maintains the transmitting
branch of channel 1 energized and the 10,000
cycle carrier wave applied. But relay 15
in releasing releases relay 19 and disconnects
the 150 cycle control frequency from the'
balanced modulator BM*. The effect of the

70

78

operation of the dial OD therefore is to

withdraw the 150 cycle control frequency
from the carrier wave of channel 1 as many
times as the dial contacts 13 are opened
which, in the present instance, is assumed to
be three times. :

Referring now to the effects that are pro-
duced at the distant end of the carrier mul-
tiplex line as illustrated in Fig. 5, each with-
drawal of the 150 cycle control frequency
from the transmitting branch of channel 1
causes a corresponding deenergization of re-
lay 25 which is held energized by the pres-
ence of the control frequency modulation of
the carrier; and as the slow acting char-
acteristics of rela
lay is not released by the brief interruptions
of its energizing circuit at the front contact
of relay 25, each deenergization of relay 25
closes a circuit that extends from baftery
through the armature and back contact of
relay 25, inner armature and front contact
of relay 26 and winding of relay 27 to
ground. Therefore the relay 27 is energized
during the interruption of the operator’s
dial contacts 18 at the calling station and is
deenergized upon the subsequent closure of
the dial contacts. N

It has been assumed that it is station 3

that is being called and that the dial con-
tacts 13 are interrupted and then closed three
times. At the first interruption of the dial
contacts, and consequent energization of re-
lay 27 (Fig. 5), a circuit is closed that ex-
tends from battery through the winding of
the stepping control relay 28, inner left hand
armature and back contact of relay 29, con-
ductor 115, brush 1 of switch S* and the sta-
tionary contact terminal upon which it nor-
mally rests, conductor 119, front contact and
armature of relay 27 and outer left hand
back contact and armature of relay 29 to
ground. The closure of this circuit operates
relay 28, and closes a circuit that extends
from' battery through the energizing wind-
ings of the slow release relay 30 and the

stepping magnet 33 in parallel and is com-
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pleted to ground at the tront contact and
armature of relay 28. - The stepping magnet
33 has self-interrupting contacts in its ener-
gizing circuit to cause the rapid energization
and deenergization of the magnet as long as
the contacts of relay 28 are closed. Stepping
magnet 33 is also provided with the usual
shunt of its energizing winding including
a condenser and a resistance for suppressing
the spark at the self-interrupting contacts
and stabilizing the vibratory action of the
magnet. The first energization of the step-
ping magnet 33 attracts the right hand arma-
ture of the magnet, and the subsequent de-
energization of the stepping magnet 33
causes the pawl 42 to advance the associated
ratchet wheel 41 one step. The relationship
between the ratchet wheel 41 and the set of
brushes of the switch 8!, as has been de-
scribed, is such that this has the effect of ad-
vancing the brushes 1, 2, 3, 4, 5 and 6 from
their normal resting position to the second
of the positions that they are to occupy.
Brush 1 is therefore moved out of engage-
ment with the contact terminal upon which

" it normally rests and is moved into engage-
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ment with the second contact terminal of the
associated series. The movement of brush 1
from its normal resting contact interrupts
the previously traced circuit that includes
the energizing winding of relay 28, and that
relay thereupon is deerergized and breaks
the energizing circuit that extends in par-
allel branches through the windings of slow
release relay 30 and stepping magnet 33.
Stepping magnet 33 is therefore deenergized
after it has caused the associated switch
brushes to advance one step; but the release
of the armature of relay 30 is delayed on
account of the slow release characteristics of
that relay. It may also be noted that the
first step in the advance of the brushes of the
switch S permits the closure of the off-nor-
mal contact 39 which is associated with the
moving parts of the switch in a manner well
The closure of the off-
normal contacts 39, however, does not com-
plete any circuit at this time. .

The brief interruption of the contacts 13
of the calling operator’s dial OD is followed
by a closure of these contacts of somewhat
longer duration and the consequent deener-
gization of the relay 27 at the switching

- station. When relay 27 releases its arma-

55
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ture it closes a circuit that extends from bat-
tery through the winding of relay 28, inner
left hand armature and back contact of re-
lay 29, conductor 115, switch brush 1 and
the second contact terminal of the series
upon which it is now resting, conductor 118,
back contact and armature of relay 27 and
outer left hand back contact and armature
of relay 29 to ground. Relay 28 is thus
again energized to complete the energizing
circuits of slow release relay 30 and stepping

1,878,203

magnet 33. Relay 30 has not released its
armature during the brief deenergization of
relay 28, and now continues to hold it at-
tracted ; and stepping magnet 33, under the
control of its self-interrupting contacts,
causes the switch brushes to take another
step to bring them into engagement with the
first set of six contact terminals in the third
position of the switch movement. As brush
1 moves out of engagement with the second

contact terminal of its asscciated series it~
-breaks the energizing circuit of relay 28,

which in turn breaks the energizing cir-
cuits of slow release relay 30-and stepping
magnet 33. This condition of the circuits
continues until relay 27 is again energized
by the second interruption of the contacts
13 of the calling operator’s dial OD. Dur-
ing this interval the slow releasing charac-
teristics of the relay 30 maintain the asso-
clated contacts of relay 30 open. The relay
30 is merely conventionally represented, and,
if necessary to secure the interruption of
the associated contacts for a sufficiently long
period of time after the relay magnet is de-
energized, this device may be generally of
the character of the device disclosed in Pat-
ent No. 1,387,680, granted April 20, 1920,
to Samuel B. Williams, Jr., and Walter P.
Albert. The construction and adjustment
are such that the slow release relay 30 is
adapted to hold its associated contacts open
during the interval which elapses between
successive interruptions of the circuit con-
trolled by the contacts 13 of the operator’s
dial OD. o

In the present instance it is assumed
that the dial opens its associated circuit three
times. Upon the second interruption of the
dial circuit and accompanying energization
of relay 27 the previously traced energiz-
ing circuit of the stepping control relay 28
is again completed, this time by way of
switch brush 1 and the third stationary
terminal of the series adapted to be engaged
by brush 1. Relay 28 again operates to cause
the energization of slow acting relay 30 and
stepping magnet 33, and stepping magnet 33
again causes the associated switch brushes to

take an additional step under the control of

the self-interrupting contacts of magnet 33.
This carries the brushes into engagement
with the set of contacts in the fourth of the
positions adapted to be occupied by the
brushes 'in their movement, and again ef-
fects the breaking of the energizing circuit
of relay 28. A moment later the contacts
13 of the dial OD are again closed and the
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relay 27 deenergized. When this occurs the -

energizing circuit of relay 28 is again clused,

‘this time by way of brush 1 and the fourth

stationary terminal in the series that it is
adapted to engage. The energizing circuit
of the stepping magnet 33 is now maintained
closed long enough for the switch brushes
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to be advanced three steps, for the reason
that the fourth, fifth, and sixth stationary
terminals in the series engaged by brush 1
are connected to conductor 118 -which ex-
tends to ground by way of the back con-
tact of relay 27 and the outer left hand back
contact of relay 29. Therefore during the
closure of the contacts 18 of dial OD that
follows the second interruption of these con-
tacts the switch brushes are advanced
through their fourth, fifth and sixth posi-
tions and are left in engagement with the
set of stationary terminals in the seventh
position of the switch. When the relay 27
is again energized in response to the third
interruption of the circuit at contacts 13 of
the dial OD, the switch brushes are ad-
vanced from the seventh to the eighth posi-
tion of their movement, and during the suc-
ceeding closure of the dial contacts 13
the switch brushes are advanced through
their eighth, ninth and tenth positions, in
the manner that has been described, and
come to rest in their eleventh position. In
this position they are in engagement with
the set of stationary terminals representing
the multiple connection to channel 1 of sta-
tion 3, to the station that is being called.

No further interruptions of the dial con-
tacts 13 follow and consequently the circuit
controlled by the contacts now remains
closed and relay 27 remains deenergized.
Therefore, as the.switch brush 1 is in en-
gagement with a contact terminal that is
connected by way of conductor 119 with the
front contact of relay 27, the energizing cir-
cuit -of relay 28 remains interrupted; and

when the contacts of relay 28 have remained .

interrupted for an interval in excess of that
which normally elapses between successive
interruptions of the dial contacts 13, the
relay 30 releases its armature and closes its
associated contacts. When this occurs a
circuit is closed that extends from battery
through the winding and right hand switch

_spring and resting .contact of relay 29,

lower winding of relay 82, back contact and
armature of relay 30 and off-normal con-
tacts 39, now closed, to ground. Relays 29
and 52 both operate. Relay 29 locks up by

way of a circuit that extends to ground at-

the oft-normal contact 39 through the right
hand switch spring and armature of relay
29. At the same time relay 29 at its inner
left hand armature shifts the energizing cir-
cuit of the stepping control relay 28 from
the path that extends by way of conductor
115 to switch brush 1 to the path that ex-
tends by way of the upper winding and up-
per front contact and armature of relay 32,
lower armature and resting contact of re-
lease magnet 84 and conductor 114 to test
brush 2 of the switch. Relay 29 also dis-

‘connects the ground controlled at its outer

left hand armature from the circuits con-
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trolled by the armature of relay 27 and
brings this ground. into connection with. a
path that extends through the energizing
winding of relay 81 in readiness to bring
about the energization of relay 31 upon the
release of relay 32, as will presently be de-
scribed. As may be seen from the fore-
going the control of the energizing circuit
of stepping control relay: 28 is now no
longer dependent upon the path by way of
switch brush 1 and the contacts of relay 27
controlled by the distant calling operator,
but is governed over a path that extends by
way of switch brush 2 to the stationary test
terminals that brush 2 is adapted to engage.

For the purpose of this description it will

be assumed that channel 1 of station 3 is in

use as a calling channel, that channel 2 of
station 3 is in use as a called channel, and
that channel 3 of station 3 is idle and avail-
able for connection. - The multiple connec-
tions from the stationary terminals of chan-
nel 1 and channel 2 of station 8 have not
been illustrated, with the object of simplify-
Ing. the drawing. The connection of the
test terminals of these channels engaged by
brush 2 may however be understood by
reference to the similarly wired channel 1 of
Fig. 5. Referring to Fig. 5, therefore, it
may be seén that the test terminal of the
channel is connected by way of conductor
125 with the outer armature of relay 26.
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This armature is normally connected by way

of its back contact to baftery by way of the
winding of relay 36; but when relay 26 is
energized it is connected directly with
ground at the front contact of the arma-
ture. It follows consequently that when the
channel is in use as a calling channel the
energization of relay 26 that continues dur-
ing the entire period of use of the channel
applies ground directly to conductor 125,
and therefore to the multipled test terminals
to which this conductor extends.

Again referring to the channel circuit as
illustrated in detail in Fig. 5, it may be seen
that when any channel is in use as a called
channel the switch brush 2 of the calling
switch is resting in engagement with the cor-.
responding test terminal of the called chan:
nel. Under these circumstances all of the
multipled test terminals of the called chan-
nel are connected by way of brush 2 of the
calling switch, conductor 114, back contact
and armature of release magnet 34, armature
and back contact of relay 82, winding of
relay 31 and outer left hand front contact
and armature of relay 29 to ground. The
actions that result in the completion of the
path to ground just traced upon the seizure
of an idle channel will subsequently be de-
scribed. Tt is sufficient for the present to
state that this path to ground from the test
terminals of the called channel exists, and
that the resistance of the relay 81 is relg-
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tively low so that the potential impressed
upon the test terminals under these circum-
stances is substantially the ground po-

*tential.

