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1

This invention relates to program switching for
radio broadcasting systems and more particularly
to arrangements for switching transmission lines
over which programs are transmitted. It is well
known that a great many of the popular pro-
grams, simultaneously broadcast by radio stations
throughout the country, originate in a single
studio, such as one located in a radio broadcast-
ing station, or at some “pick-up” point outside
of, but locally connected to the station. Such
pick-up points may be respectively connected to
transmitting circuits at each of the various radio
broadcasting stations locally connected to each
of a large number of switching centers through
which the stations and. pick-up points may be
conneected to a considerably lesser number of
radio wire networks.

At each of the switching centers there will be
a number of program circuits. Some of these

will be lines to local broadcasting stations and o

the others will be to program-trunks running
over the various telephone line routes-or lines-in
all directions. For each program, certain of
these lines and trunks-will be connected. together
as part of the same network. There are a num-
ber of such networks, some cf them: cover the
entire country, and others may be less extensive
in scope. At any one time all or certain stations
associated with any one network may be broad-
casting the same program, but the network isnot a
permanent structure. For the next program the
network may include a different set of stations.
The basic problem of program switching thus
consists in the rearrangement of all the trunks
and lines of each switching center into the desired
network, for each program. Furthermore, it may
be desired to establish additional networks, each
of which requires a plurality of lines, some or
all of which may, or may not, be connected to
other networks at the time. Since time is of the
essence, both from the standpoint of continuity
of the broadcasting and from the standpoint of
the sponsor of the program, the above rearrange-
ments or switching operations must be-made as
nearly instantaneous as possible.

Originally, switching of the above character
was manually effected through the medium- of
jacks and plug-ended cords having a color scheme
to correspond to the respective radio wire net-
works in existence at that time. For example,
one network was assigned red cords, another was
assigned blue cords, etc. Later on, the switching
was accomplished by means of manually operated
keys as disclosed in United States Patent 1,871,310
granted to F. S. Entz et al. on August 9, 1932.
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This patented arrangement greatly improved and
shortened the time of making the switching
transfers, yet as the volume of broadcasting has
increased and the number of lines required to
transfer the programs have increased in propor-
tion, it has been necessary to further improve
such facilities whereby still greater speed and
flexibility is attained. Still later on, switching
methods were further improved by providing, as
described in United States Patent 2,269,034
granted to P. B. Murphy on January 6, 1942,
means for preselecting any one or more lines of
a group for future transfer from the network to
which they may be connected at the time to
other networks, a master switch corresponding
to each network for initiating such transfers, and
further preselecting means for rendering said
master switches effective. to- control these trans-
fers either singly or jointly.

However, in the two above~-mentioned patented
arrangements, the transfers were performed with
manually operated switches located. at a switeh-
ing center and therefore. in establishing broad-
casting network rearrangements, it was necessary
to transmit from a teletypewriter at a central
dispatcher’s office or directly from the.radio wire
network companies, instructions as to the desired
combination of pregram. wire lines, or networks,
and outlet stations. The attendant at the
switching center, upon receiving these instrue-
tions, manually preset the new network arrange-
ment in advance of the required time of change.
These preset changes were carefully checked after
which the attendant listening to the network .
determined when the proper cue sighal was trans-
mitted; at which time he operated a master key,
thereby instantaneously changing the arrange-
ment of program circuits and station outlets,
and/or pick-up points to the preset combinations
when all conditions for the change had been sat-
isfied.

In accordance with the present invention the
presetting of connections at switching centers
and the final completion. of such connections
when the time for changing the programs arrives,
are performed automatically in response to code
signals transmitted.over. a dispatcher’s teletype-
writer control circuit from a send and receive
teletypewriter at the dispatcher’s office which is
located at some central point in a nationwide
system of radio wire networks, or trunks, to a
large number of switching centers respectively
located at centers of large populations and other
strategic points throughout the nation. FEach.of
the switching centers'may be individually selected
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by means of a start-stop six-unit code signal
referred to herein as a calling cue signal and
transmitted from the dispatcher’s teletypewriter
and the connections desired between a plurality
of locally connected radio broadcast stations
comprising studios and pick-up points and the
radio wire networks at each of the switching cen-
ters are preset by means of other start-stop sig-
nals transmitted immediately following each call-
ing cue signal. In response to each of these
signals incoming at a switching center, its iden-
tical signal is automatically transmitted back to
the dispatcher’s teletypewriter immediately, as a
verification, or check, signal to indicate by the
recordation of its signal character on the tele-
typewriter tape that the functions of the signal
have been satisfactorily performed at the switch-
ing center. When the preselected connections at
all the desired switching centers have been pre-
set, or conditioned, and checked, the dispatcher
awaits the time for changing the programs and
when that time arrives, he transmits a common
master cue signal to all the switching centers to
simultaneously complete the preset conmnections
at the selected switching centers to effect the
desired changes in the programs. When the con-
nections at each switching center are finally com-
pleted, each switching center automatically
transmits back to the dispatcher’s teletypewriter
its own calling cue, or identifying, signal which
at each center is delayed in transmission for an
interval different from the interval of each of
the other switching centers. The connections
established at a switching center during any one
interval of time may, in most cases, control more
than one program incoming to or outgoing from
the stations locally connected to the switching
center. These programs simultaneously trans-
mitted and/or received at a switching center are
referred to herein as a group of programs. In
a nationwide system there may be required at the
central point two or more dispatchers’ teletype-
writers respectively connected to control circuits
radiating to separate regional areas, each control
circuit being arranged to operate independently
of the others.

An object of the invention is to selectively pre-
pare automatically switching operations at one
or more switching centers in response to code sig-
nals transmitted to them from a remote control
station.

Another object of the invention is to automati-
cally effectuate the prepared switching operations
in response to another code signal transmitted to
the switching centers from the control station.

Another object of the invention is to verify at
the control station the proper preparation and
effectuation of the switching operations by the
automatic transmission of verification signals
from the switching centers to the control station.

A feature of the invention resides in the provi-
sion of apparatus at each switching center, which
is automatically and selectively responsive to
start-stop six-unit code signals transmitted from
the teletypewriter at a dispatcher’s office to, first,
select a particular switching center; secondly, in
response to other signals, preset connections at
the selected switching center; and thirdly, in
response to a common master cue signal, com-~
plete the preset connections at the time when a
change in the programs is desired. The preset
connections at each of the desired switching cen-
ters are conditioned for completion, one switching
center after the other, and the preset connections
of all the selected switching centers are simul-
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4

taneously completed when the time of changing
the programs arrives.

Another feature is the -provision of apparatus
at each switching center for automatically trans-
mitting back to the dispatcher’s teletypewriter a
vertification signal after each signal is trans-
mitted from the dispatcher’s teletypewriter, to
inform the dispatcher that the proper selection,
proper presetting or proper completion of the
desired connection is accomplished.

Another feature is the provision of a novel set
of switching relays capable of making the selec~
tion desired to establish several connections
simultaneously and the relay selector sets pro-
vided for this purpose are referred to herein as
permutation link circuits.

Another feature is the provision at each of the
switching centers of apparatus adapted to receive
from and automatically transmit back to the dis-
patcher’s teletypewriter, signals of the start-stop
code required for establishing the desired connec-
tions for program broadcasting.

Another feature is the provision of apparatus
at each switching center for automatically estab-
lishing connections between one or more of a
plurality of stations local to the switching center
and one of the broadcast wire networks.

Another feature is the provision of apparatus
at each switching center for automatically estab-
lishing in response to sighals incoming from the
dispatcher’s teletypewriter, connections between
a plurality of stations local to one switching cen-
ter and a plurality of stations local to one or more
of the other of the switching centers over one or
more of the wire networks.

Another feature is the provision at each switeh-
ing center of certain apparatus arranged to be
successively selected and preset for establishing
connections for broadcasting programs, the selec-
tion and presetting being effected at one switch-
ing center at a time, and other apparatus thereat
arranged to be responsive to a master cue signal
of start-stop code transmitted from said dis-
patcher’s office to all the switching centers simul-
taneously when all the desired connections at all
the selected switching centers are satisfactorily
preset, to complete at the desired time the chang-
ing to the programs of the preset connections.

Another feature is the provision at each switch-~
ing center of means automatically operative at
the expiration of a program interval, in response
to an incoming signal, for changing the programs
at certain of a plurality of locally connected sta-
tions and maintaining unchanged the programs
at the remaining locally connected stations.

Another feature is the provision at each of the
switching centers of means automatically opera-
tive at the expiration of a program interval, in
response to an incoming signal, for changing the
programs at all the locally connected stations
simultaneously. ‘

Another feature is the provision at each of the
switching centers of means automatically opera-
tive in response to a signal incoming at any time
during the selecting or the presetting of connec-
tions for the next change of programs, for restor-
ing the selected or preset connections to normal,
the signal being effective to restore to normal the
selected or preset connections at all switching
centers simultaneously.

Another feature is the provision at each of a
plurality of selected switching centers of means
responsive to an incoming master cue signal com-
mon to all the switching centers connected to a
control line, for automatically transmitting back
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to the transmitting point a signal- distinetive of
each of the selected switching centers and at an
interval of time after the receipt of the master
cue signal, different from the corresponding time
interval assigned to each of the other selected
switching centers.

Other objects and features of the invention
will appear from a study of the following speci-
fication, claims and appended drawings of which:

Fig. 1 shows in schematic form the dispatcher’s
office connected by means of a control circuit
to a plurality of switching centers. Two of the
switching centers A and B, are shown in sche-
matic form;

Fig. 2 shows in its upper left-hand corner
the dispatcher’s control circuit extending to
switching center C. The remaining parts of Fig.
2 together with Figs. 3 to 15 ineclusive, show
switehing center C in detail. The dispatcher’s
teletypewriter control cirzuit, by means of dotted
lines, is represented as extending to other switch-~
ing centers. Figs. 2 and 3 show the swilching
center control circuit apparatus including a
rotary distributor for receiving and sending tele-
typewriter code signals which control and check
the selection of the desired switching center,
control and check the operation of the permuta-
tion link control circuit shown in Figs. 4 and 5,
and control and check the operation of the two
permutation link circuits one of which is shown
in Figs. 6 and 7 and the other in Figs. 8 and 9.
The two permutation link circuits shown in Figs.
6-7 and 8-9 are selected alternately in estab-
lishing connections between radio broadcast sta-
tions and/or pick-up points Nos. 1 to 6 locally
connected to the switching center C and the
radio wire networks Nos. 1 to 4 that are to be
used in the transmission of programs to radio
broadcasting stations connected to other switch-
ing centers. The radio broadecasting station No.
1, represented in sechematic form in Fig, 16, and
stations Nos. 2 to 6, inclusive, represented in block
form in Fig. 11, are connected to switching cen-
ter C through their respective service line di-
rection control relay sets. One set is shown in
detail in Fig. 10 and the other five are shown in
biock form in Fig. 11. The radio wire networks
Nos. 1 to 4 which exitend through each of the
switching centers are selected through their re-
spective radio wire network transmission di-
rection control bridging arrangemsents, one of
which is shown in detail in Figs. 12 and 13 and
the other three are shown in block form in Figs.
14 and 15;

PFig. 16 shows the relative arrangement of
Figs. 1 to 15; and

Pig. 17 represents a section of printed tape
removed from the dispatcher’s teletypewriter
which shows the recordations thereson of the sig~
nal characters representative of the signals trans-
mitted to switching centers A, B and C and the
signals transmitted back to the dispatcher’s con-
trol circuit from each of switching centers A,
B and C, in turn, to which are respectively as-
signed the calling numbers 1, 2 and 3, in com-
pleting a change in programs at each of the
selected switching centers.

GENERAL DESCRIPTION

The use of reference characters on the draw-
ings follows a definite plan. In Figs. 2 to 9,
inclusive, all relays shown have reference char-
acters consisting of numerals and letters, the
numerals shown as prefixes corresponding to
the number of the figure in which the particular
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relay is located. All other parts of the system
shown in Figs. 2 to 9 as well as all parts shown
in Pigs. 1 and 10 to 15 inclusive, are designated
by numerals only, for instance, those parts. in
Fig. 1 are designated with numerals between
100 and 199, those in Fig. 2 are designated with
numerals between 2060 and 299, etc., wherein the
first, or hundreds, digit designates the figure in
which the particular part is found.

The dispatcher’s teletypewriter is designed to
send and receive start-stop signals of a six-unit
code. The additional character selecting ele-
ment required in the six-unit code over and above
that normally found in a five-unit code follows
the start impulse and precedes the first selecting
element, the additional element being referred
to in this description as the zero selecting im-
pulse. When signals are transmitted for the
purpose of selecting a switching center, this ad-
ditional, or zero selecting impulse is always
marking and when they are transmitted for the
purpose of presetting connections for changes
in the radio programs the zero impulse is always
spacing. When all the necessary cohnections
have been preset and the time for actually mak-
ing the change in programs arrives, a master cue
signal is transmitted from the dispatcher’s office
to complete the preset connections and thereby
establish the change in programs. The six se-
lecting impulses of the master cue signal are
marking.

The dispatcher at any time prior to the start or
the next change of programs may preset at each
of the switching centers involved in the next
change of station connection arrangement the
connections required to effect the start or change
by sending, (1) a single start-stop signal to effect
the selection of the particular switching center,
and (2) two start-stop signals to select and pre-
set connections between the local broadcasting
stations and predetermined wire networks, it
being possible to connect various combinations
of the radic stations with various combinations
of the wire networks. The sighals assigned to
select the switching centers are individual to
the particular centers and herein each of these
signals has for its zero selecting impulse, as
hereinbefore stated, a marking element. Tor
example, it will be assumed that the figure 3
is assigned to automatically sslect switching cen-
ter C and to the ordinary five-unit code signal for
the figure 3 is prefixed a zero selecting impulse
of marking nature to obtain the six-unit code
combination. The two selecting signals that pre-
set the desired connections at the selected switch-
ing center have as their respective zero select-
ing impulses spacing elements and the next five
selecting impulses of each signal vary in ac-
cordance with the character which the signal
represents in the five-unit code. The char-
acters of the signals used for presetting the con-
nections at each selected switching center in-
volved in a change of programs may be different
from those at each of the other selected switch-
ing centers so involved. Each pair of preset
signals prepares predetermined connections be-
tween the stations locally connecied to a switch-
ing center and the wire networks as prescribed
in the schedule of programs in the hands of the
dispateher. Following each of the signals trans-
mitted by the dispatcher, namsly the calling cus
signal, and the two preset signals, the apparatus
at the selected switching center automatically
transmits back to the dispatcher’s office respec-
tively identical signals indicating that the dis-
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patcher’s signals have performed their respective
functions satisfactorily and these return signals
are referred to herein as verification, or check,
signals.

Two or more switching centers are usually in-
volved in each change in radio broadcast pro-
grams and the preset connections at each of
the selected switching centers are prepared in
turn and then when the time for changing the
programs arrives the master cue signal which
is common to all switching centers is transmitted
to all selected switching centers to instantane-
ously complete such preset connections whereby
all the desired changes in programs are made at
the one moment. All connections previously es-
tablished for program transmission and recep-
tion at each of the switching centers just selected,
are automatically released when the new, preset
connections are completed in response to the
master cue signal. Programs that are to be con-
tinued into the next program interval are auto-
matically transferred to the connections estab-
lished at the alternate permutation link circuit.
Immediately following the reception of the mas-
ter cue signal at the selected switching centers,
each of such centers automatically transmits, in
turn, back to the dispatcher’s office a signal iden-
tical with its individual calling cue signal but at
g, different timed interval from the intervals of
the other selected centers. These check, or veri-
fication, signals appear on the dispatcher’s tele-
typewriter as typed characters immediately fol-
lowing the preset signal characters for the
switching center that was last to be selected.
The check signals for the master cue signal are
recorded on the tape as a continuous series of
individual calling cue signals. A typical section
of printed tape removed from a dispatcher’s
teletypewriter shows in Fig. 17 the signal char-~
acters respectively representative of the calling
cue, two preset signals and the verification sig-
nal for each signal recorded for each of three
selected switching centers A, B and C. The
recordation of the first three groups of six sig-

nals each, are made successively. For each of .

switching centers A, B and C three pairs of iden-
tical characters are recorded; the first pair are
numerals which respectively represent the call-
ing cue signal and its verification, the second pair
are letters which respectively represent the first
preset signal and its verification, and the third
pair, also letters, respectively represent the sec-
cnd preset signal and its verification. Following
the nine pairs of characters for the three se-
lected switching centers is a blank space indica~-
tive of the master cue signal (six marking select-
ing impulses) which is transmitted from the dis-
patcher’s teletypewriter at the time for network
switching following the presetting of the con-
nections at the three selected switching centers,
each in turn. Immediately following the hlank
space appear the numerals 1, 2 and 3 which are
the calling cue signals for switching centers A,
B and C, respectively, and represent the veri-
fication sighals successively received from the
three switching centers at different predeter-
mined intervals of time.

For illustration purposes switching center C
will be herein assumed to be the center selected
for describing in detail the connections to be
established between the local stations thereat
and the desired wire networks. As hereinbefore
stated, switching center C has locally connected
thereto six radio stations and/or pick-up points
Nos. 1 to 6 respectively connected to six service
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line transmission direction control ecireuits,
fopo-1, i000-2, {100-3, 1(00-4, 11005 and
1{00-6. Inasmuch as four radio wire networks

Nos. 1 to 4 are shown, four stations are shown
normally arranged for connection to two net-
works, that is, two stations to each of two net-
works and the other two stations are respectively
assigned to the other two wire networks. Each
of the six radio broadcasting stations are nor-
mally arranged in their receiving condition as
shown in station No. 1, Fig. 10, wherein the
broadcasting circuit 1001 is prepared for recep-
tion by the normally operated condition of relay
{002. The transmitting, or microphone, circuit
1603 at station No. 1 is arranged for connection
to its wire network under the control of key {204,
Microphone circuit 1003 may be any one of a
plurality of such microphone circuits provided
either within station No. 1 or outside of such
stations at such points referred to herein as
pick-up points, each circuit being under control
of its respective key such as key 1804. When it
is desired to transmit from station No. 1 directly
to its one or more connected wire networks, key
{004 is operated. In like manner, service line
transmission direction control circuits i600-2,
1100-3, 11004, {{00-5 and (#30-6 control the
direction of transmission at stations Nos. 2 to 6
respectively. For a detailed description of the
operation of the service line transmission direc-
tion control circuits reference may be had to
Patent 2,198,326 granted to A. E. Bachelet on
April 23, 1940, the disclosure of which is hereby
made a part of this application as if fully set
forth herein. The operation of relays 1002, 1807,
1605, 1066 and 1088 may be readily understood
by referring to the description of the operation
of their corresponding relays 1305, 1306, 1316,
1318 and 1315, respectively, contained in the
specification of Bachelet Patent 2,198,326.

Network transmission direction control bridg-
ing arrangements provided at each switching
center serve to control the direction of transmis-
sion from any one of the switching centers con-
nected to the dispatcher’s control circuit to any or
all of the other of the switching centers connected
thereto. Each of the bhridging arrangements
comprise two parts, one wherein a pair of relays
are provided for each of the locally connected
radio broadcasting stations and the other wherein
two groups of relays referred to herein as bridg-
ing devices are provided for each network con-
nected to the switching center. The first-men-
tioned part may include an additional pair of
relays for each additional locally connected sta-
tion that may be normally arranged for con-
nection to a single network.

At switching center C two pairs of relays,
namely, relays 1281 and {283 and relays 1202 and
1204, are respectively provided for any two sta-
tions arranged for connection to radio wire net-
work No. 1. Likewise, two pairs of relays, namely,
relays 1401 and 1403 and relays {402 and 1404,
are respectively provided for any two stations
arranged for connection to radio wire network
No. 2. For radio wire networks Nos. 3 and 4,
however, only one pair of relays are provided
for each network, namely, relays {405 and {406
for network No. 3 and relays (407 and (408
for network No. 4.

With respect to the six radio stations directly
connected to switching center C, stations Nos. 2
and 6 are normally assigned to radio wire net-
work No. 1, stations Nos. 1 and 5 are normally
assigned to network radio wire No. 2, station No.
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4 is normally asslgned to radio wire network No.
3 and station No. 3 is normally assigned to radio
wire network No. 4. These connections may
be permanently or temporarily established, as
desired, through the radio wire network trans-
mission direction control bridging arrangements
respectively shown in Figs. 12-13 and 14-15.
Either of relays {28f and 1282 when operated
by a connection established by the dispatcher
through switching center C, may at the will of
the dispatcher, also connect network No. 1 to
any of stations Nos. 1 to 6. Either of relays {461
and (482 when operated by the dispatcher may
also connect network No. 2 to any of the local
stations. Relay {405 when operated by the dis-
patcher may connect network No. 3 to any of the
stations and relay {407 when operated may con-
nect network No. 4 to any of the stations. The
stations selected for connections to the respsc-
tive networks depend on the connections preset
at the relays of either of permutation link cir~
cuiss Nos. 1 and 2 shown in Migs. 6-7 and 8-9.

The second-mentioned part of each bridging
arrangement includes two groups of relays for
each radio wire network, as hereinbefore stated,
and each of these two groups or devices, control
the direction of transmission over opposite chan-
nels of a single network, for example, one device
has control over the channel of one network on

one side of a switching center and the other

device has control over the channel of the same
network on the other side of the switching cen-
ter. Af switching center C devices 1300—-1A and
{288-{B are provided for network No. 1, devices
{860-1A and (500-iB, devices 1508-2A and
1583-28B and devices {5080-3A and 1508-3B are
respectively provided for networks Nos. 2, 3 and
4. Devices {388-1A and {363-(B only are shown
in detail. Device {308-1A controls the direction
of transmission incoming over channel 1301 of
network No. 1 and device {308-1B controls the
direction of fransmission incoming over channel
1392 of network No. 1. Device [1508-1A controls
the direction of transmission incoming over chan-
nel {303 of network No. 2 and device 1580-iB
controls the direction of transmission incoming
over channel {581 of network No. 2. In like man-
ner, devices 1520-2A and [566-2B respectively
control channels {562 and 1593 of network No. 3,
and devices {580-3A and 1500-3B respectively
control channels {584 and {595 of network No. 4.

