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28 Claims.

This invention relates to signalling systems and
more particularly to expanding-channel or vario-
plex telegraph systems, the present application
relating to an improvement upon the system dis-
closed and claimed in the prior patent to Plerson
and Adams, No. 2,233,347, granted February 295,
1941.

The term “expanding-channel” or “varioplex”
system as used herein refers to a system in which
a, variable number of telegraph transmitting sub-
channels share a common lane of traffic, substan-
tially the entire lane time in the preferred sys-
tem being divided among the operating trans-
mitters or subchannels. The system thus dis-
tributes the use of the lane of traffic which may
consists of one or more channels of a synchronous
multiplex system among any busy combination of
a, number of trafic sources or telegraph transmit-
ters. While the lane of traffic referred to gen-
erally comprises a channel or channels of a
multiplex system, any equivalent communication
system may be utilized, such as one or more radio
or carrier channels or cne or more cable con-
ductors or a direct wire or combinations of dif-
ferent types of communication channels. Hence,

the expression “lane of trafiic” as used herein

designates any suitable route or medium over
which signalling is accomplished.

The expanding channel system thus oompmses
a multichannel system in which the number of
subchannels operating over the connecting cir-
cuit or lane of trafiic may be expanded or con-

tracted by cutting in or out simultaneously trans-

mitting and receiving devices at opposite ends of
the system. The present invention relates par-

ticularly to a printing telegraph system of this

character in which message characters are sent
from operating transmitters in sequence and
printed on the corresponding receiving devices,
one busy subchannel being rendered operative
after another while omitting the idle or inopera-
tive subchannels.

OCne cobiect of the invention is to provide an
improved control system for simultaneously cut-
ting in or out the opposite ends of each subchan-
nel when such subchannel has trafic to send or
has completed the transmission of waiting traffic.

Another object of the invention is to provide
improved means for detecting failure of the con-
trol mechanism to cut in or out one end of a sub-

channel or to detect the false or accidental cut-

ting in or cut of a subchannel.
Another object of the invention is to prowde an
improved channel switching system in which

telegraph subchannels are connected to or dis- o
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connected from a, transma.ssmn circuit or lane of
trafic in response to switching mgnals and in
which a plurality of channels may be controlled
by a single group of impulses forming a, single
code combination.

Another object of the invention is to provide &
channel switching system having improved mea,ns
for detecting and/or controlling transmission in
response to failure of the line circuit or connect-
ing lane of traffic, or dlstortlon of 51gnels trans-
mitted thereover.

- Another object of the invention is to promde
in a system of the ohara,oter described means for

automatically stopping transmission if a sub-

channel fails to be cut in or cut out in response
to the proper control signal.

Other objects and edvanteges of the mventlon
will appear from the following ‘description of the
preferred embodiment thereof shown in the ac-

companying drawings wherein:

Figs. 1 to Y, inclusive, form a circuit dlegrem
of the transmlttmg apparatus at one end of the
system: -

Figs. 8 to 11, 1no1uswe form a circuit dlogrem

of the receiving apparatus at the other end of the

system; and

Figs. 12 and 13 are 31mp11ﬁed dlegrems 111m-_
trating certain features of the system.

It will be understood that the complete system
ordinarily includes transmitting and receiving
appemtus at each office, the receiving epparatus |
ot the first office being similar to that shown in

Figs. 8 to 11, and the transmitting apparatus at
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the second of
igs. 1 to 7.
The system 111ustmted for the DUTPOSE of ex-

ice being similar to that shown in

plaining the invention oomprlses a plurality of

sources of signals represented by tape transmit-
ters (see Fig. 1) adapted to share three channels
of a synchronous multiplex system and to operate
corresponding printers at the receiving office (se

Fig. 11). A relay chain is arranged to oonneot
the operative transmitters one after the other to
the multiplex system at the transmitting office
and a similar connector relay chain or mixer is
provided for connecting the printers to the same

channels of the mu1t1plex system at the same

time at the receiving office. If three or 1ess than

three subchannels are in operation the connector

relays of the relay chain connect such subchan-
nels to a correspondmg number of multlplex
channels and no stepping of the relay chain oc-

curs. If, however, more than three subohannels
are in operatlon the connector relays operate in
such sequence as to connect the operatwe sub-



~ channels one after the other to the three multi-

plex channels in a manner generally similar to
the operation of the relay chain described in the
above mentioned patent of Pierson and Adams.
The transmission apparatus is preferably oper-
ated at high speed for operating economy and

efficiency, and in a system of this character the

- connecting circuit may be of considerable length,
~for example, several hundred miles or more, and
may include one or more telegraph repeaters. It
will be obvious that in an extensive system of this
- character it is impossible to avoid occasional sig-
nal failures resulting from faulty circuits or ap-

Dbaratus or from atmospheric disturbances or in- -

duction. Since the relay chains at the trans-
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confirmation on the A channel. 'The term “pat-
tern” is employed with reference to the signal
sent to cause the cutting in or out of the sub-
channel. Of the five pulses in each pattern
character, four are employed to operate the.
cut-in control relays and the fifth pulse is used
to stop the circuit under certain conditions of
failure. The latter will be considered later. The

-~ battern pulses which are received marking cause

10

mitting and receiving offices must operate in

synchonism and provide for the connection of
varying numbers of subchannels, a signal must
be transmitted to the receiving office whenever

- a subchannel is to be cut in or out of service in
order to effect this function simultaneously at
both offices. Since this switching signal is trans-

mitted over the same channel or lane of traffic

employed for communication and is similar in
certain respect to the code signals used to con-

‘trol the receiving printers, the distortion or fail-

ure of a signal or group of code signals may cause
either a false switching signal or the loss of a
switching signal. Since this occasional failure
cannoct be avoided in actual practice at the high
transmitting rates required for efficient opera-
tlon, it is necessary to provide means for detect-
ing false switching signals or the failure of a
switching signal. | S
In the system illustrated for the purpose of
‘explaining the invention, switching signals are
transmitted whenever a change in the subchan-
- nel pattern occurs and rotary step-by-step con-
trol switches are employed at the sending and
receiving offices, respectively, for controlling the
cutting in and out of subchannels from the sys-
tem. These sending and receiving control
switches move in synchronism so as to control
the same groups of subchannels at the opposite
ends of the system. An additional step-by-step
switch at the sending end is also utilized to con-

15
first, by the location of that pulse among the

the receiving cut-in control relays to be operated

and those received spacing cause the correspond-
ing relays to be released so that any single pat-

~ lern group may cut in or out four subchannels.

~Lhe particular subchannel which will be con-
trolled by any pattern pulse will be determined

- Tour which make up the pattern and second, by

20

the number of steps the pattern switch has taken
Irom its home position. The sending pattern and |
control switches are started by the closing of a

- common test circuit when one of the subchannels

25

1S to be changed from the inoperative to the
operative condition or vice versa, and as the
switches step they test each group of four sub-
channels to determine whether any subchannel
in that group is to be cut in or out. When the
switches reach a contact stud corresponding to

~a group of which at least one subchannel is to

30

be cut in or out, pattern and confirmation sig-
nals are sent which of course may cut in or out
up to four subchannels upon sending the pattern
and confirmation signals of a group only once.

- In the initial movement of the step-by-step

' switches a blank is sent on the B channel which

39

1s followed by a guard character on the A chan-
nel during the following revolution of the dis-
tributor brushes. The guard character consists

- of some combination of marking and spacing

40

45

trol the transmission of a signal pattern and for

other purposes.

- The switching 'signals are transmitted“on the

A and B multiplex channels and during such
vransmission it is necessary, to interrupt any
normal trafiic which would otherwise be sent on

those channels. The signals sent consist of

characters on the B channel which are always

blanks and characters on the A channel desig-

-nated as patterns and confirmations, each pat-
lern being followed by a confirmation. The pat-
tern character by the location of its marking or
spacing elements causes the cut-in control relays

of the respective subchannels to be operated or .

released. The confirmation character performs
the function of checking the operations per-
formed by the pattern. A blank is also sent on
the B channel at the time the switches at the

sending end step from their home positions. This

blank is used at the receiving end to start the

receiving control switch and to check various

- Teatures of operation. If a subchannel is to be

- cub in or cut out, a blank is sent on the B chan-

- nel at the proper time during the rotation of

~ the control switches, followed by pattern: and
~ confirmation signals on the A channel and an-
other blank on the B channel. The first blank

o0
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bulses which are transmitted each time the send-

Ing pattern and control switches rotate and this

guard character is tested for accurate reception
at the receiving end. The receiving control
switch starts to step upon receiving said blank
on the B channel and then causes control relays

to read for the guard character on the A chan--

nel. In a large telegraph system a. number. of
varioplex systems having line terminals at a
single office may be employed. In starting up
these systems it may be possible to accidentally
connect the terminals to the wrong systems
which would cause the transmitted signals to be -
sent to the wrong receiving printers. Therefore -.
different guard characters are selected for the

different varioplex systems and the failure to re-
ceive the proper guard character is arranged to

stop transmission. In this manner the system
is arranged so that the subchannels of one vario-
plex system are prevented from working into the
subchannels of another system. -
The confirmation sighal following each pattern
signal bears a predetermined relation to the pat-~
tern signal and the system is ‘automatically
stopped if the proper confirmation signal is not
received. The first pulse of each pattern signal
1s normally sent spacing but is changed to mark-
Ing when the circuit is to be stopped. The re-

- Mmaining pulses of the pattern control groups

70

-

on the B channel causes the receiving switch and

Its associated relays to read for the pattern and

s

control the four subchannels of that group and
thus may be either marking or spacing. The
first pulse of the confirmation signal is normally

sent spacing and is used in conjunction with the

first pulse of the pattern signal. The second,
third, fourth and fifth pulses of each confirma-
tion signal are sent with their polarities opposite
that of the second, third, fourth and fifth pulses
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of the pattern signal and are used at the receiv-

ing end to confirm the accurate reception of the

pattern. Thus if the confirmation signal does
not check the previcus pattern signal, transmis-
sion over the system is stopped. -

The confirmation signal is also arranged to
check the positions of the chain control relays
- which should have bheen operated by the previ-
ous pattern signal and thus determine whether
the proper subchannels have been cut in or out.

If the confirmation signal does not check the

positions of the receiving chain control relays set
up by the pattern signal, transmission is stopped.
The confirmation signal also check the loss of
synchronism between the sending and receiving
control switches so that the transmission 1is
stopped if the switch at one end of the system
gets out of step with the control switch at the
other end. The system is further arranged to
transmit pattern signais at predetermined time
intervals even though there is no change in the
pattern of the subchannels. If no patitern sig-
nal is received for a predetermined time greater
than the normal interval referred to which might
result from failure of the line circuit or other
causes, the system is shut down.

The system may also be provided with suitable
regulating signals and the like for the use of
the attendants at the respective offices. Manual
control keys for shutting down the system or -ef-
fecting other control functions at will may also
be provided as set forth in detail below.

Referring to Pigs. 1 to 11 of the drawings, the
transmitting ends of four subchannels are shown
in Fig. 1 and corresponding printers or recelving
devices in Fig. 11. The connhector relay chain
for connecting the ftransmitters to the lane of
traffic is shown in Figs. 1, 2 and 3. The lane of
traffic is shown for purposes of illustration as a
three-channel synchronous multipleXx system
comprising transmitting and receiving disvribu-

&t

10

3

into. the transmitter, the auto-stop relay 71 be-
ing arranged to lock up the stepping magnet of

~the tape transmitier in the usual manner when

the loop of tape from the tape reperforator
shortens. | | o

- The contacts {5 of the tape transmitter are
connected to the conductors | to 5, inclusive, of
a, cable 21 and through the contacts of the con-
nector relays 31, 41 or 51, to.the respective chan-
nels A, B and C of the multiplex transmitting
distributor as described above. The contacts {5
of each ftape transmitter are also connected

- through series resistors 19 to positive battery.

20

29

30

The right hand or spacing bus bar of the tape

transmitter is grounded and the left hand or

marking bus bar is connected through series
resistances 20 to negative battery associated with
the control element or grid of a vacuum tube 26.
Thus it will be seen that whenever cne of the

contacts 19 of the tape transmitter engages a

marking contact, the potential of the grid of
the vacuum tube 26 will be changed from nega-
tive to positive potential and the tube rendered
conducting for a purpose that will be described
below. A shunt condenser 21 provides a suitable
time delay in the fluctuations of the grid poten-
tial so that the tube 26 remaing conductive during
the stepping of the tape through the tape trans-
mitter although the confacts 19 are momentarily
withdrawn from the marking bus bar at each
step.

Thus as long as normal code combinations,

~ in which at least one element of the code is mark-

35

40

tors shown in Figs. 7 and 8 and associated with

line circuit L arranged for full dupieX operation
in the conventional manner. Signals recelved
at the receiving distributor are connected,
through a connector relay chain shown in Fig.
11 and similar to that at the transmitting sta-
tion, to the printers Pl to P4. The auxiliary
signalling and control apparatus includes iwo
step-by-step control switches at the transmitting
station shown in Pig. 5, one of which is here-
inafter referred to as a “pattern” switch. At
the receiving end a similar step-by-step switch
shown in Fig. 9 is provided which is operated in
synchronism with the control switch at the trans-
mitting end of the system so that corresponding
functicns mayv be effected simulfaneously at op-
posite ends of the system. The detailed opera-
tion of the system is as follows:

Subchannel circuits

The transmitting apparatus of four subchan-
nels is represented at {1, 12, i3 and !4 in Fig. 1.
The tape transmitter at the transmitting end of
each subchannel and intended to represent any
suitable source of signals comprises adjustable
contacts §5 positioned in accordance with the

perforations in the tape and stepping magnet 16

for advancing the tape through the transmitter.

