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31 Claims.

This mventmn relates to communication syS~
tems and partlcularly to interconnecting circuits
for machme telegraph stibseribers’ stations. The
invention is an improvement on the system dis-
closed in the application of Fitch et al., Serial
No. 173,958, filed November 11, 1937, and the sys-
tem disclosed in the application of Lucek Serial
No. 262,158, filed March 16, 1939, Patent -No.
2,228,279, granted Jan. 14, 1941

The object of the invention is to provide im-
proved supervisory equipment in common trunk
circuits which will be more economical in ﬁrst
cost and in maintenance and more accurate in
operation.

In accordance with a feature of the mventlon,
certam timing functxons are performed by vac-
uum’ tube and condenser circuits in which the
grid of the tube is connected to a condenser,
When a function is to be timed, the condenser is
charged and when the condenser charge reaches a
certain point plate current begins to’ flow and in
turn causes i, c1rcmt change by means of con-=
trolled relays. The use of vacuum tubes and con-
densers for timing is old but the combmatmns
herein disclosed and the specific uses made of
these timing circuits are novel.

There is, for mstance, 4 vacuum tube t1ming
circuit .for controlling a. “ciit through” opera-
tion. When a common circuit, such as a trunk
to a distant office, is appropriated for use by a
local station and the call is answered by an oper-
ator at the distant office, the response by the
operdtor is timed to be sure that such response
is not a fortuitous circuit change such as g hit
and when this response persists Iong enough’ to
characterize it as 4 genuine signal the circuit is
cut {hrough to a proper transmitting condition

and so held thereafter under control of this vae-

unm tube circnit. Such g cireuit may be adjusted
to time out ir about one-half & second. .

" ‘Fhere is, for instance, another timing eéircuit
adjusted under one condition to time out in about
two-thirds of a second to differentiate between
spbacing signals of permutation code signal length
and’ other signals’ having the same immediate
effect’ such as break and disconnect signals all
transmitted from a: subscriber’s station, and un-
der another condition: to time out in about three
seconds- to differentiate between disconnect sig-
nals intended to cause disconnection and discon-
nect sighals intended to “flash” the distant oper-
ator.

There is a similar timing circuit known as the
operator bréak tube which times out on' break

and:. disconnect. signals sent from the distant

43

10

200

25

- the locationi of these tube: tim

office; This tube c1rcu1t contmls the ﬁrst so that
here is-an examble of one tiny
ling another.” When the dlstant operator sends
a break signal, such a 51gnal mdnifests 1tself at
- /CIFEUtS- as &
short spacé sighal followed by Tinging euiréent.
The result is that the operator break tube oper-'
ates and releases the ctt through tubé. Anb6ther
tube known as the disconneet tubé is:a1se 7 if=
volved.. If the space sighial should: bersist-long

.enough this -disconnect tube: would opéiate ahd

cause” disconnection. .. However, hefore: the dis-
connect tube can operate the short spice sighal
is chamnged to alternite mark and space Sigrigls
of a'frequericy insufficiently low to alloW the" aper-
ation of either the cut through tube by d nisrk
signal or.the discorinect tube by & §pace Sigrdl.
‘When the ringitg current ceases and the respond-
ing relay comes to rest on: either 6f its conticts,
the' corresponding -oiie 0f these tubes operatss.
If for instance, the- distant operator termindtes
the break in the normal manner then such Telay:
will.come to rest on'its marking contact and the
cut-through tube will, within a tifte limit miuch:
shorter than: ity normal adjustment; operste and
restore. the circuit to: its normal transmission;
condition.: If the distant opérator tertirirdates the
break in such a. way, ‘as by disconnecting, that

_ the relay will .come to rest on its spacing contact,
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then-the disconnect tube will operate and cause
dlsconnectwn Another:tube known as the break
lumtmv tube will time out in about five seconds
after the said relay hasstarted to vibrate between
its mark and space- contacts s as to bring about
a circuit change to ailow the first tube, the sub-
Scriber break tube, to perform its functlon . )
A feature of the invention may thus be stated
tobea plurality of vacuum tube tlmmg 01rcu1ts,
first of which réports the begifining of a 51gn1a1 a
second of which reports one kind of ending of. the
signal, a third of which réports ariother kmd of
ending of the signal, and g fourth of Which re-’,
ports-an unhdue length of the signsl. ) i
Another feature of the invention i§ g trunk
circuit extending between two points and’ havmg.
a termination circuit at each end. A Supervisory
signal coming to' this trunk wil] be reported by a
vagcuim' tibe apg: condenser t1m1ng circuit in the
termination circuit at the degr end of the trunk,
and re_ported in- the: termmatlon 01' it at the far
end of the trimk in respect to-its ‘beginning: the*
manner of it$ endihg, and' its duration. ’
‘A fintHer featiite: of the- ‘ivention is tHe® com-
bination’ of tlie:special SUBervisory rmeans. Rere
mbefore described in a system involving an estab=
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“lished connection including as one section there-
of a trunk circuit extending between two points
and having a termination circuit at each end
thereof: By means of such an established con-
nection, communication signals may be trans-
mitted from end to end of such a connection bub
supervisory signals cause the connection to break

up automatically: 1nto separate’ Sections - and re="

arrange the various termination dircuits so' that
the supervisory signal is transmitited over each

section in a form suitable for that section and un----*-
suitable for an adjacent section. The use. of the.
aforesaid vacuum tube and condenser tlmlng cir-""

cuits besides giving marked advantage in ac- »
15
simplification of the circuit and: reductlon 1n both :

curacy in measuring time intervals also results-in

first cost and maintenance.

The drawings consist of twenty-three -sheets.:.

The first sheet contains Fig, 1 and Fig. 7. .
Fig. 1 is a diagram showing how Figs. 2 to 8,

inclusive, and Figs. 8 to.24, inclusive, shall be.

placed to.form a complete cxrcult dlagram illus-
trating the invention; . .. -

Fig. 7-is a like representatmn of the placxng of
the various figures, with circuit function desig-
nating captlons placed in the correspondlng posi-
tions; :

- Pigs, 2 and 3 show two vanetles of toll sub-
scribers station circuits; :

Fig, 4 shows a local subscr1ber S statmn c1rcu1t

_Fig. 5 shows a toll subscriber’s line circuit;
..Fig. 6 shows. g subscriber’s;line. circuit: which
will operate with either a local subscriber’s sta-
tion circuit or the toll subscriber’s line circuit;.

. Figs. 8 and 9 show the link circuit, in this case
@ cross-bar -type switch, used.to establish con-
nections between subscribers’ circuits. and trunk
circuits extending to distant TWX offices; :
. Figs, 11 and 13 show.the concentration unit
termination: of an automatic signaling 'master
office  trunk clrcult eXtendlng to- dlstant TWX
office; .. .. =
Fig. 15 shows: the termmal telegraph repeater
at-each end of the trunk: line between the con-
centration unit and the master.office as well as
the patching and testing.jack arrangements;

. Pig. 19 shows:the termination of the two-way
trunk of Figs. 11 and:13-at the master ofﬁce,

: Figs. 10, 12, 14 and 16-together show a sequence
cxrcmt Fig.. 10" shows "the subscriber line’'se-
quence, Figs. 12'and 14 show the trunk sequence,
and Fig. 16 shows.céftdin: common controls; -

-+ Figs, 17, 18, 21 and 22:show the director circuit;
“'Fig: 20 shows an ‘all-trunks-busy circuit; and
< Figs. 23 and 24 show the mlscellaneous a1a1m
circuit.

The numbering of the" varlous preces of. appara.—r

tus and parts of the circuit shown on the various
figures has been kept to a r1g1d plan. Thus all
numerals on Fig: 2, for 1nstance are numerals
between 200 and 299, the hundred numeral desig-
nating the figure. . ]
the numerals in Fig, 18 lie between 1800 and
1899 and thus be gm with ‘the de51gnat1ng nu-
meral 18.

In some cases in order to avmd the tracmg of a
conductor through. many ‘sheets, it is termmated
in one sheet with a label. Thus conductor: 902
in Fig.. 9 which extends. to Fig. 23, is labelled in
Fig. 9 “To conductor 2302.”. Similarly, in Fig. 23
this conductor is Iabelled “To conductor 902.”

The complete operation of:the system .is. set
forth heremafter under vanous hea.dmgs, as fol-
lows. j j

Likewise, for example, all of
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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 400 and 401.
In idle condition, line 400, known as the tip, is
connected to a ringer 402 so that incoming calls
to. this station will be indicated- by. the sounding
of the Tinger 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 400

. “through to conductor 484 and thence through the
.-loop compmsmg upper winding of relay 405, brush
‘arm’ 412, résistance 401 and break key 408 in
.parallel, pulsing contacts 469 to the ring side of
~~the line 481,

- Under circuit conditions to be ex-
plained hereinafter current will fiow through this

* eircuit -at a value of about 20 milliamperes for

a marking condition and zero for a spacing con-
dition. With steady marking current established
by -the condltlons at the concenfration unit the.
operation  of the pulsing contacts 408 in series
with this circuit will reduce the current to-the
spacing value.

" The biasing winding of relay 405 has a current
of an’intermediate value flowing therethrough so
that with no current flowing through the upper
winding in‘the spacmg condition, the armature
will remain on its spacing-contact, but with the
marking current flowing through its upper wind-
ing the biasing winding will be overcome and the
relay will move to its marking contact.” Incom-
ing ‘marking “and spacing signals will therefore

operate the printing magnet 411 in the proper

manner and these same current variations caused
by thé operation of pulsing contacts 409 will cause
the operation of relay 405 to again operate the
printing magnet 4H for the purpose of making
local eopy:

Under idle condition of the distributor 412, the
loop -circuit through the station is closed. - There-
fore, when the magnet 413 is'operated which at-
tracts latch 434 and releases the brush arm 412
and the distributor'arm 412 begins to travel over
its segments; spacing’ signals will be created by
the opening of the-loop and marking signals wiil
be created by closing of the loop.

A special point to be noted in’ connect1on with
this subscriber’s station is the manner in which
a call may be originated from the station. The
kKey 403 may be ‘operated to close the loop, where~
upon current of the marking value will be estab-
lished 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
switch 4638 has been operated. In this case cur-
rent of a reduced value as determined by the
inciusion of resistance 407 in the loop will first
be established so that an operation of a different
nature will take place at the concentratlon unit.

F Tom the subscriber’s point of view the opera-‘
tion will be as follows: .Commerecial arrange-
ments have been madé so.that this subscriber
will ordmarny be connected with g certain dis--
tant office. . Therefore, when the subscriber,
initiates a cell by throwing the startmg switch
403, the call will be automatically directed to-
ward this speclﬁed distant office. However there
may- be occasions when the subscnber wishes to
have his call directed toward a different distant.
office.. In this case he knows that by operating
the key 408 and holdlng it operated until he has
operated the start key 403 his call will he auto-.
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matically directed toward this secondary choles:
office.. The méanner in which his call is directed’
to ohé or another office tynder these: cohdi?tions‘-

will 'be explained more fully: heéreinafter, -
‘In somewhat more detail the operation’ of the

local subscriber’s Station in Fig. 4 will niow- be-

described. For o fuil and complete explanation
of these-circuits and the detailed means by whizh

they are cperated, reféerence may behad tothe fol=:

X y ; ‘10
ef al., April-18;1933; Patent No. 1,965,572 t0 C. 'W."

lowing prior art: Patent No, 1,904,164 to S.Morton

Bureky et al., July 18, 1934; Patent No. 1,965,602
to R. &, Lake, July 10, 1934; Patent No: 1,969,891

to R. A. Lake et al., Aug. 14, 1934; and Patent-

No. 2,019,505 to A. H. Reiber, Nov, 5, 1935,

-'THe operation of switch 483 besides closing the:

tip through to the station circuit- also effectively
- conneets the Iocal source of power 414 to’ three
motors 415 2i8. and 4{7.
the distributor designated by its arm 412, . Motor
416 operates the teletypewriter unit comprising
the ptilsing contacts 408 and the mechanism un-
der control of the printing magnet 44 {. . Motor
417 operates a generator 418 which supplies local
Bower to the teletypewriter apparatus. It should
be noted also that a switch 419 will start these

three motors while leaving the tip conductor 400

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 4o re-
ceive an-incoming call. . This. station is equipped.
with a keyboard transmitter as well ‘as a tape
transmitter and means is provided for' either
sending ‘permutation . code .pulses directly from
the keyboard and at the same time perforating
tape, or for perforating a tape alone. In case it

is desired to employ only the: keyboard trans-.

mitter, the switch handle 420 is operated in.its

upper position, marked “Keyboard,” where it in-:

terrupis the circuit of the start magnet 413 .of
the tape-controlled transmitter-distributor - 4i2.

In order to .transmit, the subscriber must ‘also-
operate the sending and receiving switch 421 to’
the position shown so that the transmission cir-

cuit-extends through the pulsing contacts 409.

When the subscriber operates the keyboard, puls-:
ing contacts 458 transmit telegraph signaling.
impulises in accordance with the keys operated:
by the subscriber by opening and closing the line

to the transmission circuit. :
-Theline relay 485 will follow the signal im-

pulses and repeat them to the printer ‘magnet

411 which records the transmitted signals on the

local “teletypewriter and provides a home copy-
for the subscriber. Relay 465 in its ‘spacing po-.
sition connects resistance 422 between ‘the Dosi-:
tive-and negative terminals of the generator 418

to compensate for the load of the printer mag-
net-44 1 and thus maintain the load on the gen-

ergtor substantially constant when Telay 405 is”

in beth 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 posi-
tive terminal of the generator through the lower

contacts cf key 429 t0.the cam pulsing contacts.
These cam pulsing contacts are controlled

423,
by the cams which actuate pulsing contacts 409,
Thus during each rotation of the cams during
which: the impulses representing a. particular

character are transmitted, the cam pulsing con-.
tacts 423 are closed.once. When these contacts:

Motor 415 operates:
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ate closed a circuit may be traced through them
for the operation éf the tape perforatifig magnet
424 froin the positive terminal of generstor 418,
lower contacts of key 426, the cam pulsing: con<
tacts 423, through the winding of perforator
magnet 424 to the negative terminal of genera-
tor 418. This causes the perforator magnet ‘to
operate and perforate a serie§ of holes in the
tape in accordance with the particular character
key depressed. : -
When the subscriber wishes to transmit from
the keyboard it is essential that the transmitter-
distributor switch 425 remain open so thaf the
brush arm &2 of the distributor will remain at-
rest and not intérfere with the transmission from
the pulsing contacts 489, L
* Means is also provided:-for Dermitting-the sub-:
scriber to perforate tape and then transmit from
the perforated tape. In case the subscriber wishes
to merely perforate tape, he ‘operates key 419
which, as hereinbefore mentioned, causes the con-
nection of the local power supply to the motors
at the substation but does not connect the line
to'the concentration unit. In order to perforate
the tape the key 420 is operated to its lower posi-
tioli, marked “Tape,” where all of the contacts
of the key are closed. -Tn this position a mechani-
cal connection between key 428 and the cams
controlling the pulsing contacts 409 functions to
prevent the operation of these pulsing confacts
469, Consequently, the cam pulsing contacts are
tnable to operate for each depression of a key-.
board key. Instead, the U-bar contacts 426,
Which operate ‘each time a keyboard key is de-
pressed, are emiployed. - Such U-bar contacts gre
only effective Upon the operation of key 420 to
the “Tape” position. - o
Under these conditions the line relay 405 and
the printer magnet 411 are -maintained in their
spacing positions since the operating circuit: for

‘the line relay 485 is opened at the switch 443 and:

the rélay 485 is held to its spacing contact through”
its ‘biasing winding. TInasmuch gs the pulsing
contacts 488 do not function at this time, no'copy
of ‘the symbols recorded on: the tape will be
printed on the teletypewriter, - This necessitates.
the use.cf a counter to count the characters
transmitted in each line. This is operated by a

- magnet 427 which is energized in a cireuit from

50

55

negative terminal of generator 418, winding of
counter magnet 4217, counter contacts 428, upper
contacts of key 428 and U-bar contacts426 to the
positive terminal of the generator. Thus every
time the U-bar contacts are operated by one of’
the keyboard keys, counter magnet 4271 is oper-
ated to count the character. However, in case

" a shift or unshift signal or certain other signals
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are transmitted, the lever 429 moves in the di-

.Tection indicated and mechanically opens the

counter contacts 428 so as to interrupt the cir-
cuit of the counter magnet 421, since these par-
ticular 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 Ie-
ver 430 in response to a carriage-return signal
and thus cause the operation of release magnet
431 which restores the counter to zero.

" The counter lamp 432 is provided to give a visi--
ble signal when sufficient, characters have been
recorded to form almiost a line so that a carriage-
return signal may be sent at the end of the next:
word or syllable. - : e

--In this way a supply of tape may be perforated:
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without transmitting the information stored in.

the tape over the line to the concentration unit.
If it is-desired to return the equipment to normal
without -transmitting the information at this
time, switch 419 is returned to normal and the
power supply cut off. e , .

. When it is desired to fransmit from the tape
the. transmission circuit is established by the op-
eration of switch 403, as heretofore described.
After the circuit is fully established the key 420
is operated to the “Tape” position and switch 429
is closed. This completes a circuit from the nega~
tive terminal of generator 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 withdraws the stop latch 434 from
engagement with the brush arm 412, The brush
arm is driven through a. friction clutch  (not
shown) from motor 415 and as it carries its brush
over the various segments of the distributor, the
line circuit extending to the concentration unit is
opened and closed in accordance with the perfo-
rations of tape 435 under the tape control contacts
436. So long as the supply of perforated tape is
available, tape control contacts 433 remain closed,
and the transmitter-distributor continues to
transmit over the line to the concentration unit.
Transmission relay 485 follows the signals trans-
mitted by the distributor 4i2 and repeats them to
printer magnet 811 of the teletypewriter where
they are recorded.

- It is also possible for the subscriber to per-

forate additional tape at this time by the opera~
tion- 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 439 be-.

comes exhausted the fape control contacts. 433.
will open and interrupt the cireuit of magnet
413 which will in turn release latch 434 to en-
gage the brush arm 412 and interrupt the trans-
mission over the line to the concentration unit

until more tape is supplied- -

Toll subscriber’s station—Attended only

_In Fig. 2 there is shown a toll subscriber’s sta-
tion 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. 4y
operates such a subscriber’s line circuit (Fig. 6).
The toll subscriber’s station is conneeted with
the concentration unit by a single line conductor
206 and the toll subscriber’s line circuit (Fig. 5
acts as a franslating medium to translate the
operations at this subscriber’s station into op-

erations equivalent in effect to those at the local

subscriber’s station. : ‘

. Under the idle condition conductor 280 is con-
nected through the off position of switch 201 to
the. bell 262 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 ex-
plained hereinafter, the marking impulse will be
as stated, —30 milliamperes and the spacing cur-
rent will be —80 milliamperes or thereabouts.
Thus the transmission from the concentration
unit will be a low value of: current for marking

10

15

20

30

and a-high value of current in the same direc-
tion- for. spacing: - Transmission in the opposite
direction; that is, from: this station to the con-
centration.-unit, will be of -a different nature.
Marking current will be —30 milliamperes but
spacing: current will be 4-30 milliamperes.
.. Assuming the :switch 20f 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, Under 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 re-
lay: 207, armature of relay 201, resistance 208,
inductance coil 209, resistance 210, upper wind-
ing of polarized relay 211, resistance 212, contacts
of switch 201 to the line 260. . The application of
—15 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. o

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 S0

- that now a 75 volts.is included in series with
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5 ever, can be seen ab once.

the line- and meeting, as. will later appear, a
ground . connection at the. concenfration unit a.
current of +-30 milliamperes wiil flow. :

“ The .means for causing currents of different
value for marking and spacing to flow over this
line under control of the concentration unit will
be described hereinafter. The effect of this, how-
The polarized relay
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 2{1
and- its marking contacts, through the rectifier
214, the ‘selecting magnet 215 of the teletype-
writer, the armature and marking contact of
polarized relay 207, the minus pole of rectifier
205, the -positive pole of this rectifier to ground
at the armature of relay 206. - When the relay
21 I moves to its spacing contact the above-de-
seribed circuit is broken. Thus as relay 21} re-
sponds. to incoming permutation code impulses
the selector magnet 215 will respond and operate
the - teletypewriter generally indicated in the
broken-line rectangle 216,

~When the subscriber wishes to. transmit from
this :-substation he will operate the keyboard
which’ will in turn operate the pulsing contacts
2.(3. 'This will affect the relays 206 and 207 and
send different permutation code impulses in ac-
cordance -with the characters selected on the
keyboard. S

- A~point to. be noted in connection with this
station is that the subscriber in initiating the call
to the concentration. unit may do.so by merely
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closing the switch 281 whereby a marking cur-
rent condition will be established or he may,
alternatively, first operate the break key 2471 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 cur-
rent 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).

Unattended toll subscriber’s station

The subscriber’s station shown 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 line 369 extends to the arma-
ture of the relay 38i. This is one of a set of
relays for controlling the subscriber’s station,
If the station is not in operating condition and
a call is extended from the concentration unit,
the line 309 will extend through the armature
and back contact of relay 301 to a ringer 302
and an alternating current relay 3083. The ring-
er 302 is for the purpose of notifying the sub-
scriber of an incoming call but even if no sub-
seriber is present, relay 362 will become ener-
gized and, through the movement of its arma-
ture, will cause the energization of relays 304,
305 and 301 in succession. Relay 384 operates
from one side of the local supply of power 80§
through the armature of relay 382, the winding
of relay 364 to the other side of the local supply
of power. Relay 384 is slow to operate and after

a time of approximately nine secends brings up

its armature and connects the relay 385 across
the power supply wires and relay 305 lecks it-
self through its front contact and upper arma-
ture and thence through motor control contacts
307 to the other side of the power supply. Relay
305 closes a circuit through its lower armature
and front contact to connect the loca] supply of
power 385 to the motor generator set 368, the
rectifier 399, the transmitting distributor motor
318 and the teletypewriter motor 311, At the
same time, relay 391 becomes energized through
the operation of relay 305 and its operates its
armature to cut off the line 898 from the bell
302 and the alternating current relay 303 and to
connect the line 268 to the transmission circuit
of the station. With the rectifier, the motor
generator set and the various other motors con-
nected to the source of power, the apparatus at
the substation comes into active operation.

The transmission circuit is the same and func-’

tions in the same manner as that in Fig. 2 and
henece it need only be necessary here to mention
certain of the pieces of apparatus, such as the
polarized line relay 312 which responds to incom-
ing permutation code Impulses, the twe trans-
mitting relays 343 and 3{4 which respond- to the
pulsing contacts 245 to reverse the potential of
the current supply to make the difference be-
tween maiking ang spacing impulses, and the
selector magnet 218 operated from the contacts
of the line relay 312. The various sending and
receiving contacts, such as 317 ang 318, the per-
forator control contacts 328, the tape stop switch
321 and the tape controlled stop switch 322 all

operate in a well-known manner as described 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 unaitended may be stopped by the trans-
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mission of a predetermined sequence of code sig-
nals, such for instance as those. for “blank,”
“shift” and “H,” -whereupen the motor control
contacts 307 will be operated to unlock relay 245
and cut off the Jocal supply of power. ; :

Should the subscriber at this station wish. to
initiate a call through the concentration unit, he-
will operate switch 328 which will have the same
effect as the operation of relay 393, that is, it will
cause the . rectifier, the motor: generator set and
the various motors to- come into -operation . and
will energize relay 3¢ so that fhe line -380 will be
cut through to the transmission circuit of . the
station. Again, attention is drawn, to the fact
that the subscriber may initiate the call with
either a marking or a spacing condition on the
conductor 300 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 circumstances. - Should the
switeh 328 be operated alone, then-the cail “will
be.initiated in the concentration unit under a .
marking condition, that is, with a current -of
—30 milliamperes flowing over the conductor 308.
Bhould he, on the other hand; wish -to . reach
his second choice office, then he.will first operate
the break key 324 and, while holding this oper-
ated, then operate the switch 323,

Toll subscriber’s line cireyit—Fig. 5

The toll subscriber’s line circuit shown in Fig.
5 is -designed to provide g terminating line cir-
cuit for toll lines such as those shown in Figs. 2
and 3 and to translate the signals to and from -
such stations into signals like those going to and
from a local station such as that shown in Fig.
4.. The functions of the.toll subscriber’s line cir-
cuit are: R . .

(1) To provide means for holding the receiving
relay 581, the line relay 508 and.the send relay
502 on ‘their marking contacts.during the idle
condition of the' cirenit. ’ , S

(2) To cause the concentration unit to func-
tion to display a line signal at the switchboard
at the distant ceniral office when the. toll sub-
seriber calls. L. S '

(8) To transmit sighals in each direction,’

(4) To provide for transmitting a “break” sig-
nal from the subscriber. ) e

(8) To provide for transmitting “break” sig-
nal to the subscriber.. o L

(6) To provide for transmitting a steady super-
visory signal to the distant central office when a
disconnect signal is received. from the toll sub-
seriber’s station. - N

(7) To provide g reeall signal for transmission
to the distant central office under control of the
toll subscriber. TR .
- (8) To provide for disconnecting the repeater
from the line and transmitting continuous ring-
ing current over the line for operating the sub-
seriber’s ringer, and means for discharging the
iine, before it is reconnected to the terminal re-
Peater in order to prevent false operation .of the
calling-in relays. (R .

(8) To provide When calling:-an unattended
station for giving the central office operator an
indication that the unattended station teletype-
‘writer has been started and the ‘cireuit is ready
for the transmission of signals, . R -

Terminal repeater used with sub,sci'ib{er sets. of
L Figs. 2and 3 B ]
- The transmission system. used with the subs
scriber sets shown in Figs. 2 and 3 has been de-
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signed so that leakage does not cause bias in the
received signals at the subset or at the concen-
trating unit office thus eliminating the necessity
of readjustment for varying weather conditions
on open wire lines. This is accomplished as fol-
lows: From the subset to the central office trans-
mission is on a polar basis from' =75 volts at the
subset to ground at the terminal repeater. The
usual received current is from 20 to 30 milli-
amperes depending on the length of the line and
the effect of leakage which decreases the marking
and spacing currents equally.  From the terminal
repeater the transmission is ground for marking
and +130 volts for spacing which meets —75

volts marking at the subset. This resulfs in a -

marking received current of from 20 to 30 milli-
‘amperes and a spacing current of about three
times the marking current in the same direction.
The -receiving polar relay at the subset has a
biasing circuit adjusted to oppose both marking
and spacing currents of a value about mid-way
between them. Therefore the armature will fol-
low 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 a relay is always equal and opposite.
Therefore as long as leakage is not great enough
to cause the marking and the spacing currents
to become nearly equal to each other and equal
to the current in the biasing winding the receiv-
ing relay will follow signals unbiased.

Idle condition

During the idle condition the line conductor
such as 200, is connected through a condenser
and ringer such as 202 to ‘ground in the sub-
scriber set. At the central office end conductor
200 ‘may be traced through a back contact of
relay 503 through resistance 512 through the
upper winding of line relay 509, the upper wind-
ing of receiving relay 501, winding of retardation
coil 513, resistances 5{4 and 515, winding of relay
504, upper armature and back contact of relay
505 and winding of relay 510 to ground. Relay
506, when not operated, separates the line wind-
ing of relay 501 from the biasing winding thereof
by opening the connection between the front
contact and armature T of relay 596. Ground
on the back contact of this armature T of relay
506 is connected through the lower winding of
relay 501, the middle winding of relay 590, re-
sistance- 516, back contact and armature 6 of
relay-508, resistance 517, resistance 518 to battery
will hold the relays 500 and 501 in marking con-
dition. Relay 506 when non-operated also con-
nects battery through resistance 518, resistance
520, normal contacts of armature 2 of relay 506,
the upper and lower windings of relay 502 in
series to a potentiometer point consisting of a
connection between the resistances 521 and 522.
Current flowing in the potentiometer from ground
through resistances 521, 522 and 519 to battery
places a-potential on the windings of relay 502
sufficient to maintain this relay in its marking
condition ‘during this idle condition.

Call. from subscriber

. A call is originated at the subscriber set by
the closure of the power supply circuit of the
set if all calls are routed through the same cen-
tral office or may be originated in two ways if
the circuit is arranged for routing calls through
either of two central offices. If the call is for
orie central office ‘it -is originated by closure of
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the power supply circuit of the subscriber set
the same as when all calls are routed through
one central office. If the call is for the other
central office it is originated by operating the
“hreak” key of the subscriber set and holding it
operated while the power supply circuit is closed.
In the first case negative marking polarity is
connected to the line and in the second case
positive spacing polarity is connected o the line.
In either case relay 584 of the toll subscriber
line ecircuit operates. :
The operating path for relay 584 may be traced
from ground through the winding of relay 510,
the back contact and upper armasture of relay 505,
winding of relay 504 and thence over a circuit
previously traced to the line conductor leading to
the toll subscriber’s station circuit. Relay 504
operates and establishes a connection from bat-
tery, resistance 518, resistance 523, front contact
and armature of relay 504, resistance 524, wind-
ing of relay 569, marking contact and armature of
relay 599 to ground. Relay 519 being polarized
does not operate on the negative marking polarity
from the subscriber’s station circuit. The oper-
ation of relay 584, however, causes relay 589 to
operate. This in turn establishes a circuit - from
the front contact and armature of relay 568,
through the armature and left-hand contact of
relay 5i8, winding of relay 595 to battery. Relay
505 operates and closes a circuit for the operation
of rélay 506. Relay 506 connects battery through
resistance 58 and resistance ‘528, the front con-~
tact and armature 4 of relay 586 to the R lead 526
leading to the concentration unit. The result of
this connection will be to bring in an answering
lamp at the switchboard at the distant manual
office as will be more fully described hereinafter.
If the call is initiated while positive spacing
polarity is applied to the line at the subscriber
station as, for instance, when the break key there-
at is operated, then relays 504 and 510 operate
in series. Relay 510 is operated only as lohg as
the break key at the subscriber set is held oper-
ated and releases as soon as the break key is re-
leased thereby applying marking polarity to the
line. Relay 504 causes the operation of relay 509
as hereinbefore described. Relay 584 releases
and reoperates when the break key is released
thereby changing the polarity of the line from
positive to negative, but relay 589 being slow-
release holds operated. Relay 510 being operated
now causes the operation of relay 511 instead of
relay 505. Relay 511 connects battery through

_resistances 618 and 525 through the armature
55

and front contact of relay 51!, through resistance
527 to conductor 526. As soon as relay 5i0 re-
legses, relay 505 becomes operated in the manner
hereinbefore described. Relay 585 now causes
the operation of relay 506 as hereinbefore de-
scribed and the direct connection of the battery
through resistances 5i8 and 525 to conductor 525,
thus leaving out of the connection the resistance
521. -The effect of this chain of operations is to
first place battery on conductor 526 through a
high resistance 527 which will cause a different
operation in the subscriber’s line circuit than will
take place when the battery connected to con-
ductor 526 is through a lower resistance. This
will be more fully described hereinafter. '

The operation of relay 506 also (a) closes the
transmission lead 528 from the concentration unit
to the sending relay 982 through the alternate
contacts of armature 2 of relay 506 to hold the
repeater to marking, (b) connects the apex of the
send relay through the front contact and arma-
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ture 3 of the relay 506 to the armature of the
Teceive relay 801 in .order to arrange hoth the
line and the bias windings of Telay: 502 for a com-
munication condition, (e) .disconnects relay ‘508
from lead 528 and (d) closes:a path for operating
relay 509 from current reversals. The circuit is
now prepared for the transmission of signals
when the operator answers.