DTevice i360-{ A comprises relays (308 and 1309.
Relay {383 serves to direct the transmission of
programs incoming over channel {3831 of radio
wire network No. 1 to the stations locally con-
nected to switching center C, and to channel
(382 of network No. 1 extending to other switch-
ing centers, not shown, but connected to the dis-
patcher’s control circuit.  Relay (383 operates
in response to the operation of a microphone cir-
cuit key, such as key (888, whereby programs
sriginating at a station locally connected to
switehing center C are directed over network No.
1, by means of channel {381 to switching centers
A& and B.

Device 138018 comprises relays 1318 and 1311.
Relay §21% serves to direct programs incoming
cver channel 1302 of network No. 1 to stations
lseally connected to switching center C, and to
channel {38! of radio wire network No. 1 to
switching centers A and B. Relay 311 also op-
erates in response to the operation of a micro-
phone circuit key, such as key 1804, whereby
the programs originating at a station locally con-
nected to switching center C are directed for
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transmission over network No. 1 by means of
channel {302 to other switching centers, not
shown.

Each of relay devices (500-1A, 1500-1B,
{508—2A, 1580-2B, 1500-3A and i580-3B comprise
two relays like those described above for devices
{300-1A and §380-1B for controlling the direc-
tion of program transmission from one or more
of the local stations over their respectively as-
sociated networks 2, 3 and 4.

For a complete description of the operation,
in detail, of the radio wire network fransmis-
sion direction control arrangements shown in
Figs. 12-13 and 14-15, reference may be had to
Bachelet Patent 2,198,326, supra. Relays {201,
{203, 1308, 1309, 1312, 1313, i314, 1315 and 13(8
of the network transmission direction control axr-
rangement shown in Pigs. 12 and 13, operate
in a manner similar to their corresponding re-
lays, such as relays 302, 301, 412, 413, 403, 414,
411, 304 and 303, respectively, shown in Figs. 3
angd 4 of Bachelet Patent 2,188,326, supra.

If a station locally connected to any one switch-
ing center is transmitting a program over one
of its microphone circuits, that program may be
broadcast from the same station over its as-
sociated radio broadecasting circuit by an.arrange-~
ment of relays such as shown in Figs. 2, 5, 8 and
9 of Patent 2,110,284 granted to .A. E. Bachelet
et al. on March 8, 1938, the disclosure of which
may also be made a part of this application
as if fully set forth herein. Also available for
providing at each switching center are well known
means for transmitting a program originating
in a microphone circuit in one of a plurality of
stations locally connected to a switching center
to the radio broadcasting circuit at one or more
of the other locally connected stations. How-
ever, these means form no part of the present
invention and thereby such means are not dis-
closed herein.

Switching center control circuit

This circuit is controlled by the dispatcher’s
teletypewriter control circuit which connects, in
series, a plurality. of switching centers to a dis-
patcher’s office, there being included in the dis-
patcher’s teletypewriter control circuit a line-
receive and a line-send relay at each switching
center whereby automatic remote control is had
of the program switching operations at each of
the switching centers by a dispatcher at the dis-
tant office. Pigs. 2 and 3 which show the rotary
distributor and the control relay arrangement
at switching center C, is representative of that
at each of the other switching centers. Xach
switching eenter has in its control relay arrange-
ment three pairs of W and Z relays provided
to operate in response to each teletypewriter code
signal incoming from the dispatcher’s teletype-
writer. The second pair is operated, one relay
after the other, by the first pair as a result of
the second, third and fourth incoming signals.
The third pair is operated, one relay after the
other, by the first two pairs a2lso as a result of
the second, third and fourth -incoming signals.
In response to the selecting, or calling cue, sig-
nal, the desired switching center is selected and
the W relay of the first pair at all switching
centers hecomes operated. Also in response to
this signal a group of six pulse relays P and a
group of six locking relays L at each switching
center operate in accordance with the code com-
bination of the -calling cue signal. At the de-
sired switching center only, the operated combi-
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nation of locking relays L closes a locking cir-
cuit for the operated locking relays, for the op-
erated pulse relays and the operated W and Z
reiays of the first pair, the Z relay of the first
pair having operated immediately following the
receipt of the last impulse of the signal. A%
each of the other switching centers the operated
W relay of the first pair, the operated pulse re-
lays P and the operated locking relays L release

immediately following the receipt of the last im- i

pulse of the signal, in order to prevent the preset
signals subsequently transmitted to the desired
switching center from affecting any other switch-
ing center but the one that is desired. Relay
7 of the first pair at the desired switching center
upon being locked operated causes a verification
signal identical with the ealling cue signal of
the desired switching center to be automatically
transmitted by means of the rotary distributor
and the line-send relay at the desired switching
center, back over the teletypewriter control cir-
cuit to the dispatcher’s teletypewriter. The veri-
fication signal is recorded as a character im-
mediately following the character for the calling
cue signal which has already heen recorded on
the tape. When the transmission of the verifi-
cation is completed the W and Z of the first
pair, the locked-operated pulse and the locked-
operated locking relays return to normal but a

start relay STT which operated when the Z re- ¢

lay of the first pair became operated, now re-
mains operated due to its locking circuit. Re-
lay STT remains in a locked-operated position
just until the verification signal for the second
preset signal is transmitted back to the dispatch-
er’s teletypewriter and then releases. However,
during this interval of time relay STT in its
locked-operated position, prevents any incoming
calling cue signal from interfering with connec-
tions already established at this selected switch-
ing center.

The selected switching center is now ready to
receive from the dispatcher the first preset signal
which when received, operates the W and Z re-
lays of the first pair a second time, the groups
of pulse and locking relays in respectively dis-
tinctive combhinations in that corresponding re-
lays of the two groups are in oppositely related
condition, and a group of five translating relays
T of the permutation link control circuit. The
operated code combination of T relays corre-
sponds to the operated code combination of the
locking relays, both combinations being at this
time identical with that of the first preset sig-
nal. The translating T relays in their operated
combination cause to be locked-operated certain
PR relays of a group of six in an idle permutation
link circuit. As soon as the functions of the
first preset signal are satisfactorily completed
the combination of locked-operated pulse relays
P in cooperation with the rotary distributor
causes to be automatically transmitted by the
line-send relay LS to the dispatcher’s teletype-
writer a second verification signal, the signal be-
ing of a combination identical with that of the
first preset sighal. After the transmission of the
second verification signal to the dispafcher’s
office, the operated pulse relays P, locking relays
L and translating relays T are released in prepa-
ration for the second preset signal. The start
relay STT and certain other relays controlled
thereby remain operated.

In response to the second preset signal incom-
ing from the dispatcher the W and Z relays of

the first pair operate a third time and the group 7

25

40

45

55

[

12

of six pulse relays P and the group of six locking
relays L are again operated in oppositely related
condition. The operated code combination of
locking relays at this time corresponds to the
combination of the second preset signal, the lock~
ing relays, so operated, causing the translating
relays to be again operated in a combination
also corresponding at this time to that of the
second preset signal. The translating relays T
upon operating in response to the second preset
signal, operate a second group of five PR relays
in the idle permutation link circuit, the second
group being operated in a combination deter-
mined by the second preset signal. The pulse

5 relays having been locked in the combination

corresponding to that of the second preset sig-
nal, now cause to be transmitted to the dis-
patcher’s teletypewriter the third verification sig-
nal which is identical with the second preset

signal. The dispatcher now presets the neces-
sary connections at other desired switching
centers.

If it should be noted after transmitting either
of the preset signals that the prepared connec-
tion is in error, the dispatcher may wipe oufb
the connections so far established by transmit-
ting a special release signal. However, should
the preset connections be satisfactorily condi-
tioned for completion, the AMC relay operates
because the W and Z relays of the second and
third pairs are operated and remain operated
until the time for changing the program arrives.
When this time arrives the dispatcher sends the
master cue signal which is common to all the
switching centers connected to the dispatcher’s
control circuit. Inasmuch as the six selecting
impulses of the master cue signal are all mark-
ing, the pulse relays P remain released since
each operated in response to a space only, and
all the locking relays L. operate and lock. In
response to the master cue signal the W and Z
relays of the first pair operate for the fourth
time. When the last of the locking relays L
operates the master cue relay MC operates over
the operated No. 5 armature of the AMC relay.
The MC and AMC relays are in the switching
center control circuit. During the reception of
the master cue signal an ASZ relay in the per-
mutation link control circuit operates or releases
to close the operating circuit for an SW relay
in the idle one of the two permutation link cir-
cuits and the SW relay of the idle circuit operates
to complete the connection preset by the combi-
nation prepared at the two groups of PR relays
in the idle circuit. When the AMC relay op-
erates, ground is removed from the upper wind-
ing of the time measuring TM relay and a second
ground substituted at the No. 3 armature of the
Z relay of the above-mentioned first pair while
such Z relay was in a released position. How-
ever, at the end of the reception of the master
cue signal, the Z relay of the hereinbefore-men-
tioned first pair when operated for the fourth
time removes the substitute ground and a con-
denser connected to the upper winding of the
TM relay begins charging. The TM and 7 relays
and the condenser are in the switching center
control circuit. The TM relay at each switching
center is controlled by a different setting of a
potentiometer in the timing circuit which in-
cludes the upper winding of such relay and a
condenser in series connection, so that the timed
interval for operating the relay is different at
each switching center. At the end of the in-
terval required to completely charge a condenser,
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the relatively strong current in the upper wind-
ing of the TM relay ceases and thereby allows
the weaker current flowing through the lower
winding to operate the relay to its closed po-
sition which causes the verification signal for
the master cue signal to be transmitted back to
the dispatcher’s teletypewriter. However, in this
case the verification signal is not identical with
the master cue signal in that each switching

center automatically transmits a verification sig- i

nal which is identical with the calling cue signal
for the particular switching center, the selection
of the final verification signal of the switching
center being under the control of an SC relay
operated by the operation, for the fourth time,
of the Z relay of the first pair. The SC relay
is in the switching center control circuit. The
fourth operation of the Z relay of the first pair
immediately follows the reception of the master
cue signal. Therefore, in providing at each
switeching center a timing circuit having a re-
sistance of a distinctive value predetermined by
the setting of the potentiometer, verification sig-
nals from two or more selected switching cen-
ters where preset connections have been com-
pleted, are transmitted to the dispatcher’s tele-
typewriter at different intervals of time follow-
ing the reception of the common master cue
signal.

The switching center control circuit is ar- 3

ranged to allow for thirty-two switching center
selections, although it is obvious that the selec-
tions are not limited to this number as will be
hereinafter noted. Each of the switching cen-

ter control circuits is different from the others -

in that each has in response to its calling cue
signal a distinctive combination of operated and
unoperated locking relays L. for completing a
circuit for lock-operating relay Z of the first pair
of W and Z relays for the duration of transmis-
sion of the verification signal for the calling cue
signal back to the dispatcher’s office. A relay Z
of the first pair at the selected switching center
upon operating, causes a start relay STT in the
permutation link confrol circuit to -operate
whereby the selected switching center is pre-
pared to receive the preset signals intended for
that center. In respounse to the calling cue sig-
nal for the desired switching center, the W relay
only of the first pair at each of the other swiich-
ing centers also operates but then releases im-
mediately following the reception of the calling
cue signal, and consequently its associated Z
relay of the first pair does not operate to per-
mit the start relay STT 2t each of the the other
switching centers to operate. In this manner,
only cne switching center is prepared o receive
the preset signals immediately following the re-
ception of a cailing cue signal.

The rotary distributor of the switching con-
trol circuit is of the start-stop type and com-
prises two full rings, one solid and the other
divided into segments, namely, start, selecting
segments 0, 1, 2, 3, 4, 5 and stop, or rest, seg-
ment, and two pertial rings each consisting of
a segment of the same angular length as the rest
segment of the full segmented ring. The rotary
distributor in its normsal, or rest, position holds
a DN relay in a normally operated position by
means of & brush inferconnscting the rest seg-
ments of the two partial rings, the DI relay
21so being in the switching center control circuit.

Connected to each of the selecting segments
of the full segmented ring is a pulse relay P
arranged to operate in response to its corre-
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sponding space impulse .of each signal combina~
tion incoming over the teletypewriter control

-circuit and received by the line-receive relay
LR. Under the control of each relay is a lock-

ing relay I, which, upon operating as hereinafter
described, remains operated only when its-corre-
sponding P relay does not operate during the
revolution of the distributor brush arm over the
selecting segments. All of the L relays operate

as soon as the DN relay operates at the begin-

ning of rotation of the distributor brush arm
but as the brush arm rotates over the selecting

.segments certain of these L relays release, de-

pending on the code combination of the switch~
ing center calling cue signal. In other words,
a2 pulse relay P operates in response to -each
spacing impulse of the selecting impulses of the
calling cue signal and should any of the P relays
remain unoperated due to its corresponding se-
lecting impulse being marking, then the L relay
correspouding te such unoperated P relay, re-

mains operated and the remaining L relays re-

lease as their corresponding P relays operate in
response to the space:impulses of the calling cue
signal combination during the rotation of the
brush arm. The combination of operated and
uncperated L relays-in response to its particular

-calling cue signal directly corresponds to the

combination of marking and spacing impulses
of such incoming calling cue signal which is dis-
tinctive in its combination to-the switching cen-
ter for which it is intended. This distinctive
combination is cross-connected on the contacts
of the L relays. However, the operated P and L
relays at all switching centers other than that
which is desired, are restored fo normal when
the DN relay reoperates at the end of the first
revolution of the distributor brush arm. The L
relays at the selected switching center, in re-
sponge to their own calling cue signal, close a

path over their respective left-hand armatures

which -is effective to held locked the operated P
and L relays of their respective groups for the
duration of the second revolution of the rotary
distributor brush arm to provide for the trans-
mission of a verification signal.

The 1. relays when operated in response to the
master cue signal close at their respective inner-
most right-hand armatures a path for causing
the completion of the network connections pre-

set by the preset signals and in response to the
release signal whereof the zero and fifth im-
.pulse only of the seleciing impulses are marking,

close at their respective outermost right-hand
armatures a path for wiping-out any preset con-
nections made in response to any of the first
three incoming signals in the event that an error
is discovered .in the switching center selection
or either of the preset connections, before the
commnon master cue signal is trensmitted. The
five middle right-hand armatures of the L relays
arranged to rescond to seleciing impulses 1, 2, 3,
4, and 5, respectively, of an incoming signal are
provided to operate their respectively corre-
sponding five translating relays T in the per-
mutation link control circuit. It will he noted
that no transiating relay T is provided to re-
spond to the selecting impulse 0 which for the
preset signals is always spacing and therefore
no T relay would ever be operated by it.

The combination set up by the operated T
relays is translated by the permutation link con-
trol circuit for the -purpose of controlling the
preset PR relays in the first group of the idle one

of the two permutation link circuiis. In response
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to the first preset signal following the selection
of the desired switching center when the T re-
lays are operated in a combination correspond-
ing to the code of the first preset signal, a circuit
is closed by the release of a normally operated
TSR relay to operate the C6B relay of the per-
mutation link control circuit, which upon oper-
ating, completes a series of paths to operate the
PR relays of the first group, such as those shown
in Fig. 6 or 8, depending on which of the two
permutation link circuits is idle at the fime.
With the C6B relay operated a ground connec-
tion furnished at the No. 1 armature and back
contact of an LC relay, is applied to a series of
parallel circuit paths completed by combinations
of operated and unoperated T relays. The T
relays in response to the first preset signal as-
sume either of two positions, namely, operated
or unoperated depending on the code combina-

tion of the first preset signal and thereby cause

a corresponding combination of Wi to W6 con-
ductors to be energized for operating certain or
all of the PR relays of the first group required to
condition the desired connections. The positions
of the T relays in response to the first preset
sighal of the first group and the corresponding
Wi to W& conductors energized thereby are in-
dicated in the following table wherein O repre-
sents the operated positions, the unoperated po-
sitions not being indicated, and X represents the
energized conductors of conductors Wi to W§:

T Relays W1 to W6 Conductors
Signal
Characters
T1{T2{T3|T4|T5|W1|{W2|W3|W4|W5(W6
ceec|aaac| O -2 SN
feeae]-aaclecc] O
[0 20 PRNORN M M
[0} O |-___j...
ceeeeeefea et X
ceecfeaed O et X
ceefeecle ] O X
B cemefeea] OO | X o . R
Figures Shif! 0 |-cee] 0| O | X |-a - -
Line Feed.. [0 250 RN PR SO SRR [ N U NN PRI S
R O |eaac] O foooc]omee| X feoae| X |ocanfene-
O Jocedeaaef O oo | X el X
O 4ccct OO0 || X J----
ceecf----{ O} O e
ceee| O |eere]--- X
e O | O | X
ceee| O |--c O X
040 |----f-- X
0{0]|0 |- X
i O e X e X
e O O o[ X ]eeee X
e O |eeee] O [ X ]| X
eee 0100 | X |o | X
e OO0 O | X | X
OO |eaca]ooen - XX -
R 0[O e X X -
P O[O0 O | XX |---- e
V... OO0l 0|0 e X[ X - --d | X
Letters Shift..._[ 0 | O |0 O[O || X[|X|X || X

Letters @ and W are not shown in the above
list because they are redundant in that the se-
lection of desired radio wire networks obtained
by the use of their respective signal combina-
tions may alsoc be had by using a certain two of
the other characters listed above.

The ground on the Wi to W6 conductors com-~
pletes the circuits which operate the desired PR
relays of the first group in the permutation link
circuit which is available at the time. When
these PR relays operate a CKI{ relay operates to
thereby operate the LC relay from the last arma-
ture of the series-connected armatures of the
C6B relay.

If no T relays are operated no PR relays are
operated and therefore the CKI relay will not
operate. However, a circuit from ground ex-
tends over the inner right-hand armatures of the
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T relays, in series, when in released positions, to
operate the LC relay directly inasmuch as a
CCK relay in the permutation link control eir-
cuit is operated at the time.

In response to the second preset signal the T
relays are again operated in a combination bub
this time the combination corresponds to the
code of the second preset signal and the opera-
tion of the T relays is followed by the operation
of a CTA relay also of the permutation link con-
trol circuit. With the CTA relay operated the
ground connection furnished at the No. 1 arma-
ture and back contact of the LC relay, is applied
to a series of parallel circuit paths completed by
combinations of operated and unoperated T re-
lays and extended by the armatures thereof over
combinations of W7 to Wi1 conductors to oper-
ate the desired PR relays of the second group
such as either of those shown in Fig. 7 or 9, re-
quired to further condition the desired connec-
tions. The T relays in response to the second
preset signal again assume either of two posi-
tions, namely, operated or unoperated, depend-
ing on the code combinations of the second pre-
set signal. The positions of the T relays in re-
sponse to the second preset sighal and the corre-
sponding W1 to Wii conductors energized there-
by, are indicated in the following table wherein
O represents the operated positions, the unoper-
ated positions not being indicated, and X repre-
sents the energized conductors of conductors
W1 to WiH.

4 -
Thos | VO
Signal Characters

T1,7T2| T3] T4|T5|W7|W8| W9 |W10|Wil

oo} O e X feae

JRUNUEORS ORI U RPN I o N SIS SR | X

o0 XX R

0|0 L XX X |_..

0 |- A X - R R

[0 20 PR N e X e X e

O locce]oeccte | O X b feeeec ] X

B Olecec]eccl OO X ]-cee] X X
Figures Shift.. 400 l.._fO0|O0|X{X|[.... X | X
Line Feed JEURUN S 0 T ORI SR (RS NN I |G PRI SRR P
O joeel O || X |eeee] X |-

O Jocceeed| O el X feecieca 1 X

ceec]eaae O] O e X | X

coe| O feead]oee e X e

ceee| O |-cc] O ] X |----| X

[ I ¢] X DG O

.| O |- X X fecoafean-

.| O 0! X X |-..-l X

.10 olXxX X|X|X

[ 20 0 T FS R N X |ecec]aaa-

010 |-..{ O... X |- X

0f0]|-...]O X |oeee| X

Ol._.]--..] O ieeefee| X

Letters G, N, K, F, M, C, V and “Letters Shift”
are not shown in the above list because they also
are redundant in that the selection of desired
radio wire networks obtained by the use of their
respective signal combinations may be had by
using certain of the other characters listed above.

The ground on the WT to WII conductors
operates the desired PR relays of the second
group in the available permutation link circuit.
When these PR relays operate a CK?2 relay oper-
ates to thereby operate the LC relay from the
last armature of the series-connected armatures
of the C1A relay. If gll the T relays are re-
leased no W7 to Wii conductors are connected
to ground and therefore the CK2 relay will not
operate. A series contact chain through the
right-hand armatures of the T relays in released
positions closes a circuit for operating the LC
relay directly.