The construction of the tape transmitter may be
similar to that disclosed In the patent to Ben-
jamin, No. 1,298,440, dated Mairch 2_5, 1919, An
suto-stop relay 171 is associated with the tape
sransmitter and controlled by the contacts oﬁ a
tape lever 18 resting on the.loop of tape feeding

45

o0

plied to the control grid thereof.

ing, are being transmitted through the tape trans-
mitter tube 26 is conductive. However when
a blank or all-spacing code combination causes
all of the contacts 19 to engage the right hand or
spacing contacts, the tube 26 becomes non-con-
ductive by reason of the negative potential ap-
When one or
more of the conductors | to  of the cable 21 are
grounded through the spacing bus bar of the
tape transmitter, one or more- circuits are closed
through a connector relay of the relay chain for
operating one or more of the storage relays b!
to 15 respectively associated with the fifteen seg-
ments of the segmented sending ring TR of the
multiplex transmitting distributor. As shown,
one terminal of the winding of each of said stor-
age relays is connected to positive battery where-
hy the application of ground potential o the

~.other terminal energizes the relay and at a front

W |
-t
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contact of said relay connects spacing potential
to the corresponding segment of the sending
ring TR of the distributor. However the resist-
ance of the resistors 20 is of such value that
when the contacts 15 of the tape transmitter
engage the left hand or marking bus bar, the

particular ones of the storage relays 61 to 15 con-

nected at that moment to said contacts are not
energized. | - : | |

After the perforation or storage of a message
in the tape associated with the transmitter 5
has been completed, it is necessary to step out
enough blank tape from the perforator so that
the last message character can reach the con-
tacts of the tape transmitter. This is done by
automatically perforating blanks in the tape
whenever transmission ceases for a Dpredeter-
mined time sufficient in number to position the
last message character beneath the pins of the
tape transmitter in the manner shown, for ex-
ample, in the patent to Hoover et al., No.
1,851,838, dated March 29,.1932. When . another
message is.to be sent.over the subchannel, it is



deswa,ble to step the blank tape thus formed
through the tape transmitter without transmit-

~ _ting said blanks over the line circuit. This is

accomplished in the following manner: As soon as

the new message is started and the first charac-~

ters are perforated in the tape, the tape lever
18 drops and closes ifs contacts which are in

circuit with the left hand winding of the auto-

stop relay 17. It will be understood that dur-
ing. inoperative periods the auto-stop relay is
maintained energized by a locking circuit through

~its armature and right hand winding and the

winding of the stepping magnet 6 of the tape
transmitter. Thus the last transmitter stepping
pulse received by the stepping magnet {6 of the
tape transmitter after the contacts associated

‘10

with the tape lever 18 opened caused the auto-

- stop relay 1T to be locked up in series with said

magnet which prevents further stepping of the

tape transmitter. When the tape lever contacts
are again reclosed as described, a circuit is closed
from positive battery through the interrupter

20

28. the third armature: and back contact of re~

lay 81, the outer armature and back contact of
relay 82, conductor 6 of the cable 2{, the right

29

hand outer armatures and back contacts of re-

lays 31, 41 and 5i, conductor 7 of the cable 21,
the armature and back contact of relay &3, the
contacts of the tape lever (8, the left hand wind-
ing of relay 1T and the stepping magnet 16 of

30

the tape transmitter to ground. Since the re-

lay 11 is provided with equal differentially-re-
lated windings, the closure of said circuit causes
the relay to release its armature and open the

locking circuit of the stepping magnet 8.  Sub-
- sequent transmitter stepping impulses flow
through the two windings of the relay (7 in op-
position, thus intermittently energizing the step-
ping magnet 16 of the tape transmitter to step

the tape through the transmitter without ener-

gizing relay (1. In this manner the tape 'is

B stepped through the transmitter as long as blanks

are positioned over the pins of the transmitter.

2 282,341

a olroult is closed from eround through the ‘sec-
ond armature and front contact of relay 8l, the
left hand winding of relay 823 and the mner ar-

mature and back contact of the relay 82 to bat- =
tery, whereupon relay 83 becomes energized. The
transmitter stepping circuit from the multiplex

distributor includes contacts of the chain or con- .
nector relays 31,
only operative after the subchannel has been cut
in. - If the chain relay 5! is operated to connect
the first subchannel to channel C of the multi-

plex system, a circuit is closed by the multiplex

local brushes from battery through the C con-

trol seement 87 (see Fig. 7), the conductor 88,
the outer right hand armature and front contact

of relay bl (Fig. 3), the seventh contact of the
cable 21, the armature and front contact and
the right hand winding of relay 83 and the right
hand winding of relay 82 to ground. Thus the
first stepping pulse from the multiplex local
segment 87 after cut-in has been efiected, ener-
cgizes relay 82 as it is necessary to divert the first
pulse from the stepping magnet of the ftape
transmitter or the normal character awaiting
transmission would be stapped out. Relay 82
is locked up by a circuit extending from battery

through its inner armature and front contact,
the left hand winding of relay 82 and the mid-
dle armature and front contact of relay 80 to
cround. Relay 90 is energized when the sub-
channel is cut in as described below and remains
energized as long as the corresponding subchan-

- nel is entered on the multiplex system. At the

.35

However when a normal character is stepped

into the transmitier (having at least one mark-
ing element in the code combination), at least

45

one of the contacts 15 of the tape transmitter

engages the marking bus bar of the transmitter.

The application of positive potential to. the grid

of the vacuum tube 26 through the resistors 19

50

and 20 changes the potential of said grid from
" negative to positive and the tube 26 becomes

conductive. When said tube becomes conductive,
relay 81 having ifs operating winding connected
in series relation with said tube becomes ener-
- gized and opens at its third armature and bhack
contact the described stepping circuit of the tape
transmitter. The stepping of the tape trans-
mitter ceases until the subchannel is eut in to
tape its turn with the other operative subchan-
nels, whereupon the tape is stepped through the

- 5D

ductor (014,
front contact of relay 31,

-end of the stepping pulse which operated relay 82

in series with a winding of relay 83, relay 83
becomes deenergized since its original operating
circuit is mterrupted at the inner armature and
back contact of relay 82. The deenergization of
relay 83 connects the stepping circuit from the

multiplex local segment 87 described above -
through its armature and back contact to the

stepping magnet 16 of the tape transmitter so
that subsequent stepping impulses operate to
step the tape through the transmitter. .

- When the connector relay 31 of A channel in-
stead of connector relay 51 of C channel is op-
erated, a similar stepping circuit for the first

- subchannel may be. traced from the A control

segment 83 of the local ring of the multiplex
distributor through the conductor 84, the second
armature and back contact of relay 8§, con-
the right hand outer armature and

armature and back contacts of relays &4i and 51,
and conductor 7 of the cable 21 to the armature

of relay 3. Similarly when connector relay 41 of

B channel is energized, a transmitter stepping
circuit for the first subchannel may be traced

~ from the B control segment 85 of the local ring
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transmitter under the ‘control of the multiplex

distributor in a manner to be described below.

If the contacts associated with the tape lever
8 open because of tight tape before a normal
character appears in the transmitter, relay 7
will again be energized by the current traversmg

65

its right hand winding to lock up the steppmn‘ |

magnet of the tape transmitter through the ar-
mature and the make-before-break contacts of
said relay. When the tape loop between the
perforator and the tape transmitter again length-
ens, the stepping of blank tape through the
transmitter will proceed as before.

Upon the energma,tlon of relay 81 as desonbed

of the distributor, through the conductor 4§, the
outer armature and back contact of relay 102,
conductor 183, the outer right hand armature
and front contact of relay 41, the outer right
hand armature of relay 51 and conductor T of
the cable 2f to the stepping magnet of tho tape

' {ransmitter.

The foregoing - desorlptlon explains how the
blanks perforated in the tape are withheld from

~ transmission over the line if they precede the
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actual connection of the subchannel to the mul-.

tiplex system. As soon as a normal character

is positioned over the pins of the tape trans-
mitter, the automatic stepping of the transmit-
ter stops until the subchannel is cut in where-~ |
upon the stoppmg of the tape transrrutter is con~

&1 and 51 since this circuit is - -

the right hand outer
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trolled in timed relation to the operation of the
multiplex distributor by control segments 87, 93
and 9% of local ring of said distributor. If fur-
ther blanks occur in the tape after the sub-
channel has been cut in, these blanks will be
transmitted over the line circuit until the sub-
channel has been cut. out after which further
blanks in the tape erl be deleted as descrlbed
above.

At the receiving end of the system the foul
eubchannels are represented by four receiving
devices or printers Pi, P2, P3 and P4, Fig. 11.
These printers may be star_t_-stop_ telegraphprlnt-
ers connected through individual conductors ex-
tending from branch or patrons’ offices to the
local main office of the system.
erate said printers in accordance with the char-
acters recelved over the mult1plex syetem and
stored on the storage relays 271-285 of the re-
ceiving bank, stored signals in the form. of ﬁve-—
unit code comblnatlons are converted into seven-
unit or start-stop s.ugnals The storage relays
Ell to 285, inclusive, are arranged to control the
transnnttlng relays 235, 236 and 237 associated
with the respectwe channels of the multiplex
system The line crrcult from each prrnter as
shown is connected through. the normally closed
contacts of the make-before-break contact set
of the outer armature of each recewmg con-
nector relay, such as the relays 231, 241 and 25¢
of - the first subchannel. The ccntacts of relay
251 are connected to negatrve battery to main-
tain a “rest” potential upon. the operating mag-
net of the printer PI when the first subchan-
nel is 1noperat1ve and the relays 23f, 241 and
251 are deenergized. The receiving connector
1elays of the other subchannels are similarly
arranged. When one of the connector relays
231, 241 or 251 is operated, the circuit of the
printer P{ is extended through the outer arma-
ture of the operated relay, for example relay 231
and the armature of relay 235 to negatwe bat-
tery in order to permit the latter relay to impress
the start and selecting pulses on the printer mag-
net. In a similar manner the relays 241 and 251
when energized connect the printer magnet to
the contacts of relays 236 and 237 of the B and
C channels of the multiplex system respectively.
Similarly the connector relays of the other sub-
channels- are arranged to. transfer the ecircuit

In order to op-'

5

nels other vert1ca1 sets of connector relays may.

- be added in a manner that will be obvious from:
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the following - description to provide for con-

necting a series of operative subchannels tc any
desired number of multiplex channels in: order
If the number of operative subchannels is not'
greater than the number of multiplex channels
available, three in this instance, the relay chain
does not step during the cyclic operatlon of .the
multiplex distributor. In the following descr1p-
tion of the relay chain this speclal case will be
considered first. | -
The operation of cuttmg 1n the first subchan-
nel results in the energ1zat1on of relay 980 in a
manner to be described below -Upon the ener-
gization of relay 99, a circuit is closed from
ground through the cuter right hand armature
and front contact of relay 98, the- winding of re-
lay {05, conductor {94 and the third right hand_
armature and back contact of relasr 106 to bat-
tery, whereupon. relassr 105 becomes energized.
Each of the other subchannels is similarly pro-
vided with a chain control relay 101, 108 and 109,
corresponding to the relay 90, and said. relays are
likewise operated when the corresponding sub-

channel is cut  in and released when 'the sub-

channel is cut out. The energization of any of
the relays 107, 108 and 199 also effects. the en-
ergization of relay 105, wh_rch thus remains en-

ergized as long as any subchannel is cut in.

AsSsuming that the third subchannel has been
cut in, upon the energization of relays 108 and
185, when the brushes B3 of the multiplex trans-
mitting distributor connect. batterx,ir to the local
segments {11 or {2 of the right hand local rings,
a-circuit is closed from said battery through the
conductor 143, the armature and front contact
of relay {05, conductor 114, the inner left hand
armature and back ccntact of guard relay 122,
conductor 15, the: inner right hand armature |
and back contact of relay 09, the inner right
hand armature and. front contact of. relay 108,

~ conductor 1186, the right hand operating wmdmg

495

80

of the respective printer magnets to the particu- -

lar control relay 235, 2386 or 237 corresponding to
the channel of the multiplex which is to be con-
nected at that moment to a particular printer.
The printers Pl to P4 may also be provided with

conventional signal and. motor control features

which are omitted for the sake of 51mp11c1ty
Connector relay chain or mizer
The connector relay chain or mixer for four

subchannels at the transmitting station com-

prises the connector relays 31 to 34, 41 to 44 and
of to B4 so arranged as to connect the trans-
mitters of the operative subchannels one after

the other to the multiplex channels as described
The specific relay chain illustrated is-

above.
similar to that disclosed and' claimed in the
above-mentioned patent to Pierson and Adams.
While only four subchannels are shown, the op-

erating circuits for the respective groups of four
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connector relays for each multiplex channel are

arranged in series relation and it will be obvious
that as many more subchannels may be mmﬂarly
connected. as desired. L1kemse in a multiplex
system employing more or lese than three chan-
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C channel of the multiplex system.

of relay 53, the wmdmg of guard. relay (23 and
resistor 119 to negative battery, whereupon re-
lays 53 and 123 beccme deenergized. Relay 53
locks up through a c1rcu1t extendmg from nega-
tive battery through the winding of rela:,r 123 and
the locking winding of relay 53, inner. left hand
armature and front contact of relay 53 and the
rectifier 133 to ground thus maintaining the re-
lays 83 and 123 energized after the end of the
operating pulse from the multiplex distributor,.
Fach time the brushes of the multiplex trans-

mitting distributor make another revolution, the

described circuit of relays 53 and 123 is reclosed
and the third subchannel remains connected to
If either of
the other subchannels had become operatwe in-
stead of the third subchannel, this subchannel
would likewise have been connected through
connector relays 51, 52 or 54 to C channel of the
multlplex system. The operatmg circuit of the
fourth connector relay 24 for example, may. be

s traced as follows: from the local segments. LI§

and {12 of the right hand local ring of the
distributor through the conductor 113, the arma-

ture and front contact of relay 105, conductor o

114, the inner left hand armature and back con-

_tact of relay £22, conductor 115, the inner rlght-
‘hand armature and front contact of relay i09,

conductor | 1, the right hand operatmg wmdrng
of relay 54. and the Wlndmg of relay !23 10 nega-

tive battery. In a similar manner the operatmg
chain pulse from the C- channel local segments_ |
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" of the dlstrlbutor is- dwerted through the con-

{tacts of the operated chain control relay 90 or

10T to the connector relays 5f or 52 when the
 first or second subchannel is operative. It will be
 noted that when a subchannel is first connected

to the multiplex system it will be connected
| through one of the connector relays 51 to 54 of

pb

the C c¢hannel group since the connection dia-

gram shown is arranged to send the ﬁrst char~
“acter from an operetwe subchannel over the C

| chennel of the multiplex system.  This and vari-

ous other detailed features of the mrmg shown

i0)

are merelyr a matter of cholce end are not es- |

sentlal
When a, connected subohannel for mstance the

15

third . subchannel is to be cut out, the corre-

spondmg chain control relay such as relay 108

~ becomes deenergized and causes relay 105 to

become deenergmed The next succeeding chain
_1mpulse from the local segments 11§ and 112 of

~ the -distributor is connected through the con-~

20

ductor 113, the armature and back contact of ’

- relay 105 and the conductor (18 to the upper
- end of the resistor (19 in the Iockmcr circuit of
relays 53 and 123.
the mndmg of relay 123 and the locking wmdmg