Transmission of signdls—Ceniral office to .
subscriber’s station :

The send relay 502 follows signals from the
central office and is- operated to marking by a
current of approximately 20 milliamperes through
its upper winding. A spacing signal reduces the
current through this upper winding to zero and
the relay is operated to spacing by current of -ap-
proximately 10 milliamperes through its lower
biasing winding. 'The operation of the send relay
502 transmits a marking signal of approximately
30 milliamperes to the subseriber station and in-
creases the current about three times to approx-
imately 80 milliamperes for a spbacing signal.
This ecircuit may be traced from the armature of
relay 8§02 through the front centact and ‘upper
armature of relay 508, winding of relay 504, the
network comprising resistances 514 and 515 and
the retardation coil 513, upper windings of relays

501 and 509, resistance 512 and back contact and

armature of relay 503 to the line cireyit leading
to the subscriber station circuit, A branch path
may also be traced from the junction between re-
tardation coil 513 and the upper winding of relay
501 through the front contact and armature 7 of
relay 506, lower winding of relay 504, middle
winding of relay 500, where it connects to ground
through a condenser 529 and resistance 530,
This prevents the line relay 538 and the receive
relay 501 of this circuit from “kicking off” on
capacity surges when transmitting to the sub-
scriber. Relay 504 holds operated since the cur-
rent is always in the same direction through its
winding and relay 560 holds to marking through
its upper winding for the same reason.

Subscriber station to central ofice

A negative marking signal and positive spacing
signal of approximately 20 to 30 milliamperes is
transmitted from the subscriber station. Relay
500 and relay 501 follow these signals, The re-
ceive relay 501 retransmits the signals to the cen-
tral office, transmitting ground for marking gand
positive battery for spacing. The transmission
path may be traced from the armature of the re-
ceive relay 501 through resistance 531, armature
3 and front contact of relay 508, upper winding
of relay 802, alternate contact and armature 2
of relay 566 through the network consisting of
condenser 532 and resistances 533 and 534 to con-
ductor 5§28, leading to the central.office. Relay
584 may or may not follow the signals but
509 is held operated in turn operating relays 595
and §08. The hold paths for relay 509 are as
follows: When relay 584 is operated and relay
588 is marking, 5 path may be traced from bat-
tery through resistance 518, resistance 5§23, front
contact and armature of relay 504, resistance 524,
winding of relay 509 to ground on the marking
contact of relay 568. When relay 500 is spacing,
the current is in the reverse direction from bat-
tery through resistance 518, resistance 514 1, arma-
ture § of relay 508 and its front contact, winding
of relay 803, resistance 524, armature and front
contact of relay 584 to ground now found on the
spacing contact of relay 500. When relay 5984 is

relay-
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released :and relay 508 is marking, relay. 509 is

held -operated by the ‘charging current through -
condenser 535, the :path béing from battery,
through resistances 518 and 523, armature 5 and
front - contact-of relay 508, condenser 535, re~
sistance ‘536, resistance 524, winding of relay 509
toiground found on the marking contact of relay
560, When relay 508 is on the spacing contact,
‘the charging current of condenser 535 is in the
reverse direction from battery through resistances
518, 541, armature’6 and front contact of relay
586, winding of relay 509, resistances 524 -and ‘536,
ccondenser ‘538, front contact and armature 4 of
relay 85 to ground which is now found ‘on the
spacing contact of relay 500, When relay 500
is marking, the current through its lowermost
winding is ‘in-such a direction as to assist in
holding’it marking and when the relay is spacing
isin such:g direction as to-assist in holding: it
spacing. This ‘winding is ito prevent “kick. off”
of relay (589 due to cross-fire on’the subscriber’s
Tine. e . - b

‘Break &ig%al from the subscriber

When the subscriber operates his “break” sig-
nal key, positive polarity will.be applied to the
line 2t the subscriber’s set during the time the -
brezk key is operated, The toll subscriber’s line
circuit: will' repeat -this spacing. condition to-the
loop -eireuit -and - prevent- transmission from: the
icop. Relay 504 continues to  held: relay .508
and, its -associated .relays operated. When the
subscriber restores his “break” signal key, nega-
tive marking polarity will be again applied to the
line -at the subscriber’s set and the relays of this
circuit. will, eperate to their marking contacts.
The circuit is then in -condition for the trans- -
mission of telegraph signals, . - Sl

‘Break signal-to“the subscriber _

A break .signal from the central office. will
cause the-send relay 502 to  operate to spacing
under influence of its biasing circuit and to trans-
mit a-spacing signal to the subscriber, thus pre-
venting transmission: by the subscriber. Relay
504 continues to hold relay 589 and its associated
relays. operated. AP : BT

Disconnection by the subscriber v

The subscriber disconnects, by opening the
bower circuit of the set. The set returns to the
normal idle condition, that is, the line is open to
direct current and is connected through a con-
denser and ringer:to.ground.  Relay 504 releases
and in turn releasés relay 509.. Relay 509 in turn
releases relay 585. The release of relay 505 re-
leases relay 508, disconnects. the transmission
lead. from .the sending relay .§02 and applies
ground through the back contact of relay 505
from the winding of rélay 510 to the line leading
to the subscriber’s set. "Relay 506 released ap- -
plies local battery to ‘the windings ‘of the send
relay 502 and receive relay 581 to hold them in
marking. condition. Relay 508 ‘also opens the
tip lead 528 to the concentration unit and re-
meves battery from the ring lead 526 to the con-
centration unmi{ circuits which function to bring
in the disconnect signal at the central office in.a
manner to be more fully described hereinafter.

Recall signal from the subscriber

A recall signal is given to: the central office
switchboard operator by the-subscriber set at-
tendant momentarily opening the power circuit
or operating the recall set. key of the subscriber
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-set.. 'While the power switch is opened or the
recall key operated the line'is opened.to direct
current and relay 504 releases and in turn relays
508, 505 and 506 release. . Relay 506 functions
-as: described previously to remove battery from
‘the ring lead 526 which causes the concentration
-ynit to function to bring in. a steady lamp at the
central office. Relay 506 released opens the path
for operating relay 509 on reversals and furnishes
battery for holding: the received relay 501 and
‘the send relay 502 in a marking condition in the
sameé manner as described in the preceding para-
graph. ' When the power switch is closed or the
recall kéy is released at the subscriber’s set, nega-
tive marking . polarity will be applied to the line
at the set. : This causes relay 504 to operate and
in tuin to operate relays 509, 505 and 506. Relay
506 operated again connects battery to the ring
lead. 526 which causes the concentration circuits
to function to give the switchboard operator a
flashing. supervisory relay recall signal. Relay
506 also restores the receive relay 501 and the
send relay 502 to their transmitting condition.

Calling subscriber’s station

. When the calling cord is inserted in a line jack
" of the two-way trunk circuit to the line concen-
tratlon umt and the ringing key is operated, the
concentratmn unit circuit will function to con-
nect ringing current to the tip lead 528 which will
operate relay -508: The -circuit may be traced
from-lead 528 through the network consisting of
condénser 532 and resistances $33 and 534 over
armature 1 and the back contact of relay 506,
winding of relay ‘508 through condenser 540 to
gréund. - Relay 508 operated, in turn operates re-
lays 597 and 503, The circuit for relay 507 is ob~
vious and the circuit for relgy 503 may be traced
from the lower armature and back contact of re-
lay 505 over the front contact and outer left-hand
armature of relay 507, the winding of relay 503
to battery. : Relay 503 in operating disconnects
the “toll subscriber line from the transmission
lead ‘and -applies. ringing current through the
contacts of relays 507'and 503 to the line leading
to the subscriber set.” Ringing current is applied
from a source connected to the lead 537 through
a current limiting device 538 connected to the
front contact of the inner left-hand armature

" of relay 507. When the operator releases the
ringing key, relay 508 releases causing the re-
icase in turn of relays 507 and 503. Relay 503
is slow releasing and relay 507 is slow operating,
hence, upon the release of relay 508 there will be
& short interval during which relay 507 is re-
leased but relay 503 is not released. During this
iriterval the line to the subscriber’s station is con-
nected .through the armature and front contact
of relay 503 and over the inner armature and back
contact of relay 507 ‘through resistance 539 to
ground. ' ‘Through this connection any capacity
charge of the subscrlber s line will be discharged.
When the subscriber answers, relay 504 operates,
operating in turn relays 509, 505 and 506. Relay
.505 operated closes through the transmission lead
from the line to the send relay 502 and relay
506 ¢loses - posmve battery to the ring lead 526
to the concentratlon init which in turn functions
to disconnect ringing in a manner to be more fully
described hereinafter.

If the called subscriber station is arranged as
in Fig. 3 for unattended service, steady ringing
cuirent will be connected to the tip lead 528 from
the concentration unit circuit for a period of ap-
proximately 9 seconds during which time relays
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508, 507 and 503 will remain operated. When the
subscriber station is started further functioning
will take place as for an answer condition as de-
scribed in the preceding paragraph. If the sub-
seriber station has not been started within 9 sec-
onds, ringing current will be automatically cut
off in the concentration unit circuit and relays
508, 567 and 503 will be released which will dis-
connect ringing current from the subscriber sta-
tion. If, after a reasonable time the unattended
station is not started, the failure of the distant
operator to receive -an answer signal will 1nd1-
cate that a trouble condition exists.

Subscriber’s line circuit Fzg. 6‘

This circuit may be used either to connect a
local subscriber’s station circuit such as that
shown in Fig. 4 to the concentration unit or toll
subscriber’s stations such as those shown in Figs.
2 and 3-and terminating in the toll subscriber’s
line circuit, Fig. 5. The operation toward the sta-
tion is the same whether the circuit connected to
it -be a local subscriber’s station circuit or a toll
subscriber’s line circuit.

The functions of this circuit are as follows:

(1) This circuit is arranged to register the ‘sub-
seriber’s :calling-in signal and to start the se-
quence circuit to permit routing the call to the
manual office.

(2) This circuit lights the call lamp when the
subscriber calls until his ecall is routed to the
manual office.

(3) 'This circuit, when all avallable trunk cir-
cuits are busy, is ordered.to release the sequence
circuit and to attach itself to the all-trunks-busy
circuit for the purpose of transmitting to the
subscriber. information concerning the availa-
bility of trunk circuits. Connection to the all-
trunks-busy circuit is maintamed until the sub-
scriber disconnects.

.(4) 'When the subscriber disconnects after re-
ceiving information from the all-trunks-busy cir-
cuit, this circuit returns to normal.

(5) When the subscriber line on an outward
call is connected to a -trunk circuit, the line cir-
cuit returns to normal, releasing the sequence
circuit.

- (6) This circuit is arranged on an optional basis
to register the particular outlet a key selection
subscriber wishes to reach and to start the se-
quence circuit in an effort to route the call to that
outlet.

(7) ‘When arranged for key selection of out-
let, this circuit lights the call lamp steadily if
a primary outlet is required or flashes it at 60 in-
terruptions per minute if a secondary outlet is
desired. In either case, the lamp functions un-
til the call has béen routed to the manual office.

(8) This circuit is provided with a set of test
jacks which will permit testing of the subscriber
line for line conditions and for transmission and
for testing the subscriber line circuit.

(9) The test jacks of this circuit are also avail-
able for semigutomatic and full manual opera-
tion of the concentration unit in case of failure
of automatic apparatus.

(10) One of these test jacks can be used to
make the particular line test busy, out of order
or unassigned to inward calls.

(11) The test jacks are available for continu-
ous monitoring of the subscriber line by means
of a test circuit.

(12) The test jacks can also be used to patch a
subscriber line to a practice circuit.
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DESCRIPTION OF OPERATION -
The subscriber” originates an outward call
. 'When a subscriber originates an outward call
for his first clioice -office or primary outlet, he
does this by merely closing his power key where-
upon both the line relay 696 and the marginal
relay 607 become operated. - The circuit-for the.
operation of*these relays may ‘be traced from
ground, the upper winding of the line relay 606,
the upper winding of the mharginal relay 607, con-
ductor 608, conductor: 808, normal contacts of
the: outer left-hand armature of hold magnet
800, conductor 809; conductor §09° through the

normal contacts of test jack 6i8 to conductor

626. If the-station-calling is:a-toll Subscriber;
then the connection from conductor 626: may be:

traced over conductor 526 to - positive : battery’
through a network which-will cause-the operation:

of " both relays 606 -and '6687.  If the ecall is
originated by & local-subscriber, then:the’ con-
nection from'conductor: 626 may be traced over
the-loop of the-subscriber’s line from conductor
491 -back over conductor 408; thence over conduc-
tor 628, the normal contacts of test jack-61 i, con-
ductor 612; -conductor ‘812, -the ‘inner armature
and-back contact of hold:magnet 809, conductor
813, conductor 613, the normal-contacts of .the
lower armature of -relay 614:to positive battery.
Sufficient current will flow in this ¢ircuit to cause
the operation of both line'relay 606-and marginal
relay 667, Thereupon-a: civcuit is closed from:
ground, the armature of relay 606 and its left
contact; the armature and front contact of relay
807 to the winding- of ‘relay 615, Relay 615 in’
operating' places” a ground through- its' inner
armdture and front contact, the upper armature
and back contact’ of relay 614 to the start lead
622-leading t0 the sequence circuit. Relay 615
also places a steady ground connection on-call
lamp 616 from ground, the upper armature and
front contact of relay 615, the back contact and
armature | of relay 617 to-call lamp 616, The
other-terminal of the:lamp cohnects t6 conduc-
tor 605 which -extends to'conductor: 1605 in- the
master control- circuit for the sequence” cireuit
in a-manner: to be-hereinafter described.. This
will cause-the lighting oflamp 6 {6 steadily;:

If the- subscriber wishes: to ireach ‘his ‘second
choice office- or-secondary outlet, ‘he holds: the
break key of his station operated while turning
on the power switeh and: thereafter-releasss the
break key. - In-the:case of a toll: subiscriber, this
results in- the connection:of - positive: battery to
conductor 526 - through the  resistance 531 as
hereinbefore -described. - This:- résults: in insufs
ficient - current flowing over- conductor 626 to
cause the operation of-relay 667; therefore only
line relay 606 becomes operated. - In ‘the case of
a local subscriber, the -current flow is’ similarly
reduced. through -the- intreduction of resistance
4017 in -the. circuit -so -that-only line relay 686
becomes operated.- In either case; when the sub-
scriber-releases the ‘break: ‘key, the cuirent flow-
ing- will be augmented -and-relay- 607 will then
become operated. -During the interval when only
relay 606 is operated; relay 617 becomes operated
in a circuit-from-ground, the-armature and left-
hand contact-of relay 686,- the armature and
back contact.of relay 607; through the: winding
of relay 617 to ground.  Relay 641 operates and
locks. throughits-front-contact and armature 3
to -the ‘ground on the armatiire - of: relay ' 606.
When thereafter relay 607 becomes operated and
causes the-operation of relay '615; the call'lamp

5
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616" will be connected fto an:interrupted ground
on -conductor 631 through the interrupter 618.
The start conductor 622 will be grounded in the
same manner but conductor 621 through the
movement of armature 5 of relay 617 will be
connected to conductor 681 instead of to con-
ductor 600, as before. This condition is main-
tained until the line is connected to a trunk or
the automatic equipment finds no trunk avail-
able,
All-trunks-busy condition

© As the sequence circuit and the all-trunks-
kusy circuit are described hereinafter, it is pro-

. vided that a call directed to a particular trunk
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group will cause an action similar to a hunting-
operation in that particular trunk group, there-:
after an overflow hunting operation in the other
trunk group:and finally an operation of the all-
trunks-busy - circuit. In such operations, the
transfer functions performed by armatures 2 and
4 of relay -6{7 are not necessary as the front
contact of the upper outer armature of relay.
619.is connected directly to the common condue-
tor §03 and the lower armature of relay 614 is
connected directly to common conductor 662.

In cases where the overflow operation is not
provided for, then it becomes necessary to have
a separate all-trunks-busy circuit for each group
of outgoing trunks and hence, by way of ex-
ample, these two transfer contact arrangements
are shown -on relay 611 so that the leads 602
and 683 to one all-trunks-busy circuit are shown
and corresponding leads 620 and 630 to the other
all-trunks-busy circuit are indicated. Since the
more: elaborate - overflow . arrangement in . the
sequence circuit is disclosed, the description
hereafter will ignore armatures. 2 and 4 of relay
6{7 and the common conductors 620 and 630.

If the automatic apparatus of the. concentra-
tion unit finds no’ trunk available it grounds
lead 824, thereby causing the operation of relay
619. Relay'618 (1) connects the secondary wind-
ing of marginal relay 687 over the upper outer
armature and front contact of relay. 619 to con-
ductor 693 leading to the all-trunks-busy circuit,
(2) supplements ground. furnished by the line
relay - 866. through its lower outer armature and
front contact; (3) short-circuits the line winding
of the--line relay 6% through its inner. lower
armature, and (4) permits relay 614 to operate
from ground coming in over conductor .624
through the front contact and inner upper srma-
ture of relay @19, Relay 614 -operates. and (1)
transfers the tip lead to: the-subscriber to the
all-trunks-busy circuit- over conductor 602 (2)
removes the ground from the start lead 622, caus-
ing the sequence. circuit to return to normal, and
(3)-locks under control of relay 615. The all-
trunks-busy: circuit generates a “letters” signal
or a “K” signal as.required, which, being trans-
mitted to the subscriber,.gives an indication rela-
tive ‘to- the availability -of : trunks, During the
interval- that these -signals are being sent- the
ground returned from the all-trunks-busy circuit
¢n conductor: 683 through the front contact and
upper outer -armature of relay 619 holds ‘relay
§87 operated: - Since relays 614 and 619 are oper-
ated relay 615 will remain operated. If the sub-
scriber disconnects as a result of receiving these
signals then in the following silent interval when

- ground is removed from conductor 603 relay 697

will - release -whereupon relay 615 and in turn
thereafter reldays 6{4.and 619 are released and

the circuit feturns to normal, ‘
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Connectzon ofa subscrzber s lme to a trunlc circuit

If an idle trunk is found and the connectlon
thereof to the subscriber’s line is ordered by the
automatlc equipment the sequence circuit grounds
lead 623, causing the operation of the hold mag-
net in. the link circuit over conductors 823 and
923. “Ground on conductor 923 operates the hold-
ing relay 9823 which through an obvious circuit
causeés the operation of the holding magnet 800.
Through the operation of magnet 800 conductors
608 and 613 are opened and the subscriber’s line
i alternatively connected to a trunk of first or
second ‘choice which now takes over all supervi-
sion. ‘of the.call. The opening of the leads 608
and- 613. causes the release of relay 615 which
extinguishes the call lamp 616 and releases the
sequence circuit. Through the release of relay
615 and the opening of lead 608 the remaining
relays of this subscriber’s hne c1rcu1t will be
released.

‘Bach subscriber’s line circuit has an individual
conductor leading to the director circuif. It will
be nioted 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 2198 from
the upper subscriber’s Iine circuit marked “Sta-
tion - #88” is' that particular conductor in the
d1rector circuit which may be reached through
the %ending of the characters 9 and 0. The
functlon -of - these conductors will appear here-
1nafter

" Link circuit

Ii1_ 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 ccnnections leading on the one side to
the subscriber’s line circuit and on the other side
to the trunk circuits to the distant office.

For. a full explanation of the details of con-

struction 'and operation of a 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 May 12, 1936; 2,039, 630 J. A, Burrell
May 5, 1936: and 2 039, 644 D. H. Gleason et al.,

May 5, 1936. ;

© It will be understood that with selecting mag-
net 881 and holding magnet 800 operated . (with

selecting magnet 801 then released) that the set

of contacts 802 will be operated so as to extend
the subscriber’s line circuit shown in Fig. 6 to
the trunk circuit 806 which with the other trunk
circuits of Fig. 8 lead to one master office. The
tFunk cncu1ts of Fig. 8 may be reached through
that portlon of the sequence circuit shown in
Fig. 14, It will be understood also that with
selectmg ‘maghet 900 operated and the holding
magnet 8898 operated (with selecting magnet 900
then released) that the set of contacts 901 will
éffectively connect the subscribei’s line circuit of
Fig. 6 to the trunk circuit shown in full in Figs. 11
and ;13 angd extending to the circuit of Figs. 15
and’ 19.  This trunk and others indicated on
Fig. 9-lead to another master office and may be
reached through that portion of the sequence
circuit shown on Fig. 12.

- Assuming that the trunks from Fig. 8 extend to
an-office in .one locality and that the trunks from
Fig. 9 extend to an office in another locality, the
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subscriber has, according to commercial arrange-
ments made, -selected one.or another gs his first
choice office’ whereupon the other becomes the
second choice office.. Assuming the trunks of Fig.
8 to represent the first choice office then if he
initiates the call by the mere operation 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 808 to extend
his line over ‘trunk 806 by way of example., 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 subscriber
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 cne of
the trunks of Fig. 9 to his second choice office
then if all of the trunks 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 another man-
ner, 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 g call is
initiated someéthing akin to hunting for an idle
ftrunk will take place, starting from a point deter-
mined in advance by the commercial arrange-
ments made ‘by the subscriber and continuing
through the sequence until no idle trunk at all
is found when the all-trunks-busy circuit will be-
come effective. If the subscriber changes the
point of entrance -into the 'sequence of these
trunks by the 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 continue throughout
all of the trunks in sequence until the all-trunks-
busy condition is encountered.

-In the idle condition of the l1nk circuit or the
cross-bar switch of Figs. 8 and 9 all magnets are
released  and the tip and ring sides of the sub-
seriber lines are connected through the subseriber
line circuit:through the back contacts of the hold-
ing magnet, such as the holding magnet 860.
‘When a subscriber places a call the sequence cir-
cuit, as will be more fully explained hereinafter,
will determine which trunk ‘the subscriber shall
use. .The selecting magnet, such as 8081, which is
associated with the trunk thus selected will be
energized to position the selecting fingers of the
cross-bar switches. The closure of the selector

off-normal contacts will place a ground on con-
ductor 902 which will extend to conductor 2302
and there operate relay 2300. 'The operation of
relay 23090, as will be explained more fully herein-
after, will, through the operation of the sequence
circuit, place a ground on conductor 623 which
corresponds to conductors 823 and 923 and which
will operate the holding relay 903 to close an
energizing circuit for the holding magnet 800.
Operation of the holding magnet will cause the
closure of the switch contacts at the intersection
of the trunk and 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 de-
sired ‘subscriber line. . If the selected subsecriber
is idle the closed condition of the selecting -off-
normal contacts. through the operation of relay
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“-2300-will extend the ground through:the direc- -

“tor - circuit,”which “will ‘eventually. appear as a
‘ground on-conductor 623 and, as before, will:cause
the operation of relay 903 and thence the-hold-
-ing magnet 800.

Automatic signaling master office trunk cz. CUif—
Figs, 11 and 13

This circuit is designed as-the  terminating

.equipment at the concentration unit end of a

“two-way trunk extending to a manual master
coffice. This circuit possesses-automatic signaling
supervision features and is arranged to - be con-
-nected between a toll line repeater.and a con-
centration unit subscriber with loop transnnsmon
on a 0 to 20 milliampere basis.

The functions of this circuit are as follows:

(1) On an outward call from a concentration
unit subscriber when the trunk is preselected by
-the sequence circuit this circuit sends a continuous
“mark” to the manual master office.and llghts the
trunk busy lamp.

(2) Under the condition stated above this cir-
cuit awaits -the reception of “ringing” from. the
‘master office as a trunk vertification test before
-ordering the link circuit to connect the particular
calling subscriber to the trunk ecircuit,

(3) Under the condition first stateq this cir-
~cuit - simultaneously with the - sending -of the
“mark” grounds the trunk ‘lead.to the miscel-
Jlaneous alarm circuit which is timing the inter-
-val required for the routing. of the outward call.

(4) If the link circuit has connected the ecall-
‘Ing-subscriber to the trunk the sequence’ ecircuit

is dismissed and the subscriber is held connected -

to the trunk under control of the power switch
-at his set while'the trunk is made busy to other
-calling subscribers whose lines are conneeted to
this satellite office.

(5) Under the condition in: paragraph 3 if:an
interval as determined by the alarm:cireunit has
been exceeded without the appearance of “ring-
ing” from the master office, the miscellaneous
-alarm circuit orders the trunk busy lamp: extin-
guished, the particular trunk removed from’ serv-
ice, the calling subscriber being transferred -to
“the next idle available trunk, while the charac-
"teristic trouble signal is sent from'the sequence
‘circuit to the trunk for retransmission-to the
manual end.

(6) While awaiting the answer of the ‘oper-
ator at the master office the subscriber can
“flash” the operator. Under this conditicn’ this
circirit sends mark and space signals to the mas-
ter office in unison with the operation of the busy
switch at the subscriber’s station.

(T) If the calling subscriber abandons an cut-
ward call before the operator at the master office
‘answers, this circuit sends a permanent space
signal to the master office and when the recep-
“tion of continuous ringing ceases orders the link
‘to'disconnect the subscriber’s line from-the trunk,
removing the busy appearance of ‘the trunk to
-other calling subscribers and also extlngu shmg
the trunk busy lamp.

(8) When the operator at the master office
-answers the ocutward call the continuous ringing
is replaced by a mark signal, upon the reception
of which this circuit-advances'to the half:duplex
stage in which it is capable of distinguishing be-
tween normal teletypewriter signals, break sig-
nals or disconnect signals from either end.

(9) When a prolonged space signal is-received

- from the concentration unit subscriber this cir-
.cuit transmits:a space to the master ‘office -and

i

after approximatély two=-thirds of a-second ascer-
tains if the subscriber has disconnected. If the

‘subscriber has. disconnected, this. circuit con-

- tinues to send a space signal to the central office,

returns to the full duplex system of transmission

but remains in condition.to permit the “rering-

ng” of the disconnected subscriber. If the space
s1gna1 is the result of a subscriber “flash” the

‘circuit-functions as if he had disconnected dur-

ing the “off” operation of the power switch and
returns to half duplex transmission, transmitting
a mark as soon as the switch is again turned
“on.” If, however, the space signal from the sub-
sceriber ‘resulted from the transmission of a
“break” from the' station, :-this circuit replaces
the space sent to the master office by “ringing”

- for the remainder of -the “break” signal received

Trom- the subscriber, remaining at the same time

“in the half duplex transmission condition. At

40
" disconnect has not been registered in the trunk.
- If. a -subscriber’s ~disconnect has already been
. registered, the reception of a space signal of

“ing” ‘from the central office continues.

the conclusion of the break this circuit transmits
a-“mark” to the master office. ‘

(10)° When a prolonged space signal is re-
ceived” from the master office this circuit con-
tinues to send a space signal to the subscriber.
After two-thirds of a second has elapsed, fol-
lowed by the reception of “ringing”’ from the
master office, this circuit remains in the half
duplex transmission condition and continues to
send “space” to the subscriber. After five and
a half seconds of space to the subscriber this cir-
cuit -sends’ periodic mark and space ‘signals to
the subseriber as long:as the reception of “ring-
-When' a
mark is received from the central office’ at the

“end of the “ringing” period this circuit sends a

mark signal to the subscriber.
an Under the condition of paragraph 10,
above. if a continuous space is not followed by

“ringing” the circuit acts exactly as described

under - paragraph 10 provided the subscriber’s

one second duration from the master office causes
this circuit to order the link to disconnect the

" subsecriber’s line from the trunk returning the

c1rcu1t to normal.

(12) ‘When the trunk citeuit is seized at the
distant end for an inward call this circuit re-
ceives a mark signal which after one-half second
has elapsed results in ordering the sequence cir-
cuit to connect a director to the trunk, at the

-same time marking the trunk busy to outward
~calls'and lighting the trunk busy lamp.

 (13) If the attached director fails to get ready
to receive teledirecting pulses the miscellaneous
alarm circuit after an interval orders the se-
duenhce cirveuit to. manufacture a characteristic

" trouble -signal and.transmit it to the trunk for

(it1)

-

retransmission. to “the manual office, removing.

‘the director :and extlngulshmg the trunk busy

lamp.
(14) When a directer is attached and ready to

“receive. teledirecting pulses it orders this circuit

o send a contmuous mark signal to the master

" ofﬁce

“(18) With the director attached, if a.prolonged
‘epace signal is received from the master cffice as
a resulf of the operator’s disconnect this circuit

after one-third of a second orders the sequence

~eircuit to dismiss the director and after cne.sec-

o

ond returns to normal. :
(16) Without the director attached, if a two-
thirds of a-second space signal followed by ring-

--ing is received as a break signal from the operator,
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- this circuit orders the sequence circuit to release
the director. If at the conclusion of ringing a
mark signal is received the sequence circuit is
again ordered to connect a director to the trunk
but if at the conclusion of ringing a space signal
is received the trunk circuit returns to normal.