Therefore, the PR relays in both groups are
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operated in combinations determined by the code
combinations of the two preset signals, respec-
tively, and each of the operated PR relays is
locked operated at its inner left-hand armature
for the duration of the network connection.
Each PR relay controls four groups of armatures
on its right-hand side, the groups being identi-
fied herein as tip, ring, sleeve and sleeve prime,

5

18

nected through the armatures of relays TPR-$
and TPR~10, to conductor 785; two conduectors, or
groups, are connected through the armatures of
relay TPR-1{ to conductor 783; and two con-
ductors, or groups, are also connected through
the armatures of relay IPR~1¢ to conductor 7014.
The rotations described in this paragraph are
indicated in the following table:

No. of conductors, or groups. ... 6 6 6 5 5 5 4 4 3 3 2
Relay designations. _..coccaoooo_o- PR-1| PR-2| PR-3| PR-4| PR-5| PR-6| PR-7| PR-8 | PR-9 [PR-10 | PR-11
No. of rotations......______.__.... 1 2 3 1 2 3 1 2 1 2 1

all of which operate simultaneously with the
operation of their respective relays. In Figs. 10
and 11, six groups of conductors respectively con-
nect the six service line direction control relay
sets to the six armatures of each of the four
groups, tip, ring, sleeve and sleeve prime of the
switching relay SW which serves, when oper-
ated, to complete the preset network connec-
tions. The tip conductor of each group of con-
ductors extending from a service line direction
control relay set is connected to one of the six
tip armatures of the SW relay. Likewise, the
ring, the sleeve and the sleeve prime conductor
in each of the six groups of conductors are
connected to their respectively corresponding
armatures in each of the four groups of arma-
tures of the SW relay.

By a process of permutations the six locally
connected stations may be connected to any of
the four networks, two of the networks at all
times, according to the arrangement shown
herein, being arranged for connection to two
stations each. It is obvious as disclosed in the
Bachelet patents, supra, that the arrangement
used hercin at switching center C is not limited
to six locally connected stations and four wire
networks. Furthermore, three or more stations
may be arranged for connection to a single net-
work. The arrangement shown provides for 720
combinations in each permutation link circuit.

The wiring of each PR relay represents a ro-
tation of a number of conductors, or groups of
conductors, of six or less. The following table
shows the number of relays associated with each
group of conductors of six or less than the ro-
tation produced Ly its operation.
the complete wiring of eleven PR relays in each
permutation link circuit is to produce any one of
the 720 permutations (BX5x4X3x2X1=T720)
of six input conductors, or groups, such as
those respectively connecting the six locally con-
nected stations Nos. 1 to 6, with respect to six
output conductors, or groups, connected to the
four wire networks Nos. 1 to 4. By increasing
the number of rotational PR relays in each of
the two sets, each of the two permutation links
may be devised to accommodate a larger number
of stations and/or networks.

Six conductors, or groups, are connecied
through the armatures of three PR relays to a
copductor, for example, in permutation line cir-
cuit No. 1 these six conductors, or groups, are
connected through the armatures of relays
GPR~1, 8PR-2 and SPR-3 to conductor 686. In
like manner, also with respect to permutation
iink cireuit No. 1, five conductors, or groups, are
connected through the armatures of relays
8PR~4, EPR~5 and §PR-§ to conductor 584; four
conductors, or greups, are connected through the
srmatures of relays iPR-1 and TPR-8 to con-
ductor 787; three conductors, or groups, are con-

The cobject of §
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By the operation of combinations of these PR
relays rotations less than the number of con-
ductors being rotated may be obtained as given
in the following table:

DESIGNATION OF PR RELAYS OPERATED TO GIVE A
SPECIFIC NUMBER OF ROTATIONS

Total No. of Rotations

No. of Conduc-
tors or Groups| 0 1 2 3 4 5
Being Rotated

PR-1 | PR-2 | PR-3

PR-3| PR-3
- TN IR PR4 [ PR-5 | PR-6 | PR~4 |.___....
PR-6
4o PR-7 | PR-8 | PR~7 oo fomaeaaas
PR-8
SRR F PR-9 | PR-10 | ool
2] PR || el

The two permutation link circuits at switching
center C are such as those respectively shown
in Figs. 6-7 and Figs. 8-9 and one or the other
is always in an operated position, leaving one
always available to preset connections for the
next group of programs. Assuming that permu-
tation link circuit shown in Figs. 8-9 is in an
operated position, then relay 8SW of the permu-
tation link control circuit is operated in a cir-
cuit traceable from grounded battery, through
the winding of relay 8SW, conductor 5SW-2,
back contact and armature No. 4 of relay BASZ
to ground. The locking circuit for the operated
relays of the 8PR and 9PR relay groups is closed
in a path traceable over the front contact and
armature No. 2 of each of the operated relays,
conductor 512, normally closed lower make-
before-break contacts of relay SASZ, to ground.
The operated 8PR and 9PR relays in cooperation
with the operated relay 8SW maintain closed the
connections previously established for the group
of programs still being broadcast and continue to
maintain closed such connections until the dis-
patcher transmits the master code signal to effect
a change of programs. All other relays, except
relay 5TSR which is normally operated, are in a
released condition at this fime.

Detailed description of operation

As hereinbefore stated, one or the other of the
two permutation link circuits is in an operated
condition at all times and in order to describe in
detail the method of making a ¢hange in program
transmission over radio wire-networks it will be
herein assumed that transmission start switch
{94 is in a closed position and permutation link
circuit No. 2 which is shown in Figs. 8 and 9 is
in its operated condition in that its switch-over
relay 8SW is operated to maintain transmission
of the programs to and/or from stations Nos. 1
6. Relay 8SW in its operated position, holds
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closed until the next change in programs the
program transmitting circuit connections which
were previously established by the operation of
certain of the 8PR and 9PR relays. The oper-
ated PR and SPR are held locked operated in a
circeuit traceable over conductor 512, to ground
at the normally closed lower make-before-break
contacts of relay 5ASZ. Relay §TSR which is
noermally operated, is operated at this time.

It will now be further assumed that the dis-
patcher wishes to prepare for a change in pro-
grams at switching center C to which is assigned
the six unit code signal for No. 3 as its calling
cue signal and that the connections desired be-
tween the locally connected stations and net-
works Nos. 1 to 4, may be had by the preset signals
KB. The dispatcher transmits the calling cue
signal for switching center C, the code signal for
which is start, or space, mark, mark, space, space,
space, space, and stop, or mark. In response to
the start, or space, signal the dispatcher’s tele-
typewriter control circuit extending from the dis-
patcher’s officer is opened thereby releasing at
each of the switching centers included in the
teletypewriter econtrol circuit a normally operated
line-receive relay, for example, relay 2LR at
switching center C. The operation of the line-
receive relay at any one of the switching centers
produces the same results as at each of the other
centers. The results produced at switching center
C will be deseribed in detail in order to give an
illustration. Relay 2LR in response to the start,
“or space impulse releases to its left-hand contact
to close a circuit extending from ground, arma-
ture and contact of relay 2LR, conductor 2061,
back contact and armature No. 1 of relay 2Z,
conductor 202, solid ring 381 and rest segment
R of rotary distributor 3RD, conductors 323 and
384, through the winding of start or clutch, mag-
net 3CL, to grounded battery and the start mag-
net momentarily operates to start the rotatable
brush arm 305 rotating through its first revolu-
tion.

First revolution of distributor brush arm upon
receipt of calling cue signal for selecting desired
switching center C

As the outer brush on arm 385 moves off its
segments RI and R2, normally operated relay
3DN releases to open the normally closed con-
nection at its armature No. 1 and to connect
ground to each of its armatures Nos. 2, 3 and 4.
The ground connected to armature No. 2 com-
pletes a circuit extending over conductor 3189,
normally closed make-before-break contacts of
relay 2W, through the winding of relay 2w, re-
sistor 214, to grounded battery 216, and relay
2W operates. Relay 2W locks operated in a path
extending over its front contact and No. 3 arma-
ture, conductor 294, to ground at the back contact
and No. 3 armature of relay 3DN.

When the rotating brush arm 32385 engages the
selecting segments Nos. 0, 1, 2, 3, 4 and 5, in turn,
the puse relays respectively connected to these
segments and corresponding in time to the space
impulses of the incoming calling cue signal re-
peated by relay 2LR, operate. The second, third,
fourth and fifth impulses of the calling signal for
No. 3 are spacing, and therefore relays 3P2, 3F3,
3P4 and 3P5 operate and lock in their operated
positions in a circuit traceable to ground at the
No. 4 armature of relay 3DN.

When relay 3DN released, the ground con-
nected to the back contact and armature No. 4
thereof causes all the locking relays, that is relays
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318, 311, 3.2, 313, 314, 3L5 to operate simul-
taneously, but inasmuch as the operating wind-
ing of each is connected to the back contact
and armature of its corresponding pulse relay,
only those locking relays respectively correspond-
ing to the unoperated pusle relays remain oper-
ated. For example, since relay 3P-0 and 3P-I
are unoperated, relays 3L-0 and 3L—~I only, re-
main operated and relays 31-2, 313, 3L-4 and
31-5 release. Therefore, at the end of the first
revolution of rotatable brush 365, relays 3P-2 to
3P-5 and relays 3L-0 and 3L—| are operated.
When brush arm 3085 returns to its normal, or
rest, position relay 3DN reoperates. Relay 3DN,
upon reoperating, closes the normally closed con-
nection at its armature No. 1 and removes ground
at its Nos. 2, 3 and 4 armatures but the operated
pulse and locking relays do not release at this time
because they are held operated in a circuit herein-
after described. When relay 3DIT reoperates the
groungd connected to its No. 3 armature and front
contact was removed from the locking circuit of
relay 2W, but a substitute ground is furnished in
the circuit now extending over conductor 328, back
contact and armature No. 1 of each of relays
3L-5, 31—4, 3L-3 and 3L-2, front contact and
armature No. 1 of relay 3L—I, front contact and
armature No. 1 of relay 31-0, conductors 318 and
322, armature No. 4 and front contact of relay
2W, to ground. The ground at armature No. 4
and front contact of relay 2W serves to maintain
locked operated at this time the desired pulse and
locking relays, the circuit exiending from the
grounded battery connected to each of the wind-
ings of such relays, contacts and armatures of
the pulse relays 3P, conductors 318 and 322, to
the No. 4 armature of relay 2W. Also, when
relay 3DN reoperated and ground was removed
at its No. 2 armature from a closed circuit path
extending from grounded battery 252, over the
back contact and armature No. 8 of relay 27,
conductor 318, and since this path formerly served
to shunt the winding of relay 2Z, the latter
relay is now allowed to operate in a circuit ex-
tending over conductor 286, front contact and
armature No. 3 of relay 2W, conductors 204 and
320, and the remaining part of the substitute
locking circuit for relay 2wW. It will be noted
at this time that the path extending over the
left-hand armatures of relays 3L-0 to 3L-5 at
switch center C only is entirely closed. The
corresponding path closed by the locking 3L
relays at each of the other switching centers
does not close entirely in response to the ecalling
cue signal for No. 3. Relay 2Z upon operating,
(1) disconnects at its back contact and No. 1
armature the contact of relay 2LR and sub-
stitutes therefor the winding of line-send relay
213, and (2) closes at its No. 4 armature and
front contact a circuit extending from ground,
over conductors 207, 208 and 209, armature and
back contact of master cue relay 2MC, conduetors
236 ang 581, armature and back contact of check
relay 5CK-{, conductors 502 and 583, back con-
tact and armature No. 1 of relay 5-UL, conductor
504, through the winding of start relay 5-STT,
to grounded hattery and relay 5—STT operates.

When permutation link circuit Ne. 1 is avail-
able, that is, capable of responding to the next
signals incoming at switching center C, certain
PR relays of each of the two groups contained
in permutation link circuit No. 1 are still held
locked operated since the previous change in
programs. Relay SASW is locked operated to
ground at armature No. 4 and back contact of
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relay 2RLS. An understanding of the operation
of relays 5ASW and 5ASZ may be had from a
description hereinafter given under a caption
“Preparing connections in permutation link cir-
cuit No. 2 for program reception.”

The normally operated relay 5TSR is at this
time operated. Relay 5STT upon operating,
closes af its No. 1 armature and front contact
8 circuit extending from ground, conductor 508,
back contact and armature No. 11 of relay 4C8B,
conductor 492, armature No. 7 and back contact
of relay 4CTA, conductor 403, back contact and
No. 2 armature of relay 5CCX, conductor §86,
upper normally closed make-before-break con-
tacts of relay 5CCX, conductor 587, normally
closed make-before-break contacts and through
the winding of relay 5CCW, to grounded battery
and relay 5CCW operates. The circuit just traced
also extends in a path traceable over armature
No. 3 and back contact of relay BCCZ, resistor
543, to grounded battery 550 and this parallel
path serves to shunt the winding of relay 5CCZ
which at this time is prevented from operating.
Relay 5CCW, upon operating, closes at its No. 1
armature and front contact a second but differ-
ent operating circuit for start magnet 8CL, the
seeond circuit extending from ground at the No.
1 armature and front contact of relay BCCW,
conductors 598 and 588, back centact and No. 5
armature of relay 5CCZ, conductor £16, front
contact and armature No. 1 of relay 3DN, con-
ductor 323, armature No. 6 and front contact of
relay 2W, conductor 218, armature No. 7 and
front contact of relay 24, conductor 2{{, arma-
ture No. 1 and back contact of relay 2Z-2, con-
ductor 2384, throusgh the winding of start magnet
3CL, to grounded battery, and start magnet 3CL
momentarily operates for the second time to
start the distributor brush arm 385 on its second
revolution to transmit over the teletypewriter
control circuit a verification signal which is iden-
tical with the calling signal for Mo. 3 assigned
to switching center C as will hereinafter be de-
seribed. When brush arm 385 starts to rotate
at this time it opens at rest segments Ri and R2
the operating circuit for relay 3DN which releases
for the second time.

Also when the operating circuit for relay §8TT
was closed, a path parallel therewith extended

over armature No. 7 and back contact of relay ¢

5ASZ, conductor 521, armature No. 1 and back
contact of relay B3CI-2, through the winding of
relay 5CI-1{, to grounded battery and relay 5CI-i
operates to prepare a gateway to the idle per-

mutation link circuit No. 1 available at this time *

ang shown in Figs. 6-7. Also relay 5STT upon
operating, closes at its No. 3 armature and front
contact a locking circuit for itself to conductor
238 and prepares at its No. 2 armature an oper-
ating circuit for relay 5ASW which is already
locked operated from a previous change in pro-
gram, as hereinbefore described. The locking
ground is furnished at the back contact and
armature ¥o. 4 of release relay 2RLS.

Second revolution of distribufor brush arm to
automatically transmit to the dispatcher the
first verification signal

During the second revolution of brush arm 385
when relay 3DN is released and verification sisnal
is transmitted to the dispatcher’s office, as nere-
inbefore stated, the code combination set up by
the pulse relays 3P whereof relays §P-0 and 3P-{
are in unoperated positions and relays 3P-2 to
3P-5 inclusive, are in operated positions, the oper-
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ated positions of relays 3P-2 to 3P-5 are effective
to transmif current each f{ime the inner brush
on brush arm 305 engages one of the selecting
segments Nos. 2, 3, 4 and 5 of ring 382 in a circuit
traceable from ground at armature No. 4 and
back contact of relay 3DN, to conductor 222, then
over armature No. 1 and front contact of relay
27 which at this time is in an operated position,
conductor 213, through the winding of line-send
relay 2LS, to grounded negative battery. There-
fore the inner brush on brush arm 385 upon
passing over the segments of ring 302 {ransmits
to the dispaicher’s office the verification signal
consisting of start, or space, mark, mark, space,
space, space, space and stop, or mark, to repre-
sent the signal for No. 3, each of the operated
relays 3P-2, 3P--3, 3P-4 and 3P-5 causing to be
transmitted to the dispatcher’s office by means
of line-send relay 218 a spacing impulse.

The teletypewriter at the dispatcher’s office,
upon receiving this No. 3 signal, records it as a
verification of the satisfactory performance of
the calling cue signal at switching center C.

When relay 3DN released for the second time
as hereinbefore described, it provided at its No.
2 armature and back contact a ground for shunt-
ing relay 2W, and relay 2W releases, the shunt-
ing circuit being fraceable from grounded neg-
ative battery 218, resistor 215, conductor 214,
front contact and armature No. 8 of relay 27Z,
conductor 319, back contact and Mo. 2 armature
of relasy 3DN, to ground. At this time, when
relay 2W releases, relay 2Z is held operated by
ground on armature No. 2 of relay 3DN, the
holding circuit for relay 2Z being traceable from
grounded negative battery, through the wind-
ing of relay 2Z, conductor 286, normally clesed
make-before-break contacts of relay 2W, con-
ductor 219, to ground at the No. 2 armature and
back contact of relay 3DN. The operated relays
3L-0 and 3L-1 as well as the operated relays
3p-2, 3pP-3, 3P-4 and 3P-5 are hell operated

_ by the circuit traceable over conductor 318, to

ground at the No. 4 armature and back contact
of relay 3DN, it being noted that the operated
relays 3-8 and 311 correspond to the marking
impulses of the signal for No. 3 and the op-
erated relays 3P-2, 3P-3, P-4 and 3P-5 cor-
respond to the spacing impulses.

When relay 2W releases a circuit is closed
from grounded battery 228, resistor 227, through
the winding and over the normally closed make-
before~break contacts of relay 2W-I, conductor
2117, armature No. 2 and back contact of relay
2W, conductor 218, armature No., 6 and front
contact of relay 27, to ground and relay 2W-i
operates and then locks, the ilocking circuit
iraceable over its No. 3 armature and
front contact of relay 2W-I{, conductors 249
and 250, back contact and armature No. 3 of
release relay 2RLS, to ground. Af{ the com-
pletion of the second revolution, the outer brush
of arm 385 reengages the rest segments RI and
R2 to close the operating circuit for relay 3DN
and relay 3DN becomes operated for the third
time. When relay 3DN reoperates, ground is
removed from its No. 2 armature to open the
operating circuit of relay 2Z and relay 27 releases.
When relay 27 releases, it removes ground (1)
at its No. 4 armature and front contact but a
substitute ground is now had at the front con-
tact and armature No. 5 of operated relay 2W-I
to maintain closed the operating and locking

haing
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circuits for relays 5STT and 5CI-I and (2) at its
No. 10 armature and front contact to open the
holding circuit of the operated 3P and 3L re-
lays and relays 3P-2, 3P-3, 3P-4, 3P-5, 310
and 3L-[ release. Also when relay 27 releases,
it opens at its No. 6 armature and front contact
a shunting path for relay 2Z-1 and relay 2Z-!¢
operates, the shunting path being traceable from
ground at armature No. 6 and front contact
of relay 2Z, conductor 2i8, back contact and
No. 2 armature of relay 2W, conductors 217 and
219, No. 2 armature and back contact of relay
?2Z—-1, to grounded battery 220.

Relay 2Z-I operates in the locking circuit for
relay 2W-{, which is traceable over the No. 3
armature and front contact of relay 2W-1, con-
ductors 249 and 258, back contact and arma-
ture No. 3 of relay 2RLS, to ground. Also, when
relay 2Z released, it closed at its No. 10 arma-
ture and back contact an operating circuit for
relay 5CCK, the circuit being traceable from
grounded battery, through the winding of re-
lay 5CCK, conductors 514 and 513, No. 2 arma-
ture and front contact of normally operated
relay 5TSR, normally closed make-before-break
contact A of relay B5CCK, conductor 405, No.
7 armature and contact of relay 4T-1, No. 8
armature and contact of relay 4T-2, No. 6 arma-
ture and contact of relay 4T-3, No. 7 armature
and contact of relay 4T-4, No. 8 armature and
contact of relay 4T-5, conductors 404 and 224,
back contact and armature No. 10 of relay 2Z,
to ground. Relay 5CCK operates. Relay 5TSR
is normally held operated to a circuit traceable
from grounded battery, through the winding of
relay 5TSR, conductor 515, back contact and
armature No. 1 of relay 5CCK, auxiliary con-
tact 1A of relay 5LC, to ground. Relay 5CCK,
upon operating, locks in a circuit traceable over
its front contact and armature No. 1, conduc-
tors 523 and 524 to ground at the auxiliary con-
tact 1A of relay 5LC and normally operated
relay 5TSR is now held operated in a circuit
traceable over conductor 515, auxiliary contact
IB of relay 5CCK, conductors 516 and 224, to
ground at the back contact and armature No.
10 of relay 2Z. Also, relay 5CCK, upon operat-
ing, opens at its No. 2 armature and back con-
tact, the shunting path around the winding of
relay 5CCZ and relay SCCZ operates in the
locking circuit for relay 6CCW. The shunting
path around the winding of relay 5CCZ before
being opened was traceable from grounded bat-
tery, back contact and armature No. 3 of relay
5CCZ, conductor 507, upper normally closed
make-before-break contacts of relay 5CCX, con-
ductor 506, No. 2 armature and back contact
of relay 5CCK, conductor 493, back contact and
armature No. 7 of relay 4C7T4A, conductor 402,
back contact and armature No. 11 of relay
4C6B, conductor 505 to ground at the front
contact and armature No. 1 of relay 5STT, relay
BSTT being held operated after 2Z releases by
a circuit hereinbefore traced over conductor 236,
back contact and armature of relay 2MC, con-
ductors 209 and 208, to ground at the front con-
tact and armature No. 5 of relay 2W-Il. The
switching center control circuit shown in Figs.
2 and 3 and the permutation link control cir-
cuit shown in Figs. 4 and 5 are now ready to
receive from the dispatcher the first preset sig-
nal.

The relays in operated condition in the switch-
ing center control and permutation link control
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circuits at switching center C at this time are:
5TSR, 5ASW, 3DN, 5STT, 5CI-I, 5CCW, 2W-I,
2Z~-1, 5CCK and 5CCZ.

