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UNITED STATES PATENT OFFICE 
2340,599? : 

TELETYPEWRITER ExcHANGE systEM 
Fullertons. Kinkead, New York, and Charles W. 

2,340,599. 

Lucek, Port Chester, N. Y. assignors to Bell 
Telephone Laboratories, incorporated, New 
York, N.Y., a corporation of New York 

Application July 31, 1940, serial No. 348,628 
31 Claims. (CI., 18-2) 

This invention relates to communication sys tems and particularly to interconnecting circuits 
for machine telegraph subscribers' 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 invention, 

certain timing functions 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 a circuit change by means of con 
trolled relays. The use of vacuum tubes and con 
densers for timing is old but the combinations 
herein disclosed and the specific uses made of 
these timing circuits are novel. · · · · · , 
There is, for instance, a vacuum tube timing 

circuit for controlling a "cut 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 
operator is timed to be sure that such response 
is not a fortuitous circuit change such as a hit and when this response persists long enough to 
characterize it as a genuine signal the circuit is 
cut through to a proper transmitting condition 
and so held thereafter under control of this vac 
ultim tube circuit. Such a circuit may be adjusted 
to time out in about one-half a second. 
There is, for instance, another timing circuit 

adjusted under one condition to time out in about 
two-thirds of a second to differentiate between spacing 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 signals intended to 'flash' the distant oper 
ator. - 

There is a similar timing circuit known as the 
Operator break tube which times out on break 
and disconnect. signals sent from the distant 55 
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office. This tube circuit controls the first, so that 
here is an example of one timing circuit contrôle 
ling another. When the distant operator sends 
a break signial, such a signal manifests itself at 

tube timing circuits as a 
shört Špace · Signál folloýed by rínginig eurrèhit. 
The result is that the operator break tube oper 
ates and releases the cut through tube. Ariother 
tube known as the disconnect tube is also in 
volved. If the space signal should persist lo 

this disconnect tube would operate and 
cause disconnection. ... However, before the dis 
connect tube can operate the short space signal 
is changed to alternate mark and space signals 
of a frequency insufficiently low to allow the oper 
ation ofieither the cut through tube by a márk 
signal or the discorinect. tube by a space signal. 
When the ringing current ceases and the respond 
ing relay comes to rest on either of its contacts, 
the corresponding one of these tubes operates. 
If for instance, the distant operator terminates: 
the break in the normal manner then such relay. 
Will cone to rest on its marking contact and the 
Cut through tube Will, within a time limit much 
shorter than its normal-adjustment, operate and 
restore the circuit to its normal transmission 
condition. If the distant operator terminiates the 
break in such a Way, as by disconnecting, that 
the relay will come to rest on its spacing contact, 
then the disconnect tube will operate and cause 
disconnection. Another tube known as the break 
limiting tube will time out in about five seconds 
after the said relay has started to vibrate between 
its mark and space contacts, so as to bring about 
a circuit change to allow the first tube, the sub 
Scriber break tube, to perform its function. . . . . 
A feature of the invention may thus be stated 

to be a plurality of vacuum tube timing circuits, a 
first of which reports the beginning of a signal, a 
Second of which reports one kind of ending of the 
signal, a third of which reports another kind of 
ending of the signal, and a fourth of which re 
ports an undue length of the signal. ---- 
Another feature of the invention is a trunk circuit extending between two points and having 

a termination circuit at each end. A supervisory 
signal coming to this trunk will be reported by a 
vacuum tube and condenser timing circuit in the 
termination circuit at the near end of the trunk 
and reported in the termination circuit at the far 
end of the trünk in respect tó its beginining; the 
manner of its ending, and its duration. . . . 
A further featu?e: ôf the invention is the com bination of the special supervisory means here 

inbefore 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 but 
supervisory signals cause the connection to break 
up automatically, into separate sections and re 
arrange the various termination circuits so that 
the supervisory signal is transmitted over each 

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 6, 

inclusive, and Figs. 8 to 24, inclusive, shall be 
placed to form a complete circuit diagram illus 
trating the invention; . . . . . . . . 

Fig. 7 is a like representation of the placing of 
the various figures, with circuit function desig 
nating captions placed in the corresponding posi 
tions; . . . . . . ? ... . . . . . . . : 

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

Fig. 4 shows a local subscriber's station circuit; 
Fig. 5 shows a toll subscriber's line circuit; 
Fig. 6. shows a subscriber's line circuit, which 

will operate with either a local subscriber's sta 
tion circuit or the toll subscriber's line circuit;. 

Figs. 8 and 9 show the link circuit, in this case 
a 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 circuit, extending to distant TWX. 
office; . . . . . . . : : " . " ” “....... ” ??' :'......… . . . . ? . ” 

Fig. 15 shows the terminal 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; 

Fig. 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 
circuit. Fig. 10 shows the subscriber linese 
quence, Figs. 12 and 14 show the trunk sequence, 
and Fig.16 shows certain 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 miscellaneous alarm 
circuit. ::.? : . . . : * * . . . . ? ? 
The numbering of the various pieces of appara 

tus and parts of the circuit shown on the various 
figures has been kept to a rigid plan. Thus all 
numerals on Fig. 2, for instance, are numerals 
between 200 and 299, the hundred numeral desig 
nating the figure. Likewise, for example, all of 
the numerals in Fig. 18 lie between 1800 and 
1899 and thus begin with the designating nu 
meral 18. . 

In some cases in order to avoid the tracing of a 
conductor through many sheets, it is terminated 
in one sheet with a label. Thus conductor. 902 
in Fig. 9 which extends to Fig. 23, is labelled in 
Fig. 9 “To conductor 2302.'. Similarly, in Fig. 23 
this conductor is labelled “To conductor 902.” 
The complete operation of the System is set 

forth hereinafter under various headings, as fol 
lows: . . . . . . . . . . . . . . . . . . . . . 

10 

20 

25 

30 

35 

40. 

50 

55 

60 

65 

70 

75 

2,340,599 
LOCall 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 40. 
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 ringer 402 through the application of ring 
ing current to the tip 400 at the concentration 

section in a form suitable for that section and un- unit. When the station is in use, the switch 403 
suitable for an adjacent section. The use of the 
aforesaid vacuum tube and condenser timing cir 
cuits besides giving marked advantage in ac- ; , 

" . . . " " A "". «"-a" 15 

simplification of the circuit and reduction in both 

is operated to connect the tip conductor 400 
through to conductor 404 and thence through the 
loop comprising upper Winding of relay 405, brush 
arm 42, resistance 407, and break key 408 in 
parallel, pulsing contacts 409 to the ring side of 

; : ; the line A8 ... Under circuit conditions to be ex 
plained hereinafter current will flow through this 
circuit 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 conditions at the concentration unit the 
operation of the pulsing contacts 409 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 spacing 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 4ff in the proper 
manner and these same current variations caused 
by the operation of pulsing contacts 409 will cause 
the operation of relay 405 to again operate the 
printing magnet 4 for the purpose of making 
local copy. · · ··· w- 
Under idle condition of the distributor 42, the 

loop circuit through the station is closed. There 
fore, when the magnet 43 is operated which at 
tracts latch 434 and releases the brush arm 42 
and the distributor arm 42 begins to travel over 
its segments, spacing signals will be created by 
the opening of the loop and marking signals will 
be created by closing of the loop. - 
A special point to be noted in connection with 

this subscriber's station is the manner in which 
a call may be originated from the station. The 
key 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 403 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 concentration unit, 
From the subscriber's point of view the opera 

tion will be as follows: Commercial arrange 
ments have been made so that this subscriber 
will ordinarily be connected with a certain dis-, 
tant office. Therefore, when the subscriber. 
initiates a cell by throwing the starting switch 
463, the call will be automatically directed to 
ward this specified distant office. However, there 
may be occasions when the subscriber wishes to 
have his call directed toward a different distant. 
office. In this case he knows that by operating 
the key 408 and holding it operated until he has 
operated the start key 403 his call will be auto 
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matically directed toward this secondary choice 
office. The manner in which his call is directed 
to one or another office under these conditions will be explained more fully hereinafter. 
In Somewhat more detail the operation of the 

local subscriber's station in Fig. 4 will now be 
described. For a full and complete explanation 
of these circuits and the detailed means by which 
they are operated, reference may behad to thefol 
lowing prior art: Patent No. 1,904,164 to S. Morton. 
et al., April 18, 1933; Patent No. 1,965,572 to C. W. 
Burcky et al., July 10, 1934; Patent No. 1,965,602. 
to R. A. 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 433 besides closing the 

tip through to the station circuit also effectively 
connects the local source of power 424 to three 
motors 35, & 6 and 4 . 
the distributor designated by its arm. A 2. . Motor 
4 -6 operates the teletypewriter unit comprising 
the pulsing contacts 468 and the mechanism un 
der control of the printing magnet 4. Motor 
47 operates a generator 8 which supplies local 
power to the teletypeWriter apparatus. It Should 
be noted also that a Switch 49 will start these 
three motors while leaving the tip conductor 400 
connected to the ringer & 2 so that should the 
Subscriber desire, he may be perforating, tape 
preparatory to transmitting at Some later time, 
while holding the station in a condition to 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 
terrupts the circuit of the start magnet 413 of 
the tape-controlled transmitter-distributor 42. 
In order to transmit, the Subscriber must also. 
operate the sending and receiving switch 42 to 
the position shown so that the transmission cir 
cit extends through the pulsing contacts 409. 
When the subscriber operates the keyboard, puls 
ing contacts SS transmit telegraph signaling, 

Motor 45 operates: 

are closed a circuit may be traced through them 
for the operation of the tape perforating magnet 
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inpuises in accordance with the keys operated: 
by the subscriber by opening and closing the line 
to the transmission circuit. ????? 

- The. line relay éü5 Will follow the Signal im 
pulses and irepeat then to the printer magnet 
4ii which records the transimitted signals on the 
local teletypewriter and provides a home copy. 
for the subscriber. Relay 405 in its spacing po 
sition connects resistance 422 between the posi-. 
tive and negative terminals of the generator 48. 
to compensate for the load of the printer mag 
net låt i and thus maintain the load on the gen 
erator Substantially constant when relay 405 is 
in both its marking and Spacing conditions. 

In case the subscriber wishes to perforate tape 
at the same time the message is transmitted from 
the keyboard, key .420 is left in its intermediate 
position so that the lower contacts of this key are 
closed. This completes a circuit from the posi 
tive terrairial of the generator through the lower 
contacts of key 25 to the can pulsing contacts 
???? 
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; 

These can pulsing contacts are controlled 

50 

55 

424 from the positive terminal of generator 4 8, 
lower contacts of key 420, the cam pulsing con 
tacts, 423, through the winding of perforator 
magnet 424 to the negative terminal of genera 
tor 48. This causes the perforator magnet to 
operate and perforate a series 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 that the 
brush arm 4 2 of the distributor will remain at 
rest and not interfere with the transmission from 
the pulsing contacts 409. . . . . . 
Means is also provided for permitting 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 4f.9 
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 
tion, marked "Tape,' where all of the contacts 
of the key are closed. En this position a mechani 
cal connection between key 420 and the cams 
controlling the pulsing contacts 489 functions to 
prevent the operation of these pulsing contacts 
& 9. Consequently, the campulsing contacts are 
unable 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 employed. Such U-bar contacts are 
only effective upon the operation of key 420 to 
the “Tape' position. 
Under these conditions the line relay 405 and 

the printer magnet 4 are maintained in their 
spacing positions since the operating circuit for 
the line relay 435 is opened at the switch 493 and 
the relay 465 is held to its spacing contact through 
its biasing Winding. Inasmuch as the pulsing 
contacts 49 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 of a counter to count the characters 
transmitted in each line. This is operated by a 
magnet 427 which is energized in a circuit from 
negative terminal of generator 4 8, winding of 
counter magnet 42, counter contacts 428, upper 
contacts of key 420 and U-bar contacts 426 to the 
positive terminal of the generator. Thus every 
time the U-bar contacts are operated by One of 
the keyboard keys, counter magnet 427 is oper 
ated to count the character. However, in case 
a shift or unshift signal or certain other signals 

60 

70 

are transmitted, the lewer 429 noves in the di 
rection indicated and mechanically opens the 
counter contacts 428 so as to interrupt the cir 
cuit of the counter magnet 427, 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 e 
ver 430 in response to a carriage-return signal 
and thus cause the operation of release magnet 
43 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 almost a line so that a carriage 
return signal may be sent at the end of the next 
word or syllable. 
. 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 49 is returned to normal and the 
power supply cut off. . . : 
When it is desired to transmit from the tape 

the. transmission circuit is established by the 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 425 
is closed. This completes a circuit from the nega 
tive terminal of generator 48 through the tape 
control contacts 433, key, 425, winding of start 
magnet 43, sending-receiving contacts 42 and 
lower contacts of key 420 to the positive terminal 
of generator 4:8. Start magnet 43 operates in 
this circuit and withdraws the stop latch 434 from 
engagement with the brush arm 42. The brush 
arm is driven through a friction clutch (not 
shown) from motor 45 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 405 follows the signals trans 
mitted by the distributor 412 and repeats them to 
printer magnet 4 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 435 be 

comes exhausted the tape control contacts 433. 
will open and interrupt the circuit of magnet 
43 which will in turn release latch 434 to en 
gage the brush arm 42 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 Saneman 
ner that the local subscriber’s station (Fig. 4) 
operates such a subscriber's line circuit (Fig. 6). 
The toll subscriber's station is connected with 
the concentration unit by a single line conductor 
200 and the toll subscriber's line circuit (Fig. 5) 
acts as a translating medium to translate the 
operations at this subscriber's station into op 
erations equivalent in effect to those at the local go 2 moves to its spacing contact the above-de 
Subscriber's station. 

. Under the idile condition conductor 200 is con 
nected through the off position of switch 20 í to 
the bell 262 and no current flows through the 
line. When the switch 2G 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 

5 ever, can be seen at Once. 

5 5 

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 --30 milliamperes. 
Assuming the switch 20 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 
jay. 207, armature of relay 20, resistance 208, 
inductance coil 209, resistance 2í0, upper wind 
ing of polarized relayº 2l , resistance 22, contacts 
of switch 20 to the line 200. The application of 
-75 volts in series with this circuit to What will 
later appear to be a ground connection at the 
concentration unit, causes, the flow of -30 
milliampereS. 
The relays 206 and 207 respond to the pulsing 

contacts 23, 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 23 for a spacing condition. 
With the armatures of relays 206 and 207 in 
their alternate positions, the plus and minus 
poles of the rectifier are effectively reversed so 
that now a --75 volts is included in series with 
the line and meeting, as will later appear, a 
ground connection at the concentration unit a 
current of -30 milliamperes will flow. 
"The means for causing currents of different 
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 
2 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 
and its marking contacts, through the rectifier 
24, the selecting magnet 25 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 

scribed circuit is broken. Thus as relay 2 re 
sponds to incoming permutation code impulses 
the selector. magnet 25 will respond and operate 
the teletypewriter generally indicated in the 

65 broken-line rectangle 26. 
When the Subscriber Wishes to transmit from 

this substation he will operate the keyboard 
which will in turn operate the pulsing contacts 
23. This will affect the relays 206 and 207 and 

70 Send different permutation code impulses in ac 
Cordance. With the characters selected on the 
keyboard. - - 

' A point to be noted in connection with this 
station is that the Subscriber in initiating the call 

unit will be a low value of current for marking 75 to the concentration unit may do so by merely 
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closing the switch 29 whereby a marking cur 
rent condition Will be established or he may, 
alternatively, first operate the break key 27 and 
hold it operated until he has operated the key 
20 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 389 extends to the arma 
ture of the relay 38. 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 399 will extend through the arnature 
and back contact of relay 38 to a ringer 302 
and an alternating current relay 33. The ring 
er 302 is for the purpose of notifying the sub 
scriber of an incoming call but even if no sub 
scriber is present, relay 33 will become ener 
gized and, through the movement of its arma 
ture, will cause the energization of relays 364, 
305 and 30 in succession. Relay 384 operates 
from one side of the local supply of power 308 
through the armature of relay 363, the winding 
of relay 304 to the other side of the local supply 
of power. Relay 304 is slow to operate and after 
a time of approximately nine Seconds brings up 
its armature and connects the relay 385 across 
the power supply wires and relay 305 locks it 
self through its front contact and upper arma 
ture and theace through notor control contacts 
307 to the other side of the power supply. Relay 
35, closes a circuit through its iower armature 
and front contact to connect the local supply of 
power 383 to the motor generator set 308, the 
rectifier 399, the transmitting distributor motor 
39 and the teletypewriter motor 3. At the 
same time, relay 3) becomes energized through 
the operation of relay 395 and its operates its 
arnature to cut off the line 39) from the bell 
302 and the alternating current relay 303 and to 
connect the line 300 to the transmission circuit 
of the station. With the rectifier, the notor 
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 
hence it need only be necessary here to mention 
certain of the pieces of apparatus, such as the 
polarized line relay 3:2 which responds to incon 
ing permutation code impulses, the two trans 
mitting relays 3:3 and 34 which respond to the 
pulsing contacts 3 5 to reverse the potential of 
the current supply to make the difference be 
tween marking and spacing impulses, and the 
selector magnet 3i operated from the contacts 
of the line relay 3 i 2. The varios sending and 
receiving contacts, such as 3 f and 38, the per 
forator control contacts 325, the tape stop Switch 
32 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 apparat US at this Station 

while unattended may be stopped by the trans 
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mission of a predetermined sequence Ofc0de Sig 
nails, such for instance as those for "blank,' 
"shift' and "H," whereupon the motor control 
contacts 307 will be operated to unlock relay 365 
and cut off the local supply of power. 
Should the subscriber at this station wish to 

initiate a call through the concentration unit, he 
will operate switch 323 which will have the same 
effect as the operation of relay 395, that is, it will 
cause the rectifier, the motor generator set and 
the various motors to come into operation and 
will energize relay 30 so that the 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 norinally reached 
or the second choice office which he may wish to 
enter under other circunstances. Should the 
switch 323 be operated alone, then the call will 
be initiated in the concentration unit under a . 
marking condition, that is, with a current of 
-30 milliamperes flowing over the conductor 309. 
Should he, on the other hand, wish to reach 
his Second choice office, then het Will first operate 
the break key 324 and, while holding this oper 
ated, then operate the switch 323. 

Toll subscriber's line circuit-Fig. 5 
The toll subscriber's line circuit shown in Fig. 

5 is designed to provide a 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 
cuitare: - 

(1) To provide means for holding the receiving 
relay 5, the line relay 589 and the send relay 
502 on their marking contacts during the idle 
condition of the circuit. - 

(2) To cause the concentration unit to func 
tion to display a line signal at the switchboard 
at the distant central office when the toll sub 
scriber calls. ' : .. 'r 

(3) To transmit signals in each direction. 
(4) To provide for transmitting a "break" sig 

nal from the subscriber. V- . . . 
(5) To provide for transmitting a "break' sig 

nal to the subscriber. - 
(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 
scriber’s station. : . . . . . . . . 

(7) To provide a recall signal for transmission 
to the distant central office under control of the 
toll Subscriber. . . . . 

(8) To provide for disconnecting the repeater 
from the line and transmitting continuous ring 
ing current over the line for operating the sub 
Scriber's ringer, and means for discharging the 
line, before it is reconnected to the terminal re 
peater in order to prevent false operation of the 
calling-in relays. . . . . 