(17) When the teledirecting pulses are received
they are transmitted to the director which de-

- codes the information and tests the called line,
ordering the link circuit to connect it to the trunk
circuit if the line isidle. . -

(18) If the called line is busy,.cut of order or

- unassigned, signals characteristic of these con-
ditions are produced in the-director, transmitted
to the trunk and retransmitted to the manual
office.

(19) When the called line is attached to:the
trunk the sequence circuit and the director cir-
cuit are dismissed and the trunk again sends a

space signal to the manual office; at the same »

time automatic ringing of the subscriber’s line is
- begun.

(20) When the subscriber answers at the called
- station this circuit during the silent interval dis-

connects the automatic ringing, sends a mark .

signal to the manual end and advances into the
half duplex transmission stage in which it is ca-
pable of distinguishing between normal teletype-
writer signals and break or disconnect signals
from either end.

(21) If the called line is to be started on an un-
attended basis continuous ringing is received from
the manual end, causing continuous ringing to
be sent to the subscriber.

(22) After continuous ringing has  exceeded -

nine seconds in an attempt to start an unattended
station this circuit sends a permanent mark. to
the called station. If the station has been started
this circuit sends a mark to the manual office
and advances to the half: duplex transmission
stage. If the station has not started after nine
seconds the circuit continues to send a space to
the central office and a mark to the subscriber
until appropriate action is taken by the manual
operator. : : o

(23) After a subscriber has disconnected, the
operator can rering the subscriber by sending a
short ringing signal from the manual office which
again starts the automatic ringing of the sub-
seriber’s line. - .

. (24) This circuit is provided with jacks (A) and

(B) to permit manual connection of lines in case
of failure of the automatic equipment.

(25) The jacks (A) (B), (send) and (receive)
are provided to permit the testing of the trunk
circuit. .

Description of operation

Hereafter at various points in the description
the terms outward path and inward path will be
used. The outward path means the path over
which telegraph code pulses from the subscriber’s
station are transmitted and the inward path
means the path over which telegraph code pulses
to the subsecriber’s station are transmitted. By

way of example, the outward path from a toll

subscriber’s station includes the single conductor
from such toll subscriber’s station where it oper-

ates the relay 501. Relay 531 vibrates its arma- -

ture between ground and positive battery and
finds a path through the upper winding of send
relay 502 over the tip conducter and eventually
through the lower winding of relays 1100 and
1101. Relay 1100 responds and vibrates its ar-
mature between ground and negative battery to
effect the outward path over the send leg 1300.

. 2,840,599

The inward path may be traced, in general,

= from the receive leg {301 to the winding of the

receive relay 1302, Relay 1302 vibrates its arma-

- ture between ground and positive battery and

10

finds a path through the lower windings of relays
1101 and 1100, thence over the tip conductor and
eventually through the upper winding of the send
relay 532. Relay 502 vibrates its armature be-
tween ‘ground and positive battery and confrols
a path through the upper windings of relays 501

- and 500.to the single conductor leading to the toll

subscriber’s station. Thus teledirecting pulses

from the subscriber’s station pass out over out-
'ward ‘' conductor 1300 and teledirecting pulses

coming in over the inward path {38{ are trans-
mitted to the subscriber’s station. '

"This circuit shown in Figs. 11 and 13 is the
términation at the concentration unit end of a
two-way trunk to a master office. It is designed

Ffor installation in offices equipped with regular

testbodrds -or with the hub type serviceboard
and for use on subscribers’ lines operating on a
0 to 20 milliampere transmission basis. This cir-

- ‘cuit has full automatic supervision facilities ca-
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pable of differentiating between telegraph sig-
nals,  breaks and disconnect signals from either
end. In géneral, a disconnect signal is a con-

‘tinuous” space and a break is a limited space

space signal followed by a 20-cycle ringing sig-

"nal for the remainder of the break. Due to the

0 to 20 milliampere subscriber loop transmission
the condition at the subscriber station cannot be
ascertained during the transmission of a space
to the subscriber. This circuit recognizes this
impossibility and orders a periodic mark signal

“sent to the subscriber during which it can deter-

mine the conditions at the station. In the nor-
mal condition of the circuit both send -and re-
ceive leads to the master office are spacing and
battery drain is removed from the loop repeater
and the vacuum tubes.

| The subscriber originates an outward call

When the subscriber originates an outward call
by operating his power switch to the “on posi-
tion” the line circuit orders the sequence circuit
to preselect a trunk circuit. The sequence cir-
cuit places a ground on the start lead (102, caus-
ing the operation of the start relay ({03. Relay
1103 in operating (1) causes the relays 1160 and
1101 of the repeater to go “marking,” (2) operates
the off-normal relay 184, (3) locks to lead 1105,

- (4) lights the trunk busy lamp 1106, and (5)
_after relay 1104 operates places a ground on the

trunk lead (108 to the miscellaneous alarm cir-
cuit to warm it that verification ringing has been
requested from the manual end. Relay 1103
causes the relays {180 and 1181 to go marking
by placing a ground through its armature 4,
through resistance 1107 on the tip conductor 1109
leading through the lower windings of relays
11090 and 1101. Relay 1103 operates the off-nor-
mal relay 1184 through a circuit from ground

. and its armature T to conductor !if{9 leading,

70.

among other places, to the winding of rzlay {104,
Relay 1103 finds ground on conductor {i05 for
locking purposes through the back contact and
inner upper armature of relay 1280. The trunk
busy lamp 1108 is lighted in a cireuit from ground,
lamp [188, armature 6 and front contact of start

. relay 1103, conductor 1{i{ and thence through

5

the back contact and lower armature of relay
120} in the sequence circuit to battery. Ground
is placed on the trunk lead {188 through the front
contact and armature I of relay 1403, back con-
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tact and arma&ture' §.of relay 1112, back contact
and lower outer armature of relay 11§83, armature
5 and front contact of -off*normal relay 1104 to
ground.

The operation of the off-normal relay 11084

energizes the filaments of ‘the tubes {3063, 1304,
1305, 13806 and 1307 :from. ground, armature 17
and front contact of relay 1104, resistance 1308
and the filaments of tubes 1303 to 1307, inclusive,
resistance 1308, conductor (310, resistance (311
to battery. The off-normal relay {104 connects
power to the loop repeater by connecting ground
through its front contact and armature 6 to the
spacing contact of receive relay 1302 and by con-
necting ground through its armature 3 to the
marking contact of loop relay 1108. The off-
normal relay {104 also connects ground through
its armature 2 and front-contact to the armature
of polarized relay 1114 and to the winding of re-
lay 1115, Off-normal relay 1134 also transmits
the mark signal created by the send relay 1100
through its front contact and armature 4 to the
manual master office over the outward path in-
cluding conductor 1300.
. The reception of a mark signal operates at the
manual master office-as a calling-in signal and
causes that end to function to send to the con-
centration unit a 20-cycle ringing signal which is
received over the incoming path 'including con-
ductor 1301 and which: will operate relays 13812
and 1362, The connection of relay 1312 to con-
ductor 1381 -is obvious. ‘The connection to relay
1302 may be traced through the back contact and
upper outer armatute of relay {318, through the
upper winding of relay 1302 to negative battery.
The vibration of the armature of relay 1312 has
no effect upon the tube circuits but the vibration
of the armature of relay 1302 causes the opera-
tion of relay 116 in g circuit from ground, wind-
ing of relay 1116, condenser 1117, conductor {118,
conductor 1318, back -contact and inner lower
armature of relay 1314, armature of relay 1362
and thence between its marking and spacing con-
tacts. On its spacing contact will be found a
ground on. armature-6 of the ‘off-normal. relay
1184 and on its-marking-contact will be found
positive battery through resistance 13{5. The
cperation of relay: {116 establishes a connection
from ground, armature -3 and front contact of
relay 1103, armature and front contact of relay
1116, winding of relay 1112 to battery. Relay
i112 in operating removes ground from the trunk
lead 1108 extending to the miscellaneous ‘alarm
circuit in Fig. 23 as an indication that verifica-
tion ringing has been received.

Upon the operation of ‘relay 1112 a circuit is
established from ground, front contact and arma-
ture 5 of relay 1104, lower outer armature and
back contact of relay 1113, armature 5 and front
contact of relay (112, normally closed auxiliary
contacts of the B jack {119,-winding of relay 1120
to battery. Relay 1128 in operating causes all
of the .seletting magnets associated with this
trunk to operate. By way of example, a connec-
tion is extended from battery through the outer-
most armature and front contact of relay (120,
conductor 1121 and thence to selecting magnet
800. These selecting ‘magnets in conjunction
with a slow acting relay 2360 in the miscellaneous
alarm circuit orders the séquenice circuit to.oper-
ate the calling subscribetr’s hold magnet of the
cross-bar switch. By way of example, hold mag-
net 800 may thus be operated. “The operation of
the hold magnet connects -the- subscriber’s line
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to the trunk circuit, ‘the hold maghet locking in

series with the relay 115, This circuit mayibe
traced from battery, winding of hold relay 9083,
conductor -923 through the appropriate contacts
of the set 801, conductor I122, -winding of relay
1118, front contact and armature 2 .of the off-

normal relay ll04 to. ground. The operatxon of

relay 1115 causes the operation. of relay (113 in
a.circuit from- battery the winding of relay F1{3,
upper armature and front contact of relay. s
to ground. Relay 1115 also- places a ground on
conductor 1123 which is known as-the hold. cham
lead. Relay {118 in operating causes the- release
of relay 1120 and this in turn causes the: release
of the selectmg magnets,

‘Meafiwhile - battery potent1a1 on the R lead
24 which may be traced, for instance, to the
positive battery connected through resistance 518
to the ring lead 526 in the toll subscriber’s line
circuit (Fig, 5)-causes the operation of relay 14
and in turn the operatlon ‘of relay 11285. Relay
1125 in operating causes the operation of relay
4126 'which thereupon locks under control .of re-
lay 1127 to ground on-conductor 1110, preventing
the starting of automatic ringing of. the sub-
sériber, Rélay 125 also-furnishes an add1t10na1
ground’ for holding -the off-normal relay 1184
operated by placing.ground on conductor {10
thréugh its front contact and armature 4. Relay
‘1125 further causes a reversal of current in- the
I6wer winding of relay {114 through the move-
meht of armature f of relay 1i25. With armature
| of relay 1125 in its normal position a ground
is extended from the front -contact and arma-
ture 6 of relay 1104 through the lower armature
and back contact of relay 1128, armature | and
back contact of relay 1125 to that'lead of the low-
er-Wwinding' of relay 1125 connected to resistance

1128, ‘When ‘relay 1125 ‘becomes- energized then

this-direct ground-is transferred to ‘that lead of
the lower winding of relay {14 connected to the
résistance 1130, which results in a reversal of the
current-flow in-the lower winding of this relay
This is-for the purpose of holding relay 1114 6p-
erated o

“In the meantime the operation ‘of the hold
maghet, say magret-803, has ‘caused the release
of -the subscriber line ¢ircuit and ‘the “sequence
circuit, The latter circuit in releasmg places a
ground at relay 1§07 on conductor 1131 ‘which’ by
means of the front contact and armature 8 ‘'of the
operated relay [ l03 is connected back to the se-
quence circuit over-the conductor l|32 resulting
in the- operat1on of "the “advance cham” relays,
such as 1292. "It will be hoted that upon the opér-
ation of relay 1202 that relay 1200 is ‘'operated
whereupon --ground “is -removed from conductor
1185 which allows-the ‘start relay 1103 to- release
The ‘advance chain’ relays lock to ground fur:
nished over conductor 1123 at the lower armature
and front contact: of ‘relay “f115. “The energized
condition of relays 1200 and 4202 in the sequerice
circuit makes this'particilar trunk test busy to
other- calling stibscribers-in ‘addition to furnish-
ing ‘battery from the innermost-lower armétiire
and back 'contact of rélay: 1201- ‘thréugh the'front
contact and-outer:lower armature of relay 1202
to lead 11233 to:maintdin the busy’ lamp 1106 en-
ergized.

“The circuit now-awaits the operator’s answer.
At.this stage the! followmg ‘relays-are ‘operated:
AHI6, 1142, 1108, 4068, 119 4,91 125, and relays nun
and IIUI are held:o theu‘ ‘marking: contacts un-
der control of thé gubscribel’s Toop, | ‘Rélays-1812
and 1302 are followihg inging which is beihg re-
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ceived from the manual end while a steady mark
is being sent to the manual end.

Failure of the return of verification ringing

As indicated hereinbefore,’ the trunk circuit
continues to keep ground on the trunk lead 1108
until ringing is registered in the trunk, If, due
to any failure of the trunk lines or terminal
equipment at either end, ringing is not received
within a specified period the miscellaneous alarm
circuit grounds lead 1134 which by means of the
start relay 103 causes the grounding of lead 1135
extending to lead 1235 of the sequence circuit
where it causes the operation of relay 1203. ‘The
sequence circuit operates the chain relays which
cause the release of relay 1103 while meanwhile
a ground is placed on conductor {110 through
the operation of relay 1201, thus keeping the off-
normalrelay 104 operated and power on the loop
repeater while battery is removed from conduc-
tors 111l and {133 extinguishing the trunk busy
lamp 1106. The sequence circuit generates a char-
acteristic trouble signal at interrupter 1623
which, connected to conductor 1136, is trans-
mitted through resistance 1107 to the lower wind-
ings of relays 1100 and 1101 whereby this charac-
teristic signal is further transmitted over the out-
ward path to the manual office where if the out-
ward path is satisfactory it will flash the line
lamp in a characteristic manner.” The seqeunce
circuit at the same time preselects the next idle
trunk for the calling subseriber.

Subscriber flashes before operator. answers

_The subscriber can flash the operator by slowly
turning his power switch off and on. When the
switch is turned off relays 1100 and {101 return
to spacing, Relay 1100 transmits this spacing sig-~
nal over the outward path to the master office.
Relay 1101 removes ground from the grid of the
subscriber break tube 1305 by moving its arma-
ture from its marking to its spacing contact.

' On reoperation of the power switch this circuit
again sends a mark to the manual end and
grounds- the grid of the subscriber break tube
1305. . When the ground has been removed from
the grid of tube 1305 this grid finds a connection
over conductor 1137 through resistance {138, re-
sistance 1189, conductor 148, through resistance
1311 to positive battery. Due, however, to the
presence of condenser 141 connected to conduc-
tor. 1181 the grid of the tube 1305 does not be-
come sufficiently positive in a predetermined pe-
riod to cause the effective operation of tube 1305.
On very slow flashes, in approximately three sec-
onds the charge on condenser:i141 and therefore
on the grid of this tube has gone sufficiently posi-
tive to cause a plate current to flow to operate re-
lay 1316 which in turn operates relay {128. - Re-
lay 1128 again causes spacing bias current to
flow in the lower winding of relay I1(4; causing
it to release -since the subscriber’s line is now
opened.. Relay If14 releases: relay. 1125 which
again grounds the grid of the subscriber break
tube 1306 by placing a ground on conductor 137
through the back contact and armature T of relay
1125, - This causes the release of relays 1316 and
1128. In the meantime a continuous space has
been sent to the master office over the outward
path,.. When the switch is again turned on relay
110g sends a mark to the central office and at
the same time relay 110} applies ground to the
subscriber break tube 1305 -which releases.relays
1316 and 1128 if they have not already released
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or prevents them from operating if they have not
operated. The potential on the ring lead (124
again operates relay 1114 and in turn relay {125
which again permits marking bias in the lower
winding of relay 114 to keep it operated. The
space and mark signals sent to the manual end
are used to flash the line lamp at the switch-
board. ) B

Subscriber abandons a call before operato
- answers - :

If a subscriber abandons an outward call be-
fore the operator answers, the circuit functions
as described above during the “off” position of
the switch. After a space of approximately four
seconds has reached the manual office the dis-
tant end of the trunk acts to discontinue the
ringing which in this trunk drives relays 1312
and. 1302 to spacing, causing the release of relays
11i6 and (112. Relay 1112 releases the off-nor-
mal relay {164 which removes battery drain from
the tubes and loop repeater and in removing
ground causes the release of relay f1{5 and the
hold magnet locked in series with it, thus dis-
connecting the subscriber’s line from the trunk.
The sleeve relay 1115 releases relay {113 and the
two together return the circuit to normal, re-
leasing the chain relays of the sequence -circuit
thus removing the busy condition and extinguish-
ing the trunk busy lamp 1106.

Operatlor answers an outward call

When the operator answers an outward call the
distant end acts to discontinue ringing and sends
a steady marking signal which causes the relays
1312 and 1362 to go marking. The relay 1302
therefore causes the release of relays 1116 and
1412, After the armature of relay 1312 has re-
mained off the spacing contact for approximately
one-half of a second the cut-through tube 1304
functions. With relays 1812 on its spacing con-
tact a ground may be traced from the armature
of relay 1312, its spacing contact, the back con-
tact and outer upper armature of relay 1317, re-
sistance 1319 to the grid of tube 1304. Branch-
ing off this circuit is condenser 1144 through a
companion resistance to ground. With ground
removed from condenser {144 it becomes charged
in a circuit through resistance | 142, resistance
1143, conductor 1140, resistance 1311 to positive
battery.- When the condenser |[144 has been
charged sufficiently, plate current will flow in
tube 1304 to cause the operation of relay 1320,
The operation of relay 1320 results in the opera-
tion of relay {317 and this in turn operates relay
1145 which locks through its armature 8 and
front contact. The operation of relay {311 re-
moves control of the cut-through tube 1384 from
relay 1312 but the tube continues to function by
reason of a circuit now established from the grid
of tube (304, resistance 1319, front contact and
armature § of relay 1145, resistance 1143, con-
ductor 1140, resistance 1311 to positive battery.

Relay 1145 in operating. locks under control of
relay 1321. When, as will later appear, relay 1321
becomes operated, the resistance 1334 will be
connected to ground at the back contact and
lower outer armature of relay 1314 to cause the
short circuit and releasé of relay (145, Relay
1145 also furnishes an additional ground through
its front contact and armature 4 to maintain the
off-normal relay ‘1104 operated. Further, relay
1145 permits relay 1314 to become energized in
a circuit from battery,

front.contact and armature 3 of relay 1145, back
1

|

!
|

the winding of relay |3 g
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contact.and armature 3 of relay .i112, spacing
contact and armature of relay {4, front con-
tact and armature 2 of relay 1(04 to ground.
Relay (148 also removes ground from conductor
1145 extending into the sequence circuit. Relay
1314 in operating arranges the loop repeater to
operate on a half duplex transmission basis, a
condition that remains throughout the transmit-
ting  period. .Regular telegraph transmission,
break and disconnect signals are monitored by
means of relay 1181 when originated by the sub-
scriber and by means of relay 1312 when received
from- the manual office, that is, relay (181 moni-
tors the outward path and relay 1312 monitors
the inward path. Both relays 118i and 13{2 con-
trol' tubes which do not function on signals of
less- than one-third .of a-second and, therefore,
regular transmission of telegraph signals does
not-affect the circuit supervision. Breaks or dis-
connect signals from either end will be discussed
under separate paragraphs. ) :

Reception . of prolonged .space signal from the
concentration unit subscriber

Ifa space signal is received from the subscriber
it i of “course retransmitted over the outward
patiz to the manual office by relay §i80. Relay
1181 removes-ground from the subscriber break
tube 41865 which with relay 145 operated now
Yequires two-thirds of a second to reach the point
where sufficient plate current will flow to result,
as hereinbefore described, in the operation of
relays i316 and 1128 and the application of spac-
ing bias tc the lower winding of relay 1114, From
this point on the circuit acts differently if the
space was the result of a subscriber sending a
break, fiash or disconnect signal and the three
will be discussed separately.

Space signal as a result of transmitting a break:

In this case relay 1114, on account of a small
amount of current in the line, remains operated,
keeping relay {45 operated. The ‘operation . of
relay 1128, which operated as previously de-
scribed, therefore causes the operation of relay
i137 in g circuit from battery, winding of relay
14617, inner lower armature and front contact
of relay {128 to ground on the marking contact
of relay . [i{4. The operation of relay 1141 sup-
plants the space signal sent over the outward
path to the manual office by a ringing signal.
This may be traced from conductor 1148 con-
nected to a source of. continuous ringing current
of 20 cycles per second, through resistance 1149,
the front contact and middle upper armature of
relay 1147, the upper armature and front contact
of relay {128 and thence over the outward path
including .conductor £308. The reception of a
limited space followed by ringing at the distant
end is interpreted as the transmission of a break
signal. The transmission of ringing to the man-
ual end continues as long as the subscriber’s break
signal continues. 'When the subscriber’s break
is terminated by a mark signal relays ({09 and
1101 -go marking, resulting in the application of
ground to the grid of the: subscriber break tube
1388.and in the consequent release of relays 1316,
1428 and 11§47, The release of relay 1128 and
finally the release of relay 1147 again completes
the outward path to the armature of relay {100
end sends a mark signal to the manual office,
thus returning the trunk to the condition. it was
in before. the reception of the break signal from
the subscriber. IR :

10

25
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o result 'of ‘the subscriber: dis<

Space: signal -as: »
: -eonnecting

'The circuit in.this case acts as outlined in the
5 paragraph under the -heading “Reception of .pro-
" longed space signal from the concentration unit
subscriber,” but the relay 1114 goes spacing, al«
lowing the relay 1125 to release which in turn
causes the release of relay 1314 .and the applica~
tion of ground to the subscriber break tube 1305,
The. action of the tube releases the relays 1316
and 1128. Relay (314 released returns the cir-
cuit to effective. full duplex transmission. The
trunk sends a continuous space signal- to. the
~ manual office where if is interpreted as a_discon-
nect signal and the circuit .awaits appropriate
action of the outward operator. .

Space signal as a-result -of the subsecriber flashing

~In this:case thecircuit functions as outlined
in the paragraph under-the -heading “Reception
of prolonged space sighal from the concentration
unit subscriber” .and the paragraph under the
heading “Space signal as a result of the subscriber
disconnecting” during the-interval the switch is
in the “off position”. - When the switch is again
turned on, relays (168, 1481 go marking, sending
a~marking signal over the outward path to:the
manual end while meanwhile the relays 1316 and
{128 release if they have not already done so and
relays (114 and 1125 reoperate. Relay {125 again
causes marking current to flow in the lower wind-
ing of relay | #14, holding it marking and at the
same-time again operating relay 1814, ~The flash,
5 in the form of ‘a continuous space followed by a
mark, is transmitted to the manual end and: the
circuit. returns .to its half duplex transmitting
condition.

30

“Reception of a break signal from the manual

40 exchange

A break transmitted from the manual end is
in the form-of a limited space signal followed by
o ringing signhal. Immediately the relays (8312 and
1302 go spacing, the latter transmitting the space
to the eoncentration unit subscriber. 'The remov-
al of ground from -the. grid of the operator’s
break tube §303 causes, after approximately one-
third of a second, a plate current to flow which
50 effectively discharges condenser i144 associated

with the grid of the cut-through tube, resulting
in the release of the relays 1320 and 1317. While
relay 1312 is on its marking contact ground is
connected through such marking contact directly
55 to-the grid of tube (383 through resistance 1322,
When relay 1312 therefore goes spacing, a posi-
tive battery connection to the grid of tube 1303
may be traced through resistance 1322, resistance
1323, resistarice 1311 to positive battery. It is
60 not, however, until condenser 1324, now connected
through resistance {325 and the front contact
and armature T of relay ({04 to ground, has be-
come sufficiently charged that the operator’s
break tube {383 will operate, thereby effectively
65 discharging tube 1394. Relay 1311 released again
puts the grid of the cut-through tube 1304 under
control of relay 1312 and at the same time re-
sults in the operation of relay 1313 in a circuit
from battery, the winding of relay 1313, the back
70 contact and lower outer armature of relay 1311,
the front contact and armature 8 of relay 1145
to ground. Relay 1313 removes ground from the
grid of the break limiting tube (306, this ground
being normally supplied over armature 2 of relay

Ve
3N

75 1412 and its ‘back:-contact -and:thence .over the
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lower:armature and back contact .of relay 1313.
Relay 1313 also places the line winding of relay
1302 under control of relay 1150 which, being
operated, continues to keep relay {302 spacing.
Arter two-thirds of a second space, ringing is re-
ceived from the manual office in time to prevent
the operation of the disconnect fube 1307 and still
keep the cut-through tube 1304 from operating,
all of ‘which results from -the vibration of ‘the
. drmature of relay 1312 under the influence of the
recéived Tringing current. A Space therefore is
éontinuously sent to the subscriber. Since the
condition at this subscriber’s station cannot be
determined while a space is being sent, the break
must be limited. Therefore, after approximately
five seconds the break limiting tube 1386 which
lost ground on its grid because relay 1313 oper-
ated, functions to operate relay 1326 and relay
1159. Upon the operation of relay 1313 the grid
of tube 1306 may be traced through the resistance
1321, resistance 1328, resistance 13i1 to positive
battery. A circuit may also be traced from the
grid .of tube 1386, resistance 1327 through con-
denser 1329, resistance 1330 to ground. The
values of condenser 1329 and these various resist-
ances limit the rise of positive potential on the
tube 1386 to a period of five seconds before the
tube 1398 becomes effective.  The operation of
relay: 1328 places relay {150 under the control of
interrupter 1151 in a circuit which may be traced
from battery, winding of relay (150, front con-
tact and armature of relay 1126, armature 6 and
front contact of relay (125 to interrupter 1151
and thence to ground. Reoperation of relay {150
causes a mark to be sent to the subscriber, at
which time a subsecriber’s break, flash or discon-
nect signal will cause the circuit to act as out-
lined hereinbefore. At the conclusion of the
break the ringing received from the manual office
is replaced by a continuous mark signal which
in approximately five-hundredths of a second
causes the cut-through tube (304 to operate re-
lays 1320 and {3117, thus causing the release of re~
lay. 1313 and again restoring the inward trans-
mission path. If the break limiting tube has
functioned relay (313 again connects ground to its
grid, causing the release of relays 1326 and 1150,
With the inward transmission path established,
steady mark is again sent to the subscriber and
the circuit has returned to the regular half du-
plex transmission condition.

Operator sends a disconnect signal

If the cperator disconnects from the trunk on
an uncompleted inward call or after the sub-
scriber has disconnected, the circuit receives a
steady space signal from the manual end. As
outlined under the preceding heading, the cir-
cuit after one-third of a second allows the op-
erator break tube 1303 to function to ground the
grid of the cut-through tube 1384, resulting in
the release of the relays 1320 and 12317 gnd the
operation of relay 1343.. Though the relay 1302
goes spacing it has no effect upon the subscriber
line. After another two-thirds of a second. has
elapsed the disconnect tube 1307 functions to op-
erate the relay (321 which in turn causes the
release of relay {145. The disconnect tube (301
is also controlled by the condenser 1324,

- The release of relay 1145 releases relay 1313
and the ofi-normal relay 1104, The release of
the off-normal relay 1184 removes battery from
the tubes and the loop repeater, releasing relay
1821 and removing ground from the sleeve re-

lay 1115, causing it and the-hold magnet locked :
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in series. with it to rfelease.. The release of the
hold ‘magnet removes the subscriber line from
the trunk. The release of the sleeve relay (115
causes the release of relay 11i3 and removes
ground from the hold chain lead 1123, thus re-
leasing the chain relay ‘of the sequence circuit
resulting in the removing of the trunk busy con-
dition to other calling subscribers and extinguish~
ing the. trunk busy lamp 1106, returning the cir-
cuit to normal. FRRERR

Operator o?riginates an inward call

.- ‘When an operator seizes the trunk at the man-
ual end to originate an inward call this circuit
receives & continuous mark signal, causing the
relay. 1312 to go marking. After gpproximately
one-half second the cut-through tube 1304 func-
tions, causing the operation of relays 1320 and
1317 and in turn relay (145. Relay {317 removes
the control of relay 1312 over the grid of the
cut-through tube 1304, thus keeping the tube and
its dependent relays 1320 and 1317 operated. Re-
lay 1317 extends a connection from' ground, its
front contact and lower inner armature over the
lower inner armature and back contact of relay
{113 to conductor {152, leading to the sequence
circuit, where it results in the operation of re-
lay 1204. Relay (145 in operating (1) operates
the off-normal relay 1184 which places ground
on the winding of the sleeve relay 1115, (2) re-
moves ground from lead (146, (3) locks under
control of relay 1321, and (4) changes the tim-
ing of the cut-through tube 1304 by short-cir-
cuiting resistance (i42 through its armature 5.
The off-normal relay 1i04 in operating places
grovnd on the chain lead 1132 through its ar-
mature 9 and armature 8 of relay 1103, thus
operating the chain relays 1202 and 1200 of the
sequence circuit to make this trunk test busy
to calling subscribers and also to light the trunk
busy lamp 1{06. Ground on the lead 1152 orders
the sequence circuit to connect a director circuit
to the trunk for the purpose of receiving the tele-
directing pulses. Lead 1152 is included in a cir-
cuit traceable from ground at the front contact
and .inner lower armature of relay 1311, inner
lower armature and contact of relay 1113, lead
1452, winding of relay 1204, back contact and
inner lower armature of relay 1201 to grounded
battery. Relay 1204 operates and (1) connects
at its outermost upper armature and contact
ground to a circuit extending through busy lamp
1213, leads 1224, (424 and (636, winding 1612
to grounded battery to light busy lamp 1213 and
operate relay 1612; (2) connects, at its middle
upper armature and contact, ground to a circuit
extending over leads 1219, 1419, 1637 and I718,
inner right armature and back contact of relay
1701, leads 1720 and 1859 to the outer right ar-
mature of relay 1864 which at the time is in an
unoperated condition; (3) closes at its lower ar-
mature and contact a circuit extending from
ground at the lower armature of relay 2305, con-
tact and innermost upper armature of relay 2300,
leads 2330, 2130, 1730, 1630, 1430, 1230, lower
armature and front contact of relay 1204, wind-
ing. of relay 1206, leads 1231, 1431 and 1631, left-
hand armatures and back contacts of relay 1640,
back contact and right-hand armature of relay
{641, conductors 1642, 1432, 1232 and 1021, back
contacts and upper armatures, in series, of relays
1005, 1003 and 1001, conductors 1022, 12317, 1433,
1643, back contacts and.left armatures of relay
1641, left armatures and back contacts of relay
1644, conductors 1645, 1731, 2131, 2341, back con-
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tacts and armatures of relay 2303 to grounded
battery.

