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assignor to Bell Telephone Laboratories, Incor 
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Application December 31, 1942, Serial No. 470,729. 
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This invention relates to telegraph switching 
Systems and particularly to that class of telegraph 
SWitching and transmission systems which in 
cludes Satellite offices. 
The principal elements of a satellite system 

are, first, a number of outlying stations or sub 
Scriber stations located in a particular region in 
which the traffic is insufficient or where there are 
other circumstances making it uneconomical or 
impractical to maintain a central office individual 
to those subscriber stations. Another element of 
the system comprises one or more central of 
fices, usually one, and a satellite, or unattended, 
Switching station approximately in the geograph 
ical center of the group of subscriber stations. By 
means of a small number of trunks extending 
from the Central office or offices to the Satellite 
office and individual lines from the satellite of 
fice to the Outlying stations and/or subscriber 
stations, combined with automatic switching ar 
rangements at the satellite office whereby inter 
connections may be made between any of the 
trunks and any of the outlying or Subscriber 
lines, service may be given to all the subscribers 

O 

5 

20 

not only for intercommunication with each other 25 
but to and beyond the central office. 
Systems of this type have already been de 

vised, disclosed and used. 
One such system is disclosed in the application 

of Fitch et al., Serial No. 173,958, filed November 
11, 1937. Modified forms are disclosed in Lucek 
Patent 2,228,279, dated January 14, 1941; Krecek 
application, Serial No. 348,629, filed July 31, 1940; 
and Kinkead et al. application, Serial No. 
348,628, filed July 31, 1940, now Patent No. 
2,340,599, granted February 1, 1944. Each of 
these prior Systems includes full duplex trunks 
between the Central Office and the Satellite office. 
A system disclosing trunks arranged to operate 
half-dupleX is disclosed in a copending applica 
tion of W. W. K. Large and F. J. Singer, Serial 
No. 462,966, filed October 22, 1942. 
The present invention deals with an extension 

of the problem set forth above and is directed 
to further extending the use of automatic and 
remotely controlled Switching equipment and 
more efficient, convenient and effective use of 
telegraph trunks or channels and lines and a re 
duction in the number of manual switching sta 
tions and the amount of manual switching re . quired. 
The nature of the problem will be appreciated 

from the following outline of the elements of a complete System, 

30 

ment of the invention disclosed herein is a man 
ual exchange, is an element of the system. This 
exchange comprises cord circuits by the use of 
which operators may interconnect local lines ter 
minating thereat with each other or with trunks 
extending to other exchanges. Such local lines 
and such trunks extending to other exchanges 
are well known in the art and, consequently, they 
are neither disclosed in the accompanying draw 
ings or described in detail nor is their operation 
gone into in any detail in the following descrip 
tion. 
Terminating at the exchange are other trunks 

extending to a non-attended switching office 
Which may be variously designated as a primary 
satellite office, a switching point on office of 
more specifically as a large Satellite office. The 
trunks from the central Office to this large satel 
lite office, together with their terminations both 
at the central office and at the large satellite of.- 
fice, are of a type known in the art and are 
essentially designed as disclosed in Krecek appli 
cation Serial No. 348,629. Extending from this 
large Satellite office in a direction electrically 
away from the central office are three classes of 
facilities. 
The first class comprises individual subscribers' 

lines which are utilizable for calls to the sub 
Scribers as Well as calls away from the subscribers 
by interconnection of the trunks to the central of 
fice in the manner essentially as described in th 
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said Krecek application. 
A second class constitutes a new feature of the 

present invention and comprises a line group 
from the large Satellite office to one subscriber 
arranged in Such a Way that a call to a sub 
scriber having such a group of lines if directed 
to a busy line will automatically be completed 
to the subscriber over an idle line of the group 
if such a line is available; to this end there is 
provided a hunting feature whereby a call di 
rected to any lower-numbered line of a group is 
automatically completed over any higher num 
bered idle line of a group, if Such a line exists. 
A plurality of Such groups may extend to a cor 
responding plurality of such subscribers, 
To illustrate the third class let us now suppose 

that there exists a considerable number of Sub 
scribers located fairly remotely from the large 
satellite office and also too remote from any cen 
tral office to be given service therefrom except 
by means of over repeatered or toll lines. In 
accordance with previous practice, such re 
peatered or toll lines were extended to the sta An exchange, which in the exemplary embodi- tions of such subscribers from the large satellite 



2 . . . . 
office. If, however, there are several such sub 
Scribers, economy as well as more efficient use of 
facilities may be accomplished by providing in 
the region adjacent these subscribers a small 
satellite office and extending to this small satel 
lite office from the large satellite office a plurality 
of trunks fewer in number than the number of 
subscribers to be served by the small satellite of.- 
fice. Inasmuch as a subscriber making a call 
through this Small satellite office never knows 

5 

O 

which trunk is busy, a trunk from the Small to the . 
large office is automatically assigned to him and 
at the large office a trunk is automatically as 
signed to extend his call to the central office. 
Similarly, and as a feature of the invention dis 
closed herein, an Operator at the central office 
has no means of knowing what trunks, if any, 
lying between the small satellite office and the 
large satellite office are idle. Consequently, the 
System is SO arranged that an Operator at the 
central office transmits code combinations desig 
nating a particular trunk, but, on the other hand, 
designating a group of trunks which extend from 
the large Satellite office to the Small satellite 
office. At the large satellite office a trunk hunt 
ing arrangement proceeds to hunt along the 
trunks which are available and to pick the first 
idle one for connection to the trunk over which 
the operator has made the call from the central 
office to the large satellite office. Upon having 
been assigned such a trunk upon the connection 
having been completed to the small satellite of 
fice a director circuit at the Small satellite office 
is conditioned for reception of code combinations 
and a "director ready' signal is Sent back over 
the two trunks in tandem to the central office 
whereupon the operator sends code combinations 
or permutation code pulses identifying the line of 
the wanted subscriber which terminates at the 
Small satellite office. 
A still further feature resides in the fact that 

a subscriber at the small satellite office may have 
sufficient business to justify a plurality of lines 
and these lines are also arranged in a group 
with a hunting arrangement so interconnecting 
them that any call directed to the one having a 
lower position in the group sequence will initiate 
a hunting operation to hunt for any idle line ex 
tending to that particular subscriber and, if any 
such idle line is available, to send ringing sig 
nals over it to call the wanted subscriber. 
From the foregoing it will be perceived that 

among the objects of the invention are to pro 
vide a tandem system of satellite offices; to pro 
vide more effective utilization of trunkS, in other 
words, that any given trunk may function to give 
service to a greater number of Subscribers or 
more service to a given number of Subscribers 
or that a given number of Subscribers may re 
ceive service with less trunk mileage than here 
tofore; to increase the use and effectiveness of 
automatic switching and equipment and to de 
crease the need for manual switching points to 
the end that manual exchanges may be larger 
and, therefore, more efficiently staffed and 
manned for twenty-four hour service; to provide 
for trunk hunting whereby a group of short Sub 
trunks may perform the service heretofore per 
formed by a greater number of individual long 
subscriber lines; and to provide line hunting ar 
rangements whereby subscribers, whose business 
requires a plurality of lines, may be served as 
effectively through a satellite office as though 
they were directly connected to a central office. 
In previous arrangements subscribers having a 

2,875,856 
plurality of lines directly connected to a central 
office could utilize those lines interchangeably and 
the central office operator could always examine 
each line before reporting that the particular 
subscriber was busy. The present arrangement 
permits the subscriber to use the line individually 
for outgoing calls and electromechanical equip 
ment at any satellite office to which the sub 
scriber may be connected examines all of his lines 
in the case of calls automatically directed to that 
particular subscriber before giving a busy in 
dication. 
From a generic aspect the invention comprises 

accomplishment of the above objects and func 
tions and ancillary objects and functions by 
means, methods and systems within the scope of 
the claims; from a specific and exemplary aspect 
use is made of trunks between the exchange and 
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the first satellite office of trunks which are oper 
ated full-duplex for supervisory signals and half 
duplex for telegraph transmission and of trunks 
between the two satellite offices which are oper 
ated half-duplex at all times. Trunks of the 
first type are disclosed in Krecek application 
Serial No. 348,629, filed July 31, 1940, now 
Patent No. 2,368,666, dated Feb. 6, 1945, and 
trunks of the second class are disclosed in the 
present inventor's application Serial No. 462,966, 
filed October 22, 1942. The second class of trunk 
has been modified for incorporation in the ex 
emplary system as an element thereof and com 
prises a special form of trunk adapted for half 
duplex operation being provided for inter-con 
necting any subscriber line local to the small 
satellite office and a trunk between the large 
satellite office and the central exchange. 
A feature of the invention is the line hunt 

ing arrangement wherein a call originating at 
the central office may be automatically estab 
lished to any one subscriber line of a group. 
Certain lines of such group may terminate in 
Subscriber Stations arranged for attended service 
and others may terminate in subscriber lines ar 
ranged for unattended service. If a selected sub 
scriber line is busy, then the next higher num 
bered line that is idle is automatically selected, 
providing the next higher numbered line is ar 
ranged to furnish the same type of service as 
that of the previous line. 
Another feature is the provision of means 

whereby any line of a group may be primarily 
selected and if such line is busy, then the next 
idle one of the higher numbered lines in the 
group may be automatically selected to establish 
the desired connection. 
Another feature is the giving of both attended 

and unattended service over a group of lines of 
which the last or highest numbered only is pro 
vided with equipment for unattended service; un 
attended service calls may be directed to the 
highest numbered line only whereas other calls 
may be directed to the lowest numbered line of 
the group and Will be completed over the first 
idle line including one equipped for unattended 
Service if such is the only line which is idle and 
available. 

In order to differentiate between the two satel 
lite offices, the one having trunks connected 
directly to the central office is referred to herein 
as the large switching center, and the other which 
has trunks connected to the first-mentioned 
Satellite office, is referred to herein as the small 
Switching center. Connection with subscriber 
stations local to the small switching center are 
automatically established through the small 
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switching center over trunks extending to the 
large switching center and then automatically 
over the trunks extending to the central office, 
or vice versa. ?? 

An embodiment of the invention is comprised 
in the system herein described, of the essential 
elements of the circuit, which are illustrated in 
the accompanying drawings: 
The drawings consist of twenty-nine sheets, 

showing twenty-nine figures of schematic circuits 
of which Figs. 2, 3, 4, 5, 11, 12, 13, 19, 20, 21, 29 
and 30 represent those located at or associated 
with the Small SWitching center; . . . " 

Figs. 6, 7, 8, 9, 14, 15, 16, 17, 18, 22, 23, 24, 25, 
26, 27 and 28 represent those located at or as 
sociated with the large SWitching center; and 

Fig. 10 shows the terminating equipment of a 
trunk terminating at the SWitchboard in the cen 
tral Office. 

Fig. 1 is a diagram showing how Figs. 2 to 30, 
inclusive, shall be placed to form a complete 
system to illustrate the invention; ?? . 

Fig.2 shows in connection to the small switch 
ing center, a local subscriber's station in detail, 
and two other local SUbscribers” Stations in dia 
grammatic form; V 

Fig. 3 shows the Subscriber line circuits respec 
tively associated with the local subscriber stations 
of Fig. 2, one of the line circuits being shown in 
detail. Also shown in Fig. 3 is the link circuit 
whereby any one of the subscriber stations local 
to the small switching center may be connected 
to any one of the trunk circuits extending to the 
large switching center; 

Figs. 4 and 5 show the terminating equipment 
for two concentrating unit trunk circuits located 
at the Small Switching center. The terminating 
equipment of one of these trunk circuits is shown 
in detail and the other is shown in diagrammatic 
form; . 

Figs. 6 and 14 show the trunk terminating 
equipment, in detail, at the large switching cen 
ter which equipment, together with that shown 
in detail in Figs. 4 and 5, serve with that trunk 
which will be selected herein for illustrative pur 
poses in describing its operation. Also shown in 
Fig. 6 are two local Subscriber Stations With their 
respectively associated line circuits connected 
directly to the large SWitching center, the showing 
of each being in diagrammatic form; 

Fig. 7 shows a link circuit capable of connect 
ing, as desired, a subscriber line local to the large 
switching center or a trunk circuit extending to 
the Small switching center to a trunk circuit ex 
tending to the central office; 

Figs. 8 and 9 show the trunk terminating 
equipment, in detail, of a trunk interconnecting 
the large SWitching center and the central Office; 

Fig. 10 shows the trunk terminating equipment 
which together with that shown in Figs. 8 and 9 
serve that trunk interconnecting the large 
switching center and the central office; 

Figs. 11, 12 and 13 show the subscriber, the 
trunk and the control arrangement in the se 
quence circuit. Fig. 13 also shows the miscel 
laneous alarm circuit. The sequence and the 
miscellaneous alarm circuit are located at the 
small switching center; 

Figs, 15, 16, 17 and 18 show the subscriber, the 
trunk and the control arrangement in the se 
quence circuit located at the large Switching cen 
ter; 

Figs. 19, 20 and 21 show the director circuit 
for the small switching center; 
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Fig. 22 shows the 'all-trunks-busy' circuit for 
the large Switching center; . . . . . . . . . 

Figs. 23, 24, 26 and 27 show the director cir 
cuit for the large Switching center; . . . . . " 

Figs, 25 and 28 show the miscellaneous alarm 
circuit at the large Switching center; . . . .. ' `, 

Fig. 29 shows in connection to the small Switch 
ing center, a group of local subscriber stations 
arranged for line hunting operation. When a call 
from the distant end is for any one of the group, 
and if Such one is busy then for the next higher 
numbered idle one of the group which is auto 
matically selected to establish the call. Certain 
of these stations are arranged for attended serv 
ice; One is shown in diagrammatic form. The 
others are arranged for unattended service, one 
of which is shown in detail and another in dia 
grammatic form; ? -? . . * 

Fig. 30 shows the line circuits respectively as 
sociated with the subscriber stations shown in 
Fig. 29 and the line hunting circuit provided 
therefor. The line hunting circuit provides for 
Selecting any one station in a line hunting group 
for connection to a calling trunk, and if such one 
is busy the next higher numbered station in such 
group is automatically selected for the connect 
tion providing such higher numbered station is idle. 
The numbering of the various pieces of appa 

ratus and parts of the circuit shown on the var 
ious figures have been kept to a rigid plan. Thus 
all relays shown in each of the respective figures 
have reference characters consisting of numerals 
and letters, the numerals shown as prefixes cor 
responding to the number of the figure in which 
the particular relay is located. All other parts 
of the circuits are designated by numerals only; 
for instance, those parts of Fig. 2 are designated 
With numerals between 200 and 299, those in Fig. 
3 are designated with numerals between 300 and 
399 wherein the hundreds numerals designate 
the figure in which the particular part is found. 
In Some cases in order to avoid the tracing of 

a plurality of conductors through one or more 
sheets, these conductors are shown terminated 
on One sheet in a dot and dash line designated 
as a single conductor, the dot and dash line ex 
tending through one or more sheets to a point 
Where the plurality of conductors are again 
shown. The complete operation of the system is 
Set forth hereinafter under various headings as föllows: 

Local subscriber station connected to the small 
Switching center 

In Fig. 2 there is illustrated in schematic form 
a local Subscriber station 202 connected with the 
Small switching center by a pair of conductors 
Such as those designated T and R. Other local 
Subscriber stations 20 and 203 are shown in 
diagrammatic form. As will be hereinafter de 
Scribed, station 202 shown in schematic form is 
Selected herein for description of Operation and 
detail. * . 

Referring to local subscriber station 202 the 
subscriber loop comprises conductors T2 and R2 
and a printing telegraph sending and receiving 
unit 202'. Unit 202’ comprises a printer magnet 
206, a set of sending contacts 207 and a suit 
able motor 208 equipped with a pair of stop con 
tacts 209 which will open by mechanical means 
When motor stop signals are transmitted or re 
ceived. External of the printing telegraph set, 
or unit, are start, or power, switch 20 for start 
ting the printer set motor, a stop, or break, key 



2did for stopping the printer set, a ringer, or bell, 
212 whereby the central of ice operator may sig 
nail the subscriber station, a test key 23 for test 
ing locally the printer set when the loop circuit 
is arranged so that the ringer may be operated 
from the central office, a flash key 2ik for sig 
nailing the central office and several relays, the 
sfunction of which will be hereinafter described. 

For a complete explanation of the details of 
an exemplary printing telegraph sending and re 
toeiving unit i OT, reference may be had to U. S. 
Patent 1904,164, granted to S. Morton set al. On 
April 18, 1933. - 

Subscriber station line terminating circuit dit 
small suitching center 

Each of the subscriber station loop circuits 
shown in Fig. 2 terminates in a stbscriberstation 
line terminating circuit at the 'Small switching 
center as shown in Fig. 3. GOnly the line ter 
minating circuit 302 associated with printing tele 
graph sending and receiving units 202 is shown 
in detail. The line terminating circuits 30 and 
303 respectively associated with the other local 
stilbscriber stations are shown in diagrammatic 
for 

the functions of the 
circuit are as follows: 

i. The circuit is arranged to register the sub 
scriber's calling-in signal and start the sequence 
circuit to permit routing the call to the central 
ece, 

2. It lights the call lamp, such as lamp 306 for 
circuit 302, when the subscriber at station 202 
calls, until such call is routed to the central 
effice. 
3. When the subscriber line on an outward call 

is connected to a trunk circuit the SubScriber 
station line terminating circuit returns to nor 
mal, releasing the sequence circuit. 

4. The subscriber line is provided with a set 
of test jacks, such as jacks 307A and 308B for 
circuit a 02, which will permit testing of the sub 
scriber 'line for line conditions and for trans 
mission, and for testing the subscriber line cir 
cuits. - 

5. The jacks, such as jacks 301A and 308B for 
circuit 302, are also available for manual-opera 
tion of the unit in case of failure of the auto 
matic apparatus. 

i6. Jack, such as jack 30 A, can be used to 
make particular line test busy, out-of-order, or 
unassigned to inward calls. - 

7. The jacks, such as jacks 307A and 308B, are 
available for continuous monitoring of the sub 
scriber iline by means of :a test , circuit. 

8. The same jacks can also be used to patch 
a subscriber line to a practice circuit, if such is 
provided for the subscribers. . 

:9. When all available trunk circuits are busy, 
this 'circuit will be connected to an 'all-truriks 
busy' level ; on the cross bar switch of the link 
circuit and Will release the sequence circuit. Con 
nection to the "all-trunks-busy' level is main 
tained until the subscriber disconnects. "Two 
levels are required for each “all-trunks busy' 
circuit provided in order that two subscriber sta 
tions may be connected to an 'all-trunks-busy' 
circuit at one time. 

210. This circuit provides for a line hunting 
feature for use in cases where a subscriber has 
more than one line. 
When a local Subscriber originates an outward 

call, that is, a call through the concentrating 

subscriber station line 

unit switching centers to the central office: switch 
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board, the closure of the subscriber loop circuit 
by the operation of the power Switch, such as 
start switch 2-0 at station 22, causes the opera 
tion of the line relay, such as relay 2L2 in line 
iterminating equipment a 2. The line relay, upon 
operating, connects ground at each of the two 
lower airmatures and front contacts to two con 
ductors which extend into the subseriber se 
quence circuit shown, in Fig. ii. These ground 
connections cause the Sequence-circuit to attempt 
to route the call through the large switching 
:center to the central office switchboard. The 
calling subscriber line, or loop, circuit remains 
in this operated condition until the line is either 
connected to the trunk or the automatic equip 
ment is either connected to a trunk extending 
to the large switching center or finds no trunk 
available. 