Third revolution of the distributor brush arm
upon receipt of the first preset signal from the
dispatcher

The dispatcher, upon wishing to establish at
switching center C desired connections between
the six stations locally connected thereto and
the four networks, transmits a code combination
signal for letter K which is the first of the
two preset signals for the two letters KB which
herein represent the signals necessary to pre-
pare the connections desired for the six sta-
tions at the next change of programs. The sig-
nal combination for the letter K consists of
start, or space, space, mark, mark, mark, mark,
space and stop, or mark. In response to the
start, or space, impulse received by the line re-
ceive relay of each of the switching centers
operates such relays to their respective left-
hand positions. The functions of the LR relay
at switching center C only will be described in-
asmuch as the operation of the LR relays at
the other switching centers in response to the
first preset signal has no effect on the permuta-
tion link control circuit at such other switch-
ing centers. In response to the first impulse of
the signal for letter K relay 2L.R releases to its
left-hand position and closes an operating cir-
cuit for start magnet 3CL, which circuit is the
same as hereinbefore described when the switch-
ing center calling cue signal for No. 3 was re-
ceived by relay 2LR. Magnet 3CIL, upon op-
erating momentarily for the third time, permits
brush arm 305 to begin rotating and as the
outer brush on brush arm 305 moves off rest
segments RI and R2, relay 3DN releases. Relay
3DN, upon releasing a third time, connects
ground at its No. 2 armature and back contact
to conductor 318 for again operating relay 2W.
Relay 2W, upon operating, for the second time,
now locks in a circuit traceable over its No. 1 ar-
mature and front contact, conductor 222, front
contact and No. 1 armature of relay 2W-1, con~
ductor 223, conductor 229, to ground at the back
contact and No. 3 armature of relay 2Z-2. As
brush arm 305 rotates over selecting segments
0, 1, 2, 3, 4 and 5 in timed relation with the
impulses of the incoming signal received by re-
lay 2LR, relays 3P-0 and 3P-5 operate in re~
sponse to the zero and No. 5 selecting impulses of
the K signal, both impulses of which are spac-
ing. Relays 3P-0 and 3P-5 upon operating, lock
to ground on armature No. 4 of relay 3DN, now
released. Accordingly, relays 3L—I, 3L-2, 313
and 3L-4 operate because of the unoperated
condition of their corresponding 3P relays and
also lock to ground on armature No. 4 of relay
3DN. It will be noted that in response to the
first preset signal, no effective path is closed at
the left-hand armatures of the 3L relays because
in response to the preset signals, relay 31~0 is
always unoperated inasmuch as the zero se-
lecting impulse of a preset signal is always
spacing.

At this time when relay 2W is operated and
relay 3DN is released, the operated relays 3L-i,
3I-2, 313, and 3L-4 close respective operat-
ing paths for translating relays 4T-{, 4T-2, 4T-3
and 4T-4 which now operate in parallel paths
traceable from grounded battery connected to
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the winding of each of the translating relays,
the No. 3 armature and front contact of each
of relays 3L—I, 31-2, 313 and 31-4, to a com-
mon circuit extending over conductor 32{, ar-
mature No. 5 and front contact of relay 2W,
conductor 285, armature No. 4 and front con-
tact of relay SCCZ, conductor 508, front con-
tact and armature No. 1 of relay SCCW, to
ground. Translating relays &4T--f, 471-2, 4T-3
and 4T-4, upon operating, prepare the first stage
of the desired connections between the six lo-
cally connected broadcasting stations and the
four networks.

At the end of the third revolution of brush
arm 305 the outer brush thereon reengages rest
segments RI and R2 to close the operating cir-
cuit for relay 3DN and relay 3DN reoperates
(operates for the fourth time) to remove ground
at its No. 2 armature and back contact from
the shunting path around the winding of relay
2Z and relay 2Z operates a second time, the
shunting path before being opened being trace-
able from grounded battery 252, back contact
and armature No. 8§ of relay 27, conductor 319,
to the back contact and armature No. 2 of relay
3DN. The operating circuit for relay 2z is
traceable over conductor 208, front contact and
armature No. 1 of relay 2W, conductor 222,
front contact and armature No. 1 of relay
2W-1, grounded conductors 223 and 229, to
ground at the back contact and armature No.
3 of relay 2Z-2. Relay 2W remains locked op-
erated at this time over its No. 1 armature and
front contact, to grounded conductors 223 and
228, to the back contact and No. 3 armature of
relay 27-2 inasmuch as its shunt path which
extends over armature No. 8 and front con-
tact of relay 2Z is opened at this time at ar-
mature No. 2 of relay 3DN which has reoperated.
Relay 3DN, upon bhecoming operated for the
fourth time, removes at its No. 4 armature the
ground for locking relays 3P~ and 3P-5 and
relays 3I—i, 31~2, 3L-3 and 31-4 but a sub-
stitute ground is now furnished at the front con-
tact and armature No. 10 of relay 2Z whereby
the operated 3P and 3L relays are maintained
locked until the verification signal correspond-
ing to letter K is transmitted back to the dis-
patcher’s office.

Relay 27, upon operating, removes ground at
its No. 10 armature and back contact from the
holding circuit for relay 5TSR and the normally
operated relay 5TSR releases for the first time.
Relay 5TSR, upon releasing, closes at its No. 3
armature and back contact an operating circuit
for relay 4C6B the circuit being traceable from
grounded battery, through the winding of relay
4C8B, conductor 407, front contact and arma-
ture No. 6 of relay 5CCZ, conductor 528, arma-
ture No. 3 of front contact of relay 5CCK, con-
ductor 528, back contact and armature No. 3 of
relay S5TSR, conductors 527 and 524, auxiliary
contact {A of relay 5LC, to ground. Relay 4C6B
operates and closes armatures Nos. 1 to 10 fo
their respectively associated front contacts and
opens at its No. 11 armature and back contact
the original operating circuit for relay 5CCW,
which at this time remains locked-operated.
Relay 4CH6B, upon closing its armatures Nos. 1
to 10 to their respective front contacts, close
in conjunction with armatures Nos. 1 to 6 of
translating relay 4T-I, armatures Nos. 1 to 7
of relay 4T-2, armatures Nos. 1 to 5 of relay
4T-3 and armatures Nos. 1 to 6 of relay 4T-4,
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operating circuits for three PR relays of the
first group of the idle, or available, permuta-
tion link circuit which at this time is circuit
No. 1, the PR relays being 6PR3, 6PR4 and
6PR6. Relays 6§PR3, 8PR4 and 6PRE operate.
The operating circuit for these three 6PR relays
are traceable from ground at armature No. 1
and back contact of relay 5LC, conductor 5i7
and then over separate parallel paths, (1) the
path for operating relay 6PR3 being traceable
over conductor 817, armatures Nos. 1, 2, 3, 4, 5,
in series, of relay 4C8B, armature No. 5 and
contact of relay 4T-3, conductor 4W3, arma-
ture No. 3 and contact of relay 5CI-I, con-
ductor 5W3-1{, through the winding of relay
6PR3, to grounded battery, (2) the path for
operating relay 6FR4 being traceable from con-
ductor 811, over armatures Nos. 1 to 7, in series,
of relay 4C6B, No. 5 armature and front con-
tact of relay 4T7-4, No. 5 armature and contact
of relay 4T-5, conductor 4Wd, No. 4 armature
ahd contact of relay 3CI-f, conductor 5Wd-I,
through the winding of relay 6PR4 to ground at
battery, and (3) the path for operating relay
8PR6 being traceable from conductor 517 through
the armatures Nos. 1 to 8, in series, armature No.
6 and contact of relay 4T—{, armature No. 7
and contact of relay 4T-2, conductors 406 and
A4WE, armature No. 6 and contact of relay 5CI-i,
conductor 5W6-{, through the winding of relay
6PRS, to grounded battery. Relays 6PR3, 6PR4
and 6PRE operate and lock.

if no 4T relays are operated then no 6PR
relays are operated whereby relay 5CK~i will not
operate, and under these condiftions, when relay
27 is subsequently released a circuit is closed for
operating relay 2LC, the cireuit being traceable
from ground on No. 10 armature and back con-
tact of relay 2Z, conductors 224 and 404, back
contact and inner right-hand armature of each
of the 4T relays in released positions, conductor
495, auxiliary contacts No. 1A of relay 5CCK in
its operated position, back contact and armature
No. 1 of normally operated relay 5TSR, now in its
released position, through the lower winding of
relay 5LC, to grounded battery.

Relays 6PR3, 6PR4 and 6PR6 upon operating
in response to the signal for letter K, (1) close
for themselves at their respective No. 2 arma-
tures, a. common locking circuit, the locking cir-
cuit being traceable over the No, 2 armature and
front contact of each of relays 6PR3, 6PR4 and
6PRS, conductor 5I~I, normally closed upper
make-before-break contacts of relay 5ASZ, con-
ductor 528, back contact and armature No. 2 of
unlock relay 3UL, to ground, and (2) close at
their respective No. 1 armatures an operating cir-
cuit for relay 8CK-I, the circuit being traceable
from ground, No. 1 armature and front contact
of each of relays 6PR6, 6PR4 and 6PR3, con-
ductor 3Ci-1, back contact and armature No. 6
of relay 5ASZ, conductor 529, through the wind-
ing of relay BCEK-{, to grounded battery and relay
5CK-1 operates. Relay 5CK-I, upon operating,
closes at its No. 1 armature and front contact, a
circuit traceable from grounded battery, through
the lower winding of 5LC, armature No. 1 and
back contact of relay TSR, conductors 5§18 and
528, front contact and armature No. 1 of relay
5CK-1, conductor 530, contacts and their respec-
tive armatures Nos. 10, 9, 8, 7, 6, 5, 4, 3, 2, 1,
in series, of relay 46CB, conductor 517, back con-
tact and armature No. 1 of relay BLC, to ground
and relay 5LC operates. Relay 51.C upon operat-
ing, locks in a ecircuit traceable over ifs No. 3
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armature and front contact conductor 519, arma-
ture No. 4 and front contact of relay 56CCZ, con-
ductor 508, front contact and armature No. 1 of
relay BCCW, to ground. Relay 5LC is made
slow-to-release by closing a circuit extending
through its upper winding and armature No. 2
and front contact as shown in the drawing. Re-
lay 5LC upon operating, (1) opens at its auxiliary
contact 1A the locking circuit for relay 5CCK
which now releases, and opens at its No. 3 arma~
ture and front contact the operating circuit for
relay 4C6B which also releases, and (2) opens at
its No. 1 armature and back the original operat-
ing paths for relays 6PR3, 6PR4 and 6PR6 hut
relays 6PR3, 6PR4 and 6PR6 are locked operated
over conductor 5L—-1. Relay 5CCK, upon releas-
ing, closes at its No. 2 armature and back contact
a circuit for operating relay 5CCX, the circuit
being traceable from grounded hattery, through
the winding of relay 5CCX, lower normally closed
make-before-break contacts of relay 5CCX, con-
ductor 536, front contact and armature No. 3 of
relay 9CCZ, conductor 507, upper normally closed
make-before-break contact of relay 5CCX, con-
ductor 506, No. 2 armature and back contact of
relay 5CCE, conductor 403, back contact and
armature No. 7 of relay 4CTA, conductor 402, back
contact and armature No. 11 of relay 4C6B, con-~
ductor 509, front contact and armature No. 1 of
relay 5STT, to ground. Relay 5CCX operates
and then locks in a circuit traceable over its front
contact and No. 4 armature, conductors 531 and
505, front contact and armature No. 1 of relay
5STT, to ground. Relay 5CCX upon operating,
closes at its Nos. 1 and 2 armatures and their
respective front contacts a circuit traceable from
grounded battery 532, conductor 533, front con-
tact and armature No. 2 of relay 5CCZ, conductor
534, front contact closed to its No. 1 armature on
relay 5CCZ and armature No. 2 closed to its front
contact also of relay 5CCX, conductor 506, arma-~
ture No. 2 and back contact of relay 5CCK, con-
ductor 403, back contact and armature No. 7 of
relay 4CT1A, conductor 402, back contact and
armature No. 11 of relay 4C6B, conductor 505,
front contact and armature No. 1 of relay 5STT,
to ground and this circuit when closed shunts
the winding of relay 5CCW which now releases.
Relay 5CCW upon releasing, opens at its No. 2
armature and front contact the original operat-
ing circuit for relay 5CCZ but relay 5CCZ remains
operated in a circuit traceable over the normally
closed make-before-break contacts of relay
5CCW, conductor 507, No. 3 armature and front
contact of relay 5CCZ, conductor 536, armature
No. 2 and front contact of relay 5CCX, conductor
506, armature No. 2 and back contact of relay
SCCK, conductor 403, back contact and armature
No. 7 of relay 4CTA, conductor 402, back contact
and armature No. 11 of relay 4C6B, conductor
505, front contact and armature No. 1 of relay
5STT, to ground. Also relay SCCW upon releas-
ing. closes at its No. 1 armature and back contact
another operating circuit for start magnet 3CL
which now operates a fourth time. The circuit
for operating magnet 3CL the fourth time is dif-
ferent from the circuits previously serving to
operate magnet 3CL and is the third different
circuit of its kind, it being traceable from
grounded armature No. 1 and back contact of
relay 5CCW, conductor 501, front contact and
armature No. 5 of relay 5CCZ, conductor 510,
front contact and armature No. 1 of relay 3DN,
conductor 323, armature No. 6 and front contact
of relay 2W, conductor 210, armature No. 7 and
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front contact of relay 2Z, conductor 211, No. 1
armature and back contact of relay 2Z-2, con-
ductor 304, through the winding of the start mag-
get 3CL, to grounded battery and the start mag-
net 3CL momentarily operates for the fourth
time. 'The release of relay 5CCW opens the lock-
ing circuit for relay 5LC which now releases.
Furthermore, when relay 5CCW releases, relay
5LC releases because its locking circuit is opened
at armature No. 1 and front contact of relay
5CCW, the locking circuit before being opened,
being traceable over the No. 3 armature and front
contact of relay S5LC, conductor 519, armature
No. 4 and front contact of relay 5CCZ, conductor
508, front contact and armature No. 1 of relay
5CCW, to ground. Relay 5LC, upon releasing,
closes at its auxiliary contact {A the original
cperating circuit for normally operated relay
5TSR which becomes operated a second time, the
circuit being traceable from ground, auxiliary
contacts 1A of relay SLC, conductors 524 and
523, armature No. 1 and back contact of relay
5CCK, conductors 522 and 515, through the wind-
ing of relay 9TSR, to grounded bhattery. Relay
5TSR upon becoming operated the second time,
maintains open at its No. 1 armature and back
contact the original operating circuit for relay
5L.C which has previously been released.

Fourth revolution of the distributor brush arm
to automaticelly transmit to the dispaticher the
second verification signal

‘When start magnet 3CL operates for the fourth
time, brush arm 305 begins its fourth revolution
and as the outer brush on arm 305 moves off rest
segments RI and R2, relay 3DN releases for the
third time and connects at its No. 2 armature
and back contact a ground connection to a shunt
path extending over conductor 319, armature No.
8 and front contact of relay 2Z, conductor 214,
resistor 215 and grounded battery 216 whereby
the winding of relay 2W is shunted and there-
fore releases for the second time. When relay
2W releases the second time, it opens at its No. 5
armature and front contact the operating circuit
for the operated translating relays 4T-1, 4T-2,
4T--3 and 4T-4 which release. Relay 2Z is main-
tained operated by the ground connection on the
No. 2 armature of relay 2DN, the circuit being
traceable over conductor 319, normally closed
make-hefore-break contacts of relay 2w, con-
ductor 206, through the winding of relay 2Z, to
grounded battery. The operated 3P and 3L re-
lays such as relays 3P-0, 3P-5, 311, 31~2, 3L-3
and 3L-£ are held operated by ground on arma-
ture No. 4 of relay 3DN during the fourth revo-
lution, there being ground also furnished on arm-
ature No. 10 and front contact of relay 2. When
relay 2W released the second time, relay 2W-{
also released inasmuch as relay 2Z is maintained
operated to cause a shunt path around the wind-
ing of relay 2W-1 to be closed over the front con-
tact and armature No. 2 of relay 2Z-I, the cir-
cuit extending over conductor 219, armature No.
2 and back contact of relay 2W, conductor 218,
to ground at armature No. 6 and front contact
of relay 2Z. Relay 2Z-i is held operated when
relay 2W-1 released, the holding circuit being
traceable over the normally closed make-before-
break contact of relay 2W-I, back contact and
armature No. 2 of relay 2W, to ground at arma-
ture No. 6 and front contact of relay 2Z. When
relay 2W-I released, relay 2W-2 operates and
locks, the operating circuit being traceable from
ground at the front contact and armature No. 1
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of relay 2Z-{, conductor 225, back contact and
armature No. 2 of relay 2W-I, normally closed
make-before-break contact and the winding of
relay 2W-2, to grounded battery 234. Relay 2Z-2
cannot operate at this time because its winding
is shunted at its armature No. 2 and back con~
tact, the circuit extending over conductor 232,
armature No. 2 and back contact of relay 2W-I,
to ground at the front contact ang armature No.
1 of operated relay 2Z-1.

The rotation of brush arm 385 through ifs
fourth revolution causes the verification signal
identical with the first preset sighal to be trans-
mitted to the dispatcher. The verification sig-
nal of the preset signal for letter K which is set
up by the 3P relays is transmitted as the inner
brush on brush arm 305 rotates over segments
Nos. 0, 1, 2, 3, 4 and 5 of ring 362, to the circuit
traceable over conductor 202, No. 1 armature
and front contact of relay 2Z, conductor 213,
through the winding of relay 2LS, to grounded
pattery and the impulses repeated by relay 2LS
are transmitted to the dispatcher’s teletypewriter
to indicate to the dispatcher that the functions
required of the first preset signal have been satis-
factorily completed at switching center C. When
brush arm 385 comes to rest at the termination
of its fourth revolution, the outer brush thereof
engages rest segments Rf and R2 and relay 3DN
reoperates. Relay 3DN, upon becoming oper-
ated for the fifth time, removes at its No. 2 arma-
ture and front contact, the ground connection
from the circuit which held relay 2Z operated and
relay 27 releases. When relay 2Z releases the
seeond time it closes at its No. 10 armature and
back contact the circuit for operating relay ECCK
which operates a second time, the circuit being
traceable from grounded battery, through the
winding of relay 3CCK, conductors 5{4 and 513,
No. 2 armature and front contact of relay 8TSR,
now operated for the second time, conductor 512,
normally closed auxiliary contacts [A of relay
ECCK, conductor 488, No. 7 armature and back
contact of relay 4T-1, No. 8§ armature and back
contact of relay 4T-2, armature No. 6 and back
contact of relay 4T-3, armature No. 7 and back
contact of relay 4T-8, armature No. 8 and back
contact of relay #T-8, conductors 464 and 224,
to ground at the No. 10 armature and back con-
tact of relay 2Z. Relay 5CCK locks operated to
ground at the auxiliary contacts [A of relay 5LC.
When relay 5CCK operates for the second time,
it opens at its No. 2 armature and back con-
tact, the operating circuit for relay 8CCZ which
now releases, the circuit thus opened being trace-
able from grounded battery, through the wind-
ing of relay 8CCZ, normally closed make-before-
break contacts of relay 5CCW, armature No. 3
and first contact of relay 5CCZ, conductor 536,
armature No. 2 and front contact of relay 5CCX,
conductor 586, armature No, 2 and back contact
of relay 5CCK, conductor 408, back contact and
armature No. 7 of relay 4CTA, conductor 492,
back contact and armature No. 11 of relay 4C8B,
conductor 505, to ground at No. 1 armature and
front contact of relay 58TT. Also the operated
3P and 3L relays release when relay 27 discon-
nects ground at its No. 10 armature and front
contact. Furthermore, relay 2Z upon releasing,
causes at its No. 6 armature the release of relay
2Z-1. Relay 2Z-l, upon releasing, removes
ground at its No. 1 armature and front contact
from the shunt path around the winding of re-
lay 27Z-2 which now operates in the locking cir-
cuit of relay 2W-2, At this time, relay 5STT is
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held operated by the ground on armature No. 4
and front contact of relay 2W-2.

The operated relays in the switching center
control circuit, the permutation link control cir-
cuit and the permutation link circuit No, 1 at this
time are: 3DN, 5STT, ECI-1, BASW, 8PR2, 6PR4,
§PRS, SCK-1, 5CCX, 2w-2, 2Z-2, 5TSR and
5CCK. Normally operated relay 5TSR has re-
leased and reoperated.

Fifth revolution of the distributor brush arm
upon receipt of the second preset signal from
the dispatcher

When the verification of the first preset signhal
K is recorded at the dispatcher’s teletypewriter,
the dispatcher transmits the second preset signal
which in this case is the signal for letter B and
it consists of start, or space, space, mark, space,
space, mark, mark and stop, or mark. The start,
or space, signal upon being received at switching
center C causes line receive relay 2LR to overate
its armature to its left~-hand position and there-
by close a circuit hereinbefore traced for momen-
tarily operating start magnet 3CL in response to
the incoming second preset signal. As brush arm
305 begins to rotate, its outer brush moves off rest
segments R1 and R2 to open the operating cir-
cuit for relay 3DN which now releases for the
fourth time. When relay 3DN releases at this
time, ground is connected at its No. 2 armature
and back contact to a circuit traceable over con-
ductor 3i3, normally closed make-before-break
contacts of relay 2W, through the winding of
relay 2W to ground at battery and relay 2W op-
erates for the third time and then locks over its
No. 1 armature and front contact in g circuit
traceable over conductor 222, front contact and
armature No. 1 of relay 2W-2, conductor 229,
back confact and armature No. 3 of relay 2Z—i
which at this time is released. Relays 2W-2 and
27-2 are held operated, relay 2W-2 being oper-
ated at the beginning of the fourth revolution of
brush arm 385 and relay 2Z-2 being operated at
the conclusion of the fourth revolution. As brush
arm 385 continues rotating and its inner brush
engages, in turn, segments 0, 1, 2, 3, 4 and 5 of
ring 352, relays 3P-8, 8P-2 and 3P-3 become op-
erated and lock to ground at the back contact
and armature No. 4 of relay 3DIN. Accordingly,
since relays 3P-{, 3P-2 and 3P-§ remain unoper-
ated, relays 3L—{, 3L—4 and 31-5 become oper-
ated and lock to ground also at armature No. 4
of relay 8DN. When relays 3L—-i, 31§ and 31§
operated, they closed at their respective middle
right-hand armature paths for operating trans-
lating relays 4T-{, §T-4 and 4T-5, these paths
being connected in parallel to a circuit traceable
over conductor 32{, No. 5 armature and front
contact of relay 2W, conductor 288, armature No.
4 and back contact of relay 5CCZ, conductor 581,
back contact and armature No. 1 of relay 8CCW,
to ground.