Relay 1206 operates and 1ocks to ground ‘at
the innermost upper armature and contact of
relay 1204. Relay (206 upon operating closes

at its lower armature and front contact an oper-‘v

ating circuit for relay 1287 which operates. Re-
lay 1207, upon operating, (1) closes at its outer-

most upper ‘armature and contact an operating

circuit’ for relay 1800 and relay 1800 operates;
(2) closes at its innermost lowetr armature and
contact an operating circuit for relay (120; and
(3) connects at its middle and its innermost upper
armature and contact the inward and the out-

ward leads 1124 and 1136 of the two trunks to

the director circuil. The sequence c1rcu1t when
it attaches ‘a director, grounds lead 1153 which
extends through the auxiliary contacts of the B
Jack 1118 to the winding of the relay 1120 which
in turn and as before described causes the opera-
tion of the selecting magnets 900 in the link cir-
cuit of the crossbar switch or sw1tches connected
with this trunk.
Failure of director

When a director is attached relay 1808 is oper-
ated, which when operated cause to operate, in
turn, relays 1804, 1806 and 18i4. +The director
is thus prepared to receive the telegraph code
pulses. TIf it discovers a trouble internally or in
the leads connected to the ‘trunk; the miscella-
neous:alarm circuit orders the sequence cireuit to
generate a characteristic signal and send it over
the lead 1138 whereupon relay 1108 responds and
transmits this characteristic signal over the out-
ward- path.  The sequence circuit also grounds
the off-normal lead {110 t0-hold the off-normal
relay (104 operated. Simultaneously the se-

quence circuit releases the director and extin-
C 40

guishes the busy lamp IIOG
Director ready signal S
If an attached director is prepared to receive

the teledirecting pulses it connects a ground to.

lead 1136 which drives relays 1100 and {101 to
marking. Relay 1100 therefore sends a continu-
ous marking signal over-the outward path to the

manual end as an indication -that the attached

director is ready to receive-pulses.

Reception of a break or disconnect signal from -

the manual end whzle a dzrector is attached :

If a continuous space sxgnal is received from
the manual end the circuit functions as described

under the paragraph headed “operator. sends a’
After one-third of a second.:

disconnect signal.”
relays 1320 and 1317 release, permitting the oper-
ation of relay 1313. ‘Relay (317 in releasing re-
moves ground from lead 1152, ordering the se-
quence circuit to release the d1rector The direc-
tor upon being released remoVes ground from
lead 1138 which causes relays 1100 and 1161 to

go spacing, sending a space signal to the manual

end. After another two-thirds. of a second of

space the disconnect relay 1321 operates, thereby
releasing relay 1145 which in turn releases relay
1313 and the off-normal relay 1184, returning the
circuit to normal. If ringing is received after
two-thirds of a second the disconnect relay 1321
does not operate. -When rmgmg is replaced by
a mark signal, as indicated in the paragraph
under “Reception of a break signal from the man-
ual end,” relays- 1320 and (3{1 again operate,
releasing relay 1313, Relay 1317 grounds lead

1152, causing the sequence circuit to again at-"—

tach a director.
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Receptzon of teledirecting pulses and connection
to an idle line

.When the director ready signal is received at
the manual end the operator types the number
of the called line sending the teledirecting pulses
to this circuit, which transmits them to the di-
rector over lead 1118, The director decodes this
information and makes a test of the called line.
If the line is idle the director orders the link cir-
cuit to connect the idle line to the trunk circuit
and. When the hold magnet of the link circuit
operates. it locks in series with the sleeve relay
{115 which operates, operating in turn relay {113,

Call for a busy, out-of-order, or unassigned line

If the director on testing the called line finds
it busy, out of order or unassigned it generates
signals- characteristic of these conditions and:
sends them over lead 1136 to the trunk where
they. are retransmitted to the manual end over
the outward path. Upon the reception of these.
signals the operator sends either a break or dis-
connect signal, causing the circuit to act as de-
scribed. hereinbefore. If either of these signals
is not.received in ten-seconds the miscellaneous

-alarm circuit orders the sequence circuit to dis-

miss the director and to generate a characteristic
trouble signal which, sent over conductor. 1136, is

‘retransmitted over the outward path to fhe man-

ual end. - The sequence circuit grounds the off-.
normal lead {118, and ext1n¢u1shes the trunk busy-
lamp 1106. .

Automatic ringing of subscriber line

‘When the. called line is attached to.the trunk
the sleeve relay 1415 and relay {113 become oper-.-
ated....Relay (113 in operating (1) opens. lead
1152 to the sequence circuit, causing the sequence
circuit, to dismiss the director, and (2) permits
relay 1127 to operate under the influence of the.
interrupter 1151. This circuit may be traced from
the winding.of relay 1127 through the back con-.
tact and armature 2 of relay I125, the back con-
tact and-lower armature of relay . 1150, the arma-

5 ture 4.and back contact of relay 1112; the upper

armgture and front contact of relay 1113, the
upper armature and back contact of relay 1126,
the front contact and armature T of relay 1145
to interrupter 1151. The removal of the director
again permits relay 1160 to send a space signal
to.the manual end. Relay 1127 in operating (1)
places ringing current connected to conductor .
1148 to the tip conductor 1109 leading to the
subscriber line, (2). operates relay (147 in a cir-
cuit from the winding of relay 1147, the inner
lower armature and back contact of relay 1128,
the -front contact and lower outer armature of
relay. 1121 to ground on off-normal conductor
1118, and (3) grounds the ring lead {124 through
its inner lower armature and front contact there-
by short-circuiting the upper winding of relay
{118, Relay 1427 operating and releasing under
the influence of the. interrupter {151 therefore
connects automatic ringing to the subsecriber line.

o Each time relay (127 releases it again sends a

steady mark’ to the subscriber and causes the
slow-releasing relay 1147 to release, resulting in
the removal of the short-circuiting ground from
about the line winding of relay i114.

Called subscriber answers

When the called subscriber answers, relay 1114
operates in the first silent interval, operating in
turn relay 1125 and relay 1314, Relays 1100 and

* 1184 ‘meanwhile go’ marking, transmitting g




18

marking- signal: over.:the:outward path -to-the:
manual end as an indication:that the called sub-
scriber has answered. A ground is also placed on
the subscriber break tube 1305. The operation
of Telay 1125 (L operates relay- HZG _permitting

it tolock under control of relay 1121, (2) reverses
the. current -in-the‘ lower ‘winding of relay 1114-
to keep it ‘marking, (3) furnishes an- additional :

operatmg path for the off-normal relay (104, @)
puts’ the-grid of the subscriber break -tube 1305
under, the ‘'sole ‘contiol of the relay 1101, and (5)

prévents-further ringing of* the subscriber- line.
Relay {314 in operating effectively arranges the
loop repeater to operate on-a half duplex basis.
The:circuit: is now-in; the transmitting condition
and continues to functlon as descrlbed herein-~
before

Call to a hne operatmg on an unattended basis

When an operator des1res to start the motor
at a ‘called unattended station continuous ringing
is sent from the manual end over the inward path,

causmg continuous ringing-to-be sent from this -

c1rcu1t to the subscriber line: -The- operatlon of

relay 1112 having removed ground from-the grid .

of the bredk limiting tube 306 after nine seconds
causes the relays 1326 and {150 to operate. Re-

lay H158- operated opens the ringing to the sub-

scriber, permitting ‘the subscriber to receive a
mark’ signal. - If the station motor ‘has:started,
poténtial on the ring lead causes relays {14 and
11250 operate, meanwhile sending a mark signal
over the outward path to the manual end where
the ringing- is discontinued and replaced by a
mark signal. The reception.of a mark signal
makes relays 1312 and 1302 go marking, releas-
ing relays 1116 and ll 12. Relay 1112 in releasing
permlts Teldy 1314 to operate and lets the break
lumtmg tube 1306 release the relays. 1326 and
150" Relay I3l4 changes the circuit to. permit

cu1t functlons as descnbed hereinbefore. . If the’

operate and ‘the: circuit. would continue tosend a

space to the manual end and a mark to_the sub- -
seriber Until appropriate action was taken by the

manual operator
Rering of a dzsccmnected subscrzber

When & subscriber disconnects after a com-

pleted call, as hereinbefore described, his line
remams connected to the trunk until the regis-
tratmn of the operator s disconnect signal. . The
operator to rering a disconnected subscriber need
ohly send ringing current which will result in

the operation of relays {116, 1112 and 1127. Re-
lay 1121 releases relay 1126 whxch will again per-.
m1t automatic ringing unless masked by ringing’
réceived from the manual end. When the sub-.

scriber answers, the circuit again functions as

outhned ‘under the headmg “Called subscriber

answers SO

Jacks, for testmg and emergency manual oper-‘

. ation

AThe concent1 ation unit is prov1ded with a, test .

c1rcu11; which connected to the send.and receive
jacks, 1331 and, 1332, respectively, will permit a
complete test of all the features of this trunk on
either an inward or an outward call. The A and
B jacks {154 and 1119, respectively, of this trunk
are used for emergency manual operation in case
the gutomatic equipment fails. By means of the
A and B, Jacks a subscriber line and a trunk can
be pa.tohed together‘ When the double plug is
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inserted -into; these Jacks select-magnets assocl-:
ated with the trunk are prevented from -oper- :
ating: through:the opening .of -the auxiliary con-

tacts -on-the B:jack: I ki9-and the:off-normal re-~:

. lay-4104 .is ‘operated from ground placed on-the:-

armature of relay i114.by the auxiliary contacts..
of the A jack.((564. Since relay 1114, and con- .
sequently relay 1125, .operates a ground is:placed -
on-off-normal conductor 1110 through: armature .
4 and front contact of relay 1125, - When: the .
concentration -unit-. has returned . to automatic-
operation the subscriber:line remains. busy until.
the .patch - is.removed. . .Similarly, the ftrunk is.
prevented from .associating: with a director: cir--.
cuit. - A-busy key 155 is also provided -to ‘make.,
the -trunk. busy to- outward-calls.. When testlng;
with the test: set prOV1ded at the: concentration‘
unit this circuit- furnishes the test circuit with a.
“link sleeve”- indication over lead 1333 in-addi-:
tion to a- busy ]amp At the servlceboard or-test-

board & :busy .lamp is furnished in addition to .
an arrangement: to-make. this trunk. test. busy to‘,
outward calls. B .

Terminal telegraph. repeaters

The outward path from thetwo-way trunk ter-
mination. at the concentration unit-is-extended .
over conductor . 1500 into :a terminal-telegraph:
transmitter -generally : designated, by the - numer-
al  1502.. The inward path- from this ‘terminal
telegraph. transmitter - -extends over:conductor :
1581 to the concentration unit termination of-this::
trunk.: In-a similar manner, a terminal -tele- .
graph transmitter:at the distant. central office is
generally designated by.the-numeral 1503: from.
which the-inward path: extends-over conductor
1506 to the. central.office: termination. -The out- :
ward path over which,telegraph signals are trans-
mitted. from the.concentration:unit; to the cen--
tral office extends from the. termmal transmitter
1503 over conductor I501 to the .central office
termmatlon

“These termmal telegraph’ transrmtters 1502 and
1503 afe ‘well known' and ‘will ‘only" e generally'
described in the following manner:

-Telegraph signals from-the concentration “unit
are received by relays 1508 and 1589 ‘and trans-
mitted over the cohductors 1504-and 1505 where
they are relayed by the relay 1510 to the outward
path 1507. -In a similar manner, telegraph sig-
nals from, the central office end are received by
relays 1511 and 1812 transmitted over the con-
ductors 1504 and {505 where they are relayed by
the relay 1513 to the inward path 1501.

One ‘difference  in these terminal telegraph
transmitters should be noted. Since the arrange-
ment in Figs..11 and 13 comprises what is known
as a closed or balanced loop.type circuit, the con-
nections to. the spacing and marking contacts of.
relay {518 are different from.the connections to
the spacing and marking contacts of relay 1510
which works into an inverse neutral type of cir-.,
cuit in the. termmatmn in Fig. 19, ..

“Attertion is’ dlrected to..the arrangement of -

e

5 jacks 1514, 1515 and 1516, "These jacks, as well as

the various other testing jacks hereinbefore de-

scribed, aré placed in a testboard where an at- .
tendant may make various tests of the circuit. ar- -
rangements. By means of jack 1514, connections .
to-the outward-and inward path may be made for

testing and momtormg purposes in .a.manner -
such, for instance;-as that shown in the applica--
tion Serial No.-330,686; filed -April. 20, 1940, by -
J. R. Wllkerson By. means-of jack 1515, a test

of the conductors toward the concentration unit -
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*may:be made ‘while: the terminal reepater-§ 502 is
wout-off. .Jack 1516 is known as:a “make busy”
‘Jack. .By.means. of a plug 1518, the attendant
‘may make a busy test of.the trunk by placing the
‘tip .of this plug against.the sleeve.of the .jack
1618, If the trunk is idle, no indication will be
-given but if the trunk is busy then a click will be
‘heard in the receiver {528. The sleeve of jack
1516 extends over conductor {388 to the lower
active contact of key 1155 which extends to ar-
‘mature 8 of the off-normal relay 1184, If the
tbrunk is idle, then relay 1198 will not be operated
-and, consequently, there will be neither ground
‘nor battery connection to conductor (340. Tf,
‘however, the off-normal relay ({94 is operated
-signifying that the trunk is busy then the con-
:nection will be extended through -armature 8 of
‘relay 1184 and its front contact, thence through
‘resistance (186 to battery. This battery ‘con-
‘nection will close ‘a - circuit through the upper
‘winding of retardation coil 1518 resultinz in a
click in the receiver 1528 of the attendant’s tele-
“phone set.

-5

‘10

115
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If, for some reason, the attendant wishes to )

‘make the trunk busy, then he operates thée key

1185 which, besides putting ground -on conductor
1132 extending over conductor {233 to the tip
-econtact of jack 1516, also extends conductor {348
through the lower active contact of key {155
through resistance 1158 to ground, which places
‘battery on the sleeve of jack 15186.

This'trunk may also be made busy by inserting
‘the plug 1521 in jack {518, Plug 1521 is a dummy

30

plug and merely results in the closing of the aux- _

iliary ‘contacts of jack (5!6 whereby ground is

‘placed on conductor 1333 which, extending over

conductor {{32, will operate the advance chain

relays 1260 and 1202 in the segquence circuit.
The right-hand portion-of Fig. 15 illustrates ar-

‘rangements at-the central office end. Jacks {522,

1528 and (528 appear on a test position at the cen-
‘tral office. By means of jack 1523, a monitor-
ing operation may be carried out and by means
of jack 1522 a testing operation toward the cen-
tral office end may be carried out by employing
‘a .plug whose sleeve is connected to battery
whereby relay {526 may be overated. Jack 1524
is'a “make busy” jack. As will be more fully de-
‘scribed hereinafter, conductor 1527 connecting to
‘the sleeve of jack {528 wiil be without battery or
ground connection when the trunk is idle .and
therefore if the tip of plug {528 is brought into
connection with the sleeve of jack 1524, no indi-
‘cation will be given. However, if the trunk is
‘busy, then battery connection will be found on
the sleeve of jack 1524 and this battery .con-
nection, extending over the tip of plug 1528 and
through the winding of relay 1529 to ground, will
‘cause the operation of relay 1529 and the conse-
quent lighting of lamp {530,

If the trunk of Fig. 19 is to be made busy.-then
a ‘dummy plug {53 is inserted in jack (524.
This plug will interconnect .the tip and .ring

springs and thus place a ground on conductor |

'1525. Conductor 1525 will render the central
‘office termination of the trunk busy. .

Automatic signaling concentration unit trunk
cireuit

-The circuit shown in Fig. 19 is the eentral office
terminating circuit of a trunk extending ~to 3
concentration unit. This trunk has. automatic
signaling supervisory features at cemtral -oifice

teletypewriter switchboards .and is:arranged to -
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‘24 second by 20-cycle dot signals.
‘the -entire break interval, however, a spacing con-
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‘operate with 0:t0°20-milliampere local lines. . The
'functions of this ‘circuit. are -as follows:

"1.'In the idle condition both the inward and
outward transmission paths are spacing.

2. A .call from the concentration unit will be
received as a marking signal on the outward
path. This action will be followed in 1 second

‘second -by the lighting of the busy lamps, appli-
‘cation of a busy test potential to the sleeve
‘multiple and the application of 20-cycle dot sig-

nals to the inward path. Afier ¥% second addi-
tional time, the line lamps will light marking sig-

‘nals of less than 1 second  durdtion will not be

registered as calls.
3.In the call-before-gnswer period, if the sub-

scriber recalls, the' disconnect intervals will ‘Te-

turn the outward path to spacing and will ex-

-tinguish ‘the "line lamps. Resumption of the

call will relight the line lamps.

4. 'If ‘the subscriber abandons the -call before
the operator "has answered, the outward path
will return permanently to spacing and the line

‘lamp will 'be extinguished. The 20-cycle -dot
‘signals will be removed from the inward ‘path
~after 4 seconds and the ‘busy condition will be
‘remeved after an additional 1% seconds:

5. When the operator answers the call, the
line lamp will be extinguished and a marking

‘condition will ‘supplant the 20-cycle dot signals

on the inward path; the busy lamps will remain

“lighted. )

6. During communication, signals from the
subscriber toward the master ¢ffice will be trans-
mitted over the outward path. ‘Signals from the

magter office to the subscriber will be transmit-

ted over the inward path. Between the full and
half duplex inverting repeater and the connect-
ed cord circuit, signals in both directions will be
transmitted over the tip circuit. No supervisory
action will take place as a result of teletype-

‘writer signaling. The ring or supervisory iead
‘to the cord will theréfore rémain open during
‘communication. :

M. A break from the cord circuit will -be re-

o peated to the inward .path ag a spacing signal
which will be supplanted by 20-cycle dot signals

after a delay of -34 second. At the -end of the
break, the circuit will return to marking. - A
break from the. subscriber will appear as a spac-
ing  condition on the outward path followed in
Throughout

ditionr will be applied toward the cord circuit. No
supervisory action will result frem break signals

in either direction.

‘8. A disconnect from the subscriber will return
the outward path to spacing. Affer 1 second,
ground wiil be applied to the ring of the cord to
light the supervisory lamp.

9. A recall from the subscriber is the same as
a disconnect followed by a new call. When the
outward path returns to marking as a result of
the new call, 60-cycle I. P. M. ground will be ap-
plied 'to the ring to flash the supervisory lamp.
The 60-cycle I. P. M. ground will be removed
when the sleeve is cpened or grounded.

10. When the operator connects to the trunk
to originate a call, a marking condition will sup-
plant-the idle or-'spacing cendition of the inward
path., Ground applied to the ring cireuit will
light - the supervisory lamp of the cord.

11. The action of remotely controlling the di-
recting ‘of -a call to a desired lins through the

-agency of the operator’s teletypewriter and the

director circuit-at the concentration unit will be
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referred to hereafter as “teledirection.”. When
the distant unit is prepared to receive the call
directing characters, the outward path will be-
come marking. This will result in removal of
ground from the ring to extinguish the super-
visory lamp.

12, After the operator has sent the teledirect-
ing pulses, and the desired subscriberline has
been selected, or as defined in the paragraph
above, the operator has teledirected, the outward
path will return to the spacing condition to re-
light the supervisory lamp.

13. When the called subscriber answers, the
outward path will again become marking to ex-
tinguish the supervisory lamp. Thereafter the
circuit will be conditioned to perform the func-
tions outlined in paragraphs 6 to 9, inclusive.

14. If the desired subscriberline is busy, out-
of-order busy, or unassigned, the concentration
unit will transmit distinctive teletypewriter sig-
nals to indicate which of these three conditions
exists.

15. When the operator abandons the call, after-

receiving the busy, out-of-order busy, or unas-
signed signal by disconnecting from the trunk,
the equivalent of a break signal will be sent to
dismiss the concentration wunit call directing
equipment. When this equipment has been dis-
missed, the outward path will be returned to
spacing and this will, after five seconds, cause
8 spacing condition to supplant the 20-cycle dot
signals applied to the inward path. After 1%
additional seconds, the busy condition will be re-
moved from the trunk.

16. If the operator disconnects the cord cir-
cuit in error during communication, the circuit
will revert to the call-before-answer condition,
as in paragraph 3, which may be abandoned by
the subscriber, as in paragraph 4, if the operator
fails to reestablish the connection.

17. When the operator disconnects from the
trunk at the end of a communication, following
the subscriber’s disconnect, the inward path will
return to the idle or spacing condition. After
a delay of 1% seconds, the busy condition will
be removed.

Description of operation—Idle condition

In the idle condition both the inward and out-
ward transmission paths are spacing. No relays
or tubes are energized except relay 1900 which is
held to spacing because of the spacing condition
of the outward path. Relay (800 will keep con-
denser 1901 discharged during the idle condition
through a connection from ground, spacing con-
tact of relay 1900, the lower outer armature and
back contact of relay 1902, condenser 1981, re-
sistance 1903 to ground.

Call from the concentration unit

Relay 19008 will follow all signals received from
the outward transmission path. During the idle
condition, relay 1900 keeps condenser 1801 dis-
charged. Marking signals permit condenser {901
to charge and also will energize the tube filament
circuit., The circuit may be traced from battery
to resistance 1994, conductor 1835, and thence in
series through the filaments iof tubes 1909, 1910,
1911, 1812 and 1913, thence over various multiple
paths to conductor 1914, leading to the marking
contact of relay 1900 where a connection to ground
will be found on the armature of this relay. The
tube 1941 will become conductive, causing the
operation of relay 1915, and in turn relay 1916.
‘The positive battery connection to conductor 1985
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may be traced through the resistance 1817 to the
grid of tube 1811 thus causing the tube (911 to
become conductive. When a marking signal in
excess of 14 second is received as a result of a
call, condenser (881 will charge sufficiently to
cause tube 1812 to draw plate current and oper-
ate relay 1918 which in turn will cause the oper-
ation of relay 1982, Relay 1832 (1) will open the
spacing contact circuit of relay {888 so that tube
1912 will remain conductive, (2) condition relay
1919 so as to follow signals from the outward
path, and (3) operate relay 1920. Relay 1929, in
operating, will lock and operate the off-normal
relay 1921 which applies power to the repeater
and operates relay 1922, Relay 1822 will light
the busy lamps, energize the vacuum tube fila-
ments independently of the marking contact of
relay 1880 and apply a busy test potential to
the sleeve 1924, Meanwhile the tube filaments
being energized, tube 1811 functions and prior to
the operation of the off-normal relay 1921 will
have operated relays (915 and {916 so that the
20-cycle supply from the conductor {937 will he
connected to the inward path 1906 when the off-
normal relay 1921 becomes operated. The off-
normal relay 1921 also locks to relay 1839 and
transfers condenser 1926 from ground to a high
resistance charging path. The ground connec-
tion for condenser 1926 may be traced from ar-
mature 6 of off-normal relay (92! through re-
sistance 1927 to ground. The high resistance
charging path for condenser 1826 may be traced
from armature § of off~normal relay 1821 and its
front contact through resistances 1928 and 1904
to battery. When condenser 1826 has charged
for a period of Y% second, tube 1918 will operate
relay 1929 which in turn will operate relay 1939.
Relay 1930 will clese the operating path of relay
1931 which will place ground on conductor 1932
and light the line lamp 1933. The circuit for the
operation of relay 1931 may be traced from bat-
tery to winding of relay 1931, through armature
3 and its front. contact of relay 1938, front con-
tact and armature 2 of relay 1982, armature 2 and
its back contact of relay 1923, back contact and
armature 4 of sleeve relay 1925 to ground. The
ground connection for conductor 1932 may be
traced from the ground on the back contact and
outer upper armature of relay 1934, through the
fllggllt contact and outer upper armature of relay

If the subscriber abandons the call before the
operator answers, the outward path will be re-
turned to spacing. The removal of ground from
condenser 1935 resulting from the relay 1900
mov;ngvto its spacing contact and thereby re-
moving ground from conductor 18{4 will permit
this condenser 1935 to charge. After the con-
denser has charged for % second, tube 1913 will
become conductive and carry the grid of tube 1912
to a potential which is negative with respect to
the filament so as to make tube 1912 non-conduc~
tive. Relays 1918, 1902 and 1931 will release and
thus extinguish the line lamps represented by
1933. After the release of relay 1831, condenser
1835 will be charged at a slower rate. After four
seconds, tube 1903 will operate and cause relay
1936 to operate which in turn will short-circuit
relay 1928. Relay 1920 will release, releasing the
off-normal relay 1921 which will return the in-
ward path to spacing and remove power from the
repeater. The off-normal relay (92! will also
transfer condenser 1926 to a discharging path,
After 1% seconds, tube 1910 will release causing
in turn the release of relays 1929, 1930 ang 1922
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and the eircuit will thus be returned to normal or
idle condition.

The four-second delay in the removal of 20-
cycle dots by the connection of conductor 1937
to the inward path after the subsecriber abandons
a call, is utilized at the concentration unit to
hold the connection in case the subscriber recalls
before the operator answers the call.

. When the operator answers a call by connect-

ing a cord to the line jack 1938, the sleeve relay
1925 will operate. The sleeve relay 1925 will op-
erate relay 1943 which in turn will operate relay
1823. Relay 1923 will lock to the contacts of re-
lay 1944 which will be operated by battery from
the ring circuit which is supplied through the
supervisory relays in the cord circuit. Relay
1923 will open the operating path of relay 1831
to extinguish the line lamps and change the tim-
ing of tube 1909 so that it will operate relay 1936
on subsequent spacing conditions of the outward
path of one-second duration. ) :

Transmission

With the receiving relay of the repeater on its
marking contact, thus causing the operation of
the off-normal relay 1921, a biasing current will
flow in the lower windings -of relays 1840 and
1841. Relays 1940 and 1941 will follow all signals
sent from the cord circuit. Relay 1941 will repeat
the signals to the inward transmission path and
relay 1940 will cause the operation of relay 1945
which in turn will apply ground to discharge con-
denser 1942 during all marking periods. When
relay 1919 is operated to spacing by the outward

path, the spacing signal will be repeated over the 3

upper windings of relays 1941 and 1940 to the
cord, and biasing current of relays 1840 and {941
will be reversed to hold the relays to marking.

In the marking condition of the inverse neu-
tral outward path no current will fiow. Relay
1819 will be held to marking of local holding
current flowing in its upper winding. In the
spacing condition of the outward path the cur-
rent in the lower winding will operate relay 1919
to spacing against the local holding current pro-
vided the relay {940 is marking. If relay 1940
is spacing, however, the local holding current of
relay 1818 will be increased to s value sufficient
to hold relay 1919 to marking regardless of the
condition on the outward path. This action pro-
vides the break feature.

Break signals

When a break signal is sent from the cord cir-
cuit relay 1940 will allow condenser 1942 to
charge. After 24 second, tube 1911 will become
conductive and will operate relay 1915 and in
turn relay 1916. Relay 1916 will supplant the
spacing condition which has been placed on the
inward path at the beginning of the break by a
20-cycle ringing supply connected to conductor
1931. This will cause the terminal repeater 1503
to transmit dot signals at 20-cycle frequency to
the concentration unit. When the break is ended,
relay 1940 will cause tube 1911 to release relays
1815 and 1916 to return the inwarg
repeater.

A break signal from the subscribér will be

path to the .
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the concentration unit by a tube and system of
relays whose action is similar to that described
in the paragraph above. At the beginning of
the break, relay 1900 will be operated to spac-
ing to allow condenser 1935 to charge. After
¥s second, tube 1913 becomes conductive and
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‘contact of relay (900.
‘are received, condenser 1935 will be discharged
'so'that the tube 1809 will not become conduc-
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will carry the grid of tube 1912 to a potential
hegative with respect to the filament of the tube
1912, This will cause the release of relays.1918
and 1982, Relay 1902 will return. the control
of tube 1912 to the network of the spacing
When the 20-cycle dots

tive. The marking intervals in the 20-cycle dot
signals are not of sufficient duration to make
tube 1912 conductive. At the end of the break
when the outward path returns to marking, con-
denser 1801 will charge sufficiently to cause tube
{912 to operate relays 1918 and 1902. During
the time that the 20-cycle dot signals are be-
ing received, relay 1902 will be released and since
this relay, when released, forces relay 1919 to
spacing regardless of the line condition, the 20-
cycle dots will not be repeated to the cord cir-
cuit. .
’ Disconnect

~ A disconnect from the subscriber. -will cause
the outward path to return to the idle ‘or spac-
ing condition permanently. After ¥ second, tube
1913 will act as hereinbefore described to re-
lease relays 1918 and 1902, and one second after
the beginning of the disconnect the tube 1909
will operate relay 1936 to short-circuit and there-~
fore release relay 1920. Relay 1920 will apply
ground to the ring circuit of the cord to.light
the supervisory lamp. Relay 1946 will operate
at this time. : s
The operator may . dismiss the connection at
this time by disconnecting the cord from the jack
1938, If this is done the sleeve relay (1925 will .
release releasing the off-normal relay 1921 -to
apply spacing to - the inward path and connect
condenser 1926 to its discharging path. . After
112 seconds, tube 1810 will release relays. 1929,
1930 and 1922, The circuit will then be restored:
to the normal idle condition. ' :

Recall

The disconnect portion of g recall signal will
ground the ring lead of the cord as above .de-
scribed and the new call portion of. the recall.
signal will operate relays 1918, 1902 and 1920
as hereinbefore described to remove the ground
from the ring. The momentary grounding of the
ring will light the cord supervisory lamp as.long.
as relay 1920 is released. When relay 1920 is.
reoperated, however, relay 1946 will remain
locked to apply 60 I. P. M. interrupted ground to’
the ring lead to flash the cord supervisory lamp..
The operator may dismiss the flashing, by the.
operation of a key in the position circuit which.
will shunt down the sleeve relay 1925 to unlock
relay 1946. Relay 1923, however, will remain,
locked to relay 1944, ) ST

Call from the maéter’ office

The master office operator will originate a call
by connecting a cord to the line jack 1938. The
sleeve relay 1825 will operate, operating the. off-
normal relay 1921, to send g marking condition
on the inward path to prepare the concentra- :
tion unit circuits for teledirection. Ground will -
be present on the ring to light the cord: super-
visory lamp until a marking condition is.placed
on the outward path by the concentration’ unit -
as an indication that it is prepared for feledirec: :
tion.  The marking condition on' the: outward

‘bath will result in the operation of the relay. 1929°

to extinguish the cord supervisory lamp to indi-
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cate the condition to the operator who will then
‘transmit ‘the teledirecting characters If the
number called is busy, ‘out- of-order busy, or un-
‘assigned, distinctive teletypewriter signals will be
returned by the concentration . unit to indicate
the condition to the operator, If the line is idle,
connection will be established to it by the con-
centration unit termination of the trunk. Since
in this case the called line is idle, the equivalent
of 2 disconnect condition will exist and the out-
ward path will return to spacing to relight the
-cord” supervisory lamp by the release of relay

1920 during the time a subscriber is being rung.
When the subscriber answers, the outward path
will'again be changed to marking and the result-
ant extmg:ulshmcr of the supervisory lamp will
mdlcate the answer of the call to the operator,
It is' necessary to have relay 1946 released prior
to the time that relay 1920 operates to indi-
cate that the concentration unit is prepared for
teledirection and prior to.the time relay 1920
operates to indicate the subscriber’s answer to
the original -call. At these fimes relay (946 is
held released by relay (943. In this case relay
1943 is operated by relay 1947 as a result of the
operator ringing the subscriber.