(9) TiTo provide , when : calling : : an ºrumattended 
station for giving the central office operator an 
indication that the unattended station teletype 
Writer has been started and the circuit is ready 
for the transmission of signals. c " ? * 

Terminal repeater used with subscriber sets of 
Figs. 2 and 3 

The transmission system used with the sub 
Scribei Sets shown in Figs, 2 and 3 has been de 



6 
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 foll 
lows: From the subset to the central office trans 
mission is on a polar basis from 75 Wolts 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 results 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 52 through the 
upper winding of line relay 500, the upper wind 
ing of receiving relay 50 f, winding of retardation 
coil 53, resistances 54 and 55, winding of relay 
504, upper armature and back contact of relay 
505 and winding of relay 50 to ground. Relay 
506, when not operated, separates the line wind 
ing of relay 50 from the biasing winding thereof 
by opening the connection between the front 
contact and armature 7 of relay 506. Ground 
on the back contact of this armature 7 of relay 
506 is connected through the lower winding of 
relay 50, the middle winding of relay 500, re 
sistance. 56, back contact and armature 6 of 
relay. 506, resistance 5f 7, resistance 58 to battery 
will hold the relays 500 and 50 in marking con 
dition. Relay 506 when non-operated also con 
nects battery through resistance 59, 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 52 and 522. 
Current flowing in the potentiometer from ground 
through resistances 52, 522 and 59 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 
One 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 
"break' 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 to the line. 
In either case relay 504 of the toll subscriber 
line circuit operates. 
The operating path for relay. 54 may be traced 

from ground through the winding of relay 50, 
the back contact and upper armature 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 58, resistance 523, front contact 
and armature of relay 504, resistance 524, wind 
ing of relay 59, marking contact and armature of 
relay 52 to ground. Relay 59 being polarized 
does not operate on the negative marking polarity 
from the subscriber's station circuit. The oper 
ation of relay 564, however, causes relay 599 to 
operate. This in turn establishes a circuit from 
the front contact and armature of relay 509, 
through the armature and left-hand contact of 
relay 5ia, winding of relay 505 to battery. Relay 
505 Operates and closes a circuit for the operation 
of relay 56. Relay 506 connects battery through 
resistance 5 f8 and resistance 525, the front con 
tact and armature 4 of relay 596 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 50 operate 
in series. Relay 510 is operated only as long 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 509 being slow 
release holds Operated. Relay 50 being operated 
nOW causes the operation of relay 5 instead of 
relay 505. Relay 5f connects battery through 
resistances 58 and 525 through the armature 
and front contact of relay 5?, through resistance 
52T to conductor 526. As soon as relay 5 to re 
leases, relay 505 becomes operated in the manner 
hereinbefore described. Relay 5G5 now causes 
the Operation of relay 506 as hereinbefore de 
Scribed and the direct connection of the battery 
through resistances 5 fs and 525 to conductor 526, 
thus leaving out of the connection the resistance 
527. 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 502 through the alternate 
contacts of armature 2 of relay 536 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 
receive relay 50 in order to arrange both the 
line and the bias windings of relay: 502 for a com 
munication condition, (c) 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 signals-Central 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 subscriber station and in 
creases the current about three times to approx 
imately 80 milliamperes for a spacing signal. 
This circuit may be traced from the armature of 
relay 502 through the front contact and upper 
armature of relay 505, winding of relay 504, the 
network comprising resistances 54 and 5.5 and 
the retardation coil 53, upper windings of relays 
50 and 500, resistance 512 and back contact and 
armature of relay 503 to the line circuit leading 
to the subscriber station circuit. A branch path 
may also be traced from the junction between re 
tardation coil 53 and the upper winding of relay 
50 through the front contact and armature 7 of 
relay 506, lower winding of relay 50, middle 
Winding of relay 500, where it connects to ground 
through a condenser 529 and resistance 530. 
This prevents the line relay 500 and the receive 
relay 50 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 500 holds to marking through 
its upper winding for the same reason. 

Subscriber station to central office 
A negative marking signal and positive spacing 

Signal of approximately 20 to 30 milliamperes is 
transmitted from the subscriber station. Relay 
500 and relay 50 follow these signals. The re 
ceive relay 50 i retransmits the signals to the cen 
tral office, transmitting ground for marking and 
positive battery for spacing. The transmission 
path may be traced from the armature of the re 
ceive relay 50 through resistance 53, armature 
3 and front contact of relay 506, upper winding 
of relay 502, alternate contact and armature 2 
of relay 506 through the network consisting of 
condenser 532 and resistances 533 and 534 to con 
ductor 528, leading to the central office. Relay 
504 may or may not follow the signals but relay. 
509 is held operated in turn operating relays 55 
and 506. The hold paths for relay 509 are as 
follows: When relay 594 is operated and relay 
500 is marking, a path may be traced from bat 
tery through resistance 58, resistance 523, front 
contact and armature of relay 504, resistance 524, 
winding of relay 599 to ground on the marking 
contact of relay 560. When relay 500 is spacing, 
the current is in the reverse direction from bat 
tery through resistance 58, resistance 57, arma 
ture 6 of relay 506 and its front contact, winding 
of relay 509, resistance 524, arnature and front 
contact of relay 594 to ground now found on the 
spacing contact of relay 500. When relay. 504 is 

released and relay .50) is marking, relay. 509 is 
held operated by the charging current through 
condenser 535, the path being from battery, 
rthrough resistances 58 and 523, armature 5 and 

5 front contact. of relay 506, condenser 535, re 
sistance 536, resistance. 524, winding of relay 509 
to ground found on the marking contact of relay 
500. When relay 500 is on the spacing contact, 
the charging current of condenser 535 is in the 

l0 reverse direction from battery through resistances 
58, 5.7, armature 6 and front contact of relay 
56, winding of relay 509, resistances 524 and 536, 
condenser 535, front contact and armature 4 of 
relay 563 to ground which is now found on the 

15 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 
holdingiit marking and when the relay is spacing 
is in such a direction as to assist in holding it 

20 spacing. This winding is to prevent “kick. off' 
of relay. 59) due to cross-fire on the subscriber's 
line. . . . . . . t . 

Break signal from the Subscriber 

When the subscriber operates his "break" sig 
nal key, positive polarity Will be applied to the 
line at the subscriber's set during the time the 
break key is operated. The toll subscriber's line 
circuit will repeat this spacing, condition to the 
loop circuit and prevent transmission from the 
loop. Relay 504 continues to hold relay. 509 
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 operate to their marking contacts. 
The circuit is then in condition for the trans 
mission of telegraph signals. . . . . . . . . . . . 
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Break signal to the subscriber s 
" 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 aspacing signal to the subscriber, thus pre 
venting transmission by the subscriber. Relay 
504 continues to hold relay 589 and its associated 
relays operated. - V 

Disconnection by the subscriber 
50 The subscriber disconnects by opening the 

power 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 releases relay, 509. Relay 509 in turn 
releases relay 595. The release of relay 505 re 
leases relay 506, disconnects the transmission 
lead from the sending relay, 502 and applies 
ground through the back contact of relay 505 
from the winding of relay 50 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 50 to hold them in 
marking condition. Relay. 506 also opens the 

65 tip lead 528 to the concentration unit and re 
moves battery from the ring lead 526 to the con 
centration unit circuits which function to bring 
in the disconnect signal at the central office in a 
manner to be more fully described hereinafter. 

60 

70 Recall signal from the subscriber 
A recall signal is given to the central Office 

switchboard operator by the subscriber set at 
texndant momentarily opening the power circuit 

(5 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 
509, 595 and 506 release. Relay 506 functions 
as described previously to remove battery from 
the ring lead 526 which causes the concentration 
unit 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 50 and 
the send relay 502 in a marking condition in the 
sam? manner as described in the preceding parat 
graph. When the power switch is closed or the 
recall key 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 turn 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 50 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 
tration unit and the ringing key is operated, the 
concentration unit circuit will function to con 
nectringing current to the tip lead 528 which will 
operate relay 508. The circuit may be traced 
from lead 528 through the network consisting of 
condenser 532 and resistances 533 and 534 over 
armature i and the back contact of relay 506, 
winding of relay 508 through condenser 540 to 
gröund. Relay 508 operated, in turn operates re 
lays 507 and 503. The circuit for relay 507 is ob 
vious and the circuit for relay 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 
lease 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 
a short interval during which relay 507 is re 
leased but relay 503 is not released. During this 
interval 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 subscriber'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 closes positive battery to the ring lead 526 
to the concentration unit which in turn functions 
to disconnectringing 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 
current 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 
scriber station has not been started within 9 sec 
onds, ringing current will be automatically cut 
off in the concentration unit circuit and relays 
508, 5GT and 503 will be released which will dis 
connect ringing current from the subscriber sta 
tion. If, after areasonable time the unattended 
station is not started, the failure of the distant 
operator to receive an answer signal will indi 
cate that a trouble condition exists. 

Subscriber's line circuit Fig. 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 

scriber’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 call is routed to the 
manual office. 

(3) This circuit, when all available 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 maintained 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 been 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 semiautomatic 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 choice 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 marginal relay 607, con 
ductor 608, conductor. 808, normal contacts of 
the outer left-hand armature of hold magnet 
800, conductor 809, conductor 609 through the 
normal contacts of test jack 60 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 607. If the call is 
originated by a local subscriber, then the con 
nection from conductor 626 may be traced over 
the loop of the-subscriber's line from conductor 
39l back over conductor 400, thence over conduc 
tor628, the normal contacts of test jack 6, con 
ductor 6f 2; conductor 8 f2, the inner armature 
and back contact of hold magnet 800, conductor 
83, conductor 63, the normal: contacts of the 
lower armature of relay 6 f4 to positive battery. 
Sufficient current will flow in this circuit to cause 
the operation of both line relay 606 and marginal 
relay 607. Thereupon a circuit is closed from 
ground, the armature of relay 606 and its left 
contact, the armature and front contact of relay 
607 to the winding of relay 615. Relay 615 in 
operating places a ground through its inner 
arnature and front contact, the upper armature 
and back contact of relay 614 to the start lead 
622 leading to the sequence circuit. Relay 6 5 
also places a steady ground connection on call 
lamp 66 from ground, the upper armature and 
front contact of relay 65, the back contact and 
armature of relay 67 to call lamp 66. The 
other terminal of the lamp connects to conduc 
tor 605 which extends to conductor. 605 in the 
master control circuit for the sequence circuit 
in a manner to be hereinafter described. This 
Will cause the lighting of lamp 66 steadily: 

If the subscriber wishes to reach his second 
choice office or secondary outlet, he holds the 
break key of his station operated while turning 
On the power switch and thereafter releases the 
break key. In the case of a toll subscriber, this 
results in the connection of , positive battery to 
conductor 526 through the resistance. 527 as 
hereinbefore described. ... This results: in insufi 
ficient current flowing over conductor 626 to 
cause the operation of relay 607; therefore only 
line relay 606 becomes operated. . In the case of 
a local subscriber, the current flow is similarly 
reduced through the introduction of resistance 
407 in the circuit so that only line relay 696 
becomes operated. In either case, when the sub 
scriber-releases the break key, the current flow 
ing will be augmented and relay. 607 will then 
become operated. During the interval when only 
relay 606 is operated, relay 67 becomes operated 
in a circuit from ground, the armature and left 
hand contact of relay 666, the armature and 
back contact of relay. 607, through the winding 
of relay 67 to ground. Relay 647 operates and 
locks through its front contact and armature 3 
to the ground on the armature of relay 606. 
When thereafter relay 607 becomes operated and 
causes the operation of relay '65, the call lamp 
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6 6 will be connected to an interrupted ground 
on conductor 63 through the interrupter 68. 
The start conductor 622 will be grounded in the 
same manner but conductor 62 through the 
movement of armature 5 of relay 67 will be 
connected to conductor 68 instead of to con 
ductor 60 G, 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 

busy circuit are described hereinafter, it is pro 
vided that a call directed to a particular trunk 
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. 
6:9 is connected directly to the common conduc 
tor 603 and the lower armature of relay 64 is 
connected directly to common conductor 602. 
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 67 so that the leads 602 
and 63 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 
687 and the common conductors 620 and 630. 
If the automatic apparatus of the concentra 

tion unit finds no trunk available it grounds 
lead 624, thereby causing the operation of relay 
6 9. Relay 649 (1) connects the secondary wind 
ing of marginal relay 697 over the upper outer 
armature and front contact of relay.69 to con 
ductor 603 leading to the all-trunks-busy circuit, 
(2) Supplements ground furnished by the line 
relay. 66, through its lower outer armature and 
front contact, (3) short-circuits the line winding 
of the line relay 60S through its inner, lower 
armature, and (4) permits relay 64 to operate 
from ground corning in Over conductor .624 
through the front contact and inner upper arma 
ture of relay 9, . Relay 624 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 65. 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 
Cn conductor. 63 through the front contact and 
upper Outer armature of relay 6 9 holds relay 
Si operated. " Since relays 64 and 6 i 9 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 607 
Will release whereupon relay: 65 and in turn 
thereafter relays 6 4' and 6 9 are released and 
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Connection of a subscriber's line to a trunic circuit 

If an idle trunk is found and the connection 
thereof to the subscriber's line is ordered by the 
automatic 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 903 which through an obvious circuit 
causes the operation of the holding magnet 800. 
Through the operation of magnet 800 conductors 
608 and 63 are opened and the subscriber's line 
is 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 63 causes the release of relay 65 which 
extinguishes the call lamp 66 and releases the 
sequence circuit. Through the release of relay 
653 and the opening of lead 608 the remaining 
relays of this subscriber's line circuit will be 
released. - 

Each subscriber's line circuit has an individual 
conductor leading to the director circuit. It will 
be noted that the subscriber's line circuit shown 
in full detail in Fig. 6 is marked 'Station #44.' 
It will be further noted that conductor 604 is 
labeled "To conductor 204.’ Conductor 2 04, 
it will be found, is that particular conductor in 
the director circuit which may be reached 
through the sending of figures 4-4. Similarly, 
conductor 690 leading to conductor 2190 from 
the upper subscriber's line circuit marked “Sta 
tion #99” is that particular conductor in the 
director circuit which may be reached through 
the sending of the characters 9 and 0. The 
function of these conductors will appear here 
inafter. 

·?’ ...- -? Link circuit 
Iin Figs. 8 and 9 there is illustrated what is 

known as the link circuit. It is a diagrammatic 
representation of a cross-bar Switch. With the 
various connections leading on the 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 88 and holding magnet 800 operated (with 
selecting magnet 80 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 
trunk circuits of Fig. 8 may be reached through 
that portion of the sequence circuit shown in 
Fig. 14. It will be understood also that with 
Selecting magnet 90 operated and the holding 
magnet, 808 operated (with selecting magnet 900 
then released) that the set of contacts 90 will 
effectively connect the subscriber's line circuit of 
Fig. 6 to the trunk circuit shown in full in Figs. 11 
and 13 and 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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2,840,599. 
subscriber has, according to commercial arrange 
ments made, selected one, or another as 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 80 or one of 
the other selecting magnets shown in Fig. 8 will 
cooperate With the holding magnet 80C 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 a call is 
initiated something akin to hunting for an idle 
trunk 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 link circuit or the 
CrOSS-bar Switch of Figs. 8 and 9 all magnets are 
released and the tip and ring sides of the sub 
scriber lines are connected through the subscriber 
line circuit through the back contacts of the hold 
ing magnet, such as the holding magnet 800. 
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 80 , 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 2300, 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 subscriber 
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 
sing magnet 800. 
Automatic signaling master office trunk circuit 

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 
office. 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 transmission 
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 
s the sequence circuit this circuit sends a continuous 
'mark' to the manual master office, and lights the 
trunk busy lamp. ' ' ' , 

(2) Under the condition stated above this cir 
'cuit a Waits 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 circuit. 

(3) Under the condition first stated this cir 
cuit simultaneously with the sending of the 
'mark' grounds the trunk lead to the miscel 
laneous alarm circuit which is timing the inter 
'val required for the routing of the outward call. 

(4) If the link circuit has connected the call 
ing subscriber to the trunk the sequence circuit 
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 connected to 
this satellite office. 

(5) Under the condition in paragraph 3 if an 
interval as determined by the alarm; circuit 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 condition this 
circuit sends mark and Space signals to the mas 
ter office in unison with the operation of the busy 
Switch at the subscriber's station. 

(7) If the calling subscriber abandons an out 
Ward call before the operator at the mastel 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 extinguishing 
the trunk busy lamp. 

(8) When the operator at the master office 
answers the outward 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 

11 
after approximately 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, 

5 

ing' of the disconnected subscriber. 

) 

returns to the full duplex system of transmission 
but remains in condition, to permit the “rering 

If the Space 
signal is the result of a Subscriber 'flash' the 
circuit functions asif 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 
scriber 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 
from the subscriber, remaining at the same time 

: in the half duplex transmission condition. At 
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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 subscriber as long as the reception of "ring 
ing' from the central office continues. 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. 

(11) 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 
disconnect has not been registered in the trunk. 
If a subscriber's disconnect has already been 
registered, the reception of a space signal of 
one second duration from the master office causes 
this circuit to order the link to disconnect the 
subscriber's line from the trunk, returning the 
circuit to normal. . • 

(12) When the trunk circuit 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 
quence circuit to manufacture a characteristic 
trouble-signal and transmit it to the trunk for 
retransmission, to the manual office, removing. 
the director and extinguishing the trunk busy 
lamp. - 

(14) When a director is attached and ready to 
receive teledirecting pulses it orders this circuit 
to send a continuous mark signal to the master 
Office, 
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- (15) With the director attached, if a prolonged 
space signal is received from the master Cffice as 
a result of the operator's disconect this circuit 
after one-third of a second orders the sequence 
circuit to dismiss the director and after one. Sec 
Ond returns to normal. 

(6) 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 is idle. . . 

(18) If the called line is busy, out 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. 
(9) 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. 

(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 
Scriber”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 subscriber'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 50 . Relay 50 | vibrates its arma- - 
ture between ground and positive battery and 
finds a path through the upper winding of send 
relay 502 over the tip conductor and eventually 
through the lower winding of relays OO and 
O. Relay 00 responds and vibrates its ar 

mature between ground and negative battery to 
effect the outward path over the send leg 300. 