When brush arm 305 completes its fifth revolu-
tion, its outer brush reengages rest segments Ri
and RZ to close the operating circuit for relay
3DN which becomes operated for the sixth time,
to remove ground at its No. 2 armature and back
contact from the shunt path which extends over
armature No. 8 and back contact of reiay 2Z.
Relay 27 operates for the third time, the oper-
ating circuit being traceavle over conductor 286,
front contact and armature No. 1 of relay &W,
conductor 222, front contact and armature No. 1
of relay 2W-2, conductor 229, back contact and
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armature No. 3 of relay 2Z-1 to ground. Relay
2Z-| is in a released condition at this time.

Relay 2W remains locked operated in a circuit
traceable over its No. 1 armature and front con-
tact, conductor 222, front contact and armature
No. 1 of relay 2W-2, conductors 223 and 228,
back contact and armature No. 3 of relay 2Z-i,
to ground its shunt path over armature No. 8 and
front contact of relay 2Z being opened at the time
by the removal of ground at the No. 2 armature
of relay 3DN. Relays 3P-8, 3P-2 and 3P-3 and
3L—i, 3L-4 and 3L-5 are held locked operated
over conductor 322, to ground at the front con-
tact and armature No. 10 of relay 2Z.

Relay 2Z upon operating for the third time,
removes ground at its No. 10 armature and back
contact from the holding circuit of relay 5TSR
which now releases for the second time. When
relay 5TSR releases for the second time, it closes
at its No. 3 armature and back contact an oper-
ating circuit for relay 4CTA which operates (o
prepare the permutation link control circuit for
the second preset signal representing letter B.
The operating circuit for relay 4CTA is traceable
from grounded battery, through the winding
of relay 4CTA, conductor 408, back contact and
armature No. 6§ of relay 5CCZ, conductor 525,
armature No. 3 and front contact of relay SCCK,
conductor 526, back contact and armature No. 3
of relay 5TSR, conductors 527 and 524, normally
closed auxiliary contacts |A of relay SLC, to
ground. Relay 4CTA operates to close in con-
junction with translating relays 4T-1, 4T-4 and
4T-5, three paths extending from ground at the
No. 1 armature and back contact of relay SLC,
conductor 511, to armatures Nos. 1, 4 and 5, in
parallel, of relay 4C7A to their respective con-
ductors 4W1, 4W-10 and 4W-il, their respec-
tively associated armatures Nos. 11, 8 and 7 of
operated relay 2CI-I, 5Wi-1, 5W-10-1 and
5W-t1-1, through the winding of respective re-
lays TPRI1, 1PR~I18 and TPR-Ii{, to grounded
battery and relays TPR1T, TPR-10 and TPR~{1 op-
erate in response to the second preset signal for
the letter B. Relays TPR1, TPR~10 and TPR-{1
upon operating, connect ground at their respec-
tive outer left-hand armatures Nos. 1 and con-
tacts to a circuit extending over conductor 5C2-1,
back contact and armature No. 5 of relay 5ASZ,
conductor 537, through the winding of relay
5CK-2, to grounded battery and relay 5CK-2 op-
erates. Also, relays TPRIT, TPR-10 and TPR~Ii
upon operating, close at their respective inner
left-hand armatures Nos. 2 and front contacts,
a locking circuit for themselves extending over
conductor 5L, upper normally closed make-be-
fore-break contacts of relay 5ASZ, conductor 528,
to ground at the back contact and armature No. 2
of relay 5UL. Relay 5CK-2, upon operating,
closes at its No. 1 armature and front contact
an operating circuit for again operating relay
5LC, the circuit being traceable from grounded
battery, through the lower winding of relay 5LC,
No. 1 armature and back contact of relay 5T3R,
conductors 5i8 and 538, front contact and arma-
ture No. 1 of relay 3CK-i, conductor 539, front
contact and their respective armatures Nos. 6, 5,
4, 3, 2 and 1 of relay 4CTA, conductor 5i7 to
ground at the back contact and armature No. 1
of relay 5LC. Relay SLC operates. Relay 5LC,
upon operating, locks in g circuit traceable over
its No. 3 armature and front confact, conductor
503, No. 4 armature and back contact of relay
5CCZ, conductor 501, back contact and No. 1
armature of relay SCCW, to ground and opens
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at its auxiliary contacts IA the operating circuit
for relay 4C1A, the latter circuit being traceable
from grounded battery, through the winding of
relay 4CTA, conductor 408, back contact and ar-
mature No. 6 of relay 5CCZ, conductor 525, No. 3
armature and front contact of relay 5CCK, con-
ductor 526, back contact and armature No. 3 of
relay 5TSR, conductors 5271 and 528, to the nor-
mally closed auxiliary contacts (A now open, to
ground. Relay 4CTA releases. Also relay 5LC,
upon operating, opens the locking circuit for relay
5CCK which releases a second time.

When relay 4CTA releases after relay 5CCK
has released, relay 5AV operates, the circuit being
traceable from grounded battery, through the
winding of relay 5AV, No. 1 armature and back
contact of relay 5CCZ, armature No. 3 and front
contact of relay 5CCX, conductor 588, armature
No. 2 and back contact of relay §CCK, conductor
403, back contact and armature No. 7 of relay
4C1TA, conductor 402, back contact and arma-
ture No. 11 of relay 4C6B, conductor 565, front
contact and armature No. 1 of relay 5STT to
ground. Relay BAV upon operating, closes at its
No. 2 armature and front contact a circuit for
momentarily operating start magnet 3CL for the
sixth time, the circuit being traceable from ground
at No. 2 armature and front contact of relay 5AV,
conductors 528 and 510, front contact and arma-
ture No. 1 of relay $DN, conductor 323, armature
No. 6 and front contact of relay 2W, conductor
210, armature No. 7 and front contact of relay
27, conductor 214, No. 1 armature and back con-
tact of relay 27-2, conductor 304, through the
winding of start magnet 3CL, to grounded bat-
tery and start magnet 3CL operates to start the
sixth revolution of distributor brush arm 385.
It will be noted that the circuits used for operat-
ing start magnet 3CL to cause the transmission
of each of the verification signals to the dis-
patcher’s office is different from the other. How-
ever, the circuit for operating magnet 3CL in re-
sponse to each of the signals incoming from the
dispatcher’s office is the same in each case, al-
though, different from any of those used to cause
transmission of the verification signals.

Sizth revolution of the distributor brush arm to
automatically transmit to the dispaicher the
third verificalion signal
When brush arm 305 starts to rotate for the

burpose of fransmitting to the dispatcher’s tele-

typewriter a verification signal corresponding to
the second preset signal, that is, the signal for
letter B, its outer brush moves off rest segments

Ri and K2 to open the operating circuit for relay

3DN which now releases for the sixth time to con-

nect at its No. 2 armature and back contact a

ground connection to a shunt path closed at

armautre No. § and front contact of relay 22 for
shunting the winding of relay 2W. Relay 2W

releases for the third time and opens at its No. 5

armature and iront contact the operating circuit

for the operated translating relays 4T—1, 4T-4
and 4T-§ which now release, the circuit thus
opened being traceable from grounded battery,
through the winding of each of relays 4TI, 4T-4
and 4T-5 over the corresponding middle right-
hand armature of relays 4L—[, 414 and 4L-5,
conductor 321, armature No. 5 and front contact
of relay 2W (which has just released), conductor

205, No. 4 armature and back contact of relay

§CCz, conductor 581, back contact and armature

No. 1 of relay 5CCW, to ground. Also, relay 3DN

upon releasing, connects ground at its No. 2 ar-
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mature and back contact t0 a circuit for holding
relay 27 operated for the duration of the sixth
revolution .of brush arm 365. As brush arm: 385
continues to rotate, the inner brush engages each
of segments Nos. 1, 2, 3, 4 and .5, in turn, and
transmits the impulses-of the second preset signal
for letter B set up by the operated and unoper-
ated 3P relays in a circuit traceable ever conduc-
tor 202, armature No. 1 and front contact of relay
2Z, conductor 213, through the winding of relay
2LS, to grounded battery and relay 2LS repeats
the signal to the dispatcher’s teletypewriter
whereat the letter B is recorded to indicate that
the function of the second preseb signal has per-
formed its functions. at switching -center C satis-
factorily. The operated 3P relay and 31 relay at
this. time are held operated by ground on arma-
ture No. 4 and back contact. of relay 3DN during
the sixth revolution, ground also being furnished
at armature No. 10 and front contact of relay 2Z.
When relay 2W releases at the beginning of the
sixth revolution, as hereinbefore described, relay
2W-1 operates a secend time and locks, the oper-
ating cirenis being traceable from grounded bat-
tery, through the winding of relay 2W-{, nor-
mally closed make-before-break contacts of relay
2W-1, conductor 217, armature No. 2 and back
contact of relay 2W, conductor 218, No. 6 arma-
ture and front contact of relay 27, to ground.
Relay 2Z-{ at this time remains unoperated be-
cause of the closed shunt path around ifs wind-
ing, the shunt path being closed over back con-
tact and No. 2 armature of relay 2Z-1, conductor
219, No. 2 armature and back contact of relay
2W, to ground and No. 6 armature and front con-
tact of relay 2Z.

‘When brush arm 305 concludes its sixth revolu-

ion and its outer brush reengages rest segments

R{ and R2, the operating circuit for relay 3DN
is-closed and relay 3DN reoperates for the sixth
time. When relay 3DN reoperates, it reraoves
ground at its No. 2 armature snd back contact to
open the operating circuit for relay 2Z which now
releases. Relay 2Z, upon releasing, opens at its
No. 16 armature and front contact the locking

circuit for the operated 3P and 3L relays and re--

lays 3P--g, 3P-2 and 3P-3, 3L-{, 31—% and 3L-5
release. When relay 2Z releases; it disconnects
ground at its No. § armature and front contact

fror the shunt path around the winding of relay &

2Z-4, the shunt path being. hereinbefore de-
seribed, and relay 2Z-1 operates for the second
time. Also, when relay 2Z. releases, it closes.atb
its No. 4 armature and back contact a-circuif

for operating relay 2AMC which operates in a.

circuit traceable over conductor 253, front con-
tact and armafure No. 4 of relay 2W-{, conduc-
tor 2584, front contact of relay 2W-2, conductor
255, through the winding. of relay 2AMC, fo
grounded battery, and then locks to ground over
its front contact and No. 2 armature, conductors
204 and 288, to ground at the front contact and
No. 4 armatureof relay 2W-2.”

Relays 2W-i, 2Z-1, 2W-2 and.2Z-2 remain
operated until the time arrives-for making the
desired changes in the programs at which. time
the master cue signal is received.at the switching
center C to complete the connections that are

preset; or conditioned, for completion by the op--

erated PR relays. such as relays $PR3; GPRS;
§PRS, TPRIT, TPR~{§ and TPR~11 all of which are
locked operated in the cireuit traceable to ground
and. the No. 2 armature and back contact of
relay BUL as hereinbefore:described.. Other re-
lays in the-switching center. control circuit, per-
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mutation. control: circuit and. permutation link
circuit No..1 that are operated at this time are:
3DN,- 58TT, 5CI—i; 5A8W, 5LC, 5CK-{, 5CCX,
5CK-2, §AV .and 2AMC.

Sevenih revolution of the distributor brush arm
upon the receipt of the masier cue signal from
the dispatcher -

Now-that the desired.connections at switching
center C have been preset -and -await the arrival
of the time.when the programs.will be changed,
the- dispatcher checks:the verification signals-
with. the. prearranged. schedule - to. determine
whether. or. not the. connections so. preset ars-
When. the time-for changing the pro-
gram arrives, the dispatcher upon .being satis-
fied with. the. preset. connections, transmits a-
master. cue-signal .which. is. common .to all the
switching. centers. included in .the- dispatcher’s.
contrel .circuit.. The.rmaster. cue signal consists
of start, or.space, mark, mark, mark, mark, mark;
mark .and.stop, or.mark; impulses. In .respsnse
to. the. start, or.spaee, impulse.received by- line-
receive. relay 2LR, the.relay .is allowed. to move
to its left-hand contaet whereby. the -start mag-
net 3CL operates momentarily for:the seventh.
time in a cireuit. as hereinbefore . described.
When the brush arm. 3385:begins.to rotate, its
outer brush moves off the rest segments Rl and.
R2 to open the. operating-circuit for relay 3DN -
which now releases for the .seventh.time. Relay
3DN, upon releasing; closes..at.its No. 2 arma-
ture and back contact the operating. circuit. for
relay 2W. and relay.-2W operates. for the.fourth .
time and- then locks to ground .on.the No. 3.
armature . and back contact. of. relay 3DN.
Brush arm 305 continues to.rotate over segments
ST, 0,1, 2, 3,4 and 5, in turn, and its. lower brush
in passing over selecting segments 0 t0.5 do.not
cause any of the 3P relays fo.operate-inasmuch
as all the selecting. impulses. of. the..master. cue .
signal are marking and. the armature of relay
2LR therefore remains.in its right-hand. position.
so that no operating circuits for the 3P. relays

- are.closed. With. the 3P relays.in their unoper-

ated. position,. all the. 3L .relays.operate as. soon..
as relay 3DN releases, that is, relays-31-0, 31—,
312, 831-3; 3-L4 and 3L-5 operate.in .a circuit
traceable to- ground at the No. 4-armature and
back. contact of relay. 3DN-and lock.in. a circuit-
traceable over conductor 322, to ground.at the
No. 4 armature. and front contact of rslay 2W.
When -relays 318, 3L—{, 3L-2, 3L-3, 314 and
3L-5.operate they close a-circuit.traceable from
ground at the No.4 armature and back contact of
relay -3DN;: conductor 318 in a' path extending
over the operated middle-right-hand. armatures
of .relays 31-8, 3L—i, 3L-2, 3L-2, 3L-4-.and 3L-5,
conductors 332-and 237, armature No. 5 and front
contact of relay-2AMC, conductor 238; through
the winding of master cue relay 2MC, to grounded
battery: Relay-2ZMC operates-and-then locks in
a_circuit- traceable-over:itsarmature -and front
contact,; conductors-203-and: 208;- to ground at

~the front contact and armature:No. 4 of relay

2W-2. When relay-2MC operates, it .opens at

its armature.and back centact the locking circuit”

for relays 8STT and 5CI-{ which now release.-
Relay: 83TT. upon.-releasing- (1) opens:at ifs

“No: 1. armature and front contact thelocking cirs

cuit for relay: 8€CX-and:the: operating -circuit
for relay BAV-to cause relays 5AV-and . 5CCX to-
release; and-.(2) -opens. at- its No. 2. armature
and front.contact a. circuit. traceable -over con-
ductors-544 and. 542, armature-Wo.- 1 and back
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contact of relay 5ASZ, to grounded battery. The
latter circuit which serves as a shunt path around
relay BASZ, upon being opened, removes such
shunt to permit relay 5ASZ to operate in a circuit
traceable from grounded bhattery, through the
winding of relay 5ASZ, conductor 543, front con-
tact and armature of relay 5ASW, conductor 254,
back contact and armature No. 4 of relay 2RLS,
to ground. Relay 5ASZ operates to (1) substitute
a ground connection at its armature No. 2 for
the ground connection at armature No. 2 of relay
5UL to maintain relays 6PR3, 6PR4, 6PRE, TPR1,
TPR-10 and TPR—{1 operated; (2) substitute at
its No. 3 armature the ground connection at
armature No. 2 of relay 5UL for the ground
connection at its normally closed make-before-
break contacts to maintain the operated 8PR
and 9PR relays of permutation link circuit No. 2
operated until relay 5UL is subsequently oper-
ated; (3) transfers the ground connection at its
No. 4 armature from a back to a front contact
whersby the operating circuit including conduc-
tor 5SW2 for switch-over relay 8SW of permu-
tation link circuit No. 2 is opened to release relay
8SW and the operating circuit including con-
ductor 58W-1 for switch-over relay 63W of per-
mutation link cireuit No. 1 is closed to operate
relay 68W; (4) transfers at its armature No. 5
the winding of check relay 5CK-2 from the path
including conductor 5C2-1 which is holding relay
5CK-2 operated, to another path including con-
ductor §5C2-2 whereby relay 5CK~2 is maintained
operated; (5) transfers at its armature No. 6

the winding of check relay 5CK~I from the path

including conductor 5CI-i which is holding re-
lay 8CK-~I operated, to another path including
conductor 5Ci-2 which maintains relay 5CK-I
operated; (6) transfers at its No. 7 armature,
ground conductor 236 from the operating cir-
cuit including conductor 521 for relay 5CI-I to
the operating circuit including conductor 544 for
relay 5CI-2; and (7) supplement at armature
No. 8 a ground connection to the ground con-
ductor 251, and serves as a holding ground for
maintaining relay 5ASZ operated. Relay 5CI-i
was released when relay 2MC operated as here-
inbefore described, and inasmuch as the locking
ground was removed from conductor 236 at the
time relay 2MC operated, relay 5CI-2, although
now connected to conductor 236, cannot operate
until another change of programs is preset. It
will be noted, therefore, that relay $ASZ, upon
operating indirectly in response to the master
cue signal, completes the switch-over from per-
mutation link circuit No. 2 which as hereinbe-
fore stated, was in an operated condition since
transmitting the previous set of programs, to
permutation link circuit No. 1 which now hegins
to transmit the new set of programs for which
link circuit No. 1 was prepared by the preset
signals for letters KB. The premature release
of the PR relays of permutation link circuit No. 2
and the check relays 5CK-1 and 5CK-2 are pre-
vented by the substitute ground connections fur-
nished at armatures No. 6 and 5, respectively, of
relay BASZ in its operated condition, their release
depending upon the operation of relay 5UL as
hereinafter described.

When brush arm 305 completes its seventh
revolution, its outer brush comes to rest on seg-
ments Rl and R2 to close the operating circuit
for relay 3DN which again reoperates to remove
ground at its Nos. 2, 3 and 4 armatures. Oper-
ated relays 3L-0, 3L-~i, 31.-2, 3L-3, 3I-4 and
315 are maintained locked operated in the cir-
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cuit traceable over conductors 308 and 322, to
ground at the No. 4 armature and front contact
of relay 2W. Relay 2W is held locked operated
in a circuit traceable over its No. 1 armature
and front contact, conductor 222, front contact
and No. 1 armature of relay 2AMC, conductor
332, operated innermost righthand armature of
relays 31-5, 31-4, 31.-3, 31—2, 3L-{, conductors
318 and 322, to ground at the No. 4 armature
and front contact of relay 2W. Relay 3DN
upon operating for the eighth time removes at its
No. 2 armature and back contact the ground
connection from the shunt path around the
winding of relay 2Z and relay 27 operates for
the fourth time in the locking circuit for relay
2W which was just described. Relay 2Z, upon
operating, connects at its No. 1 armature and
front contact the winding of relay 2LS; (2) sup-
plements at its armature No. 10 and front con-
tact, the ground connected at armature No. 4
and front contact of relay 2W for holding relays
3190, 31, 3L-2, 3L-3, 3L-4 and 3L-5 operated;
and (3) supplements and its armature No. 4
and front contact, the ground connected at ar-
mature No. 5 and front contact of relay 2W-I
and armature No. 4 and front contact of relay
2W-2 to conductor 288 for holding relay 2MC
operated.

When relay 2AMC operated as hersinbefore
described, ground was removed from the upper
winding of relay 2TM and a second ground was
substituted at the No. 3 armature and back con-
tact of reiay 2Z in its released position. How-
ever, at the end of the reception of the master
cue signal when relay 2Z operates to remove this
substitute ground, grounded condenser 235 which
is connected in a circuit traceable from grounded
battery 249, resistor 241, adjustable resistor 242,
and through the upper winding of relay 2TM,
begins charging. Condenser 235 has a capacity
that is individual to the selected switching cen-
ter C and at the end of the inferval required to
completely charge condenser 235, the current in
the upper winding of the relay 2TM ceases and
thereby allows the weaker current iflowing
through the lower winding of relay 2TM to oper-
ate relay 2TM to its left-hand position whereby
a new circuit, that is, the fifth different circuit,
is closed for momentarily operating start magnet
3CL, for the eighth time, the circuit at this time
being traceable from grounded battery, through
the winding of start magnet 3CL, conductor 238,
contact and armature of relay 2TM, conductor
256, front contact and No. 1 armature of relay
3DN, conductor 323, No. 6 armature and front
contact of relay 2W, conductor 240, armature No.
7 and front contact of relay 22z, conductor 2{1,
armature No. 1 and front contact of relay 22-2,
conductor 225 to ground. Start magnet SCL op-
erates to start distributor hrush arm 305 on its
eighth revolution.