~idle.
not connected to any subchannel transmitter,

Thereupon the current in g5 connector relays 3f to 34 and the guard relay:

of relay 153 drops to zero and said relays are

deenergized, the rect1ﬁer 133 preventing re-

- versed flow of current from the locking ground |
to pomtlve bettery at the local ring of the multi-

plex distributor.. ‘The other connector relays in
- case one of the other subchannels is to be cut out

‘are unlocked in a similar manner upon the de-_

energization of the chem control reley % nm
| r 109 and relay 105..
- IE three subchannels are cut in s1mu1taneously,

these subohe,nnels will be connected to separate

channels of the multiplex system, Thus if the

30

lays 61 to 15,

ture and back contact of reley 121,

channel remains idle.
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multlplex dlstrlbutor rotete this reletlonshlp of
the first three subchannels to the multiplex sys-
tem is not disturbed and the three subchannels
remain connected to channels B, A and C, re-
spectively of said system. It will be noted that
each of the three chain relays ‘of a particular
subchannel is provided with contacts which short-
circuit the- operatmg windings of the other two
relays of said group. By reason of this arrange-
ment and the other connections shown it is in-
sured that during the operation of the mixer or
relay chain shown there will never be more than
one relay opﬂra,ted in any vertical row or in any

horizontal row. Thus there can never be more

than one subchannel connected to a channel of

the multiplex system or a subchannel connected |
'. to more than one channel of said system. |

When any multlplex channel is idle, the let-
ter “X” (#2 spacing code combination) is sent
continually over said channel. The sending re-
inclusive, are disconnected from
all transmitters when the multiplex channels are
However when channel A for example, iS

121 are deenergized. A circuit is closed, there—- |
fore, from ground through the right hemd arma-
‘the con-
ductor 141, the second conductor of the cable 68,
the fourth right hand armature and back con-
tact of relay 142, Fig. 6, conductor {43 and the
winding of sending relay 62, whereupon the lat-
ter becomes energized to apply spacing potential
to the second segment of the transmitting ring
of the multiplex dlstrlbutor so that the letter
“X? 18 transmltted on A chennel as long as the
Slmlla,rly if no subchan-

nel is connected o the Second multiplex channel
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respective connector relays are in shunt relation
to the operating circuits of the other relays in
each vertical group. Therefore, since the re-
spective connector relays are locked up to ground
potential at the rectifiers 131, 132, {33 and 134,
the application of a positive operating pulse from
the chain control segments 1tf, 112, 125 or 135
of the multiplex local ring at the right hand or
negative potential end of the locking winding of
any particular connector relay reduces the cur-
rent to zero in the locking winding of said re-
lay. Thus any connector relay which is locked
up to connect one subchannel to the multiplex
system 1is released whenever another conhnector
relay of the same vertical group is operated to
connhect another subchannel to the same multi-
plex channel. |
If we assume that the first subchannel is con-
nected to channel B of the multiplex through
connecteor relay 41, the second subchannel is
connected to channel A ¢f the multiplex through
connector relay 22 and the third subchannel is
connected to channel C of the multiplex through
connector relay 52 in the manner described
ahove, and the fourth subchannel is cut in by
the energization of relay 109, this subchannel
will take its turn with the other three subchan-
neis in fransmifting over the miultiplex system.
When the C chain pulse is apnplied to the conduc-
tor {13 from the local ring of the distributor
nder the assuimed conditions current will flow
from positive battery through said conductor,
the armature and front contact of relay 185, con-
ductor 114, cuter left hand armature and front
contact of relay 41, conductor (486, conductor
147, the ocuter left hand armature and front con-
tact of relay 123, conductor (15, the inner right
nand armature and front contact of relay {89,
conducter {17, the right hand operating winding
of relay 84 and the winding of relay 123 to
negative batiery, whereupon relay 54 becomes
energized and locks up through the above de-
scribed locking circuit including the rectifier §34
and relay {23 is mainfained energized. As stated
anove, however, the positive operating pulse for
the chain relay ©4 causes the chain relay §3
which had been previously locked up to be re-
leased since the locking circuit through the left
hand winding of relay 53, the left hand inner
armature and front contact of said relay and the
rectifier {33 is in shunt relation to the operating
circuit of relay 58 and the rectifier 133 prevents
the current in the locking winding ‘of relay 53
from reversing. It should be noted that if the
rectifier (33 were not provided, at the instant
when relay 94 operated and before relay 53 has
had time to release, the locking winding of relay
B would form a path for an inductive surge of
current resulting from the decreasing current in
the locking coil of relay 53. This inductive surge
would tend to reduce the rate of fall of mag-
netism in magnetic circuit of relay 53 and said
relay might not release in the interval of time
during which the local brush B2 is on the seg-
ment (1] or {12, However the rectifier {33 sup-
presses this surge of current and the relay re-
leases its armatures practically instantaneously.
It will be apparent that the operating and locking
circuits of the respective connector relays in
eacn vertical row are similarly arranged so that
thhe operation of any chain relay unlocks any
previously operated chain relay in the same ver-
tical row.
The operation of relay 54 and release of relay
55 disconnects subchannel 3 from channel C of
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the multiplex and.connects the fourth subchan-
nel to said multiplex channel. When the brushes
B3 of the distributor engage the A chain segment
125, the chain pulse through conductor 126 op-
erates chain relay 33 and releases the locked up
chain relay 32, whereby the third subchannel is
connected to channel A of the multiplex in place
of the second subchannel. Similarly the B chain
puise frem the distributor cperates chain relay
22 and releases chain relay &1 to connect the
second . sunchannel to channel B of the multi-
plex in place of the first subchannel and so on,
whereby each subkchannel will be connected in
order to the multiplex channels in a manner
ependent Upon the number of operating sub-
channels. | | |

'The connector relays at the receiving station
and the control circuits therefor from the local
ring of the multiplex receiving distributor are
arranged in identically the same manner and
under the control of a series of chain control
relays ceorresponding to relays 99, 101, etc., of
Fig. 1. These control relays are indicated dia-
grammatically in Fig, 11, The connector relays
of the receiving relay chain are thus operated in
the same order as the chain relays at the trans-
mitting station to connect the printers Pt to P4
to the respective multiplex channels to record on
eachr individual printer the intellisence signals
which are sent by the corresponding transmitter
at the transmitting station. -

| Subc;ha,nnel_ cut-in control

The cut-in or cut-out of g subchannel is ef-
fected. automstically under the control of the
autostop contacts controlled by the tape lever 18
of each subchannel whenever transmission is to
be started or has been completed, respectively.
As pointed out above, closure of said contacts
upon the lengthening of the tape loop to the tape
transmitter and the positioning of a normal char-

cter over the pins of the transmitter cause relay
61 to be energized. Relay 8! becomes deener-
gized again when the characters perforated in
the tape have been transmitted and the tape
lever {@ is raised to open the associated contacts.
The energization of relay 8! when the chain
control relay 90 is deenergized closes a common

test circuit which starts the control switches at

the sending and receiving ends hunting for the
group of subchannels in which the change in the
subchannel pattern is to be made. The common
test circuit is likewise closed at the end of trans-
mission o effect a similar result when relay 81
becomes deenergized and relay 98 is energized.
The pattern switch at the transmitting station
comprises a rotary step-by-step switch having a
stepping magnet {80 and six wipers 16! to (886
each adapted to engage a series of bank con-
tacts. The control switch at the receiving sta-
tion which is stepped in synchronism with the
attern switch comprises a stepping magnet 260
and movahle wipers 261 to 266 operated thereby.
In addition a step-by-step control switch is pro-
vided at the transmitting station comprising an
operating magnet 10 and wipers (1! to 1718 con-
trolled thereby. | |

Assuming that the first subchannel has been
idle and relay 8! becomes energized, as described
above, in response to the lengthening of the tape
loop at the transmitter of said subchannel, the
test circuit which initiates the operation of the
patiern and control switches may be traced from
ground through the outer left hand armature

and back contact of relay 90, the outer left hand
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_a,r-ma‘ture and front contact of relay 81, conduc?—

tor 150, resistor 151, the left hand armature and

back contact of relay (06, conductor {92, wiper
175 of the control switch in its home position

to the erid of the vacuum tube 154 which 1s In

‘series relation with a relay 185. When ground
 potential is applied to the grid of said tube the
tube conducts current and causes relay 159 to

by
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through the middle armature and back contact
of said relay and the conductor {87 to the back
or marking contacts of said storage relays of the
B channel.

It will be noted that the Operatlon of relay
102 as described, diverted the B channel trans-
mitter stepping pulse from segment 9% of the

~ Jocal ring to the winding of relay (8% and thus

become energized. The grid of the vacuum tube

154 is connected to negative battery through the

‘series resistors 156 and 151, and is controlled by

the negative charge on the condenser 188 where-
by the tube is normally non-conducting. The
charge on the condenser 158 may leak off through
the shunt resistor 156 after a predetermined peri-
od of time to permit the tube to become conduct-
- ing but under ordinary conditions the tube is
rendered conducting by the closure of the com-
mon test circuit.
nel seeks to cut in or out for a long period, the
relay (55 is operated periodically, for a purpose
that will be explained, by the timed eperatmn
of the tube 154,

Upon the energlzatmn of relay 155, the as-
sociated signal lamp 159 is lighted to indicate
that the pattern signal has been initiated and
a, circuit is closed from ground through the ar-
mature and front contact of said relay, the wiper
{76 of the control switch, conductor (77, left
hand outer armature and back contact of relay
178, the right hand outer armature and back
contact of relay 179, conductor 188, resistor 181,
left hand or operating coil of relay 102, the third
armature and back contact of relay 99, conduc-
tor (82, wiper {7l of the control switch and
conductor 183 to the local segment {84 of the
left hand local ring of the transmitting dis-
tributor. |
engage the local segment 184 the above described
circuit is connected to positive battery at the
local ring of the distributor, and relay 102 be-
comes energized and locks up through its right
hand locking winding and its inner armature
and front contact. It will be noted that by
reason of the position of the local segment 184
on the distributor, relay 102 becomes energized
shortly after transmission of a ch&racter on B
channel of the multiplex system.

When the brushes B2 of the distributor engage
- local segment 89, a circuif is closed from positive
battery through said segment, the conductor 98,
the outer armature and front contact of relay
102 and the left hand operating winding of relay
185 to ground whereupon relay (8% becomes en-
‘ergized and locks up through its locking winding
and its inner armature and front contact. The
cperation of relay 185 sets up a blank on B chan-~
nel of the multiplex since the outer back contacts
- 0f storage relays 66 to 70 which normally im-
press marking potential on segments 6 to 10 of
the transmitting ring are connecied through the
conductor 187 and the middle armature and front
‘contact of relay 185 to spacing batiery so that
even if one or more of said relays is in the
marking or deenergized position, spacing battery
is connected to the segments of the transmitfing
ring. Therefore upon the next revolution of the
brushes of the transmitting distributor, a blank
or all-spacing code combination is sent to initiate
‘the operation of the pattern switch at the re-
ceiving office. Spacing battery potential is nor-
mally connected to the front contacts of the out-
er armatures of relays 66 to 710 of B channel
through the conductor 188. When relay 185 is
deenergized, marking - battery is connected

As soon as the maultiplex brushes B2

10

- nel.
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However even if no subchan-
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prevented the stepping of the transmitter which
would normally have operated over the B chan-
This withholds the transmission of the
character set up on this subchannel so that the
blank can be sent on B channel by the operation
of relay 185 as described without losing the char-
acter which would normally be sent from a sub-
channel over said multiplex channel since this
character will be withheld for transmission at
the next opportunity presented to the subchan-
nel,

During the next revolution of the brushes of
the multiplex distributor, a circuit is closed
through the local segment {89, conductor 199, the
first conductor of the cable 191, wiper 161 of
the sending patiern switch in its home position,

conductor 192 and the second left hand arma-

ture and back contact of relay 142 to the nega-
tive terminal of the locking winding of relay 102
whereupon relay (92 becomes deenergized, A
circuit is then closed through local segment (9%
of the transmitting distributor, the conductor
196, the wiper 172 of the sending control switch
in its home position, conductor (87, the arma-
ture and front contact of relay {85 and the right

- hand operating winding of relay 99 to negative

39

40

50

59

.60

.65

70

75

battery whereupon relay 99 becomes energized.
At the end of the described operating pulse for
relay 98, said relay becomes locked up through
its inner armature and front contact, its left
hand locking winding and the winding of relay
142 whereupon relay 482 also becomes energized.

‘The operation of relay {42 connects the circuits

of the sending relays 62, 83, 68 and 65 of the A
multiplex channel through the first four right.
hand armatures of said relay and the cable (9§
to the wipers 163, 164, 160 and 166 of the sending
pattern switch. When the switch is at its home
position as shown, a guard character is set up

- on the A channel upon the operation of relay

142 and this guard character is transmitted in
the next revolution of the distributor brushes
following the first blank on B channel.

It will be noted that the operation of relay 99
opens at its second armature and back contact
the transmitter stepping circuit for the subchan-
nel transmitter that is connected to the A multi-
plex channel, when the guard signal is to be sent
over this channel, so that the character which
would normally be sent over the A channel will
be deferred until the subchannel transmitter is
again connected to the multiplex system. This
operating circuit for the transmitter includes con-
ductor 94 and local segment 93 of the distributor.
It will be apparent that each time a control sig-
nal is transmitted over A multiplex channel, the
suitbchannel transmitter stepping circuit is opened
In a similar manner to defer subchannel trans-
mission during the transmlssmn of the control
signal.

"As indicated the guard character in this par-

ticular instance consists of the code combination

having the third and fifth elements spacing, since
the storage relays 63 and 65 will be energized by
the ground potential on the first contacts asso-
ciated with the wipers 164 and {66 of the pattern
switch. In accordance with one feature of the
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invention, a different guard character is employed
in each varioplex system where more than one
system terminates in a single office. At the re-
ceiving station the reception of the guard char-
acter is checked and if the wrong code combpina-
tion is received the operation of the system is

stopped automatically. This prevents the vario-

plex control apparatus from being accidentally

9

into engagemﬂnt with thelr fourth bank contacts.
At this peoint the operating eircuit of the switch

magnet includes the local segment 184, wiper 171,

-~ the conductor 266, the fourth armature and back

&

connected to the wrong multiplex system when

starting up after the system has been shut down.