The inward path may be traced, in general, 
from the receive leg 30 to the winding of the 
receive relay 1302. Relay 1302 vibrates its arma 

... ture between ground and positive battery and 

O 

finds a path through the lower windings of relays 
0 and 00, thence. Over the tip conductor and 

eventually through the upper winding of the Send 
relay 502. Relay 502 vibrates its armature be 
tween ground and positive battery and controls 
a path through the upper Windings of relays 50 
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 300 and teledirecting pulses 
coming in over the inward path 33 are trans 
mitted to the subscriber's station. 
This circuit shown in Figs. 11 and 13 is the 

termination at the concentration unit end of a 
two-way trunk to a master office. It is designed 
for installation in offices equipped with regular 
testboards 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 general, 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 
nine the conditions at the Station. In the nor 
Inal 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 92, caus 
ing the operation of the start relay 93. Relay 

03 in operating (1) causes the relays O and 
0 of the repeater to go 'marking,' (2) operates 

the off-normal relay 04, (3) locks to lead 105, 
- (4) lights the trunk busy lamp 06, and (5) 
after relay O4 operates places a ground on the 
trunk lead 08 to the miscellaneous alarm cir 
cuit to Warm it that verification ringing has been 
requested from the manual end. Relay 03 
causes the relays O and le; to go marking 
by placing a ground through its armature 4, 
through resistance 97 on the tip conductor 9 
leading through the lower windings of relays 

0) and O. Relay ff03 operates the off-nor 
mal relay fle4 through a circuit from ground 
and its armature T to conductor 9 leading, 

70. 

among other places, to the winding of relay 4. 
Relay ff03 finds ground on conductor 05 for 
locking purposes through the back contact and 
inner upper armature of relay 200. The trunk 
busy lamp 06 is lighted in a circuit from ground, 
lamp 6, armature 6 and front contact of start 

... relay 3, conductor and thence through 
the back contact and lower armature of relay 
20 in the sequence circuit to battery. Ground 

is placed on the trunk lead 88 through the front 
contact and armature of relay II03, back con 
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tact and armature 5 of relay 2, back contact 
and lower outer armature of relay i? f3, armature 
5 and front contact of. off-normal relay f4 to 
ground. 
The operation of the off-normal relay 04 

energizes the filaments of the tubes 303, 304, 
305, 306 and 307 from ground, armature 7 
and front contact of relay 04, resistance 308 
and the filaments of tubes 303 to 307, inclusive, 
resistance 309, conductor 30, resistance 3 
to battery. The off-normal relay f O4 connects 
power to the loop repeater by connecting ground 
through its front contact and armature 6 to the 
spacing contact of receive relay 302 and by con 
necting ground through its armature 3 to the 
marking contact of loop relay (). The off 
normal relay C4 also connects ground through 
its armature 2 and front contact to the armature 
of polarized relay 4 and to the winding of re 
lay 5. Off-normal relay ()4 also transmits 
the mark signal created by the send relay 00 
through its front contact and armature 4 to the 
manual master. office over the outward path in 
cluding conductor 300. 
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 30 i and which will - operate relays l3 | 2 
and 302. The connection of relay 312 to con 
ductor 30 is obvious. The connection to relay 
382 may be traced through the back contact and 

upper outer armature of relay 33, through the 
upper winding of relay 302 to negative battery, 
The vibration of the armature of relay 312 has 
no effect upon the tube circuits but the vibration 
of the armature of relay 302 causes the opera 
tion of relay 6 in a circuit from ground, wind 
ing of relay 6, condenser fill, conductor 8, 
conductor 38, back - contact and inner lower 
armature of relay 34, armature of relay 302 
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 

04 and on its marking contact will be found 
positive battery through resistance 35. The 
operation of relay 6 establishes a connection 
from ground, armature 3 and front contact of 
relay 3, armature and front contact of relay 

G, winding of relay 2 to battery. Relay 
i? 2 in operating removes ground from the trunk 
lead G8 extending to the miscellaneous alarm 
circuit. in Fig. 23 as an indication that Verifica 
tion ringing has been received. 
Upon the operation of relay f2 a circuit is 

established from ground, front contact and arma 
ture 5 of relay f (4., lower outer armature and 
back contact of relay 3, armature 5 and front 
contact of relay 2, normally closed auxiliary 
contacts of the B jack 9, winding of relay 20 
to battery. Relay 20 in operating causes all 
of the selecting 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 20, 
conductor 2 and thence to selecting magnet 
900. These selecting magnets in conjunction 
with a slow acting relay 2300 in the miscellaneous 
alarm circuit Orders the sequence circuit to oper 
ate the calling subscriber'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 magnet locking in 
series with the relay lil-5. This circuit may be 
traced from battery, winding of hold relay 903, 
conductor. 923 through the appropriate contacts 
of the set 90 t, conductor - 22, Winding of relay 
if f 5, front contact and armature 2 of the off 
normal relay i04 to ground. The operation of 
relay if 5 causes the operation of relay ft3 in 
a circuit from battery, the winding of relay i? 3, 
upper armature and front contact of relay 5 
to ground. Relay if 5 also places a ground on 
conductor f 23 which is known as the hold chain 
lead. Relay if 3 in operating causes the release 
of relay i20 and this in turn causes the release 
of the selecting magnets. - - - - - 

Meanwhile battery potential on the R. lead 
1-24 which may be traced, for instance, to the 
positive battery connected through resistance 5 (8 
to the ring lead 526 in the toll subscriber's line 
circuit (Fig. 5), causes the operation of relay 4 
and in turn the operation of relay it 25. Relay 
f 125 in operating causes the operation of relay 
f 126 which thereupon locks under control of re 
lay 127 to ground on conductor 10, preventing 
the starting of automatic ringing of the sub 
scriber. Relay f 25 also furnishes an additional 
ground for holding the off-normal relay 04 
operated by placing ground on conductor flo 
through its front contact and armature 4. Relay 
i? 25 further causes a reversal of current in the 
lower winding of relay i? 4through the move 
ment of armature f of relay 25. With armature 

of relay 25 in its normal position a ground 
is extended from the front. contact and arma 
ture 6 of relay 04 through the lower armature 
and back contact of relay 28, armature and 
back contact of relay f 25 to that lead of the low 
er winding of relay i 25 connected to resistance 
i 129. When relay 25 becomes energized then 
this direct ground is transferred to that lead of 
the lower winding of relay 4 connected to the 
resistance 30, which results in a reversal of the 
current flow in the lower winding of this relay. 
This is for the purpose of holding relay 4 op 
erated. 
In the meantime the operation of the hold 

magnet, say magnet 803, has caused the release 
of the subscriber line circuit and the sequence 
circuit. The latter circuit in releasing places a 
ground at relay f607 on conductor 13 which by 
means of the front contact and armature 8 of the 
operated relay ff03 is connected back to the se 
quence circuit over the conductor ft32, resulting 
in the operation of the "advance chain” relays, 
such as 202. It will be noted that upon the oper 
ation of relay f202 that relay 200 is 'operated 
whereupon ground is removed from conductor 
fe5 which allows the start relay ff03 to release. 
The advance chain relays lock to ground fur 
nished over conductor 23 at the lower armature 
and front contact of relay f 5. The energized 
condition of relays 200 and 202 in the sequence 
circuit makes this particular trunk test busy to 
other calling 'subscribers in addition to furnish 
ing battery from the innermost lower armature 
and back contact of relay. -20? through the front 
contact and outer lower armature of relay 202 
to lead 33 to maintain the busy lamp 106 en 
ergized. 
The circuit now awaits the operator's answer. 

At this stage the following relays are operated: 
i 6, et 2, 5, il 3, II, 4; ªt 25, and relays i 100 

and to are held on their marking contacts un 
der control of the subscriber's koop. Relays 1312 
and 302 are following ringing which is being 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 08 
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 34 which by means of the 
start relay 03 causes the grounding of lead 35 
extending to lead 235 of the sequence circuit 
where it causes the operation of relay 203. The 
Sequence circuit Operates the chain relays which 
Cause the release of relay 03 While meanwhile 
a ground is placed on conductor to through 
the Operation of relay 20, thus keeping the off 
normal relay O4 operated and power on the loop 
repeater while battery is removed from conduc 
tors i? and 33 extinguishing the trunk busy 
lamp 106. The sequence circuit generates a char 
acteristic trouble signal at interrupter 623 
which, connected to conductor 36, is trans 
mitted through resistance O to the lower Wind 
ings of relays CO and of 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 subscriber. 

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 00 and to return 
to Spacing. Relasy i Í00 transmits this spacing sig 
nal Over the outward path to the master office. 
Relay Of removes ground from the grid of the 
Subscriber break tube 305 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 
f305. When the ground has been removed from 
the grid of tube 305 this grid finds a connection 
Over conductor 37 through resistance 38, re 
sistance f39, conductor f 140, through resistance 
3 to positive battery. Due, however, to the 

presence of condenser f4 connected to conduc 
tor. 37 the grid of the tube 305 does not be 
come sufficiently positive in a predetermined pe 
riod to cause the effective operation of tube 305. 
On very slow flashes, in approximately three sec 
onds the charge on condenser, 14? and therefore 
on the grid of this tube has gone sufficiently posi 
tive to cause a plate current to flow to operate re 
lay 36 which in turn operates relay 28. Re 
lay 28 again causes spacing bias current to 
flow in the lower winding of relay. 4, causing 
it to release since the subscriber's line is now 
opened. Relay 4 releases relay. 25 which 
again grounds the grid of the subscriber break 
tube, 305 by placing a ground on conductor. 37 
through the back contact and armature of relay 

25. This causes the release of relays 36 and 
28. 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 
100 sends a mark to the central office and at 
the same time relay ff0l applies ground to the 
Subscriber break tube 1305 which releases relays 
36 and 128 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 24 
again Operates relay f4 and in turn relay 25 
which again permits marking bias in the lower 
Winding of relay 4 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. - 

Subscriber abandons a call before operator 
an:Sipers 

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 32 
and 302 to Spacing, causing the release of relays 
í í í6 and í í í 2. Relay í l 12 releases the off-nor 
mal relay 4 which removes battery drain from 
the tubes and loop repeater and in removing 
ground causes the release of relay 5 and the 
hold magnet locked in series with it, thus dis 
connecting the subscriber's line from the trunk. 
The sleeve relay 5 releases relay 3 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 O6. 

Operator anSupers 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 
3f2 and 362 to go marking. The relay 302 
therefore causes the release of relays 6 and 

2. After the armature of relay 312 has re 
mained of the Spacing contact for approximately 
One-half of a second the cut-through tube 304 
functions. With relays 32 on its spacing con 
tact a ground may be traced from the armature 
of relay 32, its spacing contact, the back con 
tact and Outer upper armature of relay 37, re 
sistance 39 to the grid of tube 304. Branch 
ing off this circuit is condenser 44 through a 
Companion resistance to ground. With ground 
removed from condenser 44 it becomes charged 
in a circuit through resistance 42, resistance 

43, conductor 40, resistance 3 to positive 
battery. When the condenser 44 has been 
charged sufficiently, plate current will flow in 
tube 304 to cause the operation of relay 320. 
The operation of relay 320 results in the Opera 
tion of relay 37 and this in turn Operates relay 

45 which locks through its arnature. 8 and 
front contact. The operation of relay 3 re 
noves control of the cut-through tube 304 from 
relay 32 but the tube continues to function by 
reason of a circuit now established from the grid 
of tube 304, resistance 39, front contact and 
armature 5 of relay i? 45, resistance 143, con 
ductor í í40, resistance 13 | | to positive battery. 
Felay í 145 in operating locks under control of 

relay 32. When, as will later appear, relay 32 
becomes Operated, the resistance 334 will be 
Connected to ground at the back Contact and 
OWe Outer armature of relay 34 to cause 
Short circuit and release of relay f 45. Relay 
45 also furnishes an additional ground through 

its front contact and armature 4 to maintain the 
9ff:normal relay O4 operated. Further, relay 
f45 permits relay 34 to become energized in 

a circuit from battery, 
front contact and armatures of relay 45, back 

s 

the winding of relay 1314? 



contact, and armature 3 of relay 2, Spacing 
contact and armature of relay il 4, front con 
tact and armature 2 of relay 04 to ground. 
Relay 145 also removes ground from conductor 
46 extending into the sequence circuit. Relay 
314 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 G when originated by the Sub 
scriber and by means of relayº 32 when received 
from-the manual office, that is, relay moni 
tors the outward path and relay 32 monitors 
the inward patih. Both relays i i and 3 i 2 con 
trol tubes which do not function on signals of 
dess 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. s 

Reception of prolonged space signal from the 
Concentration unit subscriber 

if a Space signal is received from the subscriber 
it is of course retransmitted over the outward 
patia to the manual office by relay it. Relay 
iii) removes ground from the subscriber break 
tube 365 which with relay 65 operated now 
requires 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 3:6 and 28 and the application of spac 
ing bias to the lower winding of relay A. 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 4, on account of a small 
amount of current in the line, remains operated, 
keeping relay. 25 operated. The operation of 
relay 28, which operated as previously de 
Scribed, therefore causes the operation of relay 
i8 in a circuit from battery, winding of relay 
6, inner lower arrnature and front contact 

of relay 28 to ground on the marking contact 
of relay. fé. The operation of relay 47 sup 
plants the space signal sent over the outward 
path to the manual office by a ringing signal. 
This may be traced from conductor i 148 con 
nected to a Source of continuous ringing current 
of 20 cycles per second, through resistance 49, 
the front contact and middle upper armature of 
relay 4, the upper armature and front contact 
of relay 28 and thence over the outward path 
including conductor 369. 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 00 and 

0 go marking, resulting in the application of 
ground to the grid of the Subscriber break tube 
#35 and in the consequent release of relays 3 f6, 
28 and &. The release of relay - 28 and 

finally the release of relay 4 again completes 
the outward path to the armature of relay 100 
and 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. 

25 
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Space signal as a result of the subscriber dis 

: Connecting 

The circuit in this case acts as outlined in the 
paragraph under the heading “Reception of pro 
longed space signal from the concentration unit 
subscriber,' but the relay 4 goes spacing, al 
lowing the relay 25 to release which in turn 
causes the release of relay. 34, and the applica 
tion of ground to the subscriber break tube 305. 
The action of the tube releases the relays 36 
and 28. Relay 314 released returns the cir 
cuit to effective full duplex transmission. The 
trunk sends a continuous space signal to the 
manual office where it is interpreted as a discon 
nect signal and the circuit awaits appropriate 
action of the outward operator. 
Space signal as a result of the subscriber flashing 

- In this case the circuit functions as outlined 
in the paragraph under the heading "Reception 
of prolonged space signal 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 100, to go marking, sending 
a marking signal over the outward path to the 
manual end while meanwhile the relays 36 and 
28 release if they have not already done So and 

relays 4 and f 25 reoperate. Relay 25 again 
causes marking current to flow in the lower Wind 
ing of relay lif4, holding it marking and at the 
same time again operating relay 3 4. 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 eCchange 

A break transmitted from the manual end is 
in the form of a limited Space signal followed by 
a ringing signal. Immediately the relays 32 and 
f382 go spacing, the latter transmitting the space 
to the concentration unit Subscriber. The remov 
all of ground from the grid of the operator's 
break tube 363 causes, after approximately one 
third of a second, a plate current to flow which 

50 effectively discharges condenser i? 44 associated 
With the grid of the cut-through tube, resulting 
in the release of the relayS. 320 and 3. While 
relay 32 is on its marking contact ground is 
connected through Such marking contact directly 

-55 to the grid of tube 393 through resistance 322. 
When relay 32 therefore goes spacing, a posi 
tive battery connection to the grid of tube 303 
may be traced through resistance 322, resistance 
323, resistance 3 to positive battery. It is 

60 not, however, until condenser 324, now connected 
through resistance 325 and the front contact 
and armature of relay f4 to ground, has be 
come sufficiently charged that the operator's 
break tube 33 will operate, thereby effectively 

65 discharging tube 304. . Relay 37 released again 
puts the grid of the cut-through tube 304 under 
control of relay 32 and at the same time re 
sults in the operation of relay 33 in a circuit 
from battery, the Winding of relay 33, the back 

70 contact and lower outer armature of relay 37, 
the front contact and armature 8 of relay 45 
to ground. Relay 33 removes ground from the 
grid of the break limiting tube 306, this ground 
being normally supplied over armature 2 of relay 

-75 f2 and its back, contact; and, thence over the 
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lower armature andback contact of relay 33. 
Relay 33 also places the line winding of relay 
302 under control of relay it 50 which, being 

operated, continues to keep relay 302 spacing. 
After two-thirds of a second space, ringing is re 
ceived from the manual Office in time to prevent 
the operation of the disconnect tube 307 and still 
keep the cut-through tube 304 from operating, 
all of which results from the vibration of the 
armature of relay 3.2 under the influence of the 
received ringing current. A space therefore is 
continuously 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 306 which 
lost ground on its grid because relay 33 oper 
ated, functions to operate relay 326 and relay 
f50. Upon the operation of relay 313 the grid 

of tube 36 may be traced through the resistance 
f327, resistance 328, resistance f3 to positive 
battery. A circuit may also be traced from the 
grid of tube, 396, resistance 327 through con 
denser 329, resistance 330 to ground. The 
values of condenser 329 and these various resist 
ances limit the rise of positive potential on the 
tube f396 to a period of five seconds before the 
tube 396 becomes effective. The operation of 
relay: 326 places relay if S0 under the control of 
interrupter 5 in a circuit which may be traced 
from battery, winding of relay i 50, front con 
tact and armature of relay 26, armature 6 and 
front contact of relay if 25 to interrupter 5 
and thence to ground. Reoperation of relay if 50 
causes a mark to be sent to the subscriber, at 
Which time a subscriber'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 320 and 3, thus causing the release of re 
lay f33 and again restoring the inward trans 
mission path. If the break limiting tube has 
functioned relay f3;3 again connects ground to its 
grid, causing the release of relays 326 and f 50. 
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 operator 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 303 to function to ground the 
grid of the cut-through tube 304, resulting in 
the release of the relays 320 and 37 and the 
operation of relay 33. Though the relay 302 
goes Spacing it has no effect upon the Subscriber 
line. After another two-thirds of a second has 
elapsed the disconnect tube 307 functions to op 
erate the relay 32 which in turn causes the 
release of relay 35. The disconnect tube 307 
is also controlled by the condenser 324. 
The release of relay 45 releases relay 33 

and the off-normal relay if 04. The release of 
the off-normal relay 4 removes battery from 
the tubes and the loop repeater, releasing relay 
32 and removing ground from the sleeve re 

lay 5, causing it and the hold magnet locked . 
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in series. With it to release. The release of the 
hold magnet removes the subscriber line from 
the trunk. The release of the sleeve relay f 5 
causes the release of relay if 3 and removes 
ground from the hold chain lead 23, 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 06, returning the cir 
cuit to normal. 