Returning now to a description of the
manner in which the two channels of sta-
tion 8 assumed to be busy are passed over
and the third channel assumed to be idle
is seized at the moment relays 29 and 32 are
energized by the release of relay 30 the en-
ergizing path for the stepping control relay
98 is extended by way of the inner left hand
armature and front contact of relay 29, up-
per locking winding and front contact and
armature of relay 82, lower armature and
back contact of release magnet 34 and con-

_ductor 114 to the switch test brush 2. As

test brush 2 is resting upon the test terminal
of channel 1 of station 3, which channel has
been assumed to be busy as a calling channel,
the circuit is completed from the test termi-
nal to ground by way of the path correspond-
ing to conductor 125 and the outer right hand
armature and front contact of relay 20 as
shown in Fig. 5. As a result relay 28 of the
calling channel is energized and relay 32 re-
mains energized. Relay 28 in operating
energizes slow release relay 30 and stepping
magnet 33 as hereinbefore described. The

‘operation of relay 30 does not produce any

result, as the path through the lower wind-
ing of relay 32 is now held open at the right
hand back contact and switch spring of relay

. 29. Stepping magnet 33, however, acting un-

der the control of its self-interrupting con-
tacts, advances the switch brushes one step
into engagement with the group of terminals
representing channel 2 of station 8. As has
heretofore been pointed out, the relation-
ship between test brush 2 and the row of
contacts that it traverses is such that the
brush makes contact with each succeeding
terminal before it breaks contact with the
preceding terminal. Therefore the brush 2
1s shifted from the test terminal of channel 1
to the test terminal of channel 2 without
interrupting the continuity of the energiz-
ing path of relays 28 and 32; and as channel
2 of station 8 has been assumed to be busy as
a called channel, the above mentioned ener-
gizing path may now be traced from test
terminal of channel 2 to ground by way of
the multiple connection that extends from
the test terminal of switch S* to the corre-

sponding test terminal upon which the-

brush 2 of the other switch is resting, and
thence by way of the path through the other
switch circuit corresponding to conductor
114, lower back contact and armature of the
release magnet 34, armature and back con-
tact of the relay 32, winding of the relay 31
and outer left hand front contact and arma-
ture of the relay 29 of that other switch.
Therefore the energizing path by way of the
energizing winding of relay 28 and the up-
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per winding of relay 32 of the calling chan-
nel switch S* remains closed and the step-
ping magnet 33 associated with relay 28 is

caused to take another step, as a result of .

which the brushes of switches S* are brought
into engagement with the set of stationary
terminals representing channel 3 of station
3. When this occurs there is no longer a
path for the energization of relays 28 and
32 of the calling channel switch, as there is
no path to ground by way of the conductor
125 extending from the multipled test termi-
nals of the channel as long as the channel is
in its normal condition. Therefore relays
28 and 32 are both immediately deenergized
and release their armatures. The release of
the armature of relay 28 puts a stop to the
stepping operation of the switch, and the
release of the armature of relay 32 opens the
holding circuit by way of the upper or lock-
ing winding ef relay 82 and completes the
previously traced path from brush 2 to
ground by way of the armature and back
contact of relay 32, the winding of relay
31 and the outer left hand front contact
and armature of relay 29. As the holding
circuit of the relay 32 is now open and the
initial encrgizing circuit of the relay by
way of its lower winding is held open at
the right hand back contact of relay 29
locked up to ground at the off-normal con-
tact 89, the relay 32 plays no.further part
in the control of the circuits. Relay 31
in operating, as a result of battery applied
from brush 2 and the contact with which it
is engaged, and to which a conductor corre-
sponding to 125 is connected, closes a circuit
that extends from battery through the wind-
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ing of relay 35 and the armature and front

contact of relay 31 to ground. Relay 35 in
operating extends the receiving branch of
calling channel 1 to the brushes 3 and 4 of
switch S* by way of c¢onductors 110, and
extends the transmitting branch of channel
1 to brushes 5 and 6 of switch S* by way
of conductors 112. It may be noted that
the extension of the channel conductors to
the brushes 3, 4, 5 and 6 does not occur un-
til the switch. S* has been moved to the de-
sired station group of channels and has
come to rest upon the terminals of an idle
channel of this group. Therefore interfer-
ence cffects ave avoided by keeping the chan-
nel conductor extensions normally discon-
nected, and the passage of the brushes3. 4,5
and 6 over the terminals of the other chan-
nels on their way to the selected channel is
without effect upon the circuits of the chan-
nels traversed.

When the brushes of switch S* of the call-
ing channel become connected with the set of
stationary terminals of channel 3 of station
3, as described, a circuit is completed that
extends from battery by way of the winding
of relay 86" of channel 8 (IFig. 7). outer lett
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hand back contact anid armature of relay 26,

conductor 125, the multiple wire that joins -

the test terminals of channel 3 of statior_l 3,
the test terminal of this channel in switch

S, test brush 2 which now rests upon this.

test terminal, conductor 114, lower back con-
tact and armature of release magnet 34, ar-
mature and back contact of relay 32, winding
of relay 31, and outer left hand front con-
tact and armature of relay 29 to ground.
The effect of the resultant operation of relay
31 has already been described. The opera-
tion of relay 36’ which also results from the
completion of this circuit opens at the lower
back contact and armature of relay 36’ the
path over which the A battery is supplied to

" the amplifier A®° balanced detector BD?
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and rectifier R® of channel 3 to maintain
them in their normal responsive condition.
Therefore the instant the channel is seized
by the switch of a calling channel the receiv-
ing branch of the seized channel is rendered
inert and the associated relay 25’ is rendered

-unresponsive. This prevents the 150 cycle

control frequency that is subsequently trans-
mitted over the receiving branch of channel
3 for the control of the signaling apparatus
of channel 1 at the calling station from
effecting the operation of the switching ap-
paratus associated with channel 3 at the in-
termediate station. Relay 36’ of the seized
channel 3 in operating also connects the re-
ceiving branch of channel 8 with the station-
ary terminals of the receiving branch of this
channel throughout the switches by way of
conductors 121 and the associated multiple
wiring, and also connects the transmitting
branch of channel 8 with the corresponding
stationary terminals of this channel through-
out the switches by way of the conductors
123 and the associated multiple wiring. The
receiving branch of calling channel 1 (Fig.
5) may now be traced by way of the two in-
ner armatures and front contacts of relay 85,
conductors 110, brushes 3 and 4 of switch S,
the stationary contact terminals of station 8,
channel 3 upon which these brushes have
come to rest, multiple conductors of these
terminals throughout the switches, conduec-
tors 123 and the two inner front contacts and
armatures of relay 36’ (Fig. 7) to the trans-
mitting branch of channel 8. ~Likewise the
transmitting branch of channel 1 (Fig. 5)
may be traced by way of the two outer arma-
tures and front contacts of relay 35, conduc-
tors 112, brushes 5 and 6 of switch St, the
stationary terminals of station 3, channel 8
upon which brushes 5 and 6 are now resting,
the multiple wiring- connecting the corre-
sponding terminals throughout the switches,
conductors 121, and the two outer front con-
tacts and armatures of relay 41 (Fig. 7) to
the receiving branch of the seized channel 3.

At the same time that relay 86’ was oper-
ated upon the seizure of channel 3 by the
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calling channel 1 relay 88’ of channel 3 was
also energized over a circuit extending from
battery through the winding of relay 38’
and thence by way of conductor 185 over the
path previously traced for the energization
of the relay 36”. The resultant operation of
relay 38” connects the A battery for lighting
the filaments of the thermionic tubes of mod-
ulator BM* and amplifier A% of the trans-
mitting branch of the seized channel 3.
Therefore the seizure of channel 8 of station
8 by switch S* of calling channel 1 of station
1 makes operative the transmitting branch
of channel 8. '

The interconnecting operation of the two
channels at the switching station is now
complete and there is no further change in
the condition of the switching apparatus
associated with these channels until discon-
nection takes place at the end of the con-
versation. After the operator at the calling
station has operated the dial OD to effect
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the interconnection of the channels at the -

switching station, as described above, she
returns the calling key CK of connecting
cord circuit CC? to 1ts normal position.
This reconnects toll ‘supervisory lamp TSL
in the sleeve circuit of the connectingr cord
and disconnects the common operator’s dial
OD. As relay 15 (Fig. 4) is now steadily
energized, the 150 cycle control frequency is
steadily applied to modulate the 10,000
cycle carrier wave of channel 1. The upper
side band of this modulated wave passes
through the band filter BF", the high fre-
quency hybrid coil HFHY, the carrier multi-
plex toll line 104 extending from calling sta-
tion 1 to switching station A, the high fre-
quency hybrid coil HFH? at the switching
station, the band filter BF® of the receiving
branch of channel 1 of this line at the sta-
tion, the two inner armatures and front con-
tacts of relay 35, conductors 110, brushes 3
and 4 of switch S* and the stationary termi-
nals of the seized channel 8 upon which these
brushes rest, the multiple wiring of these
terminals extending through the switches,
conductors 123, the two inner front contacts
and armatures of relay 36’ of channel 3 and
thence to the series input circuit of the bal-
anced modulator BM* in the transmitting
branch of channel 8. Here the 10,000 cycle
carrier path with its 150 cycle control modu-
lation transmitted from the calling station
is met by the group of modulating frequen-
cies 33,333 to 46,666, inclusive, supplied by
way of the common distributing circuit 108
to the parallel portion of the input cireuit
of balanced modulator BM*, and among
the products of modulation, as hereinbe-
fore fully explained, there appears the lower
side band of the 30,000 cycle frequency beax-
ing the 150 cycle control frequency modula-
tion. " This modulation product of the out-
put circuit of modulator BM* is selected by
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the band filter BF?, is amplified in the
amplifier A and passes through the band
filter BF* into the common transmitting
branch extending to the high frequency hy-
brid coil HFH? of the carrier multiplex toll
line extending between switching station A
and station 8 which is being called.

As the organization of the carrier multi-
plex circuit at called station 3 may be ex-
actly the same as the organization of the
circuits at calling station 1 shown in Figs.
3 and 4, the circuits illustrated in these two
figures may now be assumed to represent
the circuits of the station to which the con-
nection is being extended. In temporarily
referring to the circuits of Figs. 3 and 4
as representing the circuits at the called
station, however, the further assumption
will have to be made that the channel the
circuit of which is shown in detail in Fig.
4 is channel 8 of the called station, for the
reason that that is the channel over which
the call has been assumed to be extended,
and that consequently the band filter BF*
is adapted to pass the upper side band of
the 16,666 cycle carrier wave and that
the band filter BF? is adapted to pass the
lower side band of the 30,000 cycle carrier
wave; also that corresponding changes in
the frequency values are made in the asso-
ciated tuned circuits TC? and TCA

The passage of the 10,000 cycle carrier
wave with its 150 cycle control modulation
has been traced from the calling station
through the switching station, where it is
transformed into the 30,000 cycle frequency
with the 150 cycle control modulation, and
into the carrier multiplex line 126 extending
to called station 3. Proceeding now upon
the assumptions that have been made with
regard to the representation of the called
station by Figs. 8 and 4, the lower side band
of the 80,000 cycle carrier frequency with
its 150 cycle control frequency modulation
passes through the band filter BF? to the
balanced detector BD! where demodulation

~ takes place. The 150 cycle control frequency
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product of demodulation is amplified in
amplifier A* and passes through the low
pass filter LPF* to rectifier R*, being kept
out of the branch extending through the
band filter BF® by the low frequency sup-
pressing characteristics of this filter. After
rectification and amplification in rectifier
Rt the uni-directional current produced
causes the operation of relay 18 connected
with the output circuit of rectifier R'.

The result therefore is that as soon as in-
terconnection of the channels at the switch-
ing station has taken place, relay 18 associ-
ated with the seized channel at the called
station operates. When relay 18 operates

" it closes an energizing circuit by way of the

85

right hand winding of relay 17 and also
closes an energizing circujit for calling lamp

1,878,808

CI+ by way of the left hand armature and
back contact of relay 16. Relay 17in oper-
ating closes a circuit that extends from bat-
tery through the front contact and armature
of relay 17 and thence by way of conductor
53 to ground by way of the busy lamps BL*
of this channel. These lamps are thus il-
luminated to guard the channel as soon as
it is seized at the switching station. The
illumination of calling lamp CL* indicates
to the operator at the answering position,
operator’s position 1, that there is a call
incoming over this channel. The operator
therefore answers the call by inserting the
toll plug TP of one of her pairs of connect-
ing cords CC' into the associated channel
springjack TJ*. This closes a circuit that
extends from battery through the toll super-
visory lamp TSL of the cord circuit that is
being employed, resting contacts of calling
key CK, registering sleeve contacts of the
toll plug TP and channel springjack TJ?,
conductor 52, winding of relay 15 and wind-
ing of slow release relay 16 to ground. The
closure of this circuit operates both relays
16 and 15. Relay 16 in operating operates
relay 20, and that relay energizes the trans-
mitting branch of the corresponding chan-
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nel and applies the appropriate carrier

wave, in the present instance assumed to be
the 16,666 cycle wave, to balanced modulator
BM* by way of tuned circuit TC®. Relay
15 in operating operates relay 19 and ap-
plies the 150 cycle control frequency to the
balanced modulator BM* for modulating the
16,666 cycle carrier wave. Relay 16 in op-
erating also closes an energizing circuit by
way of the left hand winding of relay 17,
so that the illumination of the busy lamps
BL! is assured as long as a plug TP remains
in a spring-jack of the associated channel.
Relay 16 in operating also opens at its left
hand armature and back contact the circuit
over which calling lamp CIL* was illumi-
nated, thus extinguishing the lamp, and
closes at its left hand armature and front
contact a circuit that extends from battery
through the armature and front contact of
relay 18, resistance 49 and winding of relay
16 to ground. The circuit thus -closed
through resistance 49 is in shunt of the'
branch extending from battery by way of
supervisory lamp TSL, conductor 52 and
winding of relay 15, and the value of re-
sistance 49 is such as to shunt out and ex-
tinguish lamp -TSL, but without effecting
such a reduction of current flow as to re-
lease the relay 15 included in series with
iamp TSL. Assuming an electromotive
force of approximately 24 volis for the bat~
tery that supplies current for this circuit,
this result may be effected by making the
resistance of relay 16 approximately 100
chms, the resistance of relay 15 approxi-
mately 20 ohms, the hot resistance of lamp

95

160

116

116

120

128

130



10

15

20

30

a5

40

45

1,678,208

TSL approximately 120 ohms and the value
of resistance 49 approximately 40 ohms.

