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UNITED STATES

2,228,279

PATENT OFFICE

| 2,228,219
TELETYPEWRITER EXCHANGE SYSTEM

Charles W. Lucek, Port Chester, N. Y., assignor to
Bell Telephone Laboratorles, Incorporated New
York,N.Y.,a corporatlon of New York

Application March 16, 1939, Serial No. 262,158

37 Claims.

This invention relates. to teletypewriter ex-
change systems and may be considered an im-
provement on the system shcwn and described
in the application of Fitch et al., Serial No.
173,958, filed November 11, 1937.

The system in which the features of the present
invention are embodied consists in general of—

(1) A plurality of (or one) central offices with
telegraph trunks.

(2) A satellite office at which switching is auto.
matically accomplished to connect said trunks to
subscribers over subscribers’ lines.

(3) - Subscribers’ stations.

The -subscribers’ lines may be local lines
ordinarily designated as loops or long lines in-
cluding repeater stations commonly designated
subscribers’ toll lines.

A feature of the invention 1s a new trunking
arrangement. A subscriber’s line enters a con-
centration unit where his call will ke -auto~
matically extended to a central office. to be dealt
with according to. well-known methods. There
are a plurality of such central offices to which
the call may be extended but the subscriber’s line
is so arranged that his call will normally be ex-
tended to a particular one or first choice office.
However, if all lines to this office are busy then
the call will be automatically extended to an-
other, or second choice, office. In addition, the
subscriber has under his control means to change
this order so that if he wishes he may cause his
call to be initially extended to his normal second
choice office and it is only when all lines thereto
are busy that his call will'be automatically ex-
tended to his normal first choice office regardless
of the fact that he performed an act designed
to extend the call to the office of normal second
choice.

Another feature of the invention is new means
for and method of signaling a subscriber when
all central office lines are busy. Heretofore this
was. done by causing a given character to be
typed on his machine repeatedly whereupon the
subscriber, after what he might believe to be an
appropriate interval, would initiate a new call.
In the present instance more definite informa-
tion is given. When an all-lines-busy condition
is encountered a signal at a slow rate is sent
back to the machine. This may be any sort

of signal which could be received by the sub- .

scriber’s teletypewriter, but the preferred way
is to transmit a non-character printing signal
which will manifest itself through the operation
of certain mechanical parts of the machine as
an audible signal. This, as has been stated, is at

(CL. 178—2)

a slow rate, say sixty times per minute, which
rate has been found in practice to be adequate
to hold the subscriber’s attention without an-
noyance. When the all-lines-busy condition
ceases then the signal is changed and now a
character printing signal is sent so tha a series
of ‘a given character is rapidly printed. This
gives the subscriber the definite information that
a line is now available so that he may with con-
fidence initiate a new call.

There is further provided a new and improved
practice circuit and a new method of signaling a
practicing subscriber. 'The new practice circuit
will respond to permutation codes as heretofore
and in addition will receive and translate break
signals without being separated from the circuit.
It may be used by local subscribers’ lines as here.
tofore and in addition now by toll subscribers’
lines. ' If a call for the practicing subscriber
-comes in, a set of relays in a circuit provided
with elements having given electrical character-
istics will be energized and these relays will then
automatically operate to generate signals which
will simulate the permutation code of a given
character, which character will then be typed on
the practicing subscriber’s teletypewriter. 'These
relays will be periodically energized so that the
signal appears as a periodically interrupted series
of the given character and this new characher-
istic signal will convey definite informaticn to
the practicing subscriber. Such subscriber may
then transmit a disconnect and recall signal
which will effectively disconnect the practice cir-
cuit and allow the call to be properily received.
In addition, a disconnect signal will be given at
the concentration unit and an attendant will take
down the now ineffective connection from the
subscriber’s line to the practice circuit.

Should the practicing subscriber wish to make
2 call he may transmit a disconnect signal and
thus free his line to make a call in the regular
manner,

The director circuit has been improved by the
use of polar relays whose armatures remain in
the position last placed until the relays are again
energized.  Such relays operate with greater
speed that other relays heretofore used in such a
combination and the new circuit arrangement
making possible the use of such high speed re-
lays provides greatly improved and more reliable
operation of the director circuit, especially when
used in: combination with the disclosed means
for interconnecting subscribers’ lines and central
office lines.

Another advantage is the elimination of in-
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ternal distortion caused when neutral relays are
used by unequal rates of travel from marking to
spacing and from spacing to marking.

A further feature is the improvement in trunk
signaling means and methods. Whereas hereto-
fore certain transient conditions and conditions
depending on fine distinctions in different cir-
cuits were used the new trunk signaling is of a
positive character whereby the chance for error
in failure to recognize and respond is reduced as
compared to the chance in systems relying upon
such fine and transient conditions.

Other improvements and features will become
apparent as the description of the system
proceeds.

In this new trunk circuit a change from spac-
ing to marking denotes a call and a change irom
marking to spacing denotes the completion of a
call. The trunk employs improved timing de-
vices in the form of condenser and vacuum tube
circuits for timing the duration of a spacing
condition-and thus differentiating between spac-
ing conditions of code signal length and those
of break signal or disconnect signal length., After
a spacing condition has by such means beenh
recognized to be other than a normal code signal
space another test is made to determine whether
such longer spacing signal is a break or a dis-
connect. If it is a break then the sighal is re-
layed to the distant end of the trunk as a short
space followed by ringing current, which the ter-
minal repeaters can pass along, lasting for the
duration of the break. If it is a disconnect then
the signal is relayed to the distant end of the
trunk as a continuous space. Thus no transient
or marginal conditions are set up which must
be recognized by finely adjusted highly sensitive
and expensive testing apparatus.

The drawings consist of twenty-five sheets.
The first sheet contains Fig. 1 and Fig. 27.

Fig. 1 is a diagram showing how Figs. 2 to 26
shall be placed to form a complete circuit diagram
illustrating the invention:

Fig. 27 is a like representation of the placing
of the various figures, with certain designating
captions placed in the corresponding positions:

Figs. 2 and 3 show two varieties of toll sub-
scribers’ station circuits;

Fig. 4 shows a local subscriber’s station circuit;

Fig. 5 shows a toll subscriber’s line circuit;

Fig. 6 shows a subscriber’s line circuit which
will operate with either a local subscriber’s sta-
tion circuit or the toll subscriber’s line circuit;

Fig. 7 is a representation of the practice cir-
cuit with a skeleton form of test circuit showing
only so much as is necessary to properly condi-
tion the practice circuit when the latter is to be
used;

Figs. 8 and 9 show the link circuit, in other
words the cross-bar type switch used to estab-
lish connections between subscribers’ circuits and
trunk circuits extending to distant TWX offices;

Figs. 11 and 13 show the concentration unit
termination of a two-way trunk circuit extend-
ing to a distant TWX office;

Fig. 15 shows the central office termination of
such a two-way trunk to one type of office;

Fig. 19 shows the termination of such a two-
way trunk at another type of office;

Figs. 25 and 26 show the details of a cord cir-
cuit suitable for cooperation with the trunk ter-
mination shown in Fig. 19;

Figs. 10, 12, 14 and 16 together show a sequence
eivcuit. Fig. 10 shows the subscriber line se-
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quence, Figs. 12 and 14 show the trunk sequence,
and Fig. 16 shows certain common controls;

Pigs. 17, 18, 21 and 22 show a director circuit;

Fig. 20 shows an all-trunks-busy circuit; and

Figs. 23 and 24 show & miscellaneous alarm
circuit.

The numbering of the various pieces of appa-
ratus and parts of the circuit shown on the va-
rious figures has been kept to a rigid plan. Thus
all numerals on Fig. 2, for instance, are numerals
between 200 and 299, the hundred numeral] des-
ignating the figure. Likewise, for example, &ll
of the numerals in Fig. 18 lie between 1800 and
1898 and thus begin with the designating nu-
meral I8.

In some cases in order to avoid the tracing of
a conductor through many sheets, it is terminated
in one sheet with a label. Thus conductor 609
in Fig. 6, which extends to Fig. 23, is labelled in
Fig. 6 “To conductor 2389” (a number corre-
sponding to §09). Similarly, in Fig. 23 this con~
ductor is labelled “To conductor 609.”

The complete operation of the system is set
forth hereinafter under various headings, as
follows.

Local subscriber’s station

In Fig. 4 there is illustrated in schematic form
a local subscriber’s station connected with the
concentration unit by a pair of lines 490 and 401.
In idle condition, line 488, known as the tip, is
connected to a ringer 4982 so that incoming calls
to this station will be indicated by the sounding
of the ringer 402 through the application of ring-
ing current to the tip 400 at the concentration
unit. When the station is in use, the switch 403
is operated to connect the tip conductor 490
through to conductor 404 and thence through
the loop comprising upper winding of relay 405,
resistance 406 and brush arm 41{2, resistance 401
and break key 408, pulsing contacts 469 and re-
sistance 410 to the ring side of the line 481.
Under circuit conditions to be explained herein-
after, current will- flow through this circuit at
two values, about 25 milliamperes for a marking
condition and 5 milliamperes for a spacing con-
dition. These figures are given by way of ex-
ample. With steady marking current established
by the conditions at the concentration unit the
operation of the pulsing contacts 409 in intro-
ducing a resistance 410 in series with this circuit
will reduce the current to the spacing value.

The biasing winding of relay 405 has a cur-
rent of an intermediate value flowing there-
through so that with spacing current flowing
through the upper winding, the armature will
remain on its spacing contact, but with the in-
creased marking current flowing through its up-
per winding the biasing winding will be over-
come and the relay will move to its marking con-
tact. Incoming marking and spacing signals
will therefore operate the printing magnet 4il
in the proper manner and these same current
variations caused by the operation of pulsing
contacts 409 will cause the operation of relay
405 to again operate the printing magnet 4if for
the purpose of making local copy.

Under idle condition of the distributor 412, the
resistance 406 is  short-circuited. Therefore,
when the magnet 4(3 is operated and the dis-
tributor arm 412 begins to travel over its seg-
ments, spacing signals will be created by the in-
clusion of resistance 408 in the circuit and mark-
ing signals will be created by the short-circuit-
ing of resistance 406. - S
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The important point to be noted in connection
with this subscriber’s station is the manner in
which a call may be originated from the station.
The key 483 may be operated to close the loop,
whereupon current of thé marking value will be
established which will cause an operation of one
kind at the concentration unit. On the other
hand,; the break key 408 may be first operated
and held operated for a short space of time until
the switeh 483 has been operated.. In this case
current of the spacing value will first be estab-
lished so that an operation of a different nature

will take place at the concentration unit.

. From the subscriber’s point of view.the oper-
ation will be as follows. Commercial arrange-
ments have ‘been made so that this subsecriber
will -ordinarily be connected with a certain dis-
tant office. 'Therefore, when the subscriber ini-
tiates a call by throwing the starting switch 483,
the call will be automatically directed .toward
this specified distant office. However, there may
be ocecasions when the subscriber wishes to have
his call directed toward a different distant office.
In this case he knows that by operating the key
408 and holding it cperated until he has operated
the start key 483 his call will be automatically
directed toward this secondary choice office. The
manner in which his call is directed to one or

another office under these conditions will be ex-

plained more fully hereinafter.

In somewhat more detail the operation of the
local subscriber’s station in Fig. 4 will now be
described. For a full and complete understand-
ing of these circuits and the detail means by
which they are operated, reference may be had
to the following prior art:

vPa'tent No.. 1,904,164 to S. Morton et al., Apr. 18,

1933.

Patent No. 1,965,572 to C. W. Burckey et al., July
10, 1934, :

Patent No. 1,965,602 to R. A. Lake, July 10, 1934.

Patent MNo. 1,969,891 to R. A. Lake et zl, Aug. 14,
1934.

Patent No. 2,019,505 {0 A. H. Reiber, Nov. b, 1935.

" The operation of switch 483 besides closing the
tip through to the station circuit also effectively
connects the local source of power 4i4 to three
motors 415, 416 and 4{7. Motor 815 operates the
distributor designated by its arm 412. Motor 416
operates the teletypewriter unit comprising the
pulsing contacts 489 and the mechanism under
control of the printing magnet 4il. Motor 447
operates a generator 4i8 which supplies local
power to the teletypewriter apparatus. If should
be noted also that a switch 419 will start these
three motors while leaving the tip conductor 4§09
connected to the ringer 462 so that should the
subscriber desire, he may be perforating tape
preparatory to transmitting at some later time,
while holding the station in a condition to receive
an incoming call.” This station is equipped with
a keyboard transmitter as well as a tape trans-
mitter and means is provided for either sending
permutation code pulses directly from the key-
koard or for sending such permutation code im-
pulses from the keyboard and at the same time
perforating tape, or for perforating a tape alone.
In case it is desired to employ conly the key-
board transmitter, the switch handle 429 is oper-
ated in its upper position, marked “Keyboard,”
where it interrupts the circuit through its lower
contacts.  This operation breaks the circuit of
the start magnet 413 of the tape-conftrolled
transmitter-distributor 4(2. In order to trans-

3

mit, the subscriber must also operate the sending
and receiving switch 421 to the position shown
so that the transmission circuit extends through
the pulsing contacts 409. When the subscriber
operates the keyboard, pulsing contacts 409
transmit telegraph signaling impulses in accord-
arice with the keys operated by the subscriber by
opening and clesing the line to include or ex-
clude the resistance 4{8 in the transmission
circuit. R

The line relay 425 will follow the signal im-
pulses and repeat them to the printer magnet &1
which records the transmitted signals on the
local teletypewriter and provides a home copy for
the subscriber. Relay 405 in its spacing posi-
tion connects resistance 422 between the positive
and negative terminals of the generator 418 to
compensate for the load of the prinfer magnet
441 and thus maintain the load on the generator
suhstantially constant when relay 405 is in both
its marking and spacing conditions.

In case the subscriber wishes to perforate tape
at.the same time the message is transmitted from
the keyboard, key 420 is left in its intermediate
position so that the lower contacts of this key
are closed. This completes a circuit from the
positive terminal of the generator through the
lower contacts of key 428 to the cam pulsing con-
tacts 423. These cam pulsing contacts are con-
trolled by the cams which .actuate pulsing con-
tacts - 489. Thus during each rotation of the
cams during which the impulses representing a
particular character are transmitted, the cam
pulsing contacts 423 are closed onece. When
these contacts are closed a circuit may be traced
through them for the operation of the tape per-
forating magnet 424 from the positive terminal
of ‘generator 418, lower contacts of key 428, the
cam - pulsing contacts 423, through the winding

of perforator magret 424 to the negative termi- ¢

nal of generator §{8. This causes the perforator
magnet to operate and perforate a series of holes
in the tape in accordance with the particular
key depressed.

When the subscriber wishes to transmit from
the keyboard it is essential that the transmitter-~
distributor switch 425 remain open so that the
brush arm 4{2 of the distributor will remain at
rest and not interfere with the transmission
from the pulsing contacts 429.

Means is also provided for permitting the sub-
seriber to perforate tape and then transmit from
the perforated tape. In case the subscriber
wighes to merely perforate tape, he operates key
£19 which, as hereinbefore mentioned, causes the
connection of the local power supply to the mo-
tors at the substation but does not connect the
line to the concentration unit. In order to per-
forate the tape the key 429 is operated to its
lower vposition, marked “Tape,” where all of the
contacts of the key are closad. In this position
a mechanical connection between key 420 and
the cams controlling the pulsing contacts 489
functions to prevent the operation of these puls-
ing contacts 489.
contacts are unable to operate for each depres-
sion of a key. Instead, the U-bar contacts 428,
which operate each time a key is depressed, are
employed. Such U-bar contacts are only effec-
tive upon the operation of key 428 to the tape
position. :

Under these conditions the line relay 485 and
the printer magnet 4{{ are maintained in their
spacing positions since the operating circuit for
the line relay 485 is opened at the switch 483 and

Consequently, the cam pulsing
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the relay 405 is held to its spacing contact
through its biasing winding. Inasmuch as the
pulsing contacts 4098 do not function at this time,
no-copy of the symbols recorded on the tape will
be printed on the teletypewriter. This necessi-
tates the use of a counter to count the characters
transmitted in each line. 'This is operated by a
magnet 427 which is energized in a circuit from
negative terminal of generator 418, winding of
counter magnet 427, counter contacts 428, upper
contacts of key 420 and U-bar contacts 428 to
the positive terminal cof the generator. Thus
every time the U-bar contacts are operated by
one of the keyboard keys, counter magnet 427 is
operated to count the character. However, in
case a shift or unshift signal or certain other
sighals are transmitted, the lever 429 moves in
the direction indicated and mechanically opens
the counter contacts 428 so as to interrupt the
circuit of the counter magnet 427, since these
particular signals do not cause any character to
be printed on the teletypewriter and therefore do
not require space in a line of characters. When
sufficient characters to constitute a line have
been recorded counter contacts 428 are operated
by lever 430 in response to a carriage-return sig-
nal and thus cause the operation of release mag-
net 431 which restores the counter to zero.

The counter lamp 432 is provided to give a
visible signal when sufficient characters have been
recorded to form a line so that a carriage-return
signal may be sent as soon as a convenient
opportunity arrives.

In this way a supply of tape may be perforated
without transmitting the information over the
line to the concentration unit. If it is desired to
return the equipment to normal without trans-
mitting the information at this time, switch 419
is returned to normal and the power supply
cut off.

When it is desired to transmit from the tape

‘the transmission circuit is established by the

operation of switch 403, as heretofore described.
Key 420 is operated to the tape position and
switch 425 is closed. This completes a circuit
from the negative terminal of generabtor 418
through the tape control contacts 433, key 425,
winding of start magnet 413, sending-receiving
contacts 421 and lower contacts of key 420 to
the positive terminal of generator 418. Start
magnet 413 operates in this circuit and with-
draws the stop latch 434 from engagement with
the brush arm 412, The brush arm is thus driven
through a friction clutch (not shown) from mo-
tor 415 and as it carries its brush over the various
segments of the distributor, the line circuit ex-
tending to the concentration unit is affected by
the inclusion or short-circuiting of resistance 496
in accordance with the perforations of tape 435
under the tape control contacts 436. So long as
the' supply of perforated tape is available, tape
control contacts £33 remain closed and the trans-
mitter-distributor continues to transmit over the
line to the concentration unit. Transmission re-
lay 805 follows the signals transmitted by the
distributor 412 and repeats them to printer mag-
net 411 of the telefypewriter where they are
recorded.

Tt is also possible for the subscriber to perforate
additional tape at this time by the operation of
the keyboard.  The perforation of the tape at this
time is just the same as described above when no
signals were transmitted from the subscriber’s
station. '

In case the supply -of perforated tape 435 be-

2,228,279

comes exhausted the tape control contacts 433
will open and interrupt the circuit of magnet
413 which will in turn release Iatch 434 to engage
the brush arm 412 and interrupt the transmission
over the line to the concentration unit.

Toll subscriber’s station—Attended only

In Fig. 2 there is shown a toll subscriber’s
station which by connecting to a toll subscriber’s
line circuit (Fig. 5) will ultimately operate a
subscriber’s line circuit (Fig. 6) in the same man-
ner that the local subscriber’s station (Fig. 4).
operates such a subscriber’s line circuit (Fig. 6).
The toll subscriber’s station is connected with
the concentration unit by a single line conductor
200 and the toll subscriber’s line circuit (Fig. 5)
acts as a translating medium to translate the
operations at this subscriber’s station into opera-
tions equal to those at the local subscriber’s
station. )

Under the idle condition conductor 298 is con-
nected through the off position of switch 201 to
the bell 202 and no current flows through the
line. When the switch 201 is thrown to the on
position, a current will flow through the line 200
which may, for example, be —30 milliamperes.
This will be the marking condition. When per-
mutation code impulses are being sent from the
concentration unit as will be more fully explained
hereinafter, the marking impulse will be as
stated, that is, —30 milliamperes and the spacing
current will be —80 milliamperes or thereabouts.
Thus the transmission from the concentration
unit will be a low value of current for marking
and a high value of current in the same direction
for spacing. Transmission in the opposite direc-
tion, that is from this station to the concentra-
tion unit, will be of a different nature. Marking
current will be —30 milliamperes but spacing
current will be --30 milliamperes.

Assuming the switch 201 to be in its on posi-
tion, the local source of power 203 will be con-
nected both to the teletypewriter motor 204 and
to the rectifier 205. The rectifier supplies direct
current to the local circuit, for example, 75 volts.
The plus and minus poles of this direct current
source are indicated coming from the rectifier
205. TUnder line-closed conditions marking cur-
rent is established through a circuit from ground,
the armature of relay 206 and its marking con-
tact, the plus lead of rectifier 205, the minus lead
of rectifier 205, the marking contact of relay
287, armature of relay 291, resistance 208, in-
ductance coil 209, resistance 210, upper winding
of polarized relay 211, resistance 212, contacts
of switch 201 to the line 200. The application
of —175 volts in series with this circuit to what
will later appear to be a ground connection at
the concentration unit, causes the flow of —30
milliamperes.

The relays 206 and 207 respond to the pulsing
contacts 213, being held in the position shown
for marking and having their armatures driven
to their alternate positions by the biasing cur-
rent in their lower windings when the circuit
through their upper windings is broken at the
pulsing contacts 213 for a spacing condition.
With the armatures of relays 206 and 207 in
their alternate positions, the plus and minus poles
of the rectifier are effectively reversed so that
now a +75 volts. is included in series with the
line and meeting, as will later appear, a ground
connection at the concentration unit a current
of ---30 milliamperes will flow.

The means for causing currents of different
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value for marking and spacing to flow over this
line under control of the concentration unit will
be described hereinafter. The effect of this,
however, can be seen at once. The polarized re-
lay 211 is biased in 'such a manner that the —30
milliampere current does not move the armature
from the position shown. However, when the
current is increased to —80 milliamperes the
bias is overcome and the relay moves to its spacing
contact.

Under marking conditions a circuit is estab-
lished from ground, the armature of relay 21
and its marking contacts, through the rectifier
214, the selecting magnet 2(5 of the teletype-
writer, the armature and marking contact of
polarized relay 281, the minus pole of rectifier 205,
the positive pole of this rectifier to ground at
the armature of relay 206. When the relay 211
moves to its spacing contact the above-described
circuit is broken.. Thus as.relay 211 responds to
incoming permutation code impulses the selector
magnet 215 will respond and operate the tele-
typewriter generally indicated in the broken-line
rectangle 2186.

When the subseriber wishes to transmit from
this substation he will operate the keyboard which
will in turn operate the pulsing contacts 213.
This will affect the relays 206 and 207 and send
different permutation code impulses in accord-
ance with the characters selected. on the key-
board.

The important point to be noted in connection
with this station is that the subscriber in initi-
ating the call to the concentration unit may do
so by merely closing the switch. 281 whereby a
marking current condition will be established or
he may, alternatively, first operate the break key
241 and hold it operated until he has operated
the key 201. whereby a spacing condition will
be first-established. In accordance with the call
being initiated by either a marking or a spacing
current condition the toll subscriber’s line circuit
(Fig. 5) will respond and translate this into a
condition similar to that described in connection
with the local subscriber’s station (Fig. 4).

Unatiended toll subscriber’s station

The subscriber’s station shiown in Fig. 3 oper-
ates on the same principle as that shown in Fig. 2
and works into the circuit shown in Fig. 5. The
transmission liné 293 extends to the armature
of the relay 881. 'This is one of a set of relays for
controlling the subscriber’s station. If the sta-
tion is not in cperating condition and a call is
extended from the concentration unit, the line
300 will extend through the armature and back
contact of relay 301 to a ringer 302 and an alter-
nating current relay 383. The ringer 302 is for
the purpose of notifying the subscriber of an
incoraing call but even if no subscriber is present,
relay 883 will become energized and, through the
movement of its armature, will cause the energi-
zation of relays 394, 385 and 301 in succession.
Relay 384 operates from one side of the local
supply of power 388 through fthe armature of
relay 383, the winding of relay 384 to the other
side of the local supply of power. Relay 304 is
slow to operate and after a time of approxi-
mately ten seconds brings up its armature and
connects the relay 305 across the power supply
wires and relay 385 locks itself through its front
contact and upper armature and thence through
motor control contacts 387 to the other side of
the power supply. Relay 305 closes a circuit
through its lower armature and front confact
to cennect ‘the local supply of power 3086 to. the

5
motor generator set 348, the rectifier 309, the
transmitting distribufor motor 310 and the fele-
typewriter motor 8{i. At the same time, relay
301 becomes energized by this same connection
and it operates its armature to cut off the line
300 from the bell 302 and the alternating current
relay 303 and connect the line 360 to the trans-
mission circuit of the station. With the recti-
fier, the motor generator set and the various other
motors connected to the source of power, the
apparatus at the substation comes into active
operation.

The transmission circuit is the same and func-
tiocns in the same manner as that in Fig. 2 and
hence it need cnly be necessary here to mention
certain of the pieces of apparatus, such as the
polarized line relay 23i2 which responds to in-
coming permutation code impulses, the two trans-
mitting relays §i3 and 3i4 which respond to the
pulsing contacts 315 to reverse the potential of
the current supply to make the difference between
marking and: spacing impulses, and the selector
magnet 316 operated from the contacts of the
line relay 3{2. The various sending and receiv-
ing. contacts, such as 311, 3{8 and 319, the per-
forator control contacts 320, the tape stop switch
221 and the switch 842 all operate in a well-known
manner  as described heretofore in connection
with the local subscriber’s station in Fig. 4 and
the various patents of the prior art mentioned.

The operation of the apparatus at this station
while unattended may be stopped by the trans-
migsion of-a predetermined sequence of code sig-
nals, such for instance as those for “blank,”
“shift” and “H,” whereupon the motor control
contacts 86T will be operated to unlock relay 385
and cut off the local supply of power.

Should the subscriber at this station wish to
initiate. a call through the concentration unit,

he will operate switch 323 which will have the 4

same effect as the operation of relay 385, that is,
it will cause the rectifier, the motor generator set
and the various motors to come into operation
and will energize relay 381 so that the line 380
will be cut through fo the transmission circuit
of the station. Again, especial attention is
drawn to the fact that the subscriber may initi-
ate the call with either a marking or a spacing
condition on the conductor 3980 whereby he will
automatically route his call either to the office
normally reached or the second choice office
which he may wish to enter under other circum-
stances. Should the . switch 323 be operated
alone, then the call will be initiated in the con-
centration unit under a marking condition, that
is, with a current of —30 milliamperes flowing
over the conductor 380. Should he, on the other
hand, wish to reach his second choice office, then
he will first operate the break key 224 and, while
holding this operated, then operate the switch
323.
Toll subscriber’s line circuil—Fig. 5

The transmission - system used with the sub-
scribers’ stations shown in Figs. 2 and 3 is ar-
ranged. so that leakage does not cause bias in
the received signals at the substation or at the
concentration unit, thus eliminating the neces-
sity of readjustment for varying weather condi-
tions on open-wire lines. This is accomplished
as follows: From the substation to the concen-
tration unit transmission is on a polar basis from
+75 volts at the substation to ground in Fig, 5.
The usual received current is about 30 milli-
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and spacing currents equally. From the toll sub-
scriber’s line circuit the transmission is ground
for marking and 4130 volts for spacing, which
meets —75 volts marking at the substation. This
results in a marking received current of about
30 milliamperes and a spacing current of about
three times the marking current in the same
direction. The receiving polar relay at the sub-
station has a biasing circuit adjusted to oppose
both marking and spacing -currents of a value
about mid-way between them. Therefore, the
armature will follow incoming signals. The effect
of leakage is to increase the marking current and
decrease the spacing current equally but this does
not cause a bias in the receiving relay since the
net effect on the relay is always equal and op-
posite. Therefore, as long as leakage is not great
enough to cause the marking and spacing cur-
rents to become nearly equal to each other and
equal to the current in the biasing winding the
receiving relay will follow signals unbiased.

Toll subscriber’s line circuit—Idle condition

During the idle condition the line conductor
may be traced through the back contacts of relay
580, the upper winding of polarized relay 501, the
lower winding of polarized relay 582, winding of
relay 5068, armature and back contact of relay
504, winding of relay 505 to ground. Relay 5086
when non-operated separates the line winding
from the bias winding of the receive relay 502
and relay 581 by its uppermost outer armature
and connects ground to one side of the bias wind-
ing through the back contact associated with this
armature. Relay 508 also connects battery
through the back contact and inner upper arma-
ture of relay 508 with the middle winding of po-
larized relay 50f to the other side of the bias
winding of relay 582. 'This holds relays 501 and
582 in 2 marking condition. Relay 567 when non-
operated separates the line winding from the bias
winding of the send polarized relay 508 by open-
ing the connection between its upper outer arma-
ture and front contact and at the same time
through the alternate contact associated with
the upper outer armature, relay 587 connects bat-

‘tery to the bias winding of relay 538, thus holding

send relay 568 in a marking condition.
Toll subscriber’s line circuit-fCall fromsubscriber

A call is originated at the subscriber’s set by
the closure of the power supply circuit of the
set. If the call is for fthe normal routing for
which the subscriber has arranged, the above op-
eration only is used. If the call is for the alterna-
tive routing for which the subscriber has ar-
ranged, the subscriber as hereinbefore noted op-
erates the break key of his set first and holds
it operated while the power supply is closed. In
the first case negative marking polarity is con-
nected to the line and in the second case positive
spacing polarity is connected to the line. In
either case relay 503 operates.

The operation of this relay closes & circuit from
battery through resistances 588 and 510, arma-
ture and contact of relay 503, resistance 532,
winding of relay 511, inner lower armature and
back contact of relay 5i2 to ground. The opera-
tion of relay B{1 closes a circuit from ground, its
armature and contact, to the armature of relay
505. If the call has been originated at the sub-
seriber’s station in the normal manner, that is,
through the operation of the power switch only
and negative marking polarity is applied to the
line, then relay 585 being polarized remains in the
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position shown-and the ground now applied to
the armature of this relay causes the operation of
relay 504. Relay 504 switches the transmission
circuit from the winding of relay 505 to the arma-
ture of send relay 508 -where it finds a ground:
Relay 504 through the operation of its right-hand
armature connects ground to the windings of
relays 586 and-597 in parallel and relay 507 con-
nects negative 130-volt batfery through-resist-
ances 513 and 5i6 and through the upper inner
armature and front- contact of relay 50T to the
ring conductor 514 leading to the subscriber’s line
circuit (Pig. 6) to signal the switchboard oper-
ator -at- one of the distant manual offices in a
manner to be hereinafter described.

If the call has been made through the opera-
tion of the break key at the subscriber’s substa-
tion before the operation of the power supply
switch, then positive spacing polarity is applied
to the line-at the subscriber’s set and relay 505
operates as well as relay 503. Relay 585 is held
operated only as long as the break key at the
subscriber’s set is held operated and releases as
soon as the break key is released, thereby apply-
ing negative marking polarity to the line. Relay
533, as before, operates relay 8i1. Relay 503 re-
leases and reoperates when the break key at the
subscriber’s station is released, thereby changing
the polarity on the line from positive to negative,
but relay 511 being slow to release holds operated.
Relay 505 operated operates relay 515 from relay
511 and relay 515 locks to ground over the back
contact and inner upper armature of relay 512.
Relay 515 applies negative battery through re-
sistances 513, 516 and 517 to the R lead 514 of
the associated subscriber’s line circuit. As soon
as relay 505 releases, relay 504 operates through
the back contacts of relay 505 to ground from re-
lay 511. Relay 504 through its operation oper-
ates relays 586 and 507 in parallel. Relay 507
connects negative battery through resistances 513
and 516 only to the R lead 514 to the concentra-
tion unit which functions to signal the switch-
board operator at the distant office. As will be
explained hereinafter, the connection of negative
battery through resistances 513 and 516 directly
in one case through the contacts of relay 507 to
R lead 514 and through the resistance 517 in the
other case causes a marginal operation at the
subscriber’s line circuit (Fig. 6) to differentiate
between the routing of the call through its nor-
mal channel or through its alternate channel,

Relay 507 through its upper outer armature
and front contact closes a circuit from the hias
winding of relay 508 to the left-hand terminal of
the operating winding of this relay, this point
forming the apex of the send relay. Relay 581
also operates relay 512 over its front contact and
inner lower armature and at the same time closes
a path for operating relay 511 from current re-
versals. The operation of relay 512 transfers the
marking contact of relay 581 from ground to pos-
itive battery through resistances 5i8 and 509 and
removes ground from grid condenser 518 of vacu-
um tube 520 to prepare for timing a break, as will
be described hereinafter. Relay 512 also connects
ground to the armature of relay 581 through the
alternate contact of its lower outer armature.
Relay 512 further releases relay 515 and supplies
locking ground for relay 521 over a circuit from
the armature of relay 581, its marking contact,
the inner lower armature and front contact of
relay 512, resistance 518, the alternate contacts
of the inner upper armature of relay 5906 to relay
§21 for the purpose of maintaining this relay
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non-operated and vacuum tube 528 non-operated.
Relay 512 also transfers the sleeve lead 522 from
a circuit leading through the winding of relay
523 to the winding of relay 524. Relay 506 closes
the connection between the right-hand terminals
of both windings of relay 502 to form the apex of
this receive relay 502.

Relay 506 also connects -+130-volt battery
through resistance 809, the alternate contacts of
the inner upper armature of relay 586 to the fila~
ment and plate circuits of vacuum tube 520 and
through the resistance 528 and the back contact
and outer upper armature of relay 523 to the
grid circuit of this tube. This is for the purpose
of preparing for timing a break, as mentioned
above. Relay 506 also closes the tip conductor
525 leading from the concentration unit through
the lower ocuter armature and front contact of
relay 566, the back contact and outer left-hand
armature of relay 526 to the operating winding of
relay 568 and thence to the armature of relay 562.
Relay 806 also extends the circuit from relay 527
through the front contact and inner lower arma-
ture of relay 883 to a contact on relay 526 for pur-
poses which will appear hereinafter. Negative
battery on the tip lead 525 from the concentra-
tion unit holds the send relay 588 to marking.
Ground on the sleeve lead 522 after the concen-
tration unit circuits have functioned as will be
hereinafter described, causes relay 524 to operate
and this in turn connects ground to condenser
518 through its lower outer armature and front
contact, the back contact and upper outer arma-
ture of relay 523 to prevent condenser 519 from
being charged from positive battery through re-
sistance 528 at this time. Relay 524 also supplies
a holding ground for relay 512 through its upper
armature and front contact. The circuit is now
prepared for thie transmission of signals when the
switchboard operator answers.

Tor.1. SUBSCRIBER'S LINE CIRCUIT—TRANSMISSION OF
SIGNALS

Conceniration unit to subscriber’s set

The. send relay 588 follows wsignals from the
concentration unit and is operated to marking
by a current of approximately 25 milliamperes.
A spacing signal reduces the current to approexi-
mately 5 milliamperes and the relay is operated
to spacing by a current of approximately 15 milli-
amperes through ifs bias winding. The opera-
tion of the send relay transmits a marking signal
of approximately 30 milliamperes-to the sub-
seriber’s station and increases the current about
three times, to approximately 80 milliamperes, for
a spacing signal. This circuit may be traced
from the armature of the send relay 588, through
the front contact and leff-hand armature of re-
lay 594, winding of relay 503,sthé operating wind-
ing of relay 502, the operating winding of relay
501, back contact and armature of relay 588 to
the line leading to the subscriber’s station. A
branch path may also be traced from the apex
point of the receive relay 502, that is, a point be-
tween the operating winding of relay 502 and the
windidg of relay 583, through the front contact
and upper outer armature of relay 506, the bias
winding of relay 582, the middle bias winding
of relay 581, through resistance %29 and con-
denser 530 to ground. This prevents the relay
581 and the receive relay 08 from operating on
capacity surges when transmitting to the sub-
scriber’s substation. Relay 503 holds operated,
since the current is always in the same direction
through its winding and relay 581 holds to mark-

7

ing through its upper operated winding for the
same reason.

Subscriber’s station to concentration unit

A negative marking signal and a positive spac-
ing signal of approximately 30 milliamperes is
transmitted from the subscriber’s set as before
described. Relay 581 and receive relay 502 fol-
low these signals. ' The receive relay 502 retrans-
mits the signals to the concentration unit, trans-
mitting ground for marking and negative battery
for spacing. The transmission path may be
traced from the armature of receive relay 502,
through the operating winding of relay 588,
through the outer left-hand armature and back
contact of relay §28, the front contact and outer
lower armature of relay 588, through resistance
831 in the tip lead 525 to the concentration unit.
Relay 503 may or may not follow the signals but,
relay 811 is held operated through its slow releas-
ing characteristics and in turn holds relays 584,
586 and 68T operated. 'The holding paths for re-
lay &1 are as follows: When relay 583 is oper-
ated and relay 581 is marking, a path may be
traced from battery through resistance 589, re-
sistance 5§10, the armature and front contact of
relay 583, resistance 532, winding of relay 5if,
marking contact of relay 561, alternate contacts
of the lower, outer armature of relay 5i2 to
ground. When relay 58{ is spacing and current
is in the reverse -direction, then relay 5ii is
maintained energized from battery through re-
sistance 509, resistance 518, front contact and
inner lower armature of relay 52, winding of re-
lay 61, resistance 532, front contact and arma-
ture of relay 503, spacing contact of relay 591, the
alternate contacts of the outer lower armature
of relay 5i2 to ground. If and when relay 593
is released and relay 581 is marking, relay §{{ is
held operated by the charging current through
condenser $33, the path being from ‘battery
through resistance 589, resistance 510, lower out-
er armature and front contact of relay 537, con-
denser 5338, resistance §32, winding of relay 51
to ground on the marking contact of relay 58i.
When relay §8{ is spacing, the charging current
is in the reverse direction from battery, through
resistance 589, resistance 518, front contact and
inner lower armature of relay 512, the winding of
relay &1, resistance %32, condenser 533, front
contact and outer lower armature of relay 597 to
ground over the spacing contact of relay 581.
When relay 501 is marking, the current through
its lower winding is in such a direction as to'assist
in holding it marking, and when the relay is
spacing is in such a direction as to assist in hold-
ing it spacing. 'This winding is to prevent false
operation of relay 83! due to cross-fire at the sub-
scriber’s line.

Break signal from the subscriber’s station

When the subscriber operates his break signal
key positive polarity will be applied to the line at
the subscriber’s set during the time the break key
is operated. The receiving relay 582 will repeat
this spacing condition to the loop circuit leading
to the subscriber’s line circuit (Fig. 6) and pre-
vent transmission from such subscriber’s line cir-
cuit. Relay 583 continues to hold relay 5{1 and
its associated relays but relay 524 is released by
the removal of ground from the sleeve lead 522
by the functioning of the subscriber’s line circuit
(Fig. 6) as will hereinafter be described. When
the subscriber restores his break signal key, nega-
tive marking polarity will be again applied to the
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relay §21.

8
line at the subscriber’s set and relay 502 will op-
erate to ifs marking contact. The circuit is then
in condition for the transmission of telegraph
signals. If the subscriber sends a break signal
exceeding six seconds’ time, tube 520 will func-
tion as described hereinafter but otherwise per-
forms no useful function at this time.

Break signal to the subscriber

A break signal from the concentration unit will
cause the send relay 508 to operate to spacing un-
der influence of its bias circuit and this will trans-
mit a spacing signal to the subscriber, thus pre-
venting transmission by the subscriber. Relay
503 continues to hold relay 511 and its associated
relays operated. The break from the concentra-
tion unit also causes the concentration unit cir-
cuits to function to release relay 524. Relay 524
released removes the ground from condenser 519,
allowing it to charge from 130-volt Dbattery
through resistances 563 and 528. When the loop
from the subscriber’s line circuit (Fig. 6) is closed
to marking, relay 524 reoperates and connects
ground to condenser 58 to discharge it before it
has time to charge to a sufficiently high poten-
tial to cause tube 528 to draw plate current.

Trouble break

The vacuum tube 529 and associated apparatus
are designed to detect a break signal from the
concentration unit lasting more than six seconds.
With relay 508 operated, resistances 534 and 535
in the plate circuit cause the filament to operate
at such a stage that with ground on condenser
519 the grid blocks the tube through current lim-
iting resistance 536. As described above, a break
signal removes ground from the condenser 519,
allowing it to obtain a positive charge through
timing resistance 528. Affer approximately six

- seconds the grid is nearly up to filament poten-
tial and the plate current operates relay 521
‘which in turn operates relay 526.

Relay 526
locks to ground over its front contact and inner
left-hand armature, the back contact and inner
lower armature of relay 524, the front contact
and inner upper armature of relay 512 to ground

. as long as the break is continued. Relay 526 also
‘transfers the lead from the operating winding of
.the send relay 588 to the tip conductor 525, from

such tip conductor to the right-hand armature of
Relay 526 also closes a path for oper-
ating relay 9527 over the front contact and inner
lower armature of relay 506, the front contact
and inner right-hand armature of relay 526 to
lead 537 to which interrupted ground is supplied
as follows: )

Relay 526 through its right-hand outer arma-
ture and front contact places battery on the con-
ductor 538. This battery is connected through
the back confact and armature of relays 529 to
the winding of relay 540. Relay 540 becomes en-
ergized and through its left-hand armature and
front contact extends this battery to relay 539.
Relay 539 becomes operated and opens the circuit
of relay 540 which, releasing, in turn opens the
circuit of relay 839. Due to the slow-releasing
characteristics of relays 239 and 540 these two
relays will repeatedly go through this series of
operations so that through its right-hand arma-
ture and front contact relay 548 supplies an in-
terrupted ground to conductor 541. Relays 542
and 543 form a pair of counting relays well
known in the art and these relays operate from
the interrupted ground on conductor 541 and
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battery on conductor 538 so as to place a ground
on conductor 544 periodically and at one-half the
frequency of the application of ground to con-
ductor 541. In the same manner, relays 545 and
546 form another pair of counting relays which
are operated through the interrupted ground on
conductor 544 and battery on conductor 538.
These relays then, through the connection of
ground to the right-hand armature of relay 545
and- through the right-hand armature of relay
546, will supply interrupted ground to conductor
537 for one-fourth of the period of complete oper-
ation of this set of counting relays. This partic-
ular timing arrangement, as will be seen herein-
after, will operate a distant teletypewriter unit
since the division of time between the application
of ground to conductor 537 and the opening of
this conductor simulates the permutation code
for “letters.” Thus upon the operation.of relay
526 the set of relays 538, 540, 542, 543, 545 and
546 are set into operation and supply an inter-
rupted ground over the inner right-hand arma-
ture and front contact of relay 526 for the opera-
tion of relay 521, as has already been pointed out.