Operator originates d7 in Uard Call 
... When an operator seizes the trunk at the man 
ual end to originate an in Ward call this circuit 
receives a continuous mark signal, causing the 
relay 32 to go marking. After approximately 
one-half second the cut-through tube 304 func 
tions, causing the operation of relays 320 and 
37 and in turn relay f 45. Relay 37 removes 

the control of relay. 32 over the grid of the 
cut-through tube 304, thus keeping the tube and 
its dependent relayS 320 and 37 operated. Re 
lay 37 extends a connection from ground, its 
front contact and lower inner armature over the 
lower inner armature and back contact of relay 

3 to conductor f 52, leading to the sequence 
circuit, where it resultS in the operation of re 
lay 204. Relay f45 in operating (1) operates 
the off-normal relay 04 which places ground 
on the winding of the sleeve relay 5, (2) re 
moves ground from lead 46, (3) locks under 
control of relay 32, and (4) changes the tim 
ing of the cut-through tube 304 by short-cir 
cuiting resistance 42 through its armature 5. 
The off-normal relay 04 in operating places 
ground on the chain lead 32 through its ar 
mature 5 and armature 8 of relay fo3, thus 
operating the chain relays 202 and 200 of the 
sequence circuit to make this trunk test busy 
to calling Subscribers and also to light the trunk 
busy lamp ff06. Ground on the lead S2 orders 
the Sequence circuit to connect a director circuit 
to the trunk for the purpose of receiving the tele 
directing pulses. Lead 52 is included in a cir 
cuit traceable from ground at the front contact 
and inner lower armature of relay 37, inner 
lower armature and contact of relay 3, lead 

52, winding of relay 204, back contact and 
inner lower armature of relay 20 to grounded 
battery. Relay 204 operates and (1) connects 
at its Outermost upper armature and contact 
ground to a circuit extending through busy lamp 
1213, leads Í224, í424 and 1636, winding í6{2 
to grounded battery to light busy lamp 23 and 
operate relay 6?2; (2) connects, at its middle 
upper armature and contact, ground to a circuit 
extending over leads 2f 9, 49, 637 and 79, 
inner right arnature and back contact of relay 

f, leads T20 and 859 to the outer right ar 
mature of relay 804 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, 230, 1730, 1630, 430, 230, lower 
armature and front contact of relay 204, wind 
ing of relay 206, leads 23, 143 and 63, left 
hand armatures and back contacts of relay f 640, 
back contact and right-hand armature of relay 
f 64 f, conductors 642, 432, 232 and 021, back 
contacts and upper armatures, in series, of relays 
f005, 003 and 00?, conductors 022, 237, 433, 
643, back contacts and left armatures of relay 
64, left armatures and back contacts of relay 
l644, conductors 1645, 1731, 23, 2347, back con 
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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 305. The operation 
of relay 25 (1) operates relay f26, permitting 
it to lock under control of relay? f27, (2) reverses 
the current in the lower winding of relay if 4. 
to keep it marking, (3) furnishes an additional 
operating path for the off-normal relay O4, (4) 
puts the grid of the subscriber break tube 305 
under the sole control of the relay of, and (5) 
prevents further ringing of the subscriberline. 
Relay f34 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 function as described herein 
before. 
Call to a line operating on an unattended basis 
When an operator, desires to start the motor 

at a called unattended station continuous ringing 
is sent from the manual end over the inwardpath, 
causing continuous ringing to be sent from this 
circuit to the subscriber line. The operation of 
relay if 2 having removed ground from the grid. 
of the break limiting tube f306 after nine seconds 
causes the relays 326 and 50 to operate. Re 
lay flso operated opens the ringing to the sub 
scriber, permitting the subscriber to receive a 
mark signal. If the station motor has started, 
potential on the ring lead causes relays if 4 and 
25 to 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 312 and 302 go marking, releas 
ing relays if G and i? 2. Relay it 2 in releasing 
permits relay 34 to operate and lets the break 
limiting tube 306 release the relays. 326 and 
di 50. Relay 34 changes the circuit to permit 

cuit functions as described hereinbefore... If the 
station motor failed to start, relay 4 would not 
Operate and the circuit would continue to Send a 
space to the manual end and a mark to the sub 
scriber until appropriate action was taken by the 
manual operator. 

... Rering of a disconnected subscriber 
When a subscriber disconnects after a com 

pleted call, as hereinbefore described, his line 
remains connected to the trunk until the regis 
tration of the operator's disconnect signal. The 
operator to rering a disconnected subscriber need 
only send ringing current which will result in 
the operation of relays if 6, f2 and 27. Re 
lay 27 releases relay 26 which will again per 
mit automatic ringing unless masked byringing 
received from the manual end. When the sub 
scriber answers, the circuit again functions as 
outlined under the heading "Called subscriber 

Jacks, for testing and ???rgency ????al oper 
, , , tiOn 

The concentration unit is provided with a test 
circuit, which connected to the send and receive 
jacks, 331 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 54 and 9, respectively, of this trunk 
are used for emergency manual operation in case 
the automatic equipment fails. By means of the 
A and Bjacks a subscriber line and a trunk can 
be patched together. When the double plug is 
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inserted into; these jacks select magnets associ 
ated with the trunk are prevented from oper: 
ating through the opening of the auxiliary con 
tacts on the Bijack 9 and the off-normal re 
lay. G4 is operated from ground placed on the: 
armature of relay 4 by the auxiliary contacts. 
of the A jack. 54. Since relay i? 4, and cons, 
sequently relay 25, operates a ground is placed. 
on off-normal conductor it to through armature. 
4 and front contact of relay. 125. When the 
concentration-unit has returned to automatic . 
operation the subscriberline remains, busy until 
the patch is removed. Similarly, the trunk is 
prevented from, associating: with a director cir 
cuit. A busy key 55 is also provided to make. 
the trunk busy to outward-calls. When testing. 
with the test set provided at the concentration 
unit this circuit-furnishes the test circuit with a 
“link sleeve' indication over lead 333 in addi 
tion to a busy lamp. At the serviceboard or test 
board a busy lamp is furnished in addition to 
an arrangement-to-make this trunk, test busy to, 
outward calls. - - 

Terminal telegraph repeaters 
The outward path from the two-way trunkter 

mination at the concentration unit is extended 
over conductor 500 into a terminal telegraph 
transmitter generally designated by the numer 
al: 502. The inward path from this terminal 
telegraph transmitter: extends. OVer Conductor : 
50 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 S03 from 
which the inward path extends over conductor 
506 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 terminal transmitter. 
503 over conductor 50 to the central office 

termination, 
These terminal telegraph transmitters 502 and 

503 are well known and will only be generally 
described in the following manner: 
-Telegraph signals from the concentration unit 

are received by relays 508 and 509 and trans 
mitted over the conductors 504 and 505 where 
they are relayed by the relay 50 to the outward 
path i 507. In a similar manner, telegraph sig 
inals from the central office end are received by 
relays 5 t and 512 transmitted over the con 
ductors'? 504 and 505 where they are relayed by 
the relay 53 to the inward path 50. 
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 S3 are different from the connections to 
the spacing and marking contacts of relay 50 
which works into an inverse neutral type of cir-, 
cuit in the termination in Fig. 19.- ... . 
Attention is directed to...the arrangement of . 

jacks 514, 55 and 56. These jacks, as well as 
the various other testing jacks hereinbefore de 
scribed, are placed in a testboard where an at 
tendant may make various tests of the circuit, ar 
rangements. By means of jack 54, connections. 
to the outward and inward path may be made for 
testing and monitoring 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. Wilkerson. By, means of jack, 1515, a test 
of the conductors toward the concentration unit 
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smay be made while.the terminal reepater-502 is 
scut off. Jack t 56 is known as a "make busy.' 
jack. By means of a plug 5 3,...the attendant 
imay make a busy test of the trunk by placing the 
tip of this plug against the sleeve of the jack 
...t56. 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 520. The sleeve of jack 
56 extends over conductor 34 to the lower 

active contact of key 55 which extends to ar 
mature 8 of the off-normal relay . . . If the 
trunk is idle, then relay, 84 will not be operated 
and, consequently, there will be neither ground 
nor battery connection to conductor 346). If, 
showever, the off-normal relay f4 is operated : 
signifying that the trunk is busy then the con 
3nection will be extended through -armature 8 of 
: relay e4 and its front contact, thence through 
resistance i 456 to battery. This battery con 

: nection will close a circuit through the upper 
- winding of retardation coil 59 resulting in a 
click in the receiver 520 of the attendant's tele phone set. 

If, for some reason, the attendant wishes to 
make the trunk busy, then he operates the key 

: 55 which, besides putting ground on conductor 
32 extending over conductor 333 to the tip 

contact of jack 56, also extends conductor 35 
through the lower active contact of key i55 
through resistance 58 to ground, which places 
battery on the sleeve of jack 5 6. 
This trunk may also be made busy by inserting 

the plug 52 in jack 56. Plug 52 is a dummy 
plug and merely results in the closing of the aux 
iliary contacts of jack 56 whereby ground is 
placed on conductor 333 which, extending over 
conductor 32, Will operate the advance chain 
relays 29 and 202 in the seguence circuit. 
The right-hand portion of Fig. 15 illustrates ar 

rangements at the central office end. Jacks 522, 
523 and 524 appear on a test position at the cen 

tral office. By means of jack 523, a monitor 
ing operation may be carried out and by means 
of jack 522 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 operated. Jack 524 
is a “make busy' jack. As will be more fully de 
scribed hereinafter, conductor 52 connecting to 
the sleeve of jack 524 will 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 524, no indi 
cation will be given. However, if the trunk is 
busy, then battery connection will be found on 
the sleeve of jack í 524 and this battery con 
nection, extending over the tip of plug 528 and 
through the winding of relay 529 to ground, will 
cause the operation of relay i529 and the conse 
quent lighting of lamp 539. 
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 
525. Conductor f 525 will render the central 

office termination of the trunk busy, 
A2ttomatic signaling concentration unit trunk 

CirClit 

The circuit shown in Fig. 19 is the central office 
terminating circuit of a trunk extending to a 
concentration unit. This trunk has automatic 
signaling Supervisory features at central office 
teletypewriter Switchboards and is arranged to 

O 

20 

30 

3 5 

50 

55 

60 

70 

% second by 20-cycle dot signals. 
the entire break interval, however, a spacing con 
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operate with 0:to 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 
isecond 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 
inals to the inward path. After 42 second addi 
tional time, the line lamps will light marking sig 
inals of less than 1 second duration will not be 
registered as calls. 

3. In the call-before-answer period, if the Sub 
scriber recalls, the disconnect intervals will re 
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 in Ward path 

... after 4 seconds and the busy condition will be 
removed after an additional 1/2 seconds. 

5. When the operator answers the call, the 
line lanp will be extinguished and a marking 
condition will supplant the 20-cycle dot signais 
on the inward path; the busy laimps Will remain lighted. 

6. During communication, signals from the 
Subscriber toward the master office Will be trans 
mitted Over the outward path. Signals from the 
naster 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 lead 
to the cord Will therefore remain open during 
Communication. . ? 

7. A break from the cold circuit will be re 
peated to the inward path as a spacing signal 
which Will be supplanted by 20-cycle dot signals 
after a delay of 2% 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 

TíThroughout 

dition Will be applied toward the cord circuit. No 
Supervisory action Will result from break signals 
in either direction. 

8. A disconnect froin the subscriber Will return 
the OutWard path to spacing. After 1 second, 
ground Will 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 opened or grounded. 

10. When the operator connects to the trunk 
to Originate a call, a marking condition will sup 
plant the idle or spacing condition of the in Ward 
path. Ground applied to the ring circuit will 
light the supervisory lamp of the cord. 

11. The action of remotely controlling the di 
recting of a call to a desired line through the 
agency of the operator's teletypewriter and the 
director circuit -at the concentration unit will be 



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 renoval 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 Supervisorylamp. 

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 
nails 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 unit 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 
a spacing condition to supplant the 20-cycle dot 
signals applied to the inward path. After 1A2 
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 14 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 900 which is 
held to spacing because of the spacing condition 
of the outward path. Relay 900 will keep con 
denser 90 discharged during the idle condition 
through a connection from ground, spacing con 
tact of relay 900, the lower outer armature and 
back contact of relay 902, condenser 90, re 
sistance 903 to ground. 

Call from the concentration umit 
Relay 900 will follow all signals received from 

the outward transmission path. During the idle 
condition, relay 900 keeps condenser 90 dis 
charged. Marking signals permit condenser 90 
to charge and also Will energize the tube filament 
circuit. The circuit may be traced from battery 
to resistance 904, conductor 95, and thence in 
series through the filaments of tubes 909, 90, 

Il 9 í , 92 and 93, thence over various multiple 
paths to conductor 94, leading to the marking 
contact of relay 900 where a connection to ground 
will be found on the armature of this relay. The 
tube 9 will become conductive, causing the 
operation of relay 95, and in turn relay 96. 
The positive battery connection to conductor 995 
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may be traced through the resistance 97 to the 
grid of tube 9 thus causing the tube 9 to 
become conductive. When a marking signal in 
excess of a second is received as a result of a 
call, condenser 9). Will charge sufficiently to 
cause tube 92 to draw plate current and oper 
ate relay '9f 8 which in turn will cause the oper 
ation of relay 92. Relay 902 (1) will open the 
Spacing contact circuit of relay 9 so that tube 
92 will remain conductive, (2) condition relay 
99 so as to follow signals from the outward 

path, and (3) operate relay 92. Relay 92), in 
Operating, Will lock and operate the off-normal 
relay 92 which applies power to the repeater 
and operates relay 922. Relay 922 will light 
the busy lamps, energize the vacuum tube fila 
ments independently of the marking contact of 
relay 900 and apply a busy test potential to 
the sleeve 924. Meanwhile the tube filaments 
being energized, tube 9 functions and prior to 
the operation of the off-normal relay 92 will 
have operated relays 95 and 9 6 so that the 
20-cycle Supply from the conductor 937 will be 
connected to the inward path i986 when the off 
normal relay 92 becomes operated. The off 
normal relay f92 also locks to relay 93 and 
transfers condenser 926 from ground to a high 
resistance charging path. The ground connec 
tion for condenser f 926 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 1926 may be traced 
from armature 6 of off-normal relay 92 and its 
front contact through resistances 928 and 904 
to battery. When condenser 926 has charged 
for a period of 2 second, tube 9 ?e will operate 
relay 929 which in turn will operate relay 930. 
Relay 930 will close the operating path of relay 
93 which will place ground on conductor 932 
and light the line lamp 1933. The circuit for the 
Operation of relay 93 may be traced from bat 
tery to Winding of relay 93, through armature 
3 and its front contact of relay 1930, front con 
tact and armature 2 of relay 982, armature 2 and 
its back contact of relay 923, back contact and 
arnature 4 of sleeve relay 925 to ground. The 
ground connection for conductor 932 may be 
traced from the ground on the back contact and 
Outer upper armature of relay 934, through the 
fä 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 grOnd from 
condenser 935 resulting from the relay 900 
moving to its Spacing contact and thereby re 
noving ground from conductor S 4 will permit 
this condenser 935 to charge. After the con 
denser has charged for 4 second, tube 93 will 
become conductive and carry the grid of tube 92 
to a potential which is negative with respect to 
the filament so as to make tube 9 2 non-conduc 
tive. Relays 1918, 1902 and 93 will release and 
thus extinguish the line lamps represented by 
933. After the release of relay 93F, condenser 
1935 Will be charged at a slower rate. After four 
Seconds, tube f309 will operate and cause relay 
936 to operate which in turn will Short-circuit 

relay 92. Relay f$2 will release, releasing the 
off-normal relay f2 which will return the in 
Ward path to Spacing and remove power from the 
repeater. The off-normal relay 92 will also 
transfer condenser 926 to a discharging path. 
After 1% seconds, tube 9 O will release CallSing 
in turn the release of relays 1929, 1930 and 922 
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and the circuit 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 93 
to the inward path after the subscriber 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 linejack 938, the sleeve relay 
1925 will operate. The sleeve relay 1925 will op 
erate relay 943 which in turn Will operate relay 
923. Relay f 923 will lock to the contacts of re 
lay 944 which will be operated by battery from 
the ring circuit which is supplied through the 
supervisory relays in the cord circuit. Relay 
923 will open the operating path of relay 93 

to extinguish the line lamps and change the tin 
ing of tube 909 so that it will operate relay 936 
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 921, a biasing current will 
flow in the lower windings of relays 940 and 
94. Relays 940 and 94 Will follow all signals 

sent from the cord circuit. Relay 94 will repeat 
the signals to the in Ward transmission path and 
relay 940 will cause the operation of relay 1945 
which in turn will apply ground to discharge con 
denser 942 during all marking periods. When 
relay 99 is operated to spacing by the outward 
path, the spacing signal Will be repeated Over the 
upper windings of relays 94f and 940 to the 
cord, and biasing current of relays 940 and 94 
will be reversed to hold the relays to marking. 

In the marking condition of the inverse neu 
tral outward path no current will flow. Relay 
99 will be held to marking of local holding 
current fiOWing in its upper Winding. In the 
spacing condition of the outward path the cur 
rent in the lower winding will operate relay 99 
to spacing against the local holding current pro 
vided the relay 940 is marking. If relay 940 
is spacing, however, the local holding current of 
relay 99 will be increased to a value sufficient 
to hold relay 99 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 940 will allow condenser i942 to 
charge. After 2% second, tube 9 will become 
conductive and will operate relay 95 and in 
turn relay 96. Relay 96 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 
1937. This will cause the terminal repeater 503 
to transmit dot signals at 20-cycle frequency to 
the concentration unit. When the break is ended, 
relay 940 will cause tube 9 to release relays 
f 915 and 1916 to return the inward path to the repeater. 
A break signal from the subscriber will be 
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converted to 20-cycle dots after 2% second at 
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 900 will be operated to spac 
ing to allow condenser 935 to charge. After 
% second, tube 93 becomes conductive and 
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contact of relay (900. 
are received, condenser 1935 will be discharged 
so that the tube 1909 will not become conduc 
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will carry the grid of tube 1912 to a potential 
negative with respect to the filament of the tube 
92. This will cause the release of relays, 98 
and 1902. Relay 1902 will return the control 
of tube 9 2 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 92 conductive. At the end of the break 
when the outward path returns to marking, con 
denser 190 will charge sufficiently to cause tube 
92 to operate relays 98 and 1902. During 
the time that the 20-cycle dot signals are be 
ing received, relay f 902 will be released and since 
this relay, when released, forces relay 99 to 
spacing regardless of the line condition, the 20 
cycle dots will not be repeated to the cord cir 
cuit. 

DiSCOmmeCt 
A disconnect from the subscriber. Will cause 

the outward path to return to the idle or Spac 
ing condition permanently. After /8 second, tube 
93 will act as hereinbefore described to re 

lease relays f918 and 902, and one second after 
the beginning of the disconnect the tube 909 
will operate relay 1936 to short-circuit and there 
fore release relay 920. Relay 920 will apply 
ground to the ring circuit of the cord to light 
the supervisory lamp. Relay 1946 will operate 
at this time. . . . . . . 

The operator may dismiss the connection at 
this time by disconnecting the cord from the jack 
1938. If this is done the sleeve relay 925 will . 
release releasing the off-normal relay 92 to 
apply spacing to the in Ward path and Connect 
condenser 926 to its discharging path. After 
14 seconds, tube 90 will release relays. 929, 
93) and 922. The circuit will then be restored 

to the normal idle condition. 

Recall 
The disconnect portion of a 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 918, 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 920 is released. When relay 920 is. 
reoperated, however, relay 946 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 925 to unlock 
relay 946. Relay 923, however, will remain 
locked to relay 1944. - . . . 