At the stage of operation that has now
been reached the operator at operator’s po-

sition 2 of the calling station is in connection

with channel 1 by way of connecting circuit
CC? and multiple jack MJ* of the channel,
the 10,000 cycle carrier wave with its 150
cycle control frequency modulation is ap-
plied to calling channel 1 at the calling sta-
tion, the connection between channel 1 of
station 1 and channel 3 of station 3 is estab-
lished at the intermediate or switching sta-
tion, the 10,000 cycle carrier with its 150
cycle control frequency modulation is hold-
ing the intermediate station switch S! in
its operated position and is also being trans-
formed to the 80,000 cycle carrier with an
accompanying 150 cycle control frequency
modulation in the transmitting branch of
channel 3 at the switching station, this
modulated carrier is being received in chan-
nel 3 of station 3 and is holding the relay
18 associated with the receiving branch of
that channel operated, the operator at op-
erators’ position 1 at the called station 3
has made connection by means of connecting
circuit CC* with the channel over which
the call is being received, calling lamp CL?
and toll supervisory lamp TSL at the called
station 3 are extinguished and the 16,666
cycle carrier wave with the 150 cycle fre-
quency modulation is being applied to the
transmitting branch of channel 3 at station
3 over which the call from station 1 has
come in. The 16,666 cycle carrier wave with
the 150 cyele control frequency modulation
applied at the called station is transmitted
back over the carrier multiplex line extend-
ing between the switching station and called
station 8, and passes into the receiving
branch of channel 8 (Fig. 7) by way of band
filter BF*. The modulated 16,666 carrier is
applied to the input circuit of the amplifier
A®°. But as the seizure of channel 3 and the
accompanying operation of relay 36’ (Fig.
7) has disconnected the normally connected
A battery from the filaments of the thermi-
onic tubes of amplifier A®, balanced detector
BD? and rectifier R?, these devices are inert
and the modulated 16,666 cycle carrier has
no effect upon relay 25, and the switching

apparatus associated with channel § remains-
therefore in its normal condition. The mod-

ulated 16,666 cycle carrier, however, passes
by way of the two outer armatures and front
contacts of relay 36", conductors. 121, mul-
tiple wiring of channel 8 throughout the
switches, stationary contact terminals upon

- which brushes 5 and 6 of switch S* are

resting, outer front contacts and armatures
of relay 35 (Fig. 5), and transmitting
branch of channel 1 to the series input cir-
cuit of balanced modulator BM?. Here the
modulated 16,666 cycle carrier is joined by

21

the matching frequencies supplied to the
parallel portion of the input circuit of bal-

anced modulator BM? by way of the dis-

tributing circuit 108, and the products of
the plural modulation that occurs include
the lower side band modulation of the 23,333
cycle frequency. This is passed selectively
through the band filter BF*® to the input
circuit of the amplifier A%, and after ampli-
fication is selectively passed through the
band filter BF*® and the high frequency
hybrid coil HFH? to the carrier multiplex
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line 104 extending from the switching sta-

tion to calling station 1. Tt will have been
noted that the balanced modulator BM? and
the amplifier A® are energized at this time
as a result of the energization of relay 38
due to the energized condition of slow re-
lease relay 26 in the receiving branch of
calling channel 1. ,

The modulated 23,333 cycle carrier pro-
duced by the transformation of the 16,666
cycle modulated carrier in balanced modu-
lator BM?, as described, passes -over the
carrier multiplex line 104, through high fre-
quency hybrid coil HFH* (Fig. 4), band
filter BF* of the receiving branch of chan-
nel 1 of the calling station and thence to bal-
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anced detector BD* where demodulation oc- -

‘curs. The 150 control frequency product of
‘demodulation is amplified in amplifier A*

and passes selectively through low pass filter
LPE? to rectifier R%, and the amplified and
rectified current that results, causes the op-
eration of relay 18 of the receiving branch
of channel 1 at the calling station. When
relay 18 at the calling station operates it
closes the branch circuit to battery.by way
of resistance 49 and the left hand front
contact and armature of relay 16, the latter
relay being operated at the calling station
as a result of the presence of toll plug TP
of connecting circuit CC? in the channel
spring-jack MJ*. The completion of the

-branch path by way of resistance 49 has the

effect of shunting and extinguishing the
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toll supervisory lamp TSL at the calling -
station. Therefore the response of the op-

erator at station 3 to the call received over
channel 3 from station 1 is indicated to the
operator at calling station 1 by the darken-
ing of the toll supervisory lamp TSL of the
connecting cord circuit CC2. The carrier
circuit between calling station 1 and called
station 8 is now complete, and the operators
at. these stations may carry on the conver-
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sation incidental to the establishment of the

further extension of the connection to the
desired local line at called station 8. As-
suming that the connection is to be extend- -
ed to local station SS at called station 3, this’
is effected by the insertion of plug LP of .
connecting circuit CC* into the multiple jack
LMJ of the line extending to this local sta-

tion and the pressing of ringing key RK.
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When the subscribers are in conversation
the voice currents pass by way of conduc-
tors 50 and 51 (Fig. 4) through the artifi-
cial line AL? to the line windings of the
low frequency hybrid coil LFH® and thence
by way of the series winding of the hybrid
coil, the band filter BE” and the transformer
21 to the series input circuit of the two
thermionic tubes of balanced modulator
BM:. The band filter BF7", as heretofore
stated, is constructed and adjusted to pass the
essential voice frequencies lying between the
limits of 300 cycles and 2300 cycles per sec-
ond ; and as the band filter BF" is interposed
between the low frequency talking circuit of
the station and the point of application of
the 150 cycle control frequency to the bal-
anced modulator, it serves to prevent the
backing up of the continuously applied 156
cycle frequency into the low frequency talk-
ing circuit. As a result of the action which
takes place in the balanced modulator BM*
the carrier wave, 10,000 cycles in the case
of calling station 1 and 16,666 cycles in the
case of called station 3, is modulated simul-
taneously by the 150 cycle control fre-
quency and the 800 to 2300 cycle band of the
voice frequencies, and in each case the upper
modulation side band is transmitted. The
upper side band of the 10,000 cycle carrier
transmitted from calling station 1 is con-
verted at the switching station by the action
of balanced modulator BM* (Fig. 7) into
the lower side band of the 30,000 cycle fre-
quency; and the upper side band of the
16,666 cycle carrier transmitted from called
station 3 is converted at the switching sta-
tion by the action of balanced modulator
BM:2 (Fig. 5), into the lower side band.of
the 23,333 cycle frequency. The converted
frequency side band produced at the switch-
ing station by the modulation of the side

. band transmifted from each station is then
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transmitted to the other station, received in
the receiving branch of the channel at that
station, and demodulated in the balanced de-
tector BD'. The 150 cycle control fre-
quency product of demodulation is then se-
lected by low pass filter LPF* to effect the
energization of relay 18 in the manner here-
inbefore described and the voice frequency
product of demodulation lying between 300
cyeles and 2300 cycles per second are selected
by band filter BF® and applied to the mid-
points of the line windings of the low fre-
quency hybrid coil LFH®. The voice cur-
rents then pass equally through the line
windings of the hybrid coil to the balanc-
ing network N and to the conductors 50 and
51 extending to the line springs of the

-springjack into which the toll plug TP of

the connecting circuit is inserted, and thence
in the usual way to the connected local line.

1 after the connection is established it is
necessary for the operator at either station

1,878,208

to signal the operator at the other station,

this may conveniently be done by throwing

the calling key CK of the associated con-
necting circuit to connect the commeon dial
OD with the sleeve circuit, and then operat-
ing the dial to cause a series of interruptions
of the circuit at the dial contacts 13. As has
been stated, the dial OD is so adjusted that
the interruptions of the circuit at dial con-
tacts 13 are of sufficient duration to cause
the operation of the quick acting relays, but
of insufficient duration to cause the release
of the slow acting relays controlled by the
dial. As a result when the operator oper-
ates dial OD to signal the distant operator,
the armature of relay 15 is intermittently
released and attracted to cause correspond-
ing intermissions in the application of the
150 cycle control frequency, but the circuit
of relay 16 is not interrupted for a sufficient
length of time to permit relay 16 to release
its armatures and deenergize the transmit-
ting branch of the channel. The effect of

the intermissions of the 150 cycle control

frequency at the switching station is to
cause a corresponding series of retractions
and attractions of the armature of relay 25
(Fig. 5), the interruptions of the energizing
circuit of associated relay 26, however, being
of insufficient duration to permit relay 26 to
release its armatures. The intermittent op-
eration of relay 25 causes a corresponding
intermittent operation of the relay 27; but
as relay 29 is at this time energized and
locked up by way of the off-normal contacts
39 of switch S*, the operation of relay 27 is
without effect on the circuits of the chan-
nel. However, the withdrawal of ‘the 150
cycle control frequency results in a corve-
sponding disappearance of the 150 cycle
modulation from the side band into which
the balanced modulator BM* (Fig. 7) con-
verts the side band transmitted from calling
station 1, or from the side band into which
the balanced modulator BM? (Fig. 5) con-
verts the side band transmitted from called
station 8 if that is thé station which is
operating its dial to cause the signaling in-
termissions of the 150 cycle control fre-
quency. As a result of the intermissions of
the 150 cycle control frequency at the dis-
tant station the relay 18 at the station that
is being signaled is caused intermittently to
release and attract its armature, and there
therefore is a corresponding breaking. and
making of the shunt circuit including the
resistance 49 and the left hand front contact
and armature of relay 16. The breaking
and making of this shunt circuit causes the
flashing of the toll supervisory lamp TSL
of the operator’s conmnecting cord circuit,
and this constitutes an indication to the op-
erator that the distant operator is signaling
her. ‘ .