Relay 527 operates and releases periodically in
this circuit. The loop to the subscriber’s line cir-
cuit (Fig. 6) is open while relay 5217 is released.
When relay 521 is operated it removes negative
marking battery through resistances 513 and 541
from the operating winding of relay 508 and
closes the loop through to the concentration unit
by connecting the winding of relay 508 through
the right-hand armature and front contact of
relay 5217, the front contact and outer lower ar-
mature of relay 506 to conductor 525. If the
trouble break is still affecting the line, relay 524
remains released and relays 521, 526 and 527 re-
main operated as described, and the send relay
608 sends a spacing signal out to the subscriber’s
station. Through its left-hand armature and
contact, relay 527 holds relay 511 operated during
the spacing interval so that if the subscriber dis-
connects by shutting down the apparatus at his
station, the relay 503 which may or may not
release depending on the amount of leakage pres-
ent on the line, will release when the send relay
508 next sends a marking signal out on the line.
This takes place when relay 527 next releases un-
der the influence of the interrupted ground and

thus opens the holding path to relay 511, leaving v

it under control of relay 583. At this time the
operating winding of relay 508 is again connected
through the back contact of relay 5271 and re-
sistances 547 and §13 to negative marking polar-
ity. 'This operates the send relay 508 to marking
and ground is connected to the line leading to
the subscriber’s station. The operation and re-
lease of relay 521 cause the alternate sending of
marking and spacing signals to the subscriber in
order to show him there is trouble on the line.

It should be particularly noted that the charac-
teristics of relays 539 and 540 are such that the
interrupted ground supplied to lead 537 simulates
the permutation code for “letters”. Since relay
521 now operates periodically and causes the
sending of marking and spacing signals at this
rate, the teletypewriter apparatus at the substa-
tion will respond in the same manner as though
the permutation code for “letters” were being
continuously sent and this in turn will constitute
an audible signal to the subscriber through the
periodic and audible working of the teletype-
writer apparatus.

The subscriber may, however, recall or discon-
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nect in the manner to be presently described. If
relay §27 is operated and the space signal changes
to marking polarity in the loop circuit to the
subscriber’s line circuit (Fig. 6), then relay 524
wiil operate and in turn will release relays 521,
526 and 527 and the circuit will be ready for
communication.

Disconnection by the subscriber
The subscriber disconnects by throwing his

power switch to the off position, The set returns
to the normal idle condition, that is, the line is

‘opened to direct current and is connected through

the condenser and ringer to ground. In the toll
subscriber’s line circuit the relay 583 releases
and in turn releages relay Bii.. Relay 5il re-
leases relay 584 which in turn releases relays 566
and 587 and at the same time breaks the con-
nection between the relay 583 ard the armature
of relay B88. - The return to normal of relay 594
also connects ground through the back contact
and left-hand armature of relay 584 to the line
leading to the. subscriber’s station. The release
of relays 588 and 587 applies local battery to the
bias windings of the send and receive relays 583
and 582 fo hold them in a marking condition.
Relay $88 opens the tip lesd 525 to the concen-
tration unit and the releasz of relay $37 removes
battery from. -the ring lead %{4 to the concen-
tration unit. This fuuctions to bring in a dis-
connect signal at the concentration unit. If the
subscriber. disconnects during a2 trouble break
which has caused relays 521, 528 and 527 to op-
erate, relay 585 will releasé on the first marking
impulse, as heretofore described, and the relay
511 will release, thus releasing relay 584 which

‘functions as just described. However, if the loop

is' still ‘spacing when the operator receives the
disconnect -signal, relays 821 and 5426 will ‘be
operated. Relay 887 returning to normal will
release relay 512 which will cause relays 524 and
5328 to return to normal.

Recall signal from the subscriber

A recall signal is given to the concentraticn
unit and thence passed on to the distant central
office switchboard cperator by the subscriber set
attendant momentarily cpening the power cir-
cuit or operating the recall key of the subscriber’s
set. ‘While the power switch is open or the recall
key operated, the line is opéred to direct current
and relay 583 in the toll subscriber’s line circuit
released, in turn releasing relays 5il, 504, 506
and 587. Relay 587 functions as described pre-
viously to remove battery from the ring lead 514
which causes the concentration unit to function
to bring in a steady lamp at the distant central
office as will be more fully described hereinafter.
Relays B85 and %87 becoming released, open the

path for operating relay Bil on reversals and

furnish batiery for holding the send and receive
relays 988 and 862 ina marking condition. When
the power switch is closed or the recall key is
released at the subscriber’s set, negative mark-
ing polarity wiil be applied to the line with the
result that relay 883 operates and in turn again
brings up relays Bii, §04, 588 and 867. Relay
591 becoming operated, again connects battery
to the ring lead B4 which causes the concentra-
tion unit circuits to function o give the switch-

‘board operator a flashing supervisory lamp recall

signal in a manner {6 be further explained here-
inafter. Relays 588 and 5387 restore the send
and receive relays 508 and 802 to their trans-
mitting condition.

‘nals over the line to the subscriber.

5

The subscriber may send a recall or disconnect
signal during the time the line is marking when
a trouble break exists on the concentration unit
side of the repeater comprising send and receive
relays 508 and 502. When this condition exists
the line circuit “times out” after approximately
six seconds and causes the transmission from
relay 988 of long marking and short spacing sig-
The sub-
scriber may recall during the time the line is
marking and this will cause the cord supervisory
lamp to flash as previously explained. The op-
erator will go in on the circuit and operate the
split key in order to cut off the cord circuit
through which the trouble break is coming. This
will change the loop between the toll subscriber’s
line circuit and the subscriber’s line circuit (Figs.
5 and 6, respectively) to the marking condition
and the circuit will then function as hereinbe-
fore described.

TorLr, SUBSCRIBER's LIng CircuorT—CArring  SUB-
SCRIBER'S ‘STATION

Attended service—Fig. 2

‘When a calling cord is inserted in a line jack
of the two-way trunk circuit to the line concen-
fration unit as will hereinafter be more fully de-
scribed ‘and the ringing key thereat is operated,
the concentration unit circuits will funection to
place ground on the sleeve lead 522, which will
operate relay 523. Relay 523 closes a circuit from
ground, the right-hand armature and back con-
tact of relay 584, the inner upper armature and
front contact of relay 523, the -armature and
back contact of relay B548, the winding of relay

‘B48 to battery, whereupon this relay becomes

operated and in turn connects the ground on the
armature of relay 584 through the front contact
and right-hand armature of relay 549 to the
winding of relay 500. Relay 588 becoming op-
erated, disconnects the line from the relay 501
and other relays connected thereto and connects
instead the source of continuous ringing current,
here designated by the current limiting lamp
588, through the front contact and left-hand
armature of relay 549, the front contact and left-
hand armature of relay 563 to the line leading to
the subscriber’s station. When the operator at

the distant office releases the ringing key, relay
‘549 releases and this opens the ringing circuit

and closes the line through resistance 551 to
ground momentarily since relay 580 is slow to
release. - Resistance 85! tends to discharge the
line before it is again connected to the relays
501, 592, etc. When the subscriber answers, relay
893 operates, operating in turn relays 511, 504,
596 and 887 as heretofore described. Relay 508
becoming operated, closes the tip conductor 525
through to the operating winding of send relay
508 and relay 587 becoming operated, closes the
ring conductor $i4 through to negative battery
so that the circuits beyond in the concentration
unit function to extinguish or flash the cord
supervisory lamp at the distant office. Relays 506
and. 887 function in the manner previously de-
scribed and relay 584 closes the line to the sub-
scriber’s station through to the armature of send
relay 568.
Calling subscriber’s station—Unattended service—
Fig. 3

When the calling cord is inserted in the line
jack of the two-way trunk circuit to the concen-
tration unit as will be more fully described here-
inafter and the ringing key thereat is operated,
the concentration unit circuits will function to
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place greund on.the sleeve lead 522 which will
operate the relay 523. Relay 523 becoming op-
erated, transfers the charging path for the con-
denser 518 from resistance 528 to resistance 552
for the purpose of lengthening the time measured
by the tube 520 and its. associated apparatus.
Relay 523 operates the relay 549 as hereinbefore
described, with. the result that ringing current

is transmitted to the subscriber’s station (Fig. 3).

Relay 823 also connects battery to the filament
and plate circuits of tube 520 and transfers the
contacts of relay 821 to the winding of relay 548.
In this way the relay 523 has transferred the
timing-out circuit from relay 526 to relay 5438
to time the duration of ringing. When the re-
lay 823 operates, the condenser 518 starts to
charge from positive battery through the timing

resistance 852, At the end of the ordinary ring-

ing signal, lasting only a few seconds, relay 523
releases and ground at relay 512 discharges the
condenser 5{8, restoring the circuit to normal.
However, if the operator sends a long ring the
unattended station will be automatically started
as hereinbefore described and after approximately
nine seconds the subscriber’s station will be cut
through' to the concentration unit as follows:
After nine seconds the condenser 5(9 is suffi-
ciently charged to cause tube 528 to conduct,

‘thus operating relay 521 which in turn operates

relay 848. Relay 548 in operating opens the op-

erating path for relay 548, causing it to release

and in turn to release relay 508 which closes the
line lead to the line side of the toll subscriber’s
line circuit, The application of ringing current
to the line causes the unattended start circuit at
the station set to function and to place negative
marking current on the line. This in turn oper-
ates relays 583, 514, 504, 508, 507 and 512 and the
circuit functions as previously described.

If the toll subscriber’s station set has not been
started by the fime tube §28 operates, relay 503
will not operate when relay 500 is released and,
therefore, after a reasonable time the operator
should release the ringing key and then reoperate
it. This in turn will release the relays 528 and
848 and then reoperate relay 523 which in turn
operates relays 851 and 500 to send ringing cur-
rent out over the line again. If after ringing
several times the unattended station is not
started, the failure of the distant operator to re-
ceive an answer signal will indicate that a trouble
condition exists.

Subscriber’s line circuil—~Fig. 6

Fig. 6 shows the essential elements of the sub-
scriber’s line circuit connecting either to a local
subscriber’s line, such as that shown in Fig. 4,
or to a toll subscriber’s line circuit, such as that

shown in Fig. 5, which extends to the toll sub~ -

scriber’s. station, such as that shown in either
Pig. 2 or Fig. 3. In Fig. 6 two subscribers’ line
circuits are indicated, one shown in full within
the broken line and another indicated in the rec-
tangle directly above and marked “Station #90.”
It - will be noted that in the ¢ase of a local sub-
scriber only the tip and ring conductors extend
from the subscriber’s line circuit toward the sub-
scriber’s station, while in the case of the toll sub-
scriber - a third conductor, the sleeve, extends
from the subscriber’s line circuit to the toll sub-
seriber’s line circuit. - The function of the circuit
is the same in each case. Since the toll sub-
scriber has an additional circuit interposed, that
shown in Fig. 5, the third or sleeve conductor is

“extended from. the subscriber’s line circuit for
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certain supervisory purposes in such additional
circuit.

It has been shown hereinbefore that the trans-
mission from a local subscriber’s station is on a
5-25 milliampere basis whereas the toll sub-
scriber’s station works on a somewhat different
basis. The toll subscriber’s line circuit, however,
is a translating medium so that the transmission
into the present subscriber’s line circuit is on a
5-25 milliampere basis.

Subscriber originates a call

The subscriber originates a call by operating
the power switch associated with his substation
to the on position. In the case of a local sub-
scriber’s station, this will close the loop through
so that current flows from battery, the alternate
contacts of the inner left-hand armature of re-
lay 606, over the conductor 607 which may be
traced through the back confact and inner left-
hand armature of holding magnet 800, back over
conductor 668, the normal tip contacts of jack 609
to the tip conductor 618, that is, over the sta-
tion loop returning over conductor 611, the nor-

mal tip conductors of the jack 612, conductor *

613 where it may be traced through the alter-
nate contacts of the outer left-hand armature
of holding magnet 800, back over conductor 6i4,
through the right-hand winding of marginal re-
lay 615, the winding of line relay 616 to ground.
If the power switch key 403 only is operated, then
both relays 6i6 and 615 will become operated.
If the break key at the substation has been op-
erated first, then relay 615 will not at once oper-
ate, giving an opportunity for the operation of
relay 617 prior thereto.

In the case of a toll subscriber, if the call is
originated in the normal manner then it will be
remembered that a circuit was established from
battery, resistance 513, resistance 516, the inner
upper armature and front contact of relay 501 to
the ring -conductor 514 which would correspond
to conductor €i1 and which could be traced
through the windings of relays 645 and 616. The
current fiowing through resistances 513 and 516
in this circuit would be sufficient to bring up both
relays 615 and 616. However, if the toll sub-
scriber first operated his break key, it will be re-
membered that relay 9i5 first came up. This has
the effect of including an additional resistance
511 in the ring circuit in series with conductor
514 and this would cause a current to flow
through relays 615 and 616 insufficient in amount
to bring up the relay 615. Thus it will be seen
that the origination of a call from either a toll
subscriber’s station or a local subscriber’s station
has the same effect in the subscriber’s line cireuit.

The operation of the line relay 616 places a
ground connection on the start lead 6i8 to the
sequence circuit and this causes such sequence
circuit to function and bid for the privilege of
routing the call through the line concentration
unit. Ags will be seen hereinafter, the sequence
circuit returns a ground over the conductor 619,
causing the lamp 620 to be steadily illuminated
and the night alarm relay in the sequence circuit
reached over conductor 685 to be energized until
the sequence circuit obtains the privilege to route
the call. The line circuit is held under. control
of the line relay 616 and in turn under the con-
trol of the power switch of the subscriber’s station.

It has been mentioned above that the difference
between a call originating in the normal manner,
that is, when the subscriber intends to reach a
trunk to his first choice office, and g call originated
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in‘the éther manner, that is, when the subscriber
intends to ‘'reach his second choice office, is ‘the
difference between thenon-operation and the op-
eration of relay §i1. If the marginal relay §15
is prevented from operating immediately by the
operation of the subscriber’s break key then relay
617 will become energized, but if the call is
originated in the normal manner then relay 617
fails to energize. ‘In either' case then after the

_sequence -circuit has obtained the privilege of

routing a'call through the line concentration unit
it‘places battery on conductor 821 which leads to
the ‘left-hand -armature of relay 611. Therefore,
if the-call is normal conductor §88 will be con-
nected to-battery, but if the call is for the second
choice office -then battery will be placed on con-
ductor 681 instead. Conductors §25 and 681 lead
to Pig. 16 where they connect respectively to con-
ductors ‘1668 and ‘1661, The particular purpose
of this will appear hereinafter. It will be noted
that if-the-call has keen criginated in the normal
manner so that relay 6171 fails to operate, the
ground -returned from the sesquence circuit on
eonductor ‘619 -connecting to the back contact
of ‘the -outer right-hand armature of relay §{1
catses lamp 28 to light steadily. If the call has
been originated in the other manner and relay
6171 has become operated, then ground, through
an ‘interrupter ‘622 having an interval of sixty
impulses -per minute, will be connected through
the front contact of the outer right-hand arma-
ture of relay 617 to cause lamp 628 to flash at the
rate of sixty times per minute.

It will be noted that the leads from the back
and front contacts of the left-hand armature of
relay €17 are labeled “First choice” and “Second
choice,” respectively. Such leads may be con-
niected in either manner to the common con-
ductors 680 and 881 so that conductor 688 which
may mean first choice for one line may.-be second
choice for another. This is indicated by the man-
ner in which the “first choice” and ‘“second
choice” leads coming from subscriber’s line circuit
“Station #90” are connected to conductors 691
and 8§080.

. Connection to ¢ trunk at the disiant office

When the sequence circuit has obtained the
privilege of routing a call through the concentra-
tion junit, ‘a predetermined trunk to the master
office is seized and the link circuit functions as
will ‘be hereinafter described. The operation of
the magnet, such as 800, in the link circuit re-
moves battery through the tip eonductor and re-
moves the line relay 6§16 and the marginal relay
615 from the ring conductor and connects the tip
and the ring of the subscriber’s line through the
link circuit to the selected trunk. The sub-
scriber’s line supervision thereafter is handled by
the supervisory relay in the trunk circuit.

Disconnect signal

When the subscriber disconnects, supervisory
Teatures of the trunk circuit function and in turn
cause the hold magnet §88 of the link circuit to
Telease, returning the circuit to normal.

All-trunks-busy condition

If all trunks leading from the line concentra-
tion unit are busy when a subscriber originates
a-call, the sequence circuit functions to seize the
preference but the all-trunks-busy circuit places
a ground on conductor 623 in a manner to be
hereinafter described. This ground on conductor
623 causes the operation of relay 638 which locks

- relay 606 to the subscriber.

11

under control of the line relay 616 in a circuit =

from ground, the armature and contact of relay
616, the armature and front contact of relay 615,
the front confact and inner right-hahd armature
of relay 688 and the winding of this relay to bat-
tery. Relay ‘686 disconnects ground from . .con-
ductor 618 which is the start lezd of the sequence
circuit and ‘this causes the latter circuit to .re-
turn -to normal. Relay €608 also places a ground
on conductor §93 at its front contact and outer
right-hand armature. Conductor 683 leads to the

10

circuit shown in PFig. 20 and there connects to -

conductor 2683,  As will appear hereinafier; this
ground .permits a-continuous output of “letters”
or “K” signals. -‘Relay 608 also maintains ground
on-conductor 648 over its outer lefi-hand arma-
ture and front contact in order to prevent the ex-
tinguishing of .the lamp 628 after the sequence
circuit has been dismissed. Relay 888 further
transfers -the tip conductor .of the subscriber’s
line from megative 130-volt hattery to the “K”
lead conductor €82 leading to conductor 2892
of the all-trunks-busy circuit. :Since-all frunks
are in use at this time the all-trunks-busy circuit
sends “letters” characterg at the rate of sixty
per minufe over lead 2082 to conductor 682 and
thenece through the inner left-hsnd armature of
This “letters” signal
consists -of a-short spacing pulse follawed by a
long marking pulse simulating the permutation
code for “letters” and this causes a series-of dis-
tinctive operations- of the subscriber’s -teletype-
writer -which will appear as an audible signal.
As soonas & trunk becomes idie ‘the all-trunks-
busy circuit sends “K” signals.instead of “letters”
over the “K”.lead. These “K” signals consist of
marking and spacing impulses-arranged to simu-
late the regular permuiation code for the char-
acter “K” and result in a series of “XK’s” heing
printed on the subscriber’s teletypewriter. Mean-
while the relay 648 has remained operated during
“letters” and “¥K”.signals due to its slow-releas-
ing -characteristic, under control of the power
switch at:the subscriber’s station. ‘Upon receipt
of the “K” signals, the subscriber is instructed to
disconnect -and -originate a new call in order to
seize the trunk which has become idle. The re-
turn of the power switch to normal releases relay
&16 to normal.. When the relay 806 releases, the
output of “letters” or “K” signals in the .all-
trunks-busy - circuit will be discontinued unless
some other relay, such as 888 in the concentration
unit, is operated. .

Each subscriber’s line circuit has -an individual
conductor leading to the director circuit. Tt will
be noted that the subscriber’s line circuit shown
in full-detail in Fig. 6 is marked “Station #44.”
It will be further noted that conductor 604 is
labeled “To conductor 2104.” Conductor 2104,
it will be found, is that particular conductor
in the director circuit which may be reached
through the sending of figures 4—4. Similarly,
conductor 690 leading to conductor 2190 from
the upper subscriber’s line circuit marked “Sta-
tion #90” is that particular conductor in -the
director circuit which may be reached through
the sending of the characters 9 and 0. The func-
tion-of these conductors will appear hereinafter.

Link circuit

In Figs. 8 and 9 there 'is illustrated what is
known as the link circuit. It is a diagrammatic
representation of a cross-bar switch with the
various -connections leading on the ohe side fo
the subscriber’s ‘line -circuit ‘and on the other
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side to the trunk circuits to the distant office.

For a full understanding of the cross-bar switch
reference may be had to the following patents:
1,953,503, J. N. Reynolds, Apr. 3, 1934,

2,021,329, J. N. Reynolds, Nov. 19, 1935.
2,040,334, J. N. Reynolds, Muy 12, 1936.
2,039,630, J. A. Burrell, May 5, 1936.
2,039,644, D. H. Gleason et al., May 5, 1936.

It will be understood that with selecting mag-
net 801 and holding magnet 800 operated (with
selecting magnet 801 then released) that the set
of contacts 8062 will be operated so as to extend
the subscriber’s line circuit shown in Fig. 6 to
the trunk circuit indicated at the top of Figs.
11 and 13 leading to the circuit of Fig, 19. It
will be understood also that with selecting mag-
net 900 operated and the holding magnet 860
operated (with selecting magnet 900 then re-
leased) that the set of contacts 901 will effec-
tively connect the subscriber’s line cireuit of Fig.
6 to the trunk circuit shown in full in Figs. 11
and 13 and extending to the circuit of Fig, 15.
Figs. 16 and 19 represent the termination of
these trunks at distant offices.

Assuming that Fig. 15 represents an office in
one locality and that Fig. 19 represents an office
in another locality, the subscriber has, according
to commercial arrangements made, selected one
or another as his first choice office whereupon
the other becomes the second choice office. As-
suming Fig. 15 to represent the first choice office
then if he initiates the call by the mere opera-
tion of his power switch the selecting magnet
801 or one of the other selecting magnets shown
in Fig. 8 will cooperate with the holding magnet
800 to extend his line to the office of Fig. 15. It
will be more fully explained hereinafter how, if
all of the trunks leading from Fig. 8 are busy,
the call will nevertheless be extended over one
of the second choice trunks leading from Fig. 9.
In case all of these are busy then the all-trunks-
busy condition will be set up and the subseriber
will have an appropriate signal displayed before
him. In case the subscriber initiates the call in
such a manner as to extend his call over one
of the trunks of Fig. 9 to his second choice office
then if all of the frunks indicated here are busy
his call will nevertheless be extended over a
trunk in Fig. 8 and in case that all of these are
also busy an all-trunks-busy condition will be
set up and he will be appropriately notified. 'The
action of these circuits may be explained in an-
other manner, that is to say that all of the
available trunks in both the first and second
choice offices are placed in a sequence circuit and
when. a call is initiated something akin to hunt-
ing for an idle trunk will take place, starting
from a point determined in advance by the com-
mercial arrangements made by the subscriber
and continuing through the sequence until no
idle trunk at all is found when the all-trunks-
busy will become effective. If the subscriber
changes the point of entrance into the sequence
of these trunks by theé operation of his break
key in order to get a second choice trunk, then
the action akin to hunting will begin with the
second choice trunks but will nevertheless con-
tinue throughout all of the trunks in sequence un-
til the all-trunks-busy condition is encountered.

In the idle condition of the link circuit or the
cross-bar. switch of Figs. -8 and 9 all magnets
are released and the tip and ring sides of the
subscriber lines are connected -through the sub-
scriber line circuit through the back contacts of
the holding magnet, such as the holding magnet
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800. When a subscriber places a call the se-
quence circuit, as will be more fully explained
hereinafter, will determine which trunk the sub-
scriber shall use. The selecting magnet, such
as 801, which is associated with the trunk thus
selected will be energized to position the select-
ing fingers of the cross-bar switches. The clo-
sure of the selector off-normal contacts will place
a ground on conductor 802 which will extend to
conductor 2302 and there operate relay 2300.
The operation of relay 2300, as will be explained
more fully hereinafter, will, through the opera-
tion of the sequence circuit, place a ground on
conductor 628 which corresponds to conductors
828 and 928 and which will operate the holding
relay 803 to close an energizing circuit for the
holding magnet 800. Operation of the holding
magnet will cause the closure of the switch con-
tacts at the intersection corresponding to the
trunk to the calling subscriber line.

When a trunk is selected by the distant man-
ual operator for the purposes of placing an in-
ward call, the selecting magnet will be operated
in advance of the completed selection of the
desired subscriber line. If the selected subscriber
is idle the closed condition of the selecting ofi-
normal contacts through the operation of relay
2300 will extend the ground through the director
circuit, which will eventually appear as a ground
on conductor 628 and, as before, will cause the
operation of relay 903 and thence the holding
magnet §86.

Two-way trunk circuit to master office—
Figs. 11 and 13

The two-way trunk circuit to the master office
shown in Figs. 11 and 13 is arranged to possess
complete supervisory features and will operate
in conjunction with the associated loop repeater
which functions on a half-duplex transmission
basis only in the transmitting condition. It is
arranged to be the connecting link between the
teletypewriter subscriber connected to it by a
link circuit and a terminal repeater associated
with the two-way trunk to the distant manual
central office.

In Fig. 13 at the right are shown two broken-
line rectangles. The circuit in rectangle 1321
represents a terminal repeater for the concen-
tration unit end of the two-way trunk circuit and
the rectangle 1328 represents a terminal repeater
for the central office end of the two-way trunk
circuit shown in detail in Fig. 15. A marking
impulse transmitted over conductor 1301 operates
the two relays 1330 and 1331 which reverse the
battery connections to conductors 1332 and 1333
and eventually drives the armature of relay (334
to its marking contact, thus placing a marking
signal on conductor (335 which will in turn af-
fect relays {885 and 1584. A marking impulse
from the central office end will come in over con-
ductor 4329 and affect relays 1336 and 1331 which
reverse battery on conductors 1338 and 1339,
eventually driving the armature of relay 1349 to
its marking contact which in turn causes mark-
ing battery over conductor {326 to affect relays
1363 and !i{3. Conductors 1350 and 1351 rep-
resent the trunk circuit between the concentra-
tion unit and the central office.

These terminal repeaters are well known in the
art and therefore a detailed description is un-
necessary. In the description hereafter, there-
fore, when a marking impulse is said to be trans-
mitted from the circuit of Fig. 11 or from the ar-
mature of relay {127 it will be understood that
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such & marking impulse affects the terminal re-
peaters to transmit a marking impulse to relays
1505 and 1504, and in the same way when here-
after it .is said that a marking impulse is trans-
mitted over conductor 1529 it will be understood
that the terminal repeaters are affected to trans-
mit a marking impulse to relays 1383 and 1{13.

The two-way trunk circuit to the master office
shown in Figs. 11 and 13 will now be described.
Before giving a detailed description of the cir-
cuits, the various functions of this circuit will be
enumerated.

When this circuit is. seized by a calling sub-
scriber it is desighed to send a mark signal to
the distant manual office as the calling signal. In
the case of an outward call this circuit is ar-
ranged to await an automatically sent ringing
signal from the distant central office as a trunk
conductor test before permitting the link to con-
nect the calling subscriber to the trunk. In the
case of an outward call this circuit is arranged to
warn the miscellaneous alarm circuit that either
the calling-in: sighal has not been registered at
the distant central office or, in any event, that
the automatically sent ringing signal from the
central office has. not been: received at the line
concentration unit. When the miscellaneous
alarm circuit “times out,” this circuit in conjunc-
tion with the sequence circuit takes the trunk in
question out of service, making it busy to a lo-
cal calling subscriber and sending a special sig-
nal originated in the sequence circuit to the op-
erator at the distant end to indicate that the
trunk is in trouble. In the case of an outward
call, after the link has connected the calling sub-~
seriber to the trunk circuit and the sequence cir-
cuit has released. but before the sequence circuit
is made available for the routing of the new call,
this trunk circuit is arranged in conjunction with
the trunk sequence portion of the sequence cir-
cuit to make this particular trunk busy to all
calling subscribers. This busy condition is.locked
in as long as the trunk is in service on a particu-
1ar call. On a'call originated by a subscriber this
circuit remains in such a condition prior to be-
ing answered at the distant manual end that the
local calling subsecriber may manually flash the
calling lamp at the distant manual end. Under
this condition, if a subscriber disconnects before
the operator answers, the calling mark signal is
immediately  discontinued and the signal lamp
at the manual board is extinguished. After ap-
proximately three and seven-tenths seconds this
cireuit closes the bias winding of the loop super-
visory relay, permitting it to detect the subscrib-
er’s release signal, upon detection of which this
circuit orders the link circuit to release the call-
ing subscriber’s line from the selected trunk. As
soon as the calling subscriber is disconnected
from the selected trunk the busy condition is im-
mediately removed and the trunk in: question is
made available to another calling subscriber. In
the case of a call originated by a subscriber when
a mark signal is sent from the central office to
the line concentration unit, indicating that an op-
erator has answered the subscriber being con-
nected to the trunk circuit, the circuit is arranged

to change to the half-duplex basis or the normal -

transmitting condition. After the circuit has
been arranged to operate on a half-duplex basis
in the case of a toll subscriber’s line circuit, a
ground is sent back over the sleeve lead, such as
conductor 522, to hold the toll subscriber’s line
circuit during transmission of pulses. Ditring the
half-duplex transmitting condition the circuit is

13

arranged to distinguish between normal trans-
mission of pulses and a transmission break caused
either by the sending of a normal bresk from
either end or by a subscriber disconnecting.
Upon the reception of a long space or break
signal from the concentration unit this circuit
sends a-space signal to the distant end provided,
of course, that a space signal is not already being
received from the manual end. After three-
fourths of a second continuous space the circuit
closes the bias winding of the lcop supervisory re-
lay to permit it to detect the subscriber’s discon-
nect signal. If the subscriber has not discon~
nected, this circuit continues to send ringing cur-

rent to the manual end as long as the break per-

sists. Upon the reception of a long space signal
from the distant manual end this circuit im-
mediately sends a space signal to the subscriber
if the subscriber is not already originating a space
signal. After one-half second this circuit con-
tinues and increases the loop spacing current to
10 milliamperes and arranges to make the loob
supervisory relay more sensitive. The {runk cir-
cuit is also then arranged to detect the reception
of ringing from the manual end, at the same time
closing the bias winding of the loop supervisory
relay to permit it to detect a subscriber’s discon-
nect signal. The trunk circuit also removes
ground from the sleeve lead to the toll subscrib~
er’s line circuit to permit such circuit to inde-
pendently start timing the duration of the break,
as heretofore described, and thereafter to enable
the detection of the subscriber’s disconnect sig-
nal, the results: of which are sent to the trunk
circuit over the ring lead, such as conductor 514,

If the reception of a three-quarter second space
signal from the manual end is followed by ring-
ing from the manual end, indicating the recep-
tion of a break, the circuit remains in the condi-
tion above described for the duration of the ring-
ing, provided the subscriber does not disconnect.
Upon the conclusion of & break signal the circuit
returns to its transmitting condition, sending .a
mark signal to the distant end if a subscriber’s
break was terminated or a mark signal o the
subscriber if a break from the manual office was
terminated. If the loop supervisory relay under
the conditions above described detects a sub-
scriber’s disconnect signal, the trunk circuit sends
a, continuous space signal to the manual end as a
disconnect signal. If the reception of a three-
quarter second space signal from the manual end
is not followed by ringing, the trunk circuit
assumes the distant end has disconnected and as
the subscriber has already disconnected, orders
the link circuit to release the subscriber’s line
from the trunk. If the subscriber sends a recall
signal during the reception of a mark signal from
the central office the circuit sends a continuous
space signal to the manual end as a disconnect
signal and then sends a mark signal to the central
nffice as soon as the subscriber’s loop iz closed
again, thus erasing the disconnect signal. If a
subscriber sends a recall signal after the registra-
tion of a break signal and during the reception of
ringing from the manual end, the loop super-
visory relay detects the opening of the subscrib-
er’s loop and sends a space signal to the manual
end, changing it to a mark signal as soon as the
subscriber’s loop closes again. If a subscriber
sends a recall signal during the reception of a
space signal from the manual end no space signal
is sent to the manual end until the loop super-
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visory relay detects the open loop condition or a
maximum delay of approximately one-half sec-
ond as compared with the condition just de-
scribed. When an operator at the manual end

seizes a trunk to the line concentration unit this -

circuit receives a mark signal from the central
office and upon the reception of such a signal of
a definite length, the trunk circuit is arranged to
make the trunk test busy to all calling subscrib-
ers and to enter the trunk portion of the sequence
circuit for the privilege of seizing a director and
routing the call to the calling subscriber. If an
operator seizes a trunk at the central office at
the same time that a subscriber makes an out-
ward call calling for a routing over the same
trunk, the operator receives the use of the oper-
ator’s trunk and the subscriber’s outward call is
routed to the next idle trunk. If the operator se-
lects a trunk after the calling-in signal appears,
the calling subscriber will be connected to the
calling operator. When the privilege to route the
call through the office is received, the trunk cir-
cuit is connected to the director circuit to permit
the latter circuit to send the “director ready”
signal to the central office end and to receive
from the central office the calling subscriber’s
number, The director decodes the information
received from the central office end and proceeds
to test the called subscriber line to determine
whether it is idle, busy, out of order or unas-
signed. If it is idle it proceeds to connect the
subscriber line to the trunk circuit. If the sub-
scriber line is found in any of the other condi-
tions a distinctive signal is immediately sent to
the manual office. This distinctive sighal has
originated in the director circuit.

On a call originated by an operator when the
called subscriber is connected to the trunk the
sequence circuit is released, thus disconnecting
the director circuit and the “director ready” sig-
nal from the particular trunk and making both
the sequence circuit and director available to a
new call.

The circuit is arranged to repeat ringing un-
der control of the distant operator. In the case
of a local subscriber line ringing is sent out over
the tip conductor to the subscriber’s premises,
while in the case of a toll line terminating circuit
ringing current is not sent to the subscriber line
directly but a ground is sent over the sleeve lead,
such as 522, during the ringing period. It has
been shown hereinbefore how relays 548 and 568
operate to send ringing current to the subscrib~
er’s line. When the subscriber answers the trunk
supervisory  relay operates, ringing is discon-
nected from the subscriber line and the trunk
circuit is changed to a half-duplex operating
basis.

If a call originated by the central office opera-
tor fails to get through due to conductor trunk
failure, failure in the trunk cireuit, the associated
sequence circuit or the director circuit, the mis-
cellaneous alarm circuit associated with this unit
times out, returns the-trunk circuit to normal
and frees the director and sequence circuits. The
trunk circuit is removed from service, being made
busy to all calling subscribers and a distinctive
signal originated in the sequence circuit is sent
through to the distant central office to indicate
to. the operator that the trunk is in trouble. If
the operator seizes a trunk at the central office
but disconnects before the “director ready” sig-
nal is sent, the trunk circuit at the line concen-
tration unit refurns to normal immediately, re-
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Jeasing the sequence and director circuits if at-
tached. If the operator disconnects after the
“director ready” signal has been received but be-
fore completion of typing of the number, the
trunk circuif, sequence circuit and director cir-
cuit return to normal, discontinuing the “di-
rector ready” signal. If under the above condi-
tions the operator sends a break signal, the se-
quence and trunk circuits return to normal, dis-
connecting the “director ready” signal, but the
trunk circuit is still under control of the opera-
tor and busy to calling subscribers. If the opera-
tor disconnects before the called subscriber an-
swers but after his line has been connected to the
trunk circuit, this circuit functions to release the
link circuit and disconnect the subscriber’s line
from the trunk.

The details of the operation of this two-way
trunk-circuit to perform these functions will now
be described.

Outward call originated. by a subscriber

When a subscriber associated with a line con-
centration unit originates a call the functioning
of his associated line and sequence circuit places
a ground on the start lead 1180 of the preselected
idle two-way trunk circuit shown in Pigs. 11 and
13, the selection of the first idle trunk being a
function of the sequence circuit. Ground on
conductor {168 causes the operation of the start
relay 118f which locks under control of a ground
found on conductor {402 at the back contact and
inner upper armature of relay 1288. Relay {10!
operates the off-normal relay 1103 from ground,
outer lower armature and front contact of relay
(181, winding of relay 1183, conductor {116, back
contact and inner lower armature of relay 1261
to battery. Relay 1181 also places a ground
through the front contact and middle lower
armature of relay ({81, the back contact and
upper outer armature of relay 104 to conductor
105, which conductor is extended by conductor
1385 through the normal contacts of jack 1399 to
conductor 1301 leading to the distant manual
office.
ing signal to the distant manual end as g calling-
in signal. Relay (101 also extends ground from
the outer lower armature and back contact of
relay [£86 through the outer lower armature and

This causes the transmission of a mark-:

back contact of relay 1187, the outer upper arma- °

ture and front contact of relay 1181 to conductor
1108 which connects'in Fig. 23 to conductor 2368

and thence through the lower winding of relay

2381. The connection of ground to the conduc-
tor 2308 and the operation of relay 2391 in the
miscellaneous alarm ecircuit is utilized in such
circuit as an indication that the trunk ecircuits
have become off-normal and a calling sighal has
been sent to the distant manual end. The op-
eration of the off-normal relay (183 supplies
ground to the winding of relay {409 through the
front contact and inner upper armature of relay
1183, thence through the winding of relay | 109,
conductor ({49, conductor 248 to the associated

contacts of group 98! preparatory to extending “6:

this to conductor 928, for the holding of relay 993
when the ground originally extended over con-
ductor 828 is removed. The off-normal relay
1182 also furnishes battery potentials to the bias
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the bias winding of the relay {113 of the loop
repeater over a circuit from battery, lower arma-
ture and front contact of relay 1183, resistance
{114, back contact and upper outer armature of
relay 1302, lower winding of relay 1 {13 to ground.

At the distant manual end the reception of
a mark signal is used to place busy condition on
the multiple and advance the idle indicating
lamp if one is used, light the calling-in signal
lamp and at the same time send a continuous
ringing signal to the line concentration unit.
Reception of ringing in this circuit causes the
relays 1303 and 1113 to operate and release rap-
idly.. The rapid operation and release of relay
1303 has no effect upon relay 1384 but the relay
f1i3 of the line repeater connecting, as it does,
negative battery and ground alternately to relay
{115, simulates an alternating current and relay
i1i5 responds. The operation of this relay
causes the operation of relay {i871 from ground
on the lower outer armature and front contact
of relay-1101, armature and contact of relay 11148,
winding of relay (107, back contact and upper
outer armature of relay 1105 to conductor 11i6
leading, as before, through the back contact and
lower armature of relay 1281 to battery. Relay
{187 removes ground from conductor 1188 and
releases relay 2301 thus notifying the roiscella-
neous alarm circuit that the trunk is no longer
off-normal since the proper reception of the
calling mark signal at the distant manual office
has resulted in the application of ringing current
back toward the concentration unit. Relay {187
also furnishes another operating path-for the off-
normal relay through its front contact and inner
upper armature, In addition, relay (187 causes
the operation of relay (HT from ground, the
lower outer armature and back contact of relay
1106, the lower outer armature and front contact
of relay 1107, winding of relay 1§t7, through the
contact 1118 of jack 1119 to battery. Relay 1117
places battery on conductor 1128 which may be
traced through conductor 929 to selector magnet
900, thus operating this selector magnet to pre~
pare for the operation of the contacts 821{.. The
operation of the selector magnet 988 causes
ground to be extended over conductor 892 to con-
ductor 2302 to operate relay 2300-in the miscel-
laneous alarm circuit. This results, as before
described, in certain operations which refurn-a
ground over conductor 628 extending to conduc-
tor. 828 and causing the .operation of holding
relay 903. The operation of the relay 983 causss
the operation of the holding magnet 880, result-
ing in the extension of the subscriber’s line cir-
cuit conductors through the contacts of set. 881
and. the release of the subscriber’s line circuit
(Pig. 6). As will be seen hereinafter, the opera-
tion of holding magnet 880 also releases the suh-
seriber’s subgroup sequence circuif, the sub-
seriber’s group  sequence circuibt, the seguence
start circuit and finally results in the application
of ground to conductor {{21 of the trunk. circuit.
Ground on the conductor 1121, the start relay
f181 being operated, is extended through the
middle upper armature and front contact of relay
{101 to conductor 1122 which causes the opera-
tion of relays 1262 and 1209 in the sequence cir-
cuit, resulting in the release of relay 1101.- How-
ever, before relay 1101 has had time to release,
the operaticn of the hold magnet of the link
circuit has connected battery through the hold
relay 803, conductor 928; the corresponding con-
tacts of the set 881, conductor 9i{8, conductor
1110, to the sleeve relay (109 to ground at the
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inner upper armature and front contact of relay
11986, and has connected the other leads from the
subseriber’s line circuit through to the trunk
circuit.