Call from the master Ojice 
The master office operator will originate a call 

by connecting a cord to the line jack 938. The 
sleeve relay 1925 will operate, operating the off 
normal relay 192í, to send a 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 teledirect. 
tion. The marking condition on the outward. 
path will result in the operation of the relay, 920 
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 a disconnect condition will exist and the out 
ward path will return to spacing to relight the 
cord supervisory lamp by the release of relay 
2920 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 extinguishing of the supervisory lamp will 
indicate the answer of the call to the operator. 
It is necessary to have relay 1946 released prior 
to the time that relay 920 operates to indi 
cate that the concentration unit is prepared for 
teledirection and prior to the time relay 920 
Operates to indicate the subscriber's answer to 
the Original call. At these times relay 946 is 
held released by relay 943. In this case relay 
1943 is operated by relay 1947 as a result of th 
Operator ringing the subscriber. 
F.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, 920 will hold the off-normal relay 
92 : operated after the relay 925 is released, the 
removal of the cord will send a space signal to the 
concentration unit. The receipt of the Space-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 909 will release relay if 936 which 
in turn will release relays 920 and 92 to return 
the inward path to spacing and after an addi 
tional 1% seconds tube f 90 will release causing 
in turn the release of relays. 929, 1930 and 1922, 
thus returning the trunk to the idle condition, 

Ringing 
Ringing current applied to the tip circuit from 

the cord will cause the repeater to transmit 20 
cycle dots to the concentration unit to ring the 
subscriber. 
ranged to apply machine ringing at the time a 
trunk circuit is connected to the called line in 
which case it will be unnecessary for the operator. 
to ring and establish a connection. It will be 
necessary, however, for an operator to operate the : 
ringing key once in order to operate relay 943 so 
that the subscriber's answer will not cause the 
supervisorylamp 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 

Connections 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 934. With relay 1934 operated 
the relay 93 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 939. Relay 
1934 will perform the functions of relay f$22 in 

The concentration unit may bear 
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making the trunk appear busy at the switch 
board. When relay 922 is operated as a circuit 
function, battery will be applied to conductor 
1948 to indicate the condition of the testing 
circuit. ... 

A Sequence circuit 

This circuit is designed as a subscriber and 
trunk sequence circuit so arranged as to permit 
the routing of only one call in any direction 
through the line concentration unit at any one 
time. 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 
000 and f)0?, that controlled by relays 002 and 
2003, and that controlled by relays 004 and 005. 
Each group has a pair of relays, such as f006 and 
f007, 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 circuitarrangements for con 
trolling the sequence circuit arrangements of Figs. 
10, 12 and 14. 
The functions of the sequence circuit as a whole 

may belisted 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 an 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 indicating the subgroup 
placed out of outward service. 

4. In case of trouble on an outward call in the 
trunk conductors or parts of the repeaters or 
trunk relay equipment at the line concentration 
unit or the TWX office, as indicated by the alarm 
circuit after a two-second interval, this circuit is 
arranged (1) to attempt to free the sequence 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 a characteristic out-of-order signal. If the 
outward path to the TWX office is not faulty, 
this will indicate a trunk in trouble at the man 
ual office end. In this case, the subscriberis con 



2,340,599 
nected to the next idle satisfactory trunk avail 
able. . . . , 

5. This circuit is arranged to allot in a prede 
termined 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 one trunk group exists in an 
office, the circuit is arranged to pick an idle 
trunk in the particular trunk group to which the 
subscriber is predeterminedly connected 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 line is arranged for 
key selection of outlets, this circuit, in conjunc 
tion with the subscriber's line circuit, is arranged 
to select an idle trunk in the trunk group selected 
by the subscriber before proceeding to select an 
idle trunk in the other trunk group. 

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

8. When the subscriber's line is arranged for 
key selection of outlets, this circuit, in 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 
circuit to measure the length of time this condi 
tion persists. 

1. 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 
lease of any link equipment set up for an estab 
lished call during the interval the link circuit is 
actually being used to establish a routing through 
the line concentration unit in either direction. 

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

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

16. In the case of a failure to complete the 
routing of an inward call where it has been de 
termined that trouble may be in the trunk or 
trunk sequence circuit, the miscellaneous alarm 
circuit causes this circuit to function (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 failure to complete the routing 
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 a Waiting 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 out Ward to the central office if the 
outward central office key 602 is operated and 
if an idle trunk is selected by means of its asso 
ciated call key, such as key 205. 

20. This circuit is arranged to operate on a 
manual basis for inWard calls from central office 
if the inward central office key 603 is operated. 
A local attendant's station is connected to the 
trunk by means of the call key, such as 205, 
and busy-test circuit to obtain information con 
cerning the in Ward 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 OO6 and 007 and 
each subgroup of Subscribers is equipped with a 
set of four relays f(80, 00, foG8 and 009. All 
these relays are used in routing through an out 
ward call except the last, 909, which is used to 
remove the subgroup from outward service. In 
general, subscribers of a subgroup seek the prival 
illege 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 200, f 202, 
204, 206, 2097, 4 29) ! and t 203 and a contact oni 
a relay such as 604 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 a 
trunk call obtains permission to be routed 
through the line concentration unit, the trunk. 
circuit is connected to a director circuit which 
translates the pulses received from the distant 
TWX 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 607 and 
f608 as a common start circuit for the group of 
trunks, Such as that terminating in Fig. 9. Re 
lays 609, 60 and 6 are supplied for the 
other trunk group, such as that having trunks 
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terminating in Fig. 8... The transfer relay 6ff 
is designed to change the order of the trunk 
chain and advance circuit in such a manner that 
all trunks in the selected group are tested for 
busy before a trunk is selected in the other group 
existing in the Office and all trunks of both groups 
are made available to a calling Subscriber. . . . . 

Routing of a call originated by a subscriber 
... 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. O96 it causes this start relay to operate. 
With the start relay. 06 operated, the chain 

ground Coming from the inner lower armature 
and back contact of relay 008 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 
00. If relay O8 is normal and no other start 

relay preceding relay 006, such as relay Off, 
is operated, then this ground will be extended to 
the Winding of relay 007 and this relay operates 
from battery, providing no other corresponding 
relay, such as 3, is operated. Relay 007 locks 
under control of its associated relay O8, the 
circuit extending from ground, front contact, and 
innermost upper armature of relay 07, the front 
contact and lower armature of relay f G06, the 
upper armature and front contact of relay 006 
to the winding of relay OOT. The operation 
of relay 09T removes the chain battery from 
all lower numbered corresponding relays, such 
as O2. Thus, when relays 06 and OO asso 
ciated with the calling subscriber's line are op 
erated, ground and battery 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 B operated, in addition to locking under 
control of its associated start relay 966, 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 
009. Relay 90 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, il 902 or 1004 is op 
erated or if the particular relay 1000 is in a 
preferential position and if no relay, such as 
f00, 003, 005, in either this subscriber group 
sequence circuit or the trunk sequence circuit 
is in an operated position, the associated relays 
000 and Will function in a manner Simi 

lar to that described for the corresponding re 
lays 1006 and 007 of the subscriber line set. 
The relays, such as 1000, 002, 004, control a 
chain ground extending from the back contacts 
of a relay 235 in the miscellaneous alarm cir 
cuit and extending in a chain through the lower 
armatures and back contacts of the various trunk 
relays first in Fig.14 and then in Fig. 12, such 
as relays 234, thence to the lower and upper 
outer armatures of relay C4 and, in order, the 
corresponding points on relays 02 and foo. 
The relays, such as 100, 003, 0.05, control a 
chain starting from battery on the back contact 
of relay 233 in the miscellaneous alarm circuit, 
thence to the winding and upper armature of 
relay foot, the back, contact of this upper ar 
mature to the winding and upper armature of 
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relay. O03, the back contact of this armature 
and thence to the winding and upper armature 
of relay foo5. From here the chain circuit ex 
tends through certain relay contacts, in the mis 
cellaneous alarm circuit, Fig. 16, and thence goes 
on through the armatures of the relays, such 
as of 206, finally ending in the winding of relay 
2304 in the miscellaneous alarm circuit. 
s: When the relays. 000 and fool of the partic 
ular 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 100 t operated 
causes the operation of relay 008 and places 
battery from the chain circuit through its upper 
armature and front contact, thence through the 
lower outer armature and front contact of relay 
007 to conductor O2 and thence to conductor 
62. This battery will then be extended through 
armature 5 and either the back or front contact 
of relay 67...Let us assume that relay 67 is 
noti energized. Therefore, the battery on con 
ductor 62-l. will be extended to conductor 600, 
thence over conductor 600 to the winding of re 
lay 60. ... Relay. 607 is energized in this circuit, 
The operation of relay 008 removes ground 

from the ground chain of the particular sub 
scriber's subgroup sequence circuit and connects 
the lead ( 4, known as the busy out lead, to the 
winding of relay O09 for purposes which will 
be hereinafter described. Relay 1008 also con 
nects leads of 5 and of 6 to leads OT and 108, 
respectively, which in turn are connected through 
two armatures of relay 007 to conductors 623 
and 624, respectively. Conductor Í05 now con 
nected through conductors of 7 and 623 com 
pletes a circuit from the front contacts of relay 
2300 in a miscellaneous alarm circuit to conduc 
tor'923 and thence through the winding of hold 
ing relay 903 so that when the relay 2300 oper 
ates, as will be hereinafter described, the hold 
ing relay 903 will be operated. The conductor 
06 now connected through conductors of 8 and 

624 establishes a connection from the upper ar 
mature of relay 20 to the winding of relay 619 
so that if the relay 20 becomes operated, as 
will be hereinafter described, the busy back re 
lay 614 will be operated. 
Meanwhile the battery furnished by relay f OO 

connected through the lower outer armature and 
front contact of relay OOT to the winding of re 
lay 607, as hereinbefore described, causes the 
operation of relay f6O7. This relay places ground 
on conductor f6 5 to cause the operation of re 
lays 604, 6 3 and 614. These relays, in turn, 
place individual grounds on the trunk chain and 
advance circuits composed of relays (200 and 
202, for instance, of Fig. 12 holding such cir 

cuits in a fixed condition during the entire in 
terval that an outward call is being routed 
through the unit. This anti-release feature is 
necessary to prevent snagging of two sets of 
cross-bar fingers. As is fully explained in the 
prior art hereinbefore set forth, the operation of 
the-cross-bar switches shown in Figs. 8 and 9 
consists first in the energization of a selecting 
magnet such as 80 which moves a selecting fin 
ger in place so that when the magnet such as 
803 is operated, 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 604, 
63 and f6 4. . h- 
In addition, where relay 609 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 6 f. The 
transfer relay is designed to alter the chain cir 
cuit 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 694, but if the order 
of Selection was to have been changed relay í6 í ! 
had accomplished this function before the start: 
lead to the trunk chain and advance circuits 
Was called into use. . . . 
The operation of relay 64 permits the oper 

ation of relay 608 through a circuit extending 
from ground, the front contact and inner right 
hand armature of relay 604, right-hand arma 
ture and front contact of relay 67, winding of 
relay 1608 to battery. Relay 1608 extends this 
ground through its front contact and inner left 
hand armature to conductor 6 6 which may be : 
traced through Figs. 14 and 12 to the inner lower 
armature of relay 202. Assuming this relay to 
be non-operated, denoting that the trunk of Fig. 
11 is idle, then this ground would be extended 
over conductor f l (2 to the winding of start relay. 

03. If the particular trunk shown in Fig. 1 
Were busy, then both relays 200 and 202 Would 
be operated and the ground on the lower arma 
ture of relay 202 would now be extended over 
the lower armature and front contact of relay. 
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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 circuit, will function in conjunction 
with the link circuit and miscellaneous alarm 
circuit. When selecting magnet 900 has been 
energized as hereinbefore described, ground Will 
be placed on conductor 992 Which will be extend 
ed to conductor 232 and thence to the Winding 
of relay 2389. Relay 2390 through its inner lower 
armature, and front contact and in parallel 
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200 to the inner lower armature of relay 28 
of the next trunk - corresponding to relay 22. 
If all trunks in this group were busy then such 
grOUnd. Would be extended to conductor 29 
and from there through the right-hand arma 
ture and back contact of relay || 6 | I to conduc 
tor 6 T which leads to the - inner lower arma 
ture of relay 402 of the first trunk in the other 
group. It should be noted further that if all 
trunks in this group are busy then the ground 
is extended to conductor 400 and from there 
through the left-hand armature and back con 
tact of relay 6 to conductor 62) leading to 
the all-trunks-busy circuit. - 
The operation of relay 608 places battery on 

conductor 68 which may be traced to the wind 
ing of start relay 2306 and since this relay has 
the other side of its winding grounded, it will 
become operated. Relay 2306 through its upper 
inner armature and front contact places a ground. 
on common start relay 2305 and causes its op 
eration. Relay 698 through its outer left 
hand armature and front contact places ground 
On the inner left-hand armature of relay 64 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 23.65 
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 68, 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 means 
of the back contact of the first relay, such as 22 

therewith through its middle upper armature 
and front contact places a ground. On the Wind 
ing of relay 2307, thence through normal con 
tacts of relay 230 and in parallel therewith 
through resistance 23 to the hold lead 2312. 
This lead may be traced to conductor f05, 
thence to conductor 1 0 TI, through conductor 623, 
conductor 923 to the Winding of relay. 993, caus 
ing this latter relay to operate. This relay in 
turn causes the operation of holding magnet 800. 
Upon the operation of magnet 800 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 6 and 07 and 
this in turn results in the release of relays 000 
and (0. The release of relay 097 causes the 
release of relay $97 and the release of relay 
938. The release of relay. 8 disconnects the 

holding and busy-back leads from the common 
circuits, while the release of relay (607 causes 
the release of the associated transfer relay 6, 
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 69 to all 

... of the trunk circuits. In only one of these trunk 
40 circuits is this ground effective and that is the 

trunk circuit which has just been selected by the 
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calling subscriber. Ground on this lead in this 
trunk circuit causes the operation of relay 202 
and in turn the operation of relay 29. This 
circuit may be traced from ground, the left-haind 
armature and back contact of relay 697, the 
left-hand armature and back contact and in par 
allel therewith the inner right-hand armature 
and back contact of relay. 609, conductor 69, 
conductor f3, the front contact and armature 
8 of the start relay 33, conductor 32, the 
winding of relay 22 to battery and ground. 
Relay 2G2 is operated in this circuit and through 
the additional contact of the upper armature of 
relay 202. extends the ground for operating re 
lay 292 to the winding of relay 200. Relay 
280 now extends the chain circuit from the in 
ner lower armature of relay 202 through the 
lower armature of relay 200 to the inner lower 
armature of the next relay 208. Relays 200 
and 202 are thereafter held energized over con 
ductor i 23 by ground on the lower outer arma 
ture of relay 5. As hereinbefore described, 
these relays are held temporarily by such relays 
as 634 to prevent the release of such advance 
chain relays during another operation. The Op 
eration of relay 200 through the movement of its 
inner upper armature removes ground from con 
ductor if 05 which was used as a locking ground 
for the start relay 3. Relay 200 also closes 
a ground to conductor 2 which starts the es 
tablishment of a circuit which Will be completed 
when all of the relays in a group corresponding 
to relay 20 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 
sists. . . . . . . - - - 

The operation of relay it 202 removes the hold 
ing ground from relay 1608 supplied over con 
ductor. 66 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 604 and its - companion relays 
removes the individual holding grounds to the 
relays such as 202 of all trunk circuits, thus 
permitting any relay such as 202 that was in a 

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 607 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 200 and 1202 operated will be 
removed, permitting their release provided an 
auxiliary path is not being temporarily furnished 
by relay 604. Upon the removal of any such 
temporary holding path, relays f200 and 202 
release, returning the entire circuit to normal. 

: In case the relays 200 and 202 of all the 
trunks in the office are operated, ground con 
nected to conductor 616 by relays 604, 607 
and 608 is connected by means of the trunk 
chain circuit to the all-trunks-busy lead 620.: 
This conductor extends to the all-trunks-busy 

: circuit and causes such circuit to function to pro 
duce a special telegraph i 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 006, 
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 TWX 
office 

When a trunk is seized at the distant TWX 
office, the associated trunk in the line concen 
tration unit functions as hereinbefore described 
(a) to place a ground on the start lead 52, 
causing the operation of relay 204, and (b) to 
place a ground on conductor 32, causing the 
operation of relays (202 and 200 in the manner 
described. The trunk chain circuit is, there 
fore, immediately...advanced and if this causes the 
completion of the chain circuit leading from the 
upper outer armature of relay 200, ground is 
sent to the all-trunks-busy circuit which oper 
ates relay 200 and causes it to time the inter 
val, that this “all-trunks-busy" condition persists. 
The operation of the relay 204 places a ground 
on the lead 29 connected to the front contact 
of the middle upper armature of relay 204 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 
213 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 f 204 associated 
with this trunk circuit is in preferential position, 
ground on the lower armature of relay 204 com 
ing from the back contact of the common start 
relay 2305 in the miscellaneous alarm circuit will 
permit the operation of relay 206, provided also 
that no other relay corresponding to relay? 206 
is in an operated position. If these conditions 

0 are not met, the particular relay 206 will be 
delayed in operating until it has received a pref 
erence accorded it by the sequence circuit. When 
relay 1206 is operated it locks under control of 
its associated relay 204 through a circuit ex 
tending from ground, the inner upper armature 
and front contact of relay (204, the inner upper 
armature and front contact of relay 206, the 
winding of relay 206 to battery at the back con 
tact of relay 2303 in the miscellaneous alarm cir 
cuit. Relay 206 causes the operation of relay 
207 by extending a battery connection through 

its lower armature and front contact to the wind 
ing of relay i2O7. Relay. 206, in operating, ex 
tends the battery also through its upper outer 
armature and front contact to conductor 2 f 
which extends to the winding of relay 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. 207 places ground on conductor f 212 
which extends through the contacts of director 
transfer relay TO to the winding of relay 1800 
in the director circuit, as a start signal for the 
director. Relay 1207 also (1) extends a con 
nection from the windings of relays ff00 and 
it Oi, conductor f36, to conductor 214 leading 
through the contacts of director transfer relay 
iTO to the left-hand winding of relay 80, (2) 
extends a connection from the armature of re 
lay 302, conductor if 8 to conductor f2 i5 lead 
ing through the contacts of director transferre 
lay 702 to the lower winding of relay 802, (3) 
grounds conductor 1216, causing the energiza 
tion of relay if 20 and in turn selecting magnet 
900 of the cross-bar switch, (4) connects relay 
| 20? to conductor 12 IT, leading to the miscel 
laneous alarm circuit, and (5) connects relay 
| 203 to conductor 28, also leading to the mis 
cellaneous alarm circuit. The operation of the 
common start relay 2305 following the opera 
tion of relay 2306 by the application of battery 
to conductor 2 removes ground from the 
ground chain passing through the lower arma 
tures of all relays corresponding to relay 204 in 
the entire office sequence circuit chain. 
Establishing connections for a call originated at 

the distant TWX office 
After the conductor 22 leading to relay 1800 

in the director circuit has been grounded by the 
operation of relay 207 the associated director 
circuit functions, sends a "director ready” signal 
to the distant TWX office which is followed by 
the reception from the operator of the desired 
called subscriber's number. The director circuit 
proceeds to 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 803 in the director 
circuit, connecting with conductor f6 5, is ground 
red, causing the operation of relays f604, 63 and 
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64, 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 204, causing the release of this relay, re 
lay 206 and relay 27, and extinguishing the 
call lamp 23. The release of relay 204 re 
moves ground from conductor 29, heretofore 
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 24 is placing a ground 
On this conductor. The release of relay 29 
(a) removes ground from conductor 22 to the 
director circuit, permitting the director circuit 
to return to normal, (b) opens the two transmis 
sion conductors 24 and 25, disconnecting the 
trunk circuit from the director circuit, and (c) 
removes relays 20 and 203 from the leads 
and 28. The release of relay 296 removes 
battery from conductor 2, leading to the mis 
cellaneous alarm circuit. The common sta't re 
lay 2305 of the alarm circuit does not release un 
til the director circuit has ret Urned to normal 
but upon its release, reconnects ground to the 
chain ground circuit connected, as before de 
scribed, to the inner lower armature of relay 22 
thus enabling the sequence circuit to handle a 
new call. The director in returning to normal re 
moves ground from the lead 83, permitting the 
release of relays f 55, S 3 and 64, 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 209 and 22 which, if relays such as 
604 are not operated, release and return to nor 
mal. If the chain is held in a fixed condition 
by the operated relay 504 the particular relay 
pair 260 and 202 will remain operated until 
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 Gne es 
tablished by the distant TWX, a relay is oper 
ated in the miscellaneous alarm circuit. The 
interval used in routing the call is timed to See 
that it does not exceed a certain specified limit 
and thus prevent the permanent disabling of the 
trunk and the subscriber's group circuit. In 
case of an outward call, the miscellaneous alarm 
circuit times Out in tWO Seconds and a ground 
is placed on conductor if the indication is 
that the trunk is not in trouble. Since relay. 
08 associated with the particular subscriber 

subgroup contain nig the calling subscriber line is 
operated, ground on conductor is will cause 
the operation of relay i? 89 which, in turn, will 
lock under control of its associated key 9. 
The operation of relay 1999 will cause the release 
of the associated relays f and 98 and light 
lamp 28, indicating which particular subscrib 
er's subgroup is in trouble. The operation of 
relay io99 prevents any subscriber of that par 
ticular subgroup from entering the subscriber's 
subgroup sequence circuit, thus removing that 
particular subgroup of subscribers from outward 
service. The release of relay 90 permits the 
release of the associated relay f ( f, Relay 0f 

After the link circuit has func 
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27 
released causes the relay S or 689, as the case 
may be, to release so that ground is renoved 
from the trunk advance chain and the compan 
ion relay 16 í or í 608, as the case may be, is re 
leased. If the trunk has not been connected to 
the calling line, the “advance' is not locked up. 
The release of relay f698 causes the release of 
relays 604, 6:3 and 68, as described before. 
The common start relay 2305 of the miscellane 
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 
subscriber in the group out 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 Gf 
the existing type of trouble. The subgroup. sub 
scribers remain out of service until the attendant 
has remedied the trouble and then operated the 
release key 0 9 associated with the illuminated 
lanp 3. The operation of this key causes the 
release of relay. Í909 returning the busying-out 
feature to normal, extinguishing the trouble in 
dicating lamp and permitting the particular sub 
scriber subgroup access to the subscriber se 
quence circuit and, in turn, to calling service. 