-.If the called line is ‘busy, unassigned or out-
of-order busy, the operator will abandon the con-
nection by removing the cord from the trunk:
Since relay. 1920 will ‘hold the off-normal relay
1921: operated after the relay 1925 is released, the
removal of the cord will send a space signal to the
concentration unit. The receipt of thespace:sig-
nal will return the concentration unit to-normal
and cause it to return the outward path to spac-
ing. The same action will take place as in the
abandonment. of :the trunk in .the call-before-
answer period hereinbefore described. After four
seconds, tube 1909 will release relay 1936 which
in- turn will release relays 1920 and (921{ to return
the inward path to spacing and after an addi-
tional 1% seconds tube 1910 will release causing
in turn the release of relays. 1929, 1930 and 1922,
thus returning the trunk to the 1d1e condmon

v Rzngmg
ngmg current apphed to the tip c1rcu1t from

the cord will cause the repeater to transmit 20-

c_ycle dots to the concentration unit to ring the
subscriber.
ranged to apply machine ringing st the time a
trunk circuit is connected to the called line in

Which case it will be unhecessary for the operator.
to! ring and establish a connection. Tt will be-
necessary, however, for an operator to operate the :

ringing key once in order to operate relay 1943 so
that the subscriber’s answer . will not cause the
supervisory lamp to flash.

To start an unattended subscriber station the
operator will ring continuously until the station
has started. The trip indication will be given by
the extinguishing of the: cord supervisory lamp
when the station has started. ‘

Testing .

Connectmns are provided to facilitate testing
of the trunk circuit from the test board. Ground
applied to conductor 1939 by the testing circuit

will operate relay 1934. With relay 1934 operated-

the relay 1831 when operated because of a call

from ‘the concentration unit, will not light’ the"

line:lamp or energize the night alarm but will
indicate the calling condition to the testing cir-
cuit by applying battery to conductor 1939, Relay
1934 .will perform the functions of relay 1922 in

The concenfration unit may be ar- :
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‘makmg the trunk appear busy at the switch-

board. When relay 1922 is operated as a circuit

function, battery will be applied to conductor

1948 to. indicate the condition of the testmg
circuit.
Sequence czrcuzt

" '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. This 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
1000 and 1901, that controlled by relays 1002 and
1063, and that controlled by relays 1004 and 1005.
Each group has a pair of relays, such as 1006 and
1007, for each line of the group. Thus, the draw-
ings show the group relays for the first, an inter-

- mediate and the last group of subscribers’ lines
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and the individual relays for the first, an inter-
mediate 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. 9 and Fig. 14
is a sequence circuit arrangement for the group
of trunks terminating in Fig. 8. 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 con-
trolling the sequence c1rcmt arrangements of Figs.
10,12 and 14.

The functions of the sequence mrcult 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
received- from the distant office over one of the
trunks ‘of Figs. 11 ‘and 13, 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 at-
tributed after a two-second interval by the alarm
circuit in general to the subscriber line terminat-
ing circuit, the link circuit or to any part of this
circuit used on ah outward call, this circuit is ar-
ranged (1) to- attempt to free the sequence cir-
cuit, (2) to remove and lock out of future out-
ward-service under control of the release key the
particular subscriber and the particular subgroup
of subscribers containing the calling subscriber,
and (3) to light a lamp lndlcatlng 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 & two-second interval, this circuit is
arranged (1) to attempt to free the sequence cir-
cuit, (2) to remove and hold the trunk out of out-
ward 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 g 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 man-
ual'office end. In this case, the subscriber is con~
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nected to the next idle satlsfactory trunk avail-
able.

5. This circuit is arranged to allot in a prede-
fermined order idle trunks to subscribers calling
the distant manual TWX . office regardless of
whether the trunks are in one or more trunk
groups to one or more distant central offices.
When more than ohe 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 before
proceeding to select any trunk in the other sub-
group or to hunt through both subgroups: of
trunks before connecting to the all-trunks-busy
circuit.

6. When the subscriber’s lme s -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.

.. 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 subscrlbers line is arranged for
key selection of outlets, this circuit, in conjunc-
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 to 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-busy
cireuit to measure the length of time this condi-
tion 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-trunks-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-:b

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 permlt 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
routvng of an inward call where it has been de-
termmed that trouble may be in the trunk or
trunk sequence circuit, the miscellaneous alarm
circuit causes this circuit to function (1) to re-
move or hold the trunk out of service under con-

trol of a key at the same time flashing a lamp.
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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 fallure to complete the routmg
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 arranged
to start and keep the distributor motor of the
director “in speed.”

19. This circuit is arranged to operate on a
manual basis cutward to the central office if the
outward central office key 1502 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 busy-test circuit to obtain information con-
cerning the inward. call after which the local
attendant’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 man-
ual 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 (006 and 1007 and
each subgroup of subscribers is equipped with a
set of four relays 1880, 1001, (068 and 1009. Al
these relays are used in routing through an out-
ward call except the last, 1809, which is used to
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
circuit and, if permission by the latter 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 pro-
vided with a group of relays, such as 1200, 1202,
1204, 1206, 1207, 1201 and 1203 and a contact on
a relay such as 1604 of Fig. 16, which holds the
trunks and line 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 3
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 operator into the number of the desired
line. . As common office equipment, this circuit
provides the equipment shown in the broken
line rectangle generally designated (606 which
is the originating source of the characteristic
trunk trouble signal. In addition, the equipment
provided consists of a pair of relays 1607 and
1608 as a common start circuit for the group of
trunks, such as that terminating in Fig. 9. Re-
lays 1603, 1610 and 611 are supplied for the

‘other trunk group, such as that having trunks
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terminating 'in Fig. 8.: The transfer relay 161
i ‘designed to change the order of the  trunk
:.chain and advance cireuit in such g 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 avallable to a calhng subscriber. °

Routzng of @ call orzgmated by a subscmber

1 ,When a subscriber originates a call, the.start
lead ‘from his' circuit -is-grounded. - As herein-
before described, conductor 622 is grounded and
since this conductor is traced to the winding of
relay. 1006 it causes this start relay to operate.

-“With the start relay. 1806 operated, the chain
ground coming from the inner lower armature
and -‘back contact of relay 1008 is disconnected
from all the higher numbered start relays. That
is, the circuit connected to the armatures of relay
{006 is interrupted so that this ground will not
extend to the corresponding armatures of relay
1010. If relay 1908 is normal and no other start
relay preceding relay 10086, such as relay {0f{l,
is operated, then this ground will be extended to
the winding of relay 1001 and this relay operates
from battery, providing no other corresponding
relay, such as 1013, is operated. Relay 1007 locks
under control of its associated relay 1886, the
circuit extending frem ground, front contact and
innermost upper armature of relay 1087, the front
contact and lower armature of relay 1806, the
upper armature and front contact of relay {006
to ‘the winding of relay {007. The operation
of relay 1097 removes the chain battery from
all lower numbered corresponding relays, such
as 1012, Thus, when relays 1806 and 1007 asso-
ciated with the calling subscriber’s line are op-
erated, ground and bkattery chain circuits of the
subgroup sequence circuit have been broken, pre-
venting the. operation of any other: relay corre-
sponding to the relay {007 in that group. Re-
lay 1807 operated,:in addition to locking under
control of its associated start relay 1988, con-
nects battery to the start lead of the associated
sub-group and causes the operation of relay {000,
providing this particular. subgroup has not been
removed from service by the operation of relay
1008. Relay 1807 also connects certain common
leads through to. the subscriber’s line circuit
through its upper middle and outer armatures
and -its lower outer armature. Here, also, if
no other relay, such as 1000, 1002 or 1004 is op-
erated’ or if the. particular relay 18060 is in ‘a
preferential position and if no relay, such as
1001, 1083 1005, in either this subscriber group
sequence‘circuit or the trunk sequence cirecuit
is.in an operated position, the associated relays
1080 and 1991 will function in a manner simi-

lar to that described for the corresponding re-’

lays 1806 and 1007 of the subscriber line set.
The relays, such. as 1068, 1002, {004, control a
chain ground. extending from the back contacts

of a‘'relay 2305 in the miscellaneous alarm cir-
cuit -and extending in g 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 1284, thence to the lower and upper
outer armatures of relay 1894 and, in order, the

corresponding points on relays 1002 and 1000.

The relays, such as 1001, 1083, 1005, control a
chain starting from battery on the back contact
of relay 2333 in the miscellaneous alarm circuit,
thence to the. winding and upper armature of
relay 10061, the back.contact of this upper ar-
mature to, the winding and upper armature of
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Télay: 1003;" the back: contact of this armature

and thence to the winding and upper armature
of -relay 1005 From here the chain circuit ex-

tends thiough eertain’ relay contacts, in the mis-

cellaneous alarm circuit; Fig. 16, and thence goes

‘on’ through the armatures of the relays, such

as- 1206, finally -ending in the winding of relay
2304 ‘in' the miscellaneous alarm circuit. -

*When ‘the relays 1000 and 1001 of the partic-
uIar subgroup associated with the calling sub-
scriber’s line have operated, permission to route
the outward call through the line concentration
unit has been received.- The relay 1001 operated
causes ‘the operation of ‘relay 1008 and places
battery from the chain cireuit through its upper
armature and front contact, thence through the
lower ‘outer armature and front contact of relay
1007-t0 conductor 1021 and thence to conductor
621. -This battery will then be extended through
armature 5 and éither the back or front contact
of relay 6{1. Let us assume that relay 617 is
not-energized. Therefore, the battery on con-
ductor 621 will be ‘extended to conductor. 600,
therice over conductor 1600 to the winding of re-
lay 1607. - Relay 1607 is energized in this circuit;

The operation of relay 1008 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
be-hereinafter described. Relay 1008 also con-
nects leads 1015 and 1016 to leads 1017 and 1018,
respectively, which in turn are connected through
two armatures of relay 1007 to conductors 623
and 624, respectively. Conductor 1015 now con-
nected ‘through conductors 1017 and 623 com-
pletesa circuit from the front contacts of relay
2300 -in a miscellaneous alarm circuit to condue-
tor- 923:'and ‘thence through the winding of hold-
ing relay 903 so that when the relay 23008 oper-
ates, as will be hereinafter described, the hold-
ing relay 803 will be operated. The conductor
1016 now connected'through conductors 1018 and
624 establishés’a connection from the upper ar-
mature of relay 2011 to the winding of relay 619
so that if the relay 2011 becomes operated, as
will be hereinafter described, the busy back re-
1ay 614 will be operated.:

Meanwhile the battery furnished by relay 10014
connected through the lower ocuter armature and
front contact of -relay 1007 to the winding of re-
lay: 1607, as hereinbefore ‘described, causes the
operation of relay 1607, 'This relay places ground
on conductor 1615 to cause the operation of re-
lays :1604, 1613 and 1614. These relays, in turn,
place individual grounds on the trunk chain and
ddvatice -cireuits - composed of relays (200 and
1202; for instance, of Fig. 12 holding such ecir-
cuits in a fixed condition during the entire in-
terval that an ‘outward call is being routed
thmugh 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 sw1tches shown in Figs. 8 and 9
consists first-in’ the energization of a selectmg
magnet such as 801 which moves a selecting ﬁn-
ger in place so that when the magnet such as
803 is opera.ted the selecting finger will be in-
strumental in closing the contacts of the set 805.
There is one finger for each of the sets 805, 802,
etc., in a horizontal row and it is necessary, due
to. the'resiliency of such fingers, that the oper-
ation be completed before another operation takes
place. ‘Hence: the “hold chain” circuit -is- pro--
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vided through the contacts of such relays as-1664,
{613 and 1614. - R )

In addition, where relay 1609 is associated with
a second trunk group in the concentration unit

the operation of this relay will cause the oper- -

ation of an associated transfer relay 161f. The
transfer relay is designed to alter the chain cir-
- euit 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 sec-
ond group are busy. Therefore, not only is the
trunk chain circuit placed in a fixed condition
by the operation of relay (684, but if the order
of selection was to have been changed relay 164!

‘had accomplished this function before the start: i

lead to the trunk chain and -advance circuits
was called into use. Co :

The operation of relay {684 permits the oper-
ation of relay 1608 through a circuit extending

from ground, the front contact and inner right- -

hand armature of relay (684, right-hand arma-
ture and front contaet of relay (807, winding of
relay 1608 to battery.. -Relay 1808 extends this
ground through its front contact and inner left-

hand armature to conductor 1616 which. may be ¢

traced through Figs. 14 and 12 to the inner 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 1182 to the winding of start relay. -

11638. If the particular trunk shown in Fig. 11
were busy, then both relays 1208 and 1202 would
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-

1209 to the inner lower armature of relay: 1288
of the next trunk corresponding to relay 1282.
If all trunks in this group were busy then such
ground would be  extended to-'conductor %03
and from there through the right-hand arma-
ture and back contact of relay 16{1 to conduc-
tor 1611 which leads fo the inner lower arma-
ture of relay 1402 of the first trunk in the other
group. It should be noted further that if -all

trunks in this group are busy then the grounds:

is extended to conductor 1480 and from there

through the left-hand armature and back con-

tact of relay 1611 to conductor 1820.leading to
the all-trunks-busy circuit. ;- : a

‘The operation of relay 1688 places battery on’

conductor 1618 which may be traced to the wind-
ing of start relay 2308 and since this relay has
the other side of its winding grounded, it will
become operated. - Relay 23086 through-its upper
inner armature and front contactplaces a ground:
on common sbart relay 2395-and causes its-op-
eration. Relay 1688 through its outer left-
hand armature and front contact places ground
on the inner left-hand armature of relay 1604 to
provide a locking circuit for this relay to be sure.
to keep the trunk chain.and advance circuits.in
fixed condition until the routing of the call.has
been completed. The common: start relay 2385
removes the main chain ground from both the
trunk sequence and subscriber’s sequence cir-
cuits.

Establishing connections of a subscriber originated
call )

The operation of relay 1608, as described, places
ground on the start lead of the trunk at such
a place in this trunk chain as to. permit selec-
tion of the first idle trunk in the trunk group
desired. This ground will be connected by mmeans
.of the back contact of the first relay such as (252

25

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 pre-
liminary test for conductor failure. Thereafter
the trunk ecircuit will function in  conjunction
with the link circuit and miscellaneous alarm
circuit. When selecting magnet 898 has been
energized as hereinbefore described, ground will
be placed on conductor 992 which will be extend-
ed to conductor 2382 and thence to the winding

_of Telay 2380. Relay 2390 through its inner lower

~armature. -and front contact and in  parallel

therewith ghrough its middle upper armature
and: front .contact places a ground on the wind-
ing of relay 2807, thence through normal con-
tacts of relay 2810 and ‘in parallel -therewith
through- resistance 2311 to.the hold lead 2312.
This lead may be traced to  conductor 40189,

thence to conductor 1817, through- conductor.§23,

conductor 923 to the winding of relay 883, caus-
ing this latter relay to operate. This relay in
turn causes the operation of holding magnet800.
Upon the operation of magnet 380 the subscrib-
er’s line -terminating circuit ‘of Fig. 6 will be dis-
connected: This opens-the start lead 622 which
results in:the release of relays 1006 and 1807 and
this in turn results in the release of relays 1000

- and 1081, The release of relay. 1007 causes the

release of relay 1807 and the release of relay
1948, The release of relay. 1808 disconnects the
holding and busy-back leads from the common
circuits, while. the release of relay (80T causes
the release of the associated transfer relay 161,
if ‘used, returning the trunk chain to its orig-

_inally predetermined order, at the same time clos-

ing ‘the. chain -circuit . on - its back contact to
place ground on the advance lead 1818 to all

of the trunk circuits.; In only one of these trunk

circuits is this ground effective and that is the

. trunk cireuit which has just been selected by the
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- calling - subscriber.
trunk . circuit causes the operation of relay 1202

Ground on this lead ‘in this

and in turn the operation of relay (288. This
cireuit may be traced from ground, the left-hand
armature and back. contact of relay 1607, the
left~hand armature and back contact and in- par-'
allel’ therewith the inner right-hand armature
and back contact of relay. 16089, conductor 1818,
conductor §13i; the front contact and armature
8 of the start relay (£33, conductor 1132, the
winding of relay 1282 to battery and ground.
Relay 1202 is operated in this circuit and through
the additional contact of the upper armature of
relay 1202 extends the ground for operating re-
lay 1202 to the winding of relay 1200. Relay
1200 now extends the chain circuit from the in-
ner. Jower armature of relay 1202 through the

lower armature of relay i200 to the inner lower

armature of -the next relay 1288. Relays 1200
and (202 are thereafter held energized over con-
ductor. 1128 by ground on the lower outer arma-
ture of relay {f{5. As hereinbefore described,
these relays are held temporarily by such relays
as 1684 to prevent the reléase of such advance
chain relays during another operation. The op-
eration of relay {260 through the movement of its
inner upper armature removes ground. from con-
ductor 185 which was used as a locking ground
for the start relay (168, Relay {200 also closes
a ground to conductor 121§ which starts the es-
tablishment of a circuit which will be completed
when. all of the relays in a group corresponding
to relay 1288 are energized. If this chain is

completely closed, ground is connected to the
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“all-trunks-busy- circuit, causing 'the latter: cir-
“cuit to time the interval that such condition per-
Csists. . LI I
The operation of relay 1202 removes the hold-
“ing -ground . from relay f608 supplied over con-
“ductor. 1616 in the sequence circuit, causing this
“relay ‘to release. Relay 1608, releasing, allows
relays such as 1604 .to return to normal. - The
“release ‘of relay 1604 and its -companion relays
-removes the individual Holding grounds to the
- reldys” such as 1202 of ‘all trunk circuits, thus
permitting any relday such as 1202 that was in a
- position 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 1607 also causes
"the:release of the common start relay 2305 of
~'the miscellaneous alarm -circuit which in turn
-replaces 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 1202 operated . will be
- removed, permitting their release provided an
auxiliary path is not being temporarily furnished
by: relay 1604." Upon the removal of any such
temporary holding ‘path, relays 1200 and 1202
" release, returning the entite circuit to normal.
-In-case the relays 1200 and 1202 of all the
“trunks in the office are operated, ground con-
nected to conductor- 1616 by relays 1604, 1607
and 1608 is connected by means of the trunk

chain circuit to- the all-trunks-busy ‘lead | 620. .

This -conductor extends to the - all-trunks-busy
* cireuit and-causes such circuit to function to pro-
duce a special telegraph ‘character and to ar-
" range to connect ‘to-the:line circuit.of the par-
 ticular subscriber calling, transmitting this char-
acter to- the teletypewriter at his station. The
line circuit meanwhile operates to disconnect
ground from the start lead leading to relay 1006,
- causing the release of the subgroup sequence cir-
- cuit, the group sequence circuit and all other re-
lays that were operated as a result of this call.
The all-trunks-busy circuit meanwhile continues
to produce and-continues to- be connected to the
subscriber’s line circuit until the subscriber re-
- leases. . _

. Routing of a call originated at a distant TW.
: . Oﬂce .

‘When a trunk is seized at the distant TWX

_office; the. associated trunk in the line concen-
tration’ unit functions as hereinbefore described
(@) to place a ground on' the start lead (152,
..causing the operation of relay 1204, anq (b) to
-place a ground on conductor 1132, ‘causing the
oberation of relays 1202 and 1200 in the manner
“described. The trunk chain circuit is, there-
" fore, immediately .advanced and if this causes the
completion of thé chain eircuit leading from the
. upper outer armature of relay 1200, ground is

sent to the.all-trunks-busy circuit ‘which oper-'

. ates relay 200! angd. causes it to time the inter-
val that this “all-trunks-busy” condition persists.
. The operation of the relay (204 places a ground
“onthe lead 1218 connected to the front contact
" of ‘the middle upper armature of relay 1204 lead-
.ing’to the director circuit which is used to keep
.In speed the distributor motor associated with the
“director distributor circuit, lights. the call lamp
1213 associated with the selected trunk through
“its outer upper armature, and if no -other-cor-
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responding relay of the-sequence circuit is op-
erated or if the particular relay 1204 associated
with this trunk eircuit is in preferential position,
ground on the lower armature of relay 1204 com-

‘Ing from the back contact of the common start

relay 2305 in the miscellaneous alarm ‘circuit will
permit the operation of relay 1206, provided also
that no -other relay corresponding to relay: 1206

“is"in an’operated position. If these corditions
10-

are not met, the particular relay 1206 will ‘be
delayed in operating until it has received a pref-
erence accorded it by the sequence circuit. ' When
relay: 1208 is operated it locks under contiol of
its associated relay 1204 through a ‘circuit’ ex-
tending from ground, the inner upper armature
and front contact of relay 1204, the inner upper
armature and front contact of rélay 1206, the
winding of relay 1206 to battery at the back con-
tact of relay 2303 ini the miscellaneots alarm’ cir-
cuit. Relay 1206 calises the operation of relay
1207 by extending a battery connection through
its lower armature and front contact to the wind-
ing of relay 1201.  Relay-1206, in-operating, ex-
tends the battery ‘also through its tpper outer
armature and front contact to’econductor 1211
which extends to the winding of telay 2306 in
the miscellaneous alarm circuit. This relay be-
comes - energized and through its inner “upper
armature and front contact causes the operation
of the common start relay 2305." The operation
of relay 1207 places ground on’ conductor’ 1212
which extends through the contacts of ‘director

~ transfer relay 1701 -to'the winding of relay 1800

in the’director circuit, as a start signal for the
director. * Relay 1207 also (1)~ ekterids a con-
nection’ from 'the ‘windings  of relays (100 and
1101, conductor 1136, to conductor 1214 leading

“through thé contacts of director tranifer relay

1101 to the left-hand winding ‘of relay 1801, (2)
extends a connection from the armature of re-
lay 1302, conductor 1118 to conductor 1215 lead-

~ing through the contacts of director transfer re-
“lay 1702 to the lower winding of relay 1882, (3)

grounds' conductor 1218, causing the energiza-
tion of relay 120 and in tirrn ‘seélecting magnet
900 of the cross-bar switch, (4) connects relay
1201 to conductor 1217, leading to thé miscel-
laneous- alarm circuit,”and (5) connects relay
1203 to conductor 1218 also leading to the mijs-
cellaneous alarm circuit. The ‘oberation of the
common start relay 2305 following the' opéra-

“tion of relay 2306 by the application of battery

to conductor 1211 removes ground from the

" ground chain passing through the lower arma.-

tures ‘of all relays corresponding to relay 1204 in
the entire office'sequence ¢ireuit chain.

'E.établ‘z'shing connections. for a call originated at

_ the distant TWX office
After the conductor 1212 leading to relay {800

_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 officé which is followed by
the reception from the operator of the desired
called subscriber’s number. The director circuit
proceeds to translate 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. . Im-
mediately after the last digit is received by the
director circuit, conductor 1803 in the director

_circuit, connecting with-conductor 1815, is ground-
ed, causing the operation of relays 1604, 1613 and
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1614 which, as described previously, fixes the
conditions preventing the release of the link cir-
cuit used in an established call. The fixation of
the trunk chain circuit has no useful function
at this time.
tioned, the trunk circuit removes battery from
relay 1204, causing the release of this relay, re-
lay 1286 and relay (287, and extinguishing the
call lamp 12¢3. The release of relay {204 re-
moves ground from conductor (219, heretcfore
described as extending to the director circuit and
used for the purpose of keeping the motor in
speed, whereby the director circuit is returned
to its non-operating condition providing no other
relay corresponding to 1294 is placing a ground
on this conductor.

director circuit, permitting the director circuit
to return to normal, (b) opens the two transmis-
sion conductors 1214 and {215, disconnecting the
trunk circuit from the director circuit, and ()
removes relays 1201 and 1203 from the leads 1217
and 1218. The release of relay 1206 removes
battery from conductor 1211, leading to the mis-
cellaneous alarm circuit. The common start re-

lay 2205 of the alarm circuit does not release un- '

til the director circuit has returned to normal
but upon its release, reconnects ground to the
chain ground circuit connected, as before de-
seribed, to the inner lower armature of relay i292
thus enabling the sequence circuit to handle 2
new call. The director in returning to ncrmal re-
moves ground from the lead 1803, permitting the
release of relays 1888, 1813 and 1614, which in
turn permits any other link equipment on an
established call in a position to release to return
to normal. Upon the completion of a call the
trunk circuit functions to permit the release of
relays 1209 and 1282 which, if relays such. as
{604 are not ocperated, release and return to nor-
mal. If the chain is held in 2 fixed condition
by the operated relay 1884 the particular relay
pair 1260 and 1202 will remain cperated untit
the fixed condition is removed and then return
this circuit to normal.

Removal of equipment because of trouble de-
tected in routing a call through the office

As described hereinbefore during the routing
of a call established by the subscriber or cne es-
tablished by the distant TWX, a relay is opsr-
ated in the miscellanecus alarm civcuit. " 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 #8914 if the indication is
that the trunk is not in trouble.
10088 associated with the particular subscriber
subgroup containnig the calling subscriber line is
operated, ground on conductor §944 will cause
the operation of relay 1882 which, in turn, will
lock under control of its associated key 1019,
The operation of relay 1088 will cause the release
of the associated relays (200 and 1082 and lighg
lamp 1828, indicating which particular subscrib-
er’s subgroup is in trouble. The operation of
relay {0699 prevents any subscriber of that par-
ticular subgroup from entering the subscriber’s
subgroup sequence cirveuit, thus removing that
particular subgroup of subscribers from outward
service. The release of relay (808. permits the
release of the associated relay {381, Relay {00t

After the link circuit has func- .

The release of relay 12087
(@) removes ground from conductor 1212 to the

Since relay.

(21
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released causes the relay 1887 or 1688, as the case
may be, to release so that. ground is removed
from the trunk advance chain and the compan-
ion relay 1818 or 1608, as the case may be, is re-
leased. " If the trunk has not been connected to
the calling line, the “advance” is not locked upb.
The release of relay 1638 causes the release of
relays (604, 1613 and 1614, as described before.
The commeon start relay 2265 of the mdiscellane-
ous alarm circuit is meanwhile held operated for
approximately one second longer to permit all
this action to take place and, upon release, con-
nects ground to the entire office ground chain,
This reconnection of ground permits all of the
outward calls, except those originated by the
subsecriber in the group outf of service, to be rout-
ed through the unit: An appropriate alarm is
sounded by the miscellaneous alarm circuit and,
together with the lamp indicating the subgroup
in trouble, gives an indication to the attendant ¢f
the existing type of trouble. The subgroup sub-
soribers remain out of service until the attendant

has remedied the trouble and then.operated the
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release key 1019 associated with the illuminated
lamp 1028. The operation of this key causes the
release of relay (808 returning the busying-cut
feature to normal, extinguishing the trouble in-
dicating laxyp and permitting the particular sub-

-seriber subgroup access -to the subscriber se-

quence circuit and, in turn, o calling service.

Tf the miscellanecus alarm circuit times out-in
two seconds on an . outward call and the indica-
tions. are that the trunk conductors or some part
of the trunk relay equipment is at fault, ground
is not, placed on lead 1014 or ¢2¢7 bub connected

‘rather to conductor {132 leading in multiple to
.all the trunk circuits.

The particular trunk cir-
cuit preselected at the time by the ocutward call -
is the only trunk circuit that isin position to uti-
lize: this ground.  This trunk circuit, therefore,
transmits the same ground through the front
contact and armature 2 of relay (183, conductor
1135, front contact and lower outer armatire of
relay 1207, to conductor {218 and at the same
time causes. the operation of relay 1203. Relay
1203 operated locks under control of the associ-
ated trunk release key 122!, causing, in turn, the
operation of relay {28f.. Relay 129!, in operat-
ing, (1) places ground on the chain lead 1132,
causing the operation of relay 1282 and, in turn,
relay (288, (2) connects conductor 1135 to con-
duector 1222, (3) connects battery to conductor
1222 which extends to the circuit in rectangle
1686 and causes it to functicn, (4) removes bhat-
tery from conductor 1i1{ and {123 where it is
instrumental in bringifie the trunk to normal
and (5) locks under control of any mark signal
from the distant manual office.. The operation
of relay 1283 also causes the associated lamp
1229 to fash under contiol of interrupter {483 as

operation of the chain advance relays 1280 and
1202 removes the possibility of using the particu-
lar trunk on a vparticular cutward call but per-
mits this outward call to be connected to the
next idle trunk. Under this condition, there-
fore, the subscriber will receive service even
though the connection to the distant manual op-.
erator is delayed shortly. » v
The operation of relay 1622 on first closure of
the 60 I. P. M. interrupter 1623 connects ground
to conductor 1222 through the lefi-hand arma-
ture and back contact of relay 1821 and at the
same time causes the operation of relay 1624

On the first following open period of interrupter
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1623, relay 1622 releases and relay 1625 then op-
erates. Relays 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 re-
lay 1622 again releases, removing ground from

lead 1222 and permitting relay 1625 to release.’