If the automatic equipment at the small 
switching center finds no available trunk to the 
large switching center, the sequence circuit con 
nects the subscriber loop, or line, to a level or 
horizontal l'OW in the cross bar SWitch of the 
link circuit (Fig. 3) which level may be one of 
two that are provided for connection to the "all 
trunks-busy" circuit. One of these levels is 
shown in Fig. 18 of the copending application of 
W. W. K. Large and F. J. Singer, Serial No. 462,- 
966, Supra. The remaining levels in the cross 
barSwitch of the link circuitare respectively.con 
nected to trunk circuits extending to the large 
switching center. The “all-trunks-busy" circuit 
upon being engaged by a calling subscriber loop 
manufactures a "letters' signal or a 'K' signal, 
as required. These "letters' and 'K' signals 
when transmitted to the subscriber, respectively 
give a busy indication and an idle indication 
when one trunk of busy group becomes idle. The 
Subscriber may try a new call after disconnect 
ing. The cross bar switches may be of the type 
shown and described in Reynolds U. S. Patent 
2,040,334, issued May 12, 1937. 
The link circuit comprises a switching instru 

mentality well known in the art as a 'cross bar' 
SWitch. A cross bar SWitch comprises. SetSof con 
tacts usually arranged vertically and crossing, 
or coordinate, sets of contacts arranged hori 
Zontafly. Horizontally arranged contacts in a 
horizontal row, or in several horizontal rows in 
the case of a system using the several switches, 
are prepared by a selecting magnet, which in 
the present case, is associated with a trunk. 
When a horizontal row of contacts is prepared by 
a 'selecting magnet and a holding magnet, which 
is associated With an entire vertical column of 
contacts, is operated, the set of contacts at the 
crossing point of the row associated with the se 
lecting magnet and the column associated with 
the holding magnet are brought into conductive 
engagement. Immediately thereafter the select 
ing magnet may be released and other contacts of 
its horizontal row will not be brought into en 
gagement When other holding magnets are op 
erated but the set of contacts already engaged 
will remain engaged until the holding 'magnet 
which caused them to become engaged, is re 
leased. Usually the operation of the holding 
magnet operates or causes to be operated other 
contacts which render the line or circuit asso 
ciated with the holding magnet busy during the 
time the holding magnet is maintained ener 
gi zeöd. 

If an idle trunk is found and connection to the 
subscriber loop, or line circuit, is ordered by the 
automatic equipment, the sequence circutt by 
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means of a ground connection causes a “hold' 
magnet aSSOciated with the calling subscriber 
station to operate. Hold magnets 3H 1, 3H2 and 
3H3 are associated with the subscriber stations 
201, 202 and 203, respectively, the operation of 
any One of the “hold' magnets opens its normally 
closed contacts and thereby causes the release 
of the line relay of the calling subscriber line 
terminating equipment and releases the sequence 
circuit. The release of the line relay extinguishes 
the call lamp, such as lamp 306 for the line of 
Subscriber station 202. 
Jacks for each of the subscriber line terminat 

ing equipment, such as jacks 307A and 308B for 
equipment 302 when patched to a similar pair, 
Such as jacks 435A and 435B, in the trunk cir 
cuit, permit the connection to be established 
When the automatic equipment fails, that is, a 
connection between a subscriber line and a trunk 
is established on a manual basis by the attend 
ant at the small switching center. h- 

Link circuit at small switching center 
The link circuit consists of one or more cross 

bar switches which connect a subscriber line to 
a trunk circuit extending to the small switching 
center during the time of communication. As 
many simultaneous connections as there are 
trunk circuits may be established. Each sub 
scriber line circuit is connected to a “vertical' of 
a cross bar switch and each trunk is multipled 
to a horizontal level on all cross bar switches 
When Inore than one SWitch is used. The “all 
trunks-busy” circuit 1 ATB is usually multipled 
to two levels, usually at the top, throughout all 
SWitches in Order to permit a second subscriber 
access to an all-trunks-busy circuit at a time 
when a first subscriber is connected to it. If a 
second "all-trunks-busy' circuit is provided, as 
for instance, where the trunks are arranged in 
two groups, respectively extending to separate 
SWitching centers or central offices (two outlet 
units), the second "all-trunks-busy' is multipled 
to two other levels. 
Copending application of Large-Singer, Serial 
No. 462,966, supra, for a disclosure of a single 
'all-trunks-busy' circuit connected to a link cir 
cuit, the 'all-trunks-busy' circuit being shown to 
one level only. 
In the use of a cross bar switch it will be un 

derstood that in order to complete a connection 
between a trunk circuit and a subscriber line cir 
cuit, it is necessary to, first, operate a selecting 
magnet to condition the set of operating contacts 
which effects the connection, and then to operate 
a holding magnet to complete the connection. 
The holding magnet serves to lock the contact 
Set in its operated position although the Selecting 
magnet becomes released. 
The functions of the link circuit are: 
J. When a cross bar switch Selecting magnet, 

that is one that is associated With a particular 
trunk circuit, and a "hold' magnet are operated 
in the proper sequence, the particular trunk cir 
cuit will be connected to the Subscriber Station 
line circuit with which the operated “hold' rhag 
net is a SSociated. 

2. Off-normal contacts on the Selecting mag 
net insure, upon the establishment of a connec 
tion, that the magnets are operated in the proper 
Sequence. 

3: When the “hold’ magnet is operated it will 
lock under control of the trunk circuit in order 
that the operated selecting magnet that coop 
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5 
erated in the established connection may be re 
leased, 

4. The "hold' magnet contacts perform the 
"cut-off' function required in the associated sub 
Scriber line circuit upon establishment of a call. 

In an idle condition all magnets are released 
and the tip and ring conductors of the subscriber 
loop are connected through the subscriber line 
terminating equipment circuit. For Subscriber 
station 202 the line, or loop, circuit which com 
prises tip T2 and ring R2 conductors, will be open 
at the station when the station is idle. 
When a subscriber originates a call as by op 

erating the teletypewriter start switch, the tip 
and ring conductors of the subscriber line close to 
complete the loop circuit through the station 
teletypewriter and the line relay, such as relay 
3L2 of equipment 382, will operate to energize 
a sequence circuit. When the sequence circuit 
determines that the calling subscriber is next in 
turn, an idle trunk will be seized. The selecting 
magnet which is associated with the trunk thus 
selected, such as magnet 3SM-1 for trunk 40 
and magnet 3SM-9 for trunk 409, will be ener 
gized to position the selecting fingers of the cross 
bar Switch. The closure of the selecting mag 
net off-normal contacts will operate relay 3D. 
and relay 3D, upon operating, connects ground 
through low resistance 30 to a conductor ex 
tending through the sequence circuit to ener 
gize the “hold' magnet associated with the call 
ing subscriber line circuit, the hold magnet may 
be one of those designated 3H, 3H2, 3H3, etc., 
which represent a group of five subscriber lines. 
Operation of the “hold' magnet will cause the 
closure of the main switching contacts at the in 
tersection corresponding to the Selected trunk 
and the calling subscriber line. 
When an inward call is originated by an op 

erator at a switchboard in the distant central 
office, a trunk is selected in the usual manner by 
the operator. The selecting magnet aSSociated 
with the selected trunk is operated in advance of 
the completed selection of the desired subscriber 
line. If the desired subscriber station is idle, the 
closed condition of the Selecting magnet off-nor 
mal ContactS Will ca.USea resistance groUnd (re 
sistance 30) to be connected in a circuit extend 
ing through the director circuit and the selected 
Subscriber station line to grounded battery, 
through the winding of the "hold' magnet of the 
selected subscriber line, the “hold’ magnet being 
one of those designated 3H, 3H2, 3H3, etc. The 
conductors T and R of the called Subscriber sta 
tion will therefore be connected through the op 
erated contacts of the croSS bar SWitch of the 
link circuit to the trunk circuit selected by the Operator. 

Sequence and miscellaneous alarm circuit at small 
suitching center 

The sequence and miscellaneous alarm circuit 
is shown in Figs. il, 12 and 13, the miscellaneous 
alarm equipment being shown in Fig. 13. This 
circuit is designed to care for the sequence of 
calls through the small switching center and is 
arranged to permit the routing of one call only 
at any one time through the automatic equipment 
at the Switching center. - 
The Sequence circuit permits establishing onl 

One connection at a time through the automatic 
equipment. It is granted to inward calls (calls 
from the central office to the small switching 
center) in preference to outward calls (calls 
from the Small switching center to the central 
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office). Calls that may be originated while the 
sequence circuit is in use are served subsequently 
depending upon the order in which the subscriber 
lines and trunks are connected. Therefore, calls 
from the central office have preference over those 
from the subscribers whose lines are local to the 
switching center. The sequence circuit consists 
essentially of four major circuits which are as 
follows: (a) a group of relays common to the 
subscriber lines and the trunks, and containing 
the alarm features, this common portion of the 
circuit comprising the main gate relay fl-G, 
hereinafter described, which prohibits the seizure 
of the sequence circuit while a call is being routed 
in either direction; (b) a group of relays to serve 
a maximum of five subscriber lines, this being, 
referred to as the subscriber sequence circuit, 
(c) a group of relays to serve a maximum of five 
trunks; and (d') a group of relays to serve each. 
trunk of a group of five, this being referred. 
to as the trunk sequence circuit. On OutWard 
calls the sequence circuit arranges the link cir 
cuit to connect a calling subscriber station to 
the first idle trunk to the central office or to an 
"all-trunks-busy' circuit if no trunk is avail 
able. On invard calls the sequence circuit con 
nects the calling trunk to the director circuit. 
After the director circuit has received the select 
ing pulses, it tests the desired called subscriber 
line. If the line is idle, the director circuit causes 
the link circuit to connect the line to the trunk. 
The sequence circuit then releases the director 
circuit and is available for routing a new call. 
If the line is busy, out of order, or unassigned, 
the operator receives the proper information from 
the director circuit and the sequence circuit re 
leases the director circuit when the operator takes 
down the cord circuit. If the operator does not 
disconnect, the director circuit times out in about 
f seconds and becomes available for a new Call, 
Visual and audible alarms are given under the 

following conditions: 
(a) Inuvard and outward calls.-If the main 

gate relay -G fails to release within about 50 
seconds after it has operated, a major alarm is 
given. 

(b) Outupard calls.--A minor alarm is given in 
about 4 seconds if the sequence, circuit fails to 
seize a trunk. A minor alarm is given if a relay 
(relay 3H), which prevents release of a trunk 
circuit while another connection is being estab 
lished, fails to operate within about 15 seconds. 

(c) Inuvard calls.--In case the sequence circuit 
fails to release the director within about 15 sec 
onds, a minor alarm is given. (Director circuit 
is held for 11 seconds under certain conditions.) 
A major alarm is also given in about 12 seconds 
if the sequence circuit fails to seize the director 
circuit or if the director motor does not attain 
its normal operating speed. This latter alarm 
is located in the director circuit. 

(d) A major alarm always follows a minor 
alarm at about one-third second, if that portion 
of the circuit and which caused the minor alarm 
has not been removed by the circuit operation. 
A gate relay such as gate relay li l-G, is So 

called because it opens paths which prevent or 
shut out interference with calls being routed. 
In its unoperated position it permits current to 
flow over its armatures and contacts and in its 
operated position opens at its left and its right 
hand armature paths extending from the trunk 
groupS and the Subscriber line groups to relays 
in their respective trunk sequence and subscriber 
line. Sequence circuits; for example the conductor 
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connected through armature No. 1 of relay fl-C 
extends from trunk sequence group No. 1 (shown 
in Fig. 12), and the conductor connected to arma 
ture No. 4 of relay fl-G extends from the sub 
scriber line sequence circuit group No. 1 repre 
sented by lines respectively extending to Sub 
scriber stations Nos. 201, 202, 203, shown in Fig. 2. 
The functions of the sequence and miscella 

neous alarm circuit are as follows: 
1. This circuit is arranged to permit only one 

subscriber at any one time the privilege Of Con 
pleting a call through the small switching center 
and that only when no inward call is in process 
of completion. 

2. This circuit is arranged to permit only one 
call from the central office to seize a director cir 
cuit and complete through the Small Switching 
center and that only when no Subscriber call 
has seized the routing privilege. 

3. In case of trouble on an outward call, this 
circuit after a time interval of approximately 4 
seconds, will release the call from the seized 
trunk, locking this trunk out of service, will sound 
an alarm and will endeavor to complete over the 
next idle trunk. 

4. In case of trouble on an outward call which 
is not trunk trouble, this circuit will lock up the 
Subscriber group in which the originating sub 
scriber line is included and sounds an alarm after 
an interval of 5, 15, or 50 seconds, depending 
upon the progress of the call, 

5. In case of trouble on an incoming call which 
exists for 15 seconds the trunk in trouble will be 
locked out of the sequence chain, an alarm will 

! be sounded and Out-of-order signals will be re 
turned to the distant end. 

6. This circuit is arranged to allot, in prede 
termined Order, idle trunks to the Subscribers 
calling the distant central office. 

7. In case all trunk circuits are busy, this cir 
cuit is arranged to measure the length of time 
this condition exists. 

8. This circuit is arranged to advance the trunk 
chain shown in Fig. 12 to the next idle trunk 
immediately after each Subscriber calling the cen 
tral office has obtained a routing through the 
Small Switching center and before the sequence 
circuit is permitted to handle the next call in 
either direction. 

9. If one or more trunk calls from the central 
office are awaiting service this circuit will start 
and keep the distributor motor “in speed.' 

10. This circuit is arranged to complete calls 
both inward and outward on a manual basis if 
nanual service key foll is operated. 

11. During manual service periods, a lamp, such 
as lamp 20 for trunk 40 also serves as a dis 
connect lamp. 

12. This circuit is provided with a night alarm 
buzzer primarily for use during periods of manual 
Operation to indicate a reception of an inward 
Of OutWard call. 

Subscriber line circuits are connected to the 
sequence circuit in groups of a maximum of five 
lines each, relays. Í SA, BO and i ISC being 
common to the lines of each group. In a similar 
manner relays 2ST2, 2TA, 2TC and 2BOX are 
common to a group of a maximum of five trunks, 
relays i 2AD, 2DC, 2BO - and 2DL being indi 
vidual to each of the trunks of a group. In gen 
eral, an outgoing call originated by a subscriber 
must Secure the exclusive right to use the se 
quence circuit for the short time interval re 
quired to establish the direct connection through 
the link circuit. The operation of the remain 
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ing relays, such as those indicated as “one set 
per office,' in the Sequence and the miscellaneous 
alarm circuit, when cooperating with the relays 
mentioned above as common to the subscriber 
lines of each group and as common to the trunks 
of each group, assures that all groups of five sub 
Scriber lines and all groups of five trunks, other 
than the first group energizing the sequence cir 
cuit, will be excluded. The operation of such 
remaining relays then excludes all units, sub 
Scriber or trunk, in the particular group, other 
than the one seizing the circuit. In normal op 
eration, a trunk circuit receives preference in the 
Sequence circuit Seizure. When a trunk call is 
successful in securing the sequence circuit, the 
trunk circuit is connected to a director circuit 
which translates the pulses received from the 
switchboard operator at the distant central Office 
into the number of the desired subscriber line. 
In case of an emergency such as When the auto 

matic features of the circuit fail, manual service 
key 0 will be operated by the attendant. The 
key, when operated, makes the trunk sequence 
ineffective So that a director circuit cannot be 
attached to a trunk and the subscriber portion 
of the sequence circuit cannot complete its task 
of automatically selecting an idle trunk and con 
necting the subscriber station to it. The opera 
tion of key f of causes manual service lamp O2 
to flash. 

Trunk circuit termination at small switching 
€e??te?' 

The equipment shown in Figs. 4 and 5 termi 
nates, at the Small switching center, a two-way 
half-duplex trunk arranged for automatic signal 
ing supervisory features, the opposite end of the 
trunk circuit terminating at the large Switching 
center. The trunk circuit is shown extended 
through the second level of the link circuit shown 
in Fig. 3. A second trunk circuit 409, shown 
in diagrammatic form, is extended through to 
the lowermost level of the link circuit. These 
trunks are arranged in groups and on inward 
calls are selected at the large switching center 
in response to signals corresponding to the called 
number for the group, the signals being trans 
mitted from the central office. The first trunk 
of a group is selected for extending the call. 
These trunks are referred to hereinafter as "line 
trunks.' 
The trunk terminating circuit at the Small 

switching center, on a call originated by a local 
subscriber thereto, tests the trunk circuit, through 
the large switching center, to the central office 
and registers a call at that point. On a call 
from the operator at the central office, the trunk 
is connected, first, to the director circuit at the 
large switching center, and then, in response to 
a special code number, to a director circuit at 
the small switching center. When the called Sub 
scriber line code is received in the latter director 
circuit and translated therein the trunk is ex 
tended through to the called subscriber line, if 
it is idle. The trunk terminating circuit at the 
small switching center does not release the Sub 
scriber line until the subscriber has stopped the 
teletypewriter motor at the subscriber's station 
and the cord circuit at the central office has been 
disconnected by the operator. 
The functions of the trunk circuit equipment 

at the small switching center are as follows: 
1. On an outward call from a subscriber. Sta 

tion connected directly to the small switching 
center, the subscriber loop is connected directly 
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to the selected trunk, a continuous "mark' signal. 
is sent to the central office to light the lamp in 
the operator's switchboard and the sequence cir 
cuit is released, the connection being established 
through the large switching center. 

2. While aWaiting the answer of the operator 
at the central office, the subscriber can "flash' 
the Switchboard lamp. Under this condition the 
circuit sends alternate high resistance ground 
and 'mark' signals to the central office in unison 
with the operation of the power switch at the 
Subscriber station Set. . 

3. If the calling subscriber abandons an out 
Ward call before the operator at the central Office 
answers, this circuit replaces the "mark' condi 
tion of the trunk with a high resistance ground 
which causes the calling lamp in the operator's 
switchboard to become extinguished and thereby 
indicate to the operator that a disconnect re 
lease is required. Upon receipt of the negative 
disconnect signal from the central office, the 
equipment at the Small switching center returns 
to normal. 

4. A break signal originated by a subscriber 
whose station is connected to the small switching 
center produces no effect on this circuit othe 
than the placing of a spacing signal condition on 
the line. 

5. A prolonged space signal received from the 
distant subscriber whose station is connected di 
rectly to the central office, operates receive relay 
5R in this circuit to hold the connection in 
tact. After an interval of six seconds the inter 
mittent closures are placed on the trunk at the 
central office end to enable the subscriber con 
nected to the small switching center to legister 
a disconnect signal. 

6. When the trunk circuit is seized at the large 
switching center end, ringing current is auto 
matically applied to the trunk at that end for 
a one-second interval, to condition the terminat 
ing equipment at the small switching center for 
the reception of a call and to secure the director 
circuit. - 

7. When the director circuit is attached and 
ready to receive selecting pulses, the high resist 
ance ground condition on the trunk at the Small 
switching center is replaced by a marking condi 
tion to extinguish the cord Supervisory lamp in 
the central office switchboard as an indication 
that the selecting pulses should be sent. 

8. If, after securing the sequence circuit, the 
calling trunk fails to secure a director circuit 
or after securing a director circuit, fails to place 
the call directing pulses, the sequence circult 
will time out and energize an alarm circuit. In 
this case where the director circuit has been Se 
cured, it will be released and the trunk Will again. 
be terminated in the high resistance ground. 

9. When the directing pulses are received from 
the operator at the central office, they are trans 
mitted to the director circuit which tests the 
called subscriber loop and energizes the link 
circuit to establish the connection if the loop 
is idle. 

10. If the called loop is busy, out of order, or 
unassigned, a signal characteristic of the condi 
tion is produced in the director circuit and trans 
mitted to the distant end at the Central office. 