If the miscellaneous alarm circuit times out in 
two seconds on an outward call and the indica 
tions are that the trunk conductors or some part 
of the trunk relay equipment is at fault, ground 
is not placed on lead it 4 or 2 but connected 
rather to conductor 34 leading in multiple to 
all the trunk circuits. The particular trunk cir 
cuit preselected at the time by the outward call 
is the only trunk circuit that is in position to uti 
lize; this ground. This trunk circuit, therefore, 
transmits the same ground through the front 
contact and armature 2 of relay. 3, conductor 

35, front contact and lower outer armature of 
relay 28, to conductor 28 and at the same 
time causes, the operation of relay 283. Relay 
203 operated locks under control of the associ 
ated trunk release key 22, causing, in turn, the 
operation of relay 28 . . Relay l 2 , in operat 
ing, (1) places ground on the chain lead 32, 
causing the operation of relay 292 and, in turn, 
relay 23, (2) connects conductor 36 to con 
ductor 222, , (3) connects battery to conductor 
223 which extends to the circuit in rectangle 
696 and causes it to function, (4) removes bat 

tery from conductor and 33 where it is 
instrumental in bringing the trunk to normal 
and (5) locks under control of any mark signal 
from the distant manual office. The operation 
of relay 283 also causes the associated lamp 
t22 to flash under control of interrupter & 83 as 

The 
operation of the chain advance relays 2 and 
{292 removes the possibility of using the particu 
lar trunk on a particular outward 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. 
The operation of relay 622 on first closure of 

the 60 I. P. M. interrupter 623 connects ground 
to conductor 222 through the left-hand arma 
ture and back contact of relay $2 and at the 
same time causes the operation of relay 624. 
On the first following open period of interrupter 
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1623, relay 1622 releases and relay, 1625 then op 
erates. Relays 624 and f 625 operated permit 
relay 626 to operate. On the second closure of 
the interrupter 623, relay 622 again operates, 
connecting ground to conductor 222 of the 
trunk, but this time it causes the release of relay 
1624. Relay 624, in releasing, permits relay 
627 to operate. On the second open period re 

lay 622 again releases, removing ground from 
lead 222 and permitting relay f625 to release. 
On the third closure of interrupter 623, relay 
f622 again operates, connecting ground to lead 
222 and causing relay 624 to operate; Relay 
627 being operated, the operation of relay 624 

causes relay 62 to operate which, in turn, re 
moves ground from conductor 222. On the 
third open period of the interrupter 623, relay 
625 operates and, together with relay 624, 

causes the release of relay 626. On the fourth 
closure of the interrupter 623, relay 624 again 
operates but relay 62 being locked to relay 625 
prevents connection of ground to lead 222. Re 
lay 624, however, is released, causing the release 
of relay f 627. On the fourth open period, relays 
622, 625 and 62 release, and on the fifth clo 

sure of the interrupter 623, the four-Second cy 
cle starts all Over again. 
Ground on the lead 222 to the trunk circuit 

causes the latter circuit to send a mark signal 
to the central office end. The apparatus gener 
ally denoted 606, 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 a 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 225, . 
associated with the flashing lamp 220. This 
causes the release of relay 293 which removes 
ground from the secondary winding of relay 20? 
and at the same time changes the flashing lamp 
to a steady lamp. Relay 20 will, however, 
remain operated under control of a mark signal 
that might be received from the distant manual 
office. After connection of this mark signal, relay 
20 - releases and thereby causes (a) the release 

of the trunk advance relays 290 and 202 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 
circuit in an off-normal 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 27 and 2 8, 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 27 if it has been determined that a 
trouble does not exist in either of these two 

If both conductors 2 7 and 28 are 
grounded, relays f20? and 203 operate and be 
come locked under control of both the release 
key 225 and any mark signal that may be re 
ceived from the distant manual office causing the 
associated trunk lamp 1220 to flash and con 
necting the output circuit 606 to lead 222 and 
placing a ground on the trunk advance relayS 
200 and 202, causing the operation of both. 
In addition, the operation of relay 20 removes 
battery from conductor to the two-way 
trunk circuit, returning the trunk to normal and 
causing the release of relays 204 and 20. The 
release of relay 204 removes ground from con 
ductor 29 to the director circuit and causes 
the release of relay 206 which, in turn, releases 
relay 207. The release of relay 207 opens 
the operating winding of relays 20 and 293, 
disconnects the trunk circuit from the director 
circuit, removes the starting ground from the 
conductor 22 to the director circuit and re 
moves ground from conductor 26 to the trunk 
circuit. The release of relay 26 removes bat 
tery from conductor f2 leading to the start 
relay 2306 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 circuit to 
handle a new call in either direction. The Op 
eration of the chain advance relays f200 and 202 
removes the trunk circuit from the trunk chain 
as far as an outward call is concerned. The ap 
paratus, generally designated 66, operates as 
hereinbefore described and the characteristic 
trouble signal is connected to conductor 222 and 
thence to conductor 36 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 a trouble indi 
cation. In this case, after the trouble has been 
remedied, the attendant restores the trunk to 
service by momentarily operating the key 225 
associated with the flashing lamp 229 and, as 
indicated heretofore, relay 20 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 27 alone is grounded, causing the 
operation of relay 20 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 for outward calls 
In case of an emergency, such as the failure of 

the sequence circuit, in which the automatic 
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features of the unit are in trouble, the outward 
calls are routed to the central office by the foll 
lowing semiautomatic method of operation. A 
call lamp, such as 66, 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 í603 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 trunk, 
while the latter prevents the subscriber portion 
Of the Sequence circuit from completing its task 
of automatically Selecting an idle, satisfactory 
trunk and connecting the subscriber to it. The 
Operation of either or both of these keys or, in 
cidentally, the insertion of a double plug into the 
jacks f628 and 629 of the busy test circuit causes 
the red manual service lamp f 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 205, associ 
ated with an idle trunk which does not have a 
call lamp, such as 213, a trunk lamp, such as 
220, or a busy lamp, such as 6, 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 il 45 and extended over con 
ductor 46 to the upper contacts of key 205 
to conductor 82 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 
2315 in the miscellaneous alarm circuit. If lamp 
23 5 does not light, it is possible that the idle 
trunk Was in trouble and another trunk should 
be selected. Should the second trunk fail to light 
the lamp 235, 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 235, the attendant patches 
between jacks 628 and 629 of the busy test cir 
cuit and jacks 6 if and 610 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 96. The at 
tendant then releases the call key 205 and pulls 
out the patch at the line circuit jacks 6 and 
60. The call does not require any further at 
tention. In case the busy lamp 6 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 9 and 54 of the idle trunk and 
the jacks 6 and 60 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 invard calls 
The inward calls can be handled manually if 

the inward key 603 is operated. If outward calls 
are also to be handled manually, the outward key 
602 is also operated. The inward call appears 
as a lighted call lamp 23 associated with the 
trunk. The attendant patches a double plug 
patching cord into the busy test circuit jacks 628 
and 629, next operates the attendant's answer 
ing and teletypewriter keys of the test set (not 

0 

15 

20 

25 

30 

35 

40 

2 
shown), then holds the calling key 1205 associ 
ated with the lighted lamp depressed while he 
observes that the lamp 235 of the miscellaneous 
alarm circuit lights, and then plugs the other 
end of the patching cord into the jacks of that 
line circuit which is used for the attendant's 
Set. The operation of the key 235 causes the 
selector magnets of the link to be positioned, the 
double plug in the busy test circuit secures the 
sequence preference and plugging into the jacks, 
such as 6 and 6 0, of the attendant's line causes 
the hold magnet to operate and to associate the 
attendant's line with the calling trunk. The call 
key 205 is released as soon as the busy lamp fiOS 
is lighted and then the plug is removed from the 
line jacks 6 and 60. - - - 

If outward calls are being handled on an auto 
matic basis, the plug is also removed from the 
busy test circuit to permit outward calls to be 
routed through, otherwise it may remain in the 
busytest jacks 1828 and i 629. The operator un 
der this condition receives a permanent mark 
signal, the first portion of which is used as a 
"director ready' signal. Her typing, however, 
appears on the attendant's teletypewriter. 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 
jacks 6 and 60 of the called line. If the line 
is busy, the red lamp 63 of the busy test circuit 
lights. The attendant then manually sends 'K' 
signals on the attendant's teletypewriter. If the 
line is idle, the attendant momentarily operates 
an attendant's line release key associated with 
the hold magnet of his line. This releases the 
attendant's line from the trunk, extinguishing the 
green busy lamp ff06. The attendant waits for 
the trunk call lamp 213 to light again and then . 
connects the called line to the trunk by means 
of the call key 205 and a patching cord between 
the busy test circuit jacks 628 and 1629 and 
the line circuit jacks 6 and 610 of the called 
line just as he connected the attendant's line to 

45 the trunk. The busy lamp G6 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 place at the con 
clusion of the call. 

Night alarm. Circuit 
During manual or semiautomatic operation, the 

night alarm cut-off key f632 is released if it is 
desired to receive an audible, as well as a visual, 
indication of the reception of inward and outward - 
calls. The ground placed on any subscriber's or , , ?? 
trunk call lamp 6 f6 or 213 also causes the opera- . 
tion of relay 62 which, in turn, causes the oper 
ation of relay 1833, causing the buzzer 634 to 
sound as an audible indication of a call requiring 
attention and giving a night alarm lamp signal 
through the illumination of lamp 1635. . . . . . 

Director circuit - 

The circuit shown in Figs. 17, 18, 21 and 22 
is designed to receive the telegraph pulses sent 
by the distant operator's teletypewriter and to 
decipher these pulses, thereby causing the se 
lection of the called subscriber's line. The 
functions df this 

(1) Upon the receipt of an inward call from the 
circuit may be summarized as 

follows: - - 
5 
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manual central office, the sequence circuit 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 ready signal will be 
transmitted to the distant end to indicate to the 
manual operator that the call may be routed 
through the line concentration unit. 

(2) The distributor motor will be stopped 
after the director has been dismissed unless there 
is another 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 operated 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. 

(5) 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 director 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 
minor 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 registered in the 
director circuit, both director and trunk circuits. 
are removed from service. In this case a minor 
alarm is sounded and appropriate telltale lamps 
are lighted. w z - 

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

Origination of “director ready” signal 
When an operator seizes the trunk to the-line 

concentration unit at the distant manual board,'. 
the associated trunk at the line concentration 
unit functions to cause the sequence circuit to 
attempt connection to the director circuit in use. 
When the two-way trunk at the line concentra 
tion unit receives permission to route the call 
through the office, the sequence circuit connects 
this director circuit to the particular trunk. The 
inWard transmission path from the two-way 
trunk circuit is in a marking condition and is 
Connected to the lead to the lower winding of re 
lay 862. 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 800 (1) operates relay 1804, 
(2) extends a ground from the right-hand outer 
armature of relay 805 through the outer left 
hand armature of relay 800 to cause the opera 
tion of relay 806, (3) applies ground through its 
right-hand armature (a) through the back con 
tacts of relays 807 and 827 over conductor 
808 and conductor 2208 to the receiving con 

tacts 2200 and causes the operation of start 
magnet 220 which permits rapid acceleration 
of the motor by eliminating clutch drag, (b) 
extends ground to the upper Winding of the re 
ceiving relay 802 which biases this relay to 
spacing, (c) extends ground over conductor 809 
to the stop pulse contact of the distributor 2202, 
(d) extends ground to the left-hand, winding of 
relay 80, causing this relay to operate provid 
ing the receiving relay. 802 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 802, (e) extends 
ground over conductor 809 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 220, (f) ex 
tends ground to the upper winding of relay 22 
which biases this relay to spacing (as shown), 
and (g) extends ground to the inner left-hand 
armature of relay 1805 which is later used to 
start the “director ready' signal. 

Relay f 804 places battery on conductor f8 
and starts the distributor motor 222, the return 
circuit being through current limiting resistance 
223 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 204 and designated in 
Fig. 12 as conductor 2 9. Therefore, the motor 
is kept running under control of the sequence cir 
cuit as long as an incoming call is awaiting com 
pletion. Relay 804 also supplies ground to the 
armatures of the polar relays 2205 to 22 to 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 2210 are through such re 
sistances as 224 and the winding of relay 225. 
Polar relay 229 has a spacing locking path inde 
pendent of the Winding of relay 225 for a pur 
pose which will be hereinafter described. There 
fore, relay 225 Will operate as soon as any one of 
relays 225, 2226, 22.99 or 229 operates to spac 
ing. The operation of relay 225 opens the oper 
ating path of relay i82 to prevent its premature 
Operation. 
Meanwhile, relay 1806, in operating, has in ef 

fect placed a sensitive relay 33 across the gov 
ernor contacts and has prepared in advance a 
path for operating the fast-operating relay 8:07. 
The operation of relay 896 has also resulted in 
the operation of relay 84 in a circuit from the 
outer left-hand armature of relay 896. Relay 
f84, in operating, prepares a path for sending 
the director ready Signal out over lead 825, oper 
ates relay 33 and prepares a path for lighting 
lamp 8 in case the director is timed out in this 
condition. Relay 86, in operating, grounds 
leads 88 and 89 leading to the miscellaneous 
alarm circuit as an indication that the director 
has been noved off normal. Tead 88 furnishes 
the miscellaneous alarm circuit with information 
about the apparent condition of the associated 
trunk circuit. Relay 86 also prepares to lock 
to ground at the contacts of relay 85, prepares 
a path toward lamps 829, 82 and 822 and 
provides a locking circuit for relay 80. 

Relay i849, being operated at this time, pre 
pares to ground leads i 855 and 1856 as soon as 
the director ready signal has operated relay 80. 
Relay 80 also prepares to light lamp 822, in 
case of trouble, to indicate that the incoming 
marking signal has been registered. 
While the motor 222 is accelerating, relays 

800, 85, 1835, 8 A4 and 83 are operated. 
en full speed is reached, the governor contacts 

open momentarily, removing the short circuit 
from resistance 22 S and allowing relay 83 to 
operate through resistances 1825 and 227. Re 
lay 33 is slow-releasing and, With the help of 
condenser f326, holds over during momentary 
governor contact closures Operating relay f 80 
as soon as the stop pulse contacts 222 close. 
Relay 36, in operating, removes ground from 

the receiving contacts and start magnet 226 , 
latching the clutch and preventing further opera 
tion of the contacts. Relay 807 locks through 
the winding of and operates relay 805 which, in 
operating, applies ground to start the director 
ready signal out over lead 85 to the loop re 
peater. The director ready signal consists of the 
connection from ground, right-hand armature 
and front contact of relay 800, inner left-hand 
armature and front contact of relay 805, left 
hand winding of relay 80, front contact and 
outer left-hand armature of Irelay 184, to con 
ductor 85. This operates relay 89 through 
its left-hand winding, provided the lead 85 is 
not in trouble. Relay 805, in operating, also 
(1) transfers the armature of relay 802 from 
the left-hand winding of relay 80 to a circuit 

extending through the back contact and right 
hand armature of relay 827 to conductor 898 
leading to the start magnet 220? 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 828 to 
a large part of the director circuit, including 
locking ground for relay 86 and ground on the 
armature of relay 22 through the back contact 
and right-hand armature of relay 829. Relay 
f80, in operating, (1) closes a path to light lamp 
82 instead of lamp 820, in case of trouble, to 

indicate that the director ready signal has been 
sent, (2) locks to ground on conductor 828 and 
(3) connects ground to conductors 1855 and 856 
to the miscellaneous alarm circuit to indicate 
that, in case of trouble, the director should not 
be taken out of service. Relay 806, in releas 
ing, disconnects relay 83 from the governor 
contacts, releases relay 84 and transfers the 
stop pulse contacts 2202 from relay 1807 to the 
operating winding of relay 22 preparatory to 
receiving pulses from the loop repeater. Relay 
l8l4, in releasing, (i) continues the director 
ready signal over an alternate path through the 
back contact of its outer left-hand armature and 
prepares a path to contacts of relays 830 and 
83 for sending signals to indicate busy, out-of 

order or unassigned lines, (2) opens the operat 
ing path of relay 86 which nevertheless remains 
locked through its left-hand winding and (3) 
transfers ground from the path to light lamp 
f8 to a path to light lamps i82 and 822. 
After the director ready signal is sent, the foll 

· lowing relays are held operated: 1360, í 804, 18 í 0, 
i 86, i 897, i 805, i80i, 1802, (on its marking con 
tact) 22 5, and the polar relays 22i , 225, 226, 
227, 2209 and 220 (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 in Ward path are re 

peated by relay 802 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 220 is released, latching the clutch. As soon 
as a character is received, the start pulse of 
the character sends relay f802 to spacing, which 
operates magnet 220, allowing the cams to suc 
cessively operate the receiving contacts. The 
motor speed and receiving contacts are adjusted 
so that, at the time the first selecting pulse of 
the character is received, the secondary Winding 
of relay 229 is momentarily connected to the 
armature of relay 802. If the first pulse is 
marking, relay 220 will operate and lock to its 
marking contact. Similarly, the other polar 
ized relays 2209, 220 7, 2206 and 2205 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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Fan relays 