On the third closure of interrupter 1623, relay
1622 again operates, connecting ground to lead
1222 and causing relay 1624 to operate: Relay
1627 being operated, the operation of relay {623
causes relay 162! to operate which, in turn, re-
moves ground from conductor 1222. On the
third open period of the interrupter 1623, relay
1625 operates and, together with relay 1624,
causes the release of relay 1626. On the fourth
closure of the interrupter 1623, relay 1624 again
" operates but relay 1621 being locked to relay 1625
prevents connection of ground to lead 1222. Re.
lay 1624, however, is released, causing the release
of relay 1627. On the fourth open period, relays

1622, 1625 and 1621 release, and on the fifth clo-.

sure of the interrupter 1623, the four-second cy-
cle 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 gener-
ally denoted 1686, therefore, causes the produc-
tion 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.. This characteristic signal is sent
to the distant office as a trunk trouble indicator.
If the operator has not answered the calling-in
signal, the characteristic signal will cause g lamp
to flash in a peculiar way. If the operator had,
however, already answered the call lamp, this
characteristic signal will appear on her tele-
typewriter.
office is in trouble, obviously no signal can be sent
to it and trouble of such a nature will become
apparent when the distant operator selects the
trunk to originate an inward call. The miscel-

laneous 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 trouble is cleared by the at-
tendant, the trunk may be put back into service
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by momentarily operating the key, such as 1225, .

associated with the flashing lamp 1220. This
causes the release of relay 1203 which removes
.ground from the secondary winding of relay 1201
and at the same time changes the flashing lamp
to a steady lamp. Relay 1201 will, however,
remain operated under cortrol of a mark signal
that might be received from the distant manual
office. After connection of this mark signal, relay
1201 releases and thereby causes (a) the release
of the trunk advance relays 1280 and 1202 so as
to readmit the trunk to the trunk advance chain
making it available to the subscriber originating
outward calls and (b) the removal of the charac-
teristic trouble signal from the trunk which re-
moves the trouble indication at the distant cen-
tral office, thus returning the circuit to normal.
On an inward call, the miscellaneous alarm
circuit permits three separate timing intervals,
two seconds being allowed to place the director

55

60

65

70

circuit in an off-normai condition, a total of. .

four seconds being allowed for the director cir-
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cuit to prove itself in a position to receive the
telegraph characters typed by the distant man-

‘ual operator and ten seconds in which to com-

pletely fulfill its functions. When the miscel-

“laneous alarm circuit times out at the conclusion

of the two-four-ten second interval, it places
ground on the conductors 1247 and 1218, if it
has been determined that the trouble causing the
failure of the inward call to be routed through
the office might possibly exist in the trunk se-
quence or trunk circuits, but grounds only con-
ductor 1217 if it has been determined that a
trouble does not exist in either of these two
If both conductors 1217 and 1218 are
grounded, relays 1281 and 1203 operate and be-
come locked under control of both the release
key 1225 and any mark signal that may be re-
ceived from the distant manual office causing the
associated trunk lamp 1220 to fiash and con-
necting the output circuit 1686 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 I{i{ to the two-way
trunk circuit, returning the trunk to normal and
causing the release of relays 1204 and 1207. The
release of relay 1204 removes ground from con-
ductor 1219 to the director circuit and causes
the release of relay 1206 which, in turn, releases
relay 1207. The release of relay 1287 opens
the operating winding of relays 1201 and 1203,
disconnects the trunk circuit from the director
circuit, removes the starting ground from the
conductor 1212 to the director circuit and re-
moves ground from conductor {216 to the trunk
circuit. The release of relay 1286 removes bat-
tery from conductor 1211 leading to the start
relay 2388 of the miscellaneous alarm circuit, per-
mitting that relay to release, if it is not held op-
erated from some other source, and reconnects
ground to the main chain ground of the sequence
circuit, thus permitting the sequence cireuit to

handle a new call in either direction. The op-

eration 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 ap-
paratus, generally designated 1606, operates as
hereinbefore described and the characteristic
trouble signal is connected to conductor 1222 and
thence to conductor {35 of the trunk taken out
of service and, if the path to the distant central
office is complete, this signal appears at the dis-
tant manual operator’s position as s trouble indi-
cation. In this case, after the trouble has been
remedied, the attendant restores the trunk to
service by momentarily operating the key 1225
associated with the flashing lamp 1226 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
circuit is restored to service. If, however, it has
been determined that neither the trunk sequence
circuit nor the trunk circuit is in any way re-
sponsible for the routing of the inward call, then
conductor 1217 alone is grounded, causing the
operation of relay 1201 which, as described be-
fore, takes the trunk out of service temporarily
as long as a mark signal is received from the dis-
tant manual end. At the conclusion of such a
mark signal, the trunk is restored to service.

Emergency manual service jor outward calls

-In case of an emergency, such as the failure of
the sequence circuit, in which the automadtic
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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 616, associated with the sub-
scriber line will, of course, indicate a calling sub-
scriber. Failure of the sequence circuit would
call for the operation of the inward key (603 and
outward key {602, the former making the trunk
sequence portion of the sequence so ineffective
that a director can not be attached to a frunk,
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, in-
cidentally, the insertion of a double plug info the
jacks 1828 and 1629 of the busy test circuit causes
the red manual service lamp (630 to flash. The
operation of either of these keys safeguards the

battery and ground chain of the sequence cir-:

cuit, making it possible for manual operation to
proceed in one direction while calls are handled
automatically in the other direction.

The attendant renders service on an outward
call by depressing a call key, such as 1205, associ-
ated 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 1196, illuminated.
If the line is arranged for key selection, the
attendant tries to select an idle trunk to the out-
let desired by the subscriber. This action places
ground obtained from the back contact and ar-
mature | of relay 1145 and extended over con-
ductor (146 to the upper contacts of key 1205
to conductor 1182 in the trunk circuit, causing
the trunk to send out a calling-in signal and
receive back ringing, which positions a selector
magnet, such as magnet 900, of the link circuit
and, in turn, results in the illumination of lamp
2215 in the miscellaneous alarm circuit. If lamp
2315 does not light, it is possible that the idle
trunk was in trouble and another trunk should
be selected. 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 cir-
cuit and jacks 6if and 618 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 [(186. The at-
tendant then releases the call key 1205 and pulls
out the patch at the line circuit jacks 611 and
610. The call does not require any further at-
tention. In case the busy lamp 1186 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 between
the jacks (119 and 1154 of the idle trunk and
the jacks 611 and 610 of the calling line. This
last resort will, of course, require a manual dis-
connect of the patching cord at the completion
of the call.

Emergency manual service for inward calls

The inward calls can be handled manually if
the inward key 1603 is operated. If outward calls
are also to be handled manually, the cutward key
1602 is also operated. The inward call appeals
as a lighted call lamp 1213 associated with the

trunk. The attendant patches a double plug .

patching cord into the busy test circuit jacks 1628
and 1829, next operates the attendant’s answer-
ing ahd teletypewriter keys of the test set (1ot

ated Wlth the lighted lamp depressed while he
cbserves that thé lamp 2315 of the miscellanéous |

_alarm circuit lights, and then pliugs the other .
‘end of the patching cord into the jacks of that
lide “circuit which is used for the attendant’s -

set. The operation of the key 1285 causes the
selector magnets of the link to be posmoned the

~double plug in the busy test circuit secures.the
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‘appears on the attendant’s telétypewriter.

“ jacks 61t and 610 of the called line.

seqlience prefererice and plugging into the jacks,
such as 611 and 610, of the attendant’s liné causes
the Hold magnet to operate and to associate the
attendant’s line with the céalling tfunk. The call

‘key 1285 is releaséd as soon s the busy lamp 1106

is lighted and then the plig is re moved from the .
line jacks 611 and 616,
If outward calls are being handled on an auto-
matie basis, the plug is slso Femoved from  the
busy test circuit to permit outward calls to be -
Jouted through, otherwise it may remain in the .
busy test jacks 1628 and i629. The operafor un-
der this condition receives a permanent mark .
signal, the first portion of which is used as a
“director ready” signal. Her typing, however,
The
attendant 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
If the line .
is busy, the red lamp 1631 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

35
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an attendant’s line release key associated with .
the hold magnet of his line. This releases the .
attendant’s line from the trunk, extinguishing the.

green busy lamp (106. 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 ¢all key 1285 and a patching cord between :
the busy test circuit jacks. 1628 and 1629 and
the line circuit jacks 611 and 610 of the called .

_line just as he connected the attendant’s line to |

45

'the trunk. The busy lamp 1166 of the trunk

again lights when the called subscriber’s line is
attached to the trunk. Should the link circuit
fail to attach either the attendant’s line or the -

.-called line to the trunk, manual patching must
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be resorted to and, of course, a manual discon-
nect of the patching must take pla.ce at the con- :
clusion of the call. o

Night alarm. circuit

During manual or semiautomatic opération, 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 -

trunk call lamp 616 or {213 also causes the opeta- -
tion of relay 1612 which, in turn, ¢auses the oper- .
ation of relay 1638, causing the buzzer 1634 to
sound as an audible indication f a call requ;lrmg i
attention and giving a night alarm lamp 51gna1 -
through the illumination of lamp 1635 o

Director circuit
The circuit shown in Figs. 17, 18, 21 and 22

is designed to receive the telegraph pulses sent~

by the distant operator’s. teletypewriter and to
decipHér thése pulses, theréby causmg ‘the se=
lection of the called . subscriber’s  line. r"he,

functiohs of thls cu*cmt may be summarlzed as
follows:

75"

(1) Upon the receipt of an 1nward call from the

The ground placed on any subscrlbers or .
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manual central office, the sequence cireuit will

connect the director circuit' to the trunk circuit

on which the call is waiting. 'The distributor °

motor is then started and after it has attained

proper speed a “director réady” signal will be -

. transmitted to-the distant end to lndlcate 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 run-
ning but the other parts of the circuit will be
restored to normal awaiting a new call.

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

(4) A “figures” teletypewriter character re-
ceived from the ‘distant manunal 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 transmit-
ted from the distant end as the called subscrib-
er’s number.

(3) The next two teletypewriter characters
received from the distant office are separated
into: dot elements by the receiving distributor,
causing the proper selection relays to be oper-
ated.

(6) 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 dis-
regard any additional characters sent to the di-
rector.

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

(9) If 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 cir-
cuit,"a series of “K” signals will be transmitted
to the distant manual operator.

(10) If the manual operator has transmitted

first and second digits for which no subscriber

line ‘is- assigned, or has transmitted an impos-
sible -combination of digits, a series of “I” sig-
nals 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 to
the idle condition in preparation for the rout-
ing 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 dxrector to complete its task
in“any event.

(13) If the director is not off-normal in two
seconds, the miscellaneous alarm circuit re-
moves 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 sig-
nal lamp of the distributor circuit lights and a
mmor alarm is sounded
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(15) If the “director ready” signal fails to,
reach the associated loop repeater or a mark sig- .
nal from the trunk circuit is not reglstered in the"ﬁ' '
director circuit, both. dlrector and trunk ciréuits,

-are removed from service,” In this case a minor "’

alarm’ is sounded and appropriate telltale lamps .
are lighted. - B

(16) In a line concentration umnit contamln )
two director circuits, in the case of the condition” |
described in. the two- _brevious paragraphs, the "
miscellaneous ‘alarm c1rcu1t “after freéing. the'
distributor circuit in trouble from the sequence: ”
circuit, causes the transfer portion of the director *
circuit to function, removing the director circuit - ’
placed in the stuck condition from service and
replacmg it by a spare avalla.ble d1rector c1rcu1t;

or zgmatzon of “dzrector ready” szgnal ‘ )
When an operator seizes the triunk 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 1862, The sequence circuit also upon seiz-
ing a director circuit places ground on the lead
connected to the winding of relay 1800. The op-
eration of relay 1800 (1) operates relay 1804,
(2) extends a ground from the right-hand outer
armature of relay 1805 through the outer left-
hand armature of relay 1800 to cause the opera-
tion of relay 1806, (3) applies ground through its
right-hand armature (@) through the back con-
tacts of relays (807 and 1827 over conducior
1808 and conductor 2208 to the receiving con-
tacts 2200 and causes the -operation of start
magnet 2201 which permits rapid acceleration
of the motor by eliminating clutch drag, (b)
extends ground to the upper winding of the re-

- ceiving relay 1802 which biases this relay to
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spacing, (¢) extends ground over conductor 1809
to the stop pulse contact of the distributor 2202,
(@) extends ground to the left-hand winding of
relay 1810, causing this relay to operate provid-
ing the receiving relay 1802 is on its right-hand
contact due to a marking signal being received
from the loop repeater over the lead connected
to the lower winding of relay 18082, (e) extends
ground over conductor 1808 to the potentiometer
formed by resistances 2203 and 2204, which po-
tentiometer is later used 'in operating the polar
relays 2205, 2206, 2207, 2209 and 2210, (f) ex-
tends ground to the upper winding of relay 2211
which biases this relay to spacing (as shown),

“and (g) extends ground fo the inner left-hand

armature of relay 1805 which is later used to
start the “director ready” signal. -

Relay 1804 places battery on conductor IBII_
and starts the distributor motor 2212, the return
circuit being through cwrrent limiting resistance
2213 and the governor contacts which are closed
while-the motor is coming up to speed. Relay
1804 locks to ground on the conductor leading
from the relays, such as 1204 and designated in
Fig. 12 as conductor 1218, Therefore, the motor
is kept running under control of the sequence cir-
cuit as long as an incoming call is awaiting com-
pletion. Relay 1804 also supplies ground to the
armatures of the polar relays 2205 to 2210 over -
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its outer right armature and front contact and
this ground connection permits these relays to
lock in either direction until they may be oper-
ated. While the motor is attaining speed, the
distributor cams are successively operating, caus-
ing brief closures of each receiving contact in
turn. The polar relays will, therefore, operate
and lock in the spacing direction due to these
closures to ground.

The spacing locking paths of the polar relays
2205, 2296, 2209 and 2218 are through such re-
.sistances as 2214 and the winding of relay 2215.
Polar relay 2287 has a spacing locking path inde-
pendent of the winding of relay 2215 for a pur-
pose which will be hereinafter described. There-
fore, relay 2213 will operate as soon as any one of
relays 2265, 22986, 2209 or 2210 operates 1o spac-
ing. The operation of relay 2215 opens the oper-
ating path of relay 1812 to prevent its premature
operation.

Meanwhile, relay 18088, in operating, has in ei-
fect placed a sensitive relay 1843 across the gov-
ernor contacts and has prepared in advance a
path for operating the fast-operating relay 18907.
The operaticn of relay 1806 has also resulted in
the operation of relay 1814 in a circuit from the
outer left-hand armature of relay (8856, Relay
{814, in operating, prepares a path for sending
the director ready signal out over lead 18148, oper-
ates relay (815 and prepares a path for lighting
lamp {817 in case the director is timed out in this
condition. Relay (818, in operating, grounds
leads 1818 and {849 leading to the miscellaneous
alarm circuit as an indication that the director
has been moved off normal. Lead 1818 furnishes
the miscellaneous alarm circuit with information
about the apparent condition of the associated
trunk circuit. Relay 1816 also prepares to lock
to ground at the contacts of relay {805, prepares
a path toward lamps 1829, 1821 and 1822 and
provides a locking circuit for relay 1819.

Relay 1818, being operated at this time, pre-
pares to ground leads {855 and 1888 as soon as
the director ready signal has operated relay (861,
Relay 18i0 also prepares to light lamp 1822, in
case of trouble, to indicate that the incoming
marking signal has been registered.

Whila the motor 2212 is accelerating, relays
1800, &4, 1808, i8{a and 181§ are operated.
When full speed is reached, the governor contacts
open momentarily, removing the short circuit
from Tesistance 221§ and allowing relay 1813 to
operate through resistances 1825 and 2217, Re-
Jay 1813 is slow-releasing and, with the help of
condenser (828, holds over during momentary
governor contact closures operating relay 1801
as soon as the stop pulse contacts 2232 close.

Relay 1867, in operating, removes ground from
the receiving contacts and start magnet 22061,
latching the clutch and preventing further opera-
tion of the contacts. Relay 1807 locks through
the winding of and operates relay 1885 which, in
operating, applies ground to start the director
ready signal out over lead 18(5 to the loop re-
peater. The director ready signal consists of the
connection from ground, right-hand armature
and front contact of relay 1880, inner left~hand
armature and front contact of relay 1805, left-
hand winding of relay 1881, front contact and
outer left-hand armature of relay 1814, to con-
ductor 1815, 'This operates relay i89{ through
its lefti-hand winding, provided the lead (815 is
not in trouble. Relay 1805, in operating, also
(1) transfers the armature of relay (802 from
{h€ left-hand winding of relay 1810 to a circuit

31
extending through the back contact and right-
nhand armature of relay 1821 to conductor 1398
leading to the start magnet 2281 and the contact
2200 preparatory to receiving pulses from ‘the

5 loop repeater, (2) releases relay 1806 and (3)
provides off-normal ground on conductor 1828 to

a large part of the director circuit, including

locking ground for relay 1816 and ground on the

armature of relay 2211 through the back contact
and right-hand armature of relay 1829. Relay

{891, in operating, (1) closes a path to light lamp

{821 instead of lamp #1820, in case of trouble, to

indicate that the director ready signal has been

sent, (2) locks to ground on conductor 1828 and

(3) connects ground to conductors 1355 and 1856

to the miscellaneous alarm circuit to indicate

that, in case of trouble, the director should not
be taken cut of service. Relay (808, in releas-
ing, disconnects relay 18!3 from the governor
contacts, releases relay 1814 and transfers ‘the
stop pulse contacts 2202 from relay 1807 to the
operating winding of relay 2211 preparatory to
receiving pulses from the loop repeater. Relay

1814, in releasing, (1) continues the director

ready signal over an alternate path through the

back contact of its outer left-hand armature and
prepares & path to contacts of relays 1830 and

1834 for sending signals to indicate busy, out-of-

order or unassigned lines, (2) opens the operat-
ing path of relay 1816 which nevertheless remains
locked through its left-hand winding and (3)
transfers ground from the path to light lamp

{8i71 to a path to light lamps i821 and 1822.

After the director ready signal is sent, the fol-

“lowing relays are held operated: 1869, 1804, 1840,
i8i6, (807, i895, 180, 1802, (on its marking con-

tact) 2215, and the polar relays 22i{, 2205, 2206,

2207, 2209 and 2219 (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 22681 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 stc-
cessively operate the receiving contacts. The
motor speed and receiving contacts are adjusted
so that, at the time the first selecting puise of
-the character is received, the secondary winding
of relay 2210 is momentarily connected to the
armature of relay 1802, If the first pulse is
marking, relay 22i0 will operate and lock to its
marking contact. Similarly, the other polar-
ized relays 2209, 2207, 2206 and 2285 will, in turn,
be left either spacing or marking, depending
on the character of the following pulses. The
reception of the “Figures” character then pro-
ceeds as follows:
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] X Fan relays
Code elements Relay 1802 | Register relays operated

Marking__| 2210 marking_-__l 2222 and 2224

_________ do.......1 2209 marking_._._{ 2221 and 2223

"\ Spacing___| 2207 spacing_ ... [

Marking_ .| 2206 marking.__,l 2219
______________________ do__.___.| 2205 marking__ - 2218

With the polarized register relays operated as
above, it will be noted that none of the locking
paths of these relays pass through the winding

75
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of relay 2215. If any one is operated in the re-
‘versed 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 release. A momentary closure of ground by
the stop pulse distributor contacts causes relay
2211 to operate to its marking contact, overcoms
ing the effect of its bias to its spacing contact.
The timing condenser 2225 causes relay 2241 to
remain on its marking contact for .030 second
after the stop pulse distributor contacts open.
This allows time for the operation of relay 1812,
which operates if relay 2215 is at this time re-
leased and which locks to ground on conductor
1828 and prepares a path for operating relay
1832 when relay 2211 returns to its spacing con-
tact. In this way relay 1832 operates and locks
to ground on conductor 1828 and transfers the
marking contact of relay 2211 along to succeed-
ing counting relays in preparation for the regis-
tration of the next two digits. The reception
of “figures” has, therefore, set up a combination
of register relays locking direct to batteery in-
stead of through the winding of relay 221 5, there-
by unlocking relay 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 pre-
liminary “figures.” After the “figures” charac-
ter has been received, the following relays are
operated: 1800, 1804, 1810, I816, 1807, 1805, 1801,
2218, 2219, 2221, 2222, 2223, 2224, 1812, 1832,
1802 (to marking), 2210 (to marking), 2209 (to
marking), 2207 (to spacing), 2206 (to marking),
2205 (to 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 a’,ecipherz'_ng of the first digit

_The first digit of the subscriber’s number will
be repeated by relay 1862, broken up pulse by
bulse by the distributor contacts and recorded
by the register relays in much the same way as
the “figures” character was received, The po-
larized register relays will be operated in accord-
ance with the position of relay 18062 during the
reception of the corresponding pulses. In each
case, the operating winding of such polarized re-~
lays can quickly overcome the holding winding
but otherwise the relays hold in whichever di-
rection they are operated under control of the
off-normal ground on conductor 1828. The fol-
lowing table indicates the condition of the regis-
ter relay resulting from the transmission of nu-
merical characters. “M” indicates marking, “S,” -

spacing.
Character - -Relay condition
Lower Upper
case case R2210 | R2209 R22p7 R2206 | R2205

Figures Figures M A S M M
P 0 S M M S M
Q 1 M M M S M
W 2 M M S S M
E 3 M S S S

- R 4 8] M 3 M S
T 5 S S S S M
Y 6 M S M S M
U 7 M M M S S
I 8 S M M S S
[0} 9 S 8 S M M

It will be noted that whenjrela,y 2210 is on its
marking contact that fanning relays 2222 .and .
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2224 are operated. Similarly, the other fanning.
relays are operated when their associated regis- -
ter relays are on their marking contacts. "Also,
relay 2215 will be operated during the reception

of the first digit but performs no useful function
" after the “figurés” character has been received.

At the conclusion of the dot elements of the par-
ticular character sent, relay 2211 again operates
to marking and is again held to an additional
period of .030 second. - = . I R

_Let it be assumed that the call is being extend-
ed to the subscriber’s station shown.in Fig.. 4,
known as station No. 90. The first digit, there-
fore, will be the digit 9 having three successive

-Spacing signals followed by two successive mark-
"ing signals.

This will result, in the operation of
relays 2210, 2209, 2207 to their spacing contacts
and relays 2206 and 2205 to their marking con- -
tacts. As a result, relay 2218 is operated by re-

lay 2205 and relay 2219 is operated by relay 2206.
" Therefore, a connection can be traced from con-

ductor 2226 through the left-hand armature and
front contact of relay 2218, the right-hand ar-
mature and front contact of relay 2219, the inner
left-hand armature and back contact of relay

2220, the outer left-hand armature and back con-

tact of relay 2223, the outer right-hand arma-
ture and back contact of relay 2224 to conductor
2221. This latter conductor 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 winding of relay 2101, the
back contact and left-hand armature of relay
2102 to battery. In the other direction this bat-
tery connection will be extended over conductor
2226 through the back contact and inner left-
hand armature of relay 1833, the outer left-hand
armature and back contact of relay 1829, the
left-hand. armature and back contact of relay
1834, the back contact and right-hand armature
of relay 1835, the front contact and right-hand
armature of relay 1832 to the marking contact
of relay 22{1. When the stop contact 2202 is

.closed relay 2211 operates to its marking con-

tact and extends ground from the front con-
tacts and right-hand armatures of relay 1805
over conductor 1828 and the right-hand arma-
ture and back contact of relay {829 and eventu-

~ally over the right-hand armature and front con-

tact of relay 1832 to cause the operation of re-
lays 1836 and 2101. Relay 2101, which corre-
sponds to the tens group of the particular called
subscriber’s line, in operating locks in series with

~relay 2102 to a ground which may be traced from

the winding of relay 2102 over the back contact
and outer right-hand armature of transfer relay
1785 to ground on conductor (828, Relay 2102,
in operating, (1) removes battery from the op-

ing to relay 2101, preventing the operation of
another such relay on this call (2) causes the op-
eration ‘of relay 2180 and its companion relay
2103 which definitely Temove any one of the re- .

lays, such as relay 2101, from their associated

0 to 9 fanning-out léads and (3) closes a con-
nection' to conductor 2114 which later supplies
ground to -operaté the hold magnet of the link

circuit in case the line is idle. Relay 1836, in .

-operating, prepares a path for the operation of

relay 1835, When the polarized relay 2211 re-
turns to its spacing contact after .030 second, re-
lay 1835 will operate and ground will be sup-
plied fo a contact on relay 2101, in a circuit from

‘the ground supplied for the operation of relay



2,340,599

1835 over the back contact and inner right-hand
armature of relay 1785, front contact and left-
hand armature of relay 2101 to the windings of
relays 2185 and 2186 associated with the partic-
ular tens group of the called subscriber’s line.
Relays 2105 and 218§, in operating, connect the
fanning-out leads 0 to 9 to the 0 to 9 leads of
the particular tens groups of subscribers’ lines.
The relay 835, in operating (1) locks to ground
on conductor 1828, (2) opens the operating paths
of relays 1838 and 210! and prepares a path for
the operation of relay 1831, (3) connects ground
to lead 1803 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 following relays are op-
erated: (808, 1804, 18i0, (816, {807, 1805, 1801,
1812, 1832, 1836, 1835, 2101, 2102, 2100, 2103,
2105 and 2106. Relay 1802 is marking, relay 2211
is spacing and, in the particular case described,
relays 2210, 2289, and 2207 are spacing and re-
lays 2206 and 2285 are marking and relays 22i8
and 2219 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 case, we are as-
suming that the second digit is 0. Therefore,
relay 2219 will be spacing, relays 2289 and 2207
will be marking, relay 2206 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, g con-
nection can be traced from conductor 2226
through the left-hand armature and front con-
tact of relay 2218, the back contact and right-
hand armature of relay 2218, the outer right-
hand armature and front contact of relay 2220,
the right-hand armature 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
17193 and thence to the outer left-hand armature
of relay 21G5.

Relay 221{ operates to ifs marking contact
while the stop segment is grounded and thereby
causes the operation of relay 183%7. Relay 1837,
in operating, (1) establishes a connection from
ground, the lower winding of relay {802, resist-
ance 1828, the front contact and outer left-hand

armature of relay 1837, resistance 2228 to bat-

tery to prevent any additional incoming impulses
from being registered, (2) locks to ground on
conductor {828 and (3) opens the original op-
erating paths of relays 1835, 2185 and 2105 and
prepares a path for the operation of relay 1834.

When the polarized relay 2211 after .030 sec-
ond refurns to its spacing contact, it causes the
operation of relay {828, This relay, in operating,
(1) connects battery through the windings of
relays 1839 and {848 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 1823, ihe inner left-hand armature
and back contact of relay 1833 to conductor 2228
which may be traced to conductor 2190 and
thence: to conductor 628 individual to the called
subscriber’s line and (2) causes the operating of
the slow-acting relay 184{. It will be noted that,
as usual, the polarized registration relays remain
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locked in the direction in which they were last
operated. ‘
Testing subscriber’s line

The connection of battery through the relays
1839 and 1840 to the particular called subscriber’s
line enables these two relays to determine if the
individual lead 698 to the subscriber’s line is ter-
minated in a direct ground which causes the op-
eration of both relays {839 and: 1848 or a high
resistance ground which results in the cperation
of relay 1839 only and denotes an out-of-order
condition. In-case no ground is available, neither
relay {8239 nor {840 operates. This test takes
place during the slow-operating time of relay
1841 which begins to operate when relay {834 op-
erates. As soon as relay 1841 operates, off-nor-
mal ground on conductor (828 is connected to:
the armature of relay 1838.