After the blank is sent on B channel a. circuit

is closed from. battery through the local segment
{84 of the transmitting distributor, the conductor
{83, wiper 1Tl of the sending control switch at
its home position, conductor 182, second arma-

ture and front contact of relay 99, conductor 201,
the winding of the switch magnet 170 and the
conductor 282 to. negative battery whereupon the
switch magnet 170 becomes energized andg attracts
its armature.

wipers (71 to {16 into engagement. mth theilr
second bank contacts. At the same time a circuit

is closed through the local segment 198 of the

second local ring of the distributor and the con-

ductor 199 to the negative terminal of the locking

At the end of the operating pulse !
the magnet armature is released and actuates the

- 1.0

contact of relay 99 and the conductor 201. How=-
ever, when the switch- wipers {71 to 1716 engage

their fourth bank contacts a group test is made
for the pattern change and since it is assumed

that the first subchannel is to be cut in at this

time, the pattern is sent in a manner to be de-

scrlbed -
The pattern smtch is hkewrse cperated until

the wipers 161 to 166 engage their fourth bank
contacts at the time the pailtern signal is trans-

mitted. The opera,tlng circuit for the switch

magnet 160 of the pattern switch may be traced

~ from the local segment 189 through the conductor

(90, first conductor of the cable 181, wiper 161 of
the pattern switchh which has been stepped into
engagement with its second bank contact as de-

 scribed above, the winding of the magnet 160 and

" the conductor 284 to negative battery. Since the.

second and third bank contacts associated with

- the wiper 151 are connected together, an operat-

2D

winding of relay 185 whereupon this relay be-

comes deenergrzed Since relay 102 is now de-
energized  the next transmitter stepping pulse

from the B local segment 85 will not reenergize

relay |85 but will be impressed upon the subchan-
nel transmitter connected to the B ‘multiplex
channel and characters will be tr ansrmtted from
subchannel transmitters over the B channel in
the regular manner. On the following revolution

30
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of the brushes of the multiplex distributor the

suard character will be sent on A.- channel as

described and either a b-lank or ncrmol chorccter |

on B channel.

During this revolution of the drstrrbutcr brushes |

an operating impulse will be transmitted from a

local segment 189 of the distributor through the

ing circuit similar to that just described is closed -

upon the following revelutions of the distributor
brushes for stepping the switch wipers 161 to 166

into engagement with their fourth bank contacts.
If none of the subchannels in the group shown

had changed from the inoperative to the opera-
tive condition or vice versa, the sending pattern

and control switches would continue toc step until
they  reached ithe group of subchannels where

"a change in the pattern had occurred. How-

ever, since it is assumed that the first subchan-

nel is to be cut in as stated above, when the
- wipers of the control swiich engage their fourth

bank contacts, a group test circuit is closed

~ which initiates the transmission of the pattern

conductor (90, the first conductor of the cable -

(S, the wiper 16! of the sending pattern switch
in 1ts home position, conductor 192, the second
left hand armature and front contact of relay 142,

-~ channel.

“and confirmation signals and operates relay 98

to cut in the transmitting end of the first sub-
_ The group test circuit may be traced
from ground through the outer left hand arma-

ture and back contact of relay 88, the outer ar-

49

conductor 283, the winding of the switch mag-
net 180 of the pattern switch and conductor 204

to negative battery to energize the operating

magnet of the pattern switch. At the end of the

operating pulse the switeh wipers- 161 to 166 will
be stepped by the release of the switch armature
in the usual manner. The sending control and
pattern switches continue- to step during the suc-
cessive revelutions of the multiplex distributor
until the control switch reaches the group of four

00

mature and front contact of relay 8, conduc-

tor 150, conductor 208, the fourth bank contact
of the control switch engaged by the switch
wiper 115, conductor 152, left hand armature

and back contact of relay 188, conductor 208,

the fourth bank contact and switch wiper 78 in

~engagement therewith, the conductor (71, the

outer left hand armature and back contact of

relay (78, the outer right hand armature and_ '
back contact of relay {78, conductor 189, resistor
181, left hand operating winding of relay {02, the

left hand outer armature and back contact of

subchannels containing the subchannel which is

to be cut in or out, subchannel | in this instance.

When the switeh wipers of the control switch

- are in engagement with their second bank con-
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tacts, the circuit for operating the switch magnet

170. may be traced from the local segment 184
through the conductor 183, the wiper 17l and
the second bank contact engaged by said wiper
directly to the upper terminal of the winding of

the magnet 110 so that the control switch wipers

step into engagement with the1r third bank con-

tacts after the local brushes B2 apply battery to
the segment 184. When the wiper 1Tl engages

its third bank contact the operating:circuit of the
magnet 119 may be traced from-the same local
segment 184 through the wiper- 171, the conductor
205, the outer armature and back contact of relay
a9 ahd conductor 201 to the. smtch magnet 110
thereby steppmg the smtch wipers ITI to {76

with,

‘relay 142, the outer armature and back contact -
of relay 194, conductor 211, the fourth bank con-

tact and switch wiper {72 in engagement there-

of the left hand local ring of the multiplex dis-

. tributor, whereupon relay 102 becomes energized
- ‘and locks up through its inner armature and
~ front contact, and locking winding, as before.
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The energization of relay 102 subsequently op-

erates relay 185 to transmit a second blank on

‘B channel .1Inrnet:illotelsr following the. confirma-~
tion signal as described above in connection with

~ the common test and trensmrssmn of the ﬁrst

70

blank on B channel.
‘Before the transmission of the second blank

on B channel however, a switch stepping circuit

 from the local segment 184 ‘through conductor

75

183, switch wiper 1Ti and fourth bank contact,

conductor 206, the fourth armature and hack

conductor 198 and the local segraent 1985



- local segment

| ~ the SW1toh magnet

- relay 90 to knock down relay 89.

10

 contact of relay 89 and conductor 20! is closed

to step the switch wipers 171 to 116 of the con-

trol switch into engagement with their fifth bank

.contacts. Then a circuit is also closed from the

189 for operating the pattern

switch. This may be traced through the con-

ductor 190, first conductor of the cable
- switch wiper 161 and fourth bank contact; con-

(si,

ductor 210, middle armature and back contact

~of relay i Qﬂ conductor 203, and operating switch

' ‘magnet 160 of the switch, thereby stepping the

switeh wipers {61 to i56 into engagement with

their fifth bank contacts.  During the transmis-

.sion  of the blank on. B channel as described

above, g circuit is closed through a local segment

- 195, the conductor 198, switch wiper 172 and its
fifth bank contact, conductor 187, outer arma-

‘ture and front contact of relay {85 and the right
~.hand operating winding of relay 99 to negative
~ .battery whereupon relay 89 becomes energized
and locks up in series with relay {42 as described.

~above at the end of said operating pulse.. The
energization of relay. 42 transfers the circuits
~of the storage relays 62 to 65 of A- multiplex
‘channel to the pattern switch as described above

10

2982341

its inner. armature and front contact to negatwe-
battery at the armature of relay 118,

~ tacts of the pattern switch associated with the

- .trol-relays 181,

19

20

20

in connection wlth the transmrssmn of the guard |

character.

When, thelocal brushes B2 of the dletrlbutor.
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engage local segment 184, a circuit is closed from
said segment through conductor 183, wiper T
in engagement with.its fifth contact, conductor
205, the outer armature and front contact of re-
lay 99, conductor 211, winding of relay 212 and

| .whereupon relay 212 becomes energized and the
armature of the switch magnet 118 is attracted.

‘While relay 212 remains .energized, a circuit is

{70 to negative battery

wiper 166.

With the wipers of the pattern switch engaging |
the fifth bank contacts and relay 142 energized
as described, the pattern set up on the fifth
contacts control the storage relays 62, 63, 64 and

65, so that the pattern: s1gnals sent on the A .
multiplex channel comprises a spacing pulse for
each subchannel which - is to be cut out and a

marking pulse for every subchannel that is to

35

closed from positive battery through its cuter ar-
mature and front contact, conductor 213, left

‘hand armature: and back contact of relay 119,

the middle left hand armature and back contact

0

of relay 118, conductor 177, switch wiper {78 and -
its fifth bank contact, conductor 215, the arma- .

ture and back contact of relay 9! and the right
45

- hand windings of relays 81 and 88 to ground, thus
holding relay 81 energized and cperating relay
98 tc cut in the first subchannel.

- cuits for the relay chain are altered to 1nclude
the first subchannel in . the cycle operatron of
the relay chain to connect the subchannel to the
- multiplex system. At the end of the opelatlng
Ppuise through the winding of relay 212 and the
switch magnet (10, relay 212 becomes deener-

 gized and the wipers {71 to {76 of the control .
switch are stepped into engagement with their

- sixth bank contacts. If the first subchannel had

previously been cut in and relay 98 had been

“As pointed. out
above, when relay 88 is operated, the control cir-

be cut in; ‘thus the second, third, fourth and fifth
elements of the code combmatmn sent over the
‘A channel form g pattern signal representing
the desired operatwe or inoperative condition of
the four subchannels in the first group. -At the
receiving end this. pattern is arranged to operate

the chain control relays of the receiving relay

-chain for the subchannels which are cut in at this

transmitting end and thereby cut in the receiving
ends of said subchannels simultaneously, and to

‘release the chain control relays for the subchan-'. |

nels which are to be cut out. | |
After transmission of the pattern s:Lgnal on the
A -channel, a circuit is closed through local seg-

‘ment 189, the conductor 190, the firsh conductor
of the cable 181, wiper 161 of the pattern switch,
~and the ﬁfth bank eontaot for energizing the

switch magnet 180 of the pattern switch, ‘where-

- upon the wipers 161 to 166 are stepped into

_engagement with their sixth bank contacts. R
" eircuit is then closed through the local segment
: 195 of the transmitting  distributor, conductor
00 - o
‘ment with its sixth bank contacts, conductor 217,

A

196, wiper 1712 of the control switch In engage-

- the outer- armature and back. contact of relay'

'. _sor1bed above to transmit g, seeond blank on B
channel during the next revolution of the multi-

operated, the deenergization of relay 81 when

' -~ transmission was completed from the subchan- -

‘nel closes a circuit from ground through the in-

- ner armature and back contact of relay 81 and
the left hand winding of relay 8, so that relays. |
68 and 91 are operated and relay 81 released be-
In that.

fore the subchannel has been cut out.
case the above described operatmg

60

-,.through conductor 2i5 from the armature of

relay 212 would have been diverted through the

‘armature and front contact and right hand

winding of relay 91 to the locking contact of
The release
of relay 80 is effected in an obvious manner since

the described operating impulse iz from positive

battery at the armature of relay 212 and the

. ) _1ock1ng wmdmg of relay 90 is connected through

70

65
impulse

194, the left hand outer armature and front con-
tact of relay 142 and the right hand winding of
relay 102 to negatwe battery, ‘whereupon relay_

-102 becomes energlzed The energization of re-

lay 102 causes relay 185 to- be energized as de-

-plex distributor brushes and 1mmed1ate1y follow-

" 'ing the confirmation signal which is sent on: A |
channel in a manner to be described below.: - This o
second blank causes operations to take place at o
" the receiving station which stop-the system in

the event of the fa11ure of the precedmg hlank |

as will be described hereinafter,
blank is transmitted a circuit is closed throughf |

- loeal: segment 184, conductor l33 wiper {71 of
the control sw1tch in: engagement with its snrth_ o
bank contacts, conductor 286, the fourth arma- R
‘ture and. front oontact of relay 99 and the left

~ hand winding of relay 194 to ground whereupon.

75

relay

194 becomes energized and- o
through its right hand lockmg wmdlng and 1nner' |
armature and front contact - S

The re- -

lease of chain control relay 90 in this manner
effects the cutting out of the subohannel as ex-_ o

| plamed above S -
The energ1zat10n of relay 90 in’ response to the-

operatmn of relay 212 as described, opens a cir- =
- cult from ground through the outer right hand -

‘armature and back contact of relay 90 and the
conductor 216 to the fifth and sixth bank con-

Similar circuits may be traced from
~the outer rlght hand armatures of the chain con-
198, 109 of the second, third and -
-fcurth subchannels to the ﬂfth and sixth con-
- tacts associated with the wipers 165, 164 and 163, ‘__
~ respectively, so that the potentlals upon these.
respective bank contacts correspond to the oper- -
ative or inoperative condition of the subchannels.

‘Before this =~

locks. up .
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On the next revolution of the brushes a con-

firmation signal is transmitted on the A multi-

plex channel as a check on the operation of the
subchannel control apparatus and of the correct
transmission of the control signals.
firmation signal will normally have its first pulse
spacing, the control of the pulse being deter-
mined by the relay 351, the circuits of which will
be described below. The second, third, fourth

and fifth pulses will be transmltted with their g

polarities reversed with respect to those of the

previously transmitted pattern. signal. Relays
62 to.65 have their front contacts connected to

This con- .

g

_ 11
same manner as. descrlbed in. connectmn Wlth B
the first four subchannels.. The test pulse which

was described above as criginating at local seg~ -

ment 195 originates in each instance either at
said segment or -at the contacts of relay 1883,

depending upon. whether or not the previous |
group of subchannels has sent a pattern signal.
Relay 193 is pulsed at the same time that the

local brush B2 passes over local segment 195
and connects batiery o one terminal of the left
hand winding of the test relay 102 so that this

relay 'becom,es energized if the test circuit is '-

- closed in the same manner as described above

the inner armature of relay 171 and their back

contacts to the outer armature of relay TT.
When the pattern signal is transmitted relay 11
is in its released position and marking and spac-
ing battery are therefore applied to the back and
front contacts respectively of relays 62 to 6%.
The potentials on the front and back contacts
of relays 62 to 65 are reversed by the operation
of relay 11 when a confirmation is transmitted.
The operation of relay 11 at this time is caused
by a circuit from negative battery at pattern

switch wiper 162 in engagement with 1ts sixth ;-215

lay 11, conductor 19, front contact and fifth

bank contact, conductor 18, the winding of re-

right hand armature of relay 1842 to ground.

The confirmation signal transmitted following

each pattern signal is utilized at the recelving g,
~ brushes of the multiplex distributor revolve, the

station to check the positien of the chain control
relays which have been cperated or released by
the pattern signal.

A failure of the pattern sig-

‘. 15
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in connection with the operation of relay 102
from the local segment 195. As shown on the
drawing, the fifth and sixth bank contacts as- =
sociated with the wipers 183, 164, 165 and 166 are

connected to contacts.of the chain control relays

187, 108 and 109 to set up a pattern signal
on A channel in accordance with the operative

or- inoperative condition of these subchannels.