Code elements operated Relay 1802 Register relays 

l--------------------- Marking-- 2210 marking---- 2222 and 2224 
2223 do------- 2209 marking. 2221 and ------- ? - - - - - - - - - - - - - - - - -2 

---- | Spacing ----| 2207 spacing------ | ?????????????? 
-- Marking--2206 marking--- 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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835 over the back contact and inner right-hand 
armature of relay 705, front contact and left 
hand armature of relay 20 to the Windings of 
relays 205 and 206 associated with the partic 
ular tens group of the called subscriber’s line. 
Relays 205 and 2 G3, 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 f 828, (2) opens the operating paths 
of relays 836 and 20 and prepares a path for 
the operation of relay 837, (3) connectS ground 
to lead 803 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: 800, 804, 8f), 8 6, 897, 1805, 80 f, 
82, 1832, 836, 1835, 2 of, 202, 2fOC, 2 iO3, 
205 and 206. Relay 802 is marking, relay 22 
is spacing and, in the particular case described, 
relays 22 (, 2289, and 2207 are spacing and re 
lays 2206 and 225 are marking and relays 22 i8 
and 229 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 229 will be spacing, relays 2239 and 22: 
will be marking, relay 2206 Will be spacing and 
relay 2205 Will be marking. With the register 
relays so effected, fanning-out relays 228, 2220, 
222 and 223 will be operated. Therefore, a con 
nection can be traced from conductor 2226 
through the left-hand armature and front con 
tact of relay 228, the back contact and right 
hand armature of relay 229, the outer right 
hand armature and front contact of relay 2220, 
the right-hand armature and front contact of 
relay 222, the outer left-hand armature and 
back contact of relay 2222 to conductor 2228. 
This conductor may be traced through the outer 
eft-hand armature and back contact of relay 
73 and thence to the outer left-hand armature 

of relay 205. 
Relay 22 : operates to its marking contact 

while the stop segment is grounded and thereby 
causes the operation of relay 83. Relay 83, 
in operating, (1) establishes a connection from 
ground, the lower winding of relay 802, resist 
ance 1838, the front contact and outer left-hand 
armature of relay 1837, resistance 2229 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 835, 25 and 206 and 
prepares a path for the operation of relay 834. 
When the polarized relay 22 after .030 sec 

ond returns to its spacing contact, it causes the 
operation of relay 838. This relay, in operating, 
(1) connects battery through the Windings of 
relays 839 and 84 in series, thence through the 
front contact and left-hand armature of relay 
83, the back contact and outer left-hand arma 

ture of relay 829, the inner left-hand armature 
and back contact of relay 833 to conductor 2226 
which may be traced to conductor 290 and 
thence to conductor 63 individual to the called 
subscriber's line and (2) causes the operating of 
the slow-acting relay 8. 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 
839 and 840 to the particular called Subscriber's 

line enables these two relays to determine if the 
individual lead 69 to the subscriber's line is ter 
minated in a direct ground which causes the op 
eration of both relays 839 and 849 or a high 
resistance ground which results in the Operation 
of relay 839 only and denotes an out-of-order 
condition. In case no ground is available, neither 
relay 339 nor 840 operates. This test takes 
place during the slow-operating time of relay 
84 which begins to operate when relay 834 op 

erates. As soon as relay 84 operates, off-nor 
mal ground on conductor 828 is connected to 
the armature of relay 839. 
Assuming the subscriber's line idle, in which 

case ground is not connected to the lead passing 
through relays 839 and 840, neither of these re 
lays will be operated and ground connected to the 
armature of relay 84 will cause the operation of 
relay 829. Relay 829, in operating, (1) removes 
relays f39 and 840 from connection to the Sub 
scriber line lead, in this case conductor 690, and 
replaces such relays by relay 842, (2) causes the 
release of relay f34 by opening the connection 
to the armature of polarized relay 22, (3) pre 
pares a path for the operation of relay 830, and 
(4) locks to ground on conductor 828. The re 
lease of relay, 834 allows relay 84 to release, 
but since this latter relay is slow in releasing 
there will be a short interval during which relay 
f834 is released and relay 184 is operated, giving 
relay 842 an opportunity to determine which of 
relays 843 and 830 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 2.f4, the 
front contact and right-hand armature of relay 
262, the inner left-hand armature andback con 
tact of relay 702, winding of relay 842, the front 
contact and outer left-hand armature of relay 
829, the inner left-hand armature andback con 

tact of relay 833 and thus over a path previously 
traced to the Subscriber's individual lead 690. 
Under the assumed condition of the subscriber's 
line being idle, battery on the winding of relay 
903 of the cross-bar switch permits relay 842 
to Operate, but due to the high resistance of the 
circuit relay 903 remains unoperated. Relay 
842, in operating, opens the operating path of 
relay 830 and closes a path to operate relay 
f83. When relay 8& releases, ground supplied 
Over conductor f828 is connected to the armature 
of relay 842 through the back contact of relay 
84 so that now the circuit for the operation 

of relay 843 is completed and this relay oper 
ates. Relay f643, in operating, (1) locks to 
ground on conductor 828, (2) short-circuits the 
Winding of relay 342, and (3) holds open the 
operating path of relay 339. With the winding 
of relay 842 short-circuited, ground supplied by: 
the miscellaneous alarm circuit connected 
through the fanning-out relays of the director 
circuit and thence over conductor 690 will cause 
the operation in the link circuit of relay 963. 
The Subscriber will, therefore, be connected to 

the trunk circuit which will function to release 
the Sequence circuit. The sequence circuit in 
turn Will function to remove the ground on the 

Relayº 6) 
therefore releases, removing off-normal 
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ground from various parts of the circuit includ 
ing relays f307 and 805, and (2) releasing relay 
804 unless conductor 29 leading to the inner 

right-hand armature of relay 804 is held 
grounded, indicating that another inward call is 
awaiting completion. Relay 805, in releasing, 
removes off-normal locking ground from a con 
siderable part of the circuit. If relay 1804 re 
leases, the motor 222 will be stopped and all re 
maining parts of the circuit will be deenergized. 
If, however, relay 804 is held operated, the mo 
tor is kept running and the polar relays 2205, 
2206, 2207, 2209 and 220 and the associated fan 
ning-out relays 228 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 83 now operates immediately, 
since the motor is running at full speed, and re 
lays 807 and 805 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 807, but in any case the 
circuit waits to receive “figures' before proceed 
ing with the call. The operation then continues 
as hereinbefore described. 

Inuvard 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 834 connects relays 839 
and 840 to the individual lead 690 of the sub 
scriber's line circuit. Now, however, this lead 
terminates in direct ground or a high resistance 
ground (out-of-order busy). In either case re 
lay 839 quickly operates but relay 840 is mar 
ginal and only operates on direct ground. Re 
lay 1839, in operating, prevents relay f829 from 
operating and therefore relay 834 remains op 
erated, keeping relays 839 and 840 connected 
to the lead 690. Relay 839 therefore remains 
operated along with relays 837, 834 and 84 
and causes the operation of relay 83. Relay 
83 (1) applies the ground to start the produc 

tion of “K” or 'Q' characters by polarized re 
lays f844 and 845, 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 83, the normal contacts of the Outer 
right-hand armature of relay 1830, the back con 
tact and outer left-hand armature of relay 84 
to conductor 85. 

Relays 844 and 845 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 847, relay f 845 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 849 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 845 will pulse at about 9 
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Cycles per Second if resistance 850 is in circuit 
or 11 cycles per Second if resistance 859 is short 
circuited. As will be seen later, if the line is busy 
the relay 840 being operated and therefore in 
cluding resistance 850 in circuit, will cause relay 
845 to pulse at about 9 cycles per second. If, 
on the other hand, relay 840 is not energized 
resistance i850 will not be included in the circuit 
and relay 845 will pulse at about 11 cycles per 
SeClOnd. 
When ground is connected by relay 831, relay 

844 will operate to its right-hand contact due 
to current in the lower winding. This sends a 
marking signal Over the outward transmission 
path lead 825. However, when relay 345 
reaches its right-hand contact condenser 85 
Will discharge through the upper Winding and re 
sistance 852 and cause the relay to leave its 
right-hand contact for one pulse length (ap 
proximately .022 second). Relay 844 then re 
turns to its right-hand contact, and after relay 
845 opens its right-hand contact condenser 85, 

is recharged through resistances 853 and 854. 
Since relay 844 is pulsing continuously, relay 
844 will send out a spacing pulse of .022 second 
each time relay 845 closes its right-hand con 
tact. In this way relay. 845, drives relay 864 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 842 is applied to the individual lead of 

40 

45 

50 

60 

the called subscriber's line, as indicated hereto 
fore, battery is not available on such lead and 
relay 842 fails to operate. When, therefore, re 
lay i 84 i releases, off-normal ground Will be con 
nected to relay 330, causing it to operate instead 
of relay 843 as heretofore. With relay 830 op 
erated, ground is placed on relays 844 and 845 
and their associated apparatus and relay 83. 
transfers the right-hand contact of relay 835 
from resistance f852 directly to the outward path 
over conductor 85. Under these conditions, re 
lay. 845 pulses at approximately 11 cycles per 
Second, since relay 840 is unoperated and the re 
sistance 850 is short-circuited. Resistances 
846 and 84 are so proportioned that the right 
hand contact of relay 845 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 '809. 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 89 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 80f in operating 
grounds conductor 855 causing the miscellaneous 
alarm circuit to extend the time allowed for han 
dling the call to ten seconds. 
Conductors 8:8 and 856 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 of normal 
If after two seconds relay 86 has not ground 

ed conductor 89, indicating that the trunk cir 
cuit has 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 attain speed 
In this case it is assumed that relay 18í6 has 

operated and grounded conductor 89 causing 
the miscellaneous alarm circuit to permit an 
elapsed time of four seconds but that relay f 885 
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 84 in operating caused relay 8 6 to oper 
ate and place a ground on conductor 88. In 
this case the alarm circuit after four seconds 
places a, ground on the conductor leading to relay 
f833 thereby causing this relay to operate. Relay 
833 in Operating (1) locks under control of the 

release key 85, (2) operates relay. 827, (3) 
grounds lead 858 to indicate to the miscellaneous 
alarm circuit that the director is locked, (4) con 
nects ground to relay 800 to hold the director 
in timed-out condition and (5) opens the fan 
ning-out common lead 2226 to relay 228. 

Relay 82 in operating (1) opens conductor 
8 9, (2) connects battery to lamps 8 7, 820, 
i82 and 822 which in this case causes lamp 87 
to light indicating the type of trouble and (3) 
places battery potential on magnet 22 of the 
distributor to prevent the distributor from run 
ning Open. Meanwhile, since conductor f 88 is 
grounded, the miscellaneous 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 
f76 thereby operating transfer relays 708 to 

05, inclusive, and thus rendering director No. 2, 
indicated by rectangle 234, effective in place of 
the director shown in detail in Figs. 17, 8, 21 and 
22. If director No. 2 was the director that Was 
sent into the stuck condition the transfer lead 

06 would have already been grounded 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 registration of 
markt signal semit by trunk circuit to distributitor 
CirG2?it 

In this case it is assumed that the distributor 
has attained speed and that relay 805 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 8) 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 80 from 
operating. These two troubles could occur on the 
same call. In any case, after four seconds the 
miscellaneous alarm operates relay 832 and in 
turn relay 32, as hereinbefore described, except 
that since neither conductor 88 nor 856 is 
grounded the alarm circuit proceeds to lock the 
trunk as well as the director out of service. Relay 
A827 in operating causes telltale lamps to light as 
follows: Lamps 328 and 822 lighted indicate 
director ready signal failure, lamp 82 lighted 
indicates failure to register the incoming mark 
and lamp. 82 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 857 which removes holding ground from 
relay 1809 and marking ground from relays 827 
and 833 returning the circuit to normal. 

Miscellaneous alarm circuit 

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

1. On an outward call from the local subscriber 
the miscellaneous alarm circuit times the 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 a minor 
alarm flash on a trunk lamp and to cause the 
removal of a particular trunk circuit from serv 

is ice. In case the miscellaneous alarm circuit de 
termines that any of the other circuits in use on 
the particular call are in trouble, the circuit is 
arranged to light a lamp 239 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 renoving the particular trunk or the 
particular subgroup of subscribers from service, 
the miscellaneous alarin circuit is arranged to 
detect the ability of the sequence circuit to re 
turn to normal and to light a lamp 240 and to 
bring in a major alarm if it fails to do so within 
a half second. 

4. On an in Wat'd call to the local subscriber 
the raiscellaneous alarm circuit begins timing 
as Soon as the inward call has received prefer 
ence from the Sequence circuit, being arranged 
tE ti'ne the interval required to obtain a director 
circuit and ta give an alarm if this period exceeds 
two seconds. In this case the miscellaneous 
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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 239 and to bring in a minor 
alarn. The alarm circuit continues to function 
as indicated in paragraph 3 above. 

5. When informed over conductor 89 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 i855. The director places ground on con 
ductor 855 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 ti'unk from the central office has been 
registered in the distributor circuit. 
6. If the miscellaneous alarm circuit times out 

before conductor 855 is grounded but after con 
ductor. 89 was grounded, the alarm circuit is 
arranged; - 

q. To cause the associated director circuit to 
lock in a “stuck' condition. 

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

C. After the director has been locked up in a 
“stuck' condition to remove the trunk circuit 
from service under control of a key and cause a 
lamp associated with this trunk to flash or if 
the conductors 83 and 856 are grounded When 
the alarm circuit times out to remove the trunk 
circuit from service temporarily under control 
of a mark signal sent from the central office 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 miscellaneous 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 2490, if the Se 
quence circuit 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 855 is grounded the mis 
cellaneous alarm circuit permits the director cir 
cuit ten seconds to complete all its functions. 

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

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

b. After approximately one-half second test 
for failure of the sequence circuit to release and 
if the sequence circuit fails to release brings an 
audible major alarm and lights lamp 240. 

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

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

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

13. The circuit is provided With keys associated 
With each type of trouble indicated to permit re 
moval of the audible alarm leaving a lamp to 
indicata 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 tinning out. 

14. This circuit is arranged to light lamp 235 
as an indication that a selector magnet of the 
link circuit has operated. 

15. This circuit is arranged to prevent the di 
rector from interfering With the miscellaneous 
alarn circuit when both directors fail. 

6. If the battery or ground chain of the Se 
quence circuit remains open for approximately 
forty-five seconds this circuit is arranged to give 
a major alarm and light either lamp 236 or 237 
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 

T’iining of the sequence circuit om dim outuvard 
C0;ll 

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 2306. Relay 2306 in operating () removes 
ground from the contact of key 24 to prevent 
manual transfer from director to director 2, 
(2) causes the operation of the common start 
relay 2305 and (3) furnishes ground to supple 
ment one on the key 240 to nullify the return 
to normal of that same key and to continue the 
particular director in use during the routing of 
the call in the Office. The operation of the com 
mon start relay 2305 removes ground from the 
ground lead to the Sequence circuit preventing 
further use of the Sequence circuit on a new call, 
connects locking ground to the time measuring 
relays and connects a sixty-interruption per 
iminute interrupter 23.8 to relay 2402 which fol 
lows the one-half Second open, the One-half Sec 
ond close interrupter. 
The interrupter relay 24 G2 works three sets 

of counting relays, the first comprising relays 
2493 and 2404, the second comprising relays 2405 
and 24.06 and the third comprising relays 2407 
and 248. The action of these relays is well 
known and therefore no detailled description will 
be given. The complete cycle of operations of 
the counting relays 2403 and 24.04 start with one 
closure of the contact of relay 2404 and ends with 
the end of the Second closure of this contact and 
thus occupies two full seconds. Since the con 
nection of the interrupter 238 to relay 242 may 
take place at any time the completion of the 
operation of the first set of counting relays will 
therefore occur either exactly at the two-second 
interval or within one-half second either side 
thereof. Assuming hereafter, that the opera 
tion of the common start relay 235 which con 
nects the interrupter 238 to the relay 2402 
occurs exactly at such a time that the relay 24.94 
will be operated for a full one-half second, then 
it will be found that relay 2403 immediately op 
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erates at what may be termed Zero time, relay 
244 operates at the end of one-half Second, re 
lay 2403 releases at exactly one second, relay 
2404 releases at exactly one and one-half seconds 
and relay 2403 again operates at exactly two 
SecondS. 

Relay 233 is therefore regularly operated for 
One second and released for one Second and re 
lay 24a is also regularly operated for Gine Sec 
ond and released for one second. Relay 2885 
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 2486 will be operated at 
exactly one second and released at exactly three 
seconds, again operated at exactly five Seconds 
and released at exactly seven seconds. Relay 
24 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 288 will be operated at ex 
actiy three seconds, released at exactly Seven 
seconds and again operated at exactly eleven 
seconds and relay 2389 will come into operation 
at exactly six and one-half seconds. 
. Providing the relay 2336 and therefore the 
common start relay. 2365 are still operated at the 
two-second point when relay 2403 again operates, 
a circuit may be traced from the winding of 
relay 23-is, the inner upper armature and back 
contact of relay 232i), the back contact and outer 
upper armature of relay 2404, the front contact 
and outer upper armature of relay 2403, the 
front contact and upper outer armature of relay 
246, the back contact and lower arnature of 
relay 232, the back contact and Outer upper 
armature of relay 2& 3 to conductor 24 - which 
is grounded through the front contacts and in 
ner armatures of common start relay 2365. The 
operation of relay 239 (i) closes the operating 
winding of relay 24: 2 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 
232 to ground, (2) connects ground available on 
the contact of the start relay 2305 through its 
inner lower armature and front contact through 
the inner lower armature of relay 23:9 to hold 
relay 23 operated and (3) opens at its lower 
outer armiature and back contact a path which 
may extend through the inner upper al'mature 
of relay 232 to the winding of transfer relay 
243. Relay 2322 and relay 232 being unoper 
ated at this time, relay 24:2 operates inlinedi 
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 23, the front con 
tact and upper outer armature of Irelay 266, the 
back contact and lower armature of relay 232S, 
the back contact and outer upper arnature of 
relay 240 to ground on conductor 24: . ERelay 
242 in operating through its front contact, and 
outer lower armature places a Supplemental 
ground on the winding of the common Start re 
lay 2305. Relay 24 2 also prepales 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 
230. 