If the calling subscriber is a local subsecriber,

battery connected to the tip conductor through’

his. closed loop is extended over ring conductor
1123, the contacts of jack {i24, the upper winding
of relay fitl, the back contact and upper outer
armature of relay (808 to ground, causing relay
titl to operate. If the calling subscriber is a
toll subscriber, such as one of those shown in
Pigs. 2 and 3, the toll line circuil connects bat-
tery potential to the ring conductor 514 which is
extended through ring conductor ({23, normal
contacts of jack (124, the upper winding of relay
1441, back contact and upper outer armature of
relay 1386 to ground, thus operating relay ({i1.
Relay {14l through the movement of its arma-
ture connects ground through relay 1184 to con-
ductor 1116 and thence to battery in the circuit
heretofore traced through the back contact and
lower armature . of relay 128{. A% the same time
battery through the winding of holding relay 803
is extended back over conductor {1410 through the
winding of relay {09 and thence through the in-
nermest. upper armature and front contact of
relay §423 to ground, causing the operation of re-
lay {188 which results in the application of ground
over the upper armature and front contact of
relay {188 t6 the winding of relay {126 which, be-
ing polarized, will operate its armature in response

-~ to the movement of the armature of relay ({27 as

will hereinafter appear. Relay {109 also com-
pletes a connection from ground, front contact
and lower armature of relay 1189, winding of re-
lay §10§ to battery on conductor {118, thus oper-
ating relay 1186, Relay 1106 supplies ground to
conductor 1128 to keep the hold chain relays of
the sequence circuit operated as will be more fully
explained hereinafter. Relay 1186 causes the re-
lease of relay (417 through removal of ground
at the back contact of the lower outer armature
of relay {108, thus releasing the selector magnet
888 of the link circuit. Relay 1106 also places
ground on the potentiometer in the associated
loop repeater, This ground may be traced from
the: front contact and inner lower armature of
relay 1188, through resistances 1129 and 1154 to
a point between resistances 1130 and 1131, The
purpose of this will appear shortly. Relay 110§
alsc lights the trunk busy lamp 1£32 through a
cireuit from battery, lamp (132, inner upper ar-
mature and front contact of relay (168, outer
upper armature and front contact of off-normal
relay 1183 to ground. Relay 1186 further fur-
nishes operating battery to relay {133, the circuit
for which - may be traced from battery on con-
ductor £ 6 through the upper outer armature and
front contact of relay 1188 to the winding of relay
1§33 which is extended to the front contact of re-
iay {134 for purpcses which will shortly appear.

The operation of relay [i84 provides an alter-
nate operating path for the off-normal relay 1183
which may be traced from batiery on conductor
it 16, through the winding of relay 1183, the front
contact and. inner upper armature of relay 184
to ground. Relay !i94 opens the circuit of relay
{115 through the movement of its inner lower
armaiure, thus causing relay 415 and relay {37
to release. Relay 1494 opens the bias winding of
the supervisory relay it to help it remain op-
erated.  This last operation is caused by the
opening of the connection between the back con-
tact and lower cuter armature of relay 1124, Re-
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lay | 104 also closes a circuit from ground, its lower
inner armature and front contact to conductor
1138 for the purpose of activating the vacuum
tube 1138. Relay {184 further replaces a marking
ignal foward the distant manual end created
v the operated start relay 1101, by a marking sig-
nal on the armature of relay | l27 of the loop re-
peater which, incidentally, had operated at the
same time as relay {1{{ had operated. 'The re-
lease of relay 1i87 removes ground from the con-
ductor {§27 which may be traced through con-
ductor 837 to conductor 884 through conductor
627 and conductor 522 for purposes hereinbefore
described.

At this stage of the call, the calling-in signal
having been registered, and having caused the
illumination of the line lamp at the distant man-
ual switchboard, the subscriber having been con-
nected to the trunk, and the sequence circuit be-
ing released for use on a new call, the subscriber
is ‘awaiting the answer of the operator. TUnder
this condition the subscriber can flash by operat-
ing and releasing the power switch associated
with his set. ‘The release of the power switch to
the off position causes the reception of a space
signal in this trunk circuit which results in the
operation of the relay 14127 from the tip lead 1145,
upper outer armature and back contact of relay
{142 to the operating winding of relay 1127 of the
locp: repeater, Relay (127 moves to its spacing
contact, in turn sending a spacing signal to the
distant manual end where it results in the ex-
tinguishing of the calling line lamp. The opera-
tion of relay {127 to its spacing contact causes
the operation of polarized relay 1128 to its right-
hand contact, permitting positive battery through
resistance 1438 to slowly charge condensers 1§39
and 1148. Condenser 1139 is charged in a circuit
from positive battery, resistance {141, resistance
1138, condenser 1189 and its associated resistance,
conductor 1135 to ground on the front contact
and inner, lower armature of relay ({84, Con-
denser 1140 is charged in a circuit from positive
battery, resistance t141, resistance {138, the in-
ner upper armature and back contact of relay
1142, condenser 140, resistance (143 to ground.
The reoperation of the power switch to the on
position causes the reception of a mark signal
from the subscriber in this circuit, resulting in
the operation of relay {127 of the loop repeater
to its marking contact, thus sending the marking
signal to the distant manual end where it causes
the reillumination of the calling lamp. Locally,
in this circuit it causes the polarized relay 1128
to operate to its left contact to discharge the con-
densers {139 and {149. Tube 1136 and its asso-
ciated apparatus has been designed to prevent
sufficient plate current to flow to operate the re-
lay 134 until approximately three and three-
quarters seconds have elapsed, If, therefore, the
subscriber flashes at such a rate that at no time
the spacing signal received from his set exceeds
three and three-quarters seconds the operation
and release of the power switch will only cause
the flashing of the line lamp at the distant man-~
ual switchboard.

Should the space signal received from the sub-
scriber’s set exceed this amount the circuit will
assume the subscriber has disconnected. The
time having been exceeded, the relay (134 will
operate and cause in turn the operation of relay
1133 which connects potential to the bias wind-
ing of the supervisory relay {{{{ in a circuit in-
cluding the front contact and lower armature
of relay 1133 and resistances {153 and 1{i2 to

2,228,279

battery on the lower armature of relay 1163. The
placing of potential on the bias winding of the
supervisory relay [iil permits it to detect the
subscriber’s release signal. The subscriber hav-
ing disconnected, the relay ${i! will release and
in turn will release relay i{84. The release of
relay (184 causes the release of the off-normal
relay 1103. The off-normal relay |93 releasing
will remove ground from the relay 1108, allow-
ing relay (188 and the associated hold relay 903
to release. The release of relay 1189 causes the
release of relay 1108, thus returning the ecircuit
to normal. Relay 1i08 in releasing removes
ground from the hold chain lead 1128, thus re-
leasing the relay 1200 and 1282 of the sequence
circuit and removing the busy condition making
the trunk available to another calling subscriber.
If when start relay 181 originally operated as
the result of a subscriber call the calling signal
sent to the distant manual end either failed to
arrive due to an open outward conductor or failed
to be registered at the distant end or at any rate
if the ringing automatically sent from the distant
end failed to be registered in this ¢ireuit, the re-
lay {15 and therefore the relay 1181 would not
have operated and ground would continue to
remain on the conductor 1i88 leading to con-
ductor 23088 of the miscellancous alarm ecireuit,
The operation of relay 232{ under this type of
call will result in approximately two seconds in
the application of ground to conductor 2325 as
will be further explained hereinafter, which ‘con-
ductor will thereupon extend ground through
conductor | 125, the front contact and inner lower
armature of relay {181 to conductor {144, ulti-
mately causing the operation of relay 1203 in the
sequence circuit where the “busying out” appara-
tus will function (1) to advance the trunk chain
portion of the sequence circuit thereby opening
the conductors 1186 and {182 causing the release
of start relay 110! and forcing the subscriber to
the next idle trunk, and (2) to place a distinct
signal on the conductor |I46 which would be
transmitted to the associated terminal repeater
and therefore to the distant end where if the
registration of incoming signals is not faulty it
would cause a distinctive flash of the calling=in
signal or the supervisory lamp o6f the cord cir-
cuit as an indication of trunk trouble, and
(3) would cause the trunk lamp associated with
this circuit to flash as an indication of trouble.

Operator answers an incoming call. -

When the operator inserts a cord plug into
the jack associated with the calling-in signal
lamp the equipment at the distant end functions
to (1) disconnect the ringing which has been
continuously sent since the calling subscriber’s
mark sighal reached the distant end, and (2) to
transmit a marking signal to this trunk causing
the continued operation of both relays (303 and
f113 to their marking contacts. The operation
of relay 1303 to its marking contact opens the
secondary winding of relay 1384. Current in the
secondary winding of relay 1204 continues to
flow to charge condenser 1307 through resistances
1314, {308 and {147 to ground. After approxi-
mately a half second has elapsed the charging
current has diminished to such a value that re-
lay 1364 operates on its primary winding to its
right-hand contact, causing the operation of re-
lay 13089 and relay (142, Relay (389 is operated
in a cireuit from ground, the right-hand contact
and armature of relay 1394, the normal contacts
of the lower armature of relay 1310, winding of
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relay 1309, conductor 1318, to bhattery on con-
ductor ((#6. Relay 1142 is operated in a circuit
from ground, the right-hand contact and arma-
ture of relay 1304, conductor {3i{, winding of
relay 1142 to battery on conductor 1118.

Relay 1309 in operating definitely opens the
secondary winding of relay (304, Relay (309
also. removes ground from the conductor 132
leading through conductor (149 to the sequence
circuit for purposes which will hereinafter be
described. Relay 1309 places ground on conduc-
tor 1322 which is extended over conductor {122
to the sequence circuit to operate the advance
chain relays 1200 and (202 in the sequence cir-
cuit. Relay (3069 also short-circuits resistance
1313 through its inner lower armature and front
contact. Normally, approximately 5 milliam-
peres flows continuously along the following path
from battery, resistance 1314, resistance 1315,
filament of tube 1317, lower winding of relay {584,
resistance 1313 and the bias winding of relay {362,
The short circuit of resistance 1313 and the con-
nection of resistance 1318 to ground cause this
5-milliampere current to be increased so that 60
milliamperes flow through the filament of the
tube and the primary winding of relay 1304 and
30 milliamperes through the bias winding of the
relay 1303.

The operation of relay 1142 furnishes an addi-
tional operating path for the off-normal relay
1103 through its front contact and lower outer
armature and causes the operation of relay 1302
under control of relay (#11. The operating path
for relay (302 may be traced from ground on the
armature and right-band contact of relay ({1,
through the lower inner armsature of relay (42,
the winding of relay (302 to battery on con-
ductor 1118, Relay 142 removes condenser 1149
from the grid of vacuum tube {136 and completes
the transmitting path from the loop repeater to
the subscriber’s. line through its uvpper outer
armature and front contact.

Vacuum tube 13171 and its associated apparatus
is designed to monitor the marking contact of
relay 1363 and will not permit sufficient current
to flow in the plate circuit to operate relay 1349
untit relay 1303 has registered a space signal
in excess of a half second. The operation of
relay 1202 in general arranges the loop repeater
for half-duplex operation and furnishes a ground
for the sleeve lead 1431 through the armature
and right-hand contact of relay 1304, The cir-
enit is now in the transmitting stage. Ordinary
incoming telegraph signals are monitored on by
relay 13623, - The vacuum tube 1247 and: its asso-
ciated apparatus does not function on the tele-
graph signals. Owutward signals from the sub-
scriber’s set are monitored on by relay 1i26 and
here also the vacuum tube | 136 and its associated
apparatus does not. function on telegraph signals.
Telegraph communication is therefore possible
until a space signal of over a half second is sent
in cither direction. During transmission the fol-
lowing relays are operated: 1389, 1142, 1109, 1196,
1103, 1104, 302, LIl to its right-hand contact
and (308 +to its right-hand contact. Relays
1303, £1t3 fi27 and {126 follow the telegraph
pulses.

Transmission of break signals.in either direction

When the subscriher operates the break key at
his station a space signal is reeeived from him in
this trunk ecircuit causing relay 1127 of the loop
repeater to operate to its spacing contact and to
transmit: a. space signal to the distant end. Lo-
cally relay 1126 will eperate to its right-hand

17
contact, thus removing ground from the grid of
vacuum tube 1136. Affer approximately three-
quarters of a second condenser 138 will receive
sufficient- charge through resistance 1138 to per-
mit a plate current to flow that will operate re~
lay 1134. The operation of relay 1134 causes
relay 1133 to operate, which terminates the space
sisnal sent to the distant office-and sends in-
stead a 20-cycle ringing current from the source
indicated by the current limiting resistance lamp
1159. Relay 1133 also applies potential to the
bias winding of relay {11 permitting this relay
to detect the subscriber’s disconnect signal. - The
net result of a subscriber’s break, therefore, is
the transmission of a three-quarter second space
signal to the distant office followed by ringing
for the remaining duration of the subscriber’s
break,

If a break is originated at the distant manual
office or beyond, this circuit receives a space sig-
nal of three-quarters of a second in length fol-
lowed by ringing for the duration. of the break
originated at the distant end. At the expiration
of a one-half second space signal condenser {320
obtaing sufficient charge to permit a plate cur-
rent to flow in vacuum tube 1317 of sufficient
magnitude to operate relay 13{9 which in turn
causes the operation of relay 132i. Relay 1321
operating, again closes the secondary winding of

relay 1304 to ground on the space contact of relay ©

{383. As soon ag relay 1304 operates to its spac-
ing eontact ground is available for the operation
of relay 1306. Relay 1386 in operating increases
the subscriber’s loop space current from 5 to 10
milliamperes to permit the relay {lil fo more
definitely determine whether a subscriber has dis-
connected. The manner in which this is aec-
complished is through opening the connection
from ground, the outermost upper armature and
back contact of relay 1386 to a point between re-
sistances 1224 and 1325. While relay 1206 is un-
operated resistance (324 is short-circuited and
therefore when relay 1386 operates, resistance
1324 is placed in series with resistance 1326. The

hattery for supplying the loop spacing current is i

that connected to resistance 1{31 and the path
of the current may be traced through resistance
1131, resistance 1129, the biasing winding of re-
lay 1127, the main winding of relay (127 to the
tip conductor 1145. The potential at the point
where this connection enters. the biasing winding
of relay 1127 is reduced by connection through
resistance 1154, the inner lower armature of re-
lay 1186 to ground. The potential at the point

between the biasing and the main windings of re- :

lay 1127 is further reduced by a connection
through the outer upper armature and front con-
tact of relay 1302, the armature and spacing con-
tact of relay 1113 to resistances (825 and {324.
If, therefore, the resistance 1324 is introduced
into the circuit, the potential at the point be-
tween the biasing and main windings of relay
1127 is raised and therefore the current through
the main winding rises from 5 to 10 milliamperes,
as before stated. Relay 1386 by disconnecting
ground at its middle upper armature and back
contact from the upper winding of relay Hiil
places the middle and upper windings of relay
{t1i in series with the ring conductor 1123. Re-
lay 1308 furnishes an additional operating path
for relay 1364 through the front contact and in-
nermost upper armature of relay (306. Relay
{306 also locks under control of relay 1304
through its lower armature and front contact and
through its additional contacts worked by this
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lower armature it places a ground through the
back contact and outer upper armature of relay
1323 to the grid of vacuum tube 1317, resulting
in the release of relay 1319. Relay 1319 in re-
leasing causes the release of relay 1321. Ground
on the space contact of relay 1304 through the
operated locking contact of relay 1306 and now
normal back contact of relay 1321 causes relay
1323 to operate. Relay 1323 in operating re-
moves ground from the grid of vacuum tube 1317
which has just been applied to cause this vacuum
tube to go through another cycle of operations.
Relay 1323 also connects potential to the bias
winding of relay (111 to permit it to detect a sub-
scriber’s release signal. This circuit may be
traced from battery through the lower armature
and front contact of relay 1103, resistances (112,
1153 and 1151, the front contact and middle up-
per armature of relay 1323, to the lower winding
of relay {11l and thence to ground. Relay 1123
removes ground from the sleeve lead to the toll
subscriber’s line circuit to permit the latter cir-
cuit to determine for itself whether a subscriber
has released. 'This ground is removed at the back
contact and inner upper armature of relay i323.
Relay 13238 also short-circuits at its front contact
and inner lower armature the line winding of
relay 1118 of the loop repeater definitely con-
tinuing a space signal toward the subscriber. Re-
lay 1328 finally prepares an operating path for
relay 1310 from ground, the armature and front
contact of relay (3(9 when this relay again be-
comes operated, through the outer lower armature
and front contact of relay 1323, the back contact
and lower armature of relay 1302, the lower wind-
ing of relay 1310 to battery on conductor 1316.

- After a space of three-quarters of a second has
been received from the distant end, the distant
end sends 20-cycle ringing current to the con-
cenfration unit. This causes the relay 1383 to
operate and release at the rate of 20 cycles per
second. Due to condenser 1307, relay 1304 will
remain on its spacing contact provided the arma-
ture of relay 1303 does not stay on its marking
contact for more than 0.45 second. Therefore,

. relay 1304 will remain on its space contact as long
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as the ringing is received. The net result, there-
fore, of the reception of a break from the distant
end is to send the continuous space signal to the
concentration unit subscriber and locally in this
circuit to register the fact that a break has been
received,

In the description above the performance of
the circuit upon the reception of a break from
either end depended upon the reception of a
marking signal from the opposite end. Since the
loop repeater associated with this circuit and
also the loop repeater associated with the ter-
minating circuit at the distant end are both
arranged in the transmitting condition to oper-
ate on a half-duplex basis, the reception of a
break signal from both directions will cause one
break signal to nullify the other.

‘Resumption of transmission after a break signal

When the subscriber releases the break key
at his station a mark signal is received from him
in this circuit, causing the relay (127 to operate
to its marking contact and resulting in the oper-
ation of relay 1126 to its left-hand contact caus-
ing the application of ground to the grid of vac-
uum tube (43§ and in turn resulting in the re-
lease of relays {134 and 1133. The release of
relay 1133 not only removes the battery potential
from the bias winding of relay ({11 but also dis-
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connects the 20-cycle ringing current from the
outward path and allows the marking polarity of
the armature of relay 1127 of the loop repeater
to be connected %o the sending leg including con-
ductors 1105, 1305 and 1301 of the terminal re-
peater. The circuit, therefore, has returned to
the original transmitting condition. - At the con-
clusion of the break originated at the distant
manual end, ringing is removed from the circuit
and a mark is received from the distant end.
This causes the operation of relay 1303 to its
marking contact and after approximately .045
second results in the operation of relay 1304 to
its marking contact, resulting in the release of
relays 1306 and 1323, thus returning the circuit
to its original transmitting condition.

Subscriber disconnects

When a subscriber disconnects at his station
while a mark signal is being received from the
distant manual end the circuit functions as here-
inbefore described. Relay (111, however, detects
the subscriber’s release signal and causes the
release of relays 1104 and 1302. The release of
relay 1104 (1) definitely continues a space sig-
nal toward the distant manual end, (2) opens up
one of the operating circuits of the off-normal
relay 1163, (3) removes power from the vacuum
tube 1136 and its associated apparatus, (4) ef-
fectively connects relay 115 to the armature of
relay 1113 of the loop repeater, and (5) increases
the current to the bias winding of relay {11 by
short-circuiting the resistance 1153. The con-
tinued spacing signal sent to the distant manual
end is an indication at that end of the subscriber’s
disconnect.

If a subscriber should disconnect while the
spacing signal is being received from the distant
manual end relay 1127 of the loop repeater will,
of course, remain upon its marking contact and
will continue to send a marking signal to the
distant manual end. When the incoming space
signal has been registered as heretofore described,
the connection of potential to the bias winding
of relay t1{l will permit it to detect the sub-
scriber’s release signal and, therefore, to oper-
ate to its left-hand contact and cause the release
of relays 1104 and {302. As indicated above,
the release of relay 1111 will send a steady space
signal toward the distant manual end where it
will be registered as a subscriber’s disconnect.

If a subscriber should disconnect while the
ringing portion of the break signal is being re-
ceived from the distant manual end, relay ({fi
releases immediately causing the release of re-
lays 1104 and 1302 and the immediate transmis-
sion of a space sighal to the distant manual end.

Subscriber recalls

When the subscriber reoperates the power
switch associated with his set to the mark posi-
tion as a recall signal battery potential on the
ring lead 1123 causes relay (111 to reoperate to
its right-hand contact, thus causing the reop-
eration of relays 1104 and 1302. The reoperation
of these three relays returns the circuit to its
regular transmitting condition, resulting in the
transmission of a mark signal from the armature
of relay 1127 of the loop repeater. The reception
of a mark signal following a prolonged space
signal at the distant end is an indication of a
recall by a subscriber and is so registered. It
should be noted that the reoperation of relay {1

10

15

20

25

30

35

40

45

50

60

65°

to. its right-hand contact and the reoperation of

relays (104 and .1302.is entirely independent of



10

15

20

30

40

60

70

75

2,228,279

any signal or signals being received from the
distant manual end provided, of course, a dis-
connect signal, indicating that the operator has
taken down the cord, has not been received and
registered in this circuit. When the operator
wishes to rering a concentration unit subsecriber
who has just disconnected, she splits her cord
circuit resulting in the reception in this circuit
of a marking signal of sufficient duration to re-
lease relays 1306 and 1323 if they were operated.
The operator then operates the ringing key, re-
sulting in the reception of a 20-cycle ringing
current at this office causing relays 1303 and
1113 to operate and release at the ringing rate.
The operation and release of relay 1113 causes
the operation of relay (15 which in turn results
in the operation of relay {107. Relay 1107 in
operating (1) places a supplementary operating
path on the off-normal relay 1103, (2) connects
20-cycle ringing current to the tip lead 1145 to
the subscriber’s line circuit, and (3) connects
ground to the sleeve lead 1137 to the toll sub-
scriber’s line circuit. In the case of a local sub-
seriber, the application of ringing current to the
tip lead of his line causes the bell at his station
to sound. In the case of a toll subscriber line
circuit, the ringing on the tip lead is not sent to
the subscriber because the tip lead is open in the
toll subscriber’s line circuit but the application
of ground on the sleeve lead causes the operation
of a relay in the toll subscriber’s line circuit
which sends a fresh source of ringing out to the
toll subscriber’s premises as hereinbefore de-
scribed.

Operator disconnects in answer to o subscriber’s
disconnect

When a line concentration unit subscriber dis-
connects, this circuit functions as heretofore de-
scribed to cause a disconnect signal to appear at
the manual board. When the operator removes
the cord from the jack this ecircuit receives a
space signal from the manual end. . After one-
half second a space signal is received provided
a mark signal was being transmitted when the
operator disconnected, the circuit . acts as de-
scribed hereinbefore causing the operation of
relays 1306 and 1323. If these relays have al-
ready been operated, due to the transmission of
a break signal, the circuit acts after the first one-
half second space signal ss will be described
hereafter in the second half second. After the
second half second space signal hag been received
the vacuum tube (317 again causes the relay
{349 to operate and through its operation to
cause the operation of relay 1319 which holds the
relay (304 on its spacing contact, locks under
control of the sleeve relay 1§69 until the sub-
scriber’s line is released from the trunk circuit
and causes the release of relay 1309. Relay 13089
in releasing causes relays 1388, 1323 and 1142 to
release and relay (142 releases the off-normal re-
lay, which causes the sleeve relay 183 and the
subscriber’s hold relay 902 and therefore the hold
magnet 880 to release, disconnecting the sub-
seriber’s line from the trunk. The release of the
sleeve relay 1188 causes relays 1106 and (319 to
release, thus returning the circuit to normal. If
a new inward call is origirated immediately re-
lay 1319 in holding relay 1304 operated will not
permit it to receive attention until the formerly
connected line is removed from the {runk.

Operator originates a call

The operator originates a call for a subscriber
in a line concentration unit by observing the idle
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indicating lamp, if it is available, by the busy
lamp, or by making the busy test. Upon plug-
ging into an idle trunk the trunk circuit at the
distant manual end transmits a marking signal
to the concentration unit. As hereinbefore de-
scribed, the reception of a mark signal of ap-
proximately -one-half second causes relay {3€4
to operate to its right-hand contact and this re-
sults in the operation of relays {388 and (142,
The operation of relay {384 to its right-hand
contact also applies ground to conductor {355
and thence through conductor €155 to the se-
quence circuit where it connects through the
winding of relay (204 and thence back through

the back contact and upper outer armature of
relay {1686 to battery on conductor (118 since
relay ({88 is not operated st this time. As will

be more fully described hereinafter, the sequence
cireuit as a resuli of this functions to permit this
trunk to be connected to an idle director circuit
whereupon the transmitting lead from the cen-
tral office is connected to the director circuif over
conductor (i8¢ and the transmitting lead from
the director circuit is connected to conductor
{148 for purpose of transmitting the ‘“director
ready” signal over conductor {{85. The sequence
circuit in functioning also applies ground to con-
ductor 1157 to cause the operation of relay 11
and therethrough to operate the selector magnet
in the link circuit associated with this trunk.

Routing of an inward call

When the director circuit is ready to receive
the typing of the subscriber’s number it connects
a ground to conductor 1145 of this circuit and,
therefore, to the sending leg of the associated
terminal repeater which in turn sends a marking
signal to the distant manual end as a “director
ready” signal. Upon the reception of this signal
the operator at the distant end types the called
subscriber’s number. The director circuit at-
tached to the trunk circuit at this end decipbers
the information and makes appropriate tests of
the called subscriber’s line. If the line is idie
it arranges t0 connect it to the trunk circuit or
if it is busy, out of order or unassigned, sends
appropriate signals originated in the director
circuit over conductor {146 to the terminal re-
peater and thus to the distant end. If the called
subscriber’s line is idle the director causes the
hold relay and magnet associated with the calied
line to operate and to connect the tip and ring
of the subscriber’s line to this trunk circuit. At
the same time battery through the hold reiay
causes the sleeve relay {189 to operate and in
turn to operate relay (i€6. Relay ({88 in op-
erating places ground on the winding and arma-~
ture of relay {128. Relay {105 in operating
lights the trunk busy lamp {132, removes bat-
tery frem the lead 1158 to the sequcnce circuit
and causes the sequence circuit to return to nor-
mal to remove ground from the lead (5% and
to disconnect the associated director cireuit re-
sulting in the removal of the “director ready”
signal and consequently in the transmission of
a space signal to the distant manual end. Relay
F106 also connects battery to the winding of re-
lay 1433, supplies ground for the potentiometer
in the loop repeater and furnishes ground to the
hold chain lead 1128 to the sequence circuit to
hold the advanced chain portion of the segquence
circuit operated. Removal of ground from lead
1457 causes the release of relay {117 and the as-
sociated selector magnets in the link circuit.
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Ringing the called subscriber

The reception of a space signal at the distant
manual end transmitted as indicated hereinbe-
fore causes the illumination of the cord lamp at
the switchboard. The operator can then oper-
ate the ringing key, resulting in the reception
in the circuit of ringing current causing the op-
eration of relays 1303 and i113. Both of these
relays vibrate their armatures in unison with the
ringing current. The rapid operation of the ar-
mature of relay 1303 has no effect upon vacuum
tube 1317 but the operation and release of relay
1113 causes the operation of relay (115 and in
turn relay (107. The operation of relay 1107
(1) connects a separate source of superimposed
ringing current from lead 1159 to the tip con-
ductor of the local subscriber’s loop causing the
ringing of the subscriber’s bell at his station, (2)
furnishes a supplementary operating path for the
off-normal relay 1103, and (3) places ground
on the sleeve lead of the toll subscriber’s line
circuit where it operates a relay which connects
a separate source of ringing to the toll sub-
scriber’s line conductor as hereinbefore described.
In the case of either the local subscriber or the
toll subscriber, the bell of the subscriber’s set
will be rung therefor in accordance with the
ringing received from the distant manual end.
In the case of local lines of maximum loop re-
sistance some ringing current due to the mutual
line capacity flows into the windings of the su~
pervisory relay 111 but because of the condenser
1168 and the high bias current flowing in the
bias winding of relay (i1l since relay 1104 is
normal at this time, the supervisory relay re-
mains on its left-hand contact.

Called subscriber answers

The called subscriber answers by operating his
power switch to the “on” position or, in the case
of an unattended subscriber’s line, an equivalent
action will take place. This causes the toll sub-
seriber’s line circuit to function in the case of the
toll subscriber’s line and to apply battery poten-
tial to the ring lead 1M23. In the case of a local
line the throwing of the power switch to the “on”
position closes the subscriber’s loop. In either
case, therefore, relay I1i1 operates to its right-
hand contact causing the operation of relay 1104,
Since relay 1127 is operated at this time relay
{111 also causes the operation of relay 1302. 'The
operation of relay 1104 (1) causes the release of
relays 1115 and 1107, (2) furnishes a supplemen-
tary holding path for the off-normal relay 1103,
(3) places power on vacuum tube 1136 and asso-
clated apparatus, (4) removes bias current from
the supervisory relay 1111 to enable it to remain
operated on its right-hand contact, and (5) con-
nects the armature of relay 1127 of the loop re-
peater to the sending leg of the terminal repeater.
The operation of relay 1302 arranges the loop re-
peater to function on a half-duplex basis and fur-
nishes a ground on the sleeve lead 1137 to the toll
subscriber’s line circuit. The release of relay
1187 removes ringing current from the called sub-
scriber’s line and completes the transmission path
from the loop repeater to the calling subscriber.
The circuit is now in the transmitting stage and
will continue to function as described herein-
before.

Failure to complete the routing of an inward call

When the operator at the distant manual end
originates a call the circuit functions as herein-
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before described. As soon. as the. privilege to
route the call through the office is received from
the sequence circuit, the miscellaneous alarm cir-
cuit starts timing the interval required for such
routing. If due to the failure of any of the asso-
ciated apparatus or the failure of the trunk con-
ductors or due to unnecessary delay on the op-
erator’s part in typing the called subscriber’s
number and the time required for such routing
exceeds ten seconds, the miscellaneous alarm cir-
cuit “times out.” In timing out, the miscella-
neous alarm circuit, when necessary, gives appro-
priate alarms and indications of the circuits pos-
sibly in trouble; causes the sequence circuit to
remove the particular trunk from the advanced
chain circuit thus making it busy to a calling
subscriber; and at the same time places a char-
acteristic signal on conductor 1146 which the ter-
minal repeater transmits to the distant manual
office. If the path to the central office is satis-
factory and the operator’s teletypewriter is still
“in circuit” this characteristic signal will arrive
on the teletypewriter. If the trunk path to the
distant manual office is in good condition but the
operator has already withdrawn the teletypewrit-
er from the circuit this signal, which actually
partakes of the nature of a disconnect signal fol-
lowed by a recall signal, will cause the operator’s
cord lamp to flash. Upon reconnecting the tele-
typewriter into the circuit this distinctive signal
will appear on the teletypewriter as an indication
that the trunk is in trouble and that the call
failed to get through.

Operator disconnects before subscriber answers

If the operator disconnects after originating an
inward call before the “director ready” signal is
sent back to the distant manual end, the pro-
longed space signal received in this trunk circuit
from the distant manual end causes the vacuum
tube 1317 and its associated apparatus consisting
of relays 1319, 1321, 1304, 1306, 1323 and 1318 to
operate as described hereinbefore. This results
in the release of relays 1309 and (142 and the
removal of ground from lead 1355, thus returning
the circuit to normal. If the operator discon-
nects upon originating an outward call after the
“director ready” signal has been sent and regis-
tered at the distant end the vacuum tube 1317
and its associated apparatus function because of
a break signal received from the distant end.
This break signal operating as it does relay 1323
as here;nbefore described causes the removal of
ground from conductor 355, returning the se-
quence circuit and the director circuit to normal.
The return of the director circuit to normal re-
leases the sequence circuit and discontinues the
“director ready” marking signal to the distant
manual end and after a delay approximately five
seconds the break signal is replaced by a discon-
nect signal causing the circuit to funection as
hereinbefore described to return to normal. If
instead of disconnecting, the operator had sent a
break signal this would, by operating relay 1323,
have released the sequence and director circuits
but the trunk would remain under the operator’s
control. If the operator disconnects from an
outward call before the called subscriber answers
but after the called subscriber’s line has been
obtained, the reception of the disconnect signal
from the distant manual end causes vacuum tube
1317 and its associated apparatus to function, re-
turning the circuit to normal after approximately
one second.
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Simultancous selection of the two-waqy, trunk by
a calling subscriber and the distant manual op-
erator

If an operator seizes a trunk at the central of-
fice at the same time that a subscriber originates
an outward’ call calling for the routing to the
distant office over the trunk selected by the op-
erator the trunk sends a marking signal to this
énd, causing relay 1304 to release and relays 1309
and 1142 to operate. The insertion :of the plug
at the manual switchboard also prevents ringing
from being received at this.end while ringing will
ordinarily have been used to permit the connec-
tion of a -subscriber’s line to the trunk circuit.
The' operation of relay 1309 causes ground to be
placed on the lead 1322 connecting through con-
ductor 1122 to the sequence circuit operating the
advance chain portion of this circuit and forcing
a subscriber to use the next idle trunk. On the
assumption that a subscriber originates a- call
simultaneously, the sequence circuit being as-
sumed available at the same time, the subscriber
will have seized the privilege of routing the call
through the concentration unit.  The operation
in the.- advance chain, therefore, will connect
ground to the start lead of the next idle trunk.
After the routing of the subscriber’s call to the
distant manual office. the sequence. circuit is
again free to route the operator’s inward call, In
simultanecus operation, therefore, the operator
receives preference in the use of the trunk, the
subscriber being forced to use the next idle trunk,
but the routing of the subscriber’s call will take
place before the routing of the operator’s inward
call. If the operator plugs into'a trunk circuit se-
lected by an outward subscriber before the eall-
ing-in lamp is illuminated but after the trunk is
busy, the subscriber may be forced to use another
trunk as indicated above. This is'due to the fact
that ringing might have been received in this cir-
cuit for too short a time, not allowing time for the
subseriber-to have been connected by means of
the link ¢ircuit to the trunk circuit. If the op-
erator plugs into a:trunk circuit the lamp of
the calling sub-
scriber and operator will be connected together,
a fact of which the calling operator will soon be-
come aware.

waWAY TrUNK CIRCUIT BETWEEN LINE CONCEN-
) ’lI’ATION UVIT AND CENTRAL OFFICE

i Central office termination

The.circuit shown in Fig. 15 is the central office
end of the two-way trunk circuit shown in Pigs.
11 and 13. While many of the functions of this
circuit have been mentioned and described in
general terms in connection with the operation
of the circuit of Figs. 11 and 13, a detailed de-
scrlptxon will now be given.

The functions. of this circuit may be listed as
foliows: The circuit upon receiving a “calling-in”
mark signal from the line concentration unit is
arranged, after a brief delay, to light the busy

. lamp 1599 associated with the trunk multiple, to

place a busy condition on the.jack sleeve of all

multiple appearances of the trunk and at the
samse time to send a steady ringing signal to the
concentration unit as a preliminary trunk con-
ductor  test and as a means of connecting the
calling subscriber to the selected trunk at the
distant end.

Approxxmately three-quarters of a second after
the trunk is made busy, the circuit lights the line
lamp 1501 and actuates the night alarm circuit
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here indicated by an alarm 1502, as a calling-in

signal.  The circuit is' arranged to manually flash

the line lamp under control of the subscriber’s
power switch at the distant end while waiting
for the operator to answer.. This circuit is also
arranged not to register a disconnect signal from
the line concentration unit when the cord is not
in the trunk jack until a space signal of approxi-
mately five seconds duration has been received.
If, while waiting for the operator to answer, the
distant subscriber disconnects, this circuit re-
moves the busy condition from the sleeve and ex-~
tinguishes the busy lamps 1500 associated with
the trunk. The circuit is arranged to prevent the
llumination of the answering cord lamp when
the operater plugs into a jack to answer an out-
ward call,

Immediately affer the operator plugs into jack
{503 to answer a calling signal, this circuit is ar-
ranged to extinguish the calling-in signal and to
discontinue the ringing sent to the line concen-
tration unit and place itself in-a condition to de-
tect space signals of a greater duration than oc-
cur in ordinary transmission of telegraph char-
acters, Upon the reception of a long space signal
from the concentration unit, this circuit imme-
diately sends a space signal to the cord circuit
provided a space signal is not being received from
the cord circuit at that time. After the space
signal has continued for one-half second, this
circuit short-circuits the line winding of the re-
ceiving relay 1504 of the loop repeater, definitely
continuing a space signal to the cord circuit, and
arranges itself to detect the reception of ringing
from the line:concentration unit. If the recep-
tion of the three-quarter second space signal
from the concentration unit is followed by ring-
ing, indicating the reception of a break signal,
the circuit remains in the condition just above
deseribed until the reception of ringing ceases
when the circuit returns to the transmitting con-
dition. If the reception of the three-quarter sec-
ond space signal from the concentration unit is
not followed by ringing, indicating the reception
of a disconnect signal from the concentration
unit, this circuit continues to send a space signal
to the cord ‘circuit and after a one second space
signal has been received, lights the cord circuit
lamp as a disconnect signal. If this condition is
followed by the reception of a mark signal from
the concentration unit, this circuit causes the
cord circuit lamp to flash as a recall signal and
returns to the transmitting condition. Upon the
reception of a space signal from the cord circuit
this circuit immediately sends a space signal to
the concentration unit provided a space or break
signal is not being received from the unit at this
time. After -three-quarters of a second this cir-
cuit sends ringing instead of the space signal as
long as the space sighal from the cord circuit
continues. - 'When the cord circuit sends a mark
signal, this circuit discontinues the ringing and
sends a mark. signal to the line concentration
unit, returning to the transmission stage.

If a break signal (space followed by ringing) is
received from the concentration unit while the
cord circuit is transmitting a space signal, this
circuit .continues to send a mark signal to the
cord circuit as long as the space signal from the
cord is being received, changing it to a space
signal when the cord circuit goes to 2 mark
signal. If a continuous space signal is received
from the concentration unit while a space signal
is being received from the cord, this circuit after
one second causes the cord lamp to light as a
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disconnect signal, sending a mark signal to the
cord until the disconnect signal is registered and
then-a space signal.

If the operator pulls a cord out falsely, this
circuit sends a space signal followed by ringing
toward the concentration unit until a disconnect
is registered from the concentration end, mean-
Wwhile ‘the line lamp 1561 is illuminated. Under
this  condition, the disconnect signal from the
concentration end is not registered in this cir-
¢uit until a space of approximately five seconds
has been received from' the concentration unit.
Also, under this condition if the subscriber at the
concentration unit flashes, this circuit will cause
the line lamp to flash in accordance with the sub-
scriber’s flashes.

When the operator removes the cord from the
jack in. answer to a disconnect signal from the
conceritration unit, the circuit refurns to normal,
sending a space signal to the concentration unit.
This circuit is also arranged to permit rering of
the subscriber’s line after the reception of the
disconnect signal from the concentration unit.
The .recall of the subscriber to the line, under
the condition above described, causes thls circuit
to return to the transmlttmg condition and to
extinguish the cord lamp as an indication that
the subscriber has reanswered.

- When the operator plugs into a jack to call
2 liné concentration unit subscriber. this circuit
is arranged to light the cord lamp and to transmit
a mark signal originated in the cord to the unit
as a calling-in signal. After the recepticn of a
“director ready” signal from the unit to indicate
the readiness of the distant end to receive the
called. subscriber’s number, this circuit is ar-
ranged to flash the cord lamp and assume the

- transmitting circuit condition. This circuit dur-

ing the “director ready” signal is arranged to
transmit to the cord circuit any information con-
cerning the condition of the line sent to it from
the unit and to similarly treat a special trouble
signal. In the case of a trouble signal, only the
cord lamp will light and then start flashing. If
the operator disconnects after receiving informa-
tion concerning the called subscriber’s line, this
circuit sends a three-quarter second space signal
followed by ringing to the .concentration unit.
Under these conditions, after the reception of ap-
proximately five seconds space from the unit, this
circuit returns to normal and sends a space signal
to the unit.

- If the operator sends a break signal to the unit
instead of disconnecting, this . circuit sends a
break signal to the distant unit.  Under this con-
dition this circuit after reception of a one-second
space signal from the concentration unit, lights
the cord lamp. TUnder these conditions, when
the operater discontinues the break signal, the
circuit acts to send a mark signal to the con-
centration unit ‘as a new calling sighal.

The circuit is arranged to retransmit ringing
from the cord circuit to the.unit following the
sending of the called subscriber’s number. The
reception of a mark signal from the unit, indic-
ative of the answering of the call by the sub-
scriber, causes this circuit to extinguish the cord
lamp and to transmit any telegraph information
received from the subscriber to the cord circuit.

OPERATION OF THE TERMINATION TW0o-Way TRUNK
CrreurT

Idle condition of the circuit

This circuit is designed to function with its as-
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sociated  loop repeater into an ordinary full-
duplex terminal repeater connectéd to two paths
to the distant line concentration unit. It is ar-
ranged to terminate these paths to the distant

line -concentration unit on switchboards having .

cord circuits. such as that described in Patent
2,143,000 issued on January 10, 1939, to W. W.
Cramer and K. E. Fitch.

During the normal idle condltlon, the polarized
relay 1506 is held operated to its spacing con-
tact by its local biasing winding which is in-
cluded ‘in a circuit from ground, resistance 1506,
the biasing winding of relay 1505, resistance 1507,
the primary winding of relay 1508, the filament
of the vacuum tube 1509, resistance 1510 to bat-
tery. .Relay 1505 on its spacing.contact com-
pletes a circuit from ground through the upper
outer. armature and back contact of relay (511,
resistance 1512, lower winding of relay 1508, re-

sistance 1513, resistance 1510 to battery, holding °

relay (508 to its left-hand contact. "All other
relays in this circuit in the idle condition are non-
coperated.

The inward path to the line concentration unit
during the normal condition does not reach the
loop repeater. Both inward and.outward paths to
the line concentration unit are normally in the
spacing zero-current condition.