11. When the trunk circuit is connected to the . 
called loop, the sequence and the director cir 
cuits are dismissed and the trunk circuit, again, 
is terminated in the high resistance ground con 
dition. At the same time automatic ringing is 
connected to the called subscriber, loop if that: 
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feature is desired... If automatic ringing is not 
specified the operator at the central office sends 
ringing current over the trunk causing the ter 
minating equipment at the small Switching center 
to connect ringing current to these loops. 

... 12. When the subscriber answers at the called 
station, this circuit, during the silent interval, 
disconnects the automatic ringing and sends a 
marking signal to the central office by replacing 
the high resistance ground termination with the 
trunk repeater at the small switching center. 

13. After the subscriber has disconnected, the 
operator can rering the subscriber station by 
sending a short ringing signal from the central 
office which again starts the automatic ringing 
of the subscriber line. 

14. The trunk circuit is provided with jacks, 
such as jacks 435A and 436B of trunk 40, to 
permit manual connection of a subscriber line in 
case of failure of the automatic equipment. 

15. Jacks are provided for patching a meter by 
means of a cord circuit to the repeater circuit 
to measure the current in the line and the biasing 
circuit and to indicate the differential current in 
the receive relay, such as relay 5R, of trunk 50. 

16. Facilities are provided for balancing the 
repeater for use with composited or non-com 
posited lines or spare cable conductors. 

17. Provision is made for polar sending type B 
polarential operation over a line circuit to a polar 
receiving type B polarential repeater. at the 
large switching center. The trunk terminating 
equipment at the small switching center, there 
fore, comprises a repeater arranged for polar 
sending and differential receiving, whereas the 
trunk terminating equipment at the large Switch 
ing center comprises a repeater arranged for 
differential sending and polar receiving. Type B 
polarential operation is disclosed in Fig. 2 of the 
Cramer United States Patent 2,131,870, October 4, 
1938. 

18. Equalization networks are provided to re 
duce the characteristic distortion in the received 
signals. · · 
The repeater elements of this terminating 

equipment are designed to operate half-duplex 
only. The equipment of the trunk shown in de 
tail will now be described in a general way. An 
adjustable balancing network in artificial line 502 
connected to winding No. 2 of receive relay 5R. 
is provided to balance the telegraph line 50 con 
nected to the repeater. When a balance is ob 
tained between the line 50 and the artificial line 
502, the differential effects of the current in wind- . 
ings Nos. 2 and 3 ofreceive relay 5R remain con 
stant during transmission of signals by send relay 
5S. This balance enables signals to be transmit 
ted in either direction over a single conductor 50. 

Duplicate sets of balancing equipment are pro 
vided for use when a neutralization conductor, 
such as conductor 503, is required. Conductor 
503 serves to neutralize voltages induced in trans 
mission conductor 50 from extraneous Sources. 
The balancing set for conductor 50 comprises 
rheostat 529, resistance 542 and condensers 56 , 
562 and 563 of 1 to 7 microfarads in steps of one 
microfarad. A similar set is provided for con-" 
ductor 503 and comprises rheostat 530, resistance 

. 545 and condensers 564, 565 and 566. Conductor 
503 is arranged for connection to winding No. 4 
of receive relay 5R and its artificial line conduc 
tor 504 is connected to winding No. 5 of relay 5R. 
The neutralizing circuit and its balancing net 
work are substantially the same as the operating 
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circuit with its balancing network; so that equal 
extraneous voltages applied to the neutralizing 
and operating lines will have equal but Opposite 
effects on relay 5R. " . . . . 
During the idle condition the large Switching 

center end of the trunk is terminated in ground 
at the back contact and outer upper armature of 
relay 6C. At the small switching center where 
the trunk circuit is used for two-wire termina 
tion, the second, or neutralizing, conductor 503 
forms a loop with the first, or transmission con 
ductor : 50 , through i resistance 53 of relatively 
high value, and the winding of relay 5L, the two 
latter elements being shunted by an alternating 
current relay 5R and condenser 506. The re 
peater relays 5S and 5BK and the filament of 
vacuum tube 49 are not energized. The receive 
relay 5R is energized through its No. 1 winding . 
which is provided for biasing purposes and all the 
other relays, except gate relays 4G and 4G? are 
normal. Relays 4G and 4G are held in their 
left-hand positions as shown by current in their 
lower windingS. 

In the case of emergency such as when the 
automatic equipment fails to operate, jacks 435A 
and 436B of the trunk are manually patched by 
the attendant to a similar pair, say jacks 30A 
and 308B, in the desired subscriber line circuit 
so that the trunk is connected through to the 
desired subscriber's loop. When the double plug 
of the patching cord is inserted in the double jack 
of the trunk, the selecting magnet associated with 
the trunk, say magnet 3SM-t for the trunk 
shown in detail, is prevented from operating and 
off-normal relay 4-ON operates. When the 
trunk so engaged is returned to automatic Opera 
tion the desired subscriber line remains busy until 
the patching cord is removed. Similarly, the 
trunk is prevented from securing a director cir 
cuit. - 

Three balancing keys 508, 509 and 50 are pro 
Vided for controlling the capacity balance for the 
Operating (transmission) and the neutralizing 

By connecting the capacity for the 
operating conductor and the neutralizing con 
ductor on the same set of keys a duplicate balance 
On each of the Wires is assured. 
Key 5f f is provided for connecting and discon 

necting the composite balancing equipment in the 
artificial line circuits of the operating and the 
neutralizing conductors. Both sets of composite 
balancing equipment are connected through the 
Same key so that they are connected or discon 
nected at the same time. 

Five apex keys 52 to 5 i 6 are provided to con 
trol the resistances in the apexes of the operating 
and the neutralizing conductors. Each of these 
keys is arranged to affect the resistances in each 
of the apex circuits alike. 
The repeater is equipped with four jacks 57 

to 520, so that a test unit meter may be patched 
into various circuits of the repeater in order to 
facilitate adjustment and balance. Line jack 5 T 

5 is provided in Series with the operating line of 
the repeater for checking the line current and 
permitting observation of signals transmitted over 
the line conductor and the reading indicated on 
the test unit meter is the value of the actual line 
current. Balance jack 58 is provided for con 
necting the test unit meter to indicate the differ 
ential current between the operating line con 
ductor and its associated artificial line circuit and 
the reading on the meter is the value of the actual 
differential current, Balance jack 59 is provided 
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for connecting the test unit meter to indicate the 
interference on the neutralizing wire conductor 
for comparison with the interference on the op 
erating wire conductor. Bias jack 529 is provided 
for connecting the test unit meter in the biasing 
circuit (winding No. 1) of receive relay 5R, so that 
the biasing current can be adjusted to the proper 
value for polarential operation; the resistance 
shunt on the bias jack being SO proportioned with 
the value of current indicated by the meter when 
the bias current is properly set will be equal to 
the current obtained with the meter in balance 
jack 5 & when a spacing signal is transmitted 
from the polar receiving repeater. This biasing 
circuit is arranged to provide the correct biasing 
current through the Smaller number of turns in 
the biasing winding to make their magnetic effect 
equal to that of the turns in the line winding No. 
3 of relay 5R. A meter Suitably adapted for the 
present system is of the single coil type, which 
has a double indicating scale with a Zero mid 
point and is designed to operate in opposite di 
rections in accordance with the direction of the 
Operating current. This meter is known as a 
milliammeter and is disclosed in Cummings' 
United States Patent 1,809,026, June 9, 1931. 
The bias potentiometer 528 is provided in the 

biasing circuit of relay 5R. So that the value of 
current in the biasing circuit may be properly ad 
justed. The current range in the bias circuit may 
be extended beyond the value obtaintc. With the 
potentiometer by strapping a portion of the fixed 
resistance. The balanced resistance potenti 
onnetter consists of two units 529 and 530 mounted 
on a single shaft and is used to obtain direct cur 
rent balances in the artificial line circuit of the 
operating and the neutralizing wire. 

Receive relay 5R is provided for receiving sig 
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nals over the trunk shown extending from the 
large SWitching center and retransmitting them to 
the desired local subscriber loop. This relay is 
equipped with five windings which are respective 
ly arranged for connection in five circuits. Wind 
ing No. 1 is used for biasing the relay, winding No. 
3 is connected to the lint circuit, winding No. 2 is 
connected to an artificial line circuit Which is 
used for balancing the line circuit, Winding No. 
4 is connected to the neutralizing Wire and wind 
ing No. 5 is connected to an artificial line circuit 
for balancing the neutralizing Wire. 

Relay 5S is provided for receiving signals from 
the local subscriber loop and retransmitting them 
to the line trunk circuit. This relay is equipped 
With two Windings one of Which is connected in 
series with the subscriber loop and the other 
winding is connected in series with an artificial 
line. 
Relay 5BK is connected in series with relay 5S 

and is used for "breaking' during half-duplex 
operation. Its normal function is to disable relay 
5R until a spacing signal is being sent from the 
subscriber station. This is accomplished by con 
necting grounded battery 536, through the con 
tacts of relay 5BK, to the Spacing contact of relay 
5R. When relay 5BK operates to its Spacing con 
tact, the grounded battery normally connected 
to the spacing contact of relay 5R is removed and 
the spacing and marking contacts of relay 5R are 
connected together. 
In adjusting the line balance key 5 it should 

be operated for all composited lines and for lines 
having a heavy capacity value Such as simplex 
phantom cable lines. Key 5ft should be normal 
for all other lines. With the meter of the test unit 
connected to jack 58 and while slowly opening 
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and closing the "send' loop of the repeater at jack 
435A, vary the balance resistance potentiometer 
529 until the steady deflection of the milliam 
meter is the same with the loop open as it is with 
the loop closed. Vary the artificial line capacity 
by operating the capacity balance keys 508, 509 
and 5 O until the kick of the milliammeter needle 
in either direction caused by slowly opening and 
closing the "send' loop is a minimum. It may 
be necessary to repeat this operation in order to 
determine whether or not the apparent capacity 
unbalance is due to interference rather than the 
capacity difference between the operating line 
and the artificial line. For simplex phantom 
cable circuits it may be necessary to make use of 
the composite balancing network by operating key 
5 in order to provide sufficient capacity. 
When a two-wire line circuit is used as where 

neutralization is required, the balance on the sec 
ond Wire is made identical to the balance on the 
first Wire. This is accomplished by connecting the 
balancing arrangemtnt of the second wire to the 
controls used for the balancing arrangement for 
the first wire. - 
For polarential operation of a trunk circuit 

polar signals are transmitted in one direction and 
differential signals are transmitted in the other 
direction. In the system herein described the 
Small SWitching center is equipped with a repeater 
arranged for polar sending and differential re 
ceiving and the large switching center is equipped 
With a repeater arranged for differential sending 
and polar receiving over a trunk interconnecting 
SWitching centers. At the polar repeiving end the 
marking potential is ground. When the spacing 
battery is the same polarity at both ends, the sys 
tem is called type B polarential. On a polarential 
System. Without leakage or ground potential the 
Current in the Operating line of the trunk and the 
balancing Winding of the receive relay, such as re 
lay 5R, of a polar Sending repeater have equal 
effects on the relay when the distant end of the 
Operating line is connected to ground. The re 
ceive relay is held on marking by the current 
through the biasing winding. The current in the 
biasing Winding is adjusted to be half as effective 
as the current in the operating line and the bal 
ancing Winding When a spacing signal is trans 
???!ed from the distant or large switching cen 
?I. . 

Type B polarential operation permits transmis 
Sion in either direction over a single conductor 
Without requiring a readjustment of the repeater 
balance at either end of the line for changes in 
line leakage as disclosed in Fig. 2 of Cramer's 
United States Patent 2,131,870, supra. 

Equalizing networks 564 and 541 each consist 
ing of retardation cois and resistances COrnected 
in Series are provided for reducing the character 
istic distortion in the received signal. These net 
Works are bridged between the line and the artifi 
Cial line circuit therefor on the trunk side of relay 
5R. When the repeater is arranged for two-wire 
Operation as shown herein the networks are re 
quired, one is bridged between the Operating line 
and its artificial line and the other between the 
neutralizing line and its artificial line, both net 
Works being on the trunk side of relay 5R. The 
Strapping of the resistances should be the same 
in each network and should be chosen to obtain 
the best transmission over the circuit. Equalizing 
networks are eSSential on long simplexed phan 
tom cable circuits. There appears to be little 
gained by their use on other types of facilities, 
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Director circuit at small switching center 

This circuit is designed for use in the small line 
switching center to receive the directing, or select 
ing, pulses sent by the operator at the distant 
central office and retransmitted at the large 
switching center, and to decipher these pulses 
thereby causing the selection of the called sub 
scriber line. The director circuit may be consid 
ered as having two portions; one portion is the 
distributor proper; the other is the portion which 
deciphers and registers the received impulses. 
This second portion thus has a registering func 
tion and may be called a “register'; it also has the 
function of marking or identifying a selected line 
or group of lines and hence may also be styled a 
“marker.' The circuitis shown in Figs. 19, 20 and 
21. 
The functions of the director circuit are as foll 

lOWS: ? 
1. Upon receipt of an inward call from the 

central office the sequence circuit will connect 
the director circuit to the trunk circuit on which the call is awaiting. The distributor motor is 
then started and after it has attained proper 
speed, a director-ready signal will be transmitted 
to the distant central office to indicate to the op 
erator that the call may be routed through both 
the large and small switching centers. 

2. The distributor motor may be stopped after 
the director circuit has been dismissed tInless 
there is another incoming call awaiting comple 
tion. In the latter case the motor will be kept 
running but the other part of the circuit will be 
restored to normal awaiting the new call. 

3. The start magnet is held operated while the 
distributor motor is coming up to speed to re 
dulce Clutch drag. 

4. A "figures' teletypewriter character re 
ceived from the distant central office will indi 
cate that the operator has recognized the di 
rector-ready Signal and Will cause the director 
circuit to accept the next two characters trans 
mitted from the central office as the called sub 
Scriber Station number. 

5. The next two teletypewriter characters re 
ceived from the central office are separated into 
dot elements by the receiving distributor causing 
the proper selecting relays to be operated. 

6. Upon receipt of the first digit of the call di 
recting pulses, the director circuit will select the 
group of ten lines which contains the desired sub 
Scriberline. 

7. Upon receipt of the second digit of the call 
directing pulses the director circuit will select and 
test the desired subscriber line and disregard any 
additional character sent to the director circuit. 

8. If the called subscriber line has been made 
out of order, there will be transmitted for a one 
second interval to the distant central office a se 
ries of signals for recording on the operator's tele 
typewriter a series of “Q” or “1” characters as an 
indication of this condition. 

9. If the called subscriber line is busy because 
of a previously established call or because of a 
busy condition placed on it by the test circuit, a 
series of “K” or “%" characters will be recorded 
for a one-second interval on the operator's tele 
typewriter at the distant central office. 
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10. If the manual operator at the central office . 
has transmitted first and second digits of a num 
ber for which no subscriber line is assigned, or 
has transmitted an in possible combination of 
digits, a series of 'V' or '%' characters will be 
recorded on the operator's teletypewriter at the 
central office for a one-second interval. -- . 75 
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11. If the subscriber line is idle, the director 

circuit will cause the link circuit to connect the 
called subscribef line to the trunk circuit. The 
director circuit will then be released and restored 
to the idle condition in preparation for the rout 
ing of the nextinward call. 

12. If the director circuit becomes off-norinal 
and is not released within ten seconds, a series of 
"T" signals referred to herein as a recorder signal, 
is sent to the central office for one second and 
the director circuit is then released and a discon 
nect signal is sent Over the trunk to... the central 
Office. 
The director circuit is a part of the system 

which provides an unattended, or automatic, 
Switching arrangement at a point distant from 
the central office whereby a small group of trunks 
extending from the central office may serve a 
larger number of subscribers whose lines are con 
Centrated at the switching point known as a line 
concentrating º unit Switching center. The di 
rector circuit functions only on inward calls fron 
the central office, receiving and deciphering the 
called subscriber station number, typed and 
transmitted by the switchboard operator at the 
central office, and causing the selection of the 
called, or desired, subscriberline. 
When an operator at the central office seizes 

a trunk to the large switching center, the as 
sociated trunk terminating equipment in conjunc 
tion with the sequence and the director circuit 
at the large switching center functions in re 
Sponse to directing teletypewriter pulses corre 
Sponding to the called number of a group of 
trunks extending to the small switching center, 
to extend the connection over an idle trunk of 
the called group to the small switching center 
whereat the sequence circuit is caused to attenpt 
connection of the extended trunk to the director 
circuit at the latter switching center. When the 
trunk terminating equipment at the small switch 
ing center receives permission to route the call 
to the desired subscriber station loop, the director 
circuit at the small switching center transmits 
the 'director-ready' signal to the operator at the 
central office, disregarding all typing and line 
interference until a "figures' signal is received 
and then responds to the next two character sig 
nal combinations to select the called subscriber 
line. As soon as the director circuit at the small 
switching center is released by the sequence cir 
cuit it is available for succeeding calls. 
Terminating equipment at the large switching 

center, for the trunk circuit eactending to the 
small switching center 
This equipment provides a termination in the 

large Switching center for half-duplex trunk ciri 
cuits extending to the small switching center. 
The trunk side of the repeater is arranged for 
half-duplex operation over two line conductors, 
as hereinbefore stated in connection with the 
trunk's termination at the small switching cen 
ter. One conductor is identified as the operating 
line and the other provided for neutralizing in 
duced voltages. The local side is arranged for 
Operation into a link circuit which also serves a 
plurality of local subscriber station ines con 
nected directly to the large switching center. 
Other trunk circuits such as that designated 409 
may be provided for termination at the link cir 
cuit at the large switching center in the same 
????nner as the trunk circuit shown in Figs, 6 and 
The functions of the trunk circuit at the large 

switching center are as follows: - . . . . . . . 
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1. During the idle condition all relays are nor 

mal and non-energized except relays 6S and 6R, 
which are held to their marking and spacing 
contacts, respectively, by local circuits. 

2. When a call is originated at the small switch 
ing center end of a trunk, current will flow in the 
line resulting in energizing a path extending to 
the Sequence circuit of the large switching cen 
ter to secure a trunk to the distant central office. 
When the trunk is allotted and connection se 
cured thereto, a marking condition is placed on 
the trunk to initiate a call and thus light the 
calling lamp in the operated switchboard at the 
distant central office. 

3. The transmission of normal teletypewriter 
and break signals in either direction will not cause 
false supervisory signals. 

4. When a subscriber station connected directly 
to the small switching center disconnects the 
closure at relay 5TR of operating conductor 540 
to neutralizing conductor 54 to form a loop at 
the small Switching center results in the removal 
of the terminating grounded battery 532 from 
the path extending to the outer upper armature 
and contact of relay 5TR, conductor 54 and 
neutralizing conductor 583 of the trunk circuit 
which extends to the large switching center. This 
removal of grounded battery 532 from conductor 
50 results in lighting the cord lamp at the oper 
ator's Switchboard at the distant central office. 

5. The subscriber connected directly to the 
Small switching center may recall the operator. at 
the distant central office by sending a disconnect 
followed at an interval of approximately two 
Seconds by a new call. 

6. A call received in the large SWitching Cen 
ter for a subscriber connected directly to the 
small switching center Will result in the seizure 
of the first idle trunk extending to the Small 
switching Center. 
interval of 20-cycle ringing current to be auto 
matically sent over the seized trunk extending 
to the small switching center to condition the 
equipment at the latter center and to Secure 
thereat a director circuit. 
signal from the small switching center is a mark 
ing condition placed on the transmission circuit. 
This marking signal is transmitted back to the 
originating operator at the distant central office 
who will then send the teletypewriter characters 
corresponding to the desired subscriber station. 
The reception of these signals at the Small 
switching center will cause the connection of 
the trunk to the desired subscriber station loop 
and will place an open, or Spacing, condition on 
the trunk. This condition results in lighting the 
operator's cord lamp as a signal that the Operator 
may ring on the circuit or that the station is 
being automatically rung if that feature is used. 
When the subscriber answers the trunk circuit 
returns to the marking condition and the cord 
lamp is extinguished. 