During the routing of the outward cail, the 
trunk circuit sends the calling-in signal to the 
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distant end and awaits the reception of ring 
ing sent automatically from 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 iO8 would continue to keep relay 230, 
operated causing it to lock the moment the re 
lay 239 operates. Therefore, the ground fur 
nished by relay 2306 and directed to the Con 
tacts of relay 230 í by means of relays 23Í9 and 
24; 2 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 230 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 2341. 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 
scriber'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 start relay 23 i5. 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 230 
of the miscellaneous alarn circuit Would be nor 
mal when relay 23í 9 operated and ground avail 
able at the contact of relay 2306 directed to the 
contacts of relay 236 by means of relays 239 
and 24 i 2 would be applied over the lower arma 
ture and back contact of relay 230 l to conduc 
tors 2326 and 232, connecting respectively to 
conductors 27 and 28, for the operation of 
such relays as 20 and 1203. This ground Would 
also be extended Over the upper. Outer armature 
and back contact of relay 230 to the Winding of 
relay 2328, causing this relay to operate and light 
the minor alarm lamp 2309 under control of re 
lease key 2329. Ground on conductor 2326 Will 
extend through conductor 27 to conductor Ali 
where it will operate a relay such as 809 to re 
move from outward service the particular sub 
group of Subscribers, containing the calling Sub 
scriber. In either case, after a half second has 
elapsed, relay 2402 again releases, causing the 
operation of relay 2404 which in turn causes the 
release of relay 23 9 and this relay in releasing 
applies the upper winding of relay 24 through 
the back contact and upper outer armature of 
relay 23 9 to the ground on the contact of the 
start relay 236. If, therefore, in the half sec 
ond that relay 2493 was operated alone and in 
which relays 239 and 242 function to apply 
ground to the contacts of relay 230? and in which 
an attempt was made to free the sequence cir 
cuit, relay 2306 did not release ground on its 
front contact Would cause the operation of re 
lay .244 - as soon as relay .239 released. Relay 
2414 would lock under-control of key 24 f5, 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 243S-releases, 
which permits the release of relay 242. The re 
lease of this relay removes the ground from the 
winding of the common start relay 2305 which 
now, in releasing, removes the sixty interruption 
per minute interrupter 238 from the winding 
of relay .2402, removes the locking ground from 
conductor 24 to the time measuring relays and 
reconnects ground to conductor-2339, being the 
main ground in the sequence circuit chain, thus 
permitting the sequence circuit to handle a new 
call. . . . . . . . . . - 

The removal of holding ground from the time 
measuring relay and the disconnection of sixty 
interruption per minute interrupter from the re 
lay 2402 causes the release of relays 2402, 243, 
and 2404, returning the miscellaneous alarm cir 
cuit 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 244 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 233f, extinguishes the troll 
ble indicating lamp provided the locked-in trou 
ble indicating relay has been released. With 
the trouble indicating lamp extinguished the cir 
cuit has returned to normal. 
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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 2305. As described before, the 
common start relay connects interrupter 238 to 
the counting relays for the purpose of counting 
the interval. Under the assumption that lead 
i89 from the director circuit has been grounded, 
relay 2332 operates and (1) connects conductor 
2333 extending from the winding of relay 833 
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Timing the interval used by the sequence circuit 
om am inuvard call if a director has not been 
Seiaed 

When a trunk circuit on an inward call receives 
permission to use the sequence circuit, battery 
supplied to the conductor leading to start relay 
2308 causes the operation of this relay which in 
turn results in the operation of the common start 
relay 2305. The operation of the common start 
relay permits relay 2402 to operate periodically 
and thereby cause the functioning of the count 
ing relays 2403 to 2408. If after approximately 
two seconds when relay 2406 operates, relay 232 
should still be non-operated as a result of the 
failure of the sequence circuit to seize a director, 
relay 239 will operate as indicated above, foll 
lowed by the operation of relay 24 2. If relay 
2305 is still operated at this particular time 
ground on its contacts directed by means of re 
lays 239 and 242 to relay 230 will be applied 
to conductors 2.326 and 232 leading to conduc 
tors 2 and 28 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 220 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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through the back contact and upper outer arma 
ture of relay 2322, thence through the front cOn 
tact and middle upper armature of relay 2332 to 
the front contact of relay 23:9, (2) connects a 
supplementary holding path to the operating 
winding of the common start relay, (3) locks 
under control of the start relay 2306, (4) con 
nects the operating path of relays 246 and 24T 
to contacts of relay 23 9, and (5) causes the Op 
eration of relay 232. The operation of relay 
232; connects conductor 2325, which is an exten 
sion of conductor 858 leading to relay 827, to 
the contacts of relay 23 9, partially prepares the 
path for operating relay 243 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 232. 
The operation of relay 232 also permits the op 
eration of relay 2320 which, among other things, 
places ground on the upper Outer armature of 
relay 208 of the third counting relay combina 
tion. Relays 2403 to 2406, inclusive, function and 
at the conclusion of the two-second interval, re 
lay 232 being operated, the miscellaneous alarm 
circuit does not cause the operation of relay 239. 
At the conclusion of four and One-half Seconds, 
however, relays 28, 240 and 24.03 being oper 
ated, ground furnished by relay 2320 will cause 
the operation of relay 23í 9. The circuit for this 
may be traced from battery, the Winding of relay 
239, the inner upper armature and front con 
tact of relay 232), the front contact and outer 
upper armature of relay 2404, the front contact 
and outer upper armature of relay 2403, the 
front contact and Outer upper armature of relay 
2á38, the outer upper armature and front contact 
of relay 2320 to ground. On the contacts of the 
common start relay 2305. Relay 2319, in operat 
ing, (1) connects ground to conductor 2330 lead 
ing to the director circuit where it causes the op 
eration of relay 833 which results in bringing 
the director into a “stuck'' condition, (2) con 
nects relay 24f 2 to conductor 2325, (3) causes 
the operation of either relay 24 f6 or 24 depend 
ing upon the director in service, and (4) opens 
the operating path of relays 243 and 248. The 
Operation of relay 27, assuming director No. 1 
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 
24 3, 24 8 or 240, 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 242. 
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 230 and 239 to the leads 2326 and 2327 to 
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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. Tf, however, lead 18í8 or 856 
from the director circuit had been grounded SO 
as to cause the operation of relay 2335 at the mo 
ment that relay 239 operated, relay 23386 would 
have operated and ground extended to conductor 
2325 Would now be also extended to conductor 
232. With both leads 232 S and 232 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 
operation of relay 2336 will permit the grounding 
of only conductor 2323, 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 trunk Out 
of service releases, removing battery from the 
conductor leading to start relay 2396 and caus 
ing the release of this relay. All this occurs With 
in a half second and at the conclusion of this, re 
lay 243 releases, causing the release of relay 
239 but relay 242 still remains locked up for an 
additional one-half second. With relay 23 9 re 
leased, if for some reason or other relay 238S is 
still operated, indicating, of course, that the Se 
quence circuit has failed to release, ground fur 
nished by the start relay 2335 through the back 
contacts of relay 239 and the front contacts of 
relay 232 causes relay 244 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 2306 released, however, ground 
furnished by relay 24, 2 through back contacts of 
relays 2322, 236 and 239 and front contacts of 
relay 232, which is still locked up under control 
of the connon start relay, is connected to the 
upper outer armature and back contact of relay 
245 and thence through the lower operating 
winding of transfer relay 23. 

if relay 24 is is normal, indicating that director 
No. 2 is available, this ground causes the opera 
tion of the transfer relay 2A i3 which locks under 
control of relay 24, and places a ground through 
its front Contact, and upper Outer arrnature Cin the 
conductor leading therefrom to conductor a 6 
where it is instrumental in causing the operation 
of the transfer relays 768 to 705, inclusive, 
thereby replacing director No. 1 by director No. 2. 
lf relay 246 is operated and relay 24 it is normal, 
indicating that director No. 1 is satisfactory and 
available, relay 26 8 operates, causing the release 
of relay 243 Which removes ground from conduc 
tor ! ?6 and places director No. 1 in service in 
stead of director No. 2. In transferring to the 
new director, all leads to the old director from 
the alarm circuit, are opened, causing the release 
of relay 2332 and relays 2335 and 2336, if oper 
ated. If both the relays 24: 8 and 24 are oper 
ated when conductor 2?3 is grounded, indicat 
ing that both director's are in trouble and not 
available, ground on this conductor causes the 
operation of relay 248 which locks under control 
of its aSSociated release keys, brings in a major 
alarm and lights a lamp 832. The operation of 
relay 249 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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haif second relay 244 releases, causing the re 
lease of relay 23 9 which in turn removes the ad 
ditional holding ground from the common start 
relay. The common start relay 2305 in releasing 
(1) causes relays 232 and 2320 to release, (2) 
opens the holding ground to the counting relays, 
(3) disconnects the interrupter 238 from relay 
242, and (4) reconnects ground to conductor 
233, making the sequence circuit available. 
Eactension of the timing interval if conductor 1855 

is grounded 

If the director circuit places ground upon con 
ductor 835 relay 233 operates and locks under 
control of ground furnished by the common start 
relay 2335. Relay 233, in operating, causes the 
release of relay 2320 and this, in releasing, re 
moves ground from the outer upper arnature of 
relay 24 8. The time counting circuit Compris 
ing relays 2433 to 2499, inclusive, therefore, con 
tinues to count time until ten seconds have 
elapsed, at which time relays 2409, 246 and 2493 
are operated, and ground furnished by relay 249 
through the contacts of the others causes the Op 
eration of relay 23 9. Therefore, if the miscel 
laneous alarm circuit is off normal the absence 
of ground on conductor 849 causes it to time out 
and operate the relay 239 in two seconds. The 
presence of ground on conductor 8 9 causes the 
alarm circuit to time out in four seconds, the ad 
ditional presence of ground on conductor 855, 
causing tine release of relay 2325, permits the mis 
cellaneous alarm circuit an interval of ten sec 
onds before it operates relay 23 9. 

Timing out after an interval of ten seconds 

As indicated in the previous paragraphs, the 
alarm circuit continues to Count time as long as 
the sequence circuit is in use and until it receives 
notification that a certain time limit should not 
be exceeded. On an in Ward call the director 
makes a preliminary study of its own condition 
and if satisfied, places a ground on leads 855 
and 855, causing the operation of relays 233 
and 2335. 

Relay 2335 causes the operation of relay 2336 
and relay 233 operates relay 2322 and all lock 
under control of the common start relay 235. 
Since relay 2322 opens conductor 2333 and since 
relay 2336 opens conductor 232, 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 alarn circuit has counted out an 
interval of ten seconds, relays 2409, 24.06 and 
243 being operated, ground furnished by relay 
269 causes relay 239 to operate. Relay 239 
causes the immediate operation of relay 24, 2 
from ground on relay 2322. Relay 242, Oper 
ated, locks under control of relay 2393, places 
a supplementary ground on the Winding of the 
common start relay 235, prepares an operating 
path for relay 244 and connects ground to con 
ductor 23826. 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 renov 
ing battery from the conductor connected to 
the start relay 236, while a characteristic out 
of-order signal is connected to the trunk in 
volved in addition to steady lighting of the red 
trunk lamp 22. 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. After one-half Second 
has elapsed relay 2404 operates and relay 239 re 
leases. If the start relay 2306 has not released by 
the time the relay 239 releases, the Sequence 
alarmis 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 24 f2 and in turn the 
release of the common start relay. The COmmon 
start relay, released, causes relays 232, 233, 
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 a 
new call. 

Manual transfer of directors 
The operation and release of key 24 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 240 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 magnet of 

the cross-bar Stitch, 

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 2302 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 230 to conduc 
tor 232 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 2300 also causes the illumination 
of lamp 235 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 23f2 causes both the hold magnet and 
relay 2307 to operate in series. Relay 2307, in 
operating, causes the slow operating relay 230 
to operate, locking to ground on the contact of 
relay 2307 and then increasing the resistance to 
ground in the lead 232 by the resistance 23ft. 
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 2300 re 
leases and this in turn releases relays 2307 and 
230, extinguishing the lamp 235 and ground 
ing conductor 233, returning the circuit to nor 
Mal, 
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Function of lamps and Iceys 

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 2340 as an indication 
to the maintenance inan. Whenever the sequence 
circuit is off normal. Relays 2328, 2323, 244, 
247, 24 i 6 and 24 í O have associated with them 
a release alarm key which silences an audible 
alarm, permanently locking the lamp indicating 
the type of trouble. ihe illumination of lamp 
2369 is an indication that the subscriber line 
circuit or subscriber line equipment on an out 
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 2400 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 battery and ground chain alarm. 
Relay 234 i 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 234 and 
2304 operated, the plate and filament voltages 
for the vacuum tube 2342 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 234 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 potential applied by 
the release of either or both of the relays 234 
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 2346. Relay 2346, in 
operating, locks to ground supplied by key 245 
and causes the operation of relay 244 which 
acts as described above, giving a sequence fail 
ure alarm. Relay 2346 also causes the illumi 
nation of lamps 23f6 and 237 to indicate the 
chain in trouble. After the trouble is cleared, 
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relays 234 and 2304 operate, removing tube 2342 
from circuit and releasing relay 2345. Relay 
2346 releases when key, 245 is momentarily op 
erated, returning the circuit to normal. 
Falsely operated selector magnet of the line cir 

??it 
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 236 and 
237 as described above. Lamp 235 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 
subscribers' 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 time this condition persists. 

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

(a) Produce and send to each calling Sub 
scriber 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, 

(c) Measure the continuous duration of the 
production of these “letters' signals, 
giving an audible and visual alarm if 
the time exceeds a predetermined 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 a 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 200 and thence over conductor 20 finally 
reaching conductor 202 thereby energizing re 
lay 200 associated with this outlet. Relay 200 
connects interrupter 2004, giving interruptions at 
the rate of sixty interruptions perminute, to reg 
ister 2005, which thereupon registers the number 
of seconds that all trunks of the group are busy. 
Relay 200i also partially closes the circuit to re 
lay 2006. In the same manner, if all the 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. 

4? 
All trunks of the unit busy 

When all trunks of the line concentration unit 
are busy, both relays 2007 and 200i are energized, 
with the result that a circuit is closed for relay 
2006 which thereupon becomes energized. This 
relay removes the connection between the right 
hand contact of relay 2008 and condenser 2009 
and establishes a connection between the con 
denser 2009 and the contacts of the interrupter 
relay 20 O. This transfer, as will be described 
hereinafter, results in the production of "letters' 
signals once per second instead of "K" signals 
at the rate of about mine per second. 
Origination of call during all-trunics-busy period 
When a subscriber originates a call during the 

al-trunks-busy, period described above, the se 
quence circuit places a ground on conductor 620 
extending to conductor 2020 and causing the op 
eration of relay 20. Relay 20ff, operated, (a): 
connects ground to the busy-back conductor 
2000 leading to conductors. 22 f and Of6 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 
607 is connected to conductor 603leadingto con 
ductor 2003, and whereby conductor Si3 is con 
nected to conductor 602 leading to conductor 
2002. Battery potential on lead 2003 causes the 
operation of relay 2012. This in turn 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 2021. 
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 202 
and on operating (1) places a direct ground on 
conductor 2003, (2) permits relay 2028 to op 
erate, and (3) holds relay 2014 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 2013. Such short-circuit condition may 
be traced from the lower, inner-armature relay 
2028, conductor 2029 lower winding of relay 203, 
condenser 2009, resistance 2018, to the back con 
tact of the inner armature of relay 2028. Mean 
while the connection of the subscriberlineto con 
ductors 2002 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 2) releases, as will now 
be described; ' ..." 

Counting subscribers' calls during an all-trunks 
busy period 

When a subscriber calls...during the all-trunks 
busy period, ground that is placed on conductor 
2020 by the sequence circuit is continued through. 
the operated contact of relay 20 to the wind 
ing of relay 2015. causing it to operate. The re 
lay 205 in operating supplements: this ground 
on its own front contact and insures: the opera 
tion of register 2024. Register 2024; operated; 
locks to this ground on lead 2020 and causes: the 
release of relay 2015. The register, therefore-op 
erates only once on anyone single grounding of 
lead. 2020 by the sequence circuit. The function 
of relay 2015 is to insure... the application of 
ground for a 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 ground on the 
relay 20 || 5 will insure the operation of the mes 
sage register. In this particular case, this 
ground on relay 205 will be continued back on 
the lead 2020 and prevent the sequence circuit 
from dealing with another call until relay 205 
has released and removed this ground or, in other 
words, until the message register has functioned. 
Therefore, as the signals are connected to 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 2010 follows the sixty interruptions 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 2013 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 2013 caus 
ing condenser 2009 to charge through this lower 
winding, 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 sufficiently, relay 2013 again re 
turns to marking. If relay 200 is operated, re 
lay 20 3 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 200 again causes a Spac 
ing signal to be transmitted to the subscriber. 
Therefore, a space signal of approximately 22 
milliseconds once per secondis registered during 
the active interval of the circuit of interrupter 
2027 while the circuit originates a steady mark 
signal during the silent period. ... 
A trunk becomes idle while letters are being sent 

out to subscribers 
As soon as a trunk in the group involved be 

comes idle under this condition, ground is re 
moved from either lead 202? to relay 200 for 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. Assoon 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 2030, 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 right 
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 upper 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 cy 
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 
2027. 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 .204 operates during an all 

trunks-busy period, relay 2025 operates since re 
lay 2006 is at this time operated. Each time 
that interrupter 2027 extends ground to the wind 
ing of relay. 2626, 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 2037. 
It will be noted that in the upper right-hand 
portion of this figure 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 2035. 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 one 
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 terminal 0, 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 a predetermined terminal, relay 204 
operates and locks, causing lamp 2046 to light 
and an audible Signal to Sound as an indication 
to the attendant that the all-trunks-busy con 
dition has lasted too long. The attendant may, 
by operating key 2042, release relay 204 to si 
lence the audible alarm and extinguish the lamp 
signal. If at any time prior to the operation of 
relay 204, 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, causing the switches 
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 signal from said distant 
point, means including a second timing circuit 
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acting to report one ending of said signal and 
means including a 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 thereto 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 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 re 
lay, 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 
timing circuits 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, 
a 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 a 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 trunk, said Supervisory means 
including a relay and a plurality of tube and con 
denser timing circuits responsive to said relay, 
means including a 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 termina 
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 a 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 another ending of Said Supervisory sig 
nal. 

8. 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 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 a 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 
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. 

11. In a multisection line telegraph 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 prolonged Spacing condition upon said 
section to cause Said means to function to make 
said test. 

... i. i2. 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 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 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 
ence 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 multisection 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 a 
disconnect condition, said means including a 
first timing circuit for reporting a durational 

, difference indicative of break or disconnect con 
ditions and for theireafter 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 a 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 Comprising 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 
controllable 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 a 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 

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, and means also re 
sponsive to connection of said line to said trunk 



to release, said director for connecting another 
line to another trunk. : .. 

19. 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 codesignals 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 cir 
cuit for applying such signals to said trunk, and 
means responsive to Connection of Said line, to 
said trunk to release said director for connecting 
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 Ofi?ice 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 signals 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 
lure 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 
:to 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 
tion, said signal comprising a continuous condi 
:tion: 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 
means responsive to the conditioning of said de 
vicesfor:transmitting a continuous signal indica 
tive of said conditioning. . . . . . . . . . . 

26. In a teletypewriter switching system, per 
mutation code controlled line selecting, devices 
normally non-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 responsive 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 

sing 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 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 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 over 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 interrupting said connection 
in accordance with any of certain permutation 
code combinations. 
30. In a teletypewriter switching system, per 

mutation code controlled line selecting devices 
'normally non-responsive-to permutation code 
combinations, a pair of lines extending from said 
line selecting devices to a distant point, means 
Tresponsive to a signaling condition received over 
tone of said lines from said distant point for pre 
paring said line selecting devices to be responsive 
to permutation code combinations, and means 
responsive to the preparation of said line selecting 
devices for impressing on the other of said lines 
a signaling condition for transmission 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 terminate 
the signaling condition 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 central office, a di 
rector. at said satellite office comprising means 
responsive to permutation code signals for con 
necting a particular subscriberline to a particular 
itrunk. 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 permutations 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 release said director for connecting 
another line to another trunk. 

FULLERTON. S. KINKEAD. 
CHARLES W. LUCEEK. 