Recéption of an outward call from the distant
' " conceniration unit

When & subscriber of the line concentration
unit originates an outward call the distant trunk
circuit transmits a' marking signal to this office.
The reception of the marking signal in this trunk
circuit  causes relays 1505 and 1504 to operate
to their marking contacts. The operation of
relay 1506 to its marking contact opens the lower
winding of relay (508 but current continues to
flow through this winding to charge condenser
1814 through resistance 1512. After approxi-
mately. three-tenths of .a second the charging
current has diminished to such value that relay
1508 operates to its right-hand contact under
the influence of its biasing winding. Relay 1508,
in operating, causes the operation of relay 51
in a circuit from ground, the right-hand contact
and armature of relay 1508, the alternate con-
tacts of the lower armature of relay 1515 and the
winding of relay {5({ to battery. Relay (511, in
operating, (1) opens the lower winding of relay
1508, (2) opens the ring spring of jack 1503 at
the back contact and inner upper armature of
this relay, (3) locks under control of relay 1515
at its front contact and inner upper armature,
(4) operates the off-normal relay 1516 through
its. front contact and innermost lower armature
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through resistance i517 on the sleeve of jack 503
to denote a busy condition, and (5) short-circuits
resistance 1587, causing the value of current flow-
ing in the filament of vacuum tube {509 to
change. Normally, approximately 5 milliamperes
flow continuously along the following path: From
battery, resistance 1510 through the filament of
vacum tube 1809, upper winding of relay 1508,
resistance 1507, upper winding of relay 1505, re-
sistarnice 1506 to ground. With the short-circuit-
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sistance 1511 to ground, about 60 milliamperes
of current will flow through the filament of the
vacuum tube and the primary winding of relay
1508, while a 30-milliampere bias current will
exist in the upper winding of relay. 1505.

The operation of the off-normal relay 1516 (1)
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connects the apex of the sending relay 15{8 of
the loop repeater from the outermost upper arma-
ture and front contact of relay 1518 to the front
contact of the inner lower armature of relay 1521,
(2) conmects the bias winding of relay 1584 to
marking potential through the front contact and
middle upper armature of relay 1516, the cuter
upper armature and back contact of relay 15218,
to the marking contact of send relay 1518, (3)
lights the busy lamp at the various multiple ap-
pearances of this trunk from a source of alternat-
ing current 1522 through the front contact and
innermost upper armature of relay 1516, (4)
places ground on the winding of relay 18523
through its innermost lower armature and front
contact, (8) connects power to vacuum tube 1524
through its middle lower armature and front con-
tact, and (6) closes through an operating path
for relay 1525 at its outermost lower armature
and front contact. Relay 1525 is operated in a
circuit from ground, armature and marking con-
tact of relay 1585, the outer upper armature and
back contact of relay 1520, winding of relay 1528,
outermost lower armature and front contact of
relay 1518, resistance 1626, resistance 1516 to bat-
tery. Relay 1525, in operating, transmits ringing
current to the concentration unit in a circuit from
a source of ringing current indicated by the cur-
rent limiting resistance lamyp 1527, the inner, up-
per armature and front contact of relay 1525, the
outer lower armature and back contact of relay
1521, the back contact and inner lower armature
of relay 1520, the back contact and upper arma-
ture of relay 1528 to the sending leg 1529. Relay

" 1525 also connects ground to the grid of vacuum

tube 1509, keeping this grid negative with respect
to the filament.

Meanwhile relay 1518 of the loop repeater re-
mains on its spacing contact and relay . 1523,
which has operated to its right-hand contact,
removes ground from the grid of vacuum tube
1524, After approximafely three-quarters of a
second, condenser 1530 having received a positive
charge through the resistance 1531, the relation
of the grid and the filament potentiais of the
vacuum tube 1524 is such as to cause a plate
current to flow of sufficient magnitude to operate
relay 1532. The operation of this relay causes
the operation of relay: 1528 and relay 1628 con-

} tinues to send ringing current to the distant con-

centration unit directly from its front contact
and upper armature. Through its front contact
and inmer lower armature, relay 1528 extends a
ground connection through the inner lower arma-
ture and front contact of relay 1525 to the night
alerm circuit and through its lower armafure
relay 1528 connects battery through the inner-
most lower armature and front contact of relay
{811, the front contact and outer lower armature
of relay 1528, the outer upper armature and front
contact of relay 1525 to line lamp 1501, causing
the illumination of this lamp as a calling-in sig-
nal. The reception of ringing at the distant con-
centration unit is utilized to connect the calling
subscriber to his preselected trunk.

Subscriber flashes prior to the operator’s answer
of an outward call

The subscriber is instructed to operate and re-
lease the power switch associated with his set if
he wishes to flash the operator. At the distant
line concentration unit the circuit is arranged to
send mark or space pulses in accordance with
the subscriber’s power switch operation. The re-
ception of a space signal in this circuit causes
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relay 1585 and relay 1504 to operate to their spac-
ing contacts. The operation of relay 1585 to its
spacing contact causes the release of relay 1525,
resulting in the extinguishing of the line lamp
1501 and the silencing of the night alarm circuit
represented by 1502. When the following mark
signal is received, relay 1505 operates to its mark-
ing contact again, causes relay 1525 to reop-
erate and relight the lamp, and causes the reop-
eration of the night alarm circuit. The release of
relay 1525 removes ground from the grid of vacu-
um tube 15069 but since under the flashing con-
dition relay 1525 is never released for a time in
excess of approximately five seconds, vacuum tube
1508 does not cause the operation of relay {533.
Operation and release of the subscriber’s power
switch, therefore, merely flashes the calling-in
signal at the manual switchboard.

Disconnect of a calling subscriber pricr to the
operator’s answer

If a calling subscriber at the line ccncentration
unit should disconnect before the operator an-
swers, the circuit at the distant end causes the
termination of a mark signal and the transmis-
sion of a space signal. The reception of a con-
tinued space signal in this circuit causes it to
function as just described. This time, however,
relay 1585 being released for a period in excess
of approximately five seconds, sufficient potential
has accumulated on condensers 1534 and 1535 to
change the potential of the grid with respect to
the filament so that a plate current of sufficient
magnitude flows to permit relay 1833 to operate.
Relay 1533, in operating, causes the operation of
relay 1938 over a circuit extending from ground,
the armature and front contact of relay 1583, the
inner, lower armature and back contact of relay
1537, winding of relay 1536 to battery. Relay
1536 closes the lower winding of relay {538 to
ground on the spacing contact of relay (585.
Relay 1508, therefore, operates to its spacing con-
tact, resulting in the operation of relay 1538 over
a circuit from ground, the front contact and inner
upper armature of relay 15811, armature and spac-
ing contact of relay 1968, front contact and lower
armature of relay 1536, winding of relay 1538
through resistance 1538 to battery. Relay 1538
operates in this circuit and (1) closes an alternate
path for the lower winding of relay #5088, (2) locks
under control of relay 1508, and (3) connects
ground through resistance 1549 to the grid of
vacuum tube 1509. This connection to ground
discharges condensers 1534 and 1535, causing the
release of relay 1533. Relay 1533, in releasing,
causes the release of relay 1536, Ground on the
armature of relay 1541 through the spacing con-
tact of relay 1508, the operated locking contact
of relay 1538 and the now normal back contact of
relay 1536 is extended to the winding of relay
15317 which now becomes operated. Relay 1537,
in operating, (1) disconnects condenser 1535 from
the grid of vacuum tube 1509, (2) short-circuits
the line winding of relay 1524 of the loop re-
peater, (3) prepares an operating path for relay
1515, and (4) removes the ground from:the grid
of vacuum tube 1509 so that this vacuum tube
may again go through its cycle of operation.
One-half second after the removal of this ground,
condenser - 1534 will have received sufficient
charge through the charging resistance 1841 to
affect the grid and thus cause plate current to
flow of sufficient magnitude to again operate relay
1533. Relay 1533, in operating, now causes the
operation of relay 1515 which locks to ground
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at the front contact and inner upper armature of
relay 16511 and opens up the holding path of relay
1511, causing its release, and at the same time
definitely holding relay 1598 to its spacing con-
tact by the application of a ground at the upper
armature and front contact of relay 1585 inde-
pendent of the spacing contact of relay 1505,
Relay 1511, in releasing, recloses the normal path
of the lower winding of relay 1508, and returns
ground to the ring spring of the jack from ground
on the upper inner armature and back contact
of relay 1541. The release of relay 511 also
causes the release of the off-normal relay 1518,
removes battery from the sleeve multiple, returns
the filament of vacuum tube 1589 and the bias
windings of relays 1508 and 1505 to their idle
condition and then causes the release of relays
1538, 1537, 1525 and in turn 1515.

Release of the off-normal relay (5i6 extin-
guishes the busy lamps at the multiple appear-
ances, removes power from vacuum tube 1524 and
its associated apparatus and returns the loop re-
peater to its idle condition. 'The return of the
5-milliampere condition in the filament of vac-
uum tube 1509 causes the release of relay 1533.
The removal of power from vacuum tube 1524
and its associated apparatus causes the release of
relays 1832 and 1528, discontinuing the sending
of ringing to the distant line concentration unit
and effectively returns this trunk ecircuit fto
normal.

Operator answers an outward call

The operator in plugging the answering cord
into a jack associated with a lighted line lamp
causes the operation of the sleeve relay 1518
which in turn causes the operation of relay 1520

and furnishes additional battery for holding the

off-normal relay {516 operated. The plugging of
the answering cord into this jack also keeps a
busy potential on the sleeve of the jack. The
operation of relay 16520 (1) disconnects condenser
1538 from the grid of vacuum tube 1509, (2) fur-
nishes an operating battery for relay 1§24, (3)
removes the winding of relay 1525 from the
marking contact of relay 1505, causing relay 1525
to release and connects the marking contact of
relay 1565 to the grid of vacuum tube 1509, and
(4) connects the armature of the sending relay
1518 of the loop repeater to the inward path to
the line concentration unit. The release of relay
1525 (1) extinguishes the line lamps, (2} silences
the night alarm circuit, and (3) removes supple-
mental ground from the grid of vacuum tube
1509. The marking potential in the cord circuit
causes the operation of relay 1518 of the loop re-
peater to its marking contact, resulting in the
operation of relay 1523 to its left-hand contact
whereby ground from the middle lower armature
of relay 1516 is connected to the grid of vacuum
tube 1524, This causes the release of relay 1532
and in turn relay 1528 which discontinues the
transmission of ringing current to the distant
line concentration unit and completes the inward
path to the line concentration unit. Meanwhile
the operation of relay 1520 will cause the opera-
tion of relay 1521 which (1) locks under control
of the ground at-relay (5t1, (2) definitely re-
moves the possibility of sending ringing current
to the line concentration unit should relay 1520
release on a false disconnect, and (3) changes the
connection to the loop repeater to permit its
operation on a half-duplex basis. Release of re-
lay 1528 permits a marking signal from the ar-
mature of the sending relay 1518 from the loop
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repeater to be sent to the distant line concentra-
tion unit where it is utilized and is an indica-
tion that the operator has answered. The cir-
cuit is in its transmitting condition.

Transmission of telegraph signals will proceed
uninterruptedly. This is possible because outgo-
ing signals from the line concentration unit are
monitored upon by relay 1505 and because vac-
uum tube 1509 and its associated apparatus have
been designed not to function unless a space sig-
nal in excess of one-half second is received and
similarly since inward signals to the line concen-

tration unit are monitored upon by relay 1523

and vacuum tube 1524 and its associated appara-
tus which have been designed not to function un-
less an outward space signal in excess of three-
quarters of a second has been transmitted. In
the transmitting condition the following relays
are operated: 1511, 1616, 1519, 1520, 1521 and re-
lay 1508 to its marking (right-hand) contact. In
this condition, relays 1523, 1565, 1504 and 1518
follow telegraph signals.

Transmission of break signals in either direction

When a subscriber operates his break key, the
trunk circuit at the distant line concentration
unit sends a three-quarter second space signal
followed by ringing, provided, of course, that a
marking signal is being received at the distant
end at the same time. The reception of the
space signal in this circuit causes relays 1504 and
1506 to operate to their spacing contacts. The
operation of relay 1504 sends a space signal to
the cord circuit. The operation of relay (505 re-
moves ground from the grid of vacuum tube 1509.
After approximately one-half second has elapsed,
condenser 1534 has received sufficient charge
through charging resistance 1541 to affect the
grid of vacuum tube 1509 and permit a plate cur-
rent, of sufficient magnitude to flow to operate re-
lay 1533. As hereinbefore described, this results
in the operation of relay 1536 and relay 1538, the
release of relays 1833 and 1536 and the operation
of relay 1538. After three-quarters of a second
has elapsed the reception of ringing causes the
relay 1505 to operate and release at the same rate
as the ringing current. Relay 1531, being oper-
ated, has short-circuited the line winding of relay
1504 and, therefore, relay 1504 continues to send
a space to the cord circuit. The rapid operation
and release of relay 1505 prevents vacuum tube
£8089 and its associated apparatus from again op-
erating relay 1333 and at the same time permits
relay 1508 to remain on its spacing contact. Re-
lay 1508 and its associated apparatus under this
condition are arranged to remain on the spacing
contact provided a marking signal of no greater
than .045 second is received from the line concen-
tration unit. The circuit remains in this condi-
tion, continuing to send space current to the cord
circuit as long as ringing is being received from
the distant concentration unit.

When a break signal originated in the cord or
in circuits beyond the cord is received in this
trunk circuit the sending relay 1518 of the loop
repeater operates to its spacing contact provided,
of course, the marking signal is being received
from the concentration unit. The operation of
relay 1518 of the loop repeater to its spacing
contact causes relay 1523 to operate to its right-
hand contact. After three-quarters of a second
has elapsed condenser 1530 has received sufficient
charge through the charging resistance 1531 to
affect the grid of vacuum tube 1524 to permit
sufficient current to operate relay 1532. The op-
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eration of relay 1532 causes the operation of relay
1528 which results in the sending of ringing cur-
rent to the distant line concentration unif.
Three-quarters of a second break followed by
ringing is an indication of a break signal in the
line concentration unit. The circuit remains in
this condition, sending ringing current continu-
ously to the line concentration unit as long as a
break is being received from the cord cirguit end.

The operation of this circuit as just descriked
under the condition of a break signal from either
end presupposes the reception of & marking sig-
nal from the opposite direction. Since during
the transmitting condition the associated loop re-
peater of this circuit and also of the trunk circuit
at the distant line concentration unit are oper-
ating on a half-duplex transmission basis, the
recepltion of a space or break signal from both
ends simultaneously is effectively prevented.
The reception of a space signal from the line con-
centration unit, while this circuit is sending a
spacing signal to the line concentration unif, is
prevented by the loop repeater in the distant of-
fice and the sending of a space signal to the line
concentration unit while this circuit is receiving a
space signal from the line concentration unit is
prevented by the loop repeater associated with
the trunk circuit of this end. At the conclusion
of the blocking space signal the break signal that
was blocked will cause this circuit to function as
described above, depending upon the direction
from which the break was transmitted.

Resumption of transmission after a break signal

When the subscriber in the line concentration
unit releases the break key: associated with his
set, the distan{ line concentration trunk discon-
tinues the ringing and sends a mark signal to
the circuit. Reception of a marking signal of
greater than .045 second in this circuit causes
relay 1588 to operate to its marking contact, re-
sulting in the release of relays 1538 and 1539.
Relay 1538, in releasing, opens the lower winding
of relay 1583 and relay 1539, in' releasing, re-
moves the short circuit from the line winding of
relay 1584 of the loop: repeater, thus returning
the circuit to its transmitting condition. The
termination of the break signal received from
the cord circuit causes -a mark signal to be re-
ceived from the cord, resulting in the operation
of relay 1518 of the loop repeater to its marking
contact. This causes relay 1523 to operate to its
left-hand contact, reapplying ground to the grid
of vacuum tube 1524 and causing the release of
relays 1532 and 1528.  The release of relay 1528
discontinues the ringing continuously sent to the
distant line concentration: unit and permits a
mark signal originated at the armature of relay
1518 of the loop repeater to be sent to the distant
line concentration unit. The circuit, therefore,
similarly returns to the transmitting condition.

Line concentration unit subscriber disconnects

‘When the line concentration umit subscriber
disconnects, the circuit at the distant end trans-
mits 2 continuous space signal. The reception
of & continuous space signal in the unit causes
relay 1585 and relay {584 to operate to their
spacing contacts. After one-half second has

. elapsed, the circuit functions as hereinbefore de-

scribed. Relay 1588 continues to remain on its
spacing contact because relay 1505 remains on
its spacing contact. After an additional half-
second has expired, the condenser 1534 has again
received sufficient charge to affect the grid circuit

25

of vacuum tube 1508 to permit relay 1533 to

operate. 'The operation of this relay, since relay
{537 is now operated, causes the operation of
relay 1515 which locks under control of relay 1511
and places a ground on the lower winding of
relay 1568 to permit it to hold on its spacing
contact and then causes the release of relay 1511.
Relay (811, in releasing, (1)~ closes the normal
holding circuit for relay 1508, (2) places ground
on the ring spring of the jack to the cord circuit
where it is instrumental in lighting the cord
lamp as a disconnect signal, (3) removes one bat-
tery connection to the off-normal relay 1516, (4)
reinserts resistance 1507 in the path of the fila-
ment of vacuum tube 1509, reducing the filament
current to approximately 5 milliamperes, and (8)
causes the release of relays 1538, 1537, 1515 and
1521. Relay 1521, in releasing, returns the asso-
ciated loop repeater to its idle condition.

The reception of a disconnect signal from the
line concentration unit subscriber while a mark-
ing signal is being received from the cord has
therefore caused the cord lamp to light as a dis-
connect signal and fo return to idle condition
the following relays: 1504, 1505 and 1508 to their
spacing contacts, 1511, 1538, 1537, 1515, 1533,
1536 and 1521 to their normal unoperated condi-
{ions. )

If the subscriber’s disconnect signal was re-
ceived in this circuit while a space signal was
being sent to the distant line concentration unit,
the circuit would perform exactly as described
except that the relay 1594 of the associated loop
repeater would remain on ifs marking contact
and therefore send a marking signal to the cord
circuit as long as the break signal from the cord
circuit persisied or at least until relay  152i
released; thereaffer this circuit would transmit
a space signal to the cord circuit.

Line concentration unit subscriber recalls

To send a recall signal, the line concentration
unit subscriber is instructed to release his power
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switch for approximately one second and then

reoperate it to its “on” position. This results
in the reception of at least a one-second space
followed by a mark signal from the concentration
unit. During the one-second ‘space signal the
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circuit functions exactly as described hereinbe-

fore, causing the cord circuit lamp to light as a
disconnect signal. Upon the reception of the
mark signal from the distant line concentration
unit relays 1505, 1534, 1508 and 1511 operate ex-
actly as described above, causing in addition the
reoperation of relay {521 and thus returning the
circuit to its transmitting condition. Removal
of ground from the ring lead, however, causes
the associated cord lamp to flash as a recall sig-
nal. The net result of a recall, therefore, is to
return the circuit to the transmitting condition
and to cause the associated cord circuit lamp to
flash as a recall signal.

Rering of line concentration unit subscriber

If the operator wishes to rering a subscriber
who has disconnected, as evidenced by the steady
cord lamp, she depresses the ringing key of the
cord circuit, causing the reception of ringing cur-
rent in this trunk ecircuit and resulting in the
rapid operation of loop repeater relay 15i8. This
results in the sending of marking and spacing
pulses at ringing. frequency to the distant line
coneentration unit. Reception of these marking
and spacing pulses at the distant end, the sub-
scriber’s disconnect signal having been registered,
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-causes the ringing of the. bell at the subscriber’s
‘station.

Operator disconnects in answer to a disconnect
signal from a line concentration unit subscriber

The reception of a disconnect signal from a
line concentration unit subscriber results in the
steady illumination of the cord circuit lamp.
Removal of a cord from the trunk jack in answer
to the subscriber’s disconnect signal results in
‘the release of relay 1519 which causes the release
of relays 1520 and 1516 and the operation of relay
1518 of the loop repeater to its spacing contact.
Release of the off-normal relay (516, removing

‘as it does power from vacuum tube 1524 and its

associated apparatus, prevents the operation of
relay 1523 and therefore sends a spacing signal
to the distant line concentration unit as evidence
of the fact that the operator has disconnected
from the trunk. If the operator had disconnected
while a space signal was being received from the
cord, any ringing .which might have been sent
as a 'result of the operation of relay 1528 is dis-
continued with the removal of power from vac-
uum tube 1524 and its associated apparatus and
replaced by .a spacing signal to the distant line
concentration unit. A prolonged space followed
by a ringing signal is also an indication in the
distant line concentration unit of an operator
disconnecting from a trunk,

" Operator originates an inward call

The operator originates a call for the line con-
centration unit by selecting an idle trunk as in-
dicated by the absence of a lighted busy lamp or
the busy potential on the sleeves of the jacks.
Upon plugging into an idle trunk the cord cir-
cuit causes relay 1519 to operate. The operation
of this relay results in the operation cof relay
1520 and the off-normal relay i5i6. Through
the connection of the plug to jack 1583 busy
potential is placed on the multiples of the sleeve
of -this jack for giving a busy test to operators
at -other positions. The relay 1520, in operating,
(1)- disconnects condenser 1335 from the grid of
vacuum -tube 1509, (2) prepares an operating
path for relay 1521, (3) connects the marking
contact of relay 1505 to the grid of vacuum tube
14509 and opens the circuit of relay 1529, and (4)
closes the inward path to the line concentration
unit to the armature of the sending relay 1518,
which, having operated to its marking contact
from the mark potential in the cord circuit, sends
a ‘marking signal to the line concentration unit
for a calling-in signal. The operation of the
off-normal relay 1516 (1) lights the busy lamps
at the various multiple appearance of the frunk,
(2) connects power to vacuum tube 1524 and its
associated apparatus, (3) places ground on relay
1523 to enable it to monitor on the inward path
to the line concentration unit, (4) connects
marking potential to the apex of the sending re-
lay 1518 of the loop repeater, and (5) connects
marking potential to the bias winding of relay
1524 of the loop repeater.

' Reception of the director signal

‘When the equipment at the distant end is avail-
able and ready to receive the called subscriber’s
number to be transmitted by the operator, the
distant end transmits a continuous marking sig-
nal to this circuit. Reception of the marking
signal causes relays 1504 and {505 to operate to
their marking contacts and, as described herein-
before, results in the operation of relay 152 I, thus
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-bringing the circuit to ifs transmitting condi-

tion. Ground is also removed from the ring
spring of jack 1503, causing the associated cord
lamp to flash as a “director ready” signal.

Transmitting the called subscriber’s number -
to the concentration unit

The operator after receiving the flashing “di-

rector ready” signal in her circuit extinguishes
the flashing lamp and types the called subscrib-
er’s number on her teletypewriter. The permuta-
tion code signals are received in this circuit from
the cord circuit and transmitted to the director
in the concentration unit where they are decoded.
In the director circuit a conductor individual to
the called line is selected, whereupon this line is
tested and if it is found idle the line is ordered
by the director circuit to be connected to the
calling trunk. If the director circuit discovers
the called subscriber’s line to be busy, out-of-
order or unassigned, certain predetermined char-
acter codes are sent back to this end and result
immediately in the typing of certain predeter-
mined characters on the operator’s teletype-
writer. Similarly, if the distant end discovers
trouble in the circuits in use, a special trouble
out-of-order signal will be originated and sent
to this end. In this case, however, in addition
to affecting the operator’s teletypewriter the sig-
nal being of such a nature, causes the registration
of a disconnect and recall in this cireuit, possibly
resulting first in lighting the cord lamp and then
causing it to flash. If the called line at the dis-
tant end is connected to the selected terminal the

dismissal of the séquence circuit and the director s

at that end discontinues the transmission of the
marking signal and its discontinuance in this
circuit causes the registration of the disconnect,
resulting in the steady lighting of the associated
cord lamp. ‘

. Operator disconniects before the called

: subscriber answers

If the operator disconnects after receiving in-
formation concerning the called subscriber’s line,
such as busy, out-of-order, unassigned or in
trauble, relays 1519 and 1520 will be released and
a space signal will be received from the direction
of the cord resulting in the sending of a break
signal to the concentration unit. At the distant

end reception of the break signal will order the -

release of the sequence circuit and the director
circuit, terminating the sending of the permuta-~
tion codes for the predetermined characters men-
tioned. Five seconds after a prolonged space has
been received in this office, this circuit registers
the disconnect signal and returns this trunk cir-
cuit to its normal idle condition. If, instead of
disconnecting from the trunk upon the arrival of
such predetermined character signals, the opera-
tor sent a break signal to the distant line con-
centration unit by means of the teletypewriter,
this circuit would, of course, transmit a break
signal to the distant end where it would result

eventually in the transmission of a space signal.

to this circuit. After a one-second space signal
had been transmitted this circuit would register
a disconnect signal and the resulting release of
relay 1511 would cause the -associated cord lamp
to light as a disconnect signal. -When the break
key of the operator’s teletypewriter releases, this
circuit would send a mark signal -to the distant
line concentration unit as a new calling-in signal.

If the operator disconnects after the called sub-
scriber’s line is connected to the trunk but be-
fore the called subscriber answers the ringing of
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his line, the withdrawal of the cord {rom the
trunk jack will send a spacing signal to the dis-
tant line concentration unit and at the same time
the trunk ecircuit at this end returns to its normal
idle ‘condition.

Ringing the called subscriber

The illumination cf the cord circuit supervisory
lamp is an indication that the called subscriber’s
line has been connected to the trunk. The op-
erator then depresses the ringing key which
transmits ringing to this circuit and this cireuit,
as hereinbefore described, retransmits twenty-
cycle mark and space pulses to the distant line
concentration unit where it is utilized as a sig-
nal to connect ringing to the called subscriber’s
line,

Called subscriber answers

When the distant line concentration unit sub-
scriber answers the ringing of the bell, the distant
line concentration unit sends a permanent mark
signal to this office. The reception of the mark
signal causes relays 1585 and 504 to operate to
their marking contacts. The operation of relay
45086 to its marking contact, as hereinbefore de-
scribed, results in the operation of relays 1511
and 1521 bringing the ecircuit into the transmit-
ting condition and extinguishing the cord lamp of
the associated cord circuit. The circuit now con-
tinues to function as hereinbefore described.

False disconnection

If the operator should falsely remove the plug
cf the cord circuit from a trunk, relays 1519 and
1620 will release and the sending relay 1518 will
be operated to its spacing contact, provided, of
course, a space signal was not being received from
the distant line concentration unit. The oper-
ation of relay {518 to its spacing contact causes
relay 1623 to operate to its right-hand contact
and permits vacuum tube 1524 and its associated
apparatus to function. After three-quarters of
a second this results in the operation of relays
1832 and 1528, whereupon ringing current is
transmitted to the distant lLine concentration
unit. From a transmission standpoint, therefore,
the false disconnect results in the sending of a
break signal to the distant line concentration
unit. Meanwhile, with relay {520 released and
relay 1585 presumably on its marking contact,
a circuit is available for the operation of relay
1825. Not until relay 1528 operates or three-
quarters of a secoend after the cord has been re-
moved from the jack has elapsed does the line
lamp associated with the trunk and the night
alarm circuit function. During this condition, if
the subscriber in the line concentration unit
flashes the operator, the line lJamp and the night
alarm circuit will follow the flashing of his power
switch. TIf the operator plugs a cord into the
jack from which the cord has been falsely re-
moved the transmission of a marking signal from
the cord circuit will immediately cause relays
1518 and {523 to operate to their marking con-
tacts, resulting in the release of relays 1532 and
1528 and the transmission of a marking ‘signal
to the distant line concentration unit. The cir-
cuit, therefore, has returned to the transmitting
condition,

Connection established to another central office

Liet us assums that the subscriber at the sta-
tion shown in Fig. 4 establishes a connection.
As shown on. Fig. 6 this is station No. 90 which

27

is indicated by 2 rectangle in the upper part of
the drawing. It will be noted, in this case, that
the conductors corresponding to those leading
from the front and back contacts of relay 617
connect to the common conductors 600 and 601
in a different manner than those of the circuit
for station No. 44. Thus the upper or first choice
conductor connected to the back conbact of the
relay connects in this case to conductor 681 so
that the first choice office for this station will be
that reached over the trunks of Fig. 19 and the
second choice office will be that reached over the
trunks of Fig. 15. Should the subscriber at the
station in Fig. 4 initiate his call by first operating
his break key one of the trunks in Fig. 9 will be
selected whereas if he initiates his call in the
regular manner one of the trunks in Fig. 8 will
be selected.

Let us assume that the subscriber initiates his
call in the regular manner and that in due course
the selecting magnet 891 will become energized
followed thereafter by the operation of holding
magnet 803 and then the release of selecting
magnet 801 whereby the set of contacts 895 is
operated to effectively connect this subscriber to
the trunk indicated by the rectangle ‘1 {51 in the
upper part of Fig. 11 and 1351 in the upper part
of Fig. 13. This trunk is similar in all respects
to the trunk shown in detail in Figs. 11 and 13,
Also the repeaters 1362 and 1363 correspond to
the repeaters 1327 and 1328. The trunk there-
after extends to Fig. 19 which will be found to
be essentially identical with the trunk shown in
Fig. 15. For this reason no detailed description
of the operation of the trunk termination in Fig.
19 will ‘be given but the different, pieces of appa-
ratus will be numbered to correspond exactly to
the same pieces of apparatus in Fig. 15.

An exception is first the fact that the trans-
mission conductor connected to the jack 1908 is
on the ring instead of on the tip as in Fig. 15,
Two additional relays are shown in Fig. 19, these
being the relay 1858 in series with the tip con-
ductor leading to the back contact of the inner
ubper armature of relay 190f{. In the case of
Fig. 15 ‘the ring conductor corresponding to this
connection leads directly to the back contact of
the inner upper armature of relay 1511, Relay
1858 is provided for unattended subscriber’s sta-
tion calling, With the cord circuit used in con-
nection with Fig. 15 when an unattended station
is called the operator must depress her ringing
key and hold it manually for a period of at least
six seconds. In the cord circuit shown in Figs.
25 and 26 cooperating with the trunk termina-
tion of Fig. 19 the operator may press a key for
only a very short interval and then attend to
other business. The depression of such a key
will cause the operation of relay 1950 and this
in turn will cause the -operation of relay 19514
which locks through ‘its lower winding and
causes the operation of the ringing relay 1928 by
its upper armature. With the short description
of this feature the trunk termination circuit of
Fig. 19 will be left and the cord circuit cooperat-
ing therewith will be described.

Universal cord circuit

The circuit shown in Pigs. 25 and 26 is g uni-
versal cord circuit provided for connecting the
operator’s ‘position circuit with various types of
lines and trunks and for interconnecting these
lines and trunks; for receiving and sending su-
pervisory signals; for repeating teletypewriter
communications from -one connected circuit ‘to
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another or to a group of circuits and to provide
a busy test and an operator’s lock-out feature.

The features of this cord circuit may be listed
as follows:

1. One side of the cord circuit is arranged for
answering calling subscribers or trunk circuits.

2. Answering cord is arranged for operator
lock-out when two or more operators answer the
same call.

3. The operators not getting the line in the
case of a multiple plug-in receive an indication
by the illumination of their busy lamps.

4, Both cords are equipped with automatic
flashing recalls.

5. Both cords are arranged for steady discon-
nect signals.

6. Operator may send a trunk disconnect or
recall signal over both cords.

7. Both sides of the cord circuit are arranged
for calling subscribers or toll operators.

8. Operator may ring over the calling cord
using the machine ringing. Operator may man-

ually ring over the answering cord only.

9. A guard lamp is used on the calling cord to
indicate when ringing.

10. Guard lamp is extinguished when subscrib-
er answers.

11. An unattended subscriber’s station may be
started from either cord.

12, The toll disconnect signal may be sent over
both cords.

13. Busy test can be made with the calling
cord before entering a line jack, differentiation
being provided between a regular busy and an
out-of-order busy.

14. BEach cord circuit is equipped with a single
line repeater for repetition of telegraph signals.

15. Bach cord circuit is equipped with means
of indicating when a-cut-off takes place at that
cord.

16. A splitting key is provided for communi-
cation in either direction independent of the
other side.

17. When either plug is inserted in a line cir-
cuit the opposite side of the cord circuit is closed
automatically so that ‘“conversation” can take
place.

18. A teletypewriter key is provided for con-
necting the operator’s set into the cord circuit.

Operation answering a call: operator lock-out
feature

A call is answered by inserting the answering
plug 2500 into a calling line jack such as 1903
and by operating teletypewriter key 2600.
Ground is present on sleeve of this jack 1963
through the upper winding of relay 1918. When
the plug is in, a circuit is completed through the
sleeve of the plug and jack, the lower winding
of relay 2501, the winding of relay 2582, to a
potentiometer made up of resistances 2503 and
2504. If this cord is the first to complete the
sleeve circuit, the mid-point of the potentiometer
will be negative with respect to the sleeve and
will operate and apply
sround to the winding of relay 25685. Relay 25065
becomes operated and establishes a connection
from battery, the winding of relay 2506, the front
contact and middle upper armature of relay 2505
through the upper winding of relay 2501 to the

~ sleeve of the plug 2500 and thence through the

7%

sleeve of the jack circuit in Fig. 19. This path
will constitute a locking circuit for relay -258!
and an operating circuit for relay 2506.

If another answering cord has preceded this
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cord into the multiple of the line, the sleeve will
be negative with respect to the mid-point of the
potentiometer and the polar relay 2501 will not
operate. Relay 2502 will operate closing a con-
nection from ground, the armature and right-
hand contact of relay 2501, the inner upper
armature front contact of relay 2502, the wind-
ing of relay 2507 to battery causing the opera-
tion of relay 2507. Relay 2507 connects positive
battery through resistance 2508, the contact and
armature of relay 2597 to the ring of the plug
2500 and thence over the line multiple to the
ring of the preceding cord. This positive bat-
tery connection extending over the line multiple
will be traced through the ring of the other cord,
the alternate contacts of the inner lower arma-
ture of relay 2505, the normal contacts of the
lower armature of relay 2524, the normal con-
tacts of relay 2527, the front contact and outer
upper armature of relay 26i{4 which has been
operated through the operation of key 2600, the
tip of jack 2616, the tip of plug 2611, the trans-
mitting contacts 2615, the break contacts 2618,
the tip of plug 2619, the tip of jack 2620, the
upper winding of relay 2613, the lower outer ar-
mature and front contact of relay 2614, the back
contact and inner lower armature of relay 2517
and in multiple therewith the upper outer arma-
ture of relay 2517 and its back contact, the upper
winding of the repeater relay 2528, through the
armature of repeater relay 2532 to positive bat-
tery. 'Thus, the relay 2613 in the first cord cir-
cuit will be shunted and will, consequently, move
its armature to its right-hand or spacing con-
tact. This will connect positive battery directly
to the winding of relay 2633, causing this relay to
release. It will be noted at this time that relay
2624 in the original operator’s position is ener-
gized in a circuit which may be traced from
battery, the winding of relay 2624, the inner
lower armature and front contact of relay 2614,
the lower armature and front contact of relay
2608, the front contact and lower outer arma-
ture of relay 2509. Relay 2589 is energlzed in
parallel with relay 2505.

Relay 2633 in releasing closes a circuit from
positive battery through the alternate contacts
of relay 2633, the armature and front contact of
relay 2624, resistance 2635, sleeve of jack 2616,
sleeve of plug 26171, printer magnet 2621, sleeve
of plug 2619, sleeve of jack 2620, resistance 2622
to negative battery, whereby the printer circuit
of the operator set is locked so as to form an
indication to the first operator that another op-
erator has tried to make connection to the same
calling line, As soon as the interfering operator
disconnects, the first operator’s set circuit restores
to its normal operating condition by the opera-
tion of relay 2613 and the operation of relay
2633 which allows the printer magnet 2621 to
properly follow the movement of the line relay
2613.

In the second position, the line relay 2613
moves to its spacing contact because in this case
the failure of relay 2505 to operate holds the
transmission circuit open.- Here again relay 2633
releases but this time without effect since relay
2624 in the interfering operator’s position does
not become energized. However, a circuit is
established from positive battery through the
winding of relay 2634, the normal contacts of
relay 2624, resistance 2635, through the printer
magnet, resistance 2622, to negative battery.
Thus, in the second operator’s position the print-
er is also locked and, in addition, relay 2634 is
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operated. The operation of this relay energizes
the busy lamp 2627 so that the interfering op-
erator is given an indication that she has tres-
passed upon a busy circuit. She thereupon dis-
connects her answering cord from the jack of
the calling line.

In the circuit of the first operator to plug in
on a calling line the operation of relay 2509
applies ground through its front contact and
upper armature to the balancing networks of the
repeater. Relay 2509 will operate when either
or both calling or answering cords are inserted.

After the operator inserts the answering plug
in the line jack the teletypewriter key 2600 is
operated to connect the operator’s teletypewriter
in series with the answering side of the single
line repeater. As the calling side of the repeater
is closed the operator can transmit into and re-
ceive from the line to which the answering cord
is connected.

Completing call to trunk circuit

After the operator has received the number of
the desired station the calling cord 2510 will be
inserted into a trunk jack indicated as idle in
any well-known manner. When the plug is in
the jack a circuit is completed from ground
which is present on the sleeve of the jack

_through the sleeve of the plug 2510, resistance

2511, and the winding of relay 2512 to battery.
Relay 2512 will thus be operated and in turn
will operate relay 2513. Relay 2513 will connect
the ring of the cord to the calling side of the
repeater through the contacts of relays 2514 and
2515. Relay 2513 will also transfer the tip of
the cord from the busy test circuit leading to
relays 2625 and 2626 to the calling supervisory
relay 2603. The operator will call by operating
the ringing key 2516 which in turn will cause the

~operation of relay 2515. This will open the

trunk but the calling side of the repeater will
be connected to negative battery through resist-
ance 2681 in order to hold the calling station and
the operator’s teletypewriter closed.

Completing the call to a station line

After the operator has received the number
of the desired station the calling cord 2510 is in-
serted in the jack of that station’s line. When
the calling plug is inserted in. a station line,
ground present on the tip will close a circuit
through the tip of jack and plug, the inner lower
armature and front contact of relay 2513, the
outer lower armature and back contact of relay
2517, the lower armature and back contact of
relay 2518, the back contact and upper outer
armature of relay 2514, conductor 2604, the upper
outer armature and back contact of relay 2602,
the winding of calling supervisory relay 2603 to
battery. Relay 2663 operates in this circuit and
in turn will cause the operation of relay 2602
through its upper winding. The operating cir-
cuit of relay 2603 was traced from a ground
which was finally extended over conductor 2604,
This ground is now extended over the front con-
tact and inner lower armature of relay 26083 to
the upper winding of relay 2602. The upper
armature of relay 2602 acts to open this circuit
hut the ground on conductor 2604 is now con-
nected to the outer lower armature of relay 2603
and thence through the energizing circuit for
the upper winding of relay 2602. The operation
of relays 2692 and 2603 will light the calling cord
lamp in a circuit from ground, the front contact
and ‘outer upper armature of relay 2603 calling
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cord lamp 2519 through the winding of relay 2520
to battery. Relay 2520 is known as the auxiliary
signal relay and operates to cause the illumina-
tion of pilot lamp 2521, Relay 2603 through its
front contact and inner upper armature also con-
nects the calling side of the repeater to battery
through resistance 2681, in order to keep the typ-
ing circuit closed.

The operator will then operate the ringing key
2516 operating relay 2515 as before. The opera-
tion of relay 2515 applies ground from the tip of
the cord to relay 2514 causing it to operate. Re-
lay 2914 becoming operated locks to ground on
the tip and opens the holding eircuit for relays
2682 and 2683. This will release and extinguish
the calling lamp 259 and the pilot lamp 2521.
Relay 2514 also closes the calling side of the re-
peater and connects battery to the ringing guard
lamp 2522. Battery is also connected through
the inner upper armature of relay 25i4 and its
second front contact to the winding of relay 2605.
The other side of the winding of relay 2605 is
connected to a source of signal supply, that is a
connection to ground which is periodically inter-
rupted by some well-known means. In this cir-
cuit relay 2635 will be repeatedly operated for
two seconds and released for four seconds. When
relay 2514 is operated and relay 2605 is released,
positive battery is connected through the back
contact of relay 2605 to the station line,
through the lower cuter armature and front con-
tact of relay 2514, the alternate contacts of the
upper outer armature of relay 2513 to the ring
of plug 2510. When relay 2665 is operated then
ringing current is connected to this circuit over
the front contact of relay 2685. This alternate
battery and ringing current will continue to be
applied to the line until the station operator an-
swers. When the station operator answers
ground will be removed from the tib eircuit.
Relay 2514 will release. = The ringing guard lamp
2522 will be extinguished and relay 2605 will re-
main released. The ringing circuit is therefore
restored to normal and transmission may take
place.

Disconnect from station

When a station disconnects the tip of the jack
and plug is connected to ground. In the case of
an answering cord the ground on the tip will
complete a circuit to the winding of answering
supervisory relay 2606. This circuit may be
traced from ground on the tip of plug 2500
through the outer lower armature and front con-
tact of relay 2585, the inner upper armature and
back contact of relay 2517, the inmer upper
armature and back contact of relay 2607 to the
winding of relay 2605. Relay 2606 will operate
and close an operating circuit for relay 2607
through the front contact and inner lower arma-
ture of relay 2606. Since relay 2607 operates to
open its original energizing circuit, relay 2606 is
maintained operated through its outer lower
armature and front contact. Relay 2666 will
close the answering side of the repeater and will
light the answering cord lamp 2523. The cir-
cuit may ke traced from ground, the front con-
tact and inner upper armature of relay 2606,
lamp 2523 and thence to supervisory relay 2520.
When the cord is disconnected from the jack
these relays will release and the lamp will be
extinguished.