~ In a similar manner contacts T and 8§ associated
- with said switch wipers. are connecied to con-

tacts of the chain control relays of the second

group of subchannels (not shown). In a similar
manner additional subchannels may be arranged
to send pattern and confirmation signals by pro-

- viding additional bank conta,cts on the control ’
~ switches. o

nal received, position of the receiving chain con-

trol relay, and confirmation signal received, to g
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bear certain predetermined relations to each =

cther will cause the entire system to be stopped
as will be described below.

As the confirmation signal is transm1tted the
brushes of the multiplex distributor close a cir-
cullb through the local segment (89, conductor

described above. |
‘switches have been stepped to their home posi-

The control smtches contmue steppmg as the

operating circuits for the switch magnets being
When the wipers of the two

tions illustrated in the drawings, the stepping

_.c:lrcmts are interrupted and the wipers remain
stationary until another subchannel is to be cut

- in or cut out or the control switches are started

40

{80, first conductor of the cable 191, wiper 164

of the pattern switch in engagement with its
sixth bank contacts, conductor 210 and
middle armature and front contact of relay {94
to the negative terminal of the locking. winding

the

- 45 e |
- vacuum tube 154 and the ungrounded terminal

of relay 102, whereupon said latter relay becomes

deenergized. Both the control and pattern

of

by other conditions, such as the appearance of

a blank on B channel which is set up by a sub-
channel fransmitter which happens to be con-
nected to B channel at that mom;ent | |

When the switch wiper 162 engages its ld,st
bank contact, a circuit is closed through said
wiper from negative batiery to the grid of the
158 is .

the condenser 158. The condenser

- charged, and the negative potentml on the grid

switches remain statlonary for a. complete revo~-

Jution of the multipiex brushes since the normal
stepping pulse for the right hand control switch
was diverted to the winding of relay 194 as de-

50

of the tube interrupts the operating current for '

“relay 155 and said relay becomes deenergized.

- The charge on the condenser 158 gradually leaks

scribed and the stepping pulse for the pattern

switch through the middle armature of relay 194
is open at the back contact thereof.
A circuit is then closed through the segment

95

135, conductor 196, the switch wiper 1712 in en-.

gagement with 1its smth contacts, conductor 211,

the outer armature and front contact of relay '

194 and the winding of relay 183 to the nega- --'60

tive terminal of the locking windings of relays
998 and 142 whereupon relay (63 becomes ener-

oized and relays 99 and 142 are deenergized. A
circuit is then closed from the local segment .

{84 through conductor {83, the switch wiper 111
in engagement with its sixth bank contacts, con-.

05

ductor 208, the fourth armature and back con-
tact of relay 99, conductor 28f, the winding of

switch magnet {10 and conductor 202 to the -

negative terminal of the locking winding of re-
lay 194, whereupon relay {94 is knocked dowm
and the control switch is stepped to the seventh
position. The wipers of the sending control
switches conftinue to step as described above and
the other groups of subchannels are tested in the

off through the resmtar 156. |
| partlonmg of the capacity of the condenser 138

By suitable pro-

and resistance of the resistor {58, the circuif

may be designed to. render the vacuum tube
again conducting after any desired time in-.
~ternal, for example fifteen seconds.

1 If the com-
mon test circuit has not been reclosed during this .

| interval, the flow of current through the vac- o

uum tube 158 causes relay 155 to be energ1zed
and to initiate the operation of the control

switches to send the guard character which is o

sent each time the control switches operate. This

arrangement provides for the transmlssmn of
the guard character and steppmg of the control
switches at intervals of not less than fifteen sec-
onds or any other desired interval even though - .
none of the subchannels has become active or

~ inactive and closed the common test circuit dur-
The failure to receive the

ing this interval.
guard character periodically at the receiving

station is taken as an indication of the failure

- of the circuit or apparatus and ca,uses the en- -
tire system to be stopped. |

The steppmg of the control switches: may also | '



~ the manner descrlbed above.

-at the transmitfing station.

12

'._be Imtlated as: mentmned above when 2a blsnk .'

“.is set up on B channel from a subchannel trans-

- mitter.
~.of .a blank on B multiplex.channel on the re-

- ceiving end. would initiate the .operation of the

2 282 341 _ | |
-trsnsmlttmg releys 235 236 and’ 237 of the re-

- spective- multiplex channels is controlled jointly

This is necessary.because the reception -

- Teceiving control switch  since - a blank on B

. channel precedes the group of smtchlng and con-

.trol. sighals which are: sent. .when. subchannels

-are to be connected or dlsconnected Assuming

 .that a blank or all-spacing signal has been set
- up on B multiplex channel and relays 66, 61, 68,
- 69. and 710 are energized, a circuit  is closed

through the local segment 185, conductor 196,

tact, conductor I 87, the outer armature and back

10

signals.

by the positions of the polar receiving relays and
by the segmented local ring engaged by the dis-
tributor brushes B5 in order to convert the code
:combmstmns set Up on the contacts. in the re-

ceiving relays into seven unit or start-stop code
- The arrangement shown, in which a -
segmented. local ring is employed to secure the
proper timing of the operation of the transmit-

ting relays 238, 236 and 237, has the advantage

~that the use of separate start-stop distributors -

' wiper 112 in engagement with its first bank con- |
15

contact of relay. IﬁE -conductor 218, the inner

armatures and front contsets of relays.10, 69, 68,

" 61 and 66, conductor. 219 and the right hand

- winding of rels,y 89 {0 negative battery, where-
“upon relay 99 becomes energized, operates the

0of the conftrol sw1tches and the sendmg of the

- 20
~.associated relay 142 -and initiates the. stepping

guard character over. the A multiplex channel in

If no.subchannels
are to be cut in or. out, the. sending control
switches simply step bsek home and no pattern

‘sighals are trensmltted However since a group
test circuit may be clesed at this time (after the .

~‘blank on B multiplex: chsnnel had 1n1t1eted the
stepping of the receiving control switch) it is

necessary to step the sending and receiving con-
~trol switches in synchronism in order that any
pattern sighal from the transmitting station may
be employed to control the proper group of re-

ceiving subchannels. The a,rrs,ngeme‘qt of cir-
~on the B channel, during the steppmg of the
sw1tches if that blank is transmitted at.a time
when a group test might have caused the trans-

mission of a blank, a pattern and confirmation :
‘signal will be transmitted in the. usual manner.

-The circuit which accomplishes this is similar

- to that which causes. the guard character to be
sent when a blank appears on the B. channel
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with the switches on their home contacts.
At the receiving end of the system the rece1pt

5 " ref the pattern signals with. their accompanying
~control signals (blanks, etec.) normally cut-in or

out the printers- corresponding to the trsnsmlt—-
ters which are simultaneously being cut in or out

operate the receiving relay 278, Fig. 8, and are

_repested by the contacts of said relay. through

the brushes BA of the multiplex receiving dis-

tributor and the segments of the receiving ring

The line signals

25

is avoided. .
the armatures. of the transmitting relays may be

for each multlplex channel or each subchannel
Thus with the arrangement shown

connected directly to. stslt stop - prlnters or re-.

Cceiving devices.

“The operation of the. reeewmg cenneeter relay

chaln comprising relays 23! to 23@3 241 to 244,

and 251 to 294, as pointed out a,beve is the same
as that of the connector relay cham at . the

transmitting station. The relays 299, 291, 232 and
293 correspond to the chain control relays 90,
- 18T,
.-.Therefere when any one of these relays at the

108 and {99 at the transmitting station.

 recelving station is energized, the receiving end
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“of the corresponding subchannel is cut in. to take
its regular turn with the other subchannels and
when the relay is deenergized, the subchannel is
cut out. Since it has been assumed that the first

- subchannel is.to be cut in and the pattern signal

for cutting in this subchannel has been- trans-

' ‘mitted, it is eviden} that relay 290 is deener-

- gized but will be energlzed upon reeelpt of the -
;39 '
cuits is such that when a blank is transmitted

pastern signal.

.. The reeewmg eentrel smtch comprlsmg the_'.'

operating magnet 268 and the movable switch
- wipers 261 to 286 is shown at its home position

where the switch wipers remain during normal

-fransmission or until a switching: signal is re-

ceived. Relay 2835 has previously been energized

" 1_11 a manner that will be described and is locked

through a circuit from  positive battery

.thr ough the right hand armature front contact

90

RR to the windings of the polar recewmg relsys |

27t to 285, respectively.. The relays 271 to 285 -

~are of the banking type, as shown, in which the

- armatures remain in engagement with: either the
__marl«.ung or spacing contacts after.each operat-
. ing pulse until a pulse of reverse polarity is im-

pressed.on the relay winding. Other conventmn-

-ductor 392,

and locking winding of relay 285, the outer right
"_hsnd armature and back contact of relay. 296 and-

WlpeI‘ 261 of the control.switch to ground.

‘When the first blank is received on B chsnnel I
* -whlch always precedes the guard and pattern sig-

nals, the receiving relays 276 to 283, respectively,

of B channel will all be operated tc spacing and
~ -their armatures will be in engagement with their
- right hand contacts..

Upon the next revolution
of. the brushes of the receiving distributor, a cir- -

cuit will be closed from positive battery through
local segment 3061, the local brushes BS§, the con-
| Wwiper 262 of the control swzteh in
e engegement with its first bank contact, con-

‘ductor 303, the right hand armatures gnd right

60

hand contacts of relays 289, 219, 278, 2771 and
218, conductor 204 and the Wlndmg of relay 286

to ground; whereupon relay 298 becomes ener-

al receiving apparatus such as vacuum tube re-

lays or locking neutral relays may be utilized
in place of the polar banking relays, if ‘desired.

As shown, the right hand contacts of the A chan- |

rel relays 271 to 275 are intended to represent
the marking contacts Wheress the left hand: COn~-
‘tacts of the B channel relays 278 to 280 are
marking contacts of these relays. The operation

- of the receiving relays 281 to 285 of ¢ channel
~ sigsimilar to those of A channel, the armatures
- of said relays being meved to the rlght on mark- |

mg signals.

As pomted out . sbove the eperatmn of the

gized and locks up through the locking winding -

- .and the right hand inner armature and front

65

5 contact of said relay to negative battery. . The
-energization of relay 286 mterrupts the desenbed |

~ locking circuit of relsy 295 end thlS reley be-

Tu

comes deenergized.

When the local brushes BS ef the dlstrlbutor -.

-engage segment 306, a circuit is closed through

 said ses‘ment the conductor 381, the left hand

75

inner: armature and front contsct of relay 286,
“the winding of relay 288, the left hand outer

armature and back contact of relay 285 and the .

left hsnd wmdmg of . relsy 369 1o negsmve bat-_
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fery for energizing relays 308 and 309. The ener-
gization of relay 3808 momentarily connects the
contacts of the receiving relays 2712215 through
contacts 2 to 8 of the cable 3il to the control
switch before the wipers 261—266 are stepped
from the home position in order o check the re-
ception of the guard character. At the end of
the operating pulse for relays 388 and 309, re-

lay 308 becomes deenergized. Relay 309 con-

trols the switch magnet 268 and locks up in se-
ries with its right hand armature and front con-
tact and the contacts 3108 controlled by the mag-
net armature. Thus relay 309 remains ener-
gized until the operating pulse has ceased and
until the armature of the switch magnet has
been completely operated and opened the con-
tacts 310. Relay 309 then becomes deenergized

and the refractive spring on the magnet arma-

ture steps the switch wipers 261—2€58 into en-
gagement with their second bank contacts.

As it has been assumed that the guard charac-

ter consists of the code combination having the
third and fifth elements spacing, the receiving
relays 213 and 275 of A channel will have their
armatures operated to the left if the guard char-
acter is received. properly and relays 272 and 214

- 0of A channel will be operated marking. The

guard character reserved for this particular sys-
tem is read at the receiving station at this time
in order that the system may be stopped if the

itial blank on B channel. Obviously various con-
ditions may cause the wrong code combination
to follow the initial blank cembination, such as
the accidental connection of another varioplex

system at the transmitting office which would re-

sult In the transmission of a different euard
character; a  distortion -of the regular guard
character in trensmmsmn, the failure to send a
guard character following this particular blank
combination on B channel; a line failure of such

a character as to cause the signals transmitted

from the second station (Figs. 8 to 11) to be re-
ceived by the receiving equipment shown at said

station which would impress the guard character 1

intended for use in the transmission in the cp-
posite direction upon its receiving apparatus.
If the proper guard character is not received,

a circuit is closed from ground throusgh the left

hand armature and back contact of relay 318, the
left hand winding of the “pattern failure” relay
3719 and one of the levels of the receiving con-

trol switch to battery at one of the contacts of

the receiving relays for operating relay 379 to

shut down the system in g manner that will be 5.

described. However if the code character having
the third and fifth elements spacing is received,
the circuit of relay 379 is not completed and the
relay is not energized. Thus considering relay
215 which should have its armatures attracted

to the left hand spacing contacts, under these

conditions relay 215 connects positive battery
through its right hand armature to the fifth con-
ductor of the cable 31 and this circuit is eX-
tended through the inner armature and front
contact of relay 388 and the switeh wiper 266

and conductor 317 to positive battery, which cir-"

cliitt is independent of the winding of Trelay 379,

ing, the circuit of relay 379 would have been

completed through conductor 318, the right hand

~ acter pulse, the circuit of relay 379 would be con-

actuated to markmg by the proper guerd cha,r-?' -

nected ‘through conductor 318, the right hand
armature and marking contact of relay 274, the
fourth conductor of cable 311, the second arma-

- ture and make contact of relay 308, wiper 265

10

and its first bank contact back to the winding of
relay 379, so that said relay is not operated.

‘However if the relay 274 had been incorrectly R

actuated to spacing, positive battery at the right

hand spacing contacts of said relay is connected -
through wiper 265 of the control switch to the

winding of relay 379, whereupon the latter be- .