7. In this supervisory system no provision is 
made for registration of the trip or Subscriber 
answer during the period in which the subscriber 
station is being rung. The Subscriber anSWer may 
be registered during the silent interval in the 
ringing period. 

8. The operator at the distant central office 
may rering the subscriber connected directly to 
the Small switching center, following his discOn 
nect by applying ringing current to the line. 

9. When both the Subscriber connected directly 
to the small switching center and the Operator at 
the distant central office disconnect, the trunk 

This in turn will cause a timed 

The “director-ready' 
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circuit after an interval of two seconds, places a 
two-Second negative potential on the line to re 
lease the equipment at the Small switching center 
and at the end of that period restores to normal. 

10. Facilities are provided for balancing the 
repeater for use with composited or non-com 
posited lines, or spare cable conductors. 

ll. Provision is made for equipping the re 
peater with 60-cycle interference filters when 
required, 

12. Equalization networks are provided to re 
duce the characteristic distortion in the received 
Signal. 

13. Provision is made for polar receiving type 
'B' polarential operation over a trunk circuit 
from a polar sending type 'B' polarential re 
peater at the Small switching center end of the 
trunk. 
This repeater, like that at the Small switching 

center end of the trunk, is designed to operate 
half-duplex only. An adjustable balancing net 
Work is provided to obtain an approximate bal 
ance for the higher frequency components of the 
signal. No direct current path is provided in the 
balancing network. The balance obtained is a 
compromise value between a perfect circuit bal 
ance and one giving the best possible reception 
of signals. During transmission to the polar send 
ing repeater both the marking and spacing line 
Current are in the same direction and hold relay 
6R of the polar receiving repeater on its mark 
ing COntact. 
The balancing network consists of resistance 

60 which may be one or more elements and con 
denser 602 which likewise may be One or more 
condensers. The condensers provide a capacity 
of 4 to 10 microfarads, say in two microfarad 
steps, and are strapped according to the type and 
length of the trunk circuit. 
A duplicate set of balancing equipment, resist 

ance 603, which may be one or more elements and 
condenser 694 which likewise may be one or more 
condensers, is provided for use With the neul 
tralizing wire 503. The balancing networks for 
both the transmission conductor 50 and the 
neutralizing conductor 503 are adjusted alike to 
provide the same balance for each conductor. 
Relay 6R is provided for receiving signals from 

the Small Switching center end of the trunk cir 
cuit and for retransmitting the signals to the 
trunk circuit extending to the distant central 
office. It has five windings, winding No. 2 is con 
nected to the transmission conductor 50, wind 
ing No. 1 is connected to an artificial line which is 
used for balancing transmission conductor 50, 
winding No. 3 is connected to the neutralizing 
conductor 503, winding No. 5 is connected to an 
artificial line circuit which is used for balancing 
the neutralizing conductor 503 and winding No. 4 
is connected to a local holding circuit, which 
serves to normally hold the relay in its marking 
position when the trunk circuit is in the idle 
condition. ? 

Relay 6S is provided for receiving signals from 
the large switching center and for retransmitting 
the signals to the Small switching center. This 
relay is equipped with two windings, the upper 
winding is connected to the transmission con 
ductor 505 and the lower winding is connected 
to an artificial line circuit. 

Relay 6P has three windings, winding No. 1 is 
connected in Series with the transmission line 
conductor 50 f, winding No. 2 is connected in se 
ries with the neutralizing line conductor 503 and 
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winding No. 3 is connected to a holding circuit to 
prevent the relay from operating on small in 
duced line "otirrents when the line is open or 
grounded at the small switching center. Relays 
SP and 6R, follow the signals received from the 
Small switching center. During transmission to 
the Small switching center the absence of aihy 
winding in the artificial line circuit causes relay 
6P, under some conditions, to leave the marking 
contact. During transmission from the Small 
switching center each transition of the signal as 
received by relay 6P causes a surge of current 
through the winding of relay 4H. These surges 
ih conjunction. With a direct current from the con 
tact of relay 6C hold relay f4H operated during 

- transmission condition. Relay 6C has two identical windings, the upper 
winding is connected in the apex of the trans 
mission line conductor 50 and the lower wind 
ing is connected in the apex of the neutralizing 
line conductor 503. Relay 6C remains operated 
except during certain transmission periods in the 
signal. Operation of relay 6C in turn operates 
relay f which is used for supervisory purposes. 
During the transitory period of the signals when 
relay 6C releases, the surges from relay 6P cause 
relay 4H to remain operated. The windings of 
relay 6C are shunted by condensers 606 and 607 
respectively to by-pass a large part of the signal 
ing frequencies to improve telegraph transmis 
Sion. 

During the idle condition, the trunk circuit of 
the Small Switching center is connected through 
resistance 53t of relatively high value to form a 
loop with the neutralizing line conductor 503. At 
the large switching center transmission, or Oper 
ating, line conductor 50 may be traced through 
the normally closed tipº contacts of jack 608, con 
ductor 60, upper arñnature and back contact of 
relay 6E, resistance 6?, winding No. 1 of relay 
6P, winding No. 2 of relay 6R, resistance 62 and 
1'etardation coil 63, through the upper Winding 
of relay 6C to ground at the outer upper arma 
ture and back contact of relay 6Cf. The neu 
ti'alizing line conductor 503 may be traced over 
normally closed contacts aSSOciated with the tip 
spring of jack 608, conductor 614, outer lower 
armature and contact of relay 6E, resistance 65, 
winding No. 2 of relay 6P, winding No. 3 of relay 
6R, resistance 66 and retardation coil 67, 
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through the lower winding of relay 6C, resistance 
68 to ground at the armature and contact of 
relay 6S. Grounded battery 40 is connected 
to a circuit extending through resistances 402 
and 403, lower normally closed make-before 
break contact of relays 4C2, conductor f404, 
through winding No. 4 of relay 6R to ground, to 
hold relay 6R operated to its spacing contact. 
Grounded battery 405 is connected to a circuit 
extending through resistance f406, conductor 407, 
resistance 1408, upper make-before-break con 
tacts of relay 4C2, conductor 409, thirough the 
lower windings, in series, of relays 6S and 6S, 
resistance 69, to ground, which circuit holds 
relay 6S on its marking contact. 
A noise killer consisting of resistance 62 and 

retardation coil 63 is provided in the apex of 
the transmission line circuit as a noise suppres 
sor. Similarly, resistance 66 and retardation 
coil 6, 7 are provided in the apex of the neutral 
izing line circuit as a noise suppressor. In this 
manner the transmission line circuit and the neutralizing line circuit have equal impedance. 

Equalizing networks 620 and 62? are provided 
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for reducing the characteristic distortion in the 
received signal, These networks are bridged 
between each of the trainSmission line conductor 
50 A and neutralization line - conductor 503. and 
their respective artificial line circuits on the 
trunk side of relay 6R. Each of the equalizing 
netWorks may have One or more resistance ele 
miehts and one or nore retardation coils as de 
sired and the strapping of the resistances should 
be the Sane in each network and should be. SO 
chosen as to obtain the best transmission over 
the trunk circuits. Equalizing networks are es 
sential on long simplex phantom cable circuits. 
Two trunk circuits of this type when coin 

nected together by means of an operator cord 
'circuit tend to Oseillate when the two subscriber 
loops at opposite ends have been Odened. This 
oscillation is such that the relays, such as relay 
SC in each of the terminating equipments at the 
switching centers on opposite sides of the oper 
ator's cord circuit are held operated by the 
operation of their respectively associated relays, 
such as relay 6P, as they follow the oscillation 
pulses and thus no disconnect condition is rega. 
istered in the operator's cord circuit. Relays 
6TA, 4TB, f4TC and 6S are required to elim 
inate this condition. Slow-release relay 6TA 
Will operate when relay 6R is operated to its 
spacing contact, opening the operating circuit 
of normally operated, slow-release relay 'TB. 
The operation of relay 6TA replaces grounded 
positive battery On the spacing contact of relay 
6S by ground from a contact of relay 4TB. If 
the Spacing condition of relay 6R is of suffi. 
cient duration, relay 4TB will release adding 
resistance 40 of relatively high value in series 
with winding No. 2 of relay 4TC and connect 
ing the spacing : contact of relay 6S to gröbund 
thirough winding No. 3 of relay f4TC. If a 
break originates fron the cord circuit at this 
time relay 6S operates to its spacing contact, 
'connecting negative grounded battery at the 
small switching center to ground thirough wind 
ing No. 3 of relay 4TC. Relay 4TC operates 
replacing this ground with grounded positive 
battery thus placing a Spacing or break condi 
tion toward the Srinall switching center. In the 
disconnect condition before the cord is taken 
down ground is presented to the trunk circuit 
in both rharking and spacing condition and the 
tendency to oscillate by charging the trunk line 
capacity is eliminated. Relay 4TS is operated when connection is 
made to the automatic signaling trunk jack 
circuit such as that controlled by jack 609. Re 
lay 4TS, upon operating, (1) operates relay 
4AD to cause the director circuit shown in Figs. 

23, 24, 26 and 27 to skip the trunk circuit under 
test when a call for the small switching center 
is received, and (2) removes ground from the 
upper armatures and contacts of relay 4L, which 
will prevent the lighting of call lamp f (3 or 
the connection of the trunk circuit to the se 
quence circuit shown in Figs. 15, 16, 17 and 18 
on calls from a subscriber at the small switch 
ing cemiter. Calls from the small switching cen 
ter Will, however, cause the operation of relay 
L to apply grounded battery to conductor 

141 which extends to the automatic signaling 
trunk jack circuit including jack 609 to light a 
calling lamp in the jack circuit. 
Sequence circuit at the large switching center 
This circuit'differs in several details from that 

hereinbefore described for use at the small 
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switching center. However, it is so arranged as 
to permit the routing of only One call at a time 
in either direction through the large switching 
center. 
The functions of the sequence circuit are as 

follows: 
1. This circuit is arranged to permit only one 

subscriber at any one time the privilege of Com 
pleting a call through the large switching center 
when no inward, call is ilin the process Of com pletion. 

2. This circuit is arranged to permit only one 
call at any one time from the central office to 
seize a director circuit and to be routed and eS 
tablished through the large switching center, 
provided the routing privilege has not been 
seized by a subscriber calling the central office. 

3. In the case of trouble on an outward call 
attributed, after a two-second interval, by the 
alarm circuit in general to the subscriber line 
terminating circuit or trunk to the Small 
switching center, the link circuit or any part of 
this circuit used on an outward call, this circuit 
is arranged (l) to attempt to free the sequence 
circuit, (2) to remove and lock out of future 
outward service, under control of the release 
key, the particular subscriber station and the 
particular group of subscriber stations contain 
ing the calling subscriber station, and (3) to 
light a lamp indicating the group 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 concentrating 
unit or the centra ofice, as indicated by the 
alarm circuit after a two-second interva, this 
circuit is arranged (1) to attempt to free the 
sequence circuit, (2) to remove and hold the 
trunk out of outward service under control of a 
release key, (3) to flash a lamp indicating the 
trunk removed from Outward Service. If the 
outward path to the central office is not faulty, 
the calling subscriber station is connected to 
the next satisfactory trunk available. 

5. This circuit is arranged to allot, in a pre 
determined order, idle trunks to subscribers 
calling the distant central office. If the large 
Switching center is arranged for a single Out 
let or two outlets without overflow provisions be 
tween outlets, this circuit is arranged to hunt 
for an idle trunk in the trunk group to which 
the calling subscriber station is predeterminedly 
connected or to which he desires access and fail 
ing to find one to connect to the “all-trunks 
busy' circuit associated with that group of 
trunks. 

6. This circuit is arranged to cause the selected 
trunk circuit to repeat a calling Signal to the 
distant central office when Seized by a calling 
subscriber. 

7. 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. 

8. In case of a Subscriber placing an outward 
call when all trunks to which he might be con 
nected are busy, this circuit is arranged to con 
nect the calling subscriber station to the "all 
trunks-busy' circuit, which manufactures an “all 
trunks-busy' signal which is sent to the subscrib 
er Station. ?? 

9. This circuit is arranged to advance the trunk 
chain (Figs. 16 and 17) to the next idle trunk in 
mediately after each subscriber calling the dis 
tant central office has obtained a routing through 
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the large switching center and before the se 
quence circuit is permitted to handle the next 
call in either direction. 

10. This circuit is arranged to keep the trunk 
chain in a “fixed' condition during the entire 
period that the sequence circuit is attempting 
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to route an OutWard call through the unit, 
ll. 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 large switching center. 

12. In the case of a failure to complete the 
routing of an inward call where it has been de 
termined that trouble may be in the trunk, or 
trunk. Sequence circuit, the miscellaneous alarm 
circuit causes this circuit to function to (1) re 
move or hold trunks out of service under control 
of a key, at the same fashing a lamp associated 
with the trunk circuit, (2) to attempt to free the 
sequence circuit and (3) to send the character 
istic reorder signal to the distant end if the out 
of-order period has exceeded ten seconds. 

13. 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 immediately preceding paragraph except that 
the trunk is removed temporarily under control 
of a marking signal from the central office and 
the lanp lights steadily instead of flashing. 

14. If one or more trunk calls from the central 
office are awaiting service, this circuit is arranged 
to start and keep the distributor motor “in speed.' 

15. This circuit is provided with a night alarm 
buzzer primarily for use during periods of manual 
operation to indicate the reception of an inward 
Or OutWard call. . . . .''. 

Each Subscriber line terminating equipment is 
equipped with an ST and an AL relay Such as 
relays 5ST-0 and 5AL-G for a subscriber 
line terminating equipment such as 62 or 622. 
Relays 5ST-f and 5AL-? are assigned to 
the trunk comprising inductors 50 and 503 
and extending to the small switching center, 
which trunk is equivalent to a subscriber line, 
Such as lines 649 and 650, connected directly 
to the large switching center. Each group of 
Subscribers including one or more trunk circuits 
extending to the Small switching center is 
equipped with an ST, AL, and AL and Bo re 
lays such as relays 5ST-G0, 5AL-G0, 
5ALE-GO and 5BO-GO for the first, or zero 

group. All these relays of each group are used 
in routing through an outward call except the BO 
relay which is used to remove the group from 
outward service. In general, subscribers of a 
grOUIp Seek the privilege of the use of the Sub 
Scriber line Sequence circuit. The subscriber ob 
taining the privilege has permission to use the 
SubScribel' group Sequence circuit and, if permis 
sion by the latter circuit and the trunk sequence 
circuit is given, to route his call through the large 
Switching center. Each trunk to the distant cen 
tral office is provided with an ST2, an AL, an 
AL?, a B0, a B0, CH and AD relay and one of the 
"make' contacts on one of the H or H relays, 
such as relay 16ST2-9, 6AL-0, 6AL-0, 
6B.0-0, 6BOf-0, 6AD-0 and 6CH-O shown 

in the provision for the first trunk and the upper 
armature of the CH relay in each set is connected 
to one of the “make' contacts on an H relay, 
such as relays 8H-0, 8H-1 and 8H-2, the number of H relays required depending upon the 
number of groups of trunks. For practical rea 
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sons a group consists of one to six trunks. The 
“make" contact on an H: relay holds the trunk 
chain and advance circuit consisting of the CH 
and the AD. relay of each trunk set in a "fixed” 
condition while: a call is being routed through 
the concentrating unit. In general, the trunk 
circuit receives normal preference in the sequence 
circuit chain. When a trunk call obtains per 
mission to be l'outed through the line concentrat 
ing unit, the trunk circuit is connected to a di 
rector circuit which translates the pulses received 
from the operator at the distant central office 
into the number of the desired subscriber line 
of lines. Such as those designated 649. and 650. or 
trunk extending to the small switching center. l. 
As common office equipment, the sequence circuit 
provides relays 8LS- and 8LS - as a com 
mon start circuit for the first group of trunks, 
that is, a group extending to a single outlet, or 
One central office. 
8TR are supplied in case there is a second trunk 
group existing in the switching; center-extending 
to a second outlet, that is, another central office. 
Relay, 8TR, if provided, is designed to change 
the Order of the trunk chain and advance-circuit 
in. Such a manner that all trunks in the preferred 
grOlip are tested for busy. before a trunk is se 
lected in the other group existing in the switch 
ing center, although all trunks of both groups 
are available to a calling subscriber. 
The subscriber sequence circuit consists of two 

parts which are used for outward calls. The first 
part, designated subscriber line sequence circuit 
permits any one of ten subscribers to establish 
an outward call through the circuit, subsequent 
calling subscribers in the group being served in 
accordance with their position in the sequence. 
The second part, designated subscribergroup “se 
quence circuit' permits any subscriber connected 
through a subscriber line sequence circuit to es 
tablish an outward call through the group se 
quence. Circuit, Subsequent calls from other. Sub 
scriber line sequence circuits being served in ac 
Cordance with their positions in the sequence. 
On Outward calls, the sequence circuit arranges 

for the link circuit to connect the calling sub 
scriber line to the first idle trunk circuit extend 
ing to the central office, or to the “all-trunks 
busy' circuit, if required. 
The trunk sequence circuit permits any call 

from the operator at the central office to be 
served before a call from the subscriber group 
Sequence circuit. Subsequent calls from the op 
erator at the central office are served in accord 
ance. With their positions in the sequence. 
On inward, calls the sequence circuit connects 

the calling trunk to the director circuit. When 
the director circuit has determined the called 
Subscriber line the link circuit connects such line, 
if it is idle, to the calling trunk. The sequence 
circuit: then releases the director circuit and is 
available for routing a new call. If the line is 
busy; out of order, or unassigned the sequence 
circuit releases the director. when the operator 
disconnects after receiving this information from 
the director circuit, or at the end of about eleven 
Seconds if the operator-does not disconnect. 

In case trouble is encountered on an outward 
call, due to failure of the subscriber line circuit, 
link circuit. Qr sequence circuit, the subscriber 
group in which the calling: line is included, is re 
moved from operation in the sequence.cireuit and 
from, Service, and visual and audible alarms are 
given. In case trouble is encountered on an out 
Ward call, due to failure of the trunk circuit, 
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either at the large switching center or the central 
office or between the switching center and central 
office. the trunk is removed from operation in the 
sequence circuit and from service, and visual and 
audible alarms are given. 
In case trouble is encountered on inward Calls, 

due to failure of the trunk or trunk sequence 
circuit, the trunk is removed from Operation in 
the sequence circuit and from service, and visual 
and audible alarms are given. 

In case trouble is encountered on an inward 
call, but not due to failure of the trunk or trunk 
Sequence circuit, the trunk is removed from 
Service temporarily as long as a "mark' signal 
is received from the operator at the central office, 
and is restored to the sequence circuit for future 
operation as soon as it is released at the central 
Office. - 

Link circuit at the large switching center 
This circuit acts as a selectable connecting me 

dium between trunk circuits from the central of 
fice and (1) subscriber line circuits, and (2) trunk 
circuits extending to the Small concentrating unit 
SWitching. Center. 
The functions of the circuit are as follows: 
1. When a Selecting magnet and a holding 

magnet are operated in the proper sequence, the 
trunk circuit with which the selecting-magnet is 
asSociated Will be connected to the subscriber 
line circuit with which the holding magnet is 
asSociated. In the case where a trunk from the 
Central Office is connected to a trunk extending 
to the Small Switching center.the selecting magnet 
is aSSOciated with the trunk circuit from the cen 
tral office and the hold magnetis associated with 
the trunk extending to the small switching 
center. 