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 re-
lays will be operated and ground connected to the
armature of relay 84§ will cause the operation of
relay 1829. Relay 1829, in operating, (1) removes
relays 1839 and 1840 from connection to the sub-
scriber line lead, in this case conductor 6990, and
replaces such relays by relay 1842, (2) causes the
release of relay 1834 by opening the connection
to the armature of polarized relay 2211, (3) pre-
pares a path for the operation of relay {830, and
(4) locks to ground on conductor 1828. The re-
lease of relay 1834 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 relay 1841 is operated, giving
relay 1842 an opportunity to determine which of
relays 1843 and 1830 shall be operated. During
this time ground is connected through the wind-
ing of relay 2307 in the miscellaneous alarm cir-
cuit, through conductor 2312, conductor 2414, the
front contact and right-hand armature of relay
2102, the inner left-hand armature and back con-
tact of relay 17102, winding of relay {842, the front
contact and outer left-hand armature of relay
1829, the inner left-hand armature and back con-
tact of relay 1833 and thus over a path previously-
traced to the subscriber’s individual lead 680.
Under the assumed condition. of the subscriber’s
line being idle, battery on the winding of relay
803 of the cross-bar switch permits relay 1842
to operate, but due to the high resistance of the
circuit relay 803 remains unoperated. Relay
1842, in operating, opens the operating path of
relay 1830 and closes a path to operate relay
1843. When relay (841 releases, ground supplied
over conductor 1828 is connected to the armature
of relay {842 through the back contact of relay
1841 so that now the circuit for the operation
of relay 1843 is completed: and this relay oper-
ates. Relay (843, 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 1838. With the winding
of relay 1842 short-circuited, ground supplied by
the miscellaneous - alarm ecircuit conrected
through the fanning-out relays of the director
circuit and thence over conductor 680 will cause
the operation in the link circuit of relay 953. -

The subscriber will, therefore, be connected to
the trunk circuit which will funection to release
the sequence circuit. The sequence circuit in
turn will function. to remove the ground on the
conductor leading to relay 1808. Relay {888
therefore releases, (1)  removing off-normal
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ground from various parts of the circuit includ-
ing relays (807 and 1805, and (2) releasing relay
1804 unless conductor 1218 leading to the inner
right-hand armature of relay 1804 is held
grounded, indicating that another inward call is
awaiting completion. Relay 1805, in releasing,
removes off-normal locking ground from g con-
siderable part of the circuit. If relay 1804 re-
leases, the motor 2212 will be stopped and all re-
maining parts of the circuit will be deenergized.
If, however, relay 1804 is held operated, the mo-
tor is kept running and the polar relays 2205,
22086, 2207, 2209 and 2210 and the associated fan-
ning-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 op-
eration will be as previously described except as
follows: Relay 1813 how -operates immediately,
since the motor is running at full speed, and re-
lays 1807 and 1805 follow at once upon receiving
the closure of the stop pulse contacts 2202. Be-
fore this stop pulse is reached, the polar relays
may be operated to spacing through the back
contacts of the relay 18017, but in any case the
circuit waits to receive “figures” before proceed-
ing 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 (839
and 1840 to the individual lead 699 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 re-
lay 18398 quickly operates but relay 1840 is mar-
ginal and only operates on direct ground. Re-
lay 1839, in operating, prevents relay 1829 from
operating and therefore relay 1834 remains op-
erated, keeping 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 1831. Relay
1881 (1) applies the ground to start the produc-
tion of “K” or “Q” characters by polarized re-
lays 1844 and 1845, and (2) connects the mark-
ing contact of relay 1844 to the outward trans-
mission path which may be traced from the
right-hand contact of relay (844 through the
outer left-hand armature and front contact of
relay (831, the normal contacts of the ocuter
right-hand armature of relay 1838, the back con-
tact and outer left-hand armature of relay 1814
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
1846 and 1847, 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 1848 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 repeat-
ed, the lower winding tending to make the arma-
ture return to its left-hand contact while the
condenser in charging holds it to the right-hand
contact until its effect is overcome. The con-
denser and potentiometer resistances are so pro-
portioned that relay 1845 will pulse at about 9
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cycles per second if resistance 1850 is in circuit
or 11 cycles per second if resistance 1859 is short-
circuited. "As will be seen later, if the line is busy
the relay 1840 being operated and therefore in-
cluding resistance 1850 in circuit, will cause relay
1845 to pulse at about 9 cycles per second. If,
on the other hand; relay 1849 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 operats to its right-hand contact due
to current in the lower winding. This sends a
marking signal over the outward transmission
path lead 1815, However, when relay (345
reaches its right-hand contact condenser 185
will discharge through the upper winding and re-
sistance (85Z and cause the relay to leave its
right-hand contact for one pulse length (ap-
proximately .022 second). Relay 1844 then re-
turns to its right-hand contact and after relay
1845 opens its right-hand contact condenser 85
is recharged through resistances {853 and 1854,
Since relay (844 is pulsing continucusly, relay
1844 will send out a spacing pulse of .022 second
each time relay 1845 closes its right-hand con-
tact. In this way relay 1845 drives relay (844 at
either 9 or 11 cycles per second, sending “K” sig-
nals if the line is busy and “Q” signals if the line
is out of order. These characters are trans-
mitted over the line and printed 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 circuit func-
tions as hereinbefore described. When, however,

" the relay 1842 is applied to the individual lead of
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the called subscriber’s line, as indicated heretc-
fore, ‘battery is not available on such lead snd
relay 1842 fails to operate. ‘'When, therefore, re-
lay 1841 releases, off-normal ground will be con-
nected to relay {830, causing it to operate instead
of relay 1843 as heretofore. With relay (838 op-
erated, ground is placed on relays (844 and 1845
and their 'associated apparatus and relay 1838
transfers the right-hand contact of relay 845
from resistance (852 direcily to the ocutward path
over conductor {815. Under these conditions, re-
lay- 1845 -pulses at approximately 11 cycles per
second, since relay 1840 is unoperated and the re-
sistance 1850 is short-circuited. Resistances
1848 and (847 are so proportioned that the right-
hand contact of relay 1845 will be successively
closed and opened at intervals of approximately
.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 se-
lected. The operator, upon receiving the un-
assigned signal, disconnects the calling cord plug

‘from the trunk jack at the distant 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 1808. The circuit is then
restored to normal as hereinbefore described.

Failure of the director circuit—General

When a trunk circuit on an inward call obtains
the permission from the sequence circuit to route
the call, the miscellaneous alarm circuit begins
counting time. Ordinarily the alarm circuit will
time out in two seconds but if the director circuit
has grounded conductor 1819 indicating that it
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has moved off normal, the miscellaneous alarm
circuit extends the timing out to four seconds.
Then if the director ready signal is sent, as here-
inbefore described, relay 1881 in operating
grounds conductor 1855 causing the miscellaneous
alarm circuit to extend the time allowed for han-
dling 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 prevents the re-
moval of the trunk circuit from service.

Failure to move a director off normal

If after two seconds relay 1818 has not ground-
ed conductor {819, indicating that the trunk cir-
cuit hag failed to start a director off normal, the
alarm circuit removes the trunk from service.
The removal of the trunk of course removes any
connection from the director to that trunk, per-
mitting the director to continue to handle calls.

Failure of the director motor to atiain speed
In this case it is assumed that relay (86 has

operated and grounded conductor 1818 causing -

the miscellaneous alarm circuit to permit an
elapsed time of four seconds but that relay 1895
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 1814 in operating caused relay 1816 to oper-
ate and place a ground on conductor {8i8. In
this case the alarm circuit after four seconds
places o ground on the conductor leading to relay
1833 thereby causing this relay to operate. Relay
1833 in operating (1) locks under control of the
release key {857, (2) operates relay 1827, (3)
grounds lead {858 to indicate to the miscellaneous
alarm circuit that the director is locked, (4) con-
nects ground to relay 1800 to hold the director
in timed-out condition and (5) opens the fan-
ning-out common lead 2226 to relay 2218.
Relay 1827 in operating (1) opens conductor
1819, (2) connects battery to lamps 1817, 1820,
§82{ and 1822 which in this case causes lamp 1847
to light indicating the type of trouble and (3)
places battery potential on magnet 2201 of the
distributor to prevent the distributor from run-
ning open. Meanwhile, since conductor 1818 is
grounded, the miscellanecus alarm circuit places
the trunk back into service after removing it tem-
porarily, disconnects the trunk from the director
which of course has no effect on the stuck direc-
tor and then if the sequence circuit has returned
to normal places a ground on the transfer lead
{706 thereby operating transfer relays {780 to
1705, inclusive, and thus rendering director No. 2,

jindicated by rectangle 2314, effective in place of

the director shown in detail in Figs. 17, 18, 21 and
22. If director No. 2 was the director that was
sent into the stuck condition the transfer lead
1708 would have already been grovnded and in
this case the alarm circuit removes the ground
on the transfer lead placing director No. 1 into
service. New inward calls are completed by the
newly connected director.

Failure of the director ready signal to reach asso-
ciated loop repeater or failure of registrafion of

mark signal sent by trunk circuit to distributor -

circuit

In this case it is assumed that the distributor
has attained speed and that relay 1885 has oper-
ated but the circuit by which the director ready
signal was to be sent was opened somewhere be-
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fore reaching the associated loop repeater or in
any case the relay 1891 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 {810 from
operating. These two troubles could occur on the
same call. In any case, after four seconds the
miscellanecus alarm operates relay 832 and in
turn relay 1827, as hereinbefore described, except
that since neither conductor (818 nor 1858 is
grounded the alarm circuit proceeds to lock the
trunk as well as the director out of service. Relay .
1827 in operating causes telltale lamps to light as
follows: Lamps 1828 and 822 lighted indicate
director ready signal failure, lamp {821 lighted
indicates failure to register the incoming mark
and lamp {828 alone lighted indicates a combi-
nation of both types of trouble, The alarm cir-
cuit meanwhile proceeds to place the other di-
rector into service.

Returning “stuck” director to service

After the trouble is cleared the director can be
made available by momentarily operating release
key 1857 which removes holding ground from
relay (800 and marking ground from relays 1827
and 1833 returning the circuit to normal.

Miscellaneous alarm circuit

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

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

2. On an 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 trunk alone or in
any 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 g minor
alarm flash on a trunk lamp and to cause the
removal of a particular trunk circuit from serv-

5 ice. In case the miscellaneous alarm circuit de-

termines that any of the other cireuits in use on
the particular call are in trouble, the circuit is
arranged to light a lamp 2389 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 0 normal and to light a lamp 2498 and to
bring in a major alarm if it fails to do so within
g half second.

4. On an inward call to the local subseriber
the miscellanecus alarm circuit begins timing
as soon as the inward call has received prefer-
ence from the seguence circuit, being arranged
to time the interval required to obtain a director
circuit and to give an alarm if this period exceeds
two seconds. In this case the miscelianeous
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alarm -circuit is arranged to cause-the removal

from service of the trunk in trouble,: flash the

lamp associated with the trunk and at the same

time to light lamp 23088 and.to bring in a minor

The alarm circuit continues to fvmctwon
as ‘n"‘ca ed in pa;agraph 3 above.

5. When informed over conductor {812 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 §8%5. The director places ground on con-
ductor {885 if the distributor motor has attained
speed, if the director ready signal reached the
associated loop repeater and if a mark signal sent
over the trunk from the central office has been
registered in the distributor circuit.
© 6. If the miscellaneous alarm circuit times out
hefore conductor 1855 is grounded but after con-
ductor. 1818 was grounded the alarm circuit 1s
arranged;

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

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

-¢. After the director has been locked up in a
“stuck” condition to remove the trunk circuit
from service under control of a key and cause a
laxnp associated with this trunk to flash or if
the conductors 1818 and {855 are grounded when
the alarm circuit times out to remove the trunk
circuit from service temporarily under control
of a2 mark signal sent from the central office caus-
ing a lamp associated with the trunk to light
steadily. ‘

d. After allowing approximately one-half sec-
ond during which the director has been locked
on a “stuck” condition, the miscellaneocus alarm
circuit is arranged to test for failure of the se-
quence circuit to release and to bring in an audi-
ble major alarm and light lamp 2400, if the se-
quence circuif fails to release.

e. If the sequence circuit 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 #1855 is grounded the mis-
cellaneous alarm circuit permits the director cir-
cult ten seconds to complete all its functions.

8. If the miscellaneous alarm circuit times out
after ten seconds the alarm circuit is arranged to
function as follows:

. Removes the trunk c1rcmt used on the par-

alagrm,

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.

. After approximately one-half second test
for failure of the sequence circuit te release and
if the sequence circuit fails to release brings an
audible major alarm and lights lamp 2480,

S. 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 manua]
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.
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© 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 mag-
net of the cross-har 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
indicate the trouble condition and with keys to
release the locked-in trouble indication and also
an alarm cut-off key which prevents the alarm
circuit from timing out.

14. This circuit is arranged to light lamp 2315
as an indication that a selector magnet of the
link circuit has operated.

15. This cireuit is arranged to prevent the di-
rector 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
& major alarm and light either lamp 2316 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 re-
lay 2366. Relay 2308 in operating (1) removes
ground from the contact of key 2481 to prevent
manual transfer from director { to director 2,
(2) causes the operation of the common start
relay 2806 and (3) furnishes ground to supple-
ment one cn 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
Turther use of the sequence circuit on a new call,
connects locking ground to the time measuring
relays and connects a sixty-interruption per
minute interrupter 2318 to relay 2402 which fol-
lows the one-half second open, the one-half sec-
ond close interrupter.

The interrupter relay 2402 works three sets
of counting relays, the first comprising relays
2493 and 2404, the second comprising relays 2405
and 2406 and the third comprising relays 2407
and 2408, ' The action of these relays is well
known and therefore no detailed description will
be given. The complete cycle of cperations of
the counting relays 2403 and 2404 start with one
clesure 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 con-
nection of the interrupter 2318 to relay 2492 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. Assumlng hereafter, that the opera-
tion of the common start relay 2305 which con-
nects the interrupter 2318 to the relay 24062
oceurs exactly 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 op-
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erates at what may be termed zero time, relay
2404 operates at the end of one-half second, re-~
lay 2403 releases at exactly one second, relay
2408 releases at exactly one and one-half seconds
and relay 2403 again operates at exactly two
seconds. :

Relay 2483 is therefore regularly operated for
one second and released for one second and re-
lay 2464 is also regularly operated for cne sec-
ond and released for -one second. Relay 2485
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 cne-half
seconds and released at the end of six-and one-
half seconds. Relay 240€6 will be operated ac
exactly one second and released at exactly three
seconds, again coperated at exactly five seconds
and released ab exactly seven seconds. Relay
24087 will be operated at exactly two and cne-
half seconds, released at six and one-half sec-
onds and again operated at -ten and one-half
seconds and relay 2808 will be operated -at ex-
actly three seconds, released at exactly seven
seconds and again -operated at exactly eleven
seconds -and relay 2489 will come into operation
at exactly six and -one-half -seconds.
. Providing the relay 2386 and therefore the
commen start relay 2353 are still operated at the
two-second point when relay 24083 again operates;
a circuit may be traced from the winding of
relay 2348, the inner upper armature and back
contact-of relay 2328, the back contaci and-outer
upper armature of relay 2464, the front contact
and -outer upper armature of relay 2403, the
front-contact and upper outer armature of relay
2486, -the back contact and lower armature of
relay 2321, the back contact and -oufer upper
armature-of relay 24§38 to conductor 24{4 which
is grounded through the front contacts and in-
ner-armatures of common start relay 2365, The
operation of relay 2318 (1) closes the operating
winding of relay 2412 through its front contact
and inner upper armature and the inner upper
armature and back contact of relay 2322, the
outer upper -armature and back contact of relay
2321 to ground, (2) connects-ground -available on
the contact-of the start relay 2368 through its
inner lower armature and front contact-through
the inner lower armature of relay 238 to hold
relay 2501 .operated and (3) opens at its lower
ocuter armature and back contact a path which
may extend through the inner upper armature
of relay 2321 to the winding of transfer relay
2413. Relay 2322 and relay 2321 being unoper-
ated ab this time, relay 2442 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 2323, the front contact and up-
per outer armature of relay 2488, the front con-
tact and upper outer armature of relay 24086, the
back contact and lower armature of relay 232§,
the back contact and outer upper armature .of
relay 2419 to ground on conducior 24if. Relay
2412 in operating through its front coniact and
cuter lower armature places a. .supplemental
ground on the winding of the common start re-
lay 2365. Relay 2412 also prepares a path for
testing the subsequent release of the sequence
circuit and extends the ground from the contacts
of relay 2306 through its middle upper armature
and front contact to the lower armature of relay
2301,

During the routing of the cutward .cail.the
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distant end and awaits the reception of ring-
ing sent automatically irom the distant -end. If
this calling-in signal is not received at the-dis-
tant end due to a faulty conductor or if the call-
ing-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 1108 would continue ‘to keep relay 2301
operated causing it to lock the moment the re-
lay 2319 operates.  Therefore, the ground fur-
nished by relay 2366 and directed fo the con-
tacts of relay 2301 by means of relays 2319 and
2412 can be applied to conductor 2334 leading -
to a contact on the start relay of all trunks. The
ground will also be extended through the outer
upper armature of relay 2381 to the upper wind-
ing of relay 2323. Relay 2323 operates and causes
the minor alarm lamp 2324 to light and to lock
in through the release key 2841. ‘Ground on lead
2334 operates relay 2303 which releases the se-
quence circuit chain by opening the main se-
quence circuit ground chain at its contacts, there-
by causing the removal of the particular trunk
circuit from service. This will permit the sub-
seriber’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 re-
turn to normal and remove battery from the lead
to relay 2366 causing this relay to release and'in
turn release the common starg relay-23ud. 'The
common start relay will release all counting re-
lays 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 2304
of the miscellaneous alarm circuit would be nor-
mal when relay 23i9 operated and ground avail-
able at the contact of relay 23066 directed to the
contacts .of relay 2381 by means of relays 2318
and 24i2 would be applied over the lower arma-
ture and back contact of relay 2381 to conduc-
tors 2326 and 2321, connecting respectively to
conductors 12171 and (218, for the operation of
such relays as {201 and {283. This ground would
also be extended over the upper. outer armature
and back contact of relay 23081 to the winding of
relay 2328, causing this relay to operate and light
the minor aglarm lamp 23089 under control of re-
lease key 2328. ‘Giound on conductor 2326 will
extend through conductor 1217 to conductor 1814
where it will operate a relay such as 1809 to re-
move from outward service the particular sub-
group of subscribers.containing the calling sub-
seriber. In either case, after a half second has
elapsed, relay 2402 again releases, causing the
operation of relay 2464 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 2306. TIf, therefore, in the half sec-
ond that relay 2493 was operated alone and in
which relays 2319 ang 24i2 function to apply
ground-to-the-'contacts-of relay 2301 and inwhich
an attempt was made to Iree-‘the sequence cir-
cuit, relay 2206 did not ‘release ground on its
front contact would cause the operation of re-
lay 2814 -as -scon ‘as relay 2319 released. Relay
2414 would lock under-control of key 2415, light
lamp 2400 -and bring in-a major alarm as an-in-
dication that the . sequence circuit itself was in
trouble. If, however, relay-2306 released-during
this interval, the miscellaneous alarm waits for
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another one-half second until relay 2433 releases,

which permits the release of relay 2412. The re-.

lease of this relay removes the ground from the
winding of the common start relay 2805 which
now, in releasing, removes the sixty interruption
per minute interrupter 2318 from the winding
of relay 2482, removes the locking ground from
conductor 2411 to the time measuring relays and
reconnects ground to conductor- 2338, being the
main ground in-the sequence circuit chain, thus
permitting the sequence circuit to handle a new
call. T e - Sl
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-
cuic- to normal except for the locked-in trouble

indication and thus permitting the alarm circuit

to handle the timing of a new call. - As indicated
in this paragraph, relays 2328, 2323 and 2414 will
remain operated depending upon -the  type of
trouble the miscellaneous alarm circuit has dis-
covered. 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 asso-
ciated with it a release key such as key 2329 asso-
ciated with relay 2328, the .operation of which
after the trouble has been cleared eliminates the
locked-in trouble -indication. Restoring the re-
lease key such as key 2331, extinguishes the trou-
ble indicating lamp provided the locked-in trou-
ble indicating relay has been released. With
the trouble indicating lamp extinguished the cir-
cuit has refurned to normal.

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

When a trunk circuit on an inward call receives
permission to use the sequence circuit, battery
supplied to the conductor leading to start relay

230§ causes the operation of this relay which in p

turn results in the operation of the common start
relay 2385. The operation’ of the common start
relay permits relay 2402 to operate periodically
and thereby cause the functioning of the count-

ing relays 2408 to 2408. If after approximately ;

two seconds when relay 2486 operates, 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, fol-
lowed by the operation of relay 2412. If relay
2806 is still operated at this particular time
ground on its contacts directed by means of re-
lays 2319 and 24i2 to relay 2381 will be applied
to conductors 2326 and 2327 leading to conduc-
tors 1217 and 1218 of the sequence circuit. This
will result in the removal of the particular trunk
used in originating the call from service and at
the same time permit the operation of relay 2328
as hereinbefore described. Thereafter the mis-
cellaneous alarm circuit functions exactly as de-
scribed above under the condition when it timed
out a period in excess of two seconds on an
outward call in which the trunk circuit 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 ener-
gized by the sixty interruption per minute inter-
rupter {403 which, together with the lamp 2309
and minor alarm, will serve to indicate the type
of trouble. :
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Timing the interval used by the sequence circuit
when conductor 1819 alone is grounded

When the sequence circuit is seized, relay 2306
operates, causing in turn the operation of com-
mon start relay 23085. As described before, the
common start relay connects interrupter 2318 to
the counting relays for the purpose of counting
the interval. Under the assumption that lead
£819 from the director circuit has been grounded,
relay 2332 operates and (1) connects conductor
2333 extending from the winding of relay 1833
through the back contact and upper outer arma-
fure 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 2366, (4) con-
nects the operating path of relays 2416 and 2417
to contacts of relay 2348, and (5) causes the op-
eration of relay 282(. The operation of relay
2521 connects conductor 2325, which is an exten-
sion of conductor 1858 leading to relay 1821, to
the contacts of relay 2318, 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 22320 which, among other things,
places ground on the upper outer armature of
relay 2408 of the third counting relay combina-
tion. Relays 2403 to 2408, 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 being oper-
ated, ground furnished by relay 2320 will cause
the operation of relay 23{8. The circuit for this
may be traced from battery, the winding of relay
2319, the inner upper armature and front con-
tact of relay 2320, the front contact and outer
upper armature of relay 2404, the front contact
and outer upper armature of relay 2403, the
iront contact and outer upper armature of relay
2408, the outer upper armature and front contact
of relay 2328 to ground on the contacts of the
common start relay 2385. Relay 2318, in operat-
ing, (1) connects ground to conductor 2830 lead-
ing to the director circuit where it causes the op-
eration of relay 1833 which results in bringing
the director into a “stuck” condition, (2) con-

5 hects relay 2412 to conductor 2325, (3) causes

the operation of either relay 2416 or 2411 depend-
ing upon the director in service, and (4) opens
the operating path of relays 2413 and 24(8. The
operation of relay 2417, assuming director No. [
to be in use, results in the locking of the relay
operated under control of its associated 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 later.

After the director circuit is locked in the
“stuck” condition ground. is placed on conductor
2325 which causes the operation of relay 24i2.
This relay, in operating, (1) locks under control
of relay 2404, (2) places a supplementary ground
on the winding of the common start relay to hold
it operated, (3) connects ground under control of
the start relay 2306 through the contacts of re-
lays 2304 and 2319 to the leads 2326 and 2327 to



2,340,599

the sequence circuit, and (4) helps prepare a path
for the testing of the failure of the sequence cir-
cuit to release and for transferring the directors,
both of which functions take place in the next
one-half second. If, however, lead #1818 or 1856
from the director circuit had been grounded so
as to cause the operation of relay 2338 at the mo-
ment that relay 2319 operated, relay 2838 would
have operated and ground extended to conductor
2828 would now ke also extended to conductor
23271. With both leads 2326 and 2327 to the se-
quence circuit grounded, the trunk circuit is tak-
en out of service permanently under key control,
but if the director circuit has so requested, the
operstion of relay 22336 will permit the grounding
of only conductor 2328, in which case the trunk
circuit will be removed from service temporarily
under control of the mark signals received from
the distant central office. In either case, how-

ever, the sequence circuit in taking the frunk out 2

of service releases, removing battery from the
conductor leading to start relay 2386 and caus-
ing the release of this relay. All this occurs with-
in a half second and at the conclusion of this, re-
lay 2403 releases, causing the release of relay
2318 but relay 2412 still remains locked up for an
additional ons-half second. With relay 2318 re-
leased, if for some reason or cther relay 238§ is
still operated, indicating, of course, that the se-
quence circuit has failed to release, ground fur-
nished by the start relay 2388 through the back
contacts of relay 2819 and the front contacts of
relay 24812 causes relay 2414 to operate and lock
under control of its associated release key and to
bring in a major alarm in addition to a lamp in-
dicating that the sequence circuit failed to re-
lease. With relay 2336 released, however, ground
furnished by relay 2£42 through back contacts of
relays 2322, 2386 and 2319 and front contacts of
relay 2321, which is still locked up under control
of the common start relay, is eonnected to the
upper outer armature and back contact of relay
2818 gnd thence through the lower operating
wincing of transfer relay 2412.

If rvelay 2418 is normal, indicating that director
No. 2 is available, this ground causes the opera-
tion of the transfer relay 2412 which locks tnder
contrel of relsy 2417 and places a ground through
its front contact and uppser outer armatlre on the
conductor leading therefrom to conductor §786
where it is instrumental in causing the operation
of the transfer relays {788 to {705, inclusive,
thereby replacing director No. 1 by director No. 2.
If relay 2418 is operated and relay 2417 is normal,
indicating that director No. 1 is satisfactory and
available, relay 2418 operates, causing the release
of relay 2413 which removes ground from conduc-
tor {788 and places director No. 1 in service in-
stead of director NWo. 2. In transferring to the
new director, all leads to the old director from
the alarm circuit are opened, causing the release
of relay 2337 and relays 2335 and 2338, if oper-
ated. If both the relays 2418 and 2487 are oper-
ated when conductor 24{8 is grounded, indicat-
ing that both directors are in trouble and not
availabie, ground on this conductor causes the
operation of relay 24{8 which locks under control
of its associated release keys, brings in a major
alarm and lights a lamp 2428. The operation of
relay 2448 also removes holding ground from re-
lay 232! and the locking path of the common
start relay which was prepared by relay 2332
while it prevents the “stuck” director from inter-
fering with the placing and timing of outward
calls. At the conclusion of the additional. one-
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half second relay 2484 releases, causing the re-
lease of relay 2319 which in turn removes the ad-
ditional holding ground from the common start
relay. The common start relay 2305 in releasing
(1) causes relays 2321 and 2328 to release, (2)
opens the holding ground to the counting relays,
(3) -disconnects the interrupter 2318 from relay
2402, and (4) reconnects ground to conductor
2339, making the sequence circuit available.

Extension of the timing interval if conductor 1855
is grounded

If the director circuit places ground upon con-
ductor 885 relay 2313 operates and locks under
control of ground furnished by the commeon start
relay 2385. Relay 2318, in operating, causes the
release of relay 2328 and this, in releasing, re-
moves ground from the outer upper armature of
relay 24038. The time counting circuit compris-
ing relays 2402 to 2489, inclusive, therefore, con-
tinues to count time until ten seconds have
elapsed, at which time relays 2489, 2488 and 2403
are operated, and ground furnished by relay 2489
through the contacts of the others causes the op-
eration of relay 2319. Therefore, if the miscel-
laneous alarm circuit is off normal the absence
of ground on conductor {848 causes it to time out
and operate the relay 239 in two seconds. The
presence of ground on conductor 1819 causes the
alarm circuit to time out in four seconds, the ad~
ditional presence of ground on conductor §855,
causing the release of relay 2329, permits the mis-
celianeous alarm circuit an interval of ten sec-
onds before it operates relay 2318.

Timing out after an interval of ten seconds

As indicated in the previous paragraphs, the
slarm 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 excecded. On an inward call the director
makes g preliminary study of its own condition
and if satisfied, places a ground on leads 1885
and 1858, causing the operation of relays 2313
and 2335.

Relay 2335 causes the operation of relay 2336
and reiay 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 2321, the alarm cir-
cuit in case it does time out must return the di-
rector back to service and only remove the trunk
temporarily from service. When, therefore, the
miscellaneous alarm circuit has counted out an
interval of ten seconds, relays 2489, 2466 and
2403 being cperated, ground furnished by relay
2408 causes relay 2318 to operate. Relay 231§
causes the immediate operation of relay 24i2
from ground on relay 2322.  Relay 2412, oper-
ated, locks under control of relay 2483, places
a supplementary ground on the winding of the
common start relay 2385, prepares an cperating
path for relay 2444 and connects ground to con-
ductor 2826. Ground on this conductor is used
in the sequence circuit to disconnect the director
from the trunk circuit, returning the director to
normal, freeing the sequence circuit and remov-
ing battery from the conductor connected to
the start relay 2386, while a characteristic out-
of-order signal is connected to the trunk in-
volved in addition to steady lighting of the red
trunk lamp §226. If the director returns to nor-
mal and battery is removed from the conductor
leading to the start relay, both relays 2332 and
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2306 return to normal. Affer one-half second
has elapsed relay 2404 operates and relay 2319 re-
leases. If the start relay 2306 has not released by
the time the relay 23{9 releases, the sequence
alarm is given as indicated above. If, however, the
start relay has released, the alarm waits for an-
other one-half second until relay 2403 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, 2313,
2336 and 2322 to release, disconnects the inter-
rupter from relay 2402 and the holding ground
from the time counting relays, releasing all of
them and connecting ground to the chain lead
thus returning the circuit to normal and in a
position to permit the routing and timing of 2
new call,

Manual transfer of directors

The operation and release of key 2431 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 2401 to the position shown
will remove director No. 2 and replace it by di-
rector No, 1 provided director No. 1 is available
and not in trouble and provided a call is not be-
ing routed through the office.

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

Due to the inherent design of the cross-bar
switch the directing finger actuated by the se-
lecting magnet “chatters” on being operated.
To prevent the hold magnet, therefore, from
snagging 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 982
which extends to conductor 23062 and thence to
relay 2300. Relay 2300 is slow to operate but
when it does move its armatures it extends
ground to the winding of relay 2307, thence
through normal contacts of relay 2348 to conduc-
tor 2312 which eventually operates a hold mag-
net after a time sufficient to permit the directing
fingers permanently to come to rest. The oper-
ation of relay 2308 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 mag-
net is operated, The application of ground to
conductor 2312 causes both the hold magnet and
relay 2807 to operate in series. Relay 23017, in
operating, causes the slow -operating relay 2310
to operate, locking to ground on the contact of
relay 2307 and then increasing the resistance to
ground in the lead 23i{2 by the resistance 2311.
The hold magnet, therefore, has closed its lock-
ing contact and, therefore, locks in series with
the sleeve relay of the trunk circuit. When
the selecting magnets return to normal ground
is removed from conductor 902, relay 2360 re-
leases and this in turn releases relays 2307 and
2310, extinguishing the lamp 2315 and ground-
ing conductor 2337, returning the circuit to nor-
mal,
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Function of lamps and keys

The miscellaneous alarm circuit is equipped
with an alarm cut-off key 2338 which upon being
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 2349 as an indication
to the maintenance man whenever the sequence
circuit is off normal. Relays 2328, 2323, 2314,
2411, 2416 and 2410 have associated with them
a release alarm key which silences an audible
alarm, permanently locking the lamp indicating
the type of trouble. The illumination of lamp
2308 is an indication that the subscriber line
circuit or subscriber line eguipment on an ouf-
ward 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 continu-
ity of the two trunk conductors has been found
in trouble. The operation of lamp 2409 is an in-
dication that the sequence circuit failed and is
in trouble. The operation of lamp 242{ or lamp
2422 indicates the particular director in trouble
and the operation of lamp 2420 indicates that
both directors are in trouble. After the main-
tenance man has cleared the trouble indicated,
the miscellaneous alarm circuit is brought to nor-
mal 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 re-
lease key associated with the particular alarm.
This causes the release of such relays as 2328
and 2323 that were operated, removing both aud-
ible and visual alarms.