.' comes energized to shut down the system. It will

13

20

309,

be apparent that similar 01rcu1ts are provided in |
connection 'Wlth the other receiving relays 212

and 2712 of A channe] to check the correct recep-

tion of the other elements of the guard character.
Assuming that_ the guard character is received

correctly and relay. 379 does not operate, at the
end of the operating pulse from local segment
relay 308 becomes deenergized and the

 switch wipers 261—266 are stepped into engage-
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proper code combination does not follow the in-

ment with their second bank contacts, as already -
described. Upon the next revolution of the dis-

tributor brushes, a circuit ig closed through loce,l o
conductor 362, wiper 262 and its -
second bank contact to the negative locking ter-

segment 301,

minal of the locking winding of relay 296 where-

upon said relay becomes deenergized. A circuit

is then closed during successive revolutions of

the loca,l brushes B6 from the local segment 306 o o
through conductor 301, the inner left hand ar- *'

mature and back contact of relay 295 middle ar~
mature and back eenteet of relay 295 and the op~
erating winding of relay 309 to negative battery -

whereupon the control switch wipers are stepped |
by the switch magnet 26080 into engagement with

~ their third contacts and then their. fourth con-

40

tacts as deecrlbed above.-

- Upon the next revolution of the brushes of the N
multiplex distributor, assuming that the first

subchennel is to be cut in,:a blenk will be re-

~ ing control switch will be stepped from local seg- o

- ceding cycle.

o{)

wh ]
1 §

' operating relay 3088 momentarily before the
60

celved over B multiplex channel 1mmedlete1y_. |

preceding the pattern signal for the first group
of subchannele Upon this revolution the receiv-

ment 386 in the same manner as durmg the pre-
A circuit is then eclosed upon the
next 1evolut10n of the brushes of the distributor
through local. segment 301, eonductor 302, switch

wiper 282 in engagement with - its fifth bank |
-contact, conductor 393, the rlght hand ermetures' |

and spacing contacts of relays 280, 279, 218, 2711

and 276, conductor 304 and the winding of relay
- 286 for operating said relay.

- scribed circuit is then closed from the local seg-

The above de~
ment 386 for stepping the control switch and for

switch wipers step to their sixth bank contacts.

The operation of relay 388 in the manner de-

scribed above connects the contacts of the re- -

ceiving relays of multiplex channel A through - '
the cable 311 and the first four ermetures of re-

lay 308 to the wipers 263, 264, 265 and 266 of the

control switch for operating the chain centrol re-
lays in accordance with the pettern mgnal re-j

- ceived on A channel.
However if relay 275 had been operated to mark- -

armature and marking contact of relay 215 and

the fifth conductor of the cable 3{1 to battery on

the first bank contact of the wiper 266 to ener-
gize relay 3178.

oince the first subchannel has been cut out
and is to be cut in, the chain control relay 290_:' |
1s deernergized and the second element of the

code received on A channel reley 2712 is marking.
Therefore a circuit is closed from the grounded

wiper 264 of the control switch through its fifth-
Similarly if relay 274 had been 2 benk centact cenductol 3l3 right hand mark- |
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. relay 321.

+ ing.
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1ng contacts of relay 212 the second com:luctori
o of cable 311, the fourth a,rma.ture and front con-
 tact of relay 808, wiper 263 and its fifth bank
. -contact, conductor 319 and the windings of chain.
~¢ontrol relay 290 -in series to pos1t1ve ‘battery
-whereupon relay 290 becomes energized. . A'lock-
 ing circuit for relay 290 is closed through the
. right hand winding and the right hand inner.
T ‘front contact of said relay to.
-,ground at the armature. and back -contact of
The opera,tlon of relay 290 cffects the {

and:

2,282,841

from ground through the left hand armaturé
and back contact of relay 318, left hand winding

of relay 379, conductor 318, the marking contact

and right haud armature of relay 272, second
conductor of the cable 3t1, the fourth armo.,ture

snd front contact of relay 388, the switch wiper - -
263 in engagement with its sixth contact, con-

 ductor 325 and the left hand armature and front

10 upon rrelay 379 becomes energized to shut down |
‘the system in a manner to be described. .

cutting in of the first subchonnel reoewmg print-.

: er as deseribed above.

- If the subchannel ha.d been out in and was to
i' be cut out in response to a spacing- signal im-
- pressed upon receiving relay 272, the circuit for
knocking down relay 290 may be traced from
= positive battery through the spacing contacts of
- relay 212 and the above described circuit to a

~ terminal of the left hand winding of relay 299 ¢

- which is locked up to ground through the above

~ described circuit including its right hand wind-
The application of positive potential to said
- terminal of the left hand winding of relay 280
 effects the deenerglza,tmn of the rela,y to cut outf_;

the subchannel.

- At the end of the operetmg pu]se from the'
i 'local segment 305 which energized relays 308 and.
R 309, the control switch is stepped to its sixth po-
'-S1tlon ~Upon - the next revolution of- the mth,1..’- .
S battery:
. through local segment 322, the conductor 323,
. resistor 324, the right hand wmdmg of relay 295,
-~ right hand outer armature and front contact of |
_ relay 296, and wiper 261 of the control switch
S to ground whereupon relay 295 becomes ener-
o glzed ‘The next switch stepping pulse from local
- segment 306 operates relay 308 without operating
- relay 309 to step the control switch since the -
. circuit of relay 309 is interrupted at the con- 40
- tacts of relay 295. Thus the control switch re-

| mains stationary’ for a complete revolution of
© . . the multiplex distributor brushes in a similar-
.~ -manner to that described above in‘connection
- Wwith  the sending control switch. Previously
- _however the confirmation signal on A multiplex

' channel has been checked with the operation of

 plex brushes, a circuit is closed to

contact of relay 290 to positive battery where-

Similarly if the second impulse of the pattern
signal had been spacing (o release relay 290 as

described above) and the second impulse of the
“confirmation signal had been marking, no cir-
cuit would have been closed for the operation

of relay 378 since this circuit through the left
hand winding of relay 319, conductor 318, the
marking contact and r1ght hand armature of

relay 272, second conductor of cable 3{1, fourth .

armature and front contact of relay 303 the

- switch - wiper 263, the smth bank contaot and
‘the conductor 325 is now extended through the

~left hand ermeture and back contact of relay

280 and conductor 327 to the conductor 318 so

| that no current traverses the wmdmg of relay '

318. . If, however, the second impulse of the con- - |

- firmation sicnal had been received spacing so

that it did not- confirm the marking impulse of
the pattern signal, a circuit would have been
closed for energizing relay 379 which may be

traced from the upper terminal of the left hand
- winding of said relay through the conductor 327,
left, hand armature and back contact of relay

299 conductor 325, the wiper 263 of the control
smtch fourth armature and front contact of

- relay 308, the second conductor of cable 3i1, and

the rlﬂ'ht hand armature and spacing contect of-

relay 272 to pos1tlve battery, thereby energlzmg -

relay 379.. Similar circuits are provided from

- the other receiving rela,ys 273, 214 and 275 -

through the switch wipers: 264, 255 266 for oper-

- ating relay 379 if the third, fourth or fifth pulses

the chain control relays 280—293 which were

| operated in -accordance with the previous pat~
. The switch wipers of the receiving !
- control switch were stepped into ‘engagement

. with their sixth bank contacts immediately after

| §-‘__ahy or all of the chain control rela,ys 290—293
' were operated by the pattern signal.
. firmation signal is received properly, the polarity
. of the second, third, fourth and fifth elements
. of the code combinations on A multiplex chan-
--nel will be reversed from that considered above

- Thqu
- with reference to receiving relay 212, during the .
e -j_oonﬁrmatwn signal this relay is operated to spac-~

- . ing thereby impressing pos1t1ve battery on the
- second conductor of the cable 311, the fourth ar-
| mature and front contact of rela,y 308 and switch'
~ wiper 263 which is now in engagement with its
 sixth bank contact. Positive battery is applied
“therefore through conductor 325 to the left hand
armature and front contact of relay 299 which
~ being also connected to pos1t11re battery is W1th-§'

“tern signal.-

in COI]IIECthIl with the patiern 31gna,1

e out effect..

Assummg, howevel tha,t the second pulse of
the confirmation signal was received marking 111-;
stead of spacing so that the pattern signal 1s
'not. confirmed, relay 290 is energ1zed “Upon the

If the con~

of the confirmation code signal do not check
> with the pattern signal or if the second, third,
or fourth sub-channels are not properly in or out

in response to the pulses of the pattern code

slgnel ~ |
It will be noted that relay 319, Whlch may be

termed the “pattern failure” relay, will not only

be operated when the pattern and confirmation
signals do not agree, that is, when the second,

 third, fourth and fifth pulses of the confirmation -

-l
.

60

1) .
W) S

code are not of opposite polarity to those of the -
pattern code, but will also be operated if the
sending and receiving control switches eet out of
step because of the failure to receive the initial
blank associated with two related pattern and
confirmation ‘signals. This is accomplished by

the reoeptlon of the second blank ossoomted:
with the related pattern and confirmatfion sig-
‘nals which will, if the first blank normally pre-

ceding the pattern SIgnal has not been received
properly, cause the receiving circuits to read as

5 a pattern signal a character which has not been

transmitted as a pattern and as a confirmation

‘signal a character which has not been trans-
- mitted as a confirmation, as the loss of the first

- blank, referred to above, has permitted the re-

ceiving switch to step without hesitation at a -

time when the sending switches have done so.

The pattern failure relay 379 will also be oper-

ated in the event that a blank signal is received

on B channel as a result of line or circuit trouble,

operatmn of rela,ys 212 and 308 & c1rcu1t is closed 75 when no blank has been transm1tted from the
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transmitting station, or if a blank which is trans-

mitted on B channel is distorted into a normal

character so that the blank is not received and

one of the control switches starts stepping while

the other one remains at home. Thus the sys-
tem will be shut down by the operation of relay
379 in response to several trouble conditions or
failures, particularly those which are likely to
cause lack of synchronism between the sending
and receiving subchannels, since the variable
pattern signals are accompanied by invariable
control sighals which must be correctly received.

locks through the same winding.

15

until the home position is reached, whereupon
relay 295 will be operated by a circuit from seg-
ment 322, through conductor 323, resistance 324,

the right hand winding of relay 295, outer right

hand armature and back contact of relay 296 to
the first bank contact of level 261 to its wiper
and to ground, thus operating relay 29% which

- circuit for the switch is opened at the second

10

Obviously it is Important to avoid accidental

transmission from the transmitter of one sub-
channel to the printer of another subchannel or
the condition wherein different numbers of trans-
mitters and printers are connected to the system,
and the means herein provided for this purpose
is an important feature of the invention.

The pattern failure relay 379 is also operated

+0 shut down the system in case no pattern sig-

nals are received for a predetermined time, such
signals being normally transmitted in not less
than a predetermined time interval even though
no change in the subchannels has occurred as de-
scribed above. During each step of the receiving
control switch as described above, relay 369 be-
comes energized to operate the stepping magnet
of the switch. The energization of relay 389
closes a circuit from negative battery through its
left hand armature and front contact to the grid
of the vacuum tube 385. The negative potential
upon the grid of said tube normally renders the
same non-conductive and because of the asso-

ciated condenser and shunt leak resistance the :

orid remains negative for a predetermined time
which is adjusted to be somewhat longer than
the timing of the vacuum tube 134 at the sending
station. A relay 385 is connected in the plate

circuit of the vacuum tube 385 and therefore re~ -

mains deenergized during the normal opersation
when pattern signals are received at frequent
intervals. If however a patiern signal is not re-

15
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armature and back contact of relay 255 and the

switech will remain at its home contacts untﬂ a

blank is received on the B channel.

| Automatzc and manual control of the system -
At th_e transmitting station relay 106 u_nde_r the

-control of the home stop key 331 is effective to

stop transmission from the transmitting station
to the receiving station by cutting out the oper-
ative transmitting subchannels and to send a
signal to the receiving station to cut out the re-
ceiving ends of the operative subchannels, thus |

- stopping all transmission in one direction. When |

29

the key 331 is operated to the alternate position

from that shown in the drawings, a circuit-is

closed from' ground through the right hand

spring and make contact of the key, the right

hand outer armature and back contact of relay

- 106, conducteor 340 and the resistor 341 to the .

30

grld of the vacuum tube 54, to render said tube |
conductive and initiate the transmission of .
switching signal by the energization of relay I55_ |
as described above in connection with closure of
the common test circuit when a subchannel is

to be cut in or out. The control switch at the

transmitting station is stepped in the usual man-
ner and a blank is sent on B channel to initiate
the stepping cof the receiving control switch.
When the wiper {786 of the sending control switch
reaches the second bank contact, a group test is
applied in the usual manner, and in the third
switch position when relay 212 is operated from

- local segment 184 of the transmitting distributor

ceived for say twenty seconds, the vacuum tube .

385 becomes conducting and causes the energiza-~ .

tion of relay 288 connected thereto. Upon the
energization of relay 286 the circuit is closed from

ground through the make-before-break contacts

associated with the left hand contact spring of
the key 380 and in parallel through the arma-

tures and front contacts of relay 386 for lighting
the siegnal lamp 387 and energizing the pattern -
The ligchting of the lamp 387"

failure relay 379.
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preliminary to stepping the contrel switch to the
fourth position, a circuit is closed from positive
battery through the third armature and front .
contact of relay 212, wiper 178 of the control
switch and its third bank contact, conductor
342, the left hand spring and make contact. of
the key 331 and the left hand winding of relay
(68 to negative battery whereupon relay 186 be-

- comes energized and is locked up through its -

- right hand winding, inner armature and front

indicates that the receiving control switch has

failed to step for a period longer than that set

by the sending patiern control as described above,
either by reason of failure of the switch itself or
of the control signal transmitting or receiving
apparatus. The energization of relay 379 stops
transmission in a2 manner to be described in de-
tail. When the system is to be restarted the key
398 is operated to interrupt the described cir-
cuits of relay 379 and of the lamp 387, and nega-
tive battery is connected through the right hand
contacts of the key to the grid of the vacuum
tube 385 to render the same non-conductive
again. In this manner the failure to send any
pattern control signals or the failure of the re-
ceiving control switch to respond to such signals

is detected after a comparatively short time in- -

terval.
Following the reception of the pa,ttem and con-

firmation signals if no further subchannels are

to be cut in or cut out the switches will continue

to step each time the brush crosses segment 396

(i)

contact to ground. At the third position of the
pattern switch, spacing potential is normally ap-

- plied from ground through the second right hand

armature and back contact of relay 108, the

conductor 343, the third bank centact and wiper
{65 of the pattern switch and the cable {9i to

the fourth storage relay 64 of channel A, thereby

energizing relay 64 to impress spacing potential

on. the fourth sending segment of the transmit-
ting fing of the multiplex distributor. When the
relay 166 becomes energized as descnbed ahove,
the ground is re*noved from the Wmdm@' of relay
64 so that the fourth pulﬁe of the paﬂﬂrn code

is changed to marking. Thus if the home stop
key 331 had been operated as described, a pat-

~ tern signal would be sent following the usual

with their third bank contacis. .
firmation signal is sent, since relay 17 has been

operated as above described, the spacing and
marking potentials on A .channel are reversed -

guard character while the wipers of the sending
and receiving control switches are in engagement.
‘When the con-—

50 that the conﬁlma’cmn s1gnal w111 have the

The stepping



- lay becomes deenergized.
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fourth impulse specmg

that will be described below. c
The energization of relay {06 opens et 1ts thn:'d

These pattern and oon-"
- :ﬁrmatlon signals disconnect the operaﬂve sub-
~ channels at the receiving station 1r1 a menner -

- right hand armatiire and back contact the above

~described circuit of relay (85, whereupon said re-
The

firstt C chain.