2. Off-normal contacts on the selecting mag 
netS insure upon the establishment of a connec 
tion that the magnets are operated in the cor 
rect Sequence. 

3. When the holding-magnetis operated it will 
lock under control of the trunk circuit in order 
that the Selecting magnet engaged in the same 
established connection may be released. - 

4. The holding magnet contacts perform the 
'cut-Off' function required in the associated sub 
Scriber line circuit or trunk circuit to the small 
SWitching center, as the case maybe; upon estab 
lishment of a call. 

5. This circuit may be provided with a key to 
enable the attendant to disconnect the attend 
ant's line from the trunk circuit. 

In the idle condition all magnets are released 
and the tip and ring conductors of the subscrib 
er line are connected through the subscriber line 
circuit over the T and R conductors, These con 
ductors will be open at the subscriber station in 
the idle condition. The link circuit at the large 
SWitching Center serves herein to illustrate the 
manner in which a trunk extending to the small 
SWitching center is connected to a trunk extend 
ing to the central office and therefore the dia 
grammatic showing of two subscriberstations.re 
Spectively connected by lines. 89 and 504 extend 
ing through terminating equipments 621 and 022 
is deemed sufficient to show- the relation of the 
trunk circuit extending to the small switching 
center to any subscriber station that may be-con 
nected to the large switching center. 
The link circuit like that hereinbefore described 

for the Small switching center consists of one, or 
more crossbar switches. As many simultaneous 
connections, as there are trunks. may be estab 
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lished. Each subscriber line circuit and each line 
trunk extending to the small switching center 
are connected to individual verticals on a croSS 
barSWitch. 

Terminating equipment located at the large 
suitching center of a trunk ectending to the 
central Office 

This circuit is designed as the terminating 
equipment at the concentrating unit end of a two 
Way trunk extending to a manual central office. 
This trunk circuit possesses automatic signaling 
supervision features and is arranged to be con 
nected between the large switching center and the 
central office with full-duplex standard toll line 
facilities. To differentiate from the line trunks 
extending to the Small switching center this trunk 
will be referred to herein as one of the main 
trunks. - 

The functions of the circuit at the large con 
centrating unit switching center are as follows: 

1. On an outward call from a concentrating 
unit subscriber or from a line trunk circuit ex 
tending to the small switching center, the main 
trunk is preselected by the sequence circuit at the 
large switching center and sends a continuous 
"mark' signal to the central office whereat the 
trunk-busy lamp lights. 

2. When this circuit sends a continuous 'mark' 
to the central office and lights thereat the trunk 
busy lamp it awaits the reception of "ringing' 
from the central office as a trunk Verification test 
before ordering the link circuit to connect the 
particular calling subscriber station or the line : 
trunk extending to the small switching center to 
the main trunk circuit. 

3. This circuit simultaneously with the sending 
of the “mark” signal to the central office con 
nects ground to conductor 80 which extends to 
the miscellaneous alarm circuit where the inter 
val required for the routing of the outward call 
is timed. 

4. If the link circuit has connected the calling 
subscriber station or a line trunk extending to 
the small switching center to a main trunk cir 
cuit extending to the central office the sequence 
circuit is dismissed and the subscriber Station or 
the line trunk is held connected to the main 
trunk circuit under control of the power Switch 
at the subscriber station while the main trunk 
circuit is made busy to other calling concentrat 
ing unit subscriber stations and to calling trunk 
circuits extending to the Small switching center. 

5. Under the condition of paragraph 3 if an 
interval as determined by the miscellaneous alarm 
circuit has been exceeded without the reception 
of “ringing' or continuous current transmitted 
from the central office, the miscellaneous alarm 
circuit orders the trunk-busy lamp extinguished, 
the particular main trunk circuit removed from 
service, the calling subscriber being given an op 
portunity to attempt to place his outward call 
over the next idle available main trunk circuit 
while a characteristic trouble signal is sent from 
the sequence circuit to the main trunk for re 
transmission to the central office. 

6. While awaiting the answer of the operator 
at the central office the subscriber can "flash' 
the operator. Under this condition this circuit 
sends “mark and 'space' signals to the central 
office in unison with the operation of the power 
switch at the subscriber station. 

7. If the calling subscriber abandons an out 
ward call before the operator at the central office 
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answers, this circuit sends a permanent "space' 
signal to the central office and when the recep 
tion of continuous ringing ceases, orders the link 
circuit to disconnect the Subscriber line or a line 
trunk from the main trunk circuit, removing the 
busy appearance of the main trunk circuit to 
other calling Subscribers and also extinguishing 
the trunk-busy lamp. 

8. When the Operator at the central office an 
swers the OutWard call, the continuous ringing 
current is replaced by a "mark' signal, upon the 
reception of which this circuit advances to the 
half-duplex transmission stage in which it is cap 
able of distinguishing between normal teletype 
Writer signals, break signals or disconnect signals 
from either end. 

9. When a prolonged "space' signa! is received 
from the concentrating unit subscriber this cir 
cuit transmits a “space' to the central office and 
after approximately two-thirds of a second ascer 
tains if the subscriber has disconnected. If the 
subscriber has disconnected this circuit continues 
to send a 'space' signal to the central office, re 
turns to the full-duplex system of transmission 
but remains in condition to permit the "iering' of 
the disconnected subscriber station. If the 
'space' signal is the result of a Subscriber “flash' 
the circuit functions as if he had disconnected 
during the “off” operation of the power switch 
and returns to half-duplex transmission trans 
mitting a "mark' as soon as the switch is again 
turned "on.” If, however, the “space" signal 
from the subscriber station resulted from the 
transmission of a "break' from the Subscriber 
Station this circuit replaces the 'space' signal 
sent to the central office by "ringing' for the re 
mainder of the "break' signal received from the 
Subscriber, remaining at the same time in the 
half-duplex transmission condition. At the con 
clusion of the "break' this circuit transmits a 
'mark' to the Central Office. 

10. When a prolonged 'space' signal is re 
ceived from the central office this circuit contin 
ues to Send a Space signal to the subscriber sta 
tion. After two-thirds of a second has elapsed 
followed by the reception of “ringing' current 
from the central office this circuit remains in 
the half-duplex transmission condition and con 
tinues to send a space signal to the subscriber 
station. After 5.5 Seconds of space signal to the 
Subscriber station this circuit sends periodic mark 
and space signals to the subscriber "station as long 
as the reception of 'ringing' from the central 
office continues. When a mark signal is received 
from the central Office at the end of the ringing 
period this circuit sends a mark signal to the Sub 
Scriber Station. 

11. Under the conditions of paragraph 10 if a. 
continuous space signal is not followed by "ring 
ing' current the circuit acts exactly as described 
under paragraph 10 provided the subscriber's dis 
connect signal has not been registered in the 
main trunk. If a subscriber's disconnect signal 
has already been registered the reception of a 
spaced signal of one-second duration from the 
central office causes this circuit to order the link 
circuit to disconnect the subscriber line or line 
trunk from the main trunk circuit, and return 
the main trunk circuit to normal. 

12. When the main trunk circuit is seized at 
the distant central office for an inward call this 
circuit receives a mark signal which after one 
half of a second has elapsed results in ordering 
the sequence circuit to connect a director cir 
cuit to the main trunk circuit, at the same time 
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naking the main trunkbusy to outward calls and 

lighting the trunk-busy lamp. 
13. If the attached director circuit fails to get 

ready to receive teledirecting pulses, the miscella 
neous, alarm circuit after an interval orders. the 
sequence circuit to manufacture a characteristic 
trouble signal, and transmit it to the main trunk 
circuit for retransmission to the central Qfice, re 
moving the director circuit and extinguishing the 
trunk-busy lamp. 

14. When a director circuit is attached and 
ready to receive teledirecting pulses it orders this 
circuit to send a continuous mark signal to the 
central office. 

15. With the director circuit attached if a pro 
longed space signal is received from the central 
office as a result of the operator’s disconnect sig 
nal this circuit after one-third Second orders the 
Sequence circuit to dismiss the director circuit 
and after one second returns to normal. 

16. With the director circuit attached if a two 
thirds second space signal followed by "ringing' 
Current is received as a break signal from the op 
erator, this circuit orders the sequence circuit 
to release the director circuit. If at the con 
clusion of "ringing' current a mark signal is re 
ceived, the sequence circuit is again ordered to 
connect a director to the main trunk, but if at 
the conclusion of ringing current a space signal 
is received, the main trunk returns to normal. 

17. When the teledirecting pulses are received 
they are transmitted to the director circuit which 
decodes the information and tests the called sub 
scriberline, or a line trunk extending to the small 
switching center, ordering the link circuit to 
connect the called line: or called trunk to the main 
trunk if the called line or called line trunk is 
idle. If the called line or called line trunk ex 
tending to the Small Switching center is busy, out 
of Order or unassigned, signals characteristic of 
these conditions are produced in the director cir 
cuit transmitted to the main trunk and retrans 
mitted to the central office. 

18. The called line trunk extending to the small 
switching center is attached to the main trunk, 
the sequence circuit and director circuit are dis 
missed and the line trunk again sends a space 
signal to the central office; at the same time 
automatic ringing of the called subscriber line 
OVer the line trunk extending to the Small switch 
ing center is begun if the circuit is so arranged. 
If the circuit is not arranged for automatic ring 
ing the inward operator at the central office sends 
a ringing current signal which in this circuit or 
del's ringing to be connected to the called line 
trunk. 

19. When a Subscriber answers at the called 
station, this circuit during the Silent interval dis 
connects the automatic ringing, sends a mark Sig 
nai to the central office and advances into half 
duplex transmission stage in which it is capable 
of distinguishing between normal teletypewriter 
Signals and break or disconnect signals from 
either end. 

20. If the called subscriberline is to be started: 
on an unattended basis, continuous ringing is re 
ceived from the central office causing continuous 
ringing to be sent to the Subscriber, station. 

21. After continuous ringing has exceeded 9 
Seconds in an attempt to start an unattended 
station this circuit sends a permanent mark to 
the called Station. If the subscriber station has 
been started this circuit sends a mark to the cen 
tral office and advances to the half-duplex trans 
mission stage. If the station has not started 
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after 9 seconds the circuit. continues to send a 
space signal. to the central office, and a mark to 
the. Subscriber Station until appropriate actionis 
taken by the central office Operator. 

22. After a subscriber has disconnected the op 
erator at the central office can rering the sub 
scriber station. 

23. This circuit is provided with jacks, such as 
jacks 802A and 803B for the circuit shown in de 
tail to permit manual connection of subscriber 
lines, or line trunk circuits extending to the small 
SWitching center in case of failure of the auto 
natic equipment. 

24. Jacks, such as those designated 802A, and 
803B, are also provided to permit the testing and 
routining of the main trunk circuit by means of 
the test circuit (not shown herein but disclosed 
in Krecek application Ser. No. 348,629, supra). 
A third conductor may be provided for neu 

tralizing voltages induced in either of the trans 
mission conductors as disclosed in the copending 
applications of C. A. Dahlbom and R. B. Hearn, 
Serial. No. 396,818, filed June 6, 1941. 
The full automatic supervision facilities are 

capable Of differentiating between telegraph sig 
nals, break and disconnect signals from either 
end. In general, a disconnect signal is a continu 
ous Space, and a break is a limited Space signal 
followed by a 20-cycle ringing current signal for 
the remainder of the “break.' Due to... the 0 to 
20-milliampere subscriber loop transmission, the 
condition of the subscriber station cannot be as 
certained during the transmission of a space 
Signal to the subscriber station. This circuit 
recognizes this impossibility and orders a periodic 
mark signal Sent to the subscriber station during 
which it can determine the conditions at the sub 
scriber station. In the normal condition of the 
circuit, both send and receive conductors to the 
central office are "spacing' and battery drain 
is removed from. the loop repeater and the vacu 
um tube. 

Director circuit at the large switching center 
This circuit is designed to receive directly the 

directing teletypewriter pulses sent by the oper 
ator at the distant central, office and to decipher 
these pulses thereby causing the selection of the 
called subscriber line connected to the large. 
Switching center, or a line trunk extending to the 
Small Switching center. 
The functions of this circuit are as follows: 
1. Upon receipt of an inward call from the 

operator at the central office, the sequence cir 
cuit will connect the director circuit to the trunk 
circuit on which the call is waiting. The dis 
tributor motor is then started and after it has 
attained proper speed, a “director-ready” sig 
nal will be transmitted to the operator at the 
central office to indicate that the call may be 
routed through, the large switching center. 

2. The distributor motor will be stopped after 
the director circuit has been dismissed unless 
there is another incoming call awaiting comple 
tion. In the latter case, the motor, will be kept 
running but the other part of the circuit will be 
restored to normal waiting the new call. 

3. The start magnet 270 is held operated 
while the distributor motor is coming up to speed 
to reduce clutch drag. 

4. A "figures' teletypewriter character received 
from the central office will indicate that the op 
erator has recognized the "director-ready" sig. 
nal and will cause the director circuit to accept 
the next two characters transmitted from the 
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distant central office as the called subscriber sta 
tion number or the number of the line trunk 
extending to the small switching center. 

5. The teledirecting pulses, or characters, re 
ceived from the central office are separated into 
dot elements by the receiving distributor causing 
the proper selecting relays to be operated. 

6. In the case of paragraph 4, upon receipt of 
the first digit of the call directing teletypewriter 
pulses, the director circuit will select the group 
often lines which contains the desired subscriber 
line or the desired line trunk group extending 
to the Small switching center. 

7. Upon receipt of the second digit of the call 
directing pulses the director circuit will select 
and test the desired subscriber line or the desired 
line trunk and disregard any additional char- . 
acterS Sent to the director circuit. 

8. If the called subscriber line or the desired 
line trunk group has been made out of order, a 
Series of “Q’ teletypewriter signals will be 
recorded on the operator's teletypewriter at the 
Central Office as an indication of this condition. 

9. If the called subscriber line or the desired 
line trunk group is busy because of previously es 
tablished calls or because of busy conditions 
placed on it by the test circuit a series of “K” 
Signals will be recorded on the operator's tele 
typewriter at the central office. 

10. If the operator at the central office has 
transmitted digits for which no subscriber line 
is assigned or has transmitted an impossible 
combination of digits, a series of 'W' signals will 
be recorded on the operator's teletypewriter. 

1. If the subscriber line or a called line trunk 
is idle the director circuit Will cause the link cir 
cuit to connect the called Subscriber line or the 
desired line trunk to the calling main trunk. The 
director Will then be released and restored to the 
idle condition in preparation for the routing of 
the next in Ward call. 

12. The miscellaneous alarm circuit is ar 
ranged to allow 2 seconds for the director circuit 
to become off-normal, 4 seconds to complete its 
self-imposed preliminary test and give satisfac- . 
tory, evidence to the alara circuit and a total 
of 10 seconds for the director circuit to complete 
its test at any event. 

13 If the director circuit is not off-norrnal in 
2 seconds, the miscellaneous alarm circuit re- ; 
moves the calling main trunk from service, but 
puts the director circuit back into service. 

14. If the director circuit, becomes off-normal 
but the distributor motor fails to get up to speed 
in 4 seconds, the director circuit is removed from : 
Service but the main trunk is taken out ten 
porarily. Lamp. 260f lights and a minor alarm is 
Sounded. 

15. If the director circuit is not released in 10 
seconds, a recorder or “T' series of signals will 
be recorded at the central office for a period of 
one second followed by a disconnect condition. 

16. If the “director-ready' Signal fails to reach 
the associated loop repeater or a "mark' from 
the main trunk is not registered in the distributor 
circuit, both director circuit, and the main trunk 
are removed from Service. In this case a minor 
alarm is sounded and appropriate tell-tale lamps 
are lighted. 

17. In a line concentrating it containing tWO 
director circuits in the case of the condition de 
scribed in paragraphs 14 and 15, the miscel 
laneous alarm circuit after freeing the director 
circuit in trouble from the sequence circuit causes 
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function, removing the director circuit. placed' 
in the "stuck" condition from service and replac 
ing it by a spare available director circuit. 

Miscellaneous alarm circuit at the large 
SDitching center : 

This miscellaneous alarm circuit is arranged 
primarily to time the interval during which the 
sequence circuit is in use and is arranged to give 
appropriate alarms, if a specified time limit is 
exceeded, giving at the same time an indication 
of the possible circuit in trouble. The circuit is 
also arranged to give an alarm when the battery 
or grounded chain of the sequence remains open. 
The functions of the circuit are as follows: 
1. On an outward call from a subscriber sta 

tion or a calling line trunk extending from the 
small switching center, the miscellaneous alarm 
circuit times the interval in which the sequence 
circuit is used to see that it does not exceed 2.5 
Seconds. 

2. On an outward call when the sequence cir 
cuit is in use for more than 2.5 seconds the mis 
cellaneous 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 mis 
cellaneous alarm circuit decides that the trunk 
is in trouble, it is arranged to give a minor alarm 
flash a trunk lamp and to cause the removal 
of the particular main trunk from service. In 
case the miscellaneous alarm circuit determines 
that any of the other circuits in use on the par 
ticular call are in trouble, the circuit is arranged 
to light lamp 250 and to give a minor alarm, 
and to cause the removal from outward service 
of the subgroup of subscriber stations containing 
the calling subscriber station or line trunk. 

3. After removing the particular main trunk 
or the particular subgroup of subscriber stations 
and/or line trunks from service, the miscellaneous 
alarm circuit is arranged to detect the ability 
of the sequence circuit to return to normal, and 
to light lamp 280 and bring in a major alarm 
if it fails to do so within one-half second. 

4. On an inward call to a local subscriber sta 
tion or a line trunk the miscellaneous alarm cir 
cuit begins timing, as soon as the inward call 
has received preference from the sequence cir 
cuit, being arranged to time the interval required 
to obtain a director circuit and to give an alarm 
if this period exceeds 2.5 seconds. In this case 
the miscellaneous alarm circuit is arranged to 
cause the removal from Service of the main trunk 
in trouble, flash the lamp associated with the 
main trunk and at the same time lights lamp 25 
bringing in a minor alarm. The alarm circuit 
continues to function as indicated in paragraph 
3. 

5. When informed over the conductor 230 that 
the director circuit has moved off normal, the 
miscellaneous alarm circuit waits a total of 4 
seconds for the director circuit to place ground 
on conductor 2302. The director circuit places 
ground on conductor 2302 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 main trunk from the 
central office has been registered in the distributor 
circuit. - 

6. If the miscellaneous alarm circuit times out 
before conductor 2302 is grounded but after con 
ductor 230 was grounded, the alarm circuit is 
arranged . . . . . ." 

(d) To cause the associated director circuit 
the transfer portion of the director circuit to 75 to lock in a "stuck” condition; 
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(b) To bring in an audible and visual alarm 

associated with the director circuit; 
(c) After the director circuit has been locked lup 

in a “stuck' condition to renove" the main trunk 
from service under control of a key and cause a 
lamp, associated with this trunkto.flash orif Con 
ductors. 2303 and 2304 are connected to ground 
when the alarm circuit times out to. remove the 
main trunk from service temporarily under con- . 
trol of a “mark' signal sent from the central of 
fice, causing a lamp associated with the main 
trunk to light steadily; 

(d) After allowing approximately one-half 
second, the director circuit having been Iocked 
in 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 aud 
ible major alarm and light the lamp 280 if the 
sequence circuit fails to release; 

(e) If the sequence circuit has been released 
the miscellaneous alarm is arranged to replace 
the “stuck' director circuit with another spare 
director circuit if one is available. 