In the case of a calling cord relays 2603 and
2682 will be operated in the same manner.
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Flashing recall from station

A station recalls the operator by operating a
recall key which will cause ground fo ke applied
to the tip of the jack circuit. Relay 2606 will
operate from ground supplied through a normally
closed contact of relay 2697. When operated,
relay 2606 prepares its own locking circuit and
closes the operating circuit of relay 26071 as
hereinbefore described.. Relay 2606 will apply
battery to hold the answering side of the repeater
closed and will light the answering lamp 2593.
Relay - 2607 will also close a locking circuit
through its lower winding which may be traced
through the back contact and inner upper ar-
mature of relay 2524, the front contact and outer
lower armature of relay 2586, the upper arma-
ture and back contact of relay 2608, back contact
and inner upper armature of relay 2689 to ground.
‘When the station operator releases the recall key
ground will be removed from the tip of the jack
and plug. Relay 2606 will release and will
transfer the answering line from ground at the
front contact of its inner upper armature to an
interrupting ground found on the back contact
of its inner upper armature extending from an
interruptor 2610 through the outer lower arma-
ture and the front contact of relay 26087, Inter-
rupter 26180 will cause lamp 2523 to flash. As
relay 2606 will open its own locking circuit when
released subsequent operations of the station re-
call key will not cause this relay to reoperate.
The answering lamp will flash under control of
the interrupted ground until the locking circuit
of relay 2607 is opened by the operator operating
the teletypewriter key 26080 associated with this
particular cord. The disconnect and recall sig-
nal from g trunk circuit such as that shown in
Fig. 19 operates in exactly the same manner as

. above described. In this last case, the ground
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applied to the tip is supplied by the inner upper
armature of relay 1211 in response to the opera-
tion of the recall key at the distant subscriber’s
station.

Ringing on the answering cord

*When it is desired to ring on the answering
cord the ringing key 2525 is operated causing in
turn the operation of relay 2524, This opens the
ring circuit of the plug 2580 through the move-
ment of the lower armature of relay 2524. If
the jack to which the cord is plugged is con-
nected to a trunk circuit this opening will con-
stitute the call.. If the cord is plugged into an

. idle station line battery will be present on one

655

60

side of the winding of relay 2526 and ground will
be applied to the other side through the upper
outer armature and front contact of relay 2524,
the front contact and outer lower armature of
relay 2505 through the tip of the plug 2503.
Relay 2526 will operate and apply ringing cur-

. rent to.the line from the source represented by
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current limiting. lamp 26{1. Ringing current
from this source is connected to the ring of the

. plug and will cause the operation of the polar-

ized relay 1918 in the trunk circuit with the
result. hereinbefore described. - Relay 2524 ap-
plies battery to hold the answering side of the
repeater. . This circuit may be traced from bat-
tery, .the lower armature and front contact of
relay 2524, the normal contacts of relay 2527,
the back contact and upper outer armature of
relay 2609, the back contact and inner lower
armature of relay 2517 to the upper winding
of polarized relay 2528 forming part of the
repeater.
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It will' be noted ‘that the calling signal to a
trunk is unhder manual control of the ringing
key when either cord is used.  Ringing on the
calling cord on a station line is always controlled
mechanically and on the answering cord on a
station line is always controlled manually.

Telgztyﬁaewriter key and relays

The teletypewriter keys and relays are so ar-
ranged that the operator’s teletypewriter may be
connected to any cord in the immediate posi-
tion. - In Fig. 26 it will be noted that the lower
part- of the circuit diagram 'is connected to the
upper part with five conductors, one of which
leads from the alternate contact of the teletype-
writer key 2608. To the right of the key 2686
there are indicated two other keys and a mul-
tiple of five conductors whereby the common
teletypewriter apparatus may be allernately con-
nected to the various cord circuits. The cir-
cuit from the answering side cf the repeater to
the ring of the answering cord may be traced
from the upper winding of relay 2528 through the
inner, lower: armature and back contact of relay
2517 and in multiple therewith through the back
contact and outer, upper armature of this same
relay, through resistance 2612, the oufer, upper
armature and back contact of relay 2509, the nor-
mal contacts of the relay 2521, the normal con-
tacts of the lower armature of relay 2524, alter-
nate contacts of the inner, lower armature of
relay 2505 to the ring of plug 2500. When the
teletypewriter key 2680 is operated ground is
supplied through the lower winding of relay 2613,
through the operated contacts of key 2600, the
normal contacts of the lower armature of relay
2609 to the winding of relay 26i4. In the case
of other cord circuits, this ground is extended
through the normal contacts of the preceding
teletypewriter keys. When relay 2614 operates,
this same ground will be connected through the
front contact and inner, upper armature of relay
2614 to the winding of relay 26089, whereupon
relay 2608 operates and provides a local ground
connection for maintaining relay 2614 energized.
With relays 2669 and 2614 now operated a cir-
cuit is established for the transmitting contacts
2615 as follows: From the ring of the plug 2500
through the alternate contacts of the inner lower
armature of relay 2585 through the normal con-
tacts of the lower armature of relay 2524, the
normal contacts of the relay 2527, the front con-
tact and upper outer armature of relay 2614, the
tip of jack 26186, the fip of plug 26117, the trans-
mitting contacts 2615, the break key 2648, the
tip of plug 2619, the tip of jack 2820, the upper
winding of relay 2613, the lower outer armature
and front contact of relay 2614, the back contact
and inner lower armature of relay 2547, and in
multiple therewith, the upper outer armature
and back contact of relay 2517 to the upper
winding of repeater relay 2528. It should be
noted that during the operation of relays 2614
and 2609, that the transmitting contacts 2613
and the receiving relay 2613 are shunted by the
resistance 2612 so that the circuit from the frunk
to the repeater relay 2528 will not be even
momentarily opened during this operation. The
relay 263 responds to impulses from the frunk
and the transmitting contacts 2515 are used to
transmit impulses to the trunk.

The selecting magnet 2621 is under control of
the receiving relay 2513 in a circuit extending
from positive hattery, the armature of relay 2613,
its left-hand or marking contact, sleeve of jack
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2616, sleeve of plug 2617, magnet 2621, sleeve of
plug 2619, sleeve of jack 25620, resisbance 2622 to
negative battery. In this circuit the selecting
magnet 2621 is energized. When the relay 2613
moves its armature to its spacing contact this
circuit is broken and the selecting magnet 2621
releases.

When the teletypewriter key 2600 is restored to
normal the relay 2608 will release before relay
2614 and thus resistance 2612 will be replaced in
the circuit between the answering plug and the
answering side of the repeater before the oper-
ator’s teletypewriter is removed. This is done to
insure that transmission through the repeater will
not be interrupted by the introduction or removal
of the operator’s set. When the teletypewriter
key is operated the ground circuit from the op-
erator’s set is disconnected from all succeeding
cords thus preventing the interruption of trans-
mission in the cord in case the teletypewriter keys
of more than one cord are operated.

The line relay 2613 of the operator’s teletype-
writer is normally held closed by a local circuit
from ground through its lower winding, resist-
ance 2623 to battery and the teletypewriter mag-
net 2621 is held operated by another local cir-
cuit described just above. The current for oper-
ating relay 2614 and later holding operated relay
2609 is applied to the biasing or lower winding
of the operator’s set line relay 26i3 in the oppo-
site direction to the local holding current, This
current is greater than the local current and
will therefore act as the biasing current for the
operation of the line relay. When the teletype-
writer key is operated the operation of the relays
2614 and 2609 as hereinbefore described might
cause a sufficiently large current through the bias-
ing winding of line relay 2613 to overpower not
only the local holding current but the line current
as well. If the teletypewriter magnets were under
control of the line relay at this time false char-
acteristics might be recorded on the operator’s
set. This condition is prevented by the fact that
a second local circuit through the winding of re-
lay 2634 in the operator’s circuit holds the line
magnet 2621 of the teletypewriter closed until re-
lay 2608 operates. Relay 2698 operates upcn the
operation of relay 28089 and will then supply
ground over its front contact and lower armature,
the front contact and inner lower armature of re-
lay 2614, the winding of relay 2624, to battery
which last relay in operating will open the second
holding circuit for the magnet 2621. When the
teletypewriter key is restored to normal the bias-
ing circuit for the operator’s line relay will be
opened and the local holding current will be es-
tablished before the line circuit is opened.

‘While the teletypewriter key 2669 is normal
ground is supplied from the inner upper arma-
ture and back contact of relay 2609 and through
the back conbact and. upper armature of relay
2608, for the locking windings of relays 2607 and
2602. The circuit for the locking winding of re-
lay 2607 is effective when the answering plug
2500 is in a line jack and relay 2536 is operated.
The circuit for the locking winding of relay 2602
is effective when relay 2513 is operated due to the
insertion of plug 2510 in a line jack. When relay
2609 is operated ground will be removed from
relays 2507 and 2803 until relay 2608 operates.
‘When relay 2809 is released ground will again be
removed from the locking windings of relays 2607
and 2602, during the releasing time of relay 2608.
The releasing and operating times of relay 2608
are sufficiently long to cause relays 2607 and 2602
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to release whenever the teletypewriter key is op-
erated or restored.

Unattended key and relay

When the unattended key 2529 is operated
ground will be applied to operate relay 2518.
When: this relay operates the negative battery
which is normailly supplied to the calling cord
tip by the calling supervisory relays will be re-
placed by positive battery. Normally the tip of
the answering plug is connected through the
outer lower armature and front contact of relay
2505, the inner upper armature and back con-
tact of relay 28117, the inner upper armature and
back contact of relay 2607 through the winding
of relay 2608 fto negative battery. Similarly the
tip of plug 2510 is connected through the lower
inner armature and front contact of relay 2513,
the lower outer armature and back contact of re-
lay 2511, the lower armature and back contact of
relay 2518, the normal contact of the upper outer
armature of relay 2514, the upper outer armature
and back contact of relay 2602, the winding of
relay 2603 to negative battery. The operation
of relay 2518 in response to the operation of key
2529 replaces these negative battery connections
with a positive battery connected to the front
contacts of the armatures of the relay 2518.
When plug 2500 is connected to jack 1903 this
causes the operation of the polarized relay 1950
as hereinbefore described.

Split key and relays

The two keys 2530 and 2531 are known as the
split keys. When key 2530 is operated relay 2527
responds and opens the answering side of the
cord circuit. The operator’s set will be connected
to negative battery and the ring of the answer-
ing cord will be connected to positive battery.
When this is done the operator will receive from
and transmit to the calling cord ending in plug
2510.

When the split key 2831 is operated then re-
lay 2517 makes the split between the answering
side of the repeater and the operator’s set. In
this case, the operator will receive from and trans-
mit to the answering cord ending in plug 2500
only.

When the split key 2831 is operated the func-
tions described above under the heading “Unat-
tended key and relay” will be transferred from
the calling cord to the answering cord.

Repeater

When both sides of the cord circuit are closed,
both the repeater relays 2528 and 2522 will be op-
erated to their marking contacts by the line cur-
rents flowing in their upper windings. The cur-

- rents in the lower windings are in the opposite

direction and tend to operate the relays to their
spacing contacts. But these currents are approxi-
mately one-half the line currents. Assume the
line circuit connected to the answering side of the
cord is open, the relay 2528 will be operated to its
spacing contact under the influence of the bias-
ing current in its lower winding. While the relay
2528 is traveling from its marking to its spacing
contact no hattery is supplied to the junction
point between the upper and lower windings of
relay 2532, During this period relay 2532 will be
held closed by current flowing from the negative
battery at the distant end of the line through the
two windings in series aiding, through the
artificial line resistances 2533 and 2534 to ground
at the front contact and inner lower armature
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of relay 2509. When the relay 2528 closes on its
spacing contact negative battery will oppose the
negative battery at the distant end of the calling
line with the result that no current will flow in the
upper winding of relay 2532. Relay 2532 will be
held closed by the reversed current in its lower
winding. When the answering line is again closed
relay 2528 will be operated to its marking con-
tacts and the origina] conditions will be reestab-
lished.

When the calling line is opened relay 2532 will
be operated to its spacing contact and relay 2528
will be held against its marking contact by the
reversed current in its upper winding.

Cut-off indicator

When a cord circuit is connected to two jacks
and the supervisory relays 2607, 2606, 26062 and
2603 are not energized a circuit may be traced
from ground, the inner upper armature and back
contact of relay 2699, the inner lower armature
and front contact of relay 2506, front contact and
outer lower armature of relay 2613, back contact
and upper outer armature of relay 2607, inner
upper armature and back contact of relay 2602,
the lower winding of relay 2535 to battery. Relay
2635 will be energized in this circuit only when
both cords are connected to jacks and the super-
visory relays are in their normal positions. If a
cord is removed from a jack while relay 2535 is op-
erated either the relay 2505 or relay 2513 will re-
lease and open the circuit through the lower
winding of relay 2535 but will close a circuit from
battery through the associated supervisory lamp
through the other winding of relay 2535, the
armature and front contact of this relay to con-
ductor 2526 leading to the winding of cut-off
alarm relay 2527 to ground. When this is done
the cut-off alarm 2538 will be energized and the
supervisory lamp 2522 or 2523 will be lighted until
the cord is either replaced in the jack from which
it was removed or plugged into a special jack
which is provided for clearing out the alarm. If
both cords are removed when the relay 2535 is
operated both supervisory lamps will be lighted.

The cut-off alarm feature is disabled when the
teletypewriter key 2600 is operated, for the ground
for the operation of relay 2535, is furnished from
the armature of relay 2609.

If a disconnect or recall signal has been re-
ceived on either or both cords prior to the re-
moval of either or both cords the cut-off alarm
will not be energized, thus the relay 2535 will
have had sufficient time to release and open its
primary locking circuit.

In order to insure that the cut-off alarm will
not be given after a normal disconnect or recall
signal the circuit including the upper contacts of
relay 2608 and the back contact of the upper inner
armature of relay 2609 has been designed to sup-
ply ground to the locking circuits of relays 26017
and 2602 continuously except during a short in-
terval immediately after operating or restoring
the teletypewriter key. When disconnecting, the
locking circuits of these relays are opened
eventually at the contacts of the associated relays
2865 and 2513 in order that once a supervisory
relay is operated it will not release to close the
secondary winding of relay 2535 until after that
circuit has been opened at other contacts of re-
lays 2506, 2505 or 2513.

Busy test

Polar relays 2625 and 2626 are associated with
the tips of all of the cord circuits in the position
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through the back contacts of the sleeve relays
2505 in one instance and 2513 in the other. When
a line is busy and the tip of the plug 2509 is
touched to the sleeve of the jack of such an en-
gaged line negative battery from that sleeve
closes a circuit through relay 2325 to ground to
operate that relay. Relay 2626 does not respond,
both of these relays being polarized. Upon the
movement of relay 2625 to its left-hand contact,
ground is connected tc lamp 2627 which operates
as an indication that the line being tested is
busy.

‘When the tip of a cord is touched to a sleeve of
a line in which an ouf-of-order cord is plugged
positive battery will be impressed on the sleeve of
the multiple of this line s¢ that a circuit is com-
pleted now for the operation of relay 26258. This
relay closes ground through relay 2628 and lamp
2627 in series. Relay 2628 operates a buzzer 2629
so that with the busy indicating lamp 2627 glow-
ing and the buzzer 2629 operating an out-of-order
condition is indicated.

Monitoring -

Jack 2630 is provided so that a supervisor’s
circuit may be connected to this operator’s set.
Relay 2631 will be operated in a local circuit and
will connect the supervisor’s teletypewriter cir-
cuit in parallel with the magnet 262f in the
operator’s teletypewriter. The refurn circuit
from the supervisor’s circuit is completed through
resistance 2632. Relay 2624 is operated in a
circuit hereinbefore described and as the ener-
gization of the magnet now depends only on the
path through the armature of relay 2613 the
supervisor’s teletypewriter as well as the oper-
ator’s teletypewriter will follow the transmission
signals in relay 2613. Relay 2613 follows signals
sent from the operator’s keyboard represented by
the transmitting contacts 2615 as well as incom-
ing signals.

Sequence circuit

This circuit is designed as a subscriber and
trunk sequence circuit so arranged as to permit
the routing of only one call in any direction
through the line concentration unit at any one
time. The circuit is shown in Figs, 10, 12, 14
and 16. Fig. 10 indicates the subscriber line
sequence arrangements. There are indicated
three groups of subscribers’ lines, that controlled
by relays (08C¢ and 1801, that controlled by
relays 1002 and 1003, and that controlled by
relays 1004 and {005. Each group has a pair of
relays, such as 1006 and 1001, for each line of the
group. Thus, the drawing shows the group re-
lays for the first, an intermediate and the last
group of subscribers’ lines and the individual
relays for the first, an intermediate and the last
subscriber’s line in the first group.

Fig. 12 is a trunk sequence arrangement for
the group of trunks terminating in Fig. 15 and
Fig. 14 is a sequence circuit arrangement for the
group of trunks terminating in Fig. 19. In both
these figures there is a set of seven relays per
trunk and here again the first, an intermediate
and the last trunk of the group is illustrated.
Fig. 16 shows some general circuit arrangements
for controlling the sequence circuit arrangements
of Figs. 10, 12 and 14.

The functions of the sequence circuit as a whole
may be listed as follows:

1. This circuit is arranged to permit only one
subscriber at any one time the privilege of rout-
ing and establishment of a call through the line
concentration unit, provided a call is not being
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received from the distant office over one of the
trunks of Figs. 15 and 19, hereinafter referred
to shortly as the distant TWX office.

2. This circuit is arranged to permit only one
call at any one time from a manual TWX office
to seize a director circuit and to be routed and
established through the line concentration unit,
provided the routing privilege has not been seized
by a subscriber calling the TWX office.

3. In the case of trouble on an outward call
attributed after @ two-second interval by the
alarm circuit in general to the subscriber line
terminating ecircuit, the link circuit or to any
part of this circuit used on an outward call this
circuit is arranged (1) to attempt to free the
sequence circuit, (2) to remove and lock out of
future outward service under control of the re-
lease key the particular subscriber and the par-
ticular subgroup of subscribers containing the
calling subscriber, and (3) to light a lamp in-
dicating the subgroup placed out of outward
service.

4. In case of trouble on an outward call in the
trunk conductors or parts of the repeaters or
trunk relay equipment at the line concentration
unit or the TWX office, as indicated by the alarm
circuit after a two-second interval, this circuit is
arranged (1) to attempt to free the sequence
circuit, (2) to remove and hold the trunk out
of outward service under control of a release key,
(3) to flash a lamp indicating the trunk removed
from outward service and (4) to send to the TWX
office a characteristic out-of-order signal. If the
outward path to the TWX office is not faulty,
this will indicate a trunk in trouble at the
manual office end. In this case, the subscriber is
connected to the next idle satisfactory trunk
available.

5. This circuit is arranged to allot in a pre-
determined order idle trunks to subscribers call-
ing the distant manual TWX office regardiess of
whether the trunks are in one or more trunk
groups to ome or more distant central offices.
‘When more than one trunk group exists in an
office, the circuit is arranged to pick an idle
trunk in the particular trunk group to which
the subscriber is predeterminedly connected be-
fore proceeding to select anhy trunk in the other
subgroup or to hunt through both subgroups of
trunks before connecting to the all-trunks-busy
circuit.

6. When the subscriber’s line is arranged for
key selection of outlets, this circuit, in conjunc-
tion with the subscriber’s line circuit, is arranged
to select an idle trunk in the trunk group selected
by the subscriber before proceeding to select an
idle trunk in the other trunk group.

7. This circuit causes the call lamp associated
with the subscriber’s line to light when a sub-
scriber originates an outward call and during the
time the particular call is being routed through
the unit,.

8. When the subscriber’s line is arranged for
key selection of outlets, this circuit, in conjunec-
tion with the subscriber’s line circuit, is arranged

to steadily light the call lamp during the routing

of the outward call when the subscriber selects
his first choice outlet and to flash the call lamp
during the same period if the subscriber selects
his -second choice outlet.

9. This circuit is arranged o cause the selected
trunk to repeat a calling signal to the manual
TWX office when seized by the calling subscriber.

10. In case all trunks of a group are busy,
this circuit is arranged to cause the all-trunks-
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busy circuit to measure the length of time this
condition persists.

11. In case a subscriber places an outward call
when all trunks of both groups are busy, this cir-
cuit is arranged to connect the subscriber to the
all-trunks-busy circuit which thereupon trans-
mits an all-irunks-busy signal to the subscriber
station.

12. This circuit is arranged to advance the
trunk chain of Fig. 12 or Fig. 14 to the next idle
trunk immediately after each subscriber calling
the TWX office has obtained a routing through
the line concentration unit and before the se-
quence -circuit is permitted to handle the next
call in either direction.

13. This circuit is arranged to prevent the re-
lease of any link equipment set up for an estab-
lished call during the interval the link circuit is
actually being used to establish a routing through
the line concentration unit in either direction.

14, This circuit is arranged to keep the trunk
chain of Figs, 12 and 14 in a fixed condition dur-
ing the entire period that the sequence circuit
is attempting to route an outward call through
the unit. . :

15. This circuit is arranged to permit the mis-
cellaneous alarm circuit to function to time the
duration required for routing an inward call
through the line concentration unit.

16..In the case of a failure to complete the
routing of an inward call where it has been de-
termined that trouble may be in the trunk or
trunk sequence circuit, the miscellaneous alarm
circuit causes this circuit to function to (1) re-
move or hold the trunk out of service under con-
trol of a key at the same time flashing a lamp
associated with the trunk circuit, (2) to attempt
to free the sequence circuit and (3) to send the
characteristic out-of-order signal to the distant
end.

17. In case of a failure to complete the routing
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of an inward call when it has been determined

that the trunk or trunk sequence circuit has not
caused failure, the miscellaneous alarm circuit

causes the sequence circuit to act as described in:

the paragraph just preceding except that the
trunk is removed temporarily under control of
a marking signal from the central office.

18. If one or more trunk calls from the TWX
office are awaiting service, this circuit is ar-
ranged to start and keep the distributor motor
“in speed.”

19, This circuit is arranged to operate on a
manual basis outward to the central office if the
outward central office key 1602 is operated and
if an idle trunk is selected by means of its asso-
ciated call key, such as key 1205.

20. This circuit -is arranged to operate on a
manual basis for inward calls from central office
if the.inward central office key 1603 is operated.
A local attendant’s station is connected to the
trunk by means of the call key, such as 1205, and
husy-test circuit to obtain information concern-
ing the inward call after which the local attend-
ant’s station is released and the called station is
connected by the same means.

21. This circuit is provided with a night alarm
buzzer primarily for use during periods of manu-
21 operation to indicate the reception of inward
or outward calls.

DESCRIPTION OF OPERATION
General
Each subscriber line terminating equipment is

equipped with a pair of relays 1006 and 1007 and-
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each subgroup of subscribers is:equipped. with a
set of four relays 1000, 1801, 1008 and 1089.  All
these relays are used in routing through an out-
ward call except the last, 1689, which is used to
5 remove the subgroup from outward service. In
general, subscribers of a subgroup seek the priv-
ilege of the use of its subgroup sequence circuit.
The subscriber obtaining the privilege has per-
mission to use the subscriber subgroup sequence
10 circuit and, if permission by the latier circuit
and the trunk sequence circuit is given, to route
the call  through the line concentration unit.
Each trunk to the distant central office is provid-
ed with a group of relays, such as 1230, 1202, {204,
15 1286, 1207, 1281 and 1233 and a contact on a
relay such as 1604 of Fig, 16, which holds the
trunks and link circuits in a “fixed” condition
while a call is being routed through the unit. In
general, the trunk circuit receives normal pref-
erence = in the sequence circuit chain. When a
trunk call obtains permission to be routed through
the line concentration unit, the trunk circuit is
connected to a director circuit which translates
the pulses received from the distant TWX op-
erator into the number of the desired line. As
common office equipment, this. circuit provides
the equipment shown in the broken line rectan-
gle generally designated 1608 which is the origi-
nating source of the characteristic trunk trouble
signal. - In addition, the equipment provided con-
sists of a pair of relays 1697 and 1508 as a com~
mon start circuit for the group of trunks, such
as that terminating in Fig. 15. Relays 1609,
1610 and 1611 are supplied for the other trunk
group, such as that having trunks terminating
in Fig. 19. The transfer relay 161§ is designed
to change the order of the trunk chain and ad-
vance circuit in such a manner that all trunks
in the selected group are tested for busy before
a trunk is selected in the other group existing in
the office and all trunks of both groups are made
available to a calling subscriber.
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Routing of a call originated by a éubscriber

“When a subscriber originates a call, the start
lead from his circuit is grounded. As hereinbe-
fore described, conductor 618 is grounded and
since this conductor is traced to the winding of
relay 1006 it causes this start relay to operate.
50 Relay 1888, in operating, steadily lights the call

lamp associated with the subscriber’s circuit.
Ground is extended over the front contact and
inner upper armature of relay 1806, conductor
619, the back contact and outer right-hand ar-
‘55 mature of relay 6171, call lamp 6208, conductor
605, conductor 1605, the winding of relay 1612 to
battery. If the subscriber has selected his sec-
ond choice outlet, the relay 67 will be energized
and: the call lamp 620 will be flashed intermit-

go tently in a local circuit from the interrtipter §22.

With the start relay {006 operated, the chain
ground coming from the inner lower armature
and back contact of relay {608 is disconnected
from all the higher numbered start relays. That

65 is, the circuit connected to the mner lower arma-

ture and upper outer armature of relay 1806 is
interrupted so that this ground will not extend
to the corresponding armatures of relay 1818.
If relay {068 is normal and no other start relay
70 preceding relay 1986, such as relay 01, is op-
erated, then this ground will be extended to the
winding of relay {827 and this relay operates from
battery, providing no other corresponding relay,
such as 1043, is operated. Relay 1887 locks under
75 control of its associated relay 1808, the circuit ex-
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tending frem. ground, front contact and outer
lower armature of relay 1006, the inner upper
armature and front contact of relay 1887 and
thence to its winding. The operation of relay
{007 removes the chain battery from:all lower
numbered corresponding relays, such-'as (0{2.
Thus, when relays {006 and 1007 associated with
the calling subscriber’s line are operated, ground
and battery chain circuits of the subgroup se-
quence circuit have been broken, preventing the
operaticn of any other relay, such as (1861, in that
group. -Relay 1807 operated, in addition to lock-
ing under control of its associated start relay
{006, connects battery to the start lead of the
associated subgroup and causes the cperation of
relay 1§89, providing this particular subgroup has
not been removed from Service by _the operation
of relay (809, . Relay 10687 also connects certain
common leads through to the subscriber’s line cir-
cuit through its upper middle-and outer arma-
tures and its lower cuter armatiire. Here also,
if no other relay, such as {008, 1882 or 1804, is op-
arated or if the particular relay 1860 is in a prefer-
enitial position and if no relay, such as (884, 1063,
1385, in either this subscriber group sequence cir-
cuit or the trunk sequence circuit is in-an operated
position, the associated relays 1000 and {001 will
function in a manner similar to that described
for the corresponding relays 1006 and 1887 of the
subscriber line set. The relays, such as (889,
{082, 1884, control a chain ground extending from
the back contacts of a relay 23065 in the miscel-
lanecus- alarm circuit and extending in a chain
through the lower armatures and back contacts of
the various trunk relays first in Fig, 14 and then in
Fig. 12, such as relays (204, thence to the lower
and upper outer armatures of relay 1084 and, in
order, the corresponding points on relays 1982
and [698. The relays, such as (001, (903, 1085,
control a chain starting from battery on the back
contact of relay 2303 in the miscellaneous alarm
circuit, thence to the winding and upper arma-
ture of relay 1801, the back contact of this upper
armature to the winding and upper armature of
relay 1663, the back contact of this armature and
thence to the winding and upper armature of
relay 1005, From here the chain circuit extends
through certain relay contacts, in the miscella-
neous alarm circuit, Fig, 16, and thence goes on
through the armatures of the relays, such as
1286, finally ending in the winding of relay 2304
in the miscellaneous alarm circuit.

When the relays 1680 and 1001 of the particular
subgroup associated with the calling subscriber’s
line have operated, permission to route the out-
ward call through the line concentration unit has
been received. The relay (88! operated causes
the operation of relay {808 and places battery
from the chain circuit through its upper arma-
ture and front contact, thence through the iower
outer armature and front countact of relay {867
to conductor 624, This battery will then be ex-
tended through the left-hand armature and either
the back or front contact. of relay 617. Let us
asstime that relay 6i7 is not energized. - There-
fore, the battery on conductor. 621 will be ex-
tended to conductor 680, thence over-conductor
{608 to the winding of relay !507 Relay lEGT
is energized in this circuit. -

The operation of relay 1868 removes ground
from the ground chain of the particular sub-
scriber’s subgroup sequence circuit and connects
the lead 1814, known as the busy out lead; to the
winding of relay 1009 for purposes which will
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be hereinafter described. Relay 10688 also con-
nects leads 1015 and 1916 to Ieads {CIT and 1018,
respectively, which in turn are connected through
two armatures of relay #6067 to conductors 628
and €23, respectively. Conductor 1015 now con-
nected through conductors 10i7 and 628 com-
pletes a circult from the front contacts of relay
2380 in 2 miscellaneous alarm circuit to con-
ducter 928 and thence through the winding of
holding relay %03 so that when the relay 2306
operates, as will be hereinafter described, the
holding relay 903 will be operated. The conductor
{616 now connected through conductors 10i8 and
823 establishes a connection from the front con-

- tacts of relay 2000 to the winding of relay 606 so

that if the relay 2009 becomes operated, as will
be hereinafter described, the busy back relay 606
will be operated.

Meanwhile the battery furnished by relay 1981
ccunected through the lower outer armature and
front contact of relay 1007 to the winding of re-
lay (827, as hereinbefore described, causes the
operation of relay 1687, This relay places ground
on conductor 1615 to cause the cperation of re-

“lays 1884, 1613 and 1644. These relays, in turn,

place individual grounds on the trunk chain and
advance circuits composed of relays 1288 and
{282, for instance, of Fig. 12 holding such circuits
in a fixed condition during the entire interval
that an outward call is being routed through the
unit, This anti-release feature is necessary to
prevent snagging of two sets of cross-bar fingers.
As is fully explained in the prior art hereinbefore
set forth, the operation of the cross-bar switches
shown in Figs. 8 and 9 consists first in the ener-
gization of a selecting magnet such as 84! which
moves a selecting finger in place so that when the
magnet such as 803 is operated, the selecting fin-
ger will be instrumental in closing the contacts of
the set 885. There is one finger for each of the
sets 86D, 892, ete.,, in a horizontal row and it is
necessary, due to the resiliency of such fingers,
that the operation be completed before another
operation takes place. Hence the “hold chain”
circuit is provided through the contacts of such
relays as {6904, 1613 and 1614,

In sddition, where relay (6069 is associated with
a second trunk group in the concentration unit
the operation of this relay will cause the operation
of an associated transfer relay 16f{. The trans-
fer relay is designed to alter the chain circuit to
permit the selection of trunks first in the second
trunk group and to seek selection of trunks in the
first group only if all trunks in the second group
are busy. Therefore, not only is the trunk chain
ciretilt placed in a fixed condition by the operation
of relay 1684, but if the order of selection was to
have been changed relay 16{1 had accomplished
this function before the start lead to the trunk
chain and advance circuits was called into use.

The operation of relay 1604 permits the oper-
ation of relay 1608 through a circuit extending
from ground, the front contact and inner right-
hand armature of relay 1604, outer right-hand
armature and front contact of relay 1607, wind-
ing of relay {608 to battery. Relay 1608 extends
this ground through its front contact and inner
left-hand armature to conductor 161§ which may
be traced through Figs. 14 and 12 to the lower
armature of relay 1202, Assuming this relay to
be non-operated, denoting that the trunk of Fig.
11 is idle, then this ground would be extended
over conductor 1100 to the winding of start relay
{16}, If the particular trunk shown in Fig. 11
were busy, then both relays 1200 and 1202 would
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be operated and the ground on the lower arma-
ture of relay 1202 would now be extended over
the lower armature and front contact of relay
1200 to the lower armature of relay 1288 of the
next trunk corresponding to relay 1262. If all
trunks in this group were busy then such ground
would be extended to conductor 1299 and from
there through the right-hand armature and back
contact of relay 1611 to conductor 1617 which
leads to the lower armature of relay 1482 of the
first trunk in the other group. It should be
noted further that if all trunks in this group are
busy then the ground is extended to conductor
1400 and from. there through the left-hand
armature of relay (6{1 and its back contact
leading to the all-trunks-busy circuit.

The operation of relay 1608 places battery on
conductor 1618 which may be traced to the wind-
ing of start relay 2306 and since this relay has
the other side of its winding grounded, it will
become operated. Relay 2306 through its upper
inner armature and front contact places a
ground on common start relay 2305 and causes
its operation. Relay 1608 through its outer left-
hand armature and front contact places ground
on the inner left-hand armature of relay 1684
to provide a locking cireuit for this relay to be
sure to keep the trunk chain and advance cir-
cuits in fixed condition until the routing of the
call has been completed. The common start re-
lay 2305 removes the main chain ground from
both the trunk sequence and subscriber’s se-
quence circuits. ‘

Establishing connections of g subscriber
originated call

The operation of relay (608, as  described,
places ground on the start lead of the trunk at
such a place in this trunk chain as to permit
selection of the first idle trunk in the irunk
group desired. This ground will be connected
by means of the back contact of the first relay
such as 1202 to the associated idle trunk circuit,
causing this circuit to function.. A signal will be
sent to the TWX office and an automatic signal
will be returned from the TWX office to make a
preliminary test for conductor failure. There-
after the trunk circuit will function in conjunc-
tion with the link circuit and miscellaneous
alarm circuit. When selecting magnet 900 has
been energized as hereinbefore described, ground
will be placed on conductor 902 which will be
extended to conductor 2302 and thence to the
winding of relay 2300. Relay 2300 through its
inner lower armature and front contact and in
parallel therewith through its middle wupper
armature and front contact places a ground on
the winding of relay 2307, thence through nor-
mal contacts of relay 2310 and in parallel there-
with through resistance 2311 to the hold lead
2312. This lead may be traced to conducior
1815, thence to conductor 1017, through con-
ductor 628, conductor 928 to the winding of relay
903, causing this latter relay to operate. This
relay in turn causes the operation of holding
magnet 800. Upon the operation of magnet 882
the subscriber’s line terminating circuit of Fig. 6
will be disconnected. This opens the start lead
618 which results in the release of relays 1883
and 1007 and this in turn results in the release
of relays 1000 and {001 and the extinguishing
of the call lamap 628. The release of relay (087
causes the release of relay 1607 and the release
of relay 1088. The release of relay 1088 dis-
connects the holding and busy-back leads from
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the common circuits, while the release of relay
1607 causes the release of the associated transfer
relay 1611, if used, returning the frunk chain to
its originally predetermined order, at the same
time closing the chain circuit on its back con-
tact to place ground on the advance lead {619
to all of the trunk circuits. - In only one of these
trunk circuits is this ground effective and that
is the trunk circuit which has just been selected
by the calling subscriber. Ground on this lead
in this trunk circuit causes the operation of
relay 1202 and in turn the operation of relay
i289. 'This circuit may be traced from ground,
the left-hand armature and back contact of re-
lay 1601, the left-hand armature and back con-
tact and in parallel therewith the inner right-
hand armature and back contact of relay 1608,
conductor 1619, conductor 1121, the middle up-
per armature and front contact of the start relay
{101, conductor 1122, the winding of relay (282
to battery and ground. . Relay 1202 is operated
in this circuit and through the additional con-
tact of the upper armature of relay 1202 extends
the ground for operating relay 1202 to the wind-
ing of relay 1200. Relay 1280 now extends the
chain circuit from the lower armature of relay
1262 through the lower armature of relay 1208
to the lower armature of the next relay 1288.
Relays 1200 and 1262 are thereafter held ener-
gized over conductor (128 by ground on the
lower outer armature of relay 1106. ‘As herein-
before described, these relays are held tempo-
rarily by such relays as 1804 to prevent the re-
lease of such advance chain relays during an-
other operation. 'The operation of relay (208
through the movement of its inner upper arma-
ture removes ground from conductor 1182 which
was used as a locking ground for the start relay
110t. Relay 1200 also closes a ground to con-
ductor {210 which starts the establishment of a
circuit which will be completed when all of the
relays in a group corresponding to relay (209
are energized. If this chain is completely closed,
ground is connected to the all-trunks-busy. cir-
cuit, causing the latter circuit to time the in-
terval that such condition persists.

The operation of relay 1202 removes the hold-
ing ‘ground from relay 1668 supplied over con-
ductor {816 in the sequence circuit, causing this
relay to release. Relay (608, releasing, allows
relays such as {604 to return to normal. The re-
lease of relay 1604 and its companion relays re-
moves the individual holding grounds to the re-
lays such as 1202 of all trunk circuits, thus per-
mitting any relay such as 1202 that was in a po-
sition to do so to release, removing the “fixed”
condition of the trunk chain circuit which had
been in force throughout the entire routing of
the call. The release of relay 1687 also causes
the release of the common start relay 23085 of the
miscellaneous alarm circuit which in turn re-
places ground on the entire office chain. The
trunk sequence and subscriber sequence circuits
have thus been returned to normal and to a con-
dition that will permit the routing of another call
in either direction. Upon the completion of the
thus established call, the locking ground that
holds the relays 1200 and 12082 operated will be
removed, permitting their release provided an
auxiliary path is not being temporarily furnished
by relay i6904. Upon. the removal of any such
temporary holding path, relays {280 and 1202 re-
lease, returning the entire circuit to normal.

In case the relays 1200 and {202 of all-the
trunks in the office ‘are operated, ground con-
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nected by relay 1607 is connected by means of
the trunk chain circuit to the all-trunks-busy
lead 1628. This conductor extends to the all-
trunks-busy circuit and causes such circuit to
function to produce a special telegraph characier
and to arrange to connect to the line circuit of
the particular subscriber calling, transmitting
this character to the teletypewriter at his sta-
tion. The line circuit meanwhile operates to dis-
connect ground from the start lead leading to
relay 1006, causing the release of the subgroup
sequence circuit, the group sequence circuit and
all other relays that were operated as a resulf of
this call, but the line circuit continues to keep
the call lamp in service. The all-trunks-busy
circuit meanwhile continues to produce and con-
tinues to be connected to the subscriber’s line cir-
cuit until the subscriber releases.

Routing of a call originated at a distant
TWX office

When a trunk is seized at the distant TWX
office, the associated trunk in the line concentra-
tion unit functions as hereinbefore described (a)
to place a ground on the start lead {155, causing
the operation of relay 1284, and (b) places a
ground on conductor 1122, causing the operation
of relays 1202 and 1200 in the manner described.
The trunk chain circuit is, therefore, immediately
advanced and if this causes the completion of the
chain circuit leading from the upper outer arma-
ture of relay 1280, ground is sent to the all-
trunks-busy circuit and causes it to time the in-
terval that this condition persists. The operation
of the relay (204 places a ground on the lead 1219
connected to the front contact of the middle up-
per armature of relay 1204 leading to the director
circuit which is used to keep in speed the dis-
tributor motor associated with the director dis-
tributor circuit, lights the call lamp 1213 asso-
ciated with the selected trunk through its outer
upper armatbure, and if no other corresponding
relay of the sequence circuit is operated or if the
particular relay 1204 associated with this trunk
circuit is in preferential position, ground on the
lower armature of relay 1204 coming -from the
back contact of the common start relay 2300
in the miscellaneous alarm circuit will permit the
operation of relay (206, provided also that no
other relay corresponding to relay 1206 is in an
operated position. If these conditions are not
met, the particular relay 1206 will be delayed in
operating until it has received a preference ac-
corded it by the sequence circuit. When relay
{288 is operated its locks under control of its
associated relay 1204 through a circuit extending
from ground, the inner upper armature and front
contact of relay 1204, the inner upper armature
and front contact of relay (286, the winding of
relay 1206 to battery at the back contact of relay
22083 in the miscellaneous alarm circuit. Relay
12868 causes the operation of relay 1207 by ex-
tending a battery connection through its lower
armature and front contact to the winding .of
relay 1(207. Relay 1206, in operating, extends
the battery also through its upper outer arma-
ture and front contact to conductor (211 which
extends to the winding of relay 2306 in the mis-
cellaneous alarm circuit. This relay becomes en-
ergized and through its inner upper armature and
front contact causes the operation of the com-
mon start relay 2305. The operation of relay
1207 places ground on conductor 1212 which ex-
tends through the contacts of director transfer
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relay 17101 to the winding of relay 1800 in the di-
rector circuit, as a start signal for the director.
Relay 1207 also (1) extends a connection from
conductor {105, conductor {146, to conductor 12i4
leading through the contacts of director transfer
relay 1701 to the left-hand winding of relay 1801,
(2) extends a connection from the armature of
relay 1113, conductor 1156 to conductor 1215 lead-
ing through the contacts of director transfer re-
lay 1702 to the lower winding of relay 1802, (3)
grounds conductor 216, causing the energization
of relay 11T and in turn selecting magnet 900 of
the cross-bar switch, (4) connects relay 1201 to
conductor 1217, leading to the miscellaneous
alarm circuit, and (5) connects relay 1203 to con-
ductor 1218, also leading .to the miscellaneous
alarm circuit. The operation of the common
start relay 2305 following the operation of relay
2386 by the application of battery to conductor
1211 removes ground from the ground chain pass-
ing through the lower armatures of all relays
corresponding to relay 1204 in the entire office
sequence circuit chain.