‘pulse from the local ring of the distributor is then

“diverted through the armature and back contact -

10

of relay 105, and the conductor 118 to the nega-

tive locking terminal of relay 123 and any con-
‘nector relay which may be locked up at that mo-

ment, thus knocking down these relays to discon-~
nect sub-channels from the C multiplex ¢channel..
The succeeding chain operating pulses are then

15

- applied to the locking terminals of guard relays

122 .and 121 to disconnect the connected sub-

-~ .channels from the other multiplex channels and
- thereby stop all transmission from the trans-

mitting station. A circuit is also closed through

20

' - the third right hand ermature and front con-

tact of relay {96, the conductor 120, winding of

‘relay 110, and the outer right hand armatures

and front oontaots of any of the chain control

o relays 80, 187, {08 or 189, which may be operated_

'Whereupon reley {iG ‘becomes - enerﬂ'lzed and

~ opens at its armature and back contact the lock~
ing olrcmt of said chain control relays to releese |

the same. The deenerglzetlon of the chain con-
_trol relays cuts out the transmitting ends of the
subchannels as described above so that when

~ transmission is resumed, the subchannels must
- be cut in with eooompenymg switching signals

to cut in the receiving end of the oorrespondmg_

subohennels -
' When the pattern signal produced by the oper-
_-atlon of key 33{ as described above is received

~at the receiving station, relay 3245 is operated
in the same manner as the chain control relays

25
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remote station. Thus the key 332, Fig. 4, is ar-

ranged to step transmission from the transmit-

ting apparatus at the station shown in Figs. 8to -
11, although as explained above, this apparatus -
being merely a duplication of that shown in Figs.

1 to 7 is not illustrated for the sake of simplicity.
A -similar distant stop key is provided at the

- second station for stopping fransmission from
the station shown in Flgs 1 to 7 to the second
station. |

- The distant stop funotwn may be rea,dﬂy

' understood from the schematic diagram of Fig.
| The closure of the key 332 shown in this
ﬁgure effects the operation of a relay 347 which -

is operative to transmit the pattern sighal to the

' remote station and thereby operate a distant stop
relay 348 in the same manner as the closure of

the key 331 and the operation of relay 106 ef-
fected the operetlon of stop relay 345 as described
above. Detailed circuits of the key 332 and re-
lays 347 and 348 are shown in Figs. 1 to 11. |

In order that a signal may be transmitted to
call the attendant to the equipment at the dis-
fant terminal or for other purposes such as the

indication of the operating condition of the sys- -

tem or the control of associated equipment a key
333 is provided. When operated it causes a pet-_
tern signal to be sent having its third pulse con-

- trolled directly by the position of the key 333.

An indication that such a signal has been sent
1s obtained by a lamp 335 connected to the key
and to the second bank contacts associated with
wipers 173 and {74 which cause the lamp to be
flashed when relay 212 is operated. The recep-
tion of the pattern signal at the third bank con-
tacts associated with wiper 264, when such sig-
nal has its third pulse marking, causes the oper-

- ation of relay 336 and operates a signal lamp 387

40

290 to 293 were operated in response to the pat-

~ tern signal for the first group of subchannels.
The operation of relay 345 lights the signal lamp
346 and effects the release of the operated con-
- nector chem relays and chain control relays at
the receiving station in the same manner as the

. energization of relay 186 effected the release of
the eorrespondmg relays at the sending station.
The lighting of the lamp 346 indicates to the

) a,ttendent th&t tre,nomlssmn to hlS offi

oe bes
stopped |

50

or other controls. The relay 336 may be released
by the operation of a key 338 thoh opens thef
locking circuit. |

The operation of relay 3ﬂ3 as indicated in Flg' |
12 is effective to operate relay {06 in the same

- manner as though the stop key 33{ had been

cperated. - Accordingly the operative sub-chan-
nels at both ends of the system are cut out and

transmission in one direction is stopped as de-
‘scribed above in connection with the operation

of the key 33{. When relay 348 becomes ener-
gized, a signal lamp 349, Fig, 10, is lighted to in-

- dicate that transmlssmn has been stopped by the

‘"When the key 33[ is restored to normel step-' |

scribed above and when the wiper {75 engages

its third bank oontect a circuit is closed sim-
ilar to that descrlbed above for operating reley'

- 'pmg of the control smtohes is restarted as de- -

55
- gbove.

106, but by reason of the transfer of the contacts

|  of the key 831, positive battery is now connected
- -to the negetlve terminal of the locking winding

of relay 106 and seld relay becomes deenergized.

60

When reley {06 is deenergized, the cut in control

| circuits are rendered operative and the subohan-

_nels which have trafﬁo to send are cuf in in the
- usual manner.
" transmitted over the circuit at this time is re-
~ versed from that described above in reference
“to the shutting down of the receiving station

and is operative to release relay 349 since it will |

‘be effective to apply positive battery to the left

The pattern signal Whloh is

hand wmdmg of said relay. The deenergization

| _operanon of a distant stop key at the other office.

Pig. 13 illustrates the operations which result

~when a pattern failure occurs, operating relay

379 in any of the various manners described
The operation of relay 379 as indicated

diagrammatically in Fig. 13 operates relays (06a

and 3%!a corresponding to relays {86 and 35§

of Fig. 4. As we have seen, the operation of relay
[88a stops transmission from the station where
the pattern failure was detected which is the
second station in the system shown, and the

. operation of relay 85la transmits a pattern sig-

65
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of relay 845 permits the receiving subchannels

" to be cut in upon reoelpt of the pettern 1gnals-
. as described above. -

A distant stop key 332 is also promded to en-
able the attendant to stop transmission from the

nal to shut down the transmission from the re-
mote station and to cause the immediate stop-

- ping of reception at the remote station. Thus

as indicated in the drawings the operation of

rela,y {18 operates relays 186 and 345¢, the latter
-oorrespondmg to relay 365, Fig. 10, which as we

have seen stops reception at the local office.

 Similarly the operation of relay 186 stops trans-

75

mission from the local office. The operation of

‘relay 178 also operates relay 351 to transmit a

pattern_mgnal to the 0 ice at-which the pattern
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failure occurred, operating relays 3718 and 345
Fig. 10, to stop reception at said office.

The detailed circuits of the pattern failure re-
lay 318 are shown in Figs. 4 to 11. Since this
relay is operated in response to conditions at
the receiving office and controls the operation of
the transmitting control equipment arranged to
send to the other office, the operating circuils

M |

which energize the pattern failure relay and

which have already been described are shown 1n
Figs., 8 to 11, and the transmission controlling
circuits are shown in connection with the cm-—
responding pattern failure relay 1798, Fig. 4, at
the other office. Assuming then th,at relay {79
has been operated by a failure, a circuit is closed
from ground through the outer right hand ar-
mature and froni contact of relay 179, the con-
ductor 189 and resistor 18! for energizing relay
(802 through the circuit which has been traced
apove in connection with the operation of relay
{02 in respcnse to a test pulse. The operation
of relay 182 initiates the stepping of the control
switches at the sending and receiving ends in
the same manner as desceribed above but in this
case the pattern signal for every group is trans-
mitted since ground potential remains on the
test circuit through the operation of relay i179.
During the cyclic operation of the control sys-
tem g circuit is closed from positive babtery
through the outer armature and front contact of
relay 212, the conductor 2{3, the left hand ar-
mature and front contact of relay 179 and the
windings of relays 38! and 106 in series to nega-
tive battery thereby energizing relays 351 and
18%. The energization of relay {606 disconnects
the transmitting ends of the subchannels as de-
scribed above., Relays (78 and 351 lock up
through their right hand inher armatures and
front contacts to ground at the left hand make-
hefore-break contacts of key 334. The opera-
tion of relay 251 applies marking hattery which
is negative In the case of A channel through
the outer armature and front contact of relay
321, the conductor 352, the inner left hand ar-
mature and front contact of relay 142 and the
conductor 353 o the first segment of A channel
of the multiplex. 'Thus the operstion of relay
381 changes the polarity of the first segment
of the transmitting ring of the distributor from
normal spacing potential to marking potential

10

20

25
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conductor 3{8, the right hand armature and
marking contact of relay 211, first conductor of
the cable 311, the outer armature and front con-
tact of relay 308 and the conductor 3%3 to the
left hand winding of relay 378 whereupon sald
relay becomes energized. The energization of
relay 318 closes a circuit from ground through
its left hand armature and front contact and
the windings of relay 345 in series fo positive
battery whereupon relay 349 becomes energized.

Referring now to Figs. 4, 5, 6 and 7, and assum-
ing that relays 178 and 345a have been energized
a5 set forth in connection with the corresponding
relays 378 and 245, the operation of relay 345¢
stops reception at the local office. The detalled
circuits are shown in connection with relay 349,
Fig. 10, and it will be apparent that the opera-
tion of relay 2495 energizes relay 321 to open the
locking circuits of the chain control relays 290
to 293. The operation of relay 345 further opens
at its second right hand armature and back
contact the circuit of the chain release relay
305 corresponding to the chain release relay 105
of Pig. 1 which as set forth above releases the
connector relay chain.

Referring again to Figs. 4 to 7, the operation

of relay 178 closes a circuit for operating relay

196 which may be traced from said relay through
the left hand winding of relay 351, the sec-
ond left hand armature and front contact of

relay 118, the left hand armature and back con-

tact of relay 179, conductor 213 and the outer

armature and front contact of relay 212 where-

by relays 106 and 351 become energized. The
operation of relay (86 releases the transmitting
ends of the subchannels to stop transmission
from the local office as described above. 'The
operation of relay 351 as set forth above changes
the first impulse of each pafttern signal from
spacing to marking. As already explained this
pattern signal when received at the remote office
causes the operation of relays 378 and 345 and

thereby cuts out the receiving ends of the sub-

channels.  Therefore it will be apparent that
the operation of relay 379 is arranged to stop
transmission in the system in both directions and

- that the timing of the control functions is such

o0

when the relay 351 is operated by the pattern

failure relay {78, The first impulse of each
patternn signal is always spacing under normal
conditions but as described, is changed to mark-

Ing upon the occurrence of a pattern failure. :

wince a pattern signal is sent for each subchan-
nel group under these conditions, a pattern sig-
nal will be sent immediately in which the first
impulse  is changed to marking irrespective of
the positions of the control switches, i. e,
whether they have .already been stapped from
tne home prosition before the pattern fmlure OC-~
curred. .

'The manner in which the relay 178 is operated
in response to this signal will be apparent from
consideration. of the operating cireuit of the
corresponding relay 373 shown cn Figs. 8, . 9 and
10. Thus when the first receiving relay 271 con-
nected to the first segment of the receiving ring

of the distributor is actuated to marking when 7

the wipers of the receiving control switch 261
to 266 are in engagement with their third, fifth,
and so forth, bank contacis, a circuit is closed
from ground through the switch wiper 264, a
third or fifth bank contact associated therewith,

] |
ot {

that the sending and receiving ends of the cor-
responding subchannels cut out at the same
moment. However, on account of the possibility

-of an appreciable time lag in the transmission

of signals between widely separated offices, the
shutting down of the system occurs in two steps,

Since the stopping of the reception at the office

where the pattern failure was detected is. de-

layed until a signal has been transmitted to the

remote office to stop transmission from that
office, the possibility of introducing errors or

- omitting the reception of characters is avoided.
GOy

Following a pattern failure, relays 106, 351,
t79 and 178 may be released by operating key

- 334 which opens their locking circuits, thus per-

mitting the circuit to be restarted. | S
‘Although a specific system has been shown

=~ .and described in detail for the purpose of ex-

plaining the invention, it will be understood that

- the Invention i1s not limited to this particular

- circuit arrangement or to the types of appara-

(£:3

tus elements which are shown and described.
Various modifications will occur to those skilled
in the art and may be made without depart-
ing from the scope of the invention as defined
in the appended claims.

We claim: |

1, A multiplex telegraph system. comprlsmg



18

a lane of traﬁc g plurahty of commumcation
subchannels, each including transmitting and re-
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ceiving apparatus of the respeetwe subchan-

" nels in or out, the control signals possessing pre-

ceiving . apparatus, means for connecting sub-

channels to the lane of traffic for operation and

for . disconnecting the same therefrom, a mul-

 tiple-contact control device controlling a plu-
~ rality of circuits, means controlled thereby to
transmit - switching signals, each consisting of
a code combination of impulses, and means in-
cluding . said connecting means and means for

transmitting switching signals for controlling the

- operative or inoperative condition of a group
. of subchannels in response to the transnussmn
' of a, single code combination.

. 2."A multiplex telegraph system compnsmg
a lane of traffic, a plurality of communication
subchannels each ‘including transmitting and
receiving apparatus, means for connecting op-

determined invariable characteristics and also

variable characteristics depending upon the

changes in subchannel operation, and means con-

trolled by the invariable characteristics of the

control signals to check the accurate transmis-

- sion and reception of the signals.

10

15

erative subchannels to the lane of traffic, means -

for controllmg sald connecting means including
‘a multiple-contact control device controlling a

20

plurality of circuits and means controlled there- -
by to transmlt switching control signals, each -

consisting of a code combination of impulses

~ varying in accordance with the operafive or in-
. operative condition of a group of subchannels, a

23

~ receiving control device at the receiving end of

the system, means for synchronously operating
said control devices for transmitting and check-
ing the accurate reception of a series of sepa-
rate variable control signals bearing a prede-
termined relation to each other, and means for
indicating a departure from said relation.

3. An expanding channel telegraph system

comprising a lane of traffic, a plurality of sub-
channels each including transmitfing and re-
ceiving apparatus, means for connecting opera-
“tive subchannels to the lane of traffic and means
for controlling said connecting means and trans-
mitting a control signal to the receiving end of
the system to cut the receiving end of the: sub-
channels in or out, said last-mentioned means
;. comprising a sequentially operated switch and
“means to control simultaneously a group of sub-
channels in each of several sequent1a1 p051t10ns
of said switch. |
4, An expandlng 'channel felegraph system
-comprising a lane of traffic, a plurality of sub-
channels each including transmitting and re-
- ecelving apparatus, means for connecting oper-

30

35

6. In an expanding-channel telegraph system,
means for transmitting switching control signals
including at least one invariable character and
at least two variable characters having an in-
variable relationship and means for checking the

accurate transmission and reception of said

switching control signals, said last-mentioned
means comprising means responsive to the fail-
ure of an invariable character to compare ran-
dom characters and means for indicating the

failure of the random characters to POSsess the

required invariable relationship.