When the connected subscribers have con-
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cluded their conversation the replacing of
the telephons receivers upon the respective
switch hooks breaks the circuits of the asso-
ciated supervisory relays 12 of the connect-
ing cord circuits and causes the illumination
of the associated lamps LSL. The opera-
tors, after supervising the connection by
means of their cord circu't listening keys
LK, withdraw the plugs LP and TP from
the spring-jacks into which they have been
inserted. When the operator withdraws toll
plug TP from the channel spring-jack into
which it has been inserted the circuit that
has been maintaining relays 15 and 16 ener-
gized is broken. Relay 15 immediately re-
leases its armature, and the resultant deener-
gization of relay 19 withdraws the 150 cycle
control frequency from the balanced modu-
lator BM*. Shortly thereafter the slow re-
lease relay 16 releases its armatures, and the
resultant deenergization of relay 20 discon-
nects the A battery from the filaments of
the thermionic tubes of balanced modulator
BM:* and balanced amplifier BA! to render
the channel transmitting branch inert, and
also withdraws the carrier wave from the
input circuit of the balanced modulator
BM:

The withdrawal of the tool plug TP from
the channel spring-jack at the called station
is without effect upon the switching ap-
paratus at the intermediate or switching sta-
tion, for the reason that the high frequency
responsive switch control apparatus associ-
ated with the receiving branch of the seized
channel at the intermediate or switching
station is maintained inoperative by the in-
terruption at the lower back contact and
armature of relay 36" (Fig. 7) of the cir-
cuit over which current from the A battery is
supplied to the filaments of the amplifier

A®°, Dbalanced detector BD®* and rectifier

R®, The restoration of the switching ap-

paratus at the intermediate or switching sta-.~

tion is under the control of the calling sta-
tion. When the 150 cycle control frequency
is withdrawn from the carrier wave of
channel 1 of the calling station as a result
of the withdrawal of toll piug TP from the
channel spring-jack, relay 25 of the receiving

‘branch of the channel at the switching sta-

tion (Fig. 5) is immediately released, and
shortly thereafter the slow release relay 26
releases its armatures. When relay 26 re-
leases it breaks at its outer front contact
and armature the path to ground which has
been holding energized relay 88, and that
relay in releasing interrupts the flow of cur-
rent from the A battery to the filaments of
balanced modulator BM? and amplifier A®
and thus deenergizes the transmitting branch
of channel 1 at the switching station. As it
is this ground connection at the outer frong
contact of relay 26 that has been maintain-
ing the test potential on conductor 125 con-

23

nected with the test terminals of this chan-
nel throughout the switches, the release of
relay 26 removes the busy test condition from
the channel, and also at the back contact of
the outer armature of relay 26 reconnects to
the test conductor 125 the branch from bat-
tery including the relay 36, so that relays
36 and 38 are again under the control of

conductor 125 extending to the test terminals. -

Relay 26 in releasing also closes a circuit
that extends from battery through the arma-
ture and back contact of relay. 25, inner

armature and back contact of relay 26, wind-

ing of release magnet 34 of the switch St
and to ground by way of the closed off-nor-
mal contacts 39 of switch St. The comple-
tion of this circuit causes release magnet 34
to attract its armature and remove the hold-

ing pawl 43 from ratchet wheel 41 of associ- -

ated switch S?, the holding pawl at the same
time acting to lift the stepping pawl 42 out
of engagement with the teeth of the ratchet
wheel. The energizing circuit of release mag-
net 84 remains closed throughout the return
movement of the switch wipers or brushes,
and as the brushes reach their normal posi-
tion the energizing circuit is broken by the
opening of the off-normal contacts 39. " The
opening of the off-normal contacts also serves

to break the locking circuit of relay 29,

which thereupon releases to restore the nor-
mal condition of the associated -circuits.
When the release magnet 84 operates it not
only releases and permits the return to nor-

mal of the associated switch brushes, but also

opens at its lower armature and resting con-
tact the circuit extending from ground by
way of outer armature and front contact of
relay 29, winding of relay 31, back contact
and armature of relay 32, and lower armature
and back contact of release magnet 34 to test
brush 2 of the switch. This has the effect of
opening the circuit of test brush 2 and thus
preventing unintended actions which might
otherwise occur as a result of test brush 2
passing over corresponding test terminals
of other channels during the return move-
ment of the brushes. It also has the effect
of immediately breaking the energizing cir-
cuit through relay 31 thus causing relay 31 to
break the.energizing circuit of relay 35 as
a result of which brushes 8, 4, 5 and 6 are
maintained disconnected from their channel
circuits during the return movement of the

brushes. . Brush 1 of the switch is kept dis--

connected during the return movement by
the energized condition of relay 29 which

-continues until the brushes have completed

their return and have opened the off-normal
contacts 39. o
The operator at the calling station in
withdrawing the toll plug from the channel
spring-jack not only brings about the resto-
ration to normal of the calling channel
switch S and the associated channel appa-
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ratus at the switching station, but alsc
brings about the restoration to normal of the
apparatus associated with the called channel
3 of station 8. This is -effected through the
medium of relays 36" and 38" (Fig.7) of
channel 8 which relays are included in paz-
allel branches of the conductor 125 the cir-
cuit of which during the continuance of the
connection has been completed by way of the
test terminal and brush 2 of calling channel
switch S?, contacts of release magnet 34 and

relays 32 and 29,and winding of relay 81

(I'ig. 5). When release magnet 34 operates
to restore switch S* it opens this circuit in
which the windings of relays 86" and 38" of
channel 3 are included, and an instant later
the circuit is permanently interrupted bg the
return movement of brush 2 of switch &t off
of the test terminal of called channel 3.
When relay 86” of channel 8 releases it opens
the circuit of the associated channel conduc-
tors that was extended by wayof the four
conductors 121 and 123 to the multiple wir-
ing of channel 3 throughout the switches. At
the same time relay 36" in releasing recon-
nects the A battery for the energization of
the filaments of amplifier A°, balanced de-
tector BD? and rectifier R® of the receiving
branch of channel 3, with the result that the
receiving branch of channel 3 is again made
responsive to a call initiated at station 3 with
which it is associated. Relay 38’ in releasing
interrupts the connection of the A battery
with the filaments of the thermionic tubes of

5 balanced modulator BM* and amplifier A°

of channel 8, thus rendering the transmitting
branch of channel 3 inert until it is again
energized by the taking of channel 8 for use.

If it should happen that the switching
apparatus at the switching station is released
by the withdrawal of the toll plug from the
channel spring-jack at- the calling station
before the operator at station 3 withdraws
the toll plug from the spring-jack of chan-
nel 8 in which it has been inserted, relay
25 of channel 3 is energized and in turn
energizes the slow release relay 26’. The re-
sultant operation of relay 26" breaks the path
from battery through the winding of relay
36" and at the same time applies ground to
conductor 125’ extending to the test termi-
nals of channel 3 throughout the switches.
This has the effect of guarding channel 3
against seizure by a calling switch as long as
the operator at the distant station to which
channel 3 extends has connection with it.
When the operator at station 8 removes the
toll plug from the channel spring-jack this
busy condition of the channel at the switch-
ing point is removed and the channel is again
made available for connection. Inasmuch
as the release of relay 26’ is delayed at the
moment of disconnection until after the ar-
mature of relay 25" has fallen back, relay 27/
1s’ momentarily operated, and this has the
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effect of momentarily closing the energizing
circuit of stepping control relay 28" by
way of brush 1 of switch S° and the sta-
tionary terminal upon which it rests in the
normal position of the switch brushes. Asa
result switch S° is advanced one step. But
as relay 25”7 is not again energized at this
time the immediately following retraction
of the armatures of relay 26" energizes re-
lease magnet 34" by way of the off-normal
contact 39, closed when the switch brushes
were moved one step from normal, and
switch S° is immediately restored to its nor-
mal position. :

Reference will now be made to the actions
which occur when the calling operator at-
tempts to establish connection with a station
all of the channels of which are in use. It
will be remembered that in the foregoing
description of the completicn of a connection
between calling channel 1 of station 1 and
channel 3 of the called station 3 it was as-
sumed that channels 1 and 2 of calling sta-
tion 3 were in use and that channel 8 of
station 8 was idle and available for conneec-
tion. It will now be assumed that all three
channels of station 8 are in use at the time
the call for connection with that station is
initiated. Under these circumstances the
test terminals of all three channels have
connection with ground, and consequently
as test brush 2 of switch S' passes over them
in the hunting operation of the switch there
is no interruption of the circuit that extends
from battery to ground at these test contacts
by way of the winding of stepping control
relay 28, inner left hand armature and front
contact of relay 29, upper winding and front
contact and armature of relay 82, lower ar-
mature and back contact of release magnet
34, conductor 114 and test brush 2. Therefore,
relay 28 is held energized to cause the con-
tinued operation of the stepping magnet 83,
and relay 82, is held energized to prevent the
operation of relay 31 and the .cutting
through of the channel connection. But as
test brush 2 pasces out of engagement with
the test terminal of channel 3 of station 3
and into engagement with the next succeed-
ing test terminal of the series the energizing
circuit of relays 28 and 32 is broken, for
the reason that the connection of the fourth
test terminal of the group, just engaged, is
by way of conductor 117 and winding of
relay 87 with battery instead of with ground.
Relay 28 in releasing stops the stepping ac-
tion and brings the switch brushes to rest,
and relay 32 in releasing closes a circuit that
extends from battery through the winding
of relay 37 (Fig. 5), conductor 117, fourth
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armature of relay 29 to ground. Relay 381
in operating closes the energizing circuit of
relay 35 and brings about the extension of
the conductors of channel 1 by way of pairs
of conductors 110 and 112 to the brushes
3, 4, 5 and 6 of switch S*. Relay 37 in
operating closes a circuit that extends from
battery through the winding of relay 40
(Fig. 6), conductor 116 and armature and
front contact of relay 37 to ground. Relay
40 in operating applies current from the
A battery for the heating of the filaments of
the thermionic tubes of the modulator BM*
and amplifier A7 of the busy tone modulat-
ing apparatus. The 10,000 cycle carrier
wave supplied to the modulator BM® by way
of tuned circuit TC? is thus modulated by
the busy tone, and the upper side band of
the 10,000 cycle carrier wave thus modulated
and amplified is supplied by way of the
band filter BIF* to the distrbuting circuit
130. A branch of this distributing circuit ex-
tends to the stationary terminals upon which
switch brushes 5 and 6 are now resting; and
as a result the upper side band of the busy
tone modulated 10,000 cycle carrier is ap-
plied by way of conductors 112 and the two
lower front contacts and armatures of relay
35 to the series input circuit of the balanced
modulator BM? of the transmitting branch
of channel 1. Here the busy tone modulated
carrier is met by the group of matching
frequencies 33,333 cycles to 46,666 cycles, in-
clusive, applied to the parallel input circuit
of balanced modulator BM* by way of dis-
tributing conductors 108, and among the
products of modulation appearing in the out-
put circuit of the modulator is the lower
side band of the 23,333 cycle frequency.
This, after selection in the band filter BE*S,
amplification in the amplifier A® and further
sclection in the band filter BF, is applied
by way of the high frequency hybrid coil
HFH? to the carrier multiplex line 104 ex-
tending to calling station 1. At calling sta-
tion 1 the busy tone modulation passes into
channel 1, and after demodulation and se-
lection, in the manner hereinbefore de-
scribed is carried into the low frequency
line with which the operator’s connecting
circuit is connected. Consequently the call-
ing operator, upon bringing her telephone
set into circuit by operating the listening
key LI hears the busy tone and knows that
all of the channels extending to the called
station 3 are in use. She thereupon with-
draws the toll plug TP from the channel
spring-jack, and a restoration of the appa-
ratus at the switching station to normal oc-
curs in the manner which has already been
described. It will be observed that there is
a set of busy tone applying terminals lymmg
beyond each series of scts of channel termi-
nals of the various stations, so that the busy

» tone is automatically sent back to the calling

28

station whenever the switch brushes fail to
make connection with any of the channels
of the station that is being called.

A brief reference will now be made of the
manner.in which any of the stations of the
system, for instance station 1, obtains con-
nection with another of the stations, as sta-

70

tion 5, which must be reached by the ex-

tension. of the connection through a plu-
rality of the intermediate or switching sta-
tions. Referring to the schematic diagram
of the system illustrated in Figs. 1 and 2,
1t may be seen that in order for station 1 to
reach station 5 the connection is made by
way of the carrier multiplex toll line ex-
tending from station 1 to switching station
A, one of the switches S, 8% or S* of sta-
tion 1 at switching station A depending
upon which of the channels is taken for use
at station 1, the carrier multiplex toll line
extending from switching station A to
switching station B, one of the three
switches S%, S° or S° at station B, depend-
ing upon which of the three channels has
been seized by the switching apparatus at
station A, and thence by way of the carrier
multiplex toll line extending from switch-
Ing station B to the called station, station 5.
It will be assumed that channel 1 of each of
these interconnecting links is the one which
1s taken for use. In establishing the con-
nection therefore the operator at station 1
inserts the toll plug of the pair of connect-
ing cords into a terminal spring-jack of
chanpel 1, which act causes the energization
of the channel and the application of the
150 cycle control frequency to the channel
carrier wave, as hereinbefore described.
In the present instance it is the fourth main
group of stationary switch terminals at
switching station A (Fig. 6), the group as-
sociated with the channels of the carrier
multiplex line extending from station A to

channel is to be effected. Consequently the
operator at calling station 1 operates the
calling dial OD so as to cause four inter-
ruptions of the dial contacts 13. As a resuli
the 150 cycle control frequency is withdrawn
from and reapplied to the channel 1 carrier
of station 1 four times. This has the effect
of bringing the switch brushes of switch
St at switching station A into engagement
with the first set of terminals of the fourth
or uppermost group before the slow release
relay 30 (Ifig. 5) releases to bring about the
change-over and start the hunting operation
of the brushes of switches S'. As it is as-
sumed that channel 1 of the carrier multi-
plex line extending to station B is available
for use, the brushes of switches S* remain
in engagement with the first set of terminals
of the fourth group, and consequently the
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ductors of channel 1 of the carvier multi-
plex line extending to station B. This ex-
tension is accompanied, in the manner here-
inbefore described in connection with the
extension of channel 1 of station 1 to chan-
nel 3 of station 8, by the energization of the
transmitting branch of the seized channel
and the decnergization of the switeh control
and receiving branch of the seized channel.
Consequently there occurs in the energized
transmitting branch of the seized channel
at switching station A a conversion of the
carrier frequency transmittéd from calling
station 1 to the frequency adapted to pass
out over the transmitting branch of channel
1 of the carrier multiplex line extending to
switching station B. The calling operator
at station 1 therefore now has control over
the receiving apparatus connected with the
receiving branch at switching station B of
the carrvier multiplex line that extends to
station B from switching station A.