Establishing connections for a call originated at
the distant TWX office

After the conductor {212 leading to relay 1808
in the director circuit has been grounded by the
operation of relay 1201 the associated director
circuit functions, sends a “director ready” signal
to the distant TWX office which is followed by
the reception from the operator of the desired
called subscriber’s number. The director circuit
proceeds to franslate this number and designate
the particular desired line, causing the link cir-
cuit to function and to connect the subscriber line
terminating circuit of the called subscriber to
the trunk selected at the distant office. Immedi-
ately after the first digit is received by the direc-
tor circuit, conductor 1803 in the director circuit,
connecting with conductor (615, is grounded,
causinig the operation of relays {604, 1613 and
1614 which, as described previously, fixes the
conditions preventing the release of the link cir~
cuit used in an established call. The fixation ol
the trunk chain circuit has no useful function at
this time. After the link circuit has functioned,
the trunk circuit removes battery from relay (204,
causing the release of this relay, relay 1266 and
relay $207, and extinguishing the call lamp 1213.
The release of relay 1204 removes ground from
conductor 1218, heretofore described as extend-
ing to the director circuit and used for the pur-
pose of keeping the motor in speed, whereby the
director circuit is returned to its non-operating
condition providing no other relay corresponding
to 1204 is placing a ground on this conductor.
The release of relay 1207 (@) removes ground
from conductor 1242 to the director circuit, per-~
mijting the director circuit to return to normal,
(b) opens the two transmission conductors {214
and 1215, disconnecting the trunk circuit from
the director circuit, and (¢) removes relays {26i
and §203 from the leads {247 and 1218. The re-
lease of relay 1206 removes battery from conduc-
tor {211, leading to the miscellaneous alarm cir-
cuit. The common start relay 2305 of the alarm
circuit does not release until the director circuit

-has returned to normal and upon its release, re-

connects ground to the chain ground circuit con-
nected. as before described, to the lower armature
of relay 1282 thus enabling the sequence circuit
to handle a new call. The director in returning
to normal removes ground from the lead 1803,
permitting the release of relays 1604, 1613 and
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{614, which in turn permits any other link equip-
ment on an established call in a position to re-
lease to return to normal. - Upon the completion

of & call the trunk circuit functions to permit the -

release of relays (200 and (282 which, if relays
such as 1604 are not operated, release and return
to normal. If the chain is held in a fixed con-
dition by the operated relay {684 the particular
relay pair 1200 and 1262 will remain operated
until the fixed condition is removed and then
return this circuit to normal.

Removal of equipment becausé of trouble detected
in routing a call through the office

As described hereinbefore during the routing of
a call established by the subscriber or one estab-
lished by the distant TWX, a relay is operated in
the miscellanecus alarm circuit. The interval
used in routing the call is timed to see that it
does not exceed a certain specified limit and thus
prevent the permanent disabling of the trunk
and the subscriber’s group circuit. In case of an
outward call; the miscellaneous. alarm circuit
times out in two seconds and a ground is placed
on conductor {08i4 if the indication is that the
trunk is not in trouble. Since relay 1808 associ-
ated with the particular subscriber subgroup con-
taining the calling subscriber line is operated,
ground on conductor 1044 will cause the opera-
tion of relay 1023 which, in turn, will lock under
control of its associated key i10i9. The operation
of relay 1099 will cause the release of the associ-
ated relays 1580 and 1008 and light lamp (620,
indicating which particular subscriber’s subgroup
is in trouble. The operation of relay 1009 pre-
vents any subscriber of that particular subgroup
from entering the subscriber’s subgroup sequence
circuit, thus removing that particular subgroup
of subscribers from outward service. The release
of relay 1888 permits the release of the associated
relay 108f. Relay 1001 released causes the re-
lays 1687 or 1609, as the case may be, to release
so that ground is removed from the trunk ad-
vance chain and the companion relay (6(9 or

1808, as the case may be, is released. If the

trunk has not been connected to the calling line,
the “advance” is not locked up. The release of
relay 1608 causes the release of relays 1604, {613
and {6(4, as described before. The common start
relay 2885 of the miscellaneous alarm circuit is
meanwhile held operated for approximately one
second longer to permit all this action to take
place and, upon release, connects ground to the
entire office ground chain. This reconnection of
ground permits all of the outward calls, except
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those originated by the subscriber in the group ‘

out of service, to be routed through the unit. An
apprepriate alarm is sounded by the miscella-
neous alarm circuit and, together with the lamp
indicating the subgroup in trouble, gives an indi-
cation to the attendant of the existing type of
trouble. ~ The subgroup subscribers remain out of
service until the attendant has remedied the
trouble and then operated the release key 1019
associated with the illuminated lamp 1820. The
operation of this key causes the release of relay
1889 returning the busying-out feature to nor-
mel, extinguishing the trouble indicating lamp
and permitting the particular subscriber sub-

Lrd
group access to the subscriber sequence circuit

and, in turn, to calling service.

If the miscellaneous alarm circuit times out in
two seconds on an outward call and the indica-
tions are that the trunk conductors or some part

[HY]

of the trunk relay equipment is at fault, ground 7%
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'is not placed on lead 1814 or 1217 but connected

rather to conductor 1125 leading to all the trunk
circuits. The particular trunk circuit preselect-
ed at the time by the outward call is the only
trunk circuit that is in position to utilize this
ground. This trunk circuit, therefore, transmits
the same ground through the front contact and
lower outer armature of relay 1207 to conductor
1218 associated with the particular trunk and
causes the operation of relay 1203. Relay 1203
operated locks under control of the associated
frunk release key 1221, causing, in turn, the op-
eration of relay f20f{. Relay 1201, in operating,
(1) places ground on the chain lead 1122, causing
the operation of relay 1202 and, in turn, relay
1200, (2) connects conductor 1146 to conductor
1222, (3) connects battery to conductor 1223
which extends to the circuit in rectangle 1686 and
causes it to function, (4) removes battery from
conductor 1116 where it is instrumental in bring-
ing the trunk to normal and (5) locks under con-
trol of any mark signal from the distant manual
office. The operation of relay 1203 also causes
the associated lamp 1220 to flash under control
of interrupter 1403 as an indication that the
trunk is in trouble. The operation of the chain
advance relays 1200 and 1202 removes the possi-
bility of using the particular trunk on a particu-
lar outward call but permits this outward call to
be connected to the next idle trunk. Under this
condition, therefore, the subscriber will receive
service even though the connection to the distant
manual operator is delayed shortly.

The operation of relay 1622 on first closure of
the 60 IPM interrupter connects ground to con-
ductor 1222 through the left-hand armature and
back contact of relay 1621 and at the same time
causes the operation of relay 1624, On the first
following open period of interrupter 1623, relay
1622 releases and relay 1625 then operates. Re-
lays 1624 and 1625 operated permit relay 1626 to
operate. On the second closure of the interrupter
1623, relay 1622 again operates, connecting
ground to conductor 1222 of the trunk, but this
time it causes the release of relay 1624. Relay
1624, in releasing, permits relay 1627 to operate.
On the second open period relay 1622 again re-
leases, removing ground from lead 1222 and per-
mitting relay 1625 to release. On the third clo-
sure of interrupter 1623, relay 1622 again oper-
ates, connecting ground to lead 1222 and causing
relay 1624 to operate. Relay 1628 being operated,
the operation of relay 1624 causes relay 1621 to
operate which, in turn, removes ground from con-
ductor 1222, On the third open period of the in-
terrupter 1623, relay 1625 operates and, together
with relay 1624, causes the release of relay 1626,
On the fourth closure of the interrupter 1623, re-
lay 1624 again operates but relay 1621 being
locked to relay 1625 prevents connection of
ground to lead 1222. Relay 1624, however, is re-
leased, causing the release of relay (627, On the
fourth open period, relays 1622, 1625 and 1621 re-
lease, and on the fifth closure.of the interrupter
1623, the four-second cycle starts all over again.

Ground on the lead 1222 to the trunk circuit
causes the latter circuit to send a mark signal to
the central office end. The apparatus generally
denoted 1806, therefore, causes the production of
the following signal: one-half second mark; one-
half second space; one-half second mark; one-
half second space; approximately fifty mil second
mark at the beginning of the next half second
followed by space approximately 1.950 seconds.
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This characteristic signal is sent to fthe distant
office as a trunk trouble indicator. If the opera-
tor has not answered the calling-in signal, the
characteristic signal will cause a lamp to flash in
a peculiar way. If the operator had, however,
already answered the call lamp, this characteris-
tic signal will appear on her teletypewriter. If
the path to the distant manual office is in trou-
ble, obviously no signal can be sent to it and trou-
ble of such a nature will become apparent when
the distant operator selects the trunk to originate
an inward call. The miscellaneous alarm has,
therefore, effectively removed the trunk from
service and has given a trouble indication to the
operator at the distant manual office. When the

10

trouble is cleared by the attendant, the trunk .

may be put back into service by momentarily op-
erating the key, such as 1221, associated with the
flashing lamp 1220, 'This causes the release of
relay 1203 which removes ground from the sec-
ondary winding of relay 1201 and at the same
time changes the flashing lamp to a steady lamp.
Relay 1201 will, however, remain operated under
control of 2 mark signal that might be received
from the distant manual office. After connection
of this mark signal, relay 1281 releases and there-
by causes (a) the release of the trunk advance
relays 1200 and 12062 so as to readmit the trunk to
the trunk advance chain making it available to
the subscriber originating outward calls and (&)
the removal of the characteristic trouble signal
from the trunk which removes the trouble Indi-
cation at the distant cenfral office, thus return-
ing the circuit to normal.

On an inward call, the miscellaneous alarm
circuit permits three separate timing infervals,
two seconds being allowed to place the director
circuit in an off-normal condition, a total of four
seconds being allowed for the director circuit to
prove itself in a position to receive the telegraph
characters typed by the distant manual opera-
tor and ten seconds in which to completely ful-
fill its functions. When the miscellaneous alarm
circuit times out at the conclusion of the two-
four-ten second interval, it places ground on the
conductors 1217 and 1218, if it has been deter-
mined that the trouble causing the failure of the
inward call to be routed through the office might
possibly exist in the trunk sequence or trunk cir-
cuits, but grounds only conductor 1217 if it has
been determined that a trouble does not exist in
either of these two circuits. If both conductors
1217 and 1218 are grounded, relays 1201 and 1203
operate and become locked under control of both
the release key 1221 and any mark signal that
may be received from the distant manual office
causing the associated trunk lamp 1220 to flash
and connecting the output of circuit 1608 to lead
1222 and placing a ground on the trunk advance
relays 1200 and 1202, causing the operation of
both. In addition, the operation of relay 1201
removes battery from conductor 1116 to the two-
way trunk circuit, returning the trunk to normal
and causing the release of relays 1294 and 1207.
The release of relay 1204 removes ground from
conductor 1219 to the director circuit and causes
the release of relay 1206 which, in turn, releases
relay £207. The release of relay 1287 opens the
operating winding of relays 1201 and 203, dis-
connects the trunk circuit from the director cir-
cuit, removes the starting ground from the con-
ductor 1212 to the director circuit and removes
ground from conductor 1218 to the trunk circuit.
The release of relay 1206 removes battery from
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conductor {211 leading to the start relay 2306 of
the miscellaneous alarm circuit, permitting that
relay to release, if it is not held operated from
some other source, and reconnects ground to the
main chain ground of the sequence circuit, thus
permitting the sequence circuit to handle a new
call in either direction. The operation of the
chain advance relays 1200 and 1202 removes the
trunk circuit from the trunk chain as far as an
outward call is concerned. 'The apparatus, gen-
erally designated 1686, operates as hereinbefore
described and the characteristic trouble signal is
connected to conductor 1222 and thence to con-
ductor 1146 of the trunk taken out of service and,

5 if the path to the distant central office is com-

plete, this signal appears at the distant manual
operator’s position as a trouble indication. In
this case, after the itrouble has been remedied,
the attendant restores the trunk to service by
momentarily operating the key 122! associated
with the flashing lamp 1220 and, as indicated
heretofore, relay 1201 will still remain operated
until any mark signal that might be received at
the distant manual end is terminated. At the
conclusion of any such mark, the trunk ecircuif
is restored to service. If, however, it has been de-
termined that neither the trunk sequence circuit
nor the trunk circuit is in any way responsible
for the routing of the inward call, then con-
ductor 1217 alone is grounded, causing the opera-
tion of relay 1281 which, as described before,
takes the trunk out of service temporarily as long
as a mark signal is received from the distant
manual end. At the conclusion of such a mark
signal, the trunk is restored to service.

Emergency manual service for outward calls

In case of an emergency, such as the failure
of the sequence circuit, in which the automatic
features of the unit are in trouble, the outward
calls are routed to the central office by the fol-
lowing semiautomatic method of operation. A
call lamp, such as 620, associated with the sub-
scriber line will. of course, indicate a calling
subscriber. Failure of the sequence circuit would
call for the operation of the inward key 1663 and
outward key 1602, the former making the trunk
sequence portion of the sequence so ineffective
that a director can not be attached to a trunk,
while the latter prevents the subscriber portion
of the sequence circuit from completing its task
of automatically selecting an idle, satisfactory
trunk and connecting the subscriber to it. The
operation of either or both of these keys or, inci-
dentally, the insertion of a double plug into the
jacks 1628 and 1629 of the busy test ecircuit
causes the red manual service lamp 1630 to flash.
The operation of either of these keys safeguards
the battery and ground chain of the sequence
circuit, making it possible for manual operation
to proceed in one direction while ealls are han-
dled automatically in the other direction.

The attendant renders service on an outward
call by depressing a call key, such as 1205, asso-
ciated with an idle trunk which does not have
a call lamp, such as 1213, a trunk lamp, such
as 1220, or a busy lamp, such as 1132, illumi-
nated. If the line is arranged for key selection,
the attendant tries to select an idle trunk to the
outlet desired by the subscriber. This action
places ground obtained from -conductor 1342
through the upper contacts of key 1205 to con-
ductor (100 in the trunk circuit, causing the
trunk to send out a calling-in sighal and receive
back ringing, which positions a selector magnet,
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such as magnet 900, of the link circuit and, in
turn, results in the illumination of lamp 2315 in
the miscellaneous alarm circuit. If lamp 23!5
does not light, it is possible that the idle trunk
was in trouble and another trunk should be se-
lected. Should the second trunk fail to light
the lamp 2315, the attendant proceeds to handle
the call on a full manual basis unless he dis~
covers the trouble in the lamp itself. At the
illumination of lamp 2315, the attendant patches
between jacks 1628 and 1629 of the busy test
circuit and jacks 603 and 612 of the calling line.
This causes the hold magnet of the link to func-
tion and connect the subscriber to the selected
trunk, lighting the busy lamp 1132. 'The at-
tendant then releases the. call key 1205 and
pulls out the patch at the line circuit jacks 669
and 612, The call does not require any further
attention. In case the busy lamp 1132 fails to
light, the trouble may be in the link circuit and
the attendant proceeds as indicated hereinafter.
The double plug patching cord is patched be-
tween the jacks 1119 and 1124 of the idle trunk
and the jacks 68% and 612 of the calling line.
This last resort will, of course, require a manual
disconnect of the patching cord at the comple-
tion of the ecall.

Emergency manual service for inward calls

The inward calls can be handled manually if
the inward key 1683 is operated. If outward
calls are also to be handled manually, the out-
ward key 1602 is also operated. The inward call
appears as a lighted call lamp 1213 associated
with the frunk. The attendant patches a dou-
ble plug patching cord into the busy test circuit
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jacks 1628 and 16829, next operates the attend- -

ant’s answering and teletypewriter keys of the
test set (not shown) and then holds the calling
key 1208 associated with the lighted lamp de-
pressed while he observes that the lamp 2315 of
the miscellaneous alarm circuit lights, and then
blugs the other end of the patching cord into
the jacks of that line circuit which is used for
the attendant’s set. The operation of the key
1205 causes the selector magnets of the link to
be positioned, the double plug in the busy test
circuit secures the sequence preference and plug-
ging into the jacks, such as 689 and 612, of the
attendant’s line causes the hold magnet to oper-
ate and to associate the attendant’s line with
the calling trunk. The call key {285 is released
as soon as the busy lamp 1132 is lighted and
then the plug is removed from the line jacks
609 and 612.

If outward calls are being handled on an auto-
matic basis, the plug is also removed from the
busy test circuit to permit outward calls to be
routed through, otherwise it may remain in the
busy test jacks 1828 and 1629. The operator
under this condition receives a permanent mark
signal, the first portion of which is used as g
“director ready” signal. Her typing, however,
appears on the attendant’s typewriter. The at-
tendant again plugs into the busy test circuit
jacks to capture the busy test sequence if he
has removed the plug, then makes a busy test of
the called subscriber’s line by patching into the
jacks 628 and 842 of the called line. If the line
is busy, the red lamp {83! of the busy test circuit
lights. The attendant then manually sends “K”
signals on the attendant’s teletypewriter. If the
line is idle, the attendant momentarily operates
an attendant’s line release key associated with
the hold magnet of his line. This releases the
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attendant’s line from the frunk, extinguishing
the green busy lamp {132. The attendant waits
for the trunk call lamp 1213 to light again and
then connects the called line to the trunk by
means of the call key 1205 and a patching cord
between the busy test circuit jacks 1628 and
1629 and the line circuit jacks 609 and 612 of
the called line just as he connected the attend-
ant’s line to the trunk. The busy lamp {132 of
the trunk again lights when the called sub-
scriber’s line is attached to the trunk. Should
the link circuit fail to attach either the attend-
ant’s line or the called line to the trunk, manual
patching must be resorted to and, of course, a
manual disconnect of the patching must take
place at the conclusion of the call.

Night alarm circuit

During manual . or semiautomatic operation,
the night alarm cut-off key 1632 is released if
it is desired to receive an audible, as well as a
visual, indication of the reception of inward and
outward calls. The ground placed on any sub-
sceriber’s or trunk call lamp 620 or 1213 also
causes the operation of relay 1612 which, in
turn, causes the operation of relay 1633, causing
the buzzer 1634 to sound as an audible indica-
tion of ‘a call requiring attention and giving a
night alarm lamp signal through the illumina-
tion of lamp 1635.

Director circuit

The circuit shown in Figs. 17, 18, 21 and 22 is
designed to receive the telegraph pulses sent by
the gistant operator’s teletypewriter and to de-
cipher these pulses, thereby causing the selection
of the called subscriber’s line. - The functions of
this circuit may be summarized as follows:

(1) Upon the receipt of an inward call from
the manual central office, the sequence circuit
will connect the director circuit to the trunk
circuit on which the call is waiting. The dis-
tributor motor is then started and after it has

-attained proper speed a ‘“‘director ready” signal

will be transmitted to the distant end to indicate
to ‘the manual operator that the call may be
routed through the line concentration unit.

(2) The distributor motor will be stopped after
the director has been dismissed unless there is
ancther incoming call awaiting completion. In
the latter case, the motor will be kept running
but the other parts of the circuit will be restored
to normal awaiting a new call.

(3) The start magnet is held operated while
the distributor motor is coming up to speed, to
reduce clutch drag.

(4) A “figures” teletypewriter character re-
ceived from the distant manual office will in-
dicate that the operator has recognized the
“director ready” signal and will cause the direc-
tor to accept the next two characters trans-
mitted from the distant end as the called sub-
scriber’s number. '

(5) The next two teletypewriter characters re-
ceived from the distant office are separated into
dot elements by the receiving distributor, caus-
ing the.proper selection relays to be operated.

(8) Upon receipt of the first digit of the call
directing teletypewriter pulses, the director cir-
cuit will select the group of ten lines which con-
tain the desired subscriber’s line.

(7) Upon receipt of the second digit of the call
directing pulses, the director circuit will select
and test the desired subscriber’s line and disre-
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gard any additional characters sent tc the
director,

(8) If the called subscriber’s line has beesn
made out of crder, a series of “Q” teletypewriter
signals will be transmitted as an indication of
this condition to the distant manual operator.

(9) XIf the called subscriber’s line is busy be-
cause of a previously established call or because
of busy condition placed on it by the test circuit,
a series of “K” signals will be transmitted to the
distant manual operator.

(10) If the manual operator has transmitied
first and second digits for which no suhscriber
line is assigned, or has transmitted an impossible
combination of digits, a series of “I” signals will
be returned to the manual operator.

(11) If the subscriber line is idle, the director
circuit will cause the link circuit to connect the
called subscriber line to the trunk circuit. The
director will then be released and restored fto
the idle condition in preparation for the routing
of the next inward call.

(12) The miscellaneous alarm circuit is ar-
ranged to allow two seconds for the director to
become off-normal, four seconds to complete a
self-imposed preliminary test and give satisfac-
tory evidence to the alarm circuit, and a total
of ten seconds for the director to complete its
task in any event.

(13) If the director is not off-normal in two
seconds, the miscellaneous alarm circuit removes
the calling trunk from service but puts the
director back into service.

(14) If the director becomes off-normal but
the distributor motor fails to get up to speed
in four seconds, the director is removed from
service and the trunk is taken out temporarily.
A signal lamp of the distributor circuit lights
and a minor alarm is sounded.

(15) If the “director ready” signal fails to
reach the associated loop repeater or a mark sig-
nal from the trunk circuit is not registered in the
director circuit, both director and trunk circuits
are removed from service. In this case a minor
alarm is sounded and appropriate telltale lamps
are lighted.

(16) In a line concentration unit containing
two director circuits, in the case of the condition
described in the two previous paragraphs, the
miscellaneous alarm  circuit, after freeing the
distributor circuit in trouble from the sequence
cireuit, causes the transfer portion of the direc-
tor circuit to function, removing the director
circuit placed in the stuck condition from service
and replacing it by a spare available director
circuit.

Origination of “director ready” signal

“When an operator seizes the trunk to the line
concentration unit at the distant manual board,
the associated trunk at the line concentration
unit functions to cause the sequence circuit to
attempt connection to the director circuit in use.
When the two-way trunk at the line concentra-
tion unit receives permission to route the call
through the office, the sequence circuit connects
this director circuit to the particular trunk. The
inward transmission path from  the two-way
trunk circuit is in a marking condition and is
connected to the lead to the lower winding of re-
lay 1802 while the transmission lead to the two-
way trunk is connected to the lead passing
through the left-hand winding of relay 1801,
The sequence circuit also upon seizing a director
circuit places ground on the lead connected fo
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the winding of relay 1880. The operation of
relay 1800 (1) operates relay (864, (2) extends
& ground from the right-hand outer armature
of relay ¢885 through its outer left-hand arma-
ture to cause the operation of relay 1886, (3) ap-
plies ground through its right-hand armature
(@) through the hack contact of relay {8871 over
conductor 1888 and conductor 2288 to the re-
celving contacts 226¢ and causes the operation of
start magnet 228! which permits rapid accelera-
tion of the motor by eliminating clutch drag,
(B) extends ground to the upper winding of the
receiving relay 1802 which biases this relay to
spacing, (¢) extends ground over conductor 1869
to the stop pulse contact of the distributor 2282,
(&) extends ground to the left-hand winding of
relay 189, causing this relay to operate provid-
ing the receiving relay is'on its right-hand con-
tact due to a marking signal being received from
the loop repeater over the lead connected to
the lewer winding of relay 1882, (¢) extends
ground over conductor 1808 to the potentiometer
formed by resistances 2283 and 2284, which
potentiometer is later used in operating the polar
relays 2205, 2266, 2207, 2209 and 22190, (/) extends
ground te the upper winding of relay 2201 which
biases this relay to spacing (as shown), and
(g) extends ground to the front contact of the
outer left-hand armature of relay (885 which is
later used to start the “director ready” signal.

Relay 1804 places battery on conductor (811
and starts the distributor motor 2212, the return
circuit being through current limiting resistance
2213 and the governor contacts which are closed
while the motor is coming up to speed. Relay
1894 locks to ground on the conductor leading
from the relays, such as 1204 and designated in
Fig. 12 as conductor {219. Therefore, the motor
is kept running under control of the sequence cir-
cuit as long as an incoming call is awaiting com-
pleticn. Relay 1894 also supplies ground to the
armatures of the polar relays 2205 to 2210 over its
outer right armature and front contact and this
ground connection permits- these relays to lock
in either direction until they may be operated.
While the motor is attaining speed, the distrib-
utor cams - are successively operating, causing
brief closures of each receiving contact in turn.
The polar relays will, therefore, operate and lock
in the spacing direction due to these closures
of ground.

The spacing locking paths of the polar relays
2265, 22068, 2208 and 2210 are through such re-
sistances as 2714 and the winding of relay 2215.
Polar relay 2287 has a spacing locking path inde-
rendent of the winding of relay 2215 for 3 pur-
pose which will be hereinafter described. There-
fore, relay 2245 will operate as soon as any one of
relays 2205, 2806, 2208 or 2210 operates to spacing.
The operation of relay 2215 opens the operating
rath of relay 1812 to prevent its premature opera-
tion.

Meanwhile, relay (896, in operating, has in ef-
fect placed a sensitive relay 1813 across the gov-
ernor contacts and has prepared: in advance a
path for operating the fast operating relay 1887,
The operation of relay (895 has also resulted in
the operation of relay 1814 in a circuit from the
outer left~hand armature of relay §886. Relay
§214, in operating, prepares a path for sending
the director ready signal out over lead 1815, op-
erates relay 1818 and prepares a path for light-
ng lamp 1817 in case the director is timed out
Relay 1816, in operating,
grounds leads 1848 and (819 leading to the mis-
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cellaneous alarm circuit as an indication that the
director -has been moved off normal. -Lead 818
furnishes the miscellaneous alarm. circuit with
information: about the :apparent health of the
associated trunk circuit. Relay 1846 also pre-
pares to lock to ground at the contacts of relay
1808, prepares a path toward lamps 1820, 1821
and 1822 and provides a locking circuit for relay
1810. ‘

Relay (810, being operated. at this time, pre-
pbares to ground leads 1855 and 1856 as soon as
the director ready signal has operated relay 1801.
Relay i8i0 also prepares to light lamp 1822, in
case of trouble, to indicate that the incoming
marking signal has been registered.

While the motor 2212 is accelerating, relays
1800, 1804, 1808, 1814 and 1816 are operated.
When full speed is reached, the governor con-
tacts open momentarily, removing the short cir-
cuit from resistance 2216 and allowing relay 1813
to operate through resistances 1825 and 22171.
Relay 1318 is slow-releasing and; with the help
of condenser 1828, holds over during momentary
governor contact closures operating relay 1887 as
soon as the stop pulse contacts 2202 close.

Relay 1801, in operating, removes ground from
the receiving contacts and start magnet 2201,
latching the clutch and preventing further opera-
tion of the contacts. Relay 180T locks through
the'winding of and operates relay 1885 which, in
operating, applies ground to start the director
ready signal out over lead 815 to the loop repeat-
er.. The director ready signal consists of the con-
nection from ground, right-hand -armature and
front contact of relay 1808, inner left-hand arma-
ture and front contact of relay {805, front contact
and outer left-hand armature of relay: 1814, and
left-hand winding of relay 1881 to conductor i815.
This operates relay (881 through its left-hand
winding, provided the lead (815 is not in trouble.
Relay 1885, in operating, also (1) transfers the
armature of relay 1892 from the left-hand wind-
ing of relay. 1810 to a circuit extending through
the back contact and right-hand armature of re-
lay 1827 to conductor 1888 leading to the start
magnet 2201 and the contact 2280 preparatory
to receiving pulses from the loop repeater, (2) re-
leases relay 1888 and (3)  provides off-normal
ground on conductor 1828 to-a large part of the
director circuit, including locking ground for re<
lay 12!§ and ground on-the armature of relay
2211 through the back -contact and right-hand
armature of relay 1829. Relay 180§, in operating,
(1) closes:a path to light lamp 1821 instead of
lamp (828, in case of trouble, to indicate that the
director ready signal has been sent, (2) locks to
grecund  on' conductor 1828 and (3) connects
ground to conducters 1859 and 1858 to the mis-
cellanecus alarm circuit to indicate that, in case
cf trouble, the director should not be taken out of
service. Relay 1888, in releasing, disconnects re-
lay {8{3 from the governor contacts, releases re-
lay' 1814 and transfers the stop pulse contacts
2202 from relay (807 to the operating winding
of relay 2211 preparatory to receiving pulses from
the loop repeater. Relay (814, in releasing, (1)
disconnects the director ready signal and pre-
pares a path to contacts of relays 1830 and 1831
for sending signals to indicate busy, out-of-order
or unassigned lines, (2) opens the operating path
of relay 1818 which nevertheless remains locked
through its left-hand winding and (3) transfers
ground from the path to light lamp 1817 to a
path to light lamps 1821 and 1822. 'The director
ready signal is, therefore, sent during the releas-
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ing times of slow-releasing relays 1806 and 1814.
After the director ready signal is sent, the follow-
ing relays ‘are held operated: 1800, 1864, 1810,
1816, 1801, 1805, 1801, 1892, (on its marking con~
tact) 2215, and the polar relays 2211, 2205, 2206,
2207, 2209 and 2210 (all on their spacing con-
tacts). The circuit is now prepared to receive
pulses from the distant TWX office.

Reception of figures character

. Telegraph pulses over the inward path are re-
peated by relay 1802 which is normally held to
its marking contact. The distributor motor is
running but the receiving contacts of the dis-
tributor are not operating because the start mag-
net 2281 is released, latching the clutch. As
soon as a character is received, the start pulse of
the character sends relay 1802 to spacing, which
operates magnet 2201, allowing the cams to suc-
cessively operate the receiving contacts. The
motor speed and receiving contacts are adjusted
so that, at the time the first selecting pulse of the
character is received, the secondary winding of
relay 2210 is momentarily connected to the ar-
mature of relay 1802, If the first pulse is mark-
ing, relay 2210 will operate and lock to its mark-
ing contact. Similarly, the other polarized re-
lays 2209,-2207, 2206 and 2205 will, in turn, be
left either spacing or marking, depending on fhe
character of the following pulses. The recep-
tion of the figures character then proceeds as
follows:

Dot eleiments | Relay 1802 | Register relays | Fan relays operated
Marking._ .| 2210 marking..._| 2222 and 2224,
..... d0..___{ 2209 marking.___| 2221 and 2223.
_| Spacing. ..} 2207'spacing_-
Marking. .| 2206 marking____| 2219.
e—@o . 2205 marking___.| 2218,

With the polarized register relays operated as
ahove, it will be noted that none of the locking
paths- of these relays pass through the winding
of relay 2215. If any one is operated in the
reversed direction, relay 2215 will be energized.
Relay 2215 will, therefore, release only when a
figures character is received. The succeeding
stop pulse is marking which causes magnet 2201
to reléase. ~ With relay 2215 released, & momen-
tary closure of ground by the stop pulse dis-
tributor contacts causes relay 2211 to operate to
its marking contact, overcoming the effect of its
bias to its spacing contact. The timing con-
denser 2225 causes relay 2211 to remain on its
marking contact for .030 second affer the stop
pulse distributor contacts open. This allows
time for the operation of relay 1812, which there-
upon locks to ground on conductor 1828 and pre-
pares a path for operating relay 1832 when re-
lay 2211 returns to its spacing contact. In this
way -relay 1832 operates and locks to ground on
coniductor 1828 and transfers the marking con-
tact of relay 2211 along to succeeding counting
relays in preparation for the registration of the
next two digits. The reception of “figures” has,
therefore, set up a. combination of register re-
lays locking direct to battery instead of through
the winding of relay 2245, thereby unlocking re-
lay 2215 and allowing the next two characters
to be registered. Hits or short interruptions like
the spacing signals on the line are harmless until
the operator has sent preliminary  ‘“figures.”
After the ‘“figures” character has been received,
the following relays are operated: 1800, 1804,
1810, 1816, 1807, 1805, 1801, 22(8, 2218, 2221,
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2222, 2223, 2224, 1812, 1832, 1802 (to marking),
2218 (to markmg) 2209 (to marking), 2261 (io
spacing), 2206 (to marking), 2205 (o marking)
and 2211 (to spacing). The operation of relays
2218, 2219, 2221, 2222, 2223 and 2224 performs no
useful function at this time since the path from
conductor 2226 is not closed to any of the 0 to 9
conductors.

Reception and deciphering of the first digit -

The first digit of the subscriber’s number will
be repeated by relay {802, broken up pulse by
pulse by the distributor contacts and recorded by
the register relays in much the same way as the
“figures’” character was received. The polarized
register relays will be operated in accordance
with the position of relay 1892 during the recep-
tion of the corresponding pulses. In each case,
the operating winding of such polarized relays
can quickly overcome the holding winding but
otherwise the relays hold in whichever direction
they are operated under control of the oufer
right-hand armature of relay 1864. The follow-
ing table indicates the condition of the register
relay resulting from the fransmission of nu-
merical characters. *“M” indicates marking, “S,”

spacing.
Character Relay condition

Lower case| Upper case [ R2210 | R2209 | R2207 | R2206 | R2205

Figures Figures M M S M M

P (o] ] M M ) M

Q 1 M M M 3 - M

W 2 M M S S M

E 3 M S ) S 8

R 4 8 M S M 8

T 5 5] S S 8] M

Y 6 M 3 M S M

U 7 M M M 8 S

I 8 8 M M 3 3

(¢} 9 S S S M M

It will be noted -that when relay 2285 .is
on its marking contact that fanning relays 2222
and 2224 are operated. Similarly, the other
fanning relays are operated when their asso-
ciated register relays are on their marking con-
tacts. Also, relay 2215 will be operated during
the reception of the first digit but performs no
useful function after the “figures” character has
been received. At the conclusion of the dot ele-
ments of the particular character sent, relay
2211 again operates to marking and is again held
to an additional period of .030 second.

Let it be assumed that the call is being extended
to the subscriber’s station shown in Fig. 4, known
as station No. 90. The: first digit, therefore, will
be the digit 9 having three successive spacing sig-
nals followed by two successive marking signals.
This will result in the operation of relays 2219,
2208, 2207 to their spacing contacts and relays
2206  and 2205 to their marking contacts. As a
result, relay 2218 is operated by relay 2205 and
relay 2219 is operated by relay 2206. Therefore,
a connection can be traced from conductor 2225
through the left-hand armature and front contact
of relay 2218, the right-hand armature and front
contact of relay 2219, the inner left-hand arma-
ture and back contact, of relay 2228, the outer left-
hand armature and back contact of relay 2223,
the outer right-hand armature and back contact
of relay 2224 to conductor 2227. This latter con-
ductor can be traced through the back contact
and inner left-hand armature of relay 1705,
thence through the back contact and outer right-
hand armature of relay 2100, the left-hand wind-
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ing of relay 2101, the back contact and left-hand
armature of relay 2102 to battery. In the other
direction this battery connection will be extended
over conductor 2226 through thehack contact and
inner left-hand armature of relay 1823, the outer
left-hand armature and back contact of relay
1828, the left-hand armature and back contact of
relay 1834, the back contact and right-hand arma-
ture of relay 1835, the front contact and right-

hand armature of relay 1832 to the marking con-

tact of relay 2211, When the stop confact 2202
is closed with-relay 2211 on its marking contact,

ground from the front contact and right-hand

armature of relay 1800 extending over conductor
1809 and eventually over the right-hand armature
and front contact of relay 1832, causes the opera-
tion of relays 1836 and 2181. Relay 2{81, which
corresponds to the tens group of the particular
called  subscriber’s line, in operating locks in
series with relay 2182 to a ground which may be
traced from the windihg of relay 2182 over the
back contact and outer right-hand armature of
transfer relay (785 to ground on conductor i828.
Relay 2102, in operating, (1) removes battery
from the operating windings of all other relays
corresponding to relay 2101, preventing the opera-
tion of amother such relay on this call (2) causes
the operation of relay 2100 and its companion re-
1ay 2183 which definifely remove sny one of the re-
lays, such asrelay 201, from their associated € to
9 fanning-out leads and (3) closes a connection to
conductor 2{{4 which later supplies ground to
operate the hold magnet of the link circuit in case
the line is idle. Relay 1836, in operating, pre-
pares. a. path for the operation of relay 1835.
When the polarized relay 2211 refurns to its spac-
ing contact after .030 second, relay (835 will op-
erate and ground will be supplied to a contact on
relay 2101, in a circuit from the ground supplied
for the operation of.relay 1835 over the back con-
tact and inner right-hand armature of relay 1705,
front contact and left-hand armature of relay
2101 to the windings of relays 2i85 and 2188 asso-
ciated with the particular tens group of the
called subscriber’s line. Relays 2!85 and 212§,
in eperating, connect the fanning-out leads 0 to 9
to the 0 to 9 leads of the particular tens groups of
subscribers’ lines. The relay 1835, in overating
(1) locks to .ground on conductor 1828, (2) onens
the. operating paths of relays 1836 and 2{8{ and
prepares a path for the operation of relay {837,
(3) connects. ground to lead 18%3 to the sequence
circuit where it. is instrumental in fixing the
trunk advance chain and preventing the release
of any link circuit in use on an established call.
After the first digit has been received, the follow-
ing relays are operated: (800, 1884, 1219, (816,
1807, 1805, 1801, 1812, 1832, 1835, 1835, 2101, 2182,
2109, 2103, 2105 and 2186. Relay {882 is marking,
relay 2211 is smacing and, in the particular case
described, relavs 2219, 22069, and 2227 are spacing
and relays 2206 and 2285 are marking and relays
2218 and- 22{9 are operated.

Reception and deciphering of the second digit

The second digit of the called subscriber’s num-
ber is received, registered and made to operate the
fanning-out relays in the same way as the first
digit. In this particular cese, we are assuming
that the second digit is 0. Therefore. relay 228
will be spacing, relays 2209 and 2287 will be
marking, relay 2266 will be spacing and. relay
2205 will be marking. With the register relays
so effected, fanning-out relays 2218, 2220, 2221
and 2223 will be operated. Therefore, a connec-

tion can be traced.from: conductor 2226 through
the left-hand armature and front.contact of relay
2218, the back contact and right-hand armature
of relay 2219, the outer right-hand armature and
front contact of relay 2220, the right-hand arma-
ture and- front contact of relay 2221, the outer
left-hand ‘armature. and back contact of relay
2222 to conductor 2228. This conductor may be
traced through the outer left-hand armature and
back contact of relay 1783 and thence to the outer
left-hand armature of relay 2105,

Relay 22{1 operates to its marking contact
while the stop segment is grounded and thereby
causes the operation of relay 1837. Relay 18317,
in operating, (1) establishes a connection from

ground, the lower winding of relay 1802, the front

contact and outer left-hand armature of relay
1837, resistance 1838, resistance 2229 to battery
to prevent any additional incoming impulses from
being registered, (2) locks: to ground on con-
ductor 1828 and (3) opens the original operating
paths of relays 1835, 2105 and 21986 and prepares
a path for the operation of relay 1834.

When the polarized relay 221{ after .030 sec-
ond returns to its spacing contact, it causes the
operation of relay 1834. This relay, in operating,
(1) connects battery through the windings of
relays 1839 and 1840 in series, thence through the
front contact and left-hand armature of relay
1834, the back contact and outer left-hand arma-
ture of relay 1828, the inner left-hand armature
and back contact of relay (833 to conductor 2226
which may be traced to conductor 2{80 and
thence to conductor 888 individual to the called
subscriber’s line and (2) causes the operation of
the slow-acting relay 124{. If will be noted that,
as usual, the polarized registration relays remain
locked in the direction in which they were last
operated.

Testing subscriber’s line

The connection of battery through the relays
1838 and 1840 to the particular called subserib-
er’s line enables these two relays to determine if
the individual lead §98 to the subscriber’s line is
terminated in a direct ground which causes the
operation of both relays 1839 and (848 or a high
resistance ground which results in the operation
of relay 1839 only and denotes an out-of-order
condition. In ecase no ground is available,
neither relay {822 nor 1840 operates. This test
takes place during the slow-operating time of
relay 1841 which begins Yo operate when relay
1834 operates. As soon as relay 1841 operates,
off-normal ground on conductor (828 is con-
nected.to the armature of relay {839.