7. If conductor 2302 is, connected to ground the 
miscellaneous alarm circuit permits the director 
circuit 10 seconds to complete all of its functions. 

8. If the miscellaneous alarm circuit, times out 
after 10 seconds the alarm circuit is arranged 
to function as follows: W 

(a) Connects a source of signals correspond- : 
ing to , a series of “Tº” characters to the main 
trunk for one second as a reorder signal and then 
removes the trunk circuit from service under 
control of a "mark' signal received from the 
distant-end lighting a lamp associated, with this 35 
trunk circuit 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 
in † audible major alarm and lights the lamp 
280. · · . . 

9. If two director circuits are provided in the 
unit, the miscellaneous alarm circuit in taking 
a director circuit out of service will give a minor 
alarm provided the spare director circuit is avail 
able and not in trouble. If the Second director 
circuit 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 tine 
when the sequence circuit is not in use due to 
the routing of a call through the switching center 
and when the director circuit 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 after the sequence circuit has otherwise 
returned to normal after timing out. 

12.. The circuit is arranged to furnish a time 
delay between the operation of the selector mag 
net of the Cross. bar switch and the application 
of ground for the operation of the “hold' magnet 
of the cross bar switch. . . . . . . 

13. The circuit is provided with keys associated 
with each type of trouble indicator to permit 
removal of the audible alarm leaving a lamp to 
indicate the trouble condition and with keys to 
release the locked-in trouble indication and also 
alarm cut-off key 2502 which prevents the alarm 
circuit from timing out. • 

14. This circuit is arranged to light connection 
lamp 2503 as an indication that a selecting mag 
net of the link circuit has operated. 

15. This circuit is arranged to prevent the di 
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rector circuit from interfering with the miscel 
laneous alarm circuit when both director circuits 
fail or if the single director fails in a single" di 
rector circuit unit. 

16. If the grounded battery or ground chain 
of the sequence circuit remains open for approxi, 
mately 45 seconds, this circuit is arranged to 
give a major alarm and lights sequence battery 
lamp 2504 or sequence ground lamp 2505 to in 
dicate which chain is Open. 

17. This circuit is arranged to prevent the rout 
ing of a call if the selecting magnet of a link 
circuit is falsely operated and to give an alarm 
if this condition persists for approximately 45 
Seconds. 

All-trunks-busy circuit at the large 
switching center 

This circuit is designed for use in a line Con 
centrating unit as an originating Source of "no 
circuit” signal and “K” signals sent to the calling 
subscriber under certain conditions, at the same: 
time providing “no circuit', time integrating reg 
isters in addition to subscribers' overflow regis 
teFS. 
The functions of this circuit are 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 circuits associated with this circuit 
are busy the circuit is designed to: 

(a) produce and send to each calling subscriber 
a “letters”, “no circuit' signal; 

(b) registers on the subscriber's. Overflow regis 
ter the number of attempts subscriber made dur 
ing the all-trunks-busy period; 

(c) measures the continuous duration of the 
production of these “letters' signals, given an 
audible and visual alarm if the time exceeds'a pre 
determined interval; 

(d) continues to produce the “letters" signal as 
long as any subscriber keeps his loop open. 

3. Whenever a trunk becomes idle this circuit is 
arranged to produce 'K' signals at a speed of ap 
proximately forty words per minute and send 
these signals instead of the "letters' to the wait 
ing subscriberS. 
Terminating equipment of the trunk circuit at 
- the central office 

This circuit provides a termination having au 
tomatic signaling Supervisory features and a tele 
typewriter Switchboard at the central office for 
main trunks extending to the large Switching cen 
ter. The companion terminating circuit at the 
large switching center is arranged to operate with 
0.020-ampere metallic local lines along with sin 
gle conductor transmission trunks extending to 
the small Switching center and arranged for two 
way transmission on a half-duplex operation 
basis. 
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 concentrating unit switching 

center will be received as a marking signal on the 
Outward path. This action will be followed in 
one-half second by the lighting of the busy lamp, 
application of a busy test potential to the sleeve 
multiple, and the application of 20-cycle dot sig 
Ilals to the inward path. After one-half second 
additional time the line lamps will light. Marking 
Signals of less than one-second duration will not 
be registered as calls. 

3. In the call-before-answer period if the sub 
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scriber recalls, the disconnect intervals will return 
the outward path to spacing and will extinguish 
the line lamp, the resumption of the call will re 
light the line lamps. 

4. If the subscriber abandons the call before the 
operator at the central office has answered, the 
outward path will return permanently to spacing 
and the line lamp will be extinguished. The 20 
cycle dot signals Will be removed from the inward 
path after 4 seconds and the busy condition will 
be removed after an additional one and a half 
Seconds. 

5. When the operator at the central office an 
swers the call, the line lamp will be extinguished 
and a marking condition will supplant the 20 
cycle dot signals on the inward path. The busy 
lamp Will remainlighted. 

6. During communication, signals from the sub 
scriber toward the operator office will be trans 
mitted over the outward path. Signals from the : 
central office to the subscriber will be transmitted 
Over the in Ward path. Between the full and half 
duplex converting repeater and the connected 
cord circuit signals in both directions Will be 
transmitted over the tip conductor circuit. No 
supervisory action will take place as a result of 
teletypewriter signaling. The ring or supervi 
SOry conductor to the cord will therefore remain 
open during communication. 

7. A 'break' from the cord 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 two-thirds of a second. At the 
end of the break the inward path will return to 
marking. A break from the subscriber will ap 
pear as a spacing condition on the outward path 
followed in two-thirds of a second by 20-cycle 
dot signals. Throughout the entire break inter 
val, however, a spacing condition will be applied 
toward the cord circuit. No supervisory action 
will result from break signals in either direction. 

8. A disconnect from the subscriber will return 
the outward path to spacing. After one second 
ground connection will be applied to the ring 
Conductor of the cord to light the supervisory 
lamp. o 

9. A recall from the subscriber is the same as a 
disconnect followed by a new call. When the out 
Ward path returns to marking as the result of the 
new call the ground connection will be removed 
from the ring conductor to cause the supervisory 
lamp in the cord circuit to flash. 

10. When the operator at the central office con 
nectS to the trunk to originate a call a marking 
condition will supplant the idler or spacing condi 
tion of the inward path, ground connection ap 
plied to the ring conductor circuit will light the 
Supervisory lamp of the cord circuit. 

ll. When the large and the Small switching 
centers are, in turn, prepared to receive the sig 
nals corresponding to the call directing charac 
ters, the outward path will become marking. The 
action of remotely controlling the directing of a 
call to a desired line or line trunk through the 
agency of the operator's teletypewriter at the cen 
tral office and the director circuit at the concen 
trating units will be referred to hereinafter as 
teledirection. This will permit removal of ground 
from the ring conductor to extinguish the super 
visory lamp. 

12. After the operator at the central office has 
Sent the call directing pulses and the desired 
subscriber line or desired line trunk has been 
Selected, or the operator has teledirected, the out 
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ward path will return to the spacing condition 
to relight the supervisory lamp. 

13. When the called subscriber answers, the out 
Ward path will again become marking to extin 
guish the supervisory lamp. Thereafter the cir 
cuit will be conditioned to perform the functions 
outlined in paragraphs 6, 7, 8 and 9. 

14. If the desired subscriber line or desired line 
trunk is busy, out of order, or unassigned the con 
centrating unit at either the small or the large 
switching center will transmit to the central office 
teletypewriter signals to indicate which of the 
three conditions exist. 

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 concentrating unit call directing equipment. 
When this equipment has been dismissed the out 
ward path will be returned to spacing and this 
Will, after five seconds, cause a spacing condi 
tion to Supplant the 20-cycle dot signals applied 
to the inward path; after one and one-half ad 
ditional Seconds the busy condition will be re 

16. If the operator at the central office discon 
nects the cord circuit in error during communi 
Cation, the circuit will revert to the call-before 
answer condition as outlined above in paragraph 
3 which may be abandoned by the subscriber as 
outlined in paragraph 4, if the operator fails to 
reestablish the connection. 

17. When the operator at the central office dis 
connects from the trunk at the end of a com 
munication following the subscriber's disconnect, 
the inward path will return to the idle or spacing 
Condition. After a delay of one and a half sec 
Onds the busy condition will be removed. 

18. In the idle condition both the inward and 
'' outward transmission paths are Spacing. No re 

lays or vacuum tubes are energized except the 
relay lo-RS which is held to spacing by the 
Spacing condition of the outward path. Relay 
i0-RS will keep condenser : 00 ( discharged dur 
ing the idle condition. 
Operator cord circuit and position circuit at the 

Central office 
The Operator's cord circuit and position circuit 

may be the same as disclosed in the copending 
application of C. W. Lucek, Serial No. 431,854, 
filed February 21, 1942, and W. W. K. Large-F. J. 
Singer, Serial No. 462,966, supra. 

DETAILED DESCRIPTION OF OPERATION 
Cdlt originating at a subscriber station connected 

directly to the small switching center 
For the purpose of illustrating an outward call, 

that is, a call originating at a subscriber station 
and extended in turn, through the small and the 
large switching center to the central office, it will 
be assumed that the call originates at subscriber 
Station 202 which is shown herein in detail. In 
Fig. 1 there is illustrated in schematic form a 
local subscriber station 202 connected directly to 
the small switching center by a pair of conductors 
T2 and R2. In an idle condition conductor T2, 
known as the tip, is connected to ringer 22 so 
that incoming calls to this station will be indi 
cated by the sounding of the ringer 22 through 
the application of ringing current to the tip T2 
at the switching center. When the station is in 
use, switch 210, referred herein as the power, or 
start, Switch is operated to cause conductor T2 
to be connected over the normally closed contacts 



of: calls key 24, is front contact. and rairmature off 
relay 2L, lower contact...normally...in engagement. 
with, spring member 1 of key2 f3, econductor 215, 
transmitting, or pulsing, contacts. 207, break key 
26, through the lower winding of relay, 2-line, 5 
spring member No. 4 in engagement With its up. 
per contact of key. 23, through the winding of 
break; relay 2BK; through the ring side of the 
line, conductor: R2. Under-certain conditions to 
be explained ; hereinafter, current, will i. flow.10 
through, this, circuit att a value: about ;,20 milli- : 
amperes for a marking condition' and zero for a . 
spacing condition. With steady; marking current 
established by the condition at the small switch 
ing center the operation of the pulsing contacts 
207 in::series, with this circuit will reduce the cur 
rent to the Spacing value: i. . . 
The biasing Winding of relay 2-line: has a cur 

rent of: an intermediate, value flowing there 
through so that with no current flowing through: 
the lower: winding in the spacing condition the 
armature. Will remain on its Spacing contact, but 
With the marking current flowing:through its: 
lower winding the biasing winding will be over 
come and the relay will move to its marking cons. 
tact. Incoming marking and spacing signals will 
therefore operate printer: magnet 206: in the: 
proper-manner and these same current variations. 
caused by the operation of pulsing contacts. O7, 
Will cause the operation of relay i-line to again 
operate, the printer: magnet 206 for the purpose 
of making local copy. 

Briefly stated, the operations: performed in re 
sponse to a SubScriber originating a call by Oper 
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ating. the power:switch, such as switch 20 : at 35 
station 202, to the “on” position, are as follows: 
First the operation of the power switch closes the: 
loop circuit and causes to operate the associated 
Subscriber line relay, such as relay 3L2 at the 
Small Switching center and causes the sequence 
circuit to connect, an idle trunk to the calling. Sub 
scriber line. The sequence circuit drops out of 
the connection after the trunk has been selected." 
If all the trunks are: in use the sequence circuit 
Causes the Subscriber line to be connected to the . 
all-trunkS-busy circuit not shown but described 
in the copending application of W. V. K. Large 
F. J. Singer, supra. . 
AS soon as thé subscriber line is connected to 

a, trunk termination, a trunk relay such as relay 
5TR in the trunk termination shown, removes the 
high impedance. ground effected by resistance 53 
having a value of , approximately 18,000 ohms, 
from the trunk.conductor. 50 and connects con 
ductor 50 to the trunk repeater (winding No.3 
of receive relay 5R and the armature of send 
relay 5S); thereupon marking (negative) poten 
tial. from grounded battery" 532 is applied to the 
trunk conductor. 50, and the trunk circuit termi. 
nating, at the large, switching center receives the 
negative marking potential which operates relay 
EC through its upper winding. Relay 6G, upon: 
operating, operates.relay 4H which in turn oper 
ates relay, 6C. Relay 6C, upon operating, oper 
ates. relays SCL, 6SA and 6DR. Relay, 6SA, upon: 
operating, operates relay: 4L. to light the call: 
lamp, 43 and to place a ground connection on 
the start conductor. 415 to operate relay 5ST 
of the sequence circuit, relay. 5ST - together: 
with relay 5AL-- is associated with the trunk, 
line comprising conductors 50 and 503 and ex: 
tending, from...the..small switching. 2 center. Ac 
cordingly, relays. 15ST-0. and : f5AI-0-aire asso 
ciated with subscriber stationline 649. and its ter 
minating equipment 621 and relays 15ST-9 and 
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f5AL-8-are-associated...with another:subscriber. 
station-line: and terminating equipment, not 
shown, but corresponding to line. 649 and termiri 
nating equipment 62 which is connected direct; 
ly, to the large switching center. The grounding 
of the start. conductor'? 45 to the sequence-cir 
cuit: results in the connection of the first idle, 
trunk extending to the central. office. by operation, 
of, the link circuit holding magnet: H2 which is: 
associated with the trunk comprising conductors. 
50 - and 503 and extending from the small switch 
ing center. The call is ultimately repeated...by 
the trunk to the distant. central office to light a 
line, lamp in the Switchboard multiple. . The oper: 
ator at the central office, connects a cord -circuit. 
to a trunk jack, associated with the lighted-lamp. 
and receives the number of...the-called...or desired. 
Subscriber, station from the calling subscriber, at 
station 202. - 
When start switch. 2-0 was operated it, closed. 

a circuit from one side of power supply 2 ft, 
through the Winding...of relay 2S to the other:side 
of the power supply causing relay: 2S, to operate. 
Relay. :2S,..., upon operating, locks up through Fits. 
lower contacts, contacts of stop key 2, ; motor., 
control, contacts. 209. of the printer. Upon; oper 
atting, relay 2S closes a path through its upper 
contact, to start the motor, for, the printer set and . 
also to operate relay 2L., . The operation of relay. 
2L opens; the bellringer circuit. Over the tip con 
ductor, T2 of the loop, removes ground from .the 
ring Side: R2, of: the loop and closes: the tip, and 
ling conductors. Of the loop through "the. Sub 
Scriber station, set to operate, relay. .3L2 at the 
small switching center. This last circuit is trace 
able from grounded positive battery 380, conduc 
tor. 38 f, back contact. and right-hand armature. 
of hold magnet 3H2, conductor 309, normally. 
closed-contacts at the tip spring of jack,307A, 
conductor-T2, through the loop at the subscriber 
station, conductor R2, resistance 343, normally. 
closed contacts, at the tip spring, of jack. 3088, 
conductor: 30, normally. closed make-before 
break contacts of hold magnet 3H2, conductor 
342, through the winding of relay 3L2, to ground: 
and relay 3L2 operates. 
Lamp relay 3L2,-upon operating, first-closes at 

itS. upper armature and contact an operating, cir 
cuit for r call lamp, 306 which is... traceable, over, 
conductor 346; (which is common to the call lamps, 
associated with the...subscriber stations shown), 
Conductors 347 and 209, through the winding of 
relay f3E, to grounded battery, and relay 3E 
operates. (relay 3E is effective at night only to 
cause an alldible signal as Well as a visual signal 
alarm when the audible alarm cut-off key 303 
is released in the position shown); also relay 3L2, 
upon Operating, (1) closes to ground at its inner 
lower armature and contact a circuit extending 
over conductor 348, contact and armature No. 4 
of the main gate relay G, contact and middle 
left-hand armature of relay. BO, through the 
winding of relay if SAf,' to grounded battery, and 
relay SA operates; (2)' connects at its lower 
armature and contact a ground connection to a 
path extending over conductor 350 in preparation 
for a circuit which will presently be closed by 
the operation of relays SC and U2. Relays 
í íBO í and í ÍSAl together with relay | ISC í con 
stitute: a group. which is individual to that group 
of five subscriber lines of which line: 202 is a 
part." 

Relay. SA, upon operating, (1) locks up at its 
left-hand armature; and contact: directly: to. 
grounded Conductor:348 (2). closes;at; its inner, 
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right-hand armature and contact an operating 
circuit for gate relay G; (3) closes at its outer 
right-hand armature and front contact a circuit 
traceable from battery, through the winding of 
relay SC, front contact and outer right-hand 
armature of relay SA, conductor i O , through 
the all-trunks-busy circuit ATB (as shown in 
the Copending application of W. W. K. Large et al., 
supra), back through conductor 27, back con 
tact and inner left-hand armature of relay 2TA, 
conductor 2 ?, to ground at the normally closed 
contacts of manual service key ff0, and relay 
SC operates. The operation of relay SC 

depends upon relay 2TA and the corresponding 
relay in each of the other groups of five trunks 
being in a non-operated condition. Also relay 
if SAf, upon operating, opens at its back contact 
and outer right-hand armature a path extend 
ing over conductor ff05 to the operating circuit 
of the relays corresponding to relay SC , in all : 
Succeeding groups of five subscriber lines. Relay 
SC2 is in the second group of five subscriber 

lines. This a SSures that even in the case of si 
multaneous Origination of calls in two subscriber 
lite groups only one fSC relay will be operated. 
The operation of gate relay G closes a cir 

cuit extending from grounded battery, through 
the Winding of gate relay G, contact and arma 
ture of relay G, to ground at the normally 
closed lower contacts of manual service key O. 
and relay G operates and thereby opens at each 
of its left-hand armatures the circuit of each of 
the subscriber Station groups and at each of its 
right-hand armatures the circuit of each of the 
trunk groups. The subscriber group engaged in 
the inward call is held operated by the locking 
circuit of relay SA. 
Relay I ASCI, upon operating, (1) extends con 

ductors 350 and 3 from the calling subscriber 
line terminating equipment over two paths, re 
Spectively, Only one of which, namely, that in 
cluding conductor 350, is at this time completed, 
its path extending over the contact and armature 
No. 4 of relay SCf, conductors if 0.6 and 107, 
contacts and armature No. 2 of relay fGA, con 
ductor í 108, through the winding of relay | | U2, 
to grounded battery, and relay U2 operates to 
further extend the other path including conductor 
3, over contact and No. 3 armature of relay 
SC, conductor 09, outermost upper. arma- 3 

ture and contact of relay U2, to conductor 03 
which is common to the selecting relays U to 

U5, inclusive. The selecting relays U to 
i U5 are common to all subscriber groups and all 
trunk groups and are used for selecting the par 
ticular subscriber station line or particular trunk 
circuit. Relay U2, upon operating, (1) locks 
directly to ground at the outer lower armature 
and contact of lamp relay 3L2, the circuit being 
traceable from grounded battery through the 
winding of relay f l 2, front contact and inner 
lower armature of relay U2, back contact and 
inner lower armature of relay if U, conductor 