7. In a multichannel telegraph system utiliz-
ing as switching control signals a series of code

combinations, which have known or invariable

as well as variable characteristics, the method

of control which. comprises checkmg the re--
ceived code combinations for said known char-
acteristics to determine the accuracy of trans-

mission and utilizing the variable characteristics

to control the switching of channels.

8. A multichannel telegraph system comprising
9, lane of traffic, a plurality of communication
subchannels, each including transmitting and re-
ceiving apparatus,switching means for connecting
operative subchannels to the lane of traffic in-
cludihg means to transmit a switching signal

- and an individual guard character to the receiv-

49

45

50

ative suilbchannels to the lane of traffic and means

for controlling said connecting means includ-
ing synchronously operated step-by-step con-
trol switches at opposite ends of the lane of
traffic, means associated with the sending con-
- trol switch for transmitting switching or pattern
signals, each one of which consists of a code
. combination of impulses varying in accordance
“with the operative condition of the respective
- subchannels of a separate group of subchannels,

- and means associated with the receiving con-

trol switch and responsive to said signals for
controlling the subchannels of a group simul-

~ taneously to cut in or out any of the group Wlth
respect to the lane of traffic.

8, An expanding channel telegraph system

comprising a lane of traffic, a plurality of sub-

- channels each including transmitfing and re-

- ceiving apparatus, means for connecting opera-
- tive subchannels to the lane of traffic and means
for controlling said connecting means includ-
ing a step-by-step control device at the trans-
 mitting end of the lane of trafiic, means includ-
- ing said control device for generating a series
~ of control signals and thereby cutting the re-

6(0)

5

ing end of the system, receiving means for de-
tecting the transmission of said individual guard
character and means operatively associated with
said receiving means for disconnecting all sub-
channels and stopping transmission.

- 9. A multiplex telegraph system comprising a
lane of traffic, a plurality of communication
channels, each including transmitting and re-
ceiving apparatus, means for connecting opera-
tive subchannels to the lane of traffic including
means to transmit successive pattern and con-

firmation signals to cut the receiving end of a
subchannel in or out, said pattern and confirma-

tion siegnals normally bearing a predetermined
relation to each other, means controlled by said

signals to cut the receiving end of a subchannel

in or out and means to check the predetermined
relation of said pattern and confirmation signals
as recelved. | |

10. A telegraph switching system comprising a
lane of traffic, a plurality of receiving printers,
connecting means to associate said printers with
the lane of traffic, means for transmitting suc-.
cessive selection and confirmation sighals bear-

“ing a predefermined relation, means to control

said connecting means in accordance with said
selection signals and means to signal the ftrans-
mitting end of the system that the selection and
confirmation signals as received do not bear

‘said predetermined relation when one signal is
‘mutilated in transmission. |

11. A multi-channel telegraph system com-
prising a lane of traffic, a plurality of communi-
cation channels, each including transmitting and

receiving apparatus, and means for connecting

operative subchannels to the lane of traffic in-
cluding means to transmit a pattern signal to
cut the receiving end of a subchannel in or out

and to tr ansmIt 8 signal 1mmed1ate1y follewmg |



said pattern- signal to .check the connection or
disconnection of the  subchannel in response to
the pattern signal. |

12. A multichannel telegraph system compris-
ing a lane of traffic, a plurality of communica-
tion subchannels, each including ftransmitting
and receiving apparatus, switching means for
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18, In an expanding ‘channel system wherein

37

connecting operative subchannels to the lane of |

trafiic including means to transmit a switching
signal to the receiving end of the system and
means to detect immediately the failure of the
switching means to cut in one end of a subchan-
nel when the other end of the same subchannel
is cub in and to stop transmission upon such
failure. - | |

13. A multichannel telegraph system compris-
ing a lane of traffic, a plurality of communica-

Iy

19

tion subchannels each including transmitting and

receiving apparatus, means for connecting oper-

ative subchannels to the lane of traffic, means :

to control the subchannel connecting means as-~
sociated with the receiving apparatus of said
subchannels in response to received switching
signals and means for transmitting a stopping

signal in both directions upon the occurrence of ¢

the failure of a switching signal. |

14. A multichannel telegraph system compris-
ing a lane of traffic, a plurality of communica-
tion subchannels each including transmitiing

and receiving apparatus, means for connecting :

operative subchannels” to the lane of traffic,
means for controlling said connecting means in-
cluding means to transmit switching signals
when subchannels are to be cub in or out, and

means for stopping transmission In both direc-

tions in response to a predetermined control sig-
nal in such manner that the operative itrans-
mittine subchannels -are disconnected without
mautilated transmission or loss of characters. |

15. A multichannel telegraph system compris-
ing a lane of traffic, a plurality of subchannels
each including transmitting and receiving appa-
ratus, means for connecting operative subchan-
nels to the lane of traffic, means for controlling
said connecting means for receiving subchannel
apparatus in response o switching: signals,
means to detect failure of the control means or
in the transmission of swiiching signals, means
to transmit repeatedly a stop signal in case of

such failure and means responsive to the stop -

signal to disconnect the operative receiving sub-
channel apparatus from the lane of traffic.

16. A multichannel telegraph system compris-
ing a lane of traffic, a plurality of storage trans-

mitters, means for connecting the transmitters °

to said lane of traffic when normal characters
are waiting transmission on each sibchannel,
means for stepping blank characters through the
transmitters before connecting the same to the
jane of traffic, said stepping means including a
retarded electro-responsive device connected to
a plurality of the contacts of each transmitter
and means responsive to the first normal char-

40
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gcter in any transmitter for rendering said con- .

‘necting means operative.
17. Tn an expanding channel system whereln

a plurality of subchannels share a common lIane
of traffic and embodying switching means re-
sponsive to a pattern signal for connecting oper-
ative subchannels to the system, means for trans-
mitting successive pattern signals at not less than
a predetermined time interval and means ober-
ated by the failure to receive a pattern signal
for said time interval to stop the operation of

the system. -

65

70

75

"1

‘confirmation signals.as received;
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a plurality of subchannels share a .common lane
of trafic and embodying switching means ‘at the

receiving end for controlling receiving subchan-

nels, means for transmitting control pattern sig-
nals to control said switching means as trans-
mitting subchannels are cut in or out of the
svstem .and also corresponding confirmation sig-
nals accompanying the pattern signals, means
for translating system or circuit failures into
~pparent failures of pattern or confirmation sig-

nals and means for stepping transmission over

all subchannels upon the occurrence of such ap-
parent failures of pattern or confirmation signals.

'19. A multichannel telegraph system compris-
ing a lane of traffic, a plurality of communica-
tion subchannels each including transmitting and
receiving apparatus, connecting means for ren-
dering subchannels operative over the lane of
traffic and means to control said connecting
means whenever.the subchannels have anything
to transmit, said last-mentioned . means includ-
ing a common test circuit, a step-by-step control
switch, means including said common test cir-
cuit for initiating the operation of said control
switch, group test means including the bank con-

tacts of said control switch for finding the par- -

ticular group of which one or more subchannels
is' to be cut in and means for thereafter trans-
mittine a pattern signal consisting of a code
combination representing the active or inactive
condition of the subchannels of said particular

- group.

20. A multichannel telegraph system compris-

35 ing a lane.of traffic, a plurality of communication
subchannels each including transmitting and re-

ceiving apparatus, connecting means for render-

ing-subchannels operative over. the lane of traffic
and means to contrel said connecting means
whenever - the subchannels have anything fto
transmit, said. last-mentioned means including. a
common test -circuit, a step-by-step control

switch, means including said common test circuit

for initiating the operation of said:-control switch,

zroup test means including the. bank contacts of
caid  control switeh for finding the particular
cropup of which one or more subchannels is to be

eut in, means for thereafter transmitting an in-
_variable control signal accompanied by the pat-
tern signal, said: pattern signal consisting of a
- code combination representing the active or in-

active condition of the subchannels of said par-

tieular group, means for checking the accurate
transmission of said invariable signal and selec-
tively. operable circuit-closing means responsive

to the code combination which forms the pattern
sienal for said particular group of subchannels.
'21. A multichannel telegraph system compris-
ing a lanhe of traffic, a plurality of communica-
tion subchannels each including transmitting
and receiving: apparatus, connecting means for
rendering subchannels operative over the lane of
t-affic . and means to control said conneeiing
means whenever any -of the subchannels has any-
thing to transmit, said last-mentioned means in-

cluding a step=by-step control 'switch, means for
initiating the operation of said control switch and
“means including said control switeh for trans-

mitting a pattern signal and a confirmation sig-

‘nal having a predetermined relation to each

other when the control switch has reached a po-
sition corresponding to a group of subchannels
of which one or more subchannels is.to be cut
in,. and means for comparing the pattern and



| 22 A multmhannel telegra,ph system comprls-
I 1ng a lane of traffic, a plurality of communica-
~ tion subchannels each including transmitting and
. receiving' apparatus, connecting means for ren-

~ dering subchannels operative over the lane of

traffic and means to control said connecting
means whenever any :of the subchannels has
anythmg to transmit, said last-mentioned means
including sending and receiving control switches

- one at each end of the lane of traffic, means for

initiating the operation of the sending control
- switch, means including said sending control
- sw1tch for transmitting a blank or all-spacing
code combma,tmn over the lane of traffic followed
by a pattern signal consisting of a code combi-

‘nation representing the active or inactive condi- |

tion of the subchannels in the particular group
of “subchannels corresponding to the position

“reached by the sending control switch and means -

including the receiving control switch at the re-
“ceiving end of the system for variably operating
the connecting means associated with the receiv-

ing apparatus at the receiving end of the lane

- of trefﬁe in response to said blank and pattem
signals., -

23, A multlchennel telegraph system cemprls- |

‘Ing a lane of traffic, a plurality of communica-

tion subchannels ea,ch including transmitting

and receiving apparatus, connecting means for
‘rendering subchannels operative over the lane
of traffic and means to control said connecting
“means whenever any of the subchannels has any-
thing to transmit, said last-mentioned means in-
-cluding sending and receiving control switches
one at each end of the lane of traffic, means for
initiating the operation of the sending control
switch, means including said sending control
switch for transmitting a blank or all-spacing
code combination over the lane of traffic followed

by two switching control signals, one of said
switching control signals consisting of a pattern

- code representing the active or inactive condi-

tion of the subchannels in the particular sgroup
of subchannels corresponding to the position
reached by the sending control switch, the other
of said switching control signals consisting of a

checking code combination bearing a predeter-
mined relation to the first-mentioned pattern
code, means including the receiving control

switch at the receiving end of the system for

-variably operating the connecting means 2,550~
~ clated with the receiving apparatus at the re-
ceiving end of the lane of traffic if the received
pattern and checking code combinations bear
said predetermined relation and for stopping op-

Wt
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‘are cutb.in at the sending end of the system, said
‘pattern signal consisting of a code 1dent1fy1ng

the subchannel to be cut in and the con.ﬁrma,-

tion signal consisting of a code bearing a pre-

determined relation to its accompanying pattern

- signal, and means for preventmg the operation
- of the control relays to cut in a subchannel when

- the received pettern and -confirmation mgnels.

10

19

- whenever any of the subchannels has anything

20

29

30

35
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do not bear said predetermined relation.

29. A multichannel telegraph system cemprls- o ,

ing a lane of traffic, a plurality of communication
subchannels each including transmitting and re-

ceiving apparatus, connecting means for render-

ing subchannels operative over the lane of traf-
fic and means to control said connecting means

to transmit, said last-mentioned means including
sending and receiving control switches one at
each end of the lane of traffic, means for initiat-
Ing the operation of the sending control switch,
means for thereafter initiating the operation of
the receiving control switch, means including said
control switches for transmitting and reading
signals, each consisting of a code representmg
the active or inactive condition of at least one
subchannel, means for altering the normal move-
ment of the control switches when 49 pattern

signal is transmitted and means responsive there- ,

to. for detecting the failure of a control signal.
26. A multichannel telegraph system compris-

ing a lane of traffic, a plurality of communica-

tion subchannels including transmitting and re-

ceiving apparatus, means for connecting sub-

channels when active to the lane of traffic, means
to. control sald connecting means whenever any

of the subchannels has anything to transmit and
“means to stop transmission over the system, said

control means including means for transmitting
pattern signals consisting of cocde combinations
identifying thesubchannels to be cut in, means for
including in any code combination a stop signal,
and means responsive to said stop signal for ren-
dering said means to stop transmission operative.
27. In a multichannel telegraph system com-
prising a bank of sending relays having contacts
controlling transmission of marking and spacing

signals and means for transmitting channel .

switching pattern mgnals means for transmitting
a confirmation signal following each pattern sig-
nal, said last-mentioned means
means to reverse the polarity of the transmitting
contacts of said sending relays, and means for

~ operating said pelanty—reversmg means When-'

eration of the system if said code combinations

fail to bear said predetermined relation. o

- 24. A multichannel telegraph system cemprls-
ing @ lane of traffic, a plurality of communica-
tion subchannels each including transmitting and
recelving apparatus, connecting means for ren-
- dering subchannels operative over the lane of
traffic and means to .control said connecting
means whenever any of the subchannels has any-
thing to transmit, said last-mentioned means in-
- cluding sending and receiving control switches
one at each end of the lane of traffic, means for
initiating the operation of the sending control
switch, control relays at each end of the lane of
traflic, means including said control switches for
- operating said relays to cut in the trensm1ttmg
and receiving ends of the respective subchannels,
- means for transmitting a pattern signal and a

. conﬁrmatmn signal to control said relays at the

60

even a patitern signal is sent.: .
28. A multichannel telegraph system cemprls-

ing a lane of fraffic, a plurality of tape transmit-

ters, each of said transmitters comprising mark- -

ing and spacing bus bars, means for connecting .

said transm1tters to said lane of traffic, periodic

circuit-controlling means for stepping the tape -

 through each transmitter and means for render-

ing said stepping means operative without con-
necting a transmitter to the lane of traffic as

¢5 long as blank or non-functional character code

- recelvmg end of the system when subchennels 75

 combinations appear in the tape at the transmit- .
ter, said last-mentioned means including a relay

connected to the marking bus bar of each trans-

mitter whereby it differentiates between an all-
spacing code combination and all other code com- .

hinations.
--OS-CAR E. PIERSON.
MYRON D. ADAMS.
WILLIAM STAN LEY
WESTERMAN EDGAR JR,
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