Assuming the subscriber’s line idle, in which
case. ground is not connected to the lead passing
through relays 839 and 1848, neither of these
relays will be operated and ground connected to
the armature of relay {841 will cause the opera-
tion of relay 1828, Relay 1829, in operating, (1)
removes relays {839 and (8408 from connection to
the subscriber line lead, in this case conductor
€38, and replaces such relays by relay 1842, (2)
causes the release of relay 1824, by removing
zround from the armature of polarized relay
2214, () prepares a path for the operation of
relay (838, and (4) locks to eround on conductor
1828,  The release of relay {834 allows relay 1841
to release. but since this latter relay is slow in
releasing there will be a short interval during
which relay 1834 is released and relsy 1841 is op-
erated, giving relay 1842 an opportunity to deter-
mine which of relays 1843 and (839 shall be
operated. During this time ground is connected:
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through the winding of relay 2307 in the miscel-
laneous alarm circuit, through conductor 2312,
conductor 214, the front contact and right-hand
armature of relay 2102, the inner left-hand
armature and back contact of relay 1702, wind-
ing of relay 1842, the front contact and outer
left-hand armature of relay 1829, the inner left-
hand armature and back contact of relay 1833
and thus over a path previously traced to the
subscriber’s individual lead 698. Under the as-
sumed condition of the subscriber’s line being
idle, battery on the winding of relay 963 of the
cross-bar switch permits relay (842 to operate,
but due to the high resistance of the circuit relay
983 remains unoperated. - Relay 1842, in operat-
ing, opens the operating path of relay 1830 and
closes a path to operate relay 1843. When relay
1841 releases, ground supplied over conductor
{828 is connected to the armature of relay (842
through the back contact of relay 1841 so that
now the circuit for the operdtion of relay 1843 is
completed and this relay operates. Relay 1843,
in operating, (1) locks to ground on conductor
1828, (2) short-circuits the winding of relay 1842,
and (3) holds open the operating path of relay
1830. With the winding of relay (842 short-cir-
cuited, ground supplied by the miscellaneous
alarm circuit connected through the fanning-out
relays of the director circuit and thence over
conductor 690 will cause the operation in the
link circuit of relay 903. The subscriber will,
therefore, be connected to the frunk circuit
which will function to release the sequence cir-
cuit. The sequence circuit in turn will function
to remove the ground on the conductor leading
to relay 1800. Relay (800 therefore releases, (1)
removing off-normal ground from various parts
of the circuit including relays 1807 and 1805, and
(2) releasing relay 1804 unless conductor 1219
leading to the inner right-hand armature of re-
lay 1804 is held grounded, indicating that an-
other inward call is awaiting completion.. Relay
1805, in releasing, removes off-normal locking
ground from a considerable part of the circuit.
If relay 1804 releases, the motor 2212 will be
stopped and all remaining parts of the circuit
will be deenergized. If, however, relay 1804 is
held operated, the motor is kept running and the
polar relays 22085, 2206, 2207, 2299 and 2210 and
the associated fanning-out relays 2218 to 2224
are locked in the condition in which they were
operated by the last digit. When the next call
comes in the operation will be as previously de-
scribed except as follows: Relay 1813 now oper-
ates immediately, since the motor is running at
full speed, and relays 1837 and 1805 follow at
once upon receiving the closure of the stop pulse
contacts 2282. Before this stop pulse is reached,
the polar relays may be operated to spacing
through the back contacts of the relay 1887, but
in any case the circuit waits to receive “figures”
before proceeding with the call. The operation
then continues as hereinbefore described.

Inward call to busy or out-of-order line

The operation on this type of call is exactly
the same as set forth above up to the point where
the operation of relay 1834 connects relays 1839
and {848 to the individual lead 690 of the sub-
scriber’s line circuit. Now, however, this lead
terminates in direct ground or a high resistance
ground (out-of-order busy). In either case relay
1839 quickly operates but relay 1840 is marginal
and only operates on direct ground. Relay 1839,
in operating, prevents relay 1829 from operating
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and therefore relay 1834 remains operated, keep-
ing relays 1839 and 1840 connected to the lead
690. Relay 1839 therefore remains operated
along with relays 1837, 1834 and 1841 and causes
the operation of relay 183!. Relay 1831 (1) ap-

plies the ground to start the production of “K" .

or “Q” characters by polarized relays 1844 and
1845, and (2) connects the contact of relay 1844
to the outward transmission path which may be
traced from the right-hand contact of relay (844
through the outer left-hand armature and front
contact of relay 1831, the back contact and outer
left-hand armature of relay 1814, the left-hand
winding of relay 1801 to conductor 1815.

Relays 1844 and 1845 operate in condenser-
timed circuits to generate “K” and “Q” signals
as follows: When the ground is applied to one
end of the potentiometer formed by resistances
1845 and 1841, relay 1845 will operate to its left-
hand contact due to current in its lower winding,
supplied through resistance 1848. 'When such
left-hand contact is closed the current in this
lower winding is reversed but the discharging of
condenser 1849 through the upper winding holds
relay 1845 to its left-hand contact until the dis-
charge current is so reduced that the lower wind-
ing regains control and sends the armature to
its right-hand contact. Here the process is re-
peated, the lower winding tending to make the
armature return to its left-hand contact while
the condenser in charging holds it to the right-
hand contact until its effect is overcome. The
condenser and potentiometer resistances are so
proportioned that relay {845 will pulse at about
9 cycles per second if resistance 1850 is in circuit
or 11 cycles per second if resistance 1850 is short-
circuited. As will be-seen later, if the line is busy
the relay (840 being operated and therefore in-
cluding resistance 1858 in circuit, will cause relay
1845 to pulse at about 9 cycles per second. . If,
on the other hand, relay 1840 is not energized
resistance 1850 will not be included in the circuit
and relay 1845 will pulse at about 11 cycles per
second. -

When ground is connected by relay 1831, relay
1844 will operate to ifs right-hand contact due
to current in the lower winding. This sends a
marking signal over the outward transmission
lead 1815. However, when relay 1845 reaches its
right-hand contact condenser 185+ will discharge
through the upper winding and resistance 1852
and cause the relay to leave its right-hand con-
tact for one pulse length (approximately .022 sec-
ond). Relay 1844 then returns to its right-hand
contact and after relay 1845 opens its right-hand
contact condenser (851 is recharged through re-
sistances 1853 and (854. Since relay 1844 is
pulsing continuously, relay 1844 will send out a
spacing pulse of .022 second each time relay (845
closes its right-hand contact. In this way relay
1845 drives relay 1844 at either 9 or 11 cycles
per second, sending “K” signals if the line is busy
and “Q” signals if the line is out of order. These
characters are transmitted over the line and
vrinted on the distant operator’s teletypewriter.

Connection to unassigned or impossible number

If an unassigned number or non-numerical
code is received and registered the eircuit func-
tions as hereinbefore described. When, however,
the relay {842 is applied to the individual lead
of the called subscriber’s line, as indicated here-
tofore, battery is not available on such lead and
relay 1842 fails to operate. When, therefore,
relay (841 releases, off-normal ground will be
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connected to relay 1830, causing it to -operate
instead of relay 1843 as heretofore. With relay
1830 operated, ground is placed on relays 1844
and 1845 and their associated apparatus and re-
lay 1830 transfers the right-hand contact of
relay 1845 from resistance 1852 directly to the
transmission  conductor 1815 through the left-
hand winding of relay 1861. Under these condi-

_tions, relay 1845 pulses at approximately 11 eycles

10

15

per second, since relay 1840 is unoperated and
the resistance 1850 is short-circuited. ~Resist-
ances 1846 and 1847 are so proportioned that the
right-hand contact of relay 1845 will be suc-
cessively closed and opened at intervals of ap-
proximately .044 second. This causes an “I”
signal to be sent to the distant operator as an
indication that an unassigned or. impossible
number has been selected. The operator, upon

_receiving the unassigned signal, disconnects the

25

30

85

calling cord plug from the trunk jack at the dis-
tant manual end. This causes the associated
two-way trunk at the line concentration unit to
function to return to normal and release the
sequence circuit which in turn removes ground
from the conductor leading to the winding of
relay 1800. The circuit is then restored to nor-
mal as hereinbefore described.

Failure of the director circuit—General

When a trunk circuit on an inward call ob-
tains the permission from the sequence circuit
to route the call, the miscellaneous alarm circuit
begins counting time. Ordinarily the alarm cir-
cult will time out in two seconds but if the di-
rector circuit has grounded conductor 1819 in-
dicating that it has moved off normal, the miscel-
laneous alarm circuit extends the timing out to
four seconds. Then if the director ready signal
is sent, as hereinbefore described, relay 1801 in

40 operating grounds conductor 1855 causing the

45"

50

miscellaneous alarm circuit to extend the time
allowed for handling the call to ten seconds.

Conductors 1818 and 1856 are used to indicate
to the miscellaneous alarm  circuit whether or
not the trunk should be locked up in case of
trouble. Ground on either of these leads pre-
vents the removal of the trunk ecircuit from
service.

Failure {o move a director off normal

If after two seconds relay (816 has not
grounded conductor 1819, indicating that the
trunk circuit has failed to start a director off nor-

_mal, the alarm circuit removes the trunk from

KA
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service. The removal of the trunk of course re-
moves any connection from the director to that
trunk permitting the director to continue to
handle calls.

Failure of the director motor to attain speed

In this case it is assumed that relay 1816 has
operated and grounded conductor 819 causing
the miscellaneous alarm circuit to permit an
elapsed time of four seconds but that relay (805
has failed to operate either because the motor
failed to attain speed or the relay arrangement
designed to detect the speed failed to function.
Relay I814 in operating caused relay 1816 to

. operate and place a ground on conductor 1818.

70

75"

In this case the alarm circuit after four seconds
places a ground on the conductor leading to re-
lay 1833 thereby causing this relay to operate.
Relay 1833 in operating (1) locks under control
of the release key 1857, (2) operates relay 1827,
(3) grounds lead 1858 to indicate to the miscel-

45
laneous alarm ecircuit that the director is locked,
(4) connects ground to relay 1860 to hold the
director in timed-out condition and (5) opens
the fanning out common lead 2226 to reley 2218.
Relay 1821 in operating (1) opens conductor
1819, (2) connects battery to lamps 1811, 1820,
1821 and 1822 which in this case causes lamp
1817 to light indicating the type of trouble and
(3) places battery petential on magnet 2201 of
the distributor to prevent the distributor from
running open. Meanwhile,since conductor 1818
is ~grounded, the miscellaneous alarm - circuit
places the trunk back into service after removing
it temporarily, disconnects the trunk from the
director which of course has no effect on the
stuck director and then if the sequence circuit
has returned to normal places a ground on the
transfer lead 1106 thereby operating transfer
relays 1700 to 7105, inclusive, and thus rendering
director No. 2, indicated by rectangle 2314, effec-
tive in place of the director shown in detail in
Figs. 17, 18, and 22. If director No. 2 was the
director that was sent into the stuck condition
the transfer lead 17866 would have already been
grounded and in this case the alarm circuit re-
moves the ground on the transfer lead placing
director No. 1 into service.” New inward calls are
serviced by the newly connected director.

Failure of the director ready signal to reach asso-
ciated loop repeater or failure of registration
of mark signal sent by trunk circuit to dis-
tributor circuit

In this case it is assumed that the distributor
has attained speed and that relay 1865 has oper-
ated but the circuit by which the director ready
signal was to be sent was opened somewhere be-
fore reaching the associated loop repeater or in
any case the relay 1861 had failed to operate or
if the incoming transmission lead to the distrib-
utor is open it is obvious that directing of the
inward call by the connection will be impossible,
Such condition would prevent relay 1810 from
operating. - These two troubles could occur on
the same call. In any case, after four seconds
the miscellaneous alarm operates relay 1832 and
in turn relay 1821, as hereinbefore described, ex-
cept that since neither conductor 1818 nor 1856
is grounded the alarm circuit proceeds. to lock
the trunk as well as the director out of service.
Relay (827 in operating causes telltale lamps to
light as follows: Lamps 1820 and (822 lighted
indicates director ready signal failure, lamp 1821
lighted indicates failure to register the incoming
mark and lamp 1820 alone lighted indicates a
combination of both types of trouble. The alarm
circuit meanwhile proceeds to place the other
director into service.

Returning “stuck” director to service

After the trouble is cleared the director can be
made available by momentarily operating release
key 1851 which removes holding ground from
relay 1800 and marking ground from relays (821
and 1833 returning the circuit to normal.

Miscellaneous alarm circuit

The circuit shown in Figs. 23 and 24 is de-
signed for use primarily to time the interval dur-
Ing which the sequence circuit is in use and is
arranged o give appropriate alarms if a specified
time limit is exceeded giving at the same time an
indication of the possible circuits in trouble.
The circuit is also arranged to give an alarm
when the battery or grounded chain of the se-
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quence remains open. The functions of the cir-
cuit may be summarized as follows:

1. On an outward call from the local subscriber
the miscellaneous alarm circuit times the inter-
val in which the sequence circuit is used to see
that it does not exceed two seconds.

2. On on outward call when the sequence cir-
cuit is in use for more than two seconds the mis-
cellaneous alarm circuit is arranged to indicate
whether the trouble is in the frunk alone or in
an of the other circuits called into use. In case
the miscellaneous alarm circuit decides that the
trunk is in trouble it is arranged to give a minor
alarm flash on a trunk lamp and to cause the
removal of a particular trunk circuit from serv-
ice. In case the miscellaneous alarm circuit de-
termines that any of the other circuits in use on
the particular call are in trouble the circuit is
arranged to light a lamp 2309 and to give a minor
alarm and to cause the removal of the subgroup
of: subscribers containing the calling subscriber
from. outward service.

3. After removing the particular trunk or the
particular subgroup of subscribers from service
the miscellaneous .alarm circuit is arranged to
detect the ability of the sequence circuit to re-
turn to normal and to light a lamp 2400 and to
bring in a major alarm if it fails to do so within
a half second.

4. On an inward call to the local subscriber the
miscellaneous alarm circuit begins timing as soon
as the inward call has received preference from
the sequence circuit being arranged to time the
interval required to obtain a director circuit and
to give an alarm if this period exceeds two sec-
onds. In this case the miscellaneous alarm eir-
cuit is arranged to cause the removal from serv-
ice of the trunk in trouble, flash the lamp asso-
ciated with the trunk and at the same time to
light lamp 2389 and to bring in a minor alarm.
The alarm circuit continues to function as indi-
cated in paragraph 3 above.

5, When informed over conductor {819 that
the director circuit has moved off normal, the
miscellaneous alarm circuit waits a total of four
seconds for the director to place ground on con-
ductor 1855. The director places ground on con-
ductor 1855 if the distributor motor has  at-
tained speed, if the director ready signal reached
the associated loop repeater and if a mark sig-
nal sent over the trunk from the central office
has been registered in the distributor circuit.

6. If the miscellaneous alarm circuit times out
before conductor 1885 is grounded but after con-
ductor 1819 was grounded, the alarm ecircuit is
arranged;

da. To cause the associated director circuit to
lock in a “stuck” condition.

b. To bring in an audible and visible alarm
associated . with the director circuit.

c. After the director has been locked up in
a “stuck” condition to remove the trunk ecircuit
from service under control of a key and cause a
lamp agssociated with this trunk to flash or if
the conductors 1818 and 1856 are grounded when
the alarm circuit times out to remove the trunk
circuit from service temporarily under control
of -a mark signal sent from the central office
causing ‘g lamp associated with the trunk to
light steadily.-

d. After allowing approximately one-half sec-
ond the director has been locked on a “stuck”
condition the miscellaneous alarm circuit is ar-
ranged to test for failure of the' sequence cir-
cuit to release and to bring in an audible major
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alarm and light lamp 2400, if the sequence circuit
fails to release.

e. If the sequence 01rcu1t has been released the
miscellaneous alarm- circuit is arranged to re-
place the “stuck” director with another spare
director-if one is available.

7. If the conductor (855 is grounded the
miscellaneous alarm circuit permits the director
circuit ten seconds to complete all its functions.

8. If the miscellaneous alarm circuit times out

10

after ten seconds the alarm c1rcu1t is arranged

to function as follows:

a. Removes the trunk circuit used on the par-
ticular call from service under control of a mark
signal received from the distant end lighting a
lamp associated with this trunk but returns the
director back to service.

b.-After approximately one-half second test
for failure of the sequence circuit to release and
if the sequence circuit fails to release brings an
audible major alarm and lights lamp 2400.

9. The alarm circuit in taking a director out
of service will give a minor alarm provided a
spare director is available and not in trouble.
If the second director is in trouble the circuit
will give a major alarm.

10. The circuit is arranged to permit manual
transfer from one director to another at a time
when the sequence circuit is not in use due to the
routing .of a call through the office and when
the director transferred to is available and not in
trouble. )

11. The circuit is arranged to prevent the use
of a sequence circuit on a new call for one-half
second if the sequence has otherwise returned to
normal after timing out.

12, The circuit is arranged to furnish a time
delay between the operation of the selector mag-
net of the cross-bar switch and the application of
ground for the operation of the holding magnet
of the cross-bar switch.

13. The circuit is provided with keys associated
with each type of trouble indicated to permit re-
moval of the audible alarm leaving a lamp to in-
dicate the trouble condition and with keys to re-
lease the locked-in- trouble indication and also
alarm cut-off key which prevents the alarm cir-
cuit from timing out.

14, This circuit is arranged to light lamp 2319
as an indication that a selector magnet of the
link circuit has operated.

15, This circuit is arranged to prevent the
director from interfering with the miscellaneous
alarm circuit when both directors fail.

16. If the battery or ground chain of the se-
quence -circuit remains open for approximately
forty-five seconds this circuit is arranged to give
a major alarm and light either lamp 23{6 or
2317 to indicate which chain is open.

17. This circuit is arranged to prevent the
routing of a call if the selector magnet of a link
circuit is falsely operated and to give an alarm
if this condition persists for approximately forty-
five seconds.

DESCRIPTION OF OPERATION
Timing of the sequence circuit on an outward call

When a subscriber originates an outward call
and the sequence circuit is called into use, bat-
tery is placed on. the conductor leading to relay
2306. Relay 2306 in operating (1) removes
ground from the contact of key 2401 to prevent
manual transfer from director 1 to director 2,
(2) causes the operation of the common start
relay 2365 and (3) furnishes ground to supple-
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ment one on the key 2401 to nullify the return
to normal of that same key and to continue the
particular director in use during the routing of
the call in the office. The operation of the com-
mon start relay 2305 removes ground from the
ground lead to the sequence circuit preventing
further use of the sequence circuit on a new
call, connects locking ground to the time measur-
ing relays and connects a sixty interruption per
minute interrupter 2318 to relay 2462 which fol-
lows the one-half second open, the one-half sec-
ond closed interrupter.

The interrupter relay 2402 works three sets of
counting relays, the first comprising relays 2403
and 2404, the second comprising relays 2465 and
2406 ‘and the third comprising relays 2487 and
2408. The action of these relays is well known
and - therefore no detailed description will be
given. - The complete cycle of operations of the
counting relays 2403 and 2404 start with one
closure of the contact of relay 2404 and ends
with the end of the second closure of this contact
and thus occupies two full seconds. Since the
connection of the interrupter 2318 to relay 2402
may take place at any time the completion of the
operation of the first set of :counting relays will
therefore occur either exactly at the two-second
interval or within one-half second either side
thereof. Assuming hereafter, that the operation
of the common start relay 2365 which connects
the interrupter 2318 to the relay 2492 occurs ex-
actly at such a time that the relay 2404 will be
operated for a full one-half second, then it will
be found that relay 2483 immediately operates
at what may be termed zero time, relay 2404 op-
erates at the end of one-half second, relay 2463
releases at exactly one second, relay 2404 releases
at exXactly one and one-half seconds and Telay
2403 again operates at exactly two seconds.

Relay 2403 is therefore reguiarly operated for
one second and released for one second and relay
2484 is also regularly operated for one second
and released for one second. Relay 2405 will
be operated at the end of one-half second and
released at the end of two and one-half seconds,
again operated at the end of four and one-half
seconds and released at the end of six and one-
half seconds. Relay 2406 will be operated at
exactly one second and released at exactly three
seconds, again operated at exactly five seconds
and released at exactly seven seconds. Relay
2407 will be operated at exactly two and one-half
seconds, released at six and one-half seconds
and again operated at ten and one-half seconds
and relay 2408 will be operated at exactly three
seconds, released at exactly seven seconds and
again operated at exactly eleven seconds and
relay 2408 will come into operation at exactly
six and one-half seconds.

Providing the relay 2306 and therefore the
common start relay 23858 are still operated at the
two~second point when relay 2403 again operates,
a circuit may be traced from the winding of
relay 2319, the inner upper armature and back
contact of relay 2320, the back contact and
outer upper armature of relay 2494, the front
contact and outer upper armature of relay 2403,
the front contact and upper outer armature of
relay 2408, the back contact and lower armature
of relay 2321, the back contact and outer upper
armature of relay 2410 to conductor 2411 which
is grounded through the front contacts and inner
armatures of common start relay 2385. The
operation of relay 2319 (1) closes the operating
winding of relay 2412 through its front contact
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and inner upper armature and the inner upper
armature and back contact of relay 2222, the
outer upper armature and back contact of relay
2321 to ground, (2) connects ground available on
the contact of the start relay 2306 through its
inner lower armature and front contact through
the inner lower armature of relay 2319 to hold
relay 2801 operated and (3) opens at its lower
outer armature and back contact a path which
may extend through the inner upper armature
of relay 2321 to the winding of %ransfer relay
2413. Relay 2322 and relay 232! being unoper-
ated at this time, relay 2412 operates immedi-
ately at this time and locks in a circuit through
its lower winding, its front contact and inner
lower armature, the lower armature and back
contact of relay 23208, the front contact and
upper outer armature of relay 2483, the front
contact and upper outer armature of relay 248§,
the back contact and lower armature of relay

10

20

2321, the back contact and outer upper armature -

of relay 2418 to ground on conductor 24(f.
Relay 2412 in operating through its front con-
tact and outer lower armature places a supple-
mental ground on the winding of the common
start relay 2305. Relay 2442 also prepares a
path for testing the subsequent release of the
sequence circuit and extends the ground from
the contacts of relay 2386 through iis middle
upper armature and front contact to the lower
armature of relay 2201,

During the routing of the ocutward call the
trunk circuit sends the calling-in signal to the
distant end and awaits the reception of ringing
sent automatically from the distant end. If this
calling-in signal was not received at the distant
end due to a faulty conductor or if the calling-in
signal fails to be registered at the distant end
or if in any event the ringing fails to be received
in the line concentrating unit, ground on lead
1188 would continue to keep relay 2301 operated
causing it to lock the moment. the relay 2318
operates. Therefore, the ground furnished by
relay 2286 and directed to the contacts of relay
2381 by means of relays 23!8 and 24{2 can be
applied to conductor 2325 leading to g contact
on the start relay of all trunks. The ground will
also be extended through the outer upper arma-
ture of relay 2381 to the upper winding of relay
2323. Relay 2322 operates and causes the minor
alarm lamp 2324 to light and to lock in through
the release key 2347. Ground on lead 2325 oper-
ates relay 2303 which releases the sequence cir-
cuit chain by opening the main sequence circuit
ground chain at its contacts, thereby  causing
the removal of the particular trunk circuit
from serviee. This will permit the subscriber’s
call to receive service over another trunk after
the alarm circuit has tested and found the
sequence circuit normal and when connected to
the new trunk the sequence circuit will return
to normal and remove battery from the lead to
relay 2306 causing this relay to release and in
turn release the common start relay 2335. The
common start relay will release all counting
relays operated at that time returning the circuit
to normal except for the locked in alarm 2324.

If the selected trunk has operated satisfactorily
and registered the received ringing, or if the
trunk circuit was not even preselected, relay 2381
of the miscellaneous alarm circuit would be nor-
mal when relay 2319 operated and ground avail-
able at the contact of relay 2386 directed to the
contacts of relay 2381 by means of relays 2319
and 2412 would be applied over the lower arma-
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ture and back contact of relay 2381 to conduc-
tors 2326 and 2327, connecting respectively fo
conductors 1217 and 1218, for the operation of
such relays as 1201 and 1203. This ground would
also be extended over the upper outer armature
and back contact of relay 2301 to the winding of
relay 2328, causing this relay to operate and light
the minor alarm lamp 23098 under control of re-
lease key 2329. Ground on conductor 2326 will
extend through conductor 1217 to conductor 1814
where it will operate a relay such as 1089 to re-
move from outward service the particular sub-
group of subscribers containing the calling sub-
scriber. In either case, after a half second has
elapsed, relay 2402 again releases, causing the
operation of relay 2404 which in turn causes the
release of relay 2319 and this relay in releasing
applies the upper winding of relay 2414 through
the back contact and upper outer armature of
relay 2319 to the ground on the contact of the
start relay 2366. If, therefore, in the half second
that relay 2403 was operated alone and in which
relays 2319 and 2412 function to apply ground to
the contacts of relay 2881 and in which an at-
tempt was made to free the sequence circuit, relay
2306 did not release ground on its front contact
would cause the operation of relay 2414 as soon
as relay 2319 released. Relay 2414 would lock
under control of key 2415, light lamp 2488 and
bring in a major alarm as an indication that the
sequence circuit itself was in trouble. If, how~
ever, relay 2306 released during this interval,
the miscellaneous alarm waits for another one-
half second until relay 2403 releases, which per-
mits the release of relay 2412. The release of
this relay removes the ground from the winding
of the common start relay 23065 which now, in
releasing, removes the sixty interruption per
minute interrupter 2318 from the winding of re-
lay 2402, removes the locking ground from con-
ductor 24f1 to the time measuring relays and
reconnects ground to conductor 2330, being the
main ground in the sequence circuit chain, thus
permitting the sequence circuit to handle a new
call.

The removal of holding ground from the time
measuring relay and the disconnection of sixty
interruption per minute interrupter from the re-
lay 2402 causes the release of relays 2402, 2403,
and 2404, returning the miscellaneous alarm cir-
cuit to normal except for the locked-in trouble
indication and thus permitting the alarm cir-
cuit to handle the timing of a new call. As in-
dicated in this paragraph, relays 2328, 2323 and
24i4 will remain operated depending upon the
type of trouble the miscellaneous alarm circuit
has discovered. The operation of the associated
keys will permit the silencing of the audible
alarm and will lock in the lamp indicating the
trouble brought in. Each of these relays also
has associated with it a release key such as key
2329 associated with relay 2328, the operation of
which after the trouble has been cleared elimi-
nates the locked-in trouble indication. Restor-
ing the release key such as key 2331, extinguishes
the trouble indicating lamp provided the locked-
in trouble indicating relay has been released.
With the trouble indicating lamp extinguished
the circuit has returned fto normal.

Timing the interval used by the sequence circuit
on an itnward call if a director has not been
seized

When a trunk circuit on an inward call re-
ceives permission to use the sequence circuit, bat-
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tery supplied to the conductor leading to start
relay 2306 causes the operation of this relay
which in turn results in the operation of the
common start relay 2305. The operation of the
common start relay permits relay 2402 to operate
periodically and thereby cause the functioning
of the counting relays 2403 to 2468. If affer
approximately two seconds when relay 2406 op-
erates, relay 2321 should still be non-operated
as a result of the failure of the sequence circuit
to seize a director, relay 2319 will operate as
indicated above, followed by the operation of relay
2412, If relay 2386 is still operated at this par-
ticular time ground on its contacts directed by
means of relays 2319 and 2412 to relay 2301 will
be applied to conductors 2326 and 2327 leading
to conductors {217 and 1218 of the sequence cir-
cuit. This will result in the removal of the par~
ticular ftrunk used in originating the -call from
service and at the same time permit the operation
of relay 2328 as hereinbefore described. There-
after the miscellaneous alarm circuit functions
exactly as described above under the condition
when it timed out a period in excess of two sec-
onds on an outward call in which the trunk cir-
cuit called into use was found unsatisfactory.
In this case, therefore, the trunk will be removed
from service as indicated by a flashing red lamp
1220 energized by the sixty interruption per min-
ute interrupter 1403 which, together with the
lamp 2309 and minor alarm, will serve to in-
dicate the type of trouble.

Timing, the interval used by the sequence circuit
when conductor 1819 alone is grounded

‘When the sequence circuit is seized, relay 2396
operates, causing in turn the operation of common
start relay 2385. As described before, the com-
mon start relay connects interrupter 2318 to the
counting relays for the purpose of counting the
interval. Under the assumption that lead 1818
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from the director circuit has been grounded, re-
lay 2332 operates and (1) connects conductor

2333 extending from the winding of relay 1833
through the back contact and upper outer arma-
ture of relay 2322, thence through the front con-
tact and middle upper armature of relay 2332
to the front contact of relay 2319, (2) connects
a supplementary holding path to the operating
winding of the common start relay, (3) locks
under control of the start relay 2306, (4) con-
nects the operating path of relays 2416 and 2417
to contacts of relay 2318, and (5) causes the op-
eration of relay 2321. The operation of relay
2321 connects conductor 2334, which is an exten-
sion of conductor 1858 leading to relay 1827, to
the contacts of relay 2319, partially prepares the
path for operating relay 2413 and locks under
control of ground from the common start relay,
at the same time removing ground at the back
contact of the outer upper armature of relay 2321.
The operation of relay 2321 also permits the op-
eration of relay 2320 which, among other things,
places ground on the upper outer armature of
relay 2408 of the third counting relay combina-
tion. Relays 2403 to 2486, inclusive, function and
at the conclusion of the two-second interval, re-
lay 2321 being operated, the miscellaneous alarm
circuit does not cause the operation of relay
2319. At the conclusion of four and one-half
seconds, however, relays 2408, 2404 and 2403 be-
ing operated, ground furnished by relay 2320 will
cause the operation of relay 2319. 'The circuit for
this may be traced from battery, the winding
of relay 2319, the inner upper armature and front
contact of relay 2320, the front contact and outer
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Upper armature of relay 2484, the front contact
and outer upper armature of relay 2493, the front
contact and outer upper armature of relay 2408,
the outer upper armature and front contact of
relay 2320 to ground on the contacts of the com-
mon start-relay 28§5. Relay 239, in operating,
(1) connects ground toconductor 2339 leading
to the'director circuit where it causes the opera-
tion of relay 1833 which results in bringing the
director into a “stuck” condition, (2) connects
relay 2412 to conductor 2334, (3) causes the op-~
eration of either relay 2416 or 2411 depending
upon the director in service, and (4) opens the
operating path of relays 2413 and 2418. The

- operation of relay 2417, assuming director No. 1

to-be in use, results in the locking of the relay
operated under control of its assocciated release
key and brings in an audible alarm- and a lamp
associated with the director in trouble, and pre-
pares a path for either the operation of relays
2413, 2418 or 2410, the functions of which will be
described Iater.

After the director circuit is locked in the
“stuck” condition ground is placed on' conductor

- 2834 which causes the operation of relay. 24142.

This relay, in operating, (1) locks under control
of relay 2494, (2) places a supplementary ground
on the winding of the common start relay to hold
it operated, (3) connects ground under conirol of
the start relay 2808 through the contacts of re-
lays 2301 and 2319 to the leads 2328 and 23271
to the sequence circuit, and (4) helps prepare a
path for the testing of the failure of the sequence
circuit to release and for transferring the direc-

: tors, both of which functions take blace in the

next one-half second. 1If, however, lead (8{8

or {888 from the director circuit had been.

grounded so as to ctause the operation of relay
2335 at-the moment that relay 2316 operated, re-
lay 2836 would have operated and ground ex-
tended' to conductor 2328 would now be also ex-
tended to conductor 2327, With both leads 2326
and. 2327 to the sequence circuit grounded, the
trunk circuit is taken out of service permanently

; under key control, but if the director circuit has

50 requested, the operation of relay 2336 will per-
mit the grounding of only conductor 2326, in
which case the trunk circuit will be removed from
service temporarily under control of the mark sig-
nals received from the distant central office. In
either case, however, the sequence circuit in tak-
ing the trunk out of service releases, removing
battery from the conductor leading to start re-
lay 2386 and causing the release of this relay.

- All this occurs within a half second and at the

conclusion of this, relay 24683 releases, causing
the release of relay 2318 but relay 2412 gtill re-
mains locked up for an additional one-half sec-
ond. With relay 2219 released, if for some reason
or other relay 2386 is still operated, indicating,
of course, that the sequence circuit has failed to
release, ground- furnished by the start relay 2386
through the back contacts of relay 2219 and the
front contacts of relay 2412 causes relay 2414
to operate and lock under control of its asscciated
release key and to bring in a major alarm in addi~
tion to a lamp indicating that the sequence cir-
cuit failed o release. With relay 2306 released,
however, ground furnished by relay 2412 through
back contacts of relays 2322, 2308 and 22i9 and
front contacts of relay 232f, which ig still locked
up under control of the common start relay, is
connected to the upper outer armature and back
contact of relay 2418 and. thence through the

- lower operating winding of transfer relay 2413,

49

If relay 2416 is normal, indicating that director
No. 2 is available, this ground causes the opera-
tion of the transfer relay- 2413 which locks under
control of relay 24i71 and places a ground through
ibs front contact and upper outer armature on
the conductor' leading  therefrom to conductor
786 where it is instrumental in catising the op=
eration of the transfer relays i780 to 1705, in-
clusive, thereby replacing director No. I by direc=
tor No. 2. If relay 2416 is operated- and relay
2417 is normal, indicating that director No. 1
is satisiactory and available, relay 2418 operates,
causing the release of relay 2413 which removes
ground from conguctor {786 and places director
Mo. 1 in service instead of director No: 2. In
transferring to the new director, all leads to the
old director from' the alarm circuit are opened;
causing the release of relay 2332 and relays 2335
and 2338, if operated. If both the relays 2416
and- 2441 are operated when conductor 2419 is
grounded, indicating that both directors are in
trouble and: not available; ground on this con~
ductor causes the operation of relay 2410 which
locks- under control of its associated release keys,
brings in a major alarm and-lights a lamp-2429;
The operation-of relay 2410 also:removes holding
ground-from- relay-232f and the locking path of
the common start relay- which was prepared by
relay 2332 while it prevents the: “stuck” director
from. interfering with the-placing and timing of
outward calls. At the conclusion of the addi-
tional one-half second relay 2404 releases, caus-
ing the release of ‘relay 2319 which in turn re-
moves the  additicnal: holding ground from the
common start relay. The common start relay
2395 in releasing (1) causes relays 2321 and 2320
to release, (2) opens the holding ground to the
counting relays, (3) disconnects the interrupter
2818 from relay 2402, and (4) reconnects ground
to- conductor 2380; making the sequence circuit
available.

xtension of the timing interval if conductor 1855
is grounded

If the director circuit places ground upon con-
ductor 1855 relay 2318 operates and locks under
control of ground furnished by the common start
relay 2305. Relay 2213, in operating, causes the
release of relay 2820 and this, in releasing, re-
moves ground from the outer upper armature of
relay 2488, The time counting circuit compris-
ing relays 2488 to 2409, inclusive, therefore, con-
tinues to count time until ten seconds have
elapsed, at which time relays 2489, 2485 and 2403
are operated; and ground furnished by relay 2489
through the contacts of the others causes the op-
eration of relay 2819. Therefore; if the miscella-
neous alarm circuit is off normal the absence of
ground on conductor {818 causes it to tirne out
and operate the relay 2319 in two seconds. The
presence of ground on conductor 1§19 causes the
alarm’ circuit to time out in four seconds, the
additional presence of ground on conductor 1855,
causing the release of relay 2820, permits the mis-
cellaneous alarm circuit an- interval of ten sec-
onds before it operates relay 2519,

Timing out after an interval of tem seconds

As indicated in the previous paragraphs, the
alarm circuit. continues to count time as long as
the sequence circuit is in use and until it receives
notification. that a certain time limit should not
be exceeded. On an inward call the director
makes a preliminary study of its own condition
and if satisfied, places a ground on leads (855
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and 183§, causing the operation of relays 2313
and 2335,

Relay 2335 causes the operation of relay 2338
and relay 2313 operates relay 2322 and all lock
under control of the common start relay 23085.
Since relay 2322 opens conductor 2333 and since
relay 2338 opens conductor 23217, the alarm cir-
cuit in case it does time out must return the
director back to service and only remove the
trunk temporarily from service. When, there-
fore, the miscellaneous alarm circuit has counted
out an interval of ten seconds, relays 2409, 2406
and 2403 being operated, ground furnished by
relay 2489 causes relay 2318 to operate. Relay
2818 causes the immediate operation of relay 2412
from ground on relay 2322, Relay 2412, operated,
locks under control of relay 2403, places a sup-
plementary ground on the winding of the com-
mon start relay 2399, prepares an operating path
for relay 2414 and connects ground to conductor
2326. Ground on this conductor is used in the
sequence circuit to disconnect the director from
the trunk circuit, returning the director to nor-
mal, freeing the sequence circuit and removing
battery from the conductor connected to the
start relay 2305, while a characteristic out-of-
order signal-is connected to the trunk involved
in addition to steady lighting of the red trunk
lamp [228. If the director returns to normal and
battery -is removed from the conductor leading
to the start relay, both relays 2332 and 23086 re-
turn to normal. After one-half second has elapsed
relay 2484 operates and relay 2319 releases. If
the start relay 2366 has not released by the time
the relay 23i9 releases, the sequence alarm is
given as indicated above. If, however, the start
relay has released, the alarm waits for another
one-half second until relay 2463 releases, causing
the release of relay 2412 and in turn the release
of the common start relay. The common start
relay, released, causes relays 2321, 23i3, 2336
and 2322 to release, disconnects the interrupter
from relay 2482 and the holding ground from the
time counting relays, releasing all of them and
connecting ground to the chain lead thus return-
ing the circuit to normal and in a position to
permit the routing and timing of a new call.

Manual transfer of directors

The operation and release of key 2481 permits
the manual transferring between the two direc-
tors placing either one in service. If director No.
1 is in service the operation of the key to its
alternate position will place director No. 2 in
service if director No. 2 is satisfactory and pro-
vided a call is not at the time being routed
through the office. If director No. 2 is in service

~and it is desired to replace it by director No. 1

the release of key 2481 to the position shown
will remove director No, 2 and replace it by direc-
tor No. 1 provided director No. 1 is available
and not in trouble and provided a call is not
heing routed through the office.

Delaying the operation of the hold magnet of
the cross-bar switch

Due to the inherent design of the cross-bar
switch the directing finger actuated by the select-
ing magnet “chatters” on being operated. To

- prevent the hold magnet, therefore, from snag-

ging two sets of contacts while the directing
finger is chattering, ground for the application
of the hold magnet is delayed for a short period.
The operating of the selecting magnets of the

. cross-bar link places a ground on conductor 902
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which extends to conductor 2302 and thence to
relay 2309. Relay 2300 is slow to operate but
when it does move its armatures it extends ground
to the winding of relay 2301, thence through
normal contacts of relay 2310 to conductor 2312
which eventually operates a hold magnet after
a time sufficient to permit the directing fingers
permanently to come to rest. The operation of
relay 2300 also causes the illumination of lamp
2315 as an indication that a selecting magnet
has operated, and in addition it removes ground
from conductor 2337 to a test circuit (not shown)
to warn that circuit that a selecting magnet is
operated. The application of ground to conduc-
tor 2312 causes both the hold magnet and relay
2301 to operate in series. Relay 2307, in operat-
ing, causes the slow operating relay 23i0 to op-
erate, locking to ground on the contact of relay
2307 and then increasing the resistance to ground
in the lead 2312 by the resistance 231{. The
hold magnet, therefore, has closed its locking
contact and, therefore, locks in series with the
sleeve relay of the trunk ecircuit. When the
selecting magnets return to normal ground is
removed from conductor 902, relay 2300 releases

10

15

20

25

and this in turn releases relays 2307 and 2310, .

extinguishing the lamp 2315 and grounding con-
ductor 2337, returning the circuit to normal.

Function of lamps and keys

The miscellaneous alarm circuit is equipped
with an alarm cut-off key 2338 which upon be-
ing operated prevents the miscellaneous alarm
circuit from timing out a call and at the same
time flashes a lamp 2339. The circuit is also
provided with a sequence busy lamp 2340 as an
indication to the maintenance man whenever the
sequence circuit is off normal. Relays 2328, 2323,
2414, 2411, 2416 and 2410 have associated with
them a release alarm key which silences an
audible alarm, permanently locking the lamp in-
dicating the type of trouble. The illumination
of lamp 2309 is an indication that the sub-
seriber line circuit or subscriber line equipment
on an outward call has failed or that on an
inward call the sequence circuit failed to set a
director off normal. The illumination of lamp
2324 is an indication that on an outward call
the continuity of the two frunk conductors has
been found in trouble. 'The operation of lamp
2480 is an indication that the sequence circuit
failed and is in %rouble, The operation of lamp
2421 or lamp 2422 indicates the particular direc-
tor in trouble and the operation of lamp 2420
indicates that both directors are in trouble.
After the maintenance man has cleared the trou-
ble indicated, the miscellaneous alarm circuit is
brought to normal as far as the alarm indications
are concerned by the return of the release alarm
key to normal if it had been operated to silence
the audible alarm and the momentary operation
of the release key associated with the particular
glarm. This causes the release of such relays as
2328 and 2323 that were operated, removing both
audible and visual alarms.

Sequence battery and ground chain alarm

Relay 2341 remains operated from ground sup-
plied by the common start relay through the
ground chain of the sequence circuit. Similarly,
relay 2324 remains operated. from battery sup-
plied by relay 2393 through the battery chain of
the sequence circuit. With both relays 2341 and
2384 operated, the plate and filament voltages for
the vacuum tube 2342 remain unconnected while
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the grid remains grounded and condenser 2343
is-in a discharged condition. However, with the
sequence circuit in an idle condition if either the
ground or battery chain circuit becomes open,
relay 2341 or relay 2364 releases, depending upon
the-particular chain affected. With the sequence
circuit in use during the routing of a eall both of
these relays also release. With ground removed
from- the grid terminal of the tube and filament
and. plate -potential applied by the release of
either or both of the relays 2341 and 2304, the
grid; immediately. assumes a negative potential
relative to.the filament and no plate current
flows: A positive charge leaking: through re-
sistance 2844 gradually raises the potential of
the: condenser 2343 and also, continues %o alter
the potential of the grid. After approximately
forty-five seconds the grid having reached a defi-
nite potential relative to the filament, a plate
current of sufficient magnitude causes relay 2345
to operate and this in turn causes the operation
of relay 2346. Relay 2346, in operating, locks to
ground supplied by key 2415 and causes the oper-
ation of relay 2414 which acts as described above,
glving a sequence failure alarm. Relay 2346 also
causes:the illumination of lamps 2316 and 2317
to indicate the chain in trouble. After the trou-
ble is cleared, relays 234! and 2204 operate, re-

' moving tube 2342 from circuit and releasing relay

30

35

40

45

50

55

60

65

70 .

(2

2345. Relay 2346 releases when key 2415 is mo-
mentarily operated, returning the circuit to
normal.

Falsely operated selector magnet of the line

circuit

If a selector magnet is falsely opsrated relay
2390 of the miscellaneous alarm circuit operates
due to ground available on conductor 802, Relay
2329, in operating, opens the main ground chain
lead, preventing: the routing of any call through
the unit. If the condition persists for forty-five
seconds.the ground chain alarm operates, giving
& major alarm and lighting the lamps 2316 and
2317 as described above. Lamp 2315 is also
lighted and these indications reveal to the at-
tendant the type of trouble.