0, left-hand armature and front contact of . 
relay GB, armature and No. 1 contact of relay 
f GC, conductor if f , innermost upper armature 

and back contact of relay I IUI, innermost upper 
armature and front contact of relay li U2, con 
ductor 6, No. 4 armature and contact of relay 
SC1, conductor 350, to ground at the outer low 

er armature of lamp relay 3L2. (Relays || GB 
and GC are operated at this time as herein 
after described.) (2) Extends conductor 9 of 
the other path of subscriber station 202, over the 
outermost upper armature and front contact of 
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relay f U2, conductor f03 to conductor 302 and 
resistance 30 for future effectiveness; (3) ex 
tends at its outer lower armature and contact, . 
conductor 13, through conductor | f í 4, and the 
contact and outer left-hand armature of relay 
f GD, a function not useful at this time; (4) ex 
tends grounded conductor i06, through the in 
illermost upper armature and front contact of 
relay U2, back contact and innermost upper 
armature of relay U?, conductor , through 
the left-hand Winding of relay GB to grounded 
battery, whereby relay if GB operates from the 
ground at the Outer lower armature and contact 
of relay 3L2; (5) releases normally operated re 
lays GF and GE because the operating cir 
cuit for relay GF is opened at the back con 
tact and left-hand armature of relay GB, re 
lay GB being of a differential type is normally 
maintained in a released condition although both 
of its Windings having equal resistance values are 
normally energized; (6) causes through the re 
lease of relay i? GE the timing circuit of vacuum 
tube 30 to start; and . (7) connects ground at 
the No. 8 armature and contact of relay SC, 
Over its contact and outer lower armature to con 
ductor if 4 for the future operation of relay 
3LS, that is, when relay fiGD operates. 
Relay GB, upon operating, (L) operates re 

lay GC in a circuit traceable from grounded 
battery and winding of relay i GC, front con 
tact and left-hand armature of relay i GB, con 
ductor i 0, innerlower armature and back con 
tact of relay U?, inner lower armature and 
front contact of relay í ÍU2, conductor í í08, No. 
2 armature and contact of relay í í GA, con 
ductors 107 and 06, No. 4 armature and con 
tact of relay SC, to grounded conductor 350; 
and (2) removes ground at its contact and right 
hand armature, from conductor fi : 5 which ex 
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tends to the all-trunks-busy circuit and also to 
all the trunk circuits over contact and armature 
No. 9 of relay 4ST. Relay if GC, upon operating, 
locks over its left-hand armature and contact in 
a circuit extending over conductor f, inner 
most upper armature and back contact of relay 
! ! UI, innermost upper armature and front con 
tact of relay if U2, conductor 06, armature 
No. 4 and contact of relay if SC to grounded 
conductor 350. Relay GC, upon operating, 
also closes at its contacts No. 2 an operating cir. 
cuit for relay f GA. which operates. Relay GA 
is What is known herein as the units gate relay 
which opens the operating circuit for all the re 
lays i U to U5. Relay GA, upon operating, 
closes at its outer left armature and contact an 
Operating circuit for relay f GD, the circuit 
being traceable from grounded battery, through 
the Winding of relay if GD, conductor 6 to 
ground at the Outer left-hand armature and con 
tact of relay GE, GD, upon Operating, 
(1) closes at its inner left-hand armature and 
contact a locking circuit for relay GA, which 
locks in an Operated position; and (2) con 
nects ground at its right-hand armature and 
contact to a path extending over conductors 

T and f f 8, contact and middle upper arma 
ture of relay U2, conductor if 9, to armature 
No. 4 of relay f2TC, a function not useful at 
this time; and (3) operates relay 3LS'? in a cir 
Cuit traceable from ground at the No. 8 arma 
ture of relay SCI, conductor f 3, contact 
and outerlower armature of relay i U2, con 
ductor il 4, contacts and outer left-hand arma 
ture of relay GD, conductor f 120, through the 
Winding of relay 3LS?, to grounded battery, 
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Relay 3LSf operates and (1) closes an obvious 
operating circuit for relay-3H; (2) extends its 
own operating ground from conductor 20, via 
its contact and right-handra'nature and No. 1 
armature and contact of relay 3H, to conductor 
f304, outer right-hand armature and contact 
of relay 2AD, conductor - 24 f, through the 
winding of relay 4ST, to grounded battery; and 
(3) applies at its contact and outer left-hand 
armature an additional holding ground for re 
lay í 1GD, the circuit being traceable over con 
ductor ft 6, º contact and outer left-hand arma 
ture of relay GA, through the winding of- re 
lay f(D, to grounded battelry. 
Relay-3H, upon operating, extends the ground 

on conductor 120 over the circuit just traced 
and start relay 4ST operates. The operation of 
start relay 4ST in the first idle trunk places a 
calling condition toward - the large Switching 
center and 'closes - at its No. 3 arnature and 
contact an operating circuit for relay 4W which 
operates. Relay 4W, upon operating, closes at 
its armatures and contacts, individual operating 
circuits for the cross bar switch' Selecting mag 
nets associated with any one level in two or 
more cross bar switches connected in multiple. 
One of these selecting magnets may be controlled 
by the start relay in the all-trunks-busy cir 
cuit disclosed in the copending application of 
W. W. K. Large et al., Serial No. 462,966, supra. 
However, the cross bar switch selecting magnets 
3SM-s-0 *to 3SM-9 i are shown with their arma 
tures and contacts arranged to close an 'oper 
ating circuit for relay 3D which operates at 
this time. Relay 3H, upon operating as herein 
before described, connects ground at its No. 5 
armature and contact to conductor 305 which 
extends over two parallel paths, One oVer con 
ductor 22 to an unoperated armature of re 
lay 4SL and the other over conductor 23 to 
an unoperated contact at the inner left-hand 
armature of trunk advance relay 2AD. Also, 
relay 13H, upon operating, connects ground at 
its armatures Nos. 2, 3 and 4 to paths similar 
to that of conductor 365 extending to individ 
ual trunk circuits other than that shown herein. 
in detail. At its armature No. 6 relay 3H, upon 
operating, connects ground to a path extending 
to the all-trunks-busy circuit, and at armature 
No. 7 connects ground to a path including con 
ductor 306 which serves as a shunt for resist 
ance 30 of relatively high value. 

Relay 3D, upon operating, (1) furnishes at 
its No. 1 or left-hand armature and front con 
tact an additional ground for holding relay 
f GD operated; (2) closes at its No. 2 armature 
and contact an operating circuit for connection 
lamp 308 which lights thereby indicating to 
the attendant at the Small Switching Center that 
the line of the calling subscriber station 202 has 
been connected to an idle trunk; and (3) con 
nects ground at its No. 3 armature and contact 
to a circuit traceable through resistance 30, 
conductors 302 and O3, contact and outer 
most upper armature of relay ?f U2, conductor 
f 109, through armature No. 3 and contact of 
relay SC, conductor 3 | l", through the wind 
ing of “hold' magnet 3H2, to grounded battery. 
"Hold' magnet 3H2 operates to complete the 
connection of the calling Subscriber line, to the 
first idle trunk. "Hold' magnet.3H2, upon top 
erating, opens at its normally closed, make-be 
fore-break contacts the operating . . circuit for 
calling-in, or lamp, relay 3L.2 which releases to 
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2,375,856 
extinguish lamp 306. Relay. 32, upon release 
ing, first removes ground at its inner lower 
armature and contact from the locking circuit 
of relay í ÍSAl and relay í SA releases; (2) 
removes ground at its outer lower armature and 
contact to open the locking circuit for.: select 
ing relay U2, which also releases; relay if SA?, 
upon releasing, releases relay SC. which, upon 
releasing, removes ground from its armatures 
Nos. 3, 4 and 8. Relays 1 GB, 13L.Sf, f 3H and · 
GC release. Relay GB, upon releasing, con 

nects ground at its right-hand armature, and 
contact to a circuit traceable over. conductors 

5 and 4f 4, contact and armature. No. 9 of 
start relay 4ST, conductors 415, 46 and 24, 
through the winding of relay 2AD, to grounded 
battery and relay 2AD operates. A trunk ad 
vance relay, such as relay 2AO, is individual 
to each trunk circuit provided, assuming as in 
this case, that there are ten trunks...provided 
on the cross bar Switch in the link circuit, and 
that there is a trunk sequence circuit provided 
for each trunk circuit. The trunk sequence:cir 
cuit shown in detail in Figs. 11 and 12.includes 
in addition to relay 2AD, relays f2DL, 2EO 
and 2DC together with the common selecting 
relays U to U5 and the gate, or:G relays, 
Such as relay G shown in Fig.11. The last 
trunk Sequence circuit of the chain may be con 
nected. With the all-trunks-busy circuit, which 
may be connected, as hereinbefore stated, to two 
of the levels of the cross bar switch in the link 
circuit. 

Relay 2AD, upon operating, (1) locks. to 
ground in a circuit traceable over its inner left 
hand armature and contact to ground at the 
lower armature and contact of relay. SL, which 
is operated in series with “hold' magnet H2 
after relay f SC in the sequence circuit is re 
leased; (2) closes at its contact No. 5 one.com 
pleting point in the operating, path of a relay 
in the all-trunks-busy circuit, the circuit being 
traceable over conductor 208, No. 5 contact 
of relay 2AD, conductor 2 5, through the 
contact No. 5 of each of the relays correspond 
ing to relay 2AD, to ground connection f2OT 
in the last trunk sequence circuit; (3) transfers 
conductor 304 from the back contact of the 
Outer right-hand armature of relay f 2AD to the 
front contact so that should the trunk shown 
in Figs. 4 and 5 be busy the next call will be 
routed over conductor 27, through the wind 
ing of the start relay, corresponding to relay 
4ST, in the next idle trunk, the circuit over 
which the next call will be routed being extended 
over the Outer right-hand armature and back 
contact of the "AD' relay in the trunk sequence 
circuit associated with the next idle trunk; (4) 
Open at the back contact and outer right-hand 
armature and the contact and outer left-hand 
armature both the operating and the locking cir 
cuits, respectively, for start relay 4ST which at 
this time has already completed the initiation 
of the connection between the calling subscriber 
line and the Selected trunk circuit as will be 
???iafter further described. Relay 4ST re 
ea.SeS." 

Supervisory features 

The Supervisory features provided by the all 
trunkS-busy circuit, subscriber's line circuit and 
sequence miscellaneous alarms are described in a 
Copending application of W. W. K. Large et al. 
Serial No. 462,966, supra: ? ?. ?? --..« 



2,375,856 
Calling subscriber line circuit is connected to an 

idle trunk Circuit 

As hereinbefore stated, when a subscriber orig 
inates a call by operating the station power 
Switch, the subscriber station terminating equip 
ment makes use of the sequence circuit to secure 
connection to the first idle trunk. Relay 4ST, 
when it operated, (1) closed at its No. 4 arma 
ture and contact an operating circuit for relay 
STR which operated; (2) at its No. 6 armature 
and contact closed an operating circuit for relay 
4RC which operated; (3) at its No. 7 armature 
and contact closed an operating circuit for relay 
STR which operated; (4) at its No. 2 armature 
and contact closed an operating circuit for relay 
4-ON which operated; and (5) at its No. 3 ar 
mature and contact closed an operating circuit 
for relay 4W which operated as hereinbefore 
stated; and (6) closed at its No. 9 armature and 
contact an operating circuit for relay 2AD which 
operated to light busy lamp 48. Relay 5TR, 
upon operating, transfers at its outer lower ar 
mature trunk circuit 50 from one path which ex 
tends through resistance 53 of high value, and 
the winding of relay 5L, over conductors 541 and 
503, to ground at the central office, to another 
path which extends over conductor 534 to the 
trunk side of the repeater, that is, the left-hand 
side of winding No. 3 of receive relay 5R. Relay 
4STR, upon operating, added another ground to 
the operating circuit of relay 5TR and thereby 
increases the release time of relay 5TR after 
relay 4ST, releases. This insures registration at 
the central office even though the call is quickly 
abandoned. Relay 4-ON, upon operating, (1) 
locks to a, normal ground at the back contact and 
inner lower armature of relay 4D and (2) con 
nects ground at its armature Nos. 1 and 2 to the 
winding of repeater. relays whereby such wind 
ings are energized, armature No. 1 serving to. 
energize the artificial line windings Nos. 2 and 5 
of relay 5R, and armature No. 2 serving to ener 
gize the lower or biasing line windings of both 
relays 5BK and 5S; (3) at its No. 5 armature 
completes the filament circuit for Vacuum tube 
49; and (4) connects at its No. 3 armature an 
additional ground to the operating circuit for 
relay 4SL. 

Relay ASL in an operated position, connected 
ground at its lower armature to conductor 22 
and at its upper armature closes an operating 
circuit for relay 4SL which operated. 
“Hold' magnet 3H2, in an operated position, 

opens the operating circuit for calling-in relay 
32 in the Subscriber line circuit Which dismissed 
the sequence circuit. The release of the sequence 
circuit connected ground at the right-hand ar 
mature of relay i GB to a circuit traceable over 
conductors 5 and 44, contacts and No. 9 ar 
mature of relay 4ST (before relay 4ST was re 
leased), conductors 5 and 4f6, through the 
winding of relay 2AD to grounded battery. The 
trunk advance relay í2AD operated to advance 
the next call to the next idle trunk and opened 
both the operating and the locking circuit for 
start relay 4ST which released, as hereinbefore 
stated. 
The Calling Subscriber line circuit is now con 

plete and ground on the Winding of relay 4SP, 
normally closed contacts at tip spring of jack 
436B, conductors i22 and 358, operated ring con 
tact of set 355, conductor 359, outer left-hand ar 
mature and front contact of hold magnet 3H2, 
conductor 30, normally closed contacts at spring 
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23 
member of jack 308B, ring conductor R2 of the 
calling Subscriber line, station circuit, back over 

- the tip conductor T2, tip spring and its normally 
closed contacts of jack 30 A, conductor 309, right 
hand armature and front contact of hold magnet 
3H2, conductor 367, operated tip contacts of set 
355, conductors 365 and 366, normally closed 
contacts at the tip spring of jack 435A, conductor 
423, Outer upper armature and back contact of 
relay 4R3, conductor 424, through the upper 
windings, in series, of relays 5BK and 5S, arma 
ture and marking contact of receive relay 5R, 
conductor 535, to grounded battery 536. This 
places a marking condition on the trunk looking 
to Ward the large switching center because both 
relays 5BK and 5S are maintained in their mark 
ing positions, send relay 5S. being effective to 
transmit the marking condition toward the large 
switching center. Relay 4SP operates and closes 
at its armature and contact an operating circuit 
for relay 4SP, the circuit extending to ground on 
armature No. 3 of relay 4-ON. Relay 4SPf, 
upon Operating, operates in turn relays 4SP2 and 
4RC. Relay 4SP2, upon operating, furnishes at 
its outer upper armature and contact a ground 
to hold relay 5TR operated even though start 
relay 4SP is released, relay 4SP2 being held op 
erated by slow-to-release relay 4SP. , 
At the large switching center the end of the 

trunk which terminates at that point the mark 
ing condition applied by relay 5S results in the 
operation of relays 6P and 6C as will be herein 
after described in more detail. 
The release of start relay 4ST effected the re 

lease of relay AW which in turn effected the re 
lease of its corresponding selecting magnets. 
The selecting magnets, upon releasing, remove 
ground from the operating circuit of relay 3D, 
and relay 3D releases thereby extinguishing lamp 
f308. Relay GE reoperated following the re 
lease of relay f GD and GA. Thus all relays 
in FigS. il, 12 and 13 are in their normal condi 
tion with the exception of relay 2AD and the 
sequence circuit is now ready to route a new call. 
An Outward Call received at the large switching 

Center 

The call is received at the large switching cen 
ter from a subscriber station through the small 
switching center. ? 
As hereinbefore stated, a call originating at a 

subscriber station through the Small switching 
center is effective at the large switching center 
to operate relay 6C in a circuit traceable over 
tip conductor 50, normally closed contacts at 
tip spring of jack 608, conductor 6 ? 3, upper arma 
ture and back contact of relay 6E, resistance 6 
through winding No. 1 of relay 6P, through wind 
ing No. 2 of relay 6R, resistance 62, retardation 
coil 63, through the upper winding of relay 6C, 
outer upper armature and back contact of relay 
6C to ground. Relay 6C operates and closes at 
its upper arnature a circuit traceable from 
grounded battery 405, resistance 406, conductor 
f407, resistance f4 f6, conductors f4 7 and 624, 
contact and armature of relay 6C, conductor 625, 
resistance 429, through the winding of relay 4H, 
conductor 4f 9, to the marking, or right-hand, 
contact and armature of relay 6P to ground, and 
relay 4H operates. Relay 4H, upon operating, 
closes at its armature and contact an obvious 
operating circuit for relay 6C? which operates. 
Relay 6C?, upon operating, (1) closes at its 
outer upper armature and front contact the 
transmission circuit to ground through resistance 
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626 at the marking, or right-hand, contact of 
relay ES;...(2) closes at its front contact, and inner 
upper armature an obvious operating: circuit for 
relays 6SA and 6DR; and (3):...closes at its inner 
lower armature and contact an obvious Operating 
circuit for relay 6CI., Relays SCL, SSA and 6DR 
operate. Relay SSA, upon operating, (1), closes 
at its lower armature, and contact an operating 
circuit for relay.f4I, the circuit being traceable 
from ground, over conductor. 827, No. 4 armature 
and back contact of relay SSL conductor 628, 
through the winding of relay 4L, to grounded 
battery and relay f4L, operates to light call lamp 
43 and to place...a ground on stait conductor' 
45 to the sequence circuit at the large switch 
ing : center, and, (2) applies at its upper armature 
and contact grounded battery. 629 of positive 130 
volts to a circuit extending over the normally 
closed contacts of the tip. Spring of jack. 63B, 
ring conductor. 632 to the link circuit, at the large 
switching center. The operating circuit for call 
lamp 4 3 may be traced from ground at the 
upper armature and contact of relay 4TS, con 
tact and outer upper armature of relay 4L, 
through the lamp, 43, conductor 4 8, through 
the winding of relay 8E, to grounded battery, 
relay of 8E being in the master control circuit of 
the sequence circuit at the large switching center. 
Relay, 6CL, upon, operating, (1) locks up in a cir 
cuit extending to the No. 1 armature and contact 
of relay 4D2; (2) transfers the grid of vacuum 
tube 49 from ground at the unoperated No. 5 
armature and contact of relay, 4D2 to ground at 
the outer lower armature and contact of relay 
6C; and (3) closed at its outermost upper arma 
ture and contact an operating circuit for relay 
4BY, the circuit being traceable over conductors 
633 and 420 through the winding of relay 4BY 
to grounded battery. Relay 4BY upon operating 
(1) closes a circuit for energizing the vacuum 
tubes 49 and 42, (2) closes an operating cir 
cuit for relay 4AD and relay 4AD operates so 
that calls for the small switching center sub 
scribers will be routed to the next idle trunk, and 
(3) applies negative potential from the grounded 
battery 422 to a circuit extending over con 
ductor 423 to the sleeve of the make-busy jack 
609MB associated with the trunk shown in Figs. 
6 and 14 and located at the attendant test-board. 
Sequence circuit at the large switching center 

secures an idle trunk eactending to the central 
office. 
The connection of ground to conductor. 4.5 

causes start relay 5ST- to operate. Relay 
5ST-, upon operating, closes an operating cir 

cuit for relay 5AL-I, the circuit for the latter 
relay being traceable from ground at the inner 
lower armature of relay 5AL-G0, back con 
tacts and armatures of relay 5ST-0, front con 
tacts and armatures of relay: 5ST-f, through 
the winding of relay 5AL-4, normally closed 
make-before-break contacts of relay. 5AL-9 to 
grounded battery 50. Relay. 5AL-, upon 
operating, locks in, a circuit traceable from 
grounded battery 50, make-before-breakcon.- 
tact of relay 5AL-9, through the winding of 
relay 5AL-f, front contact and uper armature 
and lower armature and front contact of relay 
5ST- to ground at the innermost. upper. arma 

ture and front contact of relay 5AL-. Relays 
. SST- and 5AL- are both individual to the 
line trunk shown in Figs. 6 and 14. Likewise 
relays 5ST-0 and 5AL-O are both individual 
to another line trunk circuit extending to the 
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Small switching center or to a subscriber's line 
connected directly to the large concentrating unit 
switching center, such as subscriber station 634 
or 635 shown in diagrammatic form. Likewise, 
relay 5ST-9 and 5AL-9 are both individual 
to a ºtrunk extending to the small switching cen 
ter... or to another subscriber line local to the 
large switching center. Relay 5ST-1, upon 
operating, removes the chain ground from all the 
higher numbered ST relays, such as relay 
f5ST-9, and since conductor 502 is receiving 
ground from the inner lower armature and con 
tact of relay 5AL-GO and since all other ST 
relays of the particular subgroup are normal, or 
if the particular ST relay, such as relay 5ST-f 
happens to be in a preferential position, the oper 
ation of an ST relay also causes its associated 
AL, relay to operate, provided no other AL relay 
of that subgroup is operated. Therefore, since 
f5ST - is in a preferential position and is oper 
ated then relay 5AL-f operates. The operation 
of relay 5AL-f removes the chain battery 150 
from allower numbered AL relays, such as relay 
5A-0 when relay 5AL-f is operated. Thus 
when the ST and AL relays associated with the 
line trunk shown in Figs. 6 and 14 are operated, 
ground and grounded battery chain circuits of 
the subscriber line sequence circuit have been 
broken, preventing the operation of any other AL 
relay in that group. Relay "f 5AL- upon oper 
ating, in addition to locking under control of relay 
5ST - connects grounded battery 5 to a cir 

cuit traceable over the normally closed make 
before-break contacts of relay ? 5AL-9, inner 
lower arnature and front contact of relay 
f5AL-, through the winding of 5ST - G 
to ground at the normally closed contact 
of relay 5BO-G0. Relay f 5AL-, upon 
operating, also connects conductors 636 and 428 