Eighth revolution of the distributor brush arm
to automatically transmit to the dispatcher the
final verification signal

When brush arm 385 begins its eighth revolu-
tion its outer brush moves off the rest segments
R1{ and R2 to open the operating circuit for relay
3DN which releases for the eighth time. Relay
3DN upon releasing, connects ground at its No. 2
armature and back contact for shunting relay
2W in a path traceable over armature No. 8 and
front contact of relay 2Z, and relay 2W releases.
Relay 2W upon releasing, closes at its No. 7 arma-
ture and back contact an operating circuit for
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relay 3SC and relay 3SC operates; thecircuit be=-
ing traceable from grounded. battery, through-

the winding of relay 3SC, conductor: 333, arma=
ture No. 3 and front contact of relay 2AMC, con-
ductor 243, front contact and armature No, 5 .of
relay 27, conductor 244, to the back contact and
armature No. 7 of relay 2W. Relay 2Z at this
time is held operated by ground on armature No.
2 of relay 3DN. Operated relays 3L-8, 3L-f,
3L-2, 37.-3, 3L-4 and 3L5 are held operated by
ground on armature No. 4 and back contact of
reiay 3DN during the eighth revolution of brush
arm 305, When relay 2W released for the fourth
timme a path is closed from ground at the front

contact and armature No. 6 of relay 2Z;” con--

ductor £18, back contact and armature No. 2:of
relay 2W, conductors 217 and 218, armature No. 3
and froni contact of relay 2Z-{, conductor 228,
resistor 227, to grounded battery 2286 and this
circuit shunts the winding of relay 2W-{ which
now releases. Relay 2W-{ upon releasing, closes
at its normally closed make-before-break -con-
tacts the holding path of relay 2Z-{, and relay
27-{ is maintained operated, the holding path
forming a part of the circuit hereinbefore traced
over econductor 247, No. 2 armature and  back
contact of relay 2W, conductor 218, to ground
at armature No. 6 ang front contact of Telay 2Z.
Also relay 2W-{ upon releasing, closes at its No.
2 armature and back contact a- circuit for shunt-
ing the winding of relay 2W-2 which now re-
leases, the shunting circuit being traceable from
grounded battery 234, conductor 232, front con-
tact and No. 2 armature of relay 2Z-2; conduc-
tors 232 and 231, armature No. 2 and back con-
tact of relay 2VW-1, conductor 225, No. 1 arma-
ture and front contact of relay 2Z-i, to ground.
Relay 2W-2 upon releasing, transfers the oper-
ating ecircuit for relay 2Z-2 from the ground
connection at the No. 2 armature and front con-
tact of relay 2W-2, to the ground connection
present in the path traceable over the normally
closed make-before-break contacts of relay 2W-2,
conductor 234, No. 2 armature and back-contact
of relay 2W-—I, conductor 225, to No. 1 armature
and front contact of relay 2Z-i, and relay 27-2
is therefore maintained in an operated condition
after relay 2W-2 releases. When relay 2W-i,
releases, it does not effect the operation of relay
2T inasmuch as the lower winding of the latier
relay is held energized in a circuit closed to
ground .at armature and front contact of relay
27.

The capacity of condenser 235 determines the
duration of the interval following the operation
of relay 27 at the beginning of the eighth revolu-
tion of the distributor brush befoére brush arm
285 begins to rotate and this interval is differ-
ent from the corresponding intervals at all other
switching centers, each switching center having
its own predetermined timed interval hefore
transmitting to the dispatcher’s teletypewriter
the code signal corresponding to the calling: cue
signal for the switching. center.

The return, or check, signals verify that the
common master cue signal has satisfactorily per-
formed its functions at all the: selected switch-
ing centers including switching center.C and-.are
transmitted from their respective  switching

centers to the dispatcher’s teletypewriter-over a:
special circuit comprising six parallel paths.cer-
tain ones of which contain gaps corresponding to:
the space impulses of the calling cuesignal which -
was. first transmitted to.select the  switching:
center.. These parailel paths at switching center.
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C.are:represented. by conductors: 325; 328, 327T;
328, 329 and 330, respectively, which are-con=
nected through. contacts and armature of relay
238¢C, conductor 238, to ground at armature No. 4.

~and back contact of relay 3DIN. As brush arm

385 rotates over segments ST, 0,1, 2, 3,4, 5, in
turn, seven circuits: are successively involved in
transmitting back to the teletypewriter at the:
dispatcher’s office the code signal for No. 3,
which is the calling cue signal for switching
center-C, to indicate to the dispatcher, as here-
inbefore stated, that the master cue signal has
performed its functions at switching center C in
a satisfactory manner. These seven circuits are
as. follows: . (1) grounded batter, through the:
winding of relay 2LS, armature No. 1 and front.
contact of relay 2Z, conductor 282, solid ring 304,
inner-brush on arm 385, start segment ST, con-
ductor-212, front contact and armature No. 9:of
relay 27, to ground and relay 2LS ‘operates to
open the dispatcher’s control circuit to thereby
transmit the first, or start, impulse of the: verifi-
cation: signal to the dispatcher’s- teletypewriter;
(2). over the same. path extending through the
winding of relay 2LS but this time, over segment
0 when engaged by the inner brush on arm 388,
conductor 385, open gap 3C-8, conductors 325-
contact and armature No. 1 of reilay 8SC, conduc-
tor 335, back contact and armature No. 4 of relay
3DN, to ground but inasmuch as gap 3C-8 in
circuit (2) is open, no cperating current flows
through the winding of relay 2LS and the dis-
patcher’s control circuit remains closed to trans-
mit a. mark for the zero selecting impulse to
the dispatcher’s teletypswriter; (3) over conduc-
tor 202, distributor ring 3¢! and segment No. 1 .
of ring 382, conductor 387, open gap 3C-1, con=
ductor 325 contact and armature No. 2 of relay
33C, conductor 335, to ground at the No. 4 arma-
ture and back contact of relay 3DN, and circuit
(3) also because open gap $C~1{ is provided there-
in, has no current flowing through the winding of
relay 215 and a mark for the No. 1 selecting im-
pulse is therefore again transmitted over the
control circuit to the dispatcher’s teletypewriter;
(4) over conductor 202 to the No. 2 segment of
ring 302, conductors 393 and 327 contact and
armature No. 3 of relay 32C, conductor 335; to
ground at the No. 4 armature and back contact
of relay 3DN, and inasmuch as no open gap is
provided in circuit (4), current flows to operate
relay 2LS whereby the dispatcher’s control eir-
cuit is opened to transmit a space for the No. 2
selecting impulse to the teletypewriter at the dis--
patcher’s ofiice: (5) over conductor 262, segment
No. 3 of ring 282, conductors &89 and 328, con-
tact and armature No. 4 of relay 3SC, conductor
335, to ground at the No. 4 armature and back
contact of relay 3DN, and inasmuch as no open
gap is provided in circuit (8), relay 2LS again
operates to transmit a space for the No. 3 select-
ing impulse to the dispaicher’s teletypewriter; (8
over conductor 282, the No. 4 segment on ring
302, conductors 318 and 322, contact and arma-
ture No..5 of relay 3SC, conductor 335, to ground
at the No. 4 armature and back contact of relay’
3IDN, and inasmuch as no open gap is provided
in circuit (8), relay 2LS again operates to trans-
mit. a space for the No. 4 selecting impulse to
the dispatcher’s teletypewriter and (7) over con-
ductor 282, segment No. 5 of ring 202, conduc-
tors 3i{, and 338, contact and armature No. 6
of. relay 3SC, conductor 335, to ground at the:
No. 4 armature and back contact of relay 3DN,
and .circuit (7) likewise.is not provided- with .an
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open gap and consequently relay 2LS operates o
transmit to the dispatcher’s teletypewriter a space
for the No. 5 selecting impulse. The distributor
brush arm 385 now comes to rest with its outer
brush engaging rest segments R{ and R2 to close
the operating circuit for relay 3DN which again
reoperates to remove ground from its No. 4 arma-
ture and back contact whereby relay 2LS becomes
deenergized to close the dispatcher’s control cir-
cuit for transmitting to the dispatcher’s tele-
typewriter a stop, or mark, impulse. The char-
acter now recorded on the tape at the dispatcher’s
teletypewriter is No. 3 corresponding to the call-
ing cue signal for switching center C indicating
to the dispatcher that the preset connections at
switching center C have been completed satis-
factorily. Each of the other switching centers
whereat connection have been preset for the next
change of programs transmits, in turn, depending
on the predetermined timed interval assigned to
it, a verification signal corresponding to its se-
lecting signal and each of these signals is re-
corded, one after the other, on the dispatcher’s
teletypewriter tape, the intervals of space be-
tween adjacent verification characters depend-
ing upon the eapacity of the condenser and the
resistance value of the variable resistor at each
of the switching centers. Condenser 235 and
variable resistor 242 as hereinbefore described,
determines the duration of the interval follow-
ing the receipt of the master cue signal before
the final verification signal is transmitted from
switching center C.

Relay 3DN, upon reoperating at the end of the
eighth revolution of distributor brush arm 385,
removes ground at its No. 2 armature and back
contact to open the operating circuit for relay 2z
and relay 27 releases for the fourth time. Relay
2Z upon releasing, removes at its No. 10 armature
and front contact a ground connection from the
holding circuit for relays 310, 31—, 312, 31-3,
314, and &L-5, all of which being operated in
response to the common master cue signal, now
released. Also, when relay 2Z released, it dis-
connected ground at its No. 6 armature and front
contact from the operating circuit for relay 22-1,
which was traceable over conductor 2i8, back
contact and armature No. 2 of relay 2W, normally
closed make-hefore-break contacts of relay 2W-I,

conductor 221, through the winding of relay 2Z2-i, ¢

to grounded battery 220, and relay 2Z-1 releases
for the second time. Relay 2Z-1, upon releasing,
disconnects at its No. 1 armature and front con-
tact the ground connection from the operating
circuit for relay 2Z-2, which was traceable over
conductor 225, back contact and No. 2 armature
of relay 2W-1, conductors 231, normally closed
make-before-break contacts of relay 2W-2, con-
ductor 245, through the winding of relay 2Z-2,
to grounded battery and relay 2Z2-2 releases.
When relay 27 released at the end of the eighth
revolution of distributor brush arm 3035, a ground
connection at armature No. 7 and back contact
of relay @W was disconnected at No. 5 armature
andg front contact of relay 2Z irom the locking
circuit for relay 2AMC and relay 2AMC relegses.
Relay 2AMC upon releasing (1) opens at its MNo.
3 armature and front contact the operating cir-
cuit for relay %8¢ which releases; and (2) con-
nects ground at its No. 4 armature and back con-
tact to the upper winding of relay 2TM whereby
condenser 235 is discharged, and a relatively
strong current is again allowed to flow in the up-

per winding of relay 2TM whereby relay 2TM |

operates to its opened position. Relay 2Z, upon
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releasing, disconnects at its No. 5 armature and
front contact the ground connection from the
locking cireuit of relay 2MC and relay 2MC re-
leases.

Change of connections between stations and radio
wire networks

The detailed description hereinbefore given is
directed to connection settings established at
switching center C by the operation of relays
§PRE, 6PR4 and §PRE of the first group and re-
lays TBRI, TPR-i0 and TPR-I1 of the second
group of the permutation link circuit No. 1 in re-
sponse to the signals for letters KB. These set-~
tings established connections between the local
stations and the radio wire networks in the fol-
lowing arrangement:

. Radio Wire

Stations Networks
Nos. 1 and 3 connected to. ---| No. 1.
Nos. 2 and 4 connected to. --|] No.2
No. 5 connected to....... .-{ No. 3.
No. 6 connected to. ... No. 4.

Should the next connection settings be estab-
lished in response to “space’” and letter O these
connections would be established at permuta-
tion link circuit No. 2 and the relays thereof op~
erated in response to “space” and letter O would
he 8PR3 of the first group and 8PR~i8 and PRI !
of the second group. Accordingly the connec-
tions between the local stations and the radio
wire networks would he as follows:

. Radio Wire
Stations Networks
Nos. 1and §conneeted t0. .o ioinmmae s No. 1
Nos. 2and 4 conneeted to. . ... No. 2
No. 3 connected t0_ - oo oo No. 3
No.6connected t0. - No. 4

Therefore, In making this change the connections
of stations Nos. 1, 2, 4 and 6 to their respective
radio wire networks as listed above for the let-
ters KB, would remain unchanged and those of
stations Nos. 3 and 5 would change. This per-
mits of a continuation of programs to or from
each of stations Nos. 1, 2, 4 and 6 and a change
of programs to or from stations Nos. 3 and 5
over their respectively connected networks.

Transmission direction control arrangements be-
tween stations and wire networks

Each of the stations Nos. 1 to 6 is normally
connected to one of the four radio wire networks
No. 1 tc 4. Hach station may he arranged fto
transmit a program or it may receive a program
originating at a station connected to the same
or another of the switching centers connected to
the dispatcher’s teletypewriter control circuit.
Normaily all stations are arranged for receiving,
but should it he desired to originate a program
2t any stations 2 microphone key at that station,
such as key 18064 at station No. 1, would be op-
erated to cause the receiving circuit thereat to
be disconnected and the microphone circuit con-
nected in its place for the purpose of transmit-
ting the program to one or more wire networks
for transmission to stations locally connected to
the other switching cenfers. The transmifting
circuit at the station whereat the program origi-
nates may also be connected to its associated re-
ceiving circuit for broadcasting the program di-
rectly from the originating station by adapting
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the arrangemean Bachelet et al. Pat-
ent 2,110,284

Inasmuch as re ars six stations shown lo-
caily connected at switching center C and these
stations are served by only four radio wire net-
works, four siations only can bs arranged to
originate programs simultaneously and the two
remaining stations being in their normal condi-
tion at the time, will receive the programs from
their respectively connected stations at which the
programs originate. In other words, the program
received by each of the two remaining stations
depends on which of the radio wire nstworks each
remaining station is connected to in response to
the preset signals transmitted to switching center
C by the dispatcher. It was hercinbefore as-
sunied that in selecting the desired connections in
the permutation link circuit at switching center
C, the preset signals were those corresponding to
letters B and these signals caused to be oper-
ated relays §PR2, 8PRA4, 6PRS, TBPRT, TPR-10 and
TPR-1i. Each of the operated relays of groups
EPR angd TPR simultanecusly operate four sets
.of contacts 864, 881, 832 and 683, respectively cor-
raspending to the $ip, the ring, the sleeve and
the sleeve prime conductors for interconnecting
cach of the six stations to the radio ‘wire net-
works in accordance with the code combinations
of the two preset signals, the actual interconnec-
tion heing effected by swibtchover relay 8SW which
operates in response to the master cue signal
transmitted at the time of change of the pro-
grams. Stations Nos. 1 to 6 may be arranged to
receive programs from any one or all the radio
wire networks Nos. 1 to 4. Shoulg however any
of the stations be selected to originate a program
the microphone key at that station is operated,
as hereinbefore stated, angd that station is then
capabie of transmitting to the radio wire net-
work with which it is associated by the con-
nection established through the operated relays
of greuns 8PR and TPR relays. t all other
switching centers connected to the dispatcher’s
control circuit the dispatcher will cause to be
estaklished by means of preset sighal pairs re-
spectively transmitied to each, connections that
will connect for reception only one or more sta-
tions at each of such other switching centers, as
desired, {o the particular selected wire networks.

Arrangements for effectively connecting each
of the stations lscally connected to a switching
center to one cr more wire networks for trans-
.mitting programs in either or both.of two .op-
posite directions over one or more of the radio
wire networks are well known in the art. The
service line and radio wire network direction con-
trol arrangements shown in the drawings here-
of are disclosed in Bachelet Patent 2,198,360
supra, a8 hereinbefore stated. These arrange-
ments will be described herein briefly.

In the service line direction control circuit
1008~ for sfation No. 1, relay pairs {882 and
1887, and 1865 and 180§, and relay {888 respec-
tively corrvespond to relay pairs 601 and 602, and
508 and 807, and relay 605 of the Bachelet Pat-
ent 2,198,326, Microphone key {884 corresponds
to key 817, also of Patent 2,188,326, Similar ap-
paratus for stations Nos. 2 to 6 inclusive, are re-
spectively provided in other service line direc-
tion control circuits 1560-2, 11909-3, (100-4,
i188-5 and $108-8, all of which are represented
diagrammsatically. In the radio wire network
direction control circuit shown in Figs. 12 and
13 certain relays correspond to certain relays
of

Bachelet Patent 2,198,326 as follows: relays-
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_their respective front contacts of relay

42

{201 and £302 -respecﬁvely correspond to relays

506 and 505; relays (3i5 and 13i{8 respectively

correspond to relays 508 and 507; relays 1308,
1309, 1312, 1313 and 1314 respectively correspond
to relays 609, 610, 603, 604 and 608; relays 1325
and {318 respectively correspond to relays 502

.and 501; and relays {2i&, 13f4, 1820, 1326 and

£327 respectively correspond to relays 706, 707,
701, 702 and 705.

Transmitted programs incoming in a west-to-
east -direction, that is, from the left-hand side
of the drawings showing switching center C, are
received over conductor pair 1331 of radio wire
network No. 1 and are impressed over transform-
er 1323, Since bridging device {380-1A is in
a receiving .condition . for west-to-east trans-
mission, the program is received over armatures
Nos. 1 and 2 of relay 1313, attenuation equalizer
1328, armatures Nos. 3 and 4 of relay {313, arma-
tures Nos. 2 and 3 and their respective contacts
of relay 1316, conductor pair (283, amplifier
1230, conductor pair 1386 then in parallel paths.
One path extends over.back contacts and their
respective armatures Nos. 2 and 3 of each of
relays 1283 and {204 to two of the stations Nos.
1 to 6 which according to the coded signals for
letters KB are stations Nos. 1 and 3. The other
path extends over the back contacts and their
respective armatures Nos. 2 and 3 of relay {318
of bridging device 1300-IB.which is also in a
receiving condition, armatures Nos. 3 .and 4 and
{328,
transmission loss pad {321, front contacts and
their respective armatures Nos. 1 and 2 of re-
lay 1328, through transformer {222, fo condue-
tor pair 1362 of wire network INo. 1, to other
switching centers, not shown, connected to the
east portion of the dispatcher’s teletypewriter
control ecircuit.

Transmitted programs incoming from the

‘west over radio wire networks Nos. 2, 3 and 4

are respectively received in a similar manner in
bridging devices {380-{A and {580-iB, bridg-
ing devices {580-2A and (5680-2B, and bridging
devices {580-3A and {500-3B. At switching
center C when connected in accordance with
coded. signals for letters KB the programs in-
coming over wire network No. 3 are received at
stations Nos. 2 and 4, the programs incoming
over radio wire networks Nos. 3 and 4 are re-
spectively received at stations Nos. 5 and 6.
When transmission over wire networks Nos.
1 to 4 is in an east-to-west direction, the bridg-
ing devices for each wire network are operatsd

in a reverse manner to that shown in bridging

devices {388-{A and {360-iB for radio wire net-
work No. 1. For example, should it be assumed
that a program is incoming at switching cen-
ter .C in an east-to-west direction over radio
wire network No. 1, the curreni received over
conductor pair i302 would be impressed on the
right-hand coil of transformer {322 and this
current would in addition to being indueced in
the left-hand coil of the transformer, he effec-
tive to operate relay 1310. Relay 1318 upon op-
erating, transfers its No. 2 armature from its
back to its front contact to prevent the opera-
tion. of relay 3{! should an attendant at either
of stations Nos. 1 and 3 atiempt to originate a
program during the time another program is in-
coming over radio wire network No. 1 in an east-
to-west direction. Also, relay 1310, upon op-
erating, transfers its No. 1 armature from its
back to its front contact to (1) open the op-
erating circuit for slow-to-release relay 1328
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which slowly releases and (2) close the operat-
ing circuit for relay {3271 which operates. Re-
lay 1326, upon releasing, closes at its No. 5 arma-
ture and back contact an operating circuit for
slow-to-release relay (326 which now operates
to close at its No. 6 armature and contact a
locking circuit for relay 1327 which locks op-
erated and an operating circuit for relay {328
which also now operates. Relay 1325, upon op-
erating, closes at its armature and contact an
operating cireuit for relay 1318 which also now
operates. Relay (326 upon operating, connects
(1) at its armatures Nos. 1 and 2 and their re-
spective front contacts the left-hand coil of
transformer (322 to attenuation equalizer {3(I,
and (2) at its armatures Nos. 3 and 4 and their
respective front contacts equalizer (33f to con-
ductors {38 and 1324. Relay (328, upon re-
leasing had disconnected conductors (3{§ and
{324 from the left-hand coil of transformer
{222, through transmission loss pad 1321. Re-
lays 1220 and 1325 are made sufficiently slow-
to-release to prevent them from responding to
“hits” incoming over wire network No. 1. Re-
lay 1218 upon operating, closes the east-to-west
communication circuit of radio wire network No.
1 which now extends over the operated arma-
tures Nos. 1 to 4 and their respective front con-
tacts of relay 1326, conductors 1319 and 1324,
armatures Nos. 2 and 3 and their respective front
contacts of relay 1318, conductor pair 1303, am-~
plifier 1230 and conductor pair {386. Conduc-
tor pair {236 at this time extends over three
parallel paths, one extending over the back con-
tacts and their respectively associated arma-
tures Nos. 2 and 3 of relay 1204, to station No.
3, the second extending over the back contacts
and their respectively associated armatures Nos.
2 and 3 of relay 1283, to station No. 1 and the
third extending over the front contacts and their
respectively associated armatures Nos. 2 and 3
of relay 1816, armatures Nos. 3 and 4 and their
respectively associated front contacts of slow-
to-release relay 1213, attenuation equalizer 1329,
front contacts and their respectively associated
armatures Nos. 1 and 2 of relay 1313, transform-
er (328, conductor pair 1301 of radio wire net-
work No. 1 in an east-to-west direction to
switching centers A and B.

@ach of the other pairs of bridging devices 5

{508~ A and §598-iB, {582-2A and {538-2B and
i50%-3A and 1500-3B are operable in the same
mannear as the bridging device pair {360-1A and
1382-i8 except that the other pairs operate in
vesponse to communication currents transmitted
to or received over wire networks Nos. 2, 3 and 4
raspectively.