All-trunks-busy circuit

The circuit shown in Fig. 20 is an originating
source of “all-trunks-busy” signals and “K” sig-
nals sent the calling subscribers under certain
conditions, at the same time providing all-trunks-
busy time integrating registers in addition to
subscribers’ overflow registers. The functions o
this circuit may be summarized as follows: ‘

(1) When all trunks reaching a given outlet are
busy this circuit is arranged to measure
the length of time this condition persists.

(2) When all trunks in the entire unit are busy
this circuit is designed to

(a) produce and send ito each ecalling
subscriber a  “letters” all-
trunks-busy signal connecting
each new calling line in turn
during the mark portion of the
signal,

(b)  register on the subscriber’s over-
flow register the number of at-
tempts subscribers make during
the all-trunks-busy period,

(¢) measure the continuous duration
of the production of these “let~
ters” signals, giving an audible
and visual alarm if ‘the time
exceeds a predetermined inter-
val,

-relay 2019.
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(d) continue to produce the “letters”
signals "as. long as any sub-
scriber keeps his loop. closed.

(3) Whenever a trunk becomes. idle this circuit
is arranged to produce “K” signals at the
rate of approximately. nine per second and
send. these signals instead of the “letters”
signals to the waiting subscribers.:

DESCRIPTION OF OPERATION
All trunks of @ group busy

When all of the trunks reaching a given out-
let are busy the sequence: circuit in the case of
Fig. 12 extends a ground over the chain starting
with the upper outer armature and front contact
of relay 1280 and thence over conductor 1210
finally reaching conductor 1221 which extends to
conductor 2821 thereby energizing relay 2001 as-~
sociated” with . this outlet. Relay- 20801 connects
interrupter 2064, giving interruptions at the rate
of sixty interruptions per minute, to register 2005
which thereupon registers the number of seconds
that all trunks of the group-are busy. Relay 2001
also partially closes the ecircuib to relay 2008.

All trunks of the. unit busy

When-all trunks of the line concentration unit
are busy both relays 2687 and 2901 are energized,
with the result that a eireuit is closed: for relay
2808 which- thereupon becomes energized. This
relay removes the connection between the right-
hand contact of relay 2808 and condenser 2009
and establishes a connection between the con-
denser- 2069 and the contacts of the interrupter
This transfer, as will' be described
hereinafter, results in the production of “letters”
signals- once per second instead of “K” signals
at the rate of about nine per second,

Origination. of call during all-trunks-busy period

When a subscriber originates a. call during the
all-trunks-busy period described above the ge-
quence circuit places a ground on conductor 1620
extending to conductor

eration of relay 2011. Relay 2811, operated, (a)

connects ground to conductor 20¢2 leading to the

armature of relay 2008, the armature of relay
2010 and the upper winding of relay 2613, (»
connects ground to resistance 20i4 to complete a
potentiometer used to obtain potential for the
spacing current of the signal, and (¢) . continues
the ground on conductor 2028 o the winding and
front contact of relay 2615 ‘and the right-hand
contact of relay 2016. Assuming for the moment
that relay 2006 is not energized, then the connec-
tion’ of ground. to conductor 2012 and thus to
condenser 2017 and the winding of relay 2008
causes current to flow in both the upper and
lower windings of thig relay, the current in the
lower winding tending to operate the relay to its
left-hand contact and that in the upper winding
tending to keep the relay on its right-hand con-
tact. When the charging current of condenger
2017 flowing through the upper winding of relay
2008 has decreased sufficiently, this relay op-
erates on its lower winding and moves its. arma-
ture to its left-hand contact. As soon as this
contact is closed the current is reversed in the
lower winding, tending to drive the armature to
its right-hand contact. 'The charge on con-

denser 2017, however, causes a current to flow.

through the upper winding in a direction tending
to hold relay 2808 on its left~-hand contact.
When this discharge current has been sufficiently
dissipated, relay 2008 is driven 4o its right-Hand

2020: and causing the op-:
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contact under the influence of the reverse cur-
rent-in the lower winding. When the left-hand
contact is opened the reverse current in the lower
winding ceases and the current through the upper
winding and the operating current through the
lower winding again begin to flow, causing a rep-
etition of the complete cycle. The relay 2008,
therefore; operates and releases at a rate of about
nine cycles per second due to the proper propor-
tioning of the electrical constants in the circuit.
As relay 2806, however, is operated at this par-
ticular time and battery for relay 2008 is not
available, relay 2008 does not function at this
time.

The relay 2810, however, which has been op-
erating and releasing once every second, con-
nects ground to resistance 2018 and condenser
2009. Relay 20613 which has normally held to its
right-hand contact under the influence of its
lower winding receives a greatly increased cur-
rent in the upper winding every time the ground
is removed from .condenser 2009. This current
is'a result of the charging of condenser 2009 and
is of sufficient value to drive the armature of re-
lay 2013 to its left-hand contact. When this
charging current has decreased to a sufficiently
small value, relay 2013 moves its armature back
to its right-hand contact. The armature of re-
lay 2013 remains on its left-hand contact for ap-
proximately .022 second. Thus as a result of the
action of relay 2013 and relay 2010 a pulse of
about .022 second occurring once per second is
produced. This signal is correctly timed to pro-
duce a series of “letters” signals on the sub-
scriber’s teletypewriter. The operation and the
release of relays 20183 causes relays 2018 and 201%
to follow in unison. Relay 201{9, therefore, con-
nects to the subscriber line circuit over conductor
602 a mark pulse of approximately twenty-five
mils, interrupted once per second by a space pulse
of approximately five mils for a duration of .022
second. ‘This signal will indicate to the sub-
scriber that all trunks are busy. He is instructed
to stay on the line to await the freeing of a trunk.

Connection to a subscriber line

When relay 2016 follows in uniscn with relay
2013 as above described, the ground continued
through the front contact and outer right-hand
armature of relay 2011 and through the right-

-hand contact of relay 2816 causes the operation

of relay 2022 which locks temporarily to this
same ground and continues the ground to the
armature of relay 2016 so that when the arma-
ture of relay 2016 moves to its left-hand contact
this ground is extended to the winding of relay
2800. Relay 2000 operates and locks. to the
ground on conductor 2029 and releases relay 2022.
Relay 2000, operated, places a ground on conh-
ductor 2023 to the sequence circuit where it ap-
pears. as conductor 1016 and is extended through
the armature of relays such as 1088 and (607 to
conductor 623 to operate the busy relay such as
808 of the particular subscriber’s calling line cir-
cuit. The operation of relay €86 connects the
subscriber’s line to conductor 602 of the all-
trunks-busy circuit and places a ground on con-
ductor 603 extending to conductor 2983 to form
a ‘holding circuit for relay 268! independently
operated, while at the same time it dismisses
the sequence circuit which in functioning re-
moves the ground from conductor 2820.

" Ground on conductor 2020 causes the operation
of relay 2015 in series with the register 2024, ' Re-

»
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lay 2645 through its armaturé insuires the coi-
tinuance of this ground connection until the reg-
ister 2024 has completed its operation. Register
2024, in aftracting its armature, closes a direct
ground from the armature of relay 2015 through
the armature of register 2624 and its winding to
battery. When this connection is made, the
winding of relay 2015 is short-circuited and the
register 2024 is locked to the ground on conductor
2020 and the register will stay in this condition
until the ground is removed from conductor 2020.
If by this time relay 2015 and register 2024 have
completed their functions the removal of the
ground from conductor 28620 will cause the re-
lease of relay 2000 and the register 2024. Relays
2013, 2010, 2019 and 2016 will continue to func-
tion so long as relay 20611 is held operated from
a ground received from any subscriber line cir-
cuit, and all trunks remain busy.

Counting subscribers’ calls during an
all-trunks-busy period

When a subscriber calls during the all-trunks-
busy pericd ground that is placed on conductor
2829 by the sequence circuit is continued through
the operated contact of relay 2841 to the winding
of relay 2045, causing it to operate as described
above. The register 2024, since it locks to the
ground on conductor 2020, therefore operates
only once ou any single grounding of lead 2020
by the sequence circuit. The function of relay
2915 is to insure the application of ground for a
sufficient period to enable the slow-acting mes-
sege register to function. If the all-trunks-busy
circuit and the line circuit and the sequence cir-
cuit function speedily and tend to remove the
ground from conductor 2020 before the register
has operated, the ground on relay 2015 will insure
the operation of the message register. In this

particular case this ground on the armature of *

relay 28(5 will be continued back. on conductor
2428 and prevent the sequence circuit from deal-
ing with another call until relay 2015 has been
released or, in other words, until the message reg-
ister has functioned. Therefore, as the signals
are connected to each subscriber line, the sub-
seriber’s call is registered on message register
2924,

A trunk becomes idle while “letters” are being.
sent oui to subscribers

As soon as a trunk becomes idle under this
condition ground is removed from one of the leads
to relay 2281 or 2807, causing the release of such
relay aud in turn the release of relay 2066. The
release of relay 2806 opens the contact and wind-
ing circuit of relay 2810, causing its release, and
at the same time connects battery to the lower
winding of relay 2288, permitiing relay 2088 to
connect ground to resistance 2018 and condenser
2889 and to operate at a rate of approximately
nine times per second. Space pulses of .022 sec-
ond, nine times per second, create a “K” char-
acter on the subscriber’s teletypewriter as a sig-
nal that a trunk is now available. Thus at this
time the slow rate (one per second) “letter” sig-
gl which produces an audible signal in the tele-
typewriter is changed to a fast rate (fine per
second) visible signal through the printing of the
letter “XK” on the subscriber’s teletypewriter.
The subscriber disconnects and fries again, If
several subscribers have been waiting, only one
will ‘be served hy the availabie trunk and the
others, of course, in turn will'be,again connected
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to the all-trunks-busy circuit which by that time
will be producing “letters” signals.

Timing the interval “letters” are being produced

When relay 2011 operates during an all-trunks-
busy period ground on conductor 2003 is extended
to the winding of relay 2025. This relay starts
the relay interrupter comprising relays 2026, 20217
and two sets of counting relays 2028 and 2029 in
one instance and 2630 and 2631 in the other,

Ground placed on conductor 2032 extends
through the back contact and armature of relay
20217 to the winding of relay 2026 and causes the
operation of this latter relay. Relay 2028 then
connects ground on the conductor 2032 to the
winding of relay 2027, which operates. Relay
2026 and relay 2027 are both slow in releasing and
since due to the operation of relay 2027 the cir-
cuit of relay 2026 is opened, this latter relay in
time releases and thereby opens the circuit of
relay 2021, Thus relay 2026 and relay 2027 will
operate and release continuously at a rate de-
pending upon the slow-operating characteristics
of these relays. This action will put an inter-
rupted ground on conductor 2033 and this will
operate the counting relays 2029 and 2028 in a
well-known manner. Through its right-hand ar-
mature relay 2828 supplies an interrupted ground
to the counting relays 2031 and 2030 which in
turn operate periodically in a well-known man-
ner but at one-half the rate of the operation of
the first pair. 'Thus during the periods that re-
lays 2031 and 2030 are operated a ground connec-
tion is extended over conductor 2034 through the
front contact and outer right-hand armature of
relay 2025 to the rotary magnet 2835, operating
the step-by-step switch arm 2036. The inter-
rupter relays are:designed to operate in such a
manner that rotary magnet 2035 will be operated
approximately once every six seconds. In any
case, if ‘the all-trunks-busy condition persists;
each grounding of conductor 2024 causes the mag-
net 2035 to step the selector one terminal, On
terminal 9 ground is connected to rotary magnet
2831, causing it to step its associated brush 2838.
When the arm 2036 reaches terminal 10, relay
2038 will be operated and this in turn will cause
the energization of release magnet 2648 which
returns the arm 2836 to normal where it begins
stepping around again. When the arm 2038 of
the second stepping switch reaches a predeter-
mined terminal, relay 2641 will be operated and
this relay will lock to ground under control of re-
lease key 2042. At the same time the signal lamp
2043 will be operated as an indication to the at-
tendant that the all-trunks-busy condition has
lasted too long. The attendant can, by operating
key 2042, extinguish the lamp 2643. If at any
time prior to the operation of relay 2041 & trunk
becomes idle relay 2806 releases, causing the re-
lease of relay 2025. The release of relay 2925
places ground on both release magnets 2048 and
2044, thus returning both of the stepping switches

s to normal.

Practice circuil—General

Fig. 7 shows a means for terminating sub-
seriber lines within the concentration unit to per-
mit the subscriber to practice on the station tele-
typewriter. When connected to a subscriber line

" this circuit will not interfere with the establish-

5

ment of normal inward and outward calls to and
from the subscriber. The functions of this cireuit
may be summarized as follows:

_nal,
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1. The practice circuit may be connected to or
removed from a subscriber line without disrupting
normal service or placing false calls.

2. A test circuit may be introduced into the
practice circuit for supervisory practice.

3. A termination is provided for the line during
the period subscriber is practicing.

4, The practicing subscriber may dismiss the
practice circuit by transmitting a disconnect sig-
In this case, the disconnect lamp will light
and although the connections may not as yet be
removed, subsequent calls may proceed without
interruption.

5. An inward call for the subscriber will cause
the practice circuit to interrupt the subscriber’s
practicing by a series of “K” signals. The:sub-
seriber may accept the inward call and dismiss the
practice circuit by transmitting a recall signal.

DzscrIPTION OF OPERATION

General traffic operation

10

20

Since it is undesirable to utilize a trunk fo the

master office for each practicing subscriber, this
circuit has been provided to terminate the sub-
scriber line locally within the concentration unit.
In requesting a practice connection the sub-
scriber will place a call which will be answered by
an operator in the normal manner. Upon learn-
ing that the subscriber desires a practice con-
nection the operator will instruct the subseriber
to disconnect, which when accomplished will per-
mit the operator to release the trunk. The oper-
ator will then call the concentration unit test
attendant to request the practice ccnnection.
Upon. acknowledging the request the test attend-
ant will disconnect and thus the trunk may be
dismissed.
Practice connection

To establish a practice connection the test at-

tendant should patch jacks 782 and 783 of the

practice circuit to jacks 784 and 708, respectively,
of the test circuit. Patching cords are then in-

serted, first in jacks 780 and Te! of the practice 4

circuit and the other ends thereof then inserted
in jacks 609 and 612, respectively, of the sub-
scriber’s line circuit. Under this condition the
tip side of the subscriber’s line will be extended
through the tips of jacks 788, 762 and 724,
through the pulsing contacts 786 of the attend-
ant’s teletypewriter 187, the upper winding of re-
lay 798 to negative battery in the test circuit.
The ring side of the subscriber’s line will be ex-
tended through the tips of jacks €{2, 70f, 783 and
705 to the winding of relay 789 and thence to
ground. - Relay 709 is provided to indicate 2 sub-
scriber-calling condition. The ring conductor of
the subscriber line circuit in the direction from
the master office will be extended through the
sleeves of jacks 781, 703 and 705 where it will
be opened. The tip conductor of the subscriber
line circuit in the direction from the master office
will be extended through the sleeves of jacks 789,
702, 104, condenser 119, winding of relay 111 to
ground. Relay Til is a ringing relay in the test
circuit provided to indicate call signals from the
master office. If a call should come from the
master office for the subscriber in question, con-
nection will be established in the link circuit in
the normal manner except that relay 728 will be
operated when the holding magnet of the cross~
bar switch is operated. 'The operation of relay
128 will perform no function, since the auxiliary
cenfacts of the test jacks 782 and 783 are oper-
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ated. Ringing current from the trunk circuit
will operate the ringing relay Ti1 in the fest cir-
cuit to light the trunk call lamp T2 as an indica-
tion to the test attendant who should then re-
move the patching cords from the jacks 669 and
612 of the subscriber line circuit to allow the call
to proceed. )

If no call is coming in, the attendant proceeds
to operate the subscriber ringing key 713 of the
test circuit which will apply ringing current to
the tip side of the line to signal the subscriber.
In the case of a toll subscriber, such as either one
of those shown in Figs. 2 and 3, closure of ground
on the ring of jacks 185, 703, 70! and 612 will
cause the toll subscriber line circuit to repeat
ringing current to the subscriber’s line. When
the subscriber answers, current will flow in the
ring side of the line to operate relay 768 in the
test circuit, which will light the subscriber’s call-
ing lamp Ti4. Operation of the teletypewriter
key Ti5 of the test circuit will extinguish this
lamp and condition the test circuit so that the
test attendant’s typewriter will be connected into
the circuit for purposes of communication. The
test attendant may then inform the subscriber to
proceed with the practice and may retire from

the connection by removing the patching cords
" from jacks 702 and T1883.

When the cords were first put into jacks 702
and 703 ground on the auxiliary contacts of jack
1903 ‘will, through the auxiliary contacts of jack
102, close a circuit through the outer left-hand
armature and back contact of relay TIT to the
winding of relay 716 which thereupon locks up
directly to ground through the auxiliary contacts
of jack 7183. The operation of relay T8 will open
the winding of relay 718 and cause the operation
of relay T19. When the cords are placed in jacks
100 and 731 (and these should be the last cords
to be so handled) ground on the auxiliary con-
tacts of jacks 700 and 701 will operate relay TI7.
Relay T11, operated, will extend ground through
the right-hand armature and front contact of
relay 119 to the right-hand armature of relay 116

in preparation. for the operation of relay T18.

Relay TIT will also place ground on the biasing
winding of relay 720 which will cause such relay

_to go to its spacing position, locking relay 719

under control of relays T1T and 720, Relay 117
will also open the operating winding of relay 718
but relay T16 is still held operated through the

‘ auxiliary contacts of jack 703.
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When the cords are removed from jacks 732
and 103, relay T16 will release and by closing the
circuit for relay 718 will cause the latter to oper-
ate, which in turn will operate relay 72I. The
operation of relay 721 will terminate the tip side
of the subscriber line to negative battery through
resistances 722 and 723. The ring side of the
subscriber line will be terminated to ground via
the lower winding of relay 720. 'Relay 720 will
then move to its marking contact, unlocking re-
lay T19 but keeping relay 718 operated. Relay
119 is slow to release, however, so that relay 121/
will be completely operated by the time the back
contact of relay Ti9 is closed thus preventing
even the momentary illumination of the discon-
nect lamp 124. Relay 719 will permit applica-
tion of ground to the sleeve lead to a toll sub-
scriber’s line circuit.

The practicing subscriber may dismiss the
practice circuit by transmitting a disconnect sig-
nal which will open the tip and ring conductors
of relay 7120 and allow it.to move its armature to

2,228,279

its spacing contact for a period long enough to
allow the slow-releasing relay T8 to release. Re-
lay 118 in releasing, in turn will release relay T21.
The release of relay 121 will through its outer
left-hand armature and front contact remove
ground from the sleeve conductor of the toll sub-
sceriber’s line circuit and light the disconnect
lamp 724, indicating to the attendant that the
practice cords may be removed. Subsequent
calls to or from the subscriber may progress in
the normal manner, since relay 121 is released.
The test attendant may remove the connection
from the jacks 188 and 781 without interrupting
signals on a subsequent call. o

If a call should be placed for a practicing sub-
scriber from the master office, relay 725 will op-
erate when the holding magnet of the link circuit
is operated. Relay 7128, operated, will cause relay
726 to operate which through its oufer right-hand
armature and front contact will lock to the
ground supplied by the armature of relay T18.
Relay 726, operated, will place ground on the
common lead 727 which will result in the ener-
gization of relay 728. Relay 128 will also connect
the tip side of the subscriber’s line through the
armature of relay 129 to marking or spacing bat-
tery potential, depending upon the position of
relay 129.

Relay 128 places battery ocn cenductor 738 to
start the relay interrupter circuit and connects
conductor 73! to the winding of relay 732. Bat-
tery on conductor 73! is extended through the
left-hand armature and front contact of relay 134
to the winding of relay 123, causing the operation
of the latter. Relay 7338, cperated, extends the
battery on conductor 73{ to the winding of relay
734 whereupon the circuit for relay 733 is opened.
Relays 733 and 734 are slow-releasing and in this
circuit will open and close each other’s ecircuit
at a rate which depends upon their slow-releas-
ing characteristics. This places an interrupted
ground from the right-hand armature of relay
133 on to conductor 785 which operates a pair of
counting relays 736 and 737. These relays in
turn will place an interrupted ground on con-
ductor 738 to operate another pair of counfing
relays 129 and 742. When both relays 739 and
148 are operated a ground is placed on conductor
131 to cause the operation of relay 132 so that re-
lay 732 is operated periodically.

Relay 728 will apply ground to the windings of
relay 129 and battery to the windings of relay 741.
The connection of battery to relay T4l causes
current flow in both the lower and upper wind-
ings of this relay, the current in the lower wind-
ing tending to operate the relay to its right-hand
contact and that in the upper winding tending
to keep the relay on its left-hand contact. When
the charging current for condenser 742 flowing
through the secondary winding of relay 741 has
decreased sufficiently, relay 74! operates on its
lower winding. As scon as its right-hand contact
closes, the current is reversed in the lower wind-
ing of relay 741, tending to drive the armature to
its right-hand contact. The charge ocn condenser
741, however, causes a current to flow through
the upper winding in a direction tending to hold
relay 741 on its right-hand contact. When this
discharge current has been sufficiently dissipated,
relay 141 ig driven to its left-hand contact under
the influence of the reversed current in the lower
winding, When the right-hand contact is
opened, the reverse current in the lower winding
ceases and the current through the upper wind-
ing and the operating current through the lower
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winding again begin to flow, causing a repetition
of the complete cycle. Relay 74, therefore, op-
erates and releases at a rate of about nine cycles
ber.second. Relay 729 which is normally held to
its left-hand contact under the influence of its
upper winding, receives a greatly increased cur-
rent in the lower winding every time that relay
141 opens its left-hand contact if relay 732 is
released. This current is a resuls of the charging
of condenser 143 and is of sufficiens value to drive
the armature of relay 728 to its right-hand con-
tact.  When this charging current has decreased
to a sufficiently small value, relay 729 moves its
armature back to its left-hand conbzet. The
armature of relay 728 remaing on its right-hand
contact for approximately .622 second. Thus 2s
a result of the action of relays 741 and 7298 o pulse
of about .022 second, cccurring rine times per
second, is produced. This siznal is correctly
timed to produce a series of “K” signals on the
subscriber’s teletypewriter. Relay 732, however,at
intervals according to the interrupted ground dis-
charges condensers 743 so that relay 728 remains
on its left-hand contact. Therefore, the sub-

. scriber receives groups of “K” signals at intervals,

indicating to the subscriber that o call ig waiting
for him. The subscriber may accept the inward
call by sending a recall signal which will release
relay 121 which in turn will release relay 128. The
disconnect lamp 124 is thus lighted and the “¥&”
signals are cut off. The test attendant may then
remove the cords, restoring all relays to normal,
but even if this is not done the practice circuit is
rendered ineffective to interfere with either in-
coming or outgoing service from the subscriber’s
line.

What is claimed is:

1. In & communication svstem, a subseriber’s
line terminating at one end in a subseriber’s sta-~
tion and at the other end in means to automati-
cally extend the said line to an idle line in 2 plu-
rality of groups of lines leading fc a like plurality
of switching points, means individual to the said
line for predetermining the order of preferencs
between said groups of lines and means at the
said subscriber’s station for altering the said nre-
determined order of praference.

2. In a communication system, a subseriber’s
line, a subscriber’s station on said line, a plurality

‘of switching points; a growo of lines leading to

each said switching point, mesus for automati-
cally connecting said subscriber’s Iine to any cne
of said lines leading to said switching voints,
means individual to said subscriber’s line for pre-
determining the group which shall first be
searched for an idle line, and roeans controlled
from said subscriber’s staticn for causing another
group to be first to be searched for an idle line.

3. In a communication system, a plurality of
subscribers’ lines each terminating ina sub-
seribers’ station, a plurality of switching points,
a group of lines for each said switching point for
extending said subscribers’ lines to said switch-
ing: points. means for automatically connecting a
calling one of said subscribers’ lines to one of
said other lines primarily in a group leading to a
preferred switching point and secondarily in a
group leading to another of said switching points,
means individual to each said subscriber’s line
for fixing the order of prefersnce between said
groups as to said individual line and means in-

-dividual to each said station for altering the said

fixed order of preference.
4. In a communiecation system, incoming lines,
groups of outgoing lines, means for connecting
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any given incoming line to the first idle one of
said outgoing lines beginning with the lines of
any given group as a starting point, means for
fixing the said starting point for the said given
incoming line, and means for changing the said
starting point.

5. In a communication system, incoming lines,
groups of outgoing lines, means for connecting
an incoming line to the first idle one of said out-
going lines beginning with the lines of any given
group as a starting point, means individual to the
said incoming line for fixing the said starting
point therefor, and means controlled over said
incoming line for changing the said starting
point.

6. In a communicating system, incoming lines,
groups of outgoing lines, means responsive to a
calling' condition on an incoming line for con-
necting said calling line to ‘the first idle one of
said outgoing lines heginning with the lines of a
given greup as a starting point, means individual
to the said calling line.for fixing the normal

.gtarting point therefor, and means operable over

the said calling line for temporarily changing
said normal starting point.

7. In a communication system, incoming lines,
groups of outgoing lines, means for automatically
connecting a calling incoming line to the first idle
cne of said outgoing lines beginning with the
lines of a given group as a starting point, means
individual to each incoming line for fixing & nor-
mal starting point therefor, and means controlled
over each said incoming line for temporarily ren-
dering effective  an abnormal starting point
therefor.

8. In a communicating system, incoming lines,
groups of outgoing lines, an automatically op-
erated switch for connecting said incoming lines
to said outgoing lines, a sequence circuit for
controlling the order in which said outgoing lines
are used beginning at any given point, means in-
dividual to each incoming line for fixing the nor-
mal point from which said sequence circuit will
work with respect to such incoming line, and
means operable over each incoming line for
shifting the said normal point for such line.

9. In a communication system, incoming lines,
groups of outgoing lines, means for automatically
connecting a-calling incoming line to the first
available idle outgoing line starting from a given
oroup of outgoing lines, means individual to each
incoming line for predetermining said starting
point, means. controlled over each incoming line
for temporarily changing said starting poins, and
means responsive to a condition established when
all of said outgoing lines are busy for signalling
said calling incoming line.

10. In a communication system, incoming lines,
groups of outgoing lines, means for automatically
connecting a calling incoming line to the first
available idle cutgoing line, starting from a given
group of outgoing lines, means individual to each
incoming line for predetermining said starting
point, means controlled over each incoming line
for temporarily changing said starting point,
means responsive to a condition established when
all of said outgoing lines are busy for signaling
said calling incorming line and means for chang-
ing the character of said signal responsive to an
outgoing line becoming available for service.

11, In a communication system, incoming lines,
groups of outgoing lines, means for automatically
connecting a calling incoming line to the first
available idle outgoing line starting from a given
group of outgoing lines, means individual to each
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iricoming line for predetermining said starting
point, means controlled over each incoming line
for temporarily changing said starting point, and
means responsive to a condition established when
all of said outgoing lines are busy for signaling
said calling incoming line at a slow rate.

12. In g communication system, incoming lines,
groups of outgoing lines, means for automatically
connecting a calling incoming line to the first
available idle outgoing line starting from a given
group of outgoing lines, means individual to each
incoming line for predetermining said starting
point, means controlled over each incoming line
for temporarily changing said starting point,
means responsive to a condition established when
all .of said oufgoing lines are busy for signaling
said calling incoming line at a given rate and
means for changing the character of said signal
and increasing the rate thereof responsive to an
outgoing line becoming available for service.

13. In a communication system, incoming lines,
a teletypewriter at the distant terminal of each
said incoming line, groups of outgoing lines,
means for automatically connecting a calling in-
coming line to the first available idle oufgoing
liné starting from a given group of outgoing
lines, means individual to each incoming line for
predetermining said starting point, means con~
trolled from the teletypewriter on said calling in-
coming line for temporarily changing the start-
ing point for said line, and means responsive to
a condition established when all of said outgoing
lines are busy for causing an audible signal in
said terminal teletypewriter.

14, In a communication system, incoming lines,
a teletypewriter at the distant terminal of each
said incoming line, groups of outgoing lines,
means for automatically connecting a calling in-
coming line to the first available idle outgoing line
starting from a given group of outgoing lines,
means individual to each incoming line for prede-
termining said starting point, means controlled
from the teletypewriter on said calling incoming
line for temporarily changing the starting point
for said line, and means responsive to a condition
established when all of said outgoing lines are
busy for causing a confinuous slow rate audible

'signal in said terminal teletypewriter.

15. In a communication system, incoming lines,
a teletypewriter at the distant end of each said
incoming line, groups of outgoing lines, means for
automatically connecting a calling incoming line
to the first available idle oufgoing line starting
from a given group of outgoing lines, means
individual to each incoming line for predetermin-
ing said starting point, means controlled from the
teletypewriter on said calling incoming line for
temporarily changing the starting point for said
line, means responsive to a condition established
when all of said outgoing lines are busy for caus-
ing an audible signal in said teletypewriter, and
means for changing said audible signal to a differ-
ent character visible signal when an outgoing line
becomes available for service.

16. In a communication system, incoming lines,
a teletypewriter at the distant end of each said
incoming line, outgoing lines, means for auto-
matically connecting a calling incoming line to
an available outgoing line, means responsive to a
condition established when all of said outgoing
lines are busy for sending a particular teletype-
writer operating signal to said teletypewriter for
indicating an all-trunks-busy condition, and
means responsive to any one of said busy trunks
becoming idle for changing said signal to another
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particular teletypewriter operating signal for in-
dicating an idle trunk condition. !

17. In a communication system, incoming lines,
a teletypewriter at the distant end of each said
incoming line, groups of outgoing lines, means
for automatically connecting a calling incoming
line to the first available idle outgoing line start-
ing from a given group of ouigoing lines, means
individual to each incoming line for predetermin-
ing said starting point, means controlled from the
teletypewriter on said calling incoming line for
temporarily changing the starting point for said
line, means responsive to a condition established
when all of said outgoing lines are busy for caus-
ing a continuous slow rate audible signal in said
teletypewriter, and means for changing said con-
tinuous slow rate audible signal to a.continuous
fast rate visible signal when one of said out-
going lines becomes available for service.

18. In & communication system, incoming lines,
a teletypewriter at the distant end of each said
incoming line, groups of outgoing lines, means for
automatically connecting a calling incoming line
to the first available idle outgoing line starting
from a given group of said outgoing lines, means
responsive to a condition established when all of
said outgoing lines are busy for sending a non-
printing code combination at a slow rate to said
teletypewriter, and means for repeatedly sending
a character code combination at a faster rate to
said teletypewriter when an outgoing line be-
comes available for service.

19. In a communication system, incoming lines,
a teletypewriter connected to the distant end of
each said incoming line, outgoing lines, means
for automatically connecting a calling incoming
line to the first idle one of said outgoing lines,
means responsive to a condition established when
all of said outgoing lines are busy to cause a slow
and audible signal in the teletypewriter on said
calling line and means responsive to a condition
established when one of said oufgoing lines be-
comes available for causing said teletypewriter to
type a series of characters at normal rate.

20. In a communication system, incoming lines,
a teletypewriter at the distant terminal of each
said incoming line, groups of outgoing lines,
means for automatically connecting a calling in-
coming line to the first available idle outgoing
line starting frem a given group of outgoing lines,
means individual to each incoming line for pre-
determining said starting point, means controlled
from the teletypewriter on said calling incoming
line for temporarily changing the starting point
for said line, means responsive to a condition es-
tablished when all of said outgoing lines are busy
for giving an appropriate signal at the teletype-
writer on said calling incoming line and an inte-
grating time register for giving an alarm when
said all-lines-busy condition has existed over a
given time interval. ’

21. In a communication system, incoming
lines, a teletypewriter connected to the distant
end of each incoming line, outgoing lines, means
for automatically connecting a calling incoming
line to the first idle one of said outgoing lines,
means responsive to a condition established when
all of said outgoing lines are busy to cause a slow
and audible signal in the teletypewriter on said
calling line, and an integrating time register re-
sponsive to the transmission of said signal for
giving an alarm after a predetermined time.

22. In a teletypewriter exchange system, the
method of signaling an all-trunks-busy condi-
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tion to a calling statich, which consists in send-
ing at a slow rate a signal which causes some
mechanical movement of the teletypewriter
mechanismand changing the signal when a trunk
becomes idle to a normal rate character typing
signal,

23. In a teletypewriter exchange system, the
method of signaling an all-trunks-busy condi-
tion to a calling station, which consists in send-
ing to said station a .non-character printing code
at a slow rate for producing an audible signal only
at said distance and changing to a -character
printing code at a normal printing rate when one
or more trunks become idle, for producing a visi-
ble signal at said station.

24, In a teletypewriter switching system, the
method of signaling an unavailable trunk condi-
tion to a calling line and the termination of said
condition which comprises - automatically -im-
pressing upon. the calling line‘one character code
signifying no trunk available and causing said
character code to be changed by a trunk becom-
ing available signifying the tcrmmatlon of said
condition.

25. In a communication system, a plurality of
subscribers’ lines, a plurality of groups of central
office trunks, means for connecting each sub-
scriber’s line for outgoing service to said trunks
in a predetermined crder cof preference, subscrib-

- er-controlled means for altering said predeter-

mined order, means for connecting said trunks
for incoming service umder directive control to
said subscribers’ lines, and a set of polar relays
responsive to said directive contrel for selectmff
said subscribers’ lines.

26. In a communication system, a plurality of
subscribers’ lines each terminating in a premuta-
tion code operated teletypewriter, a plurality of
groups of central office trunks, means for. con-
necting each subscriber’s line for ocutgoing serv-
ice to said trunks in a predefermined order of
preference, subscriber-controlled means for al-
tering said predetermining order, means for con-
necting said trunks for incoming service under
directive contrel to said subscribers’ lines, and a
set of polar relays respousive to permutation code

trains for selecting said subscribers® lines and op- .

erating said last means.

27, In a communication system; a plurality of
subscribers’ lines each terminating in a permuta-
tation code operated teletypewriter, a plurality
of groups of central office trunks, means for con-
necting each subscriber’s line for outgoing serv-
ice to said trunks in a predetermined order of
preference, subscriber~-controlled means for al-
tering said predetermined order, means for con-

necting said trunks for incoming service under’

directive control to said subscribers’ lines, a dis-
tributor and a set of polar relays operated there-
through and responsive to. permutation code
trains for selecting said subscribers’ lines and
opverating said last means.

28. In a communication system, a subscriber’s
line terminating in a teletypewriter, cenfral of-
fice lines, means for automatically connecting
said subscriber’s line to an idle one of said cen-
tral office lines for outgoing service, means re-
sponsive to directive control for connecting said
central office lines to said subscriber’s line for in-
coming service, a subscriber’s practice circuit
connectable to said subscriber’s line, means in
said practice circuit responsive to an incoming
call over one of said central office lines for auto-
matically and periodically causing the teletype-
writer on said subscriber’s line to type a given
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character as a signal to the subscriber thereaf -
and subscriber-controlled means for dismissing
said practice circuit and accepting the said in-
coming call,

29. In'a communication system, a subscriber’s
line terminating in a teletypewriter, groups of
central office lines, means for automatically con-
necting said subscrlbers line for outgoing serv-
ice to the first idle one of said central office lines
beginning with a given group as a starting point,
subscriber-controlled means for temporarily
changing said starting point, means responsive
to directive control for connecting said subsecrib-
er’s-line feor incoming service to a calling one of
said central office lines, a -subscriber’s practice
circuit connectable to said subscriber’s line,
means in said practice circuit responsive to ‘an
Incoming call over one of said central office lines
for automatically causing the said teletypewrit-
er on said subscriber’s line to repeatedly type a
given character as a signal to the subscriber
thereat and subscriber-controlled means for dis-
missing said practice circuit and acceptmg the
sald incoming call.

30. In a communieation system, a subscriber’s
line terminating in a teletypewriter, groups of
central office lines, means for automatically con-
necting said subscriber’s line for outgoing serv-
ice to the first-idle one of said central office lines
beginning with a given group as a starting point,
subscriber-controlled means for temporarily
changing said starting point, means responsive
to directive control for connecting said subscrib-
er’s line for incoming service to a calling one of
said central office lines, a ‘subscriber’s practice
circuit connectable to said subscriber’s line, sub-
scriber-controlled means for effectively discon-
necting said practice circuit from said subscrib-
er’'s line to clear said line for either outgoing
or incoming service, and means in said practice
circuit' responsive to an incoming call for said
subscriber’s line for automatically and periodi-
cally causing the said teletypewriter thereon to
repeatedly type a given character as a signal to
the subscriber thereat.

31, In a communication system, a subscriber’s
line terminating in a teletypewriter, central office
lines, means for automatically connecting said
subscriber’s line to an idle one of said cenfral
office lines for outgoing service, means respon-
sive to directive control for connecting said cen-
tral office lines to said subscriber’s line for in-
coming service, a subscriber’s practice circuit
connectable to said. subscriber’s line, ecircuit
means automatically operating to form chains of
impulses simulating the code of a given charac-
ter, means for periodically energizing said cir-
cuit means, means in said practice circuit re-
sponsive to an incoming call for said subscriber’s
line for feeding the output of said circuit means
to said subscriber’s line, subscriber-controlled
means for effectively disengaging said practice
circuit from said subscriber’s line, and means re-
spongsive thereto for signaling for the disconnec-
tion of said practice circuit from said subscriber’s
line.

32. In a communication system, g - teletype-
writer responsive to permutation code impulses,
a circuit comprising interacting relays and ele-
ments having given electrical characteristics for "
automatically producing a series of impulses sim-
ulating a given permutation code, means for
periodically energizing said circuit and means
for connecting said periodically ehergized circuit
to said teletypewriter.
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33. In a communication system, a subscriber’s

‘line terminating in a teletypewriter, central office
lines, means for automatically connecting said

subscriber’s line to an idle one of said central
office lines for outgoing service, means -under di-
rective control for connecting one of said central

office lines to said subscriber’s line for incoming

service, a practice circuit connectable to said
subscriber’s line and over which a subscriber may
practice the transmission of permutation code
signals and break signals, means in said practice
circuit responsive to an incoming call to notify
the practicing subscriber of the existence of such

incoming call, and means responsive to a discon-
‘nect signal from said teletypewriter for efiec-

tively disconnecting said practice circuit from
said subscriber’s line and rendering said sub-
scriber’s line free for service.

34, In a communication system, a short sub-
scriber’s line terminating at its distant end in a
teletypewriter, a long subscriber’s line terminat-

ing at its distant end in a teletypewriter, a ter-

mination circuit at the near end of said long sub-
scriber’s line for translating the signals over said
long line into signals equivalent to the signals
over said short line, central office lines, means for

automatically connecting said subscriber’s lines to

idle central office lines for outgoing service,
means under directive control for connecting said
central office lines to said subscribers’ lines for

jncoming service, a practice circuit connectable

to either of said subscribers’ lines and over which
a subscriber may practice the transmission of
permutation code signals and break signals,
means in said practice circuit responsive to an
incoming call to notify the practicing subscriber

of the existence of such incoming call, and means

responsive to a disconneet signal from the said
teletypewriter -for effecting disconnecting said
practice ‘circuit from said subscriber’s line and
rendering said subscriber’s line free for service.
35. In a signaling system, a subscriber’s line, a
trunk circuit comprising a subscriber’s termina-
tion, & line and a central office termination,
means for establishing a connection between said
subscriber’s line and said trunk, means in said
subscriber’s termination responsive to a change
from a marking condition in said subscriber’s line
to a spacing condition for timing said spacing
condition to differentiate between spacing sighals
of code signal length and spacing signals of break
signal and - disconnect signal length, additional
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testing means in said subscriber’s termination
responsive to a spacing condition of break signal
and disconnect signal length for differentiating
between break signals and disconnect signals,
and means responsive thereto for transmitting
different signals over said line to said central
office termination, said break signal consisting of
a short spacing signal followed by steady trans-
mission of low frequency alternating current and

said disconnect signal consisting of steady trans- ]

mission of spacing signal current.

36. In a signaling system, a subscriber’s line, a
trunk circuit comprising a subscriber’s termina-
tion, a line and a central office termination,

means for establishing a connection between said ]

subscriber’s line and said trunk, means in said.

subseriber’s termination comprising a’ condenser
and space discharge tube timing circuit respon-
sive to a change from a marking condition in said
subscriber’s line to a spacing condition for tim-

20

ing said spacing condition to differentiate be- ~

tween spacing signals of.code signal length and
spacing signals of break signal and disconnect
signal length, additional means rendered opera-
tive by said condenser and tube circuit for differ-
entiating between break signals and disconnect
signals, and means responsive thereto for trans-
mitting different signals over said line to said
central office termination,

37. In a communication system, incoming
lines, groups of outgoing lines each said group
leading in a different direction, each said incom-
ing line terminating in a cross-bar switch having
sets of permanently paired contacts for connect-
ing said incoming line to each of said outgoing
lines, a sequence circuit for controlling the order
in which said outgoing lines are used, said se-
quence circuit effectively placing all said out-
going lines in a closed ring in respect of the order
of use, means individual to each said line for
causing said sequence circuit to begin selection
of an outgoing line at a particular point in said
closed ring, and means controlled over each said
incoming line for controlling said sequence cir-
cuit to change the said particular point in said
closed ring at which selection of an outgoing line
will be begun, said cross-bar switch being oper-
ated under control of said sequence circuit in re-
sponse to a callihg condition on one of. said
incoming lines. :
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