Sequence baitery 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 2304 remains operated from battery sup-
plied by relay 2303 through the battery chain of
the sequence circuit. With both relays 2341 and
2304 operated, the plate and filament voltages
for the vacuum tube 2242 remain unconnected
while 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 2304 releases, depend-
ing upon the particular chain affected. With the
sequence circuit in use during the routing of a
call both of these relays also release. With
ground removed from the grid terminal of the
tube and filament and plate petential applied by
the release of either or both of the relays 2344
and 2364, the grid immediately assumes a nega-
tive potential relative to the filament and no
plate current flows. A positive charge leaking
through resistance 2344 gradually raises the po-
tential of the condenser 2343 and also continues
to alter the potential of the grid. After approx-
imately forty-five seconds the grid having
reached a definite potential relative to the fila-
ment, a plate current of sufficient magnitude
causes relay 2345 to operate and this in turn
causes the operation of relay 2348. Relay 2348, in
operating, locks to ground supplied by key 2415
and causes the operation of relay 2414 which
acts as described above, giving a sequence fail-
ure alarm. Relay 2346 also causes the illumi-
nation of lamps 2316 and 2317 to indicate the
chain’ in trouble. After the trouble is cleared,
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relays 2341 and 2304 operate, removing tube 2342
from circuit and releasing relay 2345.. Relay
2346 releases when key 2415 is momentarily op-~
erated, returning the circuit t6 normal.

Falsely operated selector magnet of the line cir-
cuit

If a selector magnet is falsely operated relay
2300 of the miscellaneous alarm circuit operates
due to ground available on conductor 902. Relay
2300, 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
a major alarm and lighting the lamps 23{6 and
2311 as described above. Lamp 2315 is also light-
ed and these indications reveal to the attendant
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 ¢

subsecribers’ overflow registers. The functions of
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 fime this condition persists.
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(2) When all trunks in the entire unit are busy -

this circuit is designed to

(@) Produce and send to each calling sub-
seriber a ‘“letters’ all-trunks-busy sig-
nal connecting each new calling line
in turn during the mark portion of the
signal,

(b) Register on the subscriber’s overflow
register the number of attempts sub-
scribers make during the all-trunks-
busy period,

(¢) Measure the continuous duration of the
production of these “letters” signals,
giving -an audible ‘and visual alarm if
the time exceeds a predetermmed in-
terval,

(d) Continue to produce the “letters” signal
as long as any subscriber keeps - his
loop closed.

(3) Whenever a trunk becomes idle this circuit
is arranged to produce “K” signals at the

rate of approximately nine characters per’

interval of two seconds and send these.sig=
nals 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 outlet
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 1200 and thence over conductor 1210 finally
reaching conductor 2021 thereby energizing re-
lay 2001 associated with this outlet.. Relay:208l:
connects interrupter 2004, giving interruptions at
the rate of sixty interruptions per minute, to reg-
ister 2005 which thereupon registers the number
of seconds that all trunks of the group are husy:
Relay 2001 also partially closes the circuit to re=
lay 2006. In the same manner, if allithe trunks
associated with. Fig. 14 are busy then a -chain
circuit from. ground. will: be closed, resulting:in
the: operation of: relay. 2007.
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. winding of relay 2025.

A1l trunks of the. unzt busy

When all frunks of the line concentr atlon umt
are busy, both relays 2007 and 2001 are energ1zed,
with the result that a circuit is clgsed for reldy
2006 which thereupon becomes energized. This
relay removes the connection between the. rlght-‘
hand contact of relay 2608 and condenser ‘2009‘
and establishes a connection between .thé con-
denser 2009 and the contacts of the interrupter
relay 2010. This transfer, as will. be described,
hereinafter, results in the production of “letters”
signals once per second instead of “K” s1gnals
at the rate of about nine per second.:

Origination. of call during all-trunks- busy perwd

When a subscriber omgmates a-calk during the
all-trunks-busy. period described above, the se-
quence circuit places & ground on: conductor {628
extending ‘to conductor 2026 and causing the op-
eration of relay 2011, Relay 20f{, operated; (@)
connects ground to the busy-back conductor
2000 leading to conductors 122f and 1016 and
(b) closes a circuit for relay 2015 and reg-
ister 2024. The ground on the busy-back- lead
2000 is extended over conductor 624 and causes
the operation of relay 619 and the busy-back re~
lay 614, whereupon the lower  winding of relay
6017 is connected to conductor 6§03 leading to-con=-
ductor 2003; and whereby conductor 643 i con-
nected to conductor 682° leading to conductor
2002, Battery potential on lead 2003 causes’the
operation of relay 2012. This in tarn-causes the
operation ‘of relay 2014, Relay 2014 connects
ground to armature 2 of relay 2006 leading to the
Relay 2014-also- connects
the winding of relay 2026 to the interrupter 2027.
The interrupter-2027 is arranged to give'a closed
circuit of two seconds and an open circuit of
four seconds. The relay 2026 operates in accord- -
ance with pulses obtained from interrupter 2027
and on operating (1) places a direct ground -om
conductor 2003, (2) permits relay - 202‘8"to'bp-
erate and (3) holds relay 2814 operated. ' Relay
2028, in operating, produces a ground to'step the
selector during the all-trunks-busy condition and
removes the short circuit’ of ‘the-lower winding
of relay 2813.  Such short-circuit condition may
be traced from the lower. inner.armature relay
2028, conductor 2029 lower winding of relay 2013,

condenser 2009: resistance 2018; to the back con-
tact of the inner armature:of relay 2028. Mean-
while the connection of the subseriberline tocon-
ductors 2602 and 2003 has returned the sequence
circuit to normal, removing ground from con-
ductor 2020° and if-the call’ has: been registered
on meter 2024 relay 201 releases as will now'
be described:

Counting subscribers’ calls. durmg an all- trunks-
busy period -

When a subscriber-calls.during the.all= trunk’*s-
busy period, ground that is placedvon. conductor
2020 by the sequence-circuit is'continued: throvgh
the operated contact: of relay 2014 to the wind-
ing of relay 2015 causing it to operate. The re-
lay 2015 in operating: supplements. this -ground
on its- own front contact and insures:the:opera=
tion” of register: 2024. Register 2024: operated;
1ocks to' this:groundion lead 2020 and.causes:the
release of relay 2015:.. . The register, therefore:op=
erates only-once on- any-one.single: grounding.of
lead 2020:by. the sequence: circuit... The. function
of relay’ 2045 is - to.! insure’ the. application:.of
ground-for & _sufficient: period.to:enable:the slow-.
acting’ message register to:function. If the-all-
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trunks busy circuit and:the line circuit, and the
sequence circuit function. speedily and tend to
remove the ground from lead 2020 before’ the
message register is operated, the sround: on the
relay 2015 will insure the operation of the mes-
sage register. In this particular case, this
ground on relay 2015 will be continued back on
the lead 2020 and prevent’ the sequence circuit
from dealing with another call until relay 2015
has released and removed this ground or, in other
words, until the message register has functioned:
Therefore, as the signals are connected t¢ ‘each
subscriber’s line, the subscriber’s call is registered
on register 2024,

Transmission of letters to the subscriber during
" the-all-trunks-busy period

When. a subscriber is. connected to the all-
trunks-busy circuit, as indicated hereinbefore.
relay 20!0 follows the sixty mterrupmons per
minute under control of interrupter 2004 and
relay 2028 follows the interrupter 2021. With
relay 2028 normal, the circuit of the lower wind-
ing of relay 2813 keeps relay 2013 on its marking
contact transmitting a mark out on the lead 2002
and thence. to those subscriber lines associated
with the all-trunks-busy circuit at the time.
When relay 2028 operates, it places ground on
one side of the lower winding of relay 20{3 caus-
ing condenser 20069 to charge through this lower
windmg, causing relay 2013 to operate to the
spacing contact and to transmit a space signal
over the lead 2002. When the charging current
has decreased sufficienfly, relay 2813 again re-
turns to markmg If relay 2010 is operated, re-
lay 2013 does not function until relay 2010 re-
leases. -On subsequent operation of relay 2010,
condenser 2009 discharges but the current in this
case holds. relay 2013 marking. Each subse-
quent release of relay 2010 again causes a spac-
ing 51gna1 to. be transmitted to the subscriber.
Therefore, 3 space signal of - apprommately 22
milliseconds once per second.is reglstered during
the active interval of the circuit of 1nterrupter
2027 ‘while the circuit originates a steady ‘mark
signal-during the silent period.

A trunk becomes idle while letters are bemg sent
--out fo subscnbers

As soon as a trunk in the group mvolved ‘be-
comes idle under this cond1t1on ground is re-
moved from either lead. 2021 to relay 2601 or the
lead to relay 2007, causing the release of such
relay and in turn the release of relay 2006. - The
release - of relay 2006 opens the contact and
winding circuit of relay 2010, causing its release
and at the same time connects battery to relay
2008. The connection of the battery to relay
2008 causes a current flow in’ both the upper and
lower windings of this circuit, the current in the
upper winding tending :to.operate the relay to
its left-hand contact and that in the lower wind-
ing tending to keep the relay on its right-hand
contact providing relay 2028 is operated. When

the charging current for condenser 2030 flowing

through the lower winding of relay 2008 has de-~
creased sufficiently, relay 2008 operates on its
upper winding. As soon as. the left-hand con-
tact closes, the current is reversed in the upper
winding of relay 2008, tending to drive the arma-
ture to the right-hand contact. 'The charge on
condenser 2039, however, causes a current to flow
through the lower winding in a direction tending
to .hold  relay 2008 -on its .left-hand contact.
‘When this discharge current-has been sufficient-
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ly dissipated, relay 2008 is driven to its rxght-
hand contact under the influence of the reversed
current in the upper winding.. When the left-
hand contact is-opened the.reverse current in
the wupper  winding ceases and the current
through' the lower winding and the operating
current through the upper winding again begin
to flow, causing a repetition of the complete ¢y-
cle. - Relay 2008 therefore operates and releases
at a rate of about nine cycles per second. The
short circuit of the lower winding of relay 2013
occurs nine times per second instead of once per
second. Space pulses of 22 milliseconds nine
times per: second create “K” characters on the
subscriber’s teletypewriter as a signal -that a
trunk is now :available. These signals are only
produced during the active period of interrupter
2021, The subscriber disconnects and tries
again. If several subscribers have been waiting,
only one will be given service over the available
trunk- and the others in turn will be again con-
nected to the all-trunks-busy circuit which by
that time will be producing letter signals.

Timing the' interval letters are being produced

When relay 2014 : operates during an all-
trunks-busy period, relay 2625 operates since re-
lay 2006 is at this time operated. Each time
that interrupter 2027 extends ground to the wind-
ing -of relay- 2826, relay 2028 becomes operated

.and extends a connection from ground on the

upper armature and front contact of relay 2028,
the upper inner armature and front contact of
relay 2025 to the winding of rotary magnet 20317.
It will be noted that in the upper right-hand
portion of this fisure there are two switches, A
and B, represented. The switch A comprises
the wiper and bank 2038, a set of off-normal con-
tacts 2043, the rotary magnet 2037, and the re-
lease magnet 2044. - The switch B comprises the
wiper and contacts 2036, the off-normal device
2045, the rotary magnet 2040, and the release
magnet 20356.- If the all-trunks-busy condition
persists,. each- operation of relays 2026 and 2028
in response to the interrupter 2027 causes the
rotary magnet 2037 to step the selector A cne
terminal. On the ninth terminal, ground is con-
nected to rotary magnet 2040 of switch B causing
it to step up one terminal. When selector A
reaches termmal 10, relay 2039 becomes operated
and .energizes the release magnet 2044 where-
upon the selector A .is returned to normal and
begins stepping around again. When selector B
reaches - & predetermined  terminal, relay 2041
operates and locks, causing lamp 2046 to light
and an audible signal to sound as an indication
to the attendant that theé all-trunks-busy con-
dition has lasted too long. The attendant may,
by operating key 2042, release relay 2041 to si-
lence the audible alarm and extinguish the lamp
signal. If at any time prior to the operation of
relay 2041, a trunk becomes idle, relay 2006 re-
leases causing the release of relay 2025. The re-
lease of relay 2025 places ground on the release.
magnets of both selectors, causmg the sw1tches
to return to normal.

What is claimed is:

1. In a communication system, a station cir-
cuit, a trunk circuit for extending said station
circuit to a distant point and supervisory means
in said trunk circuit comprising a plurality of
discharge tube and condenser timing circuits,
means including a first timing circuit acting to
report the initiation of a 51gna1 from said distant
point, means including a’ second.timing circuit
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actmg to report one ending of said sighal and
means including & third timing circuit acting to
report a different ending of said signal.

2. In a communication system, a station cir-
cuit, a trunk circuit for extending said station
circuit to a distant point and supervisory means
in said trunk circuit comprising a supervisory
relay responsive to signals from said distant
point, means including a plurality of space dis-
charge tube and condenser timing circuits con-
nected to the contacts of said relay for dis-
criminating between disconnect and break sig-
nals to which said relay responds, and other ap-
paratus selectively responsive thereta to produce
‘a disconnect indication only in response to a dis-
connect signal.

3. In a communication system, a station cir-
“cuit, a trunk circuit for extending said station
circuit to a distant point and supervisory means
in said Jtrunk circuit comprising a supervisory
‘relay. responsive to signals from said distant
point and a plurality of discharge tube and con-
‘denser timing circuits responsive to the said re-
1ay, means including a first of said timing circuits
for reporting the initiation of a signal, means in-
‘cluding a second of said timing circuits for re-
porting the ending of said signal in one manner
and means including a third of said timing cir-
cuits for reporting the ending of said signal in
‘another manner.
4, In a communication system, a station cir-
cuit, a trunk circuit for extending said station
circuit to a distant point and supervisory means
in said trunk circuit comprising a supervisory
relay responsive to signals from said distant
‘point and a plurality of discharge tube and con-
denser timing circuits responsive to the said relay,
‘means including a first of said timing circuits
for reporting the initiation of a signal, means in-
cluding second of said timing circuits for report-
_ing the ending of said signal in one manner,
‘means including a third of said timing circuits
for reporting the ending of said signal in another
_manner, and means including a fourth of said
tirning cirecuits for reporting the continuance of
said signal beyond a predetermined length of
time.
5. In a communication system, a trunk circuit
extending between two points for establishing
connections between subscribers’ stations and
_operators’ positions equipped with teletypewriters,
3 termination circuit for each end of said trunk,
each said termination circuit including super-

'visory means responsive to signals transmitted.

over said trunk, said supervisory means includ-
ing a relay and a plurality of tube and condenser
“timing circuits responsive to said relay, means
including a first of said timing circuits for re-
" porting the initiation of a signal, means includ-
‘ing a second of said timing circuits for reporting
“the ending of said signal in one manner and
‘means including & third of said timing circuits
‘reporting the ending of said signal in another
‘ manner.

6. In a communication system, a trunk circuit’

extending between two points for establishing
" connections between subscribers’ stations and
“operators’ positions equipped with teletype-
writers, a termination circuit for each end of
“said trunk, each said termination circuit includ-
" ing supervisory means responsive to signals trans-
" mitted over said ftrunk, said supervisory means
“in‘dluding a relay and a plurality of tube and con-

“denser timing circuits responsive to said rela,y,,

~means including ‘& first of “said timing- circuits-
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for reporting the initiation of a:signal, means in-
cluding a second-of said timing circuits for re-
porting the ending of said signal in one manner,
means including a third of said timing circuits

‘reporting the ending of said signal in another

manner, and means including a fourth of said
timing circuits for reporting the continuance of
said signal beyond a predetermined time limit.

7. In a communication system, a trunk circuit
extending between two points for establishing
connections between stations equipped with tele-
typewriters, a termination circuit for each end
of said trunk, means for communicating between
two stations over an established connection in-
cluding said trunk comprising means for trans-
mitting communication signals directly from one
station to the other, and means for sectionalizing
said established connection in response to the
transmission of supervisory signals, and trans-
lating said supervisory signals at the beginning
of each section into signals of a type suitable for
transmission over the succeeding section, said
last means including in the said trunk fermina-
tion circuit at the near end of said trunk a tube
and condenser timing circuit for reporting the
initiation of a supervisory signal, said last means
also including in the said trunk termination cir-
cuit at the far end of said trunk a plurality of
tube and condenser timing circuits, means includ-
ing a first of said timing circuits for reporting the
initiation of a supervisory signal, means includ-
ing & second of said timing circuits for reporting
one ending of said supervisory signal, and means
including a third of said timing circuits for re-
porting ancther ending of said supervisory sig-
nal,

8. In a communication system, a trunk circuit
extending between two points for establishing

‘eonnections between stations equipped with tele-

typewriters, a termination circuit for each end
of said trunk, means for communicating between
two stations over an established connection in-
cluding said trunk comprising means for trans-

‘mitting communication signals directly from one

station to the other, and means for sectionaliz-
ing said established connection in response to
the transmission of supervisory signals, and
translating said supervisory signals at the begin-
ning of each section into signals of a type suit-
able for transmission over the succeeding sec-
tion, said last means including in the said trunk
termination circuit at the near end of said trunk
a tube and condenser timing circuit for report-
ing the initiation of a supervisory signal, said
last means also including in the said trunk ter- .
mination circuit at the far end of said trunk a
plurality of tube and condenser timing circuits,
means including a first of said timing circuits
for reporting the initiation of a supervisory sig-
nal, means including a second of said timing cir-
cuits for reporting one ending of said supervisory
signal, means including a third of said timing
circuits for reporting another ending of said su-
pervisory: signal, and means including a -fourth
of said timing circuits for reporting the continu-
ance of said supervisory signal beyond a prede~
termined time.

9. In a multisection line telegraph communica-
tion path, means for transmitting break and dis-
connect conditions having identical initial char-
acteristics and different terminal characteristics,
testing means for testing one of said sections for
a break condition and for a disconnect condi-
tion, said means including a first timing circuit
for reporting -a terminal characteristic indicative
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of a break condition and a second timing circuit
for reporting a terminal characteristic indicative
of-a disconnect condition, and means controlled
as a result of a prolonged spacing condition upon
said section to cause,said means to function to
make said test.

- 10. In a multisection line telegraph communi-
cation path, means for transmitting spacing,
break and disconnect conditions having identical
initial characteristics and different terminal char-
acteristics, testing means for testing one of said
sections for a break condition and for a discon-
nect condition, said means including o first tim=
-ing circuit for reporting initial characteristics
.common to said spacing, break and disconnect
conditions and for subsequently reporting a ter-
minal characteristic indicative of a break condi-
tion and a second timing circuit for reporting a
terminal characteristic indicative of a disconnect
-eondition, and means controlled as a result of a
-prolonged spacing condition upon said section
_to cause said means to function to make said test.

11. In a multisection line felegraph communi-
cation path, means for transmitting spacing,
break and disconnect conditions, said spacing
and break conditions having initial identity and
qualitative terminal difference and said spacing
and disconnect conditions having only durational
-difference, testing means for testing one of said
sections for a break condition and for a discon-
-nect condition, said means including a circuit for
reporting a qualitative difference indicative of
a break condition and a timing circuit for report-
ing -a durational difference indicative of a dis-
connect condition, and means controlled as a re-
sult of a prolenged spacing condition upon said
section to cause said means to function to make
said test.

12, In a multisection line telegraph communi-
cation path, means for transmitting spacing,
break and disconnect conditions, said break con-
dition having initial identity with and durationgl
difference followed by qualitative difference from
- sald spacing condition, and said diseconnect con-

- dition having only durational difference from said -

spacing condition, testing means for testing one

of said sections for a break condition and for a
disconnect condition, said means including a first
- timing circuit for reporting a durational differ-
-ence indicative of break or disconnect conditions
-+and for thereafter reporting a qualitative differ-
‘ence indicative of a break condition and a second
timing circuit for reporting a durational differ-
rence indicative of a disconnect condition, and
means controlled as a result of a prolonged spac~
ing condition upon said section to cause. said
~means to function to make said test.

~13. In a mulfisection line telegraph communi-
~cation path, means for transmitting spacing,

break and disconnect conditions, said break con-.

- dition having initial identity with and durational
difference followed by qualitative difference from
said spacing condition, and said disconnect con-
dition having only durational difference from said
-spacing condition, testing means for testing one
- of said sections for a break .condition and for g
disconnect condition, said means including a
first timing circuit for reporting ‘a durational
. difference indicative of break or disconnect con-
ditions and for thereafter reporting a qualitative
.difference indicative of a break condition and a
_second timing circuit for reporting a durational
difference indicative of a.disconnect condition,
.means including a third timing circuit for re-

. porting the continuation of the qualitatively dif-
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ferent portion of a reported break condition be-
yond & predetermined length of time, and means
controlled as a result-of a prolonged spacing con-
dition upon said section to cause said means to

function to make said test..

14. In a multisection line telegraph communi-
cation path, means for transmitting break and
disconnect conditions, testing means for testing
one of said sections for a break condition and for
a disconnect.condition, said means including a
first timing circuit comprisihg an electrostatically
controlled relay having a delaying instrumentality
associated therewith for reporting a break con-
dition and a second timing circuit comprising an

-electrostatically controlled relay having a delay-

ing instrumentality associated therewith for re-
porting a disconnect condition, and means con-
trolled as a result of a prolonged spacing condi-
tion upon said section to cause said means to
function to make said test. .
15. In a multisection line telegraph communi-
cation path, means for transmitting break and
disconnect conditions having identical initial
characteristics and different terminal character-
istics, testing means for testing one of said sec-

condition, said means including a first timing cir-
cuit comprising an electrostatically controlled
relay and a retarding impedance device associ-
ated therewith for reporting the initial character-
istic of a break condition or a disconnect condi-
tion, said means also including a second timing
circuit comprising an electrostatically controlled
relay and a retarding impedance device associ-
ated. therewith for reporting the terminal char-
acteristic of a disconnect condition, and means
controlled as a result of a prolonged spacing con-
dition upon said section to cause said means to
function to make said test.

16. A teletypewriter switching system compris-
ing permutation code controlled line selecting de-~
vices, means for energizing said permutation code
controlled line selecting devices, and means re-
sponsive to the energization thereof for trans-

-mitting a preliminary signal of indeterminate
-duration for indicating such energization.

17. A teletypewriter switching system compris-
ing a teletypewriter trunk interconnecting an
operator’s position and a satellite office, permuta«

-tion code equipment at said satellite office, means

conftrollable from said operator’s position for
seizing said permutation code equipment. and as-

_sociating it with said trunk, said trunk having a

path inward to said operator’s position and g path

“outward therefrom, and means responsive to the
. seizure of said permutation code equipment for
. transmitting a signal of indeterminate duration
_indicative thereof over said inward path.

18. ‘A teletypewriter switching system compris-

ing a satellite office, lines connecting subscriber
. stations individually to said office, trunks con-

necting said office with a central office, a director
at said satellite office comprising means respon-
sive to permutation code signals for connecting
a particular subscriber line to a particular trunk

transmitting to said central office a signal of in-
determinate duration to indicate readiness of

- said direction to respond to said permutation code
signals, means including an operator’s cord cir-

cuit for applying such signals to said trunk,
means responsive to connection of said line to

.said trunk for terminating transmission of said
-readiness indicating signal, anhd means also re-
-sponsive to connection of said line to said trunk
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to release  said director for connectmg another
line to another trunk.

19, ‘A teletypewriter sw1tch1ng system compns-
ing- a -satellite office, lines .connecting.- subscriber
.stations  individually to said.office, trunks-con-
.necting said office with a central office, a director
gt said. satellite office: comprising means respon-
-sive to permutation code signals:for connecting a
particular subscriber line to a particular trunk
over which said signals are received, means for
transmitting to said.central office a signal of in-
determinate - duration to indicate. readiness: of
said director to respond to said permutation:code

signals, means including an operator’s cord ecir-

cuit for applying such signals.to said trunk, and
means responsive to connection of said line to
said trunk to release said dlrector for connectmg
another line to another trunk.. ;

20. A teletypewriter switching system compris-
ing a satellite office, lines connecting subscriber
stations -individually ‘to said office, trunks con-
necting said office with a central office, a director
at said satellite office comprising means respon-
sive to permutation code signals for connecting a
particular subscriber line to a particular trunk
over which said signals are received, means con-
trolled from said central office over said trunk for
associating said director with said trunk, means
for transmitting to said central office a signal of
indeterminate duration to indicate readiness of
said director to respond to said permutation code
signals, means including an operator’s card cir-
cuit for applying such sighals to said trunk, means
responsive to connection of said line to said
trunk for terminating transmission of said readi-
ness indicating signal, and means also responsive
to connection of said line to said trunk to release
said director for connecting another line to an-
other trunk.

21, A teletypewriter communication system
comprising a plurality of trunks, a power driven
distributor connectable to any one of said trunks
for receiving permutation code signals sent over
said trunk from a remote point, means at a re-
mote point for seizing a trunk, means responsive
to seizure of said trunk at said remote point in
preparation for sending such signals to apply
driving power to said distributor, and means for
transmitting to said remote point a continuous
signal of indeterminate duration for indicating
application of driving power to said distributor
and attainment by said distributor of predeter-
mined speed.

22. A system comprising channels of telegraph
transmission to be selected, a permutation code
selector for selecting one of said channels, means
controllable from a remote point for seizing said
selector for utilization, means responsive to seiz-
ure for transmitting a signal of indeterminate
duration for indicating back to said remote point
the readiness of said seized selector, and further
means for terminating transmission of said sig-
nal for indicating back to said remote point the
completion of a selecting function by said selector.

23. A teletypewriter switching system compris-
ing permutation code controlled line selecting de-
vices, means for energizing said permutation code
controlled line selecting devices and means re-
sponsive to the energization thereof for trans-
mitting a preliminary signal of indeterminate
duration capable of outlasting transient condi-
tions of signal transmission interference for in-
dicating such energization.

24. A teletypewriter switching system compris-
ing permutation code controlled line selecting de-
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_vices, means for, energizing said permutation code
.controlled line-selecting devices; a line extending
:t0 a_remote ;point -at which the energization . of
said devices is to be indicated, and means respon-
_sive to the-energization. thereof for transmitting

a-preliminary signal for indicating such energiza-
-tlon said signal comprising a continuous condi-
ition - impressed. upon-said line,

‘25, In a-teletypewriter: switching system, per=
-mutation. code controlled line.selecting devices
normally. -non-responsive to -permutation  code
‘combinations, signal responsive means for -con-
.ditioning -said selecting devices to a condition re-
.sponsive -to. permutation code-combinations, and
Jneans responsive te the conditioning of said de-
-vices.for-transmitting a continuous-si gnal indica~
tlve of ‘said.conditioning. -

.26. In-a teletypewriter swm:hlnor system per-
mutanon .code - controlled line selecting . devices
normally .nop-responsive:to . permutation code
combinations, signal responsive means for condi-
tioning said selecting devices to a condition re-
sponsive to permutation code combinations, a line
extending to a remote point at which the condi-
tioning of said line selecting devices is to be indi-
cated, and means respounsive to the conditioning
of said line selecting devices for initiating without
capability of terminating the transmission over
said line to said remote point of a signal indicative
of said conditioning.

27. In a teletypewriter switching system, per- -
mutation code controlled line selecting devices
normally non-responsive to permutation code
combinations, signal responsive means for pre-
paring said line selecting devices to be responsive
to permutation code combinations, a line extend-

-ing to a remote point at which the preparation

of said line selecting devices is to be indicated,
and means responsive to the preparation of said
line selecting devices for impressing on said line
a signaling condition indicative of said prepara-
tion and continuing until action taken at said
remote point in response to said signaling condi-
tion terminates the signaling condition,

28. In g teletypewriter switching system, per-
mutation code controlled line selecting devices
normally non-responsive to permutation code
combinations, signal responsive means for pre-
paring said line selecting devices to be respon-
sive to. permutation code combinations, a line
extending to a remote point at which the prep-
aration of said line selecting devices is to be in-
dicated, means responsive to the preparation of
said line selecting devices for connecting a signal-
ing potential to said line oyer a provisional path
for indicating at said remote point the prepara-
tion of said line selecting devices, and means for
substituting a final path over which the connec~
tion of said signaling potential to said line is
continued.

29. In a teletypewriter switching system, per-

" mutation code controlled line selecting devices
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normally non-responsive to permutation code
combinations, signal responsive means for pre-
paring said line selecting devices to be respon-
sive to permutation code combinations, a line ex~-
tending to a remote point at which the prepara-
tion of said line selecting devices is to be indi-
cated, means responsive to the preparation of
said line selecting devices for connecting a sig- -
naling potential to said line over a provisional
path for indicating at said remote point the prep-
ration of said line selecting devices, and means
for substituting a final path over which the con-
nection of said signaling potential to said line is
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“continued, said final path having means associ-
ated therewith for- 1nterrupting said connection

in ‘accordance with any of certain permuta,tion
code combinations,

“30. In a teletypewriter sw1tch1ng system, per- -

‘mutation code’ controlled line selecting devices
‘normally  non-responsive ~to permutation code
combinations, a pair of 11nes exténding from said
-line selecting devices to a-distant point, means
fresponswe to a signaling condition received over
:one of said lines from said distant point for pre-
‘paring said line selecting devices to be responsive
to permutation code combinations, and means
Tresponsive to the preparation of said line selecting
‘devices for impressing on the other of said lines
‘a signaling condition for t1ansm1ss1on to said
remote point indicative of said preparation and
‘continuing until action taken at said remote point
‘in response ‘to said signaling condition effects a
control over said first-mentioned line to termmate
-the signaling condltxon on said other line.
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- 31. In a teletypewriter. switching system, com-
prising a satellite office, lines ‘connecting sub-

"scriber stations individually to said office, trunks
‘connecting said office with a céntral office, a di-
‘rector-at said satellite office comprising means

responsive to permutation code signals for con-

‘necting a particular subscriber line to a particular
‘trunk-over which signals are received, means for

transmitting -to said central office a signal of in-

‘determinate duration -capable of outlasting tran-

sient' conditions of signal” transmission interfer-
ence to indicate readiness of said director to re-
spond -to said permutation code signals, means
including an operator’s cord circuit for applying
said permutation’ code signals to said trunk and
means responsive to connection of said line:to
said trunk to reléase said director for connecting
another hne to another frunk.
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