Should the schedule of programs call for origi-
pating a program at one of the stations locally
connected ab switehing center C, say, station No.
the dispatcher would accordingly preset the
sived connections at the available permutation
link cireuit, say, link cirecuit No. 1. Just prior
to the moment when the program at station No. 1
i{s to start, the attendant at station No. 1 operates
nicrophone key associated with the studio or
k-up point at station No. 1 at which the pro-
Y originates. It is assumed that microphone
kay i684 is the key to be operated and therefore
relay {885 becomes operated. Relay {005 upon
cperating, operates relays {002 and {1808, Relay
(582 upon operating, operates relay 1007. Re-
upon operating, closes a locking circuit
i v {888 which locks and prepares a circuit
which will be effectively closed when switch-over

-

10

15

20

25

40

45

55

60

65

70

75

44
relay 8SW operates. Relay 6SW upon operating,
closes the operating circuit for relay 1201 which
operates. Relay (201 upon operating, operates
{203, Relay 1293 upon operating, connects at
its armatures Nos. 2 and 3 and their respective
front contacts the tip conductor {207 and ring
conductor 1219 now extending to station No. 1,
to conductor pair 1303. When relay 6SW op-
erated it completed in its entirety the operating
circuit of two relays connected in parallel,
namely, relays 1309 and (3if which are respec-
tively provided in bridging devices {300-1A and
1300—{B for preparing radio wire network No. 1
for transmitting the program originating at sta-
tion Mo. 1 it1 opposite directions, that is, to switch-
ing centers B and/or A in a westwardly direction
and to other selected switching centers, not
shown, in an eastwardly direction. Relay 1308,
upon operating, connects at its No. 2 armature
and front contact grounded battery to the mid-
tap of the right-hand coil of transformer 1328
in a parallel circuit extending westwardly to a
transformer at switching center B whereat a re-
lay corresponding to relay 310, operates. That
relay at switching center B, upon operating, (1)
prepares the bridging device of which it con-
stitutes a part, for receiving the program from
switching center C and (2) causes the operation
of a relay corresponding to relay 10%6, which is
located at a station connected to switching center
B, providing switching center B is among those
gslected to receive the program, and is connected
at the time through the available permutation
link circuit at switching center B, to radio wire
network No. 1. Relay 1311, upon operating, con-
nects at its No. 2 armature and front contact
grounded battery to the midtap of the right-
hand coil of transformer (222 in a parallel circuit
extending eastwardly to a transformer at the
next switching center, not shown, whereat a relay
corresponding to relay $30% operates. That re-
lay at such next switching center upon operating,
(1) prepares the bridging device of which it is
a part, for receiving the program from switching
center C, and (2) causes the operation of a relay
corresponding to relay 1688, which is located at
a station connected to such next switching center,
providing the latter switching center is among
those selected to receive the program, and is
connected at the time through the available per-
mutation link circuit at the latter switching
center, to radio wire network No. 1. Also, relay
§208, upon operating, (1) prevents relay 1308
from operating, whereby a program incoming
over radio wire network No. 1 in a west-to-east
direction is prevented from being transmitted to
station No. 1 at switching center C when station
INo. 1 is transmitting to radio wire network No. 1;
(2) releases relay {313; and (3) operated relay
§512. Relay {343, upon releasing, releases relays
{314 and {3i6. The joint operation resulting
from the release of relay {213, the operation of
relay {312 and the release of relay (316, completes
the communication cireuit hereinbefore condi-
tioned from station No. 1 to conductor pair 1303,
kut which now is extended through amplifier 1330
over conductor pair 1386, armatures Nos. 2 and 3
and their respectively associated back contacts
of reiay {316, armatures Nos. 3 and 4 and their
respectively associated front contacts of relay
1342, transmission loss pad (332, armatures Nos.
1 and 2 and their respectively associated froni
contacts of relay {312, transformer {328, conduc-
tor pair {30{ of radio wire network No. 1 to
switching centers B and A. Bridging device
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" {390—{A is therefore operated to transmit the
program originating at station No. 1 in a west-
wardly direction. Also, relay {311, upon operat-
ing, prevents relay £3{0 from operating for the
same reason as relay (308 as hereinbefore de-
scriped. No further functions are performed in
bridging device 1398-iB at this time inasmuch
as this device is in a position to transmit the
program coriginabing at station No. 1 in an east-
wardly direction because the communiecation cir-
cuit from station No. 1, including conductor pair
1393 was hereinbefore described as extending
through amplifier {330 over back contacts and
their respectively associated armatures Nos. 2
and 3 of relay £318, armatures Nos. 3 and 4 and
their respectively associated front contacts of re~
lay {2328, transmission loss pad 321, front con-
tacts and their respectively associated armatures
os. 1 and 2 of relay 1328, transformer {322, con~
ductor pair {382 of wire network No. 1 to the
switching centers, not shown, in an eastwardly
direction from switching center C. Bridging de-
vice 1306~1B in the position shown, is conditioned
to transmit the program originating at station
No. 1 in an eastwardly direction over radio wire
network No. 1.
Connections established in permutation link
circuit No. 1 for program reception

ZPermutation link circuit No. 1 upon being con-~
ditioned by preset signals corresponding fo letters
KR, prepare paths whereby each of the six sta-
tions Nes. 1 to 6 may upon the operation of
switch-over relay 8§SW in response to the master
cue signal, be connected to radio wire networks
Nos. 1 to 4, one or more of the stations as de~
sired, being connected to a single radio wire net-
work, Vhen sighals corresponding to letters KB
are transmitted to switching center C stations
Nos. 1 and 3 are conditioned for connection to
radio wire network No. 1, stations Nos. 2 and 4
are conditioned for connection to wire network
No. 2, and stations Nos. 5 and 6 are conditioned
for connection to wire networks Nos. 3 and 4, re-
spectively. In order to describe the communica~
tion circuits conditioned for connecting the sta-
tions to the wire networks these circuits are
herein presumed to be prepared to receive pro-
grams from stations connected to other switch-
ing centers. These circuits are therefore re-
ferred to herein as being in their receiving con-
dition for the purpose of broadcasting the in-
coming programs.

Station No. 1 has its receiving circuit {86t
which comprises transformer 1969, transmission
loss pad {818, conductor pair {811, armatures Nos.
1 and 2 and their respective front contacts of
relay 1082 and conductor pair {8{4 which con-
sists of tip conductor {812 and ring conductor
{813, normally in readiness to receive a program
over selectable paths (tip and ring) prepared in
the connections established in permutation link
circuit Mo. 1. The path for tip conductor [8{2
extends from armature No. 1 of switch-over relay
§8W, normally closed make-before-break con-
tacts of each of relays 6PR-{ and 6PR2, front
contact and armature No. 3 of relay §PR3, arma-
ture No. 5 and front contact of relay 6PR4, arma-
ture No. 4 and back contact of relay 6PRE, arma-
ture No. 4 and front contact of relay §PRE, arma-
ture No. 5 and front contact of relay TPRT, arma-
ture No. 4 and back contact of relay TPRS, back
contact and armature No. 3 of relay TPR-3,
normally open make-before-break contacts, now
closed, .of relay iPR-{08, armature No. 4 and
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~front contact of relay TPR~t, tip conductor 784,

and tip conductor 1287 of conductor group {208
for station No. 1. The path for ring conductor
j0t3 extends over the ring armatures and con-
tacts in a manner similar to that described above
for the path for tip conductor 1812 (the ring
armatures and contacts are represented diagram-
matically as box 88{), ring conductor 782 and
ring conductor 124§ of conductor group §285. At
this time tip conductor 1207 and ring conductor
§218 are connected over armatures Nos. 2 and 3,
respectively, of relay (283 (in its released condi-
tion), conductor pair {368 which is also at this
time connected to receive a program incoming
from the west or the east over radio wire network
No. 1 as hereinbefore described.

Station No. 2 hag its receiving circuit included
in the station eguirment represented diagram-
matically in box 1888-2. This circuit likewise is
normally in readiness to receive a program in a
manner similar to that hereinbefore described of
station IMo. 1. The selectable path for tip con-
Guctor 18{5 extends from armature No. 2 of
switeh-over relay 68W, armature No. 4 and back
contact of relay §PR-{, armature No. 4 and back
contact of relay 8FR2, armature No, 4 and front
contact of relay 6PR3, armature No, 6 and front
contact of relay §6PRE, armature No. 5 and back
econtact of relay 8PRS5, armature Mo, 5 and iront
contact of relay 8PRS, armature o, 6 and front
contact of relay TPRI, armature No. 5 and back
contact of relay TPR8, armature No. 4 and back
contact of relay TPRE, armature Mo. 4 and front
contact of relay TPR-19, armature No. 4 and
front contact of relay TPR~{1, tip conductor 793,
and tip conductor 1488 of conductor group (41§
for station No. 2. The selectable path for ring
conductor 10i8 extends over the ring armatures
and contacts in & manner similar to that herein-
before described of the path for tip conductor
1815 (the ring armatures and contacts are rep-
rvesented diagrammatically in box 631), then
over ring conductor 784 and ring conductor {412
of conductor group {418, At this time tip condue-
tor 1468 and ring conductor {412 are connected
over armatures Nos. 2 and 3 respectively, of relay
{483 (in its released position), conductor pair
{415 which is, also at this time, connected to re-
ceive a program incoming from the west or east
over radio wire network No. 2 in a manner similar
to that hereinbefore described of radio wire net-
work No, 1.

Station Wo. 3 has its receiving circuit included
in the station equipiment represented diagram-
matically in hox 1186-3. This circuit also is in
readiness to receive a program in a manner simi-
lar to that hereinbefore described of station No. 1.
The selectable path for tip conductor $i0{ ex-
tends from armature No. 3 of switch-over relay
83W, armature INo. 5 and back contaci of relay
5PR-I, armature Mo. 5 and back contact of
relay 8PR2, armature No. 5 and front contact of
relay §PRS3, armature No. 7 and front contact
of relay 6PRA, armature No. 6§ and bkack contact
of relay 6PRY, armature No. 6 and front con-
tact of relay 6PRS, tip conductor 684, tip con-
ductor {2984 of conductor group {286 for station
No. 3. The selectable path for ring conductor
{182 exiends over the ring armatures and con-
tacts in a manner similar to that hereinbefore de-
scribed of the path of tip conductor {48i (the ring
armature and contacts are represented -within
box 841), then over ring conduetor 835, ring cen-
ductor 1216 of conductor group 1288. At this
time tip conductor {214 and ring conductor {218
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are connected over armatures Nos. 2 and 3 re-
spectively, of relay 1234 (in its released position),
conductor pair {385 which is also at this time, like
station No. 1, connected to receive a program in-
coming from the west or east over radio wire net-
work No. 1 in a manner as hereinbefore described
of radio wire network Mo. 1.

Station Mo. 4 has its receiving circuit included
in the station egquipment represented diagram-
matically in box {i06-4. This circuit also is in
readiness to receive a program in a manner simi-
lar to that hereinbefore described of station No.
1. The selectable path for tip conductor (163
extends from armature No. 4 of switch-over relay
8SW, armature MNo. 6 and back contact of relay
8PRI, armature No. 6 and back contact of relay
6PR2, armature INo. 6 and front contact of relay
6PR3, conductor 686, tip conductor {417 of con-
ductor group {418 for station Mo. 4. The select-
able path for ring conductor |i84 extends over
the ring armatures and contacts in a manner
similar to that hereinbefore described of the path
for tip conductor {{83 (the ring armatures and
contacts are represented within box 881), then
over ring conductor §07, ring conductor 1418 of
conductor group 1448, At this time tip conductor
{417 and ring conductor {419 are connected over
armatures Nos. 2 and 3, respectively of relay (484
(in its released position), conductor pair (445
which is also at this time, liks station No. 2, con-
nected to receive g program incoming from the
west or east over radio wire network No. 2 in a
manner similar to that hereinbefore described of
radio wire network No. 1.

Station No. 5 has its receiving circuit included
in the station equipment represented diagram-
matically in box {i38-5. This circuit also is in
readiness to receive a program in a manner simi-
lar to that hereinbefore described of station No.
1. The selectable path for tip conductor {108
extends from armature No. 5 of switch-over re-
lay 8SW, armature No. 7 and back contact of re-
lay 6PR-(, armature No. 7 and back contact of
relay 6PR2, armature No. 7 and front contact of
relay 6PR3, armature No. 3 and front contact of
relay 6PR4, armature No. 7 and back contact of
relay 8PR35, armature No. 7 and front contact of
relay 6PRS, armature No. 3 and front contact of
relay 7PR1T, armature No. 6 and back contact of

relay TPRE, normally closed make-before-break :

contacts of relay TPRY, front contact and arma-~
ture Mo. 5 of relay TFR-14, tip conductor 185, tip
conductor {426 of conductor group 421 for sta-
tion No. 5. The selectable path for ring conductor
{186 extends over the ring armatures and con-
tacts in a manner similar to that hereinbefore
described of tip conductor 1185 (the ring arma-
tures and contacts are represented within box
€81), then over ring conductor 786, ring conduc-
tor {422 of conductor group {421. At this time
tip conductor {428 and ring conductor (422 are
connected over armatures Wos. 2 and 3, respec-
tively, of relay (488 (in its released position), con-
ductor pair §423 which is also at this time con-
nected to receive a program incoming from the
west or east over radio wire network No. 3 in a
manner similar to that hereinbefore described of
radio wire nefwork MNo. 1.

Station No. 6 has its receiving circuit included
in the station equipment represented diagram-
matically in box {486-6. This circuit also is in
readiness to receive a program in a manner simi-
lar to that hereinbefore described of station No. 1.
The selectable path for tip conductor ({07 ex-
tends from armature No, 6 of switch-over relay
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6SW, normally closed make-before-break con-
tacts of each of relays 8PR-I and 6PR2, front
contact and armature No. 8 of relay €PR3, arma-
ture No. 4 and front contact of relay 6PR4, arma-
ture No. 3 and back contact of relay 6PRS, arma-
ture No. 3 and front contact of relay 6PRS, arma-
ture No. 4 and front contact of relay TPR1T, arma-
ture No. 3 and back contact of relay TPRS, tip
conductor 707, tip conductor 1424 of conductor
group 1425 for station Wo. 6. The selectable path
for ring conductor {183 extends over the ring ar-
matures and contacts in a manner similar to that
hereinbefore described of tip conductor (187 (the
ring armatures and contacts being represented
with box 601), then over ring conductor 708, ring
conductor 1426 of conductor group (425, At this
time tip conductor 1424 and ring conductor 426
are connected over armatures Nos. 2 and 3, re-
spectively, of relay 1488 (in its released position),
conductor pair {427 which is, also at this time,
connected to receive a program incoming from the
west or east over radio wire network I¥o. 4 in a
manner similar to that hereinbefore described of
radio wire network No. 1.

Connections established in permutation link cir-
cuit No. 1 for program transmission

When transmission from one or more of sta-
tions Nos. 1 to 6 to one or more of radio wire
networks Nos. 1 to 4 is desired, the attendants at
such one or more stations operate the microphone
keys at their respective stations. When two or
more stations are associated with a single wire
network only one of such two or more stations
may transmit at a time, for example, when a pro-
gram originates at one of such stations, no pro-
gram may simultaneously originate at another of
such stations because the permutation link cir-
cuit which has been operated at preset signals,
terminates paths prepared by these preset sig-
nals, from each of such stations to a single wire
network, say network No. 1, over conductor pair
1363 which is used for transmitting programs
originating at any one of such stations to net-
work No. 1 in both westwardly and eastwardly di-
rections simultaneously. The connections pre-
pared by the preset signals, as hereinbefore de-
seribed, remain the same for both reception at
and transmission from stations Nos. 1 to 6, the
only difference being that when transmitting
from a local station, such as station No. 1, mi-
crophone key 1004 is operated by an attendant
to connect the transmission circuit 1001, in place
of normally connected receiving circuit 10{I, to
communication conductor pair (014, When mi-
crophone key 10084 is operated it causes (1) relay
{085 to operate, (2) relay 1802 to release, (3) re-
lay 1688 to operate, (4) relay (987 to operate and
(5) relay 1G08 to become locked-operated. Re-
lays (067 and {008, upon operating, connect
ground to a circuit traceable over conductors {817
and 1618, to the front contact for the sleeve prime
armature, not shown but corresponding to tip
armature No. 1 of relay 6SW; the tip armatures
of the permutation link circuit No. 1 are desig-
nated 600. The sleeve prime armatures and con-
tacts, not shown but represented as box 603, are
similar to the tip armatures and contacts of group
600 shown in detail in Fig. 6. The path for the
sleeve prime conductor 106{8 extends over the
sleeve prime armatures and contacts represented
as box 603 and operated under the control of op-
erated relays 6SW, 6PR3, 6PR4, GPRG, TPRIT,
TPR~10 and TPR~1 |, over sleeve prime conductors
709 and 1217, through the winding of relay 261,
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to grounded battery. Relay 1201 operates and,
in turn, operates relay 1203. Relay 1203, upon
operating, connects the communication conduc-
tors 12087 and 1218 to conductor pair 1303 for
transmitting the program from the originating
station to radio wire network No. 1. Relay i005
upon operating, connects ground battery at its
No. 2 armature and front contact to sleeve con-
ductor 1819 which extends to the front contact
for the sleeve armature, not shown but corre-
sponding to tip armature No. 1 of relay 6SW;
the tip armatures of permutation link circuit No.
1, as hereinbefore stated, are designated 680. The
sleeve armatures and contacts, not shown but
represented as box 502, are similar to the tip
armatures and contacts of group 688. The path
for the sleeve conductor 1019 extends over the
sleeve armatures and contacts represented as box
602 and operated under the control of operated
relays 6SW, 6PRS, §PR4, 6PRS, TPRI1, TPR-I8
and TPR~I{{, over sleeve conductors 710, (218 and
1219 then in parallel paths to their respective re-
lays. One path extends over conductor 1333,
armature No. 2 and back contact of relay (288,
through the winding of relay (309 to ground, and
the other path extends over conductor (334,
armature No. 2 and back contact of relay 1318,
through the winding of relay {311 to ground. Re-
lays 1310 and {311 operate to prevent & program
incoming af either of bridging devices 1330-{A
and 1390-1B from controlling the apparatus at
the program originating station locally connected
to switching center C. Each of the remaining
stations of those associated with a single radio
wire network may be arranged to receive the pro-
gram originating at its station so associated hy
providing relay connecting means such as dis-
closed in Fig. 5 of Bachelet et al. Patent 2,110,284,
supra.

When two or more stations are connected
through a permutation link circuit to a single ra-
dio wire network and one of them is transmitting
to that network, the stations connected to the
other networks through the same permutation
link circuit at that time may be simultaneously
transmitting to or receiving from their respective
networks other programs.

In cases where the programs are to be changed
at certain stations only, that is, certain stations
at each of the selected switching centers, and
the programs at the remaining stations at each
of the selected switching centers are to remain
unchanged & suitable combhination of two charac~
ters each may be selected from 30 X 24, or 720,
possible permutations. Of the code combinations
necessary for each of the two preset signals thir-
ty are selectable for the first and twenty-four for
the second as hereinbefore shown in the lists of
character code combinations for operating the
translating relays T in different arrangements
for selecting the desired radio wire networks.
However, any of the 720 possible permutations of
connections in a permutation link circuit such as
shown at switching center C may be obtained by
using the proper permutations of preset signals
to establish the desired connections between the
locally connected stations and the radio wire net-
works. It is ohvious that the number of stations
locally connected to a switching center is not lim-
ited to six and the number of radio wire net-
works is not limited to four.

Stations Nos. 1 to 6 may control the service line
direction control equipment and the radio net-
work direction control equipment in a manner
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hereinbefore described regardless of which one of
permutation link circuits Nos. 1 and 2 is employed.