It may be assumed that the stationary
channel terminals at switching station B
associated with the channels of the carrier
multiplex line extending from switching
station B to station 5 are those of the third
main group of the four groups traversed
by the brushes of the switches at switching
station B. Therefore, the calling operator
at calling station 1 again operates the call-
ing dial OD, this time in such a way as to
cause the associated dial contacts 13 to inter-
rupt the circuit three times. This causes
the 150 cycle control frequency to be with-
drawn from and reapplied to the carrier
wave three times. As the carrier trans-
mitted from calling station 1 is now being
transformed in frequency in the transmit-
ting branch of the interconnected channel
at switching station A and is being received
at that transformed frequency at switching
station B by way of the receiving branch
of the channel of the carrier multiplex line
extending to switching station B from
switching station A, these intermissions of
the 150 cycle control frequency have exactly
the same effect upon the operation of the as-
sociated switch S* at switching station B
as has hereinbefore been explained at length
in connection with the detailed deseription
of the extension of a connection from calling
station 1 to called station 8. The second
operation of the operator’s dial at the calling
station therefore causes switch S* at switch-
ing station B to bring its brushes into en-
gagement with the first set of channel ter-
minals of the third group, that is the group
associated with the channels of the carrier
multiplex line extending to called station 5.
It has been assumed that channel 1 of the
line extending Afrom switching station B to
called station 5 is available for use. There-
fore the brushes of switch S* at switching
station '3 remain in engagement with the
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first set of contacts of the third group,
and a connection is consequently extended
by way of channel 1 of that group to the
called station 5. The subsequent operations
at the calling and called stations thus inter-
connected are exactly as have hereinbefore
been described, the carvier side band trans-
mitted from each station being transformed
by the matching frequencies at the succes-
sive intermediate stations and finally de-
modulated at the distant station. It may
be noted that the second set of dial im-
pulses transmitted by the calling operator at
station 1 for the control of the switching
apparatus at switching station I3 do not
caunse any change in the condition of the
switching apparatus at switching station A,
for the reason that the relay 29 (Ifig. 5) at
switching station A is being held in its
operated position, and therefore that the en-
ergization and decnergization of relay 27
as a result of the corresponding movements of
the armature of relay 25 are ineffective be-

‘cause the ground circuit controlled by the
armature of relay 27 is held open at the

outer left hand back contact and armature
of relay 29. The intervals during which
the armature of relay 25 is released as a
result of the second series of interruptions
produced by the operator’s dial are too short,
as has been described, to permit the release
of the slow rclease relay 26. But when the
conversation between the interconnected sub-
seribers is completed, and the operator at
the calling station disconnects, the relays 25
associated with the receiving channel
branches at each intermediate or switching
station are simultaneously and continuingly
released and consequently the associated
relays 26 at the series of intermediate sta-
tions retract their armatures and bring
about the operation of the associated release
magnets 34 to restore the switches at the
intermediate stations to their normal posi-
tions.
What is claimed is:

1. In a carrier wave communicating sys--

tem, two lines, means for transmitting sig-
nals over each of said lines in the form of
variations of a carrier wave, automatic

_switch mechanism, and means operating in

response to variations in the carrier wave
transmitted over one line for actuating said
switch mechanism to operatively associate
said two lines so that the signals transmitted
over onc line are repeated into the other line
and transmitted therecover in the form of
variations of a carrier wave.

2. In a carrvier wave communicating sys-
tem, two lines each having a plurality of
frequency selective channels superimposed
thercon, an automatic switching mechanism
associated with each channel, a controller
adapted to be variably operated to govern
the operation of any one of said automatic
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switching mechanisms to extend and connect
the corresponding. channel of one line to
any channel of the other line, and a control
circuit including said controller, the auto-
matic switching mechanism and the corre-
sponding channel to the line to be extended.

3. In a carrier wave communicating sys-
tem, a plurality. of lines each having a plu-
rality of superimposed frequency selective
channels, automatic switching mechanism, a
controller for governing the operation of the
same to interconmect any two chanmels of
diflerent lines and a control circuit including
said automatic switching mechanism and
said controller. g :

4. In a carrier wave communicating sys-
tem, two lines, a plurality of frequency se-
lective channels superimposed upon each
line, a switching station, automatic switch-
ing mechanism thereat, a controller adapted
to be variably operated to govern the opera-
tion of said automatic switching mechanism
to connect any two channels of different
lines, and a circuit including said automatic
switching mechanism and said controller.

5. In a carrier wave communicating sys-
tem, a plurality of lines each having a plu-
rality of frequency selective channels super-
imposed thereon, a switching station, auto-
matic switching mechanism thereat for each
channel of each line, a variably operable con-
troller, means for associating the same with
any of said switching mechanisms to govern
the operation thereof in connecting the asso-
ciated channel with a channel of another
line, and a circuit including said switching
mechanism and said controller.

6. In a carrier wave communicating sys-
tem, two lines each having a plurality of
frequency selective channels superimposed
thereon, a switching station to which said
lines extend, an automatic selector switch at
said switching station for each channel of
cach line, an impulse controlling mechanism,
nicans for associating the same with any of
said selectors to govern the operation there-
of in connecting the associated channel with
a channel of the other line and a circuit in-
cluding said selector and said impulse mech-
anism. .

7. In a carrier wave communicating sys-

tem, two lines each having a plurality of-

frequency selective channels superimposed
thereon, an automatic switch for each chan-
nel of cach of said lines, and means con-
trolled over each channel for effecting the
operation of the corresponding automatic
switch to connect the associated channel with
any of the channels of said other line.

8. In a carrier wave communicating svs-
tem. a plurality of lines each having a plu-
rality of frequency selective channeﬁ_ super-
imposed thereon, an automatic switeh for
each channel of each line, and means con-
trolled over each channel for effecting the

‘27

operation of the corresponding dutomatic
switch selectively to connect the associated
channel with any of said other lines and

with an idle channel of the selected linec.

9. In a carrier wave communicating sys-
tem, a plurality of lines, each having super-
imposed thereon a plurality of frequency
selective . channels, automatic - switching

‘mechanism associated with each line, and

means controlled oyer each frequency selec-
tive channel for eflecting the operation of
said automatic switching mechanism of the
corresponding line to connect the channel
over which the control is exercised with an

_idle channel of any desired one of said other

lines.
10. A plurality of lines each having a fre-

uency selective channel superimposed there- -
y

on, a switching station to which said lines
extend, automatic switching mechanism at
said station, and means controlled over the
frequency sclective channel of any of said
lines for establishing connection between
said line and any other of said lines.

11. A plurailty of lines each having a
frequency selective channel superimposed
thercon, a switching station to which said
lines extend, an automatic switch at said
switching station for each of said lines, and

means controlled over the frequency selec- 9

tive channel of cach of said lines for effect-
ing the operation of the corresponding auto-
watic switch to connect the associated line
with any desired one of caid other lines.
12. A plurality of lines each having a fre-
quency selective channel superimposed-there-
on, a switching station to which said lines
extend, an automatic switch for each of said

lines at said station, means controlled over

the frequency selective channel of each line
for actuating the corresponding automatic
switch to connect the associated line with
any desired one of said other lines, and
means controlled over the frequency selec-

_tive channel of one of the connected lines

for operating said automatic switch to effect
disconnection. :

13. In a carrier. wave communicating sys-
tem; two lines each having a plurality of
irequency selective channels superimposed

_thereon, a switching station to which said

lines , extend, automatic .switching mecha-
nism. for each line at said station, means
controlled over any of said frequency selec-
tive channels for actuating said automatic
switching mechanism to connect the corre-
sponding channel with any channel of said
other line, and means made operative in the
establichment of said connection for prevent-
ing either of said channels from being con-
nected with by any other channel.

14. In a carrier wave communicating sys-
tem, two lines .each having a plurality of
frequency selective channels superimposed
thereon, a switching station to which saiid
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lines extend, automatic switching mecha-
nism at said -station for each channel, a
controller adapted to be variously operated
to govern operations of any one of said
automatic switching mechanisms to extend
and connect the corresponding channel of
one line to any channel of the other line at
a certain carrier frequency, and a control
cireuit including the controller and the auto.
matic switching mechanism and correspond-
ing channel of the line to be extended.

15. In a carrier wave communicating sys-
tem, a switching station, two lines entering
said station, means associated with each of
said lines for transmitting signals thereover
in the form of variations of a high fre-
quency carrier wave, an automatic switch
mechanism associated with each line, means
controlled by variations in the carrier wave
transmitted over one of said lines for effec-
tively connecting said lines to repeat signals
received over one line as variations of said
carrier wave, into the other line as varia-
tions of the carrier wave utilized on that
line, and means associated with said auto-
matic switch mechanism adapted to pass
only currents in the frequency level of said
carrier waves and to prevent the passage
of voice frequency currents.

16. In a carrier wave communicating sys-
tem, two lines each having superimposed
thereon a two-way frequency selective chan-
nel arranged to transmit upon one frequency
band and receive upon another frequency
band, means for interconnecting the two-
way frequency selective channels of said
lines, and means included in the intercon-
nection of said channels for directly and
immediately converting the frequency band
that each of the channels is adapted to trans-
mit into the frequency band that the other
channel is adapted to receive.

17. In a carrier wave communicating sys-
tem, a line arranged to transmit a speech
modulated carrier of one - frequency, an-
other line arranged to reccive a speech
modulated carrier of another frequency,
means for interconnecting said lines, and
means automatically made operative in the
interconnection of “said lines for directly
and immediately converting the frequency
of the speech modulated carrier transmitted
by the first line into the frequency of the
speech modulated carvier that the cecond
line is adapted to receive.

18. In a carrier wave communicating sys-
tem, a line having superimposed thereon a
channel adapted to transmit a side band of
a carrier wave modulated with a low fre-
quency, another line having superimposed
tlicreon a channel adapted to receive the
side band of another carrier modulated with
said low frequency, means for interconnect-
ing said lines, and means made active in
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effecting said interconnection for convert-
ing the side band transmitted by the first
line into the side band adapted to be re-
ceived by the second line by a single modu-

lation of the transmitted side band.

19. In a carrier wave communicating sys-
tem, a transmitting station and a recelving
station, a line extending from each of said
stations to a switching station, means at
said switching station for interconnecting
sald lines, means at the transmitting sta-
tion for modulating a carrier wave with
a low frequency, means at the receiving

station for receiving and demodulating an--

other carrier wave modulated with said
low frequency, and a modulating device in-
cluded in the interconnection of said lines
at the switching station for direetly con-
verting the modulated carrier wave trans-

mitted from the first station into the modu--

lated carrier wave that the second station
1s adapted to receive and demodulate.

20. In a carrvier wave communicating sys-
tem, two lines each having superimposed
thercon a two-way channel comprising a
transmitting branch adapted to transmit
the side band modulation of one carrier anil

“a receiving branch adapted to receive the

side band modulation of another earrier,
a switching station to which said line: ex-

tend, and automatic switching mechanism 93

at said station for ope atively connecting
the transmitting channel branch of ocach
line with the receiving channel branch of

.the other line.

. 21. In a carrier wave communicating sys-
tem, two lines each having superiniposed
thereon a' two-way channel comprising a
transmitting branch and a receiving hranch,
the receiving branch of each line being
adapted to receive a different frequency
from that which the other line is adapted
to transmit, means for connecting the trans-
mitting branch of each line with the receiv-
ing branch of the other line, and means
made operative in establishing such inter-
connection for converting at the intercon-
necting point the frequency transmitted by
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each line into the frequency which the other -

line is adapted to receive.

22. In a carrier wave communicating sys-
tem, a receiving channel adapted to be re-
sponsive to a band of frequencies oceupy-
ing a certain position in the frequency seale,

-2 _plurality of {transmitting channels encl:

adapted to transmit a band of frequencies
occupying a position in the frequency scale
differing from the bands transmitted by the
other channels
to be received by the receiving channel,
means for connecting any of said transmit.
ting channels with said receiving channel,
and means made operative in effecting such
interconnection for changing the position of

and from the band adapted -
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the transmitted band to a position corre-
sponding to that of the band which the re-
ceiving channel is adapted to receive.

23. In a carrier wave communicating sys-
tem, a transmitting station and a receiving
station, a series of frequency selective chan-
nels constituting a connection between said
stations, the frequencies at which said chan-
nels are adapted to operate being different
one from another, means at the transmitting
station for impressing speech frequencies
upon a carrier wave to produce a speech
modulated side band of the frequency at
which the first channel of the series is
adapted to operate, modulating apparatus
at the point of connection of the first chan-
nel with the second channel for changing the
frequency of this side band to the frequency
at which the second channel is adapted to
operate, similar modulating apparatus at
subsequent points of diverse channel inter-
connection, and means at the receiving sta-
tion for demodulating the band of fre-
quencies received over the last channel of
the series and reproducing therefrom the
speech frequencies impressed upon the car-
rier at the transmitting station.

24. In a carrier wave 'communicating sys-
tem, a switching station, two lines enter-
ing said station, each of said lines having a
superposed carrier channel provided with an
incoming branch and an outgoing branch at
the switching station, and automatic switch
mechanism controlled from a distant point
for connecting the incoming branch of each
channel with the outgoing branch of the
other channel.

25. In a carrier wave communicating sys-
tem, a switching station, two lines entering
said station and extending to their respec-
tive terminal stations, each of said lines hav-
ing a superposed carrier channel provided
with an incoming branch and an outgoing
branch at the switching station, and auto-
matic switch mechanism controlled from one
of the distant stations for connecting the
incoming branch of each channel with the
outgoing branch of the other channel.

26. In a carrier wave communicating sys-
tem, a switching station, two lines entering

- said station, each of said lines having a
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superposed carrier channel provided with
an incoming branch and an outgoing branch
at the switching station, and automatic
switch mechanism controlled over one of
said channels for connecting the incoming
branch of each channel with the outgoing
branch of the other channel.

27. In a carrier wave communicating sys-
tem, a switching station, a plurality of lines
entering said station each of said lines hav-
ing a superposed carrier channel provided

- with an incoming branch and outgoing

65

branch at the switching station, and auto-
matic switch mechanism controlled from a

29

distant point for connecting the incoming
and outgoing branches of any one of said
channels with the outgoing and incoming
branches respectively of any other channel.

28. In a carrier wave communicating sys-
tem, a switching station, a plurality of lines
entering said station each of said Iines hav-
ing a superposed carrier channel provided
with an incoming branch and an outgoing
branch at the switching station, and auto-
matic switch mechanism controlled over the
carrier channel of one of said lines in calling
for effecting the connection of the incoming
and outgoing branches of said calling line
with the outgoing and incoming branches
respectively of any other of said lines.

29. In a carrier wave communicating sys-
tem, a switching station, two lines entering
said station, each of said lines having a
superposed carrier channel provided with an
incoming branch and an outgoing branch at
the switching station, each of said incoming
branches being adapted to operate at a dif-
ferent frequency from that of any of said
outgoing branches, and interconnecting
mechanism for uniting the incoming branch
of each channel with the outgoing branch
of the other channel and changing the fre-
quency received over the incoming branch to
the frequency at which the united outgoing
branch is adapted to operate.

30. In a carr.er wave communicating sys-
tem, a switching station, two lines entering
said station, each of said lines having a
superposed carrier channel provided with an
incoming branch and an outgoing branch at
the switching station, the incoming branch
of each line being adapted to operate at a
different frequency from that at which the
outgoing branch of the other line is adapted
to operate, means for uniting the incoming
branch of each line with the outgoing branch
of the other line, and a modulating device
in the outgoing branch of each line for
changing the incoming frequency received
from the other line to the frequency at
which the outgoing branch associated with
said modulating device is adapted to operate.

3l In a carrier wave communicating sys-
tem, a switching station, a plurality of lines
entering said station, each of said lines hav-
ing a superposed carrier channel provided
with an incoming branch and an outgoing
branch at the switching station, the fre-
quency at which the incoming branch of

each of said lines is adapted to operate dif-.

fering from the frequency at which any of
the outgoing branches of the other lines are
adapted to operate, means for uniting the
incoming and outgoing branches of any of
sdid lines with the outgoing and incoming
branches respectively of any of the other
lines, and means included in the outgoing
branches of two lines thus united for modu-
lating the frequency received from the in-
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coming branch of the united line with a
frequency adapted to preduce a modulation
product of the received frequency corre-
sponding to the frequency at which the out-
going branch associated with said modulat-
ing device is adapted to operate.

32. In a carrier wave comrmunicat.ng sys-
tem, a switching station, s plurality of lines
entering said station, each of said lines hav-
ing a superposed carrier channel provided
with an incoming branch and an outgoing
branch at the switching station, the fre-
quency at which the incoming branch of

each of said channels is adapted to operate”

being different from the frequency at which
the outgoing branch of any of the other of
said channels is adapted to operate, means
for uniting the incoming and outgoing
branches of any of said channels with the
outgoing and incoming branches, respective-
ly, of any of the other channels, means in
each outgoing branch for modulating the
frequency received from the incoming
branch of another channel united therewith
to produce a modulation product of the fre-
quency at which the associated outgoing
branch is adapted to operate, and means for
suppressing other undesired products of
modulation.

33. In a carrier wave communicating sys-
tem, a switching station, a plurality of lines
entering said station, each of said lines hav-
ing a superposed carrier channel provided
with an incoming branch and an outgoing

5 branch at the switching station, the outgoing

branch of each channel being adapted to
operate at a frequency differing from the
frequency at which the incoming branch of
each other channel is adapted to. operate,
means for interconnecting said channels, a
modulator included in the outgoing branch
of each channel, and means for supplying
each modulator with a plurality of modulat-
ing frequencies, one of which is adapted to
combine with the frequency received from
the incoming branch of the interconnected
channel to produce the frequency at which
the outgoing branch associated with the
modulator is adapted to operate.

34. A carrier ' channel interconnecting
system including an outgoing channel branch
adapted to operate at a certain frequency,
a plurality of incoming channel branches
each adapted to operate at a different fre-
quency, means for connecting any one of
said incoming branches with said outgoing
branch, and modulating means included in

‘the connection of said outgoing branch with

any of said incoming branches for directly
changing the frequency received by way of
the connected incoming branch to the fre-
quency at which the outgoing branch is
adapted to operate. ’

35. A carrier channel interconnecting
system including an outgoing channel
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branch and a plurality of incoming channel
branches adapted to operate at different
carrier frequencies, automatic interconnect-
ing means for connecting said outgoing
branch with any of said incoming branches,
and means actuated in the operation of said
interconnecting means for changing the fre-
quency received over the connected incoming
branch to the frequency at which said out-
going branch is adapted to operate.

36. A carrier channel interconnecting
system including an outgoing branch and a
plurality of incoming branches each adapted
to operate at a different carrier frequency,
means for interconnecting said outgoing
branch with any of said incoming branches,
a modulating device in said outgoing branch,
and a plureﬁity of modulating frequencies
supplied to sald modulating device for the
plural modulation of the frequency received
from the connected incoming branch fo
create a plurality of modulation products
one of which is at the frequency at which
said outgoing branch is adapted to operate.

37. A carrier channel interconnecting
system including an outgoing channel
branch and a plurality of incoming channel
branches each adapted to operate at a dif-

- ferent carrier frequency, a modulating de-

vice in said outgoing branch, a plurality of
frequency changing modulating frequencies,
means for interconnecting any of said in-
coming branches wit» said outgoing branch,
and means actuated in the operation of said
interconnecting means for applying said
plurality of frequency changing modulating
frequencies to said modulating device,
whereby the frequency of any . intercon-
nected incoming branch is matched with the
frequency of said outgoing branch.

38. A carrier channel interconnecting
system including an outgoing branch and
a plurality of incoming branches each

adapted to operate at a different carrier-

frequency, a modulating device in said out-
going " branch, a plurality of frequency
changing modulating frequencies simultan-
eously supplied to said modulating device,
and means for connecting any of said incom-
ing branches with said outgoing branch,
whereby the frequency of any connected in-
coming branch is matched with the fre-
quency at which said .outgoing branch is
adapted to operate. S

89. A carrier channel interconnecting
system including an outgoing branch and a
plurality of incoming branches each adapted
to operate at a different carrier frequency,
means for interconnecting any of said in-
coming branches with said outgoing branch,
a modulating device in said outgoing branch,
and a plurality of matching frequencies
applied to said modulating device, each of
said matching frequencies being equal to the
sum of the carrier frequency at which the
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outgoing branch is adapted to operate and

the carrier frequency at which a particular
different one of said incoming branches is
adapted to operate, whereby the positions
of the side bands with respect to their
carriers in the connected incoming and out-
going channel branches are inverted.

40. A carrier channel interconnecting
system including an outgoing branch and an
incoming branch adapted to operate at dif-
ferent carrier frequencies, means for con-
necting said branches, a modulating device
included in the circuit of the conmected
branches, and: a frequency matching modu-
lating frequency applied to said modulating
device, the frequency of sald modulating
frequency being equal to the sum of the
carrier frequencies at which the outgoing
branch and said incoming branch are
adapted to operate, whereby the positions
of the side bands in the outgoing and in-
coming branches are inverted with respect
to the carriers of these branches.

41. A carrier channel interconnecting sys-
tem including an outgoing branch and a plu-
rality of incoming branches each adapted

.to operate at a different carrier frequency,

means for connecting said outgoing branch
with any of said incoming branches, a modu-
lating device in said outgoing branch, a
plurality of matching frequencies simultane-
ously applied to said modulating device, the
frequency of each of said matching fre-
quencies being equal to the sum of the car-
rier frequency at which said outgoing
branch is adapted to operate and the carrier
frequency at which a particular different
one of said incoming branches is adapted to
operate, and all of said matching frequencies
lying above the carrier frequency rate of
said outgoing branch in the frequency scale,
whereby unmodulated matching fréquency
is prevented from passing out over said out-
going branch. : : b

42. A carrier channel interconnecting sys-
tem including an outgoing branch and ‘an
incoming branch each adapted to operate at
a different carrier frequency, means for in-
terconnecting said outgoing branch and said
incoming branch, a modulating device in-
cluded in the circuit of said interconnected
branches, and a matching frequency applied
to said modulating device, the frequency of
said matching frequency being equal to the
sum of the carrier frequencies at which said
outgoing branch and said incoming branch
are adapted to operate, whereby unmodu-
lated matching frequency and its harmonics
are prevented from passing out over said
outgoing branch.

43. A carrier channel interconnecting sys-
tem including an outgoing branch and a
plurality of incoming branches each adapted
to operate at a different carrier frequency,
means for connecting any of said incoming

31

branches with said outgoing branch, a modu-
lating device in said outgoing branch, a plu-
rality of matching frequencies simultaneous-
ly applied to said modulating device and
each adapted to match the carrier frequency
at which a particular different one of said
incoming branches is adapted to operate
with the carrier frequency at which said
outgoing branch is adapted to operate, and
means for preventing unmodulated match-
ing frequencies from passing out over said
outgoing branch. :

44. In a carrier wave communicating sys-
tem, a switching station, two lines enter-
ing said station, each of said lines having
a superposed carrier channel, an automatic
switch at said switching station having ac-
tive terminals and passive terminals, a nor-
mally open extension from one of said chan-
nels to the active terminals and from the
other channel to the passive terminals of
said switch, means for operating said switch
to bring said active terminals into engage-
ment with said passive terminals, and means
actuated in said operation of the automatic
switch for closing the normally open exten-
sion from each channel to the respective

-active and passive terminals of the auto-

nmatic switch.

45. A carrier channel switching system in-
cluding a line having a carrier channel su-
perposed thereon, an automatic switch hav-
mg a set of active terminals and a plurality
of sets of passive terminals, other lines hay-
ing carrier channels superposed thereon as-
sociated with said sets of passive terminals,
a normally open extension from the channel
of said first mentioned line to said active
terminals, means for moving said set of ac-
tive terminals, to cause them to connect with
one of said sets of passive terminals, and a
switch actuated as a result of the operation
of said automatic switch for closing said
channel extension to said set of active ter-
minals.
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46. A carrier channel interconnecting sys- .

tem including a plurality of lines each hay-
ing a superposed high frequency channel,
automatic. switching mechanism for inter-
connecting said lines, normally open exten-
sions from said channels to the terminals of
said automatic switching mechanism to con-
nect the channels of any two of said lines
for closing the normally open extensions of
said two last mentioned channels to auto-
matic switch terminals.

47. A carrier channel interconnecting sys-
tem including a plurality of lines each hav-
ing a high frequency channel superposed
thereon, automatic switching mechanism for
interconnecting said channels comprising a
set of active terminals and multiple sets of
passive terminals for each channel, means
controlled over each channel for moving the
active set of terminals of that channel into
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engagement with one of the passive sets of
terminals of any cof the other channels, and
means for keeping said channels discon-
nected from their respective active and
passive sets of terminals until such engage-
ment has been effected by said automatic
switching mechanism. '

48. A carrier channel interconnecting sys-
tem including a plurality of lines each hav-
ing a carrvier channel superposed thereon,
sutomatic switching mechanism for inter-
connecting said channels, each channel hav-
ing a set of active terminals and multiple
sets of passive terminals on said switching
mechanism, & normally open extension from
each channel to its set of associated active
ferminals and another normalily open ex-
tension from each channel to its associated
multiple sets of passive terminals, and
means made operative when said automatic
switching mechanism operates to connect a
calling channel with a called channel for
closing the normally open extension of the
calling channel to its associated set of active
terminals and the normally open extension
of the called channel to its associated multi-
nle sets of passive terminals.

49. A carrier channel interconnecting sys-
tem including a plurality of lines each hav-
ing a carrier channel superposed thereon,
each of said channels having two normally
open extensions, one of said extensions being
adapted to be employed when the channel is
calling and the other extensions being
adapted to be employed when the channel is
called, and means made operative in the
establishment of connection with any of said
channels over either of said extensions for
maintaining open the other of said exten-
sions.

50. A carrier channel interconnecting sys-
tem including a line having a carrier chan-
nel superposed thereon, two extensions of
said carrier channel, means for establish-
ing connections with said channel by way
of one of said extensions when the channel
is calling and by way of the other of said
extensions when the channel is called, and
means made operative in establishing con-
nection by way of either of said extensions
for maintaining the other extension discon-

-nected from said channel.

51. A carrier channel interconnecting sys-
tem including a line having a carrier chan-
nel superposed thereon, automatic switch-
ing mechanism for establishing connection
between the channel of said line and the
channels of other like lines, said  auto-
matic switching mechanism having. active
terminals and passive terminals, an ex-
tension of said channel for connecting the
same with, the active terminals of said
switching mechanism, an extension for con-
pecting said channel with the passive ter-
minals of said switching mechanism, and
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means for closing either of said extensions
and at the same time preventing the closure
of the other extension.

52. A carrier channel interconnecting sys-
tem including a plurality of high frequency
channels each having a plurality of inter-

connecting extensions, automatic switching

mechanism for interconnecting any two
of said channels by way of one of said inter-
connecting extensions of each, and means
actuated in the establishment of such inter-
connection for maintaining disconnected the

70

other extensions of each of the intercon- .

nected channels, whereby cross-talk between
channels is minimized.

53. In a carrier wave communicating sys-
tem, a switching station, two lines entering
said station, each of said lines having a
superposed carrier channel provided with

“an incoming branch and cut~oing branch at

the switching station, automatic switch
mechanism for connecting "the incoming
branch of each channel with the outgoing
branch of the other channel, and a responsive
device operatively associated with the in-
coming branch of each channel and con-
trolled from the distant end of said channel
for governing the interconnecting operation
of said automatic switch mechanism.

54. In a carrier wave communicating sys-
tem, a switching station, two lines entering
said station, each of said lines having a
superposed carrier channel provided with
an incoming branch and an outgoing branch
at the switching station, automatic switch
mechanism for connecting the incoming
branch of each channel with the outgoing
branch of the other channel, a responsive
device operatively associated with the in-
coming branch of each channel for govern-
ing the interconnecting operation of said
automatic switch mechamism, and means
actuated in the operation of said automatic
switch mechanism under the control of the
responsive device of one of said channels
for rendering ineffective the responsive de-
vice of the other channel.

55. In a carrier wave communicating sys-
tem, a switching station, two lines entering
said station, each of said lines having a
superposed -carrier channel provided with
an incoming branch and an outgoing branch
at the switching station, automatic switch
mechanism for connecting the incoming
branch of each channel with the outgoing
branch of the other channel, a responsive de-
vice operatively associated with the incom-
ing branch of one of said channels for con-
trolling the operation of said automatic
switch mechanism, means for energizing the
outgoing branch of each of said channels,
and means under the control of said respon-
sive device for making operative said out-
going branch energizing means of each of the
connected channels.
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56. In a carrier wave communicating sys-
tem, a line having a carrier channel super-
posed thereon, means for impressing upon
said channel a composite carrier frequency
band including a communicating modulation
component and. a controlling modulation
component, and means for switching said
channel controlled by said controlling modu-
lation component.

57. In a carrier wave communicating sys-
tem, a line having a carrier channel super-
posed thereon, means for impressing upon
said channel at one end thereof a composite
carrier frequency band including a voice
modulation component and a controlling
modulation component, channel switching
mechanism at the other end of said channel,
and means responsive to said controlling
modulation component for controlling the
operation of said channel switching mech-
anism.

58. In a carrier wave communicating sys-
tem, a line having a carrier channel super-
posed thereon, means for impressing upon
said channel a composite carrier frequency
band including a communicating modulation
component and a controlling modulation
component, an automatic switch at the dis-

_tant end of said channel, other lines having

superposed carrier channels terminating up-
on said switch, and means responsive to said
controlling modulation component for con-
trolling the operation of said switch to in-

. terconnect the channel of said first mentioned

35

line with a channel of any desired one of

» said last mentioned Ilines.
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59. In a carrier wave communicating sys-
tem, a line having a carrier channel super-
posed thereon, means for impressing upon
caid channel a composite carrier frequency
band including a communicating modulation
component and a controlling modulation
component, other carrier channels, an auto-
matic switch, and means responsive to said
controlling modulation component for oper-
ating said switch to interconnect said first
mentioned channel with any desired one of
said other chanmnels and for thereafter oper-
ating said automatic switch to disconnect
raid channels.

60. In a carrier wave communicating sys-
tem, two terminal stations and an intermedi-

ate station, a line extending from each ter- .

minal station to said intermediate station,
each of said lines having a carrier channel
superposed thereon, means for impressing
upon the channel of one of said lines at the
terminal station thereof a composite carrier
frequency band including a voice modulation
component and a controlling modulation
component, a signal at the terminal station
of the other line, switching mechanism at
said intermediate station for interconnecting
said channels and transferring said fre-
quency band from one to the other, means
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responsive to said controlling modulation
component for controlling the operation of
said switching mechanism, and other means
responsive to said controlling modulation
component for controlling said signal at the
distant station.

61. In a carrier wave communicating sys-,
tem, two lines each extending from a termi-
nal station to an intermediate station and
each line having a carrier channet super-
posed thereon, switching mechanism at said
intermediate station for interconnecting the
channels of said lines, means at one of said
stations for impressing upon the channel of
the associated line a composite carrier fre-
quency band including a voice modulation
component and a controlling modulation
component, means at said intermediate sta-
tion responsive to said controlling modula-
tion component for controlling the operation
of said switching mechanism, and means at
the station of said other line selectively re-

sponsive to said voice modulation and said

controlling modulation components. .

62. In a carrier wave communicating sys-
tem, a carrier line extending from a terminal
station to a switching station, means at said
terminal station for impressing upon said

line a plurality of different carrier waves

each modulated with a frequency band in-
cluding a voice frequency component and a
controlling frequency component, other car-
rier lines centering at said switching station,
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and automatic switching mechanism at said -

switching station responsive to the control-
ling frequency modulation of any of said
carrier waves for establishing connection to
cause the speech frequency and controlling
frequency modulations of the corresponding
carrier wave to be impressed upon any de-
sired one of said other lines as modulations
of the carrier wave of that line.

63. In a carrier wave communicating sys-
tem, a carrier line extending from a ter-

-minal station to a switching station, means

at said terminal station for impressing upon
said line a carrier wave modulated with a

. frequency band including a communicating

frequency component and a controlling fre-
quency component adjacent thereto in the
frequency scale, another carrier line extend-
ing from said switching station to a ter-
minal station, and automatic switching
mechanism at said switching station re-
sponsive to the controlling frequency modu-
lation of said carrier wave for impressing
said communicating frequency and accom-
panying controlling frequency -modulation
components upon said other line as modula-
tions of the carrier wave of that line.

64. In a carrier wave communicating sys-
tem, a calling station, a called station and an
intermediate station, a carrier line extending
to said intermediate station from each of
said other stations, means at said calling
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station for impressing upon the line extend-
ing therefrom a carrier wave modulated
with a frequency band including a voice fre-
quency component and a controlling fre-
quency component adjacent thereto in the
frequency scale, automatic switching mech-
anism at said intermediate station for inter-
connecting said carrier lines and transfer-
ring said speech frequency and accompany-
ing controlling frequency modulation com-
ponents from said calling line to said called
line as modulations of the carrier wave of
the called line, and means at said interme-
diate station responsive to said controlling
modulation component for controlling the
operation of said switching mechanism.

65. In a carrier wave communicating sys-
tem, a carrier line extending from a termi-
nal station to a switching station, means at
said terminal station for impressing upon
said line a carrier wave modulated with a
frequency band including a communicating
frequency component and a controlling fre-
quency component adjacent thereto in the
frequency scale, a plurasity of other carrier
channels centering in said switching station,
means for transferring to any desired one
of said other carrier channels said communi-
cating frequency and accompanying con-
trolling frequency modulation components
as modulations of the carrier wave of the
connected channel, and mechanism at the
distant end of each of said channels respon-
sive to said transferred controlling fre-
quency modulation component. -

66. In a carrier wave communicating sys-
tem, a plurality of high frequency channels,
means for interconnecting said channels,
means for impressing upon one of said chan-
nels a frequency band produced by the
modulation of the carrier wave of said
channel by a voice frequency component
and a controlling frequency component ad-
jacent thereto in the frequency scale, means
made operative in the interconnection of
said channel with any of said other chan-
nels for transferring said composite fre-
quency band as a modulation of the carrier
wave of said other channel, means at the
distant end of said other channel for re-
producing and separating said voice fre-
quency component and said controlling fre-
guency component, and mechanism at the

istant end of said other channel responsive
to said controlling frequency component.

67. In a carrier wave communicating sys-
tem, a plurality of high frequency channels,
means for producing and transmitting over
said channels a plurality of carrier waves
each modulated with a frequency band in-
cluding a voice frequency component and
a controlling frequency component adjacent
thereto in the frequency scale, means for in-
terconnecting any of said channels with any
other of said channels and transferring
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thereto the corresponding voice frequenc:
and controlling frequency modulation com
ponents as modulations of the carrier wave
of said other channel, and means at the di~.
tant end of said other channel for separat-
ing said voice frequency and communicating
frequency components and utilizing said
controlling frequency component to control
responsive apparatus thereat.

68. In a carrier wave communicating sy--
tem comprising a plurality of high fre-
quency channels and means for intercon-
necting any two of said channels, means for
producing and transmitting over said chan-
nels a plurality of communication modu-
lated carrier waves each accompanied by
a controlling frequency modulation of said
arrier wave, and means made operative in
the operation of said interconnecting means
for transferring the communication fre-
quency modulation and its accompanying
controlling frequency modulation from any
one of sald channels to any other of sail
channels,

69. In a carrier wave communicating sy+-
temn having a plurality of stations and a
plurality of carrier channels for intercon-
necting said stations, the method of channel
control which consists in producing and
associating at one station a communicatine
frequency component and a controlling fi«-
quency component as a single frequency
band, transmitting said frequency band as
a modulation of the carrier wave of a series
of channels uniting said station with a dis-
tant station and separating and utilizing
said controlling frequency component for
controlling apparatus of the associated
channel at the distant station and at an in-
termediate point.

70. In a carrier wave communicating sys-
tem having a plurality of stations and a plu-
rality of carrier channels for interconnect-
ing said stations, the method of channc]
control which consists in producing and as-
sociating at one station a communicating fre-
quency component.and a controlling fre-
quency component in the communicating fre-
quency range as a single frequency band,
transmitting said frequency band as a modu-
lation of the carrier waves of a series of
channels uniting said station with a distant
station, separating said communicating and
controlling frequency components at the-dis-
tant station, utilizing said communicating
frequency component for communication
purposes, and utilizing said controlling fre-
quency component for controlling apparatus
of the associated channel at the distant sta-
tion.

71. In a carrier wave communicating ~vs-
tem having a plurality o1 terminal station-.
a common switching station and a plurahit
of carrier channelsfor interconnecting said
stations, the method of channel control
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which consists in producing and associating
at one station a communicating frequency
component and a controlling frequency com-
ponent as a single frequency band, trans-
mitting said frequency band as a modulation

.of the carrier wave of a channel extendinge

to said switching station, switching said
single frequency band to any desired one of
said channels extending to another station
and transmitting said tfrequency band as a
modulation of the carrier wave of that chan-
nel, separating the frequency components of
said band at the distant station, and utiliz-
ing said controlling frequency component
for controlling apparatus of the associated
channel at said distant station.

72. In a carrier wave communicating sys-
tem having a plurality of stations and a plu-
rality of carrier channels for interconnect-
ing said stations, the method of channel con-
trol which consists in producing and asso-
ciating at one station a communicating fre-
quency component and a controlling fre-
quency component as a single frequency

5 band, transmitting said frequency band as a
modulation of the carrier wave of a channel

extending from said station, utilizing said
controlling frequency component for effect-

" ing the connection of the distant end of said
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channel with another channel, transmitting
said single frequency band as a modulation
of the carrier wave of said last mentioned
channel, and separately utilizing said fre-
quency components of the band at said other
station.

73. In a carrier wave communicating sys-
tem, a line having a carrier channel super-
posed thereon, means including a telephone
extension circuit for impressing upon said
channel a composite carrier frequency band
including a voice modulation component and
a controlling modulation component, means
associated with said telephone extension cir-

cuit for controlling said controlling modula-.

tion component, and means for switching
the other end of said channel controlled
through the medium of said controlling
modulation component.

74. In a carrier wave communicating sys-
tem, a line having a carrier channel super-
posed thereon, means including a telephone
extension circuit for impressing upon said
channel a composite frequency band includ-
ing a voice modulation component and a
controlling modulation component, a switch
associated with said telephone extension cir-
cuit for causing intermissions of said con-
trolling modulation component, and a chan-
nel extending switch at the other end of said
channpel selectively responsive to said inter-
missions of said controlling modulation com-
ponent.

75. In a carrier wave communicating sys-
tem, a line having a carrier channel super-
posed thereon, means including a telephone
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extension circuit for impressing upon one
end of said channel a composite frequency
band including a voice modulation com-
ponent, and a controlling modulation com-
ponent, means associated with said telephone
extension circuit for causing intermissions of
said controlling modulation component, a
switch upon which the other end of said
channel terminates other groups of chan-
nels terminating upon said switch, means
responsive to said intermissions of the con-
trolling modulation component for operat-
ing said switch to bring said channel into
o¥erative relation with one of said groups
of channels, and means automatically oper-
ated to extend said channel to an idle
nel of the selected group. ,

76. In a carrier wave communicating sys-
tem,; a .line having a carrier channel super-
posed thereon, a connection terminal for
sald channel; said connection terminal hav-
ing line contacts and a local contact, a tele-
phone extension circuit adapted to be
brought into operative relation with said
channel at said connection terminal thereof,
a local circuit adapted to be completed by
way of the local contact of said channel
terminal in establishing connection there-
with, means for impressing a carrier wave
upon said channel, means made operative
by the closure of said local circuit for modu-
lating said carrier wave with a controlling
frequency, a supervisory signal associated
with said telephone extension circuit, a re-
lay responsive to a control frequency modu-
lation 1mpressed upon said channel at the
distant end thereof, and means under the

chan-

control of said relay and acting through the.

medium of said local conductor for con-
trolling said signal. '

77. In a carrier wave communicating sys-
tem, a line having a carrier channel super-
posed thereon, said channel having a trans-
mitting branch and a receiving branch,
means including a telephone extension cir-
cuit and a channel connection switch for
establishing connection with said channel,
a local circuit closed in the establishment of

‘'such connection, means for impressing a con-

trolling frequency modulation upon the
transmitting branch of said channel, a relay

.associated with the receiving branch of said

channe] and responsive to a controlling fre-
quency modulation impressed upon said

channel at the distant end thereof, a signal-

associated with said telephone extension cir-
cuit, and means made operative through the
medium of said local conductor in establish-
ing connection with said chanuel at the con-
nection switch thereof for operating said
controlling frequency impressing means and
for placing said supervisory signal under
the control of said receiving branch relay.

78. In a carrier wave communicating sys-
tem, two stations, a carrier channel connec-
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tion between said stations, a telephone ex-
tension circuit at each station with means
for establishing connection between said ex-
tension circuit and the corresponding-end of

said carrier channel, a supervisory signal’

associated with each of said extension cir-
cuits, a local circuit at each station closed in
establishing connection with said channel,
and means made operative over said local
circuit for applying a controlling frequency
modulation to said carrier channel at the
associated station and for placing the super-
visory signal of that station under the con-
trol of the controlling frequency modulation
applied at the other station.

79. In a carrier wave communicating sys-
tem, two stations, a carrier channel connec-
tion between said stations, a telephone ex-
tension circuit at each station with means
for establishing connection between said ex-
tension circuit and the corresponding end of

said carrier channel, a supervisory signal as- -

sociated with each of said extension circuits,
a local circuit at each station closed in estab-
lishing connection with said channel, means
made operative over said local circuit for
applying a controlling frequency modula-
tion to said carrier channel at the associated
station and for placing the supervisory sig-
nal of that station under the control of the
controlling frequency modulation applied at
the other station, a switch at each station op-
erating over said local circuit for causing
intermissions of said controlling frequency
modulation applied at that station, and
channel controlling means responsive to such

- intermissions of the control frequency modu-
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80. In a carrier wave communicating sys-
tem, a switching station, a plurality of lines
entering said station each of said lines hav-
ing a plurality of carrier channels super-
posed thereon. an interconnecting switch
having a set of brushes serving as the ter-
minals of the carrier channel of one of said
lines and a plurality of sets of stationary
contacts serving as terminals of the carrier
channels of said other lines, said sets of sta-
tionary contacts being arranged in a single
series adapted to be traversedgby a uni-direc-
tional movement of the associated switch
brushes and being divided into groups cor-

- responding with the several chanmels of
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each of said other lines, means controlled
over the carrier channel corresponding to
the movable brushes of said switch for ad-
vancing said brushes to a particular desired
group of stationary contacts, and means con-
trolled by the busy or idle condition of the
channels terminating upon the stationary
contacts of the selected group for controlling
the movement of said movable brushes into
engagement with the stationary contacts of
an idle channel of said group. '

81. In a carrier wave communicating sys-
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tem, an automatic interconnecting switch
comprising a single extended series of sets
of stationary contacts divided into_groups,
a set of movable brushes adapted to be
moved uni-directionally to traverse said sta-
tionary contacts, electrically controlled
mechanism for moving said set of brushes, a
carrier channel terminating on said movable
brushes, groups of carrier channels terminat-
ing upon the sets of stationary contacts con-
stituting the aforesaid groups, means con-
trolled from the distant end of said first
mentioned carrier channel for causing said
moving means to advance said brushes to a
particular desired group of sets of station-
ary contacts, and means controlled by the
busy or idle condition of the channels ter-
minating upon the stationary contacts of
the selected group for causing said moving
means further to advance said brushes into
engagement with the stationary contacts of
an idle channel of the selected group. -

82. In a carrier wave communicating sys-
tem, a switching station, a plurality of lines
entering said station, each of said lines hav-
ing a plurality of carrier channels super-
posed thereon, an interconnecting switch for
each channel of each line, each of said
switches having a set of brushes serving as
the terminals of the corresponding carrier
channel and a plurality of sets of station-
ary contacts serving as terminals of the car-
rier channels of said other lines, said sets of
stationary contacts of each switch being ar-
ranged in a single series adapted to be trav-
ersed by a uni-directional movement of the
associated switch brushes, and said intercon-
necting switches of the various channels
being placed side by side with correspond-
ing sets of stationary contacts directly oppo-
site and in line with each other, and straight
short bands of sh'elded conductors serving
as multiple connections between correspond-
ing sets of stationary contacts of the various
switches.

83. In a carrier channel switching ‘sys-
tem for the interconnection of a plurality of
carrier channels, an interconnecting switch
for each channel, cach switch having a set
of brushes serv.ng as the terminals of the
corresponding channel and a plurality of sets
of stationary contacts serving as terminals
of the other channels. said sets of stationary
contacts of each switch being arranged in a
single veries adapted to be traversed by a
uni-divectional movement, of the associated
switch brushes, and caid interconnecting
switches of the various channels being placed
close together side by side and with the sta-
tionary sots of contacts representing corre-
sponding channels in line and directly oppo-
site each other, and groups of conductors
shielded from each other extending across
the series of sets of stationary contacts of
the various switches and each group consti-
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tuting the multiple wiring of corresponding
sets of stationary contacts of a different one
of said channels, whereby interference be-
tween the high frequency currents of said
channels is minimized.

84. In a transmission network comprising
a plurality of multiplex transmission lines
each employing a plurality of carrier fre-
quency channels, each channel on a line op-
erating at a different frequency level from
the other channels on the same line, means to
interconnect any channel of one lins selec-
tively with any channel of another line, and
to repeat between the connected channels at
carrier frequency level, said interconnecting
means including means to shift the fre-
quency level in passing from an incoming
channel to an outgoing channel of a differ-
ent frequency level.

85. In comb'nation, an incoming carrier
transmission channel, a plurality of outgoing
carrier transmission channels each employ-
ing a different carrier frequency, and means
for operatively associating said incoming
channel with any desired one of sa‘d out-
going channels and for directly repeating
into the associated outgoing channel at car-
rier frequency level.

86. In combination, an incoming carrier
transmission channel, a plurality of out-
going carrier transmission channels each
employing a different carrier frequency,
means for operatively associating said in-
coming channel with any desired one of said
outgoing chanmnels for through repeating
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into the outgoing channel so associated, and
means for shifting the incoming carrier fre-

quency to the frequency employed for trans- -

mission over the associated outgoing channel.

87. In multiplex carrier transmission em-
ploying systems each having a plurality of
separate channels utilizing different carrier
frequencies, the method of cennecting an in-
coming channel of one sysivm with an out-
going channel of another system utilizing a
different carrier frequency, comprising mod-
ulating the incoming carrier wave by a plu-
rality of matching-frequency waves to con-
vert the frequency of the incoming carrier
wave to such values as are utilized by out-
going channels of the system to be connected
with, and selecting from the resulting modu-
lated waves the wave of the frequency uti-
lized by the desired outgoing channel.

88. The method of connecting a carrier
channel of a multiplex carrier system with
a carrier channel of a desired other multi-
plex carrier system comprising directively
selecting the desired other multiplex system,
automatically selecting a channel of the
selected system, and automatically shifting
the frequency of the carrier wave received
over one of two channels to be connected to
the frequency employed by the other of the
two channels. - ‘

In witness whereof, I hereunto subscribe
my name this 26th day of February A. D.,
1923.

EDWIN H. SMYTHE.
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