40 of the trunk line terminating equipment shown 
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in Figs. 6 and 14 to the subscriber group sequence 
circuit. If the particular group has not been 
removed from service, grounded battery on start 
conductor. 503 causes the operation of the as 
sociated relay 5ST-GO. Here also, if no other 
ST-frelay is operated, or if the particular ST 
relay, such as relay f 5STf-GO, is in a prefer 
ential position, and if no AL relay in either the 
Subscriber group sequence circuit, such as relay 
5AL-G0, . or trunk sequence circuit, such as 
relay.f6AE-O or relay f6AL-f, is in an oper 
ated position, the associated AL relay, that is, 
relay 5AL-G0, . will function in a manner sim 
ilar to the one described above for relay 5AL-f. 
When relay 5ST-GO and f 5AL-GO of the 
group associated with the trunk circuit equip 
ment shown in Figs. 6 and 14, having operated, 
permission to route the outward call to the large 
SWitching center has been received. The circuit 
for Operating relay 5AL-GO may be traced from 
grounded battery at the armatures and back con 
tact of relay 25SU, conductor. 2506, through: the 
winding of relay 5AL-G0, front contact and 
lower armature of relay 5ST-G0, through the 
back contact and lower armature of each of relays 
15STI-GO to f5ST-G9, inclusive, conductor 
595, back contact and lower armature of each 

of relays 6ST2-0 to f6ST2-9 and ST2.--0 to 
SF2-9, conductor f70?, outer lower armature 

and back contact of relay 25D, back contact and 
inner upper armature of relay 25CS to ground 
and relay 5AL-GO operates. Relay 5AL-Ge, 
upon operating, causes the operation of relay 
5ALd-G9, incan obvious operating circuit. The 

Operation of relay: 5AL-GO also closes a circuit 
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extending from grounded battery at the lower 
armature and contact of relay 25SU in the mis 
cellaneous alarm circuit, over conductor 2506, up 
per armature and front contact of relay 
5AI-GO, conductor 506, outer lower armature 
and front contact of relay 5AT-, conductor 
507, through the winding of relay 8LS-1, to 
ground and relay 8LS- operates. Relays 
8LS- and 8LS - are provided for a single 
outlet of a group of trunks extending to One 
central office whereas relays 8LS-2, 8LS 
and faTR are provided for a double outlet, that 
is, for a second group of trunks which extend to 
a second central office. The line trunk described 
herein as extending from the small switching 
center is arranged for connection to the single, 
or first, outlet of a group of trunks extending 
to the first central office. 
Should an inward call and an outward call be 

received in the sequence circuit Simultaneously, 
the inward call, that is the call coming from a 
central office would have preference of selection 
in the sequence circuit. It will be noted, there 
fore, that when the subscriber group sequence 
circuit is operated, the ST2 relay of each main 
trunk must be in an idle condition as hereinbefore 
described in tracing the circuit that included the 
lower armature and back contact of relay 
6ST2-0. Relay 5AL-G0, upon operating to 

close the operating circuit for relay 8LS-1, 
closes a locking circuit for itself extending to 
ground at the inner upper armature and contact 
of relay 5ST-GO. Relay 5AL f-G0, upon 
operating, (1) removes ground at its inner lower 
armature and contact from the operating circuit : 
of relay 5AL- of the associated subscriber line 
sequence circuit connected to the calling trunk, 
(2) connects at its outer lower armature and Con 
tact the winding of "busy out' relay 5BO-GO for 
future operation and (3) connects at its outer up 
per armature and contact, conductor 508 which 
extends over the outermost upper armature and 
contact of relay 5AL-I, to the busy back con 
ductor 423 connected to grounded battery, 
through the winding of relay 4BB, and (4) con 
nects at its inner upper armature and contact, 
conductor 507 which extends over the middle 
upper armature and contaet of relay 5AL- to 
the holding conductor 636. 
Relay 8LS-, upon operating, connects ground 

at its outer left-hand armature to the operating 
circuit of relays 8H-0, 8H-, 8H-2, etc. 
These H relays, upon operating, in turn place in 
dividual ground for each group of trunk relays, 
the ground being furnished to the chain and ad 
vance circuit composed of an AD and a CH relay 
of each group, such as relay 6AD-9 and 6CH-6 
of the first trunk holding that circuit in a fixed 
condition during the entire interval that an out 
ward call is being routed through the concentrat 
ing unit, or in other words, for the duration of the 
call. In addition, in the case where a double out 
let of trunks is employed, for instance, Where one 
group of trunks extend to one central office and 
another group of trunks extend to a different 
central office, relay f8LS-2 being associated with 
the second trunk group in the unit, the operation 
of relay 8LS-2 will cause the operation of the 
associated transfer relay 8TR, if provided. Re 
lay 8TR, when provided, is designed to alter the 
chain circuit to permit the selection of trunks first 
in the preferred trunk group and to seek selection 
of trunks in the other subgroup of trunks only if 
all trunks in the preferred group are busy. 

Therefore, not only is the trunk chain circuit 

5 

O 

5 

2 5 

30 

40 

45 

50 

55 

60 

65 

70 

75 

placed in a fixed condition by the operation of 
relays i 8H-0, 8H-1 and f8H-2, etc., but if 
the order of selection was to have been changed, 
relay 8TR has accomplished this function be 
fore the start conductor to the trunk chain and 
advance circuit is called into use. The Operation 
of relay 8H permits the operation of the LS 
relay associated with the particular I.S relay, 
for example, relay 8LS - associated with relay 
8LS- and relay 8LS-2 associated with re 
lay 8LS-2, which causes the operation of relays 
i8H-0, 8H-, 8H-2, etc. The LS-1 relay 
operated, places ground on the start conductor, 
say conductor 80, at a place in the trunk chain 
and advance circuit where there is available the 
first numbered trunk of the group of trunks as 
sociated with either relay 8LS-1 or relay 
8LS-2. The operation of an LS-1 relay also 

results in the operation of start relay 25ST and 
finally in the operation of the common start relay 
25CS in the miscellaneous alarm circuit, and 
furnishes a locking ground for relays 18H-0, 
8H-, 8H-2, etc., to insure that the trunk 

chain and advance circuit will be kept in a fixed 
condition until the routing of the call has been 
completed. Relay 25CS of the miscellaneous 
alarm circuit, when operated, removes the main 
chain ground on conductor 70 from both the 
trunk sequence and Subscriber group sequence 
circuit. - - - 

Establishing connection at the large Switching 
Center of a call from a subscriber Station con 
nected to the small suitching center 

Relay 8LS-, upon operating, connects its 
Operating ground to the start conductor 80 at 
Such a place in this trunk chain as to permit 
Selection of the first idle trunk in the trunk group 
desired. Should another trunk group be desired. 
Such as that which is provided in a double out 
let System ground would be connected to a con 
ductor of the trunk at such a place in the trunk 
circuit as to permit selection of the first idle trunk 
in the trunk group of the second outlet. This 
ground on the start conductor, say start con 
ductor i 80, will be connected by means of the 
back contact of the first CH relay in the trunk 
chain to the associated idle trunk circuit, for 
example, should the trunk shown in Figs. 8 and 
9 be the first idle trunk of the group desired, 
grounded start conductor 80 would be extended 
Over the inner lower armature and back contact 
of relay 6CH-0, conductor 60 f, through the 
Winding of trunk start relay 8ST to grounded 
battery and the trunk circuit shown in Figs. 8 and 
9 Will begin to function. A "mark” signal will 
be sent to the central office and an automatic 
ringing current signal will be returned from the 
central office as a verification that the “mark'' 
Signal has been received, and to make a prelimi 
nary test for trunk conductor failure. There 
after the trunk circuit will function in conjunc 
tion With the link circuit and miscellaneous alarm 
circuit. 
A brief review of the foregoing with additions 

to clarify the description of the operation will 
now be given. A calling subscriber at station 202, 
upon originating a call, causes ground to be con 
nected to the winding of the ST relay, such as 
relay 5ST-f individual to the calling line trunk 
extending from the small switching center. Ten 
ST relays, together with their respectively asso 
ciated AI relays, form a subscriber line or line trunk sequence group, relays 5ST- and 5AL 
are individual to a calling line trunk extending 
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to the small switching center. The number of 
groups that are provided depend upon the size 
of the ofice. Each subscriberlinie sequence group 
is associated with an ST- and an AL relay in 
the subscriber group sequence circuit. For ex 
ample, in the first group of subscriber lines there 
is associated relays 5ST-GO and 15AL-G0. 
Ground from the group sequence circuit is con 
nected to the armature of an ST relay associated 
with the lowest numbered subscriber line of the 
group, and is then connected in series with the 
other ST relays of the group. Grounded battery, 
such as battery 50 for the first group of sub 
scribers' lines, is connected to the winding and 
armature of the AL relay associated with the last 
line of the group and is then connected in series 
to the other AL relays of the group. This ar 
rangement of the ground gives the preference of 
placing a call to the lowest numbered line of the 
group, while the arrangement of grbunded bat 
tery permits the operation of only one AL, relay 
at a time, thus preventing the routing of more 
than one call from the group at a time. Opera 
tion of relay 15ST-f, provided no lower num 
bered ST relay is operated, results in the opera 
tion of its associated relay 5AL-I, provided no 
higher numbered AL relay is operated. Relay 
5AL-flocks to relay 5ST-1, causing the oper 
ation of relay 5ST-GO of the subscriber group 
sequence circuit and preventing the subsequent 
operation of any lower numbered AL relay even 
though its associated ST relay operates in re 
sponse to placing a call. The busy-back con 
ductor | 423 and the hold conductor 636 from 
the calling line are connected through the sub 
scriber line Sequence circuit on the contacts and 
arnatures of relay 5AI-1 and thence to the 
subscriber group sequence circuit. Grounded 
battery and ground from the miscellaneous alarm 
circuit afe carried through the ST- and AI, re 
lays of the subscribers' group sequence, circuit 
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such as relay 0-RS in the trunk shown in Fig. 
10, to its marking position. . r . 
When the start relay 8ST of the first idle trunk 

is operated as hereinbefore described it (1) causes 
relays 8L and 8S of the repeater to operate tò 
their marking or right-hand, positions in a cir 
cuit traceable from ground at its No. 4 armature 
and contact, conductor 808, through the lower 
windings in series of relays 8S and 8L, transmis 
sion conductor 809, normally closed make-before 
break contacts of relay 9TR, to grounded posi 
tive battery 90?, (2) operates the off-normal re 
Iay 8-ON in a circuit traceable from ground at 
its No. 7 armature and contact, conductors 10 
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and 8 í through the winding of relay :-0'N to 
grounded battery, (3) locks up at its No. 5 artin 
ature and contact in a circuit traceable from 
conductor 8 2, back contact and inner upper 
armature of relay 16AD-0, conductor 1610, con-. 
tact and No. 7 armature of relay 8ST to ground, 
(4) lights the trunk-busy lamp 83 in a circuit. 
traceable over conductor 84, No. 6 armatute 'Ahd 
contact, conductor 8-5, back contact of inner 
lower armature of relay 6BO-O to grounded 
battery, and (5) after relay 8-ON operates places 
a ground located at the contact and No. 4 artria 
ture of relay 8-ON in a circuit traceable over 
conductor 816, outer lower armature and back 
contact of relay 8SL-f, outer lower armature 
and back contact of relay 8R2, contact and No. 
1 armature of relay 8ST to conductor 80 which 
extends to the miscellaneous alarin circuit to 
warn the latter circuit that verification ringing 
has been requested from the central office. Rey 
25TK responds to this warning. . . . 
Relay 8-ON upon operating (1) energizes the 

filament of the vacuum tubes 902 to 906, inclusive, 
in a circuit traceable from ground at its No. 6 
armature and front contact, conductor 8, 

40 through the filament of vacuum tubes '902 to 908, 

and the ST-2 and AL, Irelays of the truink se 
quence circuit in the same manner as outlined 
above for the subscriber line sequence circuit, 
thus giving the preference of placing a call to 
the lowest numbered trunk, and after all trilinks 
to the group of subscribers' lines in the Order of 

Operation of an ST-I relay of the subscriber 
group sequence circuit, if no ST relay, or lower 
numbered ST - relay is operated, results in the 
operation of its associated AL relay, if no higher 
numbered AL relay is operated. Relay AL locks 
to relay ST-I and causes the operation of relay 
LS in Fig. 18. Relay AL operates an auxiliary re 
lay, Such as relay. - 5AL --GO of the first subscrib 
er line group sequence circuit, Which relay extends 
conductors 1423 and 636 through the group se 
quence circuit to the all-trunks-busy circuit and 
miscellaneous alarm circuit, respéctively. The 
purpose of conductor 423 is to permit the opera 
tion of busy-back relay 4BB if all trunks are 
busy. The operation of either relays 8LS for 
f8LS-2 connects ground to the armature of a CH 
relay in each trunk sequence group, thus permit 
ting the release of any previously operated CH and 
AD relays while this call is being routed. Either of 
relays 8LS-- and 8LS-2 also connects ground 
to the start conductor extending to the first idle 
trunk which is marked by non-operated CH and 
AD relays, operating the ST relay of the idle 
trunk circuit. This causes a marking signal to 
be sent from relay S of the first idle trunk, such 
as relay 8S for the trunk shown in Figs. 8 and 9, 
to the central office where it operates an RS relay, 
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in series, conductor 907 to grounded battery see, 
(2) connects power to the loop repeater in a cir 
cuit traceable from ground at the contact and 
No. 5 almature of relay 8-ON, conductors if 
and 909, through the upper windings, in series, of 
relays 8S and 8L, conductor 809, normally closed 
make-before-break contacts of relay 9TR, to 
grounded battery 901 and in a second circuit 
traceable from ground at the No. 2 armature and 
contact of relay 8-ON, conductor 8-9, through 
the lower winding of relay 9R, inner upper arma 
ture and back contact of relay 9TR, conductor 
9 0 to grounded battery 820, (3) connects ground 
at its No. 1 armature and contact to a circuit 
traceable over conductor 821, and through the 
winding of relay 8SL for future operation, (4) 
transmits the "mark' signal created by relay BS 
to the central office in a circuit traceable over 
its contact and No. 3 armature, and (5) supplies 
the ground for conductor 80 extending to the 
miscellaneous alarm circuit as hereinbefore re 
ferred to in describing the function of start relay 
8ST. The reception of a mark current at the cen 
tral office as a calling-in signal causes that end 
of the trunk circuit to function to send to the 
large switching center a 20-cycle ringing current 
Signal, . . . 

The vibration of the armature of relay 9, in 
response to the 20-cycle ringing signal received 
from the central office, has no effect upon the 
vacuum tube circuit but the vibration of the ar 
mature of relay 9R causes the operation of re 
lay 8R- in a circuit traceable from the arma 
ture of relay 9R, conductor 912, innermost lower 
armature and contact of relay 9TR, conductor 
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9 3, condenser 822, through the winding of alter 
nating current relay 8R- to ground. Relay 
8R-, upon operating, closes a circuit extend 
ing from ground at the No. 3 armature and con 
tact of relay 8ST, conductors 823 and 824, con 
tact and armature of relay 8R-f, through the 
winding of relay 8R-2 to grounded battery and 
relay 8R-2 operates. Relay 8R-2, upon oper 
ating, (1) removes the ground from conductor 
80? which is hereinbefore stated as extending 
through the miscellaneous alarm circuit, the re 
moval of ground giving an indication that veri 
fication ringing current has been received, (2) 
causes the operation of relay 8M in a circuit 
traceable from ground at the contacts and No. 4 
armature of relay 8-ON, conductor 8 fis, outer 
lower armature and back contact of relay 8SL-, 
outer lower arnature and front contact of relay 
8R-2, conductors 835 and 826, lower normally 
closed contacts of jack 892, through the winding 
of relay 8M, to grounded battery. Relay 8M, 
upon operating, causes all the Selecting magnets 
located on different cross bar switches and asso 
ciated with this first idle trunk to operate. Se 
lecting magnet SM-, upon operating, prepares : 
this first idle trunk with which it is associated 
for a connection. With the calling line, Or line 
trunk, as the case may be. The Selecting mag 
nets connect ground to a circuit traceable over 
conductor C?, through the winding of relay 25D : 
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in the miscellaneous alarm circuit to grounded . 
battery and relay 25D operates. Relay 25D which 
is of the slow-acting type, upon operating, Orders 
the sequence circuit to operate hold magnet H3 
of the link circuit, hold magnet H3 being aSSO 
ciated with the calling trunk. The Operating 
circuit for hold magnet H3 may be traced from 
grounded battery, through the winding of magnet 
7H3, conductors 702 and 636, contact, and middle 
upper armature of relay 5AL-I, conductor 507, 
contacts and inner upper armature of relay 
í 5AL----G-0, conductor 1509, i normally closed 
contacts of relay 25F through the winding of re 
lay 25E, to ground at the contacts and inner lower 
armature of relay 25D. 
In earlier designs of the cross bar Switch, Such 

as that used in the link circuit, the directing 
finger actuated by the selecting magnet, chatters 
considerably on being operated. To prevent the 
hold magnet from functioning while the directing 
finger is chattering, ground for the operation of 
the hold magnet is delayed for a short period. 
The operation of the selecting magnet of the 
cross bar switch places a ground om the Off 
normal conductor () which extends through 
the miscellaneous alarm circuit causing therein 
the slow operation of relay 25D, which is of the 
slow-acting type. Relay 25D, upon Operating, 
closes at its inner lower al'mature and contact 
the operating circuit for hold magnet 7H3 and 
relay 25E; both relay 25E in the miscellaneous 
alarm circuit and hold magnet H3 in the link 
circuit operate. Relay 25D, upon Operating, 
closes at its outermost upper armature and Con 
tact the operating circuit for connection lamp 
2503 which becomes illuminated as an indication 
that the selecting magnets have operated. Relay 
25E, upon operating, causes the slow-operating 
relay