Preparing connections for transmission over per-
mutation link circuit No. 2

During the time when a group of programs are
being transmitted over the connections just de-
seribed as being established at permutation link
circuit No. 1 relays SASW, 5ASZ, 63SW, GPRS,
6PR4, 6PR6, TPRT, 7PR-10 and TPR~{i and nor-
mally operated relay 5TSR are the only relays
that remain operated. However, hefore the time
of transmitting the group of programs over the
connections at present established at permutation
link circuit No. 1, has expired, the connections
for the next group of programs may be preset at
permutation link circuit No. 2 to wait for the
next broadcast period. When switching center
C is selected during the transmission and/or re-
ception of programs over permutation link cir-
cuit No. 1 to prepare for the group of programs
that are to be transmitted and/or received dur-
ing the next program interval of time which is
to follow that is, to be transmitted and/or re-
ceived over permutation link circuit No. 2, relays
2W and 2Z operate and release in response to
each of the first three signals, that is, the calling
cue and two preset signals, incoming over the dis-
patcher’s teletypewriter control circuit to switch-
ing center C, as hereinbefore described. Also, as
hereinbefore described, relays 58TT and 5CI-2
operate when relay 27 releases for the first tims
and relay 5ASW releases when relay 5STT op-
erated at this time, but relay 5ASZ remains op-
erated. After the third incoming signal, that is,
the second of the two new preset signals, is re-
ceived, certain relays of each of the §$PR and PR
groups of permutation link circuit No. 2 will ke
in operated positions in accordance with the code
combinations of each of the two net preset sig-
nals. When relays 2W and 2Z release for the
third time the 3P, 3L: and 4T relays which op-
erated in response to the second of the new pre-
set signals, also release; relays §8TT, 5CI-2, 5ASZ
and 2W' remain operated; relays 2Z-1 and 2AMC
operated when relay 2Z released for the third
time; and relays 5CK-1, 8CCX, 2W-2, 222, 5CK-~2
and 5AV remain operated. When the master cue
signal is received to complete at the desired time,
the connections preset at permutation link ecir-
cuit No. 2, relay 2W operates for the fourth time,
all the 8L and the 4T relays operate because all
the selecting impulses of the master cue signal
are marking. When all the 3L relays operate,
relay 2MC operates to release relays 5STT and
5CI-2, Relay 5STT upon releasing, causes the
release of relay 5CCX and 5AV. When relay
2W—1| releases immediately following the receipt
of the master cue signal, a shunt circuit around
the winding of relay 2W-2 is closed and relay
2W-2 releases. Also, relay 5STT upon releasing,
removes ground at its armature No, 2 and front
contact from the holding circuit of relay 5ASZ
and relay 5ASZ therefore releases. Relay 5ASZ
upon releasing, effects (1) the release of switch-
over relay 6SW which upon releasing, disconnects
the established connections of permutation link
circuit No. 1 from stations Nos. 1 to 6, and (2) the
operation of switch-over relay 8SW which upon
operating, connects the preset connections in.
permutation link circuit No. 2. However, relays
6PR3, §PR4, 6PR6, TPRI, TPR-I0 and TPR-I!{
are held locked-operated over the released arma-
tures Nos. 2 and 3 of relay 5ASZ until permu-
tation link circuit No. 1 is again prepared for a
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program time interval. When relay 27 releases
for the fourth time, that is, immediately follow-
ing the transmission of the verification signal
for the master cue signal to the dispatcher’s tele-
typewriter, relays 2AMC and 2MC release. When
the next calling cue signal is received at switch-
ing center C and relay 27 operates the ground
connection at armature No. 4 and front contact
of relay 2% is connected to a circuit traceable
over conductors 207, 208 and 209, armature and
back contaect of relay 2MC, conductors 236 and
501 armature No. 2 and front contact of relay
5CK~I which is an operated position because of
the locked operated relays 8PR3, 6PR4, GPRSG,
TPR1, TPR-{0 and TPR~11, conductor 545, back
contact and armature No. 5 of relay §8TT, con-
ductor 547 through the winding of relay 5UL, to
grounded battery. Relay 5UL operates to open at
its No. 1 armature the operating circuit of relay
5STT which at this time is prevented from op-
erating, and at its No. 2 armature the locking
cireuit for relay 6PR3, 6PR4, 6PRG, TPRT, TPR-10
and TPR~{ | which now release to receive the pre-
set signals for the next change of programs. The
release of the operated relays in the 6PR and TPR
groups cause relays 5CK-1 and 5CK-2 to release.
Relay 5CK-~| upon releasing, releases relay SUL
and relay 58TT is again ready to operate when
relay 27 operates in response to the first preset
signal of those signals that prepare permutation
link circuit No. 1 for the next change of pro-
grams.

Correction of errors in connections established
in permutation link circuits

In the event that the dispatcher discovers an
error in the connections preset at any of the
switching centers prior to the transmission of the
common master cue signal he may wipe out the
connection established at all such switching cen-
ters after the first preset signal or the second pre-
set signal by transmitting a release signal con-
sisting of start, or space, mark, space, space,
space, space, mark and stop, or mark, whereof
the first, or additional, selecting impulse is a
mark for the purpose of completing a path estah-
lished by the six L relays at each of the selected
switching centers, the path so completed at each
switching center being traceable over the outer
right-hand armatures and their respective con-
tacts of the L relays.

A description of the operation resulting from
the reception of the release signal of each of the
selected switching centers will he described with
reference to switching center C. The same cir-
cuit action occurs on each release signal at each
switching center. In response to the first, or
start, impulse of the release signal received by re-
lay 2LR, a circuit is closed for operating relay
3CL in the manner as hereinbeiore described, and
as distributor brush arm 395 begins rotating, ifis
outer brush moves off rest segments R{ and R2
to open the operating circuit of relay 3DN. Re-
lay 3DN releases to connect ground at its No. 2
armature and back contact to conductor 319 of
the circuit extending over the normally closed
make-before-break contacts of relay 2W, through
the winding of relay 2W, resistor 215 and ground-
ed hattery 216. Relay 2W operates. As the dis-
tributor brush arm 38% continues to rotate over
segments ST, 0, 1, 2, 3, 4 and 5 in timed relation
with response of relay 2LR to the impulses of the
incoming release signal, relay 2LR is allowed to
operate to its left-hand position for the incom-
ing space impulses and accordingly relays 3P-1,
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3P-2, 3P-3 and 3P-4 operate. Inasmuch as re-
lays 3P-0 and §P-5 remain unoperated at the
conclusion of the revolution of brush arm 385
the corresponding L relays such as relays 3L-0
and 315 operate to close a path at their respec-
tive outermost right-hand armatures and respec-
tive contacts. In this case, that is, in response
to a release signal, the path is actually clesed
when the inner brush of brush arm 3035 engages
segment No. 4 of ring 382 which engagement
causes relay 8P-4 to operate and relay 3I-4 to
therefore release as will now be described. It
will be noted that when reiay ZDN released at
the start of rotation of brush arm 395, the ground
connection at armature MNo. 4 and back contact
of the relay was effective to operate all the 2L
relays and as the inner brush engaged each of
the selecting segments Nos. 0, 1, 2, 2, 4 and 5, in
turn, and the 3P relays correspending to the se-
lecting space impulses of the released signal op-
erated, the 3L relays corresponding to the op-
erated ones of the 3P relays released and there-
fore in the code combination of the release sig-
nal, relay 31—4 is the last of the 3L relays to re-
lease and the path thereby closed is traceable
from grounded battery, through the winding of
relay 2RLS, conductor 247, front contact and
armature No. 4 of relay 3L3 back confact and
armature No. 4 of relay 314, back contact and
armature No. 4 of relay 31--3, back contact and
armature No. 4 of relay 31-2, back contact and
armature No. 4 of relay 3L-{, front contact and
armature No. 3 of relay 3L-8, conductor 3{8, to
ground at the back contact and armature No. 4
of relay 3DN. Release relay 3RLS operates and
then locks-operated in a circuit traceable over
conductors 248 and 322, to zround at armature
No. 4 and front contact of relay 2W. Relay 2W
at this time is held operated in & circuif traceable
from grounded battery 216, resistor 215, through
the winding of relay 2W, front contact and arma-
ture No. 1 of relay 2W, conductor 222, front con-
tact and armature No. 1 of relay 2W-{, conductor
229 to ground at the back contact and No. 3 arma-
ture of relay 2Z-f to ground. When distributor
brush arm 305 completes its revolution after re-
celving the release signal, its outer brush comes
to rest on rest segments R{ and R2 to close the
operating circuit for relay 3DN. Relay 3DN re-
operates and removes at its No. 2 armature and
back contact the ground connection from the
shunt path around the winding of relay 2Z and
relay 27 operates to substitute a ground connec-
tion at its No. 2 armature and front contact for
the locking circuit of relay ZRLS. Relay 2RILS
upon operating, removes at its No. 3 armature
and back contact, the ground connection from
the locking circuit for relays 2W-{ and ZW-2
should either or both he operated at the time and
relays 2W-i and/or 2W-2 release to cause the
release of relays 2Z-1 and/or 2722 if either or
both are operated. Also, reiay 2RLS upon op-
erating, opens at its No. 4 armature and hack con-
tact, the operating circuit for relay 3ASW, and
at its No. 1 armature and back contact the shunt-
ing circuit for relay 5ASW. If relay BASZ is
normal relay BASW releases. In the svent
that relay 5ASZ is operated, relay BASW is al-
lowed to recoperate. When relay 27 releases at
the end of the fourth or sixth revolution de-
pending upon whether the connection is being
wiped out after the first or the second preset sig-
nal, release relay 2RLS releases and the selected
switching center C is thereby restored to normal.
In like manner, all the other switching centers
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that have been selected for operation at this time
are restored to normal by transmitting the sin-
gle release signal. The dispatcher must now re~
peat the sending of correct preset signals to all
selected switching centers on the same dispatch-
er’s control line before sending the master cue
signal.

What is claimed is:

1. A switching device comprising a signaling
channel, a plurality of incoming line circuits, a
plurality of outgoing line circuits, means respon-

sive o one or more code signals of a telegraphi- .

eally transmissible code of selectively different
signals incoming over said channel for presetting
individual circuit connections or group circuit
connections between said incoming and said out-
going line circuits, permuting means controlled
by said presetting means for arranging the pre-
set connections in any desired combination, and
means responsive to another of said code signals
incoming over said channel subsequently to the
presetting signals for simultaneously completing
said preset eircuit connections between said in-
coming line circuits and said outgoing line cir-
cuits.

2. A switching device comprising a signaling
channel, a plurality of incoming line circuits, a
plurality of outgoing line ecircuits, electromag-
netic means responsive to a plurality of code sig-
nals of a telegraphically transmissible code of se-
lectively different signals incoming successively
over said channel for presetting individual cir-
cuit connections or group circuit connections be-
tween said incoming and said outgoing line cir-
cuits, permuting means controlled by said preset
connections for arranging the preset connections
in any desired combination, and means operated
independently of said presetting and said per-
muting means and responsive to another of said
code signals incoming over said channel subse-
quently to said presetting signals for simultane-
ously completing said preset circuit connections
hetween said incoming and said outgoing line
circuits.

3. In a signaling system, a plurality of switch-
ing centers, a transmission channel interconnect-
ing said centers, a switching device at each of
said centers comprising a plurality of incoming
line circuits and a plurality of outgoing line cir-
cuits, means at each of said centers responsive to
one or more code signals of a telegraphically
transmissible code of selectively different signals
inceming over said channel for presetting indi-
vidual circuit connections or group circuit con-
nections hetween said incoming and said outgoing
line circuits, permuting means at each of said
centers controlled by its associated presetiing
means for arranging the preset connections at a
switching center in any desired combination, and
means responsive to another of said code signals
incoming over said channel subsequently to the
presetting signals at all said plurality of switch-
ing centers for simultaneously completing said
preset connections between said incoming line
circuits and said outgoing line circuits at all said
plurality of switching centers.

4. In a signaling system, a plurality of switch-
ing centers, a transmission channel interconnect-
ing said centers, a switching device at each of
said centers comprising selectable means, a plu-
rality of incoming line circuits, a plurality of
outgoing line circuits and connectable means for
interconnecting said incoming and said outgoing
line circuits, means included in each of said se-
lectable means responsive to a distinctive start-
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stop code signal for selecting one of said switch-
ing centers, means included in each of said con-
nectable means responsive to a plurality of start-
stop code signals incoming successively over said
channel for presefting individual connections or
group circuit connections between said incoming
line and said outgoing line circuits at each of
said centers, permuting means at each of said
switching centers controlled by its associated pre-
setting means for arranging the preset connec-
tions at its switching center in any desired com-
bination, and means responsive to another start-
stop code signal incoming over said channel sub-
sequently to the preset signals at all said plu-
rality of switching centers for simultaneously
completing said preset connections between said
incoming and said outgoing line circuits at all
said plurality of centers.

5. In a signaling system according to claim 4
wherein the switching cdavice includes means im-
mediately operative in response to each of the
distinetive and the preset signals incoming over
said channel at each of said switching centers to
automatically transmit back over said channel a
signal identical with the corresponding sighals
and operative in response to said other start-stop
code signal incoming over said channel at each
of said switching centers to automatically trans~
mit back over said channel after an interval of
time distinctive for its switching center a signal
identical with the first-mentioned signal distinc-
tive of its switching center.

6. In a signal transmission system, a switching
center, a control channel and a plurality of other
channels connected to said center, a plurality of
stations, a line circuit connecting each of said
stations tc said center, selectable means at said
center responsive to a distinctive signal incoming
over said control channel for effectively connect-
ing said center to said control channel, connect-
able means at said center responsive to other
signals subsequently incoming over said control
channel for preparing at said center connections
between said line circuits and said plurality of
said other channels in any desired arrangement,
and other means at said center responsive to still
another distinctive signal incoming over said
control channel subsequently to said first-men-
tioned distinetive signal and said other signals
for completing the prepared connections at said
center.

7. In a signal transmission system, a plurality
of switching centers, a confrol channel and a
plurality of other channels connected to each of
said centers, groups of statiocns and a line cir-
cuit for each station, each of said groups con-
nected to one of said centers, selectable means at
each of said centers responsive to a distinctive
signal incoming over said control channel for
selecting and effectively connecting one of said
centers to said control channel, connectable
means at each of said centers, means included in
said connectable means at a selected center only
and responsive to other signals incoming over
said control channel for preparing at the selected
one of said centers connections between said line
circuits and said plurality of other channels in
any desired arrangement, and other means at
each of one or more selected centers responsive
to still another distinctive signal incoming over
said control channel subseguently to the first-
mentioned distinctive signal and said other sig-
nals at each of the selected centers for simul-
taneously completing the connections prepared
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at the connectable means at each of said selected
centers.

8. In a signal transmission system, a switch-
ing center, a control channel and a plurality of
other channels connected to said center, a plu-
rality of stations, a line circuit connecting each
of said stations to said center, selectable means
at said center responsive to a distinctive signal
incoming over said control channel for selecting
and cffectively connecting said center to said
control channel, connectahle means at said center
responsive to other signals subsequently incoming
over saig contrel channel for prepering at said
center connections between said line circuits and
said plurality of other channels in any desired
arrangement, other means at said center re-
sponsive to still another distinctive signal in-
coming over said control channel subsequently
to the first-mentioned distinctive signal and said
other signals for completing the prepared con-
nections at said center, and trensmitting means
at said center automatically operative in response
to each of said signals incoming over said control
channel for transmitting after each incoming
signal a corresponding signal outgoing over said
control channel.

9. In a signal transmission system, a plurality
of switching centers, a control channel and a
plurality of other channels interconnecting said
centers, groups of stations and a ling circuit for
each station, each of said groups connected to
one of said centers, selectable means at each of
said centers responsive to a distinetive signal
incoming over said control channel for selecting
and effectively connecting one only of said cen-
ters to said control channel, conneciable means
at each of said centers, said connectable means at
a selected center only responsive to other signals
incoming over said control channel for preparing
at the selected one of said centers connections
between said line circuits connected to said
selected center and said plurality of other chan-
nels in any desired arrangement and other means
at each of said selected centers responsive to still
another signal incoming over said control chan-
nel subsequently to said distinctive signal and
said other signals at each of two or more selected
ones of said centers for simultaneously complet-
ing the prepared connections at said two or more
selected centers.

10. In g signal transmission system, a plurality
of switching centers, a control channel and 2
plurality of other channels interconnecting said
centers, groups of stations and a line circuit for
each station, each of said groups connected to
one of said centers, selectable means at each of
said centers responsive to a distinctive signal in-
coming over said control channel for selecting
and effectively connecting one of said centers to
said control channel, connectable means at each
of said centers, said connectable means at a
sclected center only responsive to other signals
incoming over said control channel for preparing
at the selected one of said centers connections
hetween said line circuits connected to said se-
lected center and said plurality of other channels
in any desired arrangement, other means at each
of said selected centers responsive to another dis-
tinective signal incoming over said contrel chan-
nel subsequently tc said distinetive signal and
said other signals at each of two or more selected
ones of said centers for simultaneously com-
pleting the prepared connections at said two or
more selected centers, fransmitting means in
each of.said centers automatically operative in
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response to the first-mentioned distinctive sig-
nal and each of said other signals for immedi~
ately transmitting a signal identical with its cor-
responding signal, outgoing over said control
channel and in response to the second-mentioned
distinetive signal for transmitting a signal identi-
cal with the first-mentioned distinctive signal
outgoing over said confro! channel, and timing
means at each of the selected centers automati-
cally operative in response to the second-men-
tioned distinetive signal incoming over said con-
trol channel for delaying the transmission of the
signal corresponding to the second-mentioned
distinctive signal but identical with the first-
mentioned distinctive signal, at a distinctive in-
terval of time for each selected center.

11, In 3 signal transmission system, a plurality
of switching centers, a control channel and a
plurality of other channels interconnecting said

; centers, groups of stations and a line circuit for

each station, each of said groups connected to
one of said centers, selectable raeans at each of
said centers responsive to a distinctive signal in-
coming over said control circuit for selecting and
effectively connecting one only of said centers to
said control channel, a plurality of alternately
responsive connectable means at each of said
centers, one of said connectable means at a
selected center is responsive to other signals sub-
sequently incoming over said control channel for
preparing at the selected one of said centers con-
nections between said line circuits and said plu-
rality of other channels in any desired arrange-
ment, other means at each of one or more selected
centers responsive to still another distinctive sig-
nal incoming over said control channel subse-
quently to the first-mentioned distinctive signals
and said other signals at each of the selected
centers for simultaneously completing the con-
nections prepared at one connectable means at
each of said selected centers, means for main-
taining connections previcusly completed on an-
other of said connectable means until said other
distinctive signal completes the prepared con-
nections on said one connectable means.

12. In a signal transmission system, a control
channel, a switching center connected to said
control channel, a plurality of stations and a line
circuit for each connected to said center, a plu-
rality of transmission channels connected to said
center, a plurality of connsctable means at said
center alternately connectable for operation au-
tomatically and one adapted, when available, to
automatically prepare connections between each
of said stations and one or more of said trans-
mission channels in any desired arrangement in
response to signels incoming over said control
channel when said connectable means is estab-
lished in completed connections between said
stations and =aid transmission channeils, means
in each of said connectable means operative in
response to another signal subseguently incom-
ing over said confrol channel for automatically
opening at said other connectable means zny
connections between said stations and said trans-
mission channels previously completed and for
automatically completing said prepared connec-
tions, and means for holding said opened connec-
tions at said other connectable means in their
previously prepared condition until still other
signals are subsequently received over said con-
trol circuit.

13. In a signal transmission system, a control
channel, a plurality of switching centers con-
nected to said control channel, groups of stations




2,600,548

57

and a line circuit for each station, each of said
groups connected to one of said centers, a plu-
rality of transmission channels interconnecting
said centers, a plurality of connectable means at
each of said centers, selectable means at each of
said centers responsive to a distinetive signal in-
coming over said channel, said selectable means
at a selected center including means responsive
to other signals subsequently incoming over said
control channel for automatically preparing at
one or another of said plurality of connectable
means connections between each of said stations
and one or more of said transmission channels
in any desired arrangement when the alternate
one of said plurality of connectable means is
established in completed connections between
said stations and said transmission channels,
means in each of said connectable means op-
erative in response to another distinctive signal
subsequently incoming cver said control channel
and effective at all the selected ones of said cen-
ters for automatically opening simultaneously
any connections between said stations and said
transmission channels that were previously com-
pleted at any of said centers and for automati-
cally completing simultaneously said prepared
connections at each of the selected cnes of said
centers, and means for holding said opened con-
nections in their prepared conditions until still
sncthey i ve signel subsequently incoming
over said control channel again selects said
selected centers. )

14. In a signal transmission system, a conirol
channel, a switching center connected to said
control channel, a plurality of stations and a line
circuit for each, connected to said center, a plu~
rality of transmission channels connected to said

enter, a plurality of connectable means in said
center alternately selectable for operation auto-
matically and one adapted, when available, to
automatically prepare connections between each
of said stations and one or more of said trans-
mission channels in any desired arrangement in
response to a plurality of sighals incoming over
said control channel, means for maintaining one
of said connectable means established in com-
pleted connections between said stations and said
transmission channels until the prepared con-
nections at the other of said connectakle means
are completed, release means responsive to a dis-
tinctive signal incoming over said control chan-
nel subsequently to any one signal previously re-
ceived to prepare said prepared connections for
automatically restoring to normal the connec-
tions prepared or being prepared at said one con-
nectable means.

15. In a switching system, a master office, a
switching center, a control circuit interconnect-
ing said office and said switching center, a plu-
rality of incoming and outgoing lines termi-
nating at said switching center, switching means
for interconnecting any two or more of said lines
in any combination, means responsive to code
signals of a telegraphically transmissable code
of selectively different signals received at said
switching center over said control circuit for
selectably preparing said switching means to in-
terconnect lines, and means responsive to a
specifically assigned code signal for simultaneous~
ly operating all said prepared switching means to
complete said interconnections.
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16. In a signal transmission system, a plurality
of switching centers, a control channel therefor,
selectable means at each of said centers respon-
sive to a distinctive code signal and a plurality
of other code signals incoming over said control
channel, electromagnetic devices included in said
selectable means and operable in response to
each of the above-mentioned signals sccording
to its corresponding code combination, transmit-
ting means at each of said centers for automati-
cally sending outgoing over said control channel
upon the receipt of each of said incoming signals,
a signal identical with each of its corresponding
incoming signals, means for maintaining said
clectromagnetic devices operated in respouse to
each of the above-mentioned incoming signals
until the corresponding identical outgoing signal
is completely transmitted to said control channel, .
said eleciromagnetic devices at each of said
centers comprising circuit means responsive to a
signal incoming subseguently to the last of said
other code signals incoming over said control
channel and effective at each of said centers to
cause said transmitting means at each of said
centers to automatically send outgoing over said
control channel a signal identical with the dis-
tinctive code signal of its switching center, and
timing means at each of said centers for deter-
mining a time interval different from the corre-
sponding time interval at each of the cther of
said switching centers, before the last mentioned
outgoing signal is automatically transmitted back
over the control channel.

17. In g signal transmission system, a pluraility
of switching centers, a control channel for con-
necting said switching centers in series, groups
of stations and a line circuit for each station,
each of said groups connected to ons of said
centers, selectabie means at each of said centers
responsive to a distinctive signal incoming over
said control channel for selecting and effectively
connecting one of said centers to said control
channel, connectable means at each of said cen-
ters, means included in said connectable means
at said one center and responsive to other signals
subsequently incoming over, said channel imme-
diately after the distinctive signal for its center
for preparing at the selected one of said centers
connections beiween said line circuits and said
plurality of other channels in any desired ar~
rangement, and means at each of said centers op-
erated independently of its associated connect-
able means and responsive to a signal common
to all switching centers and incoming over said
channe! after the desired connection at all said
centers have been prepared for completing the
prepared connection at all said switching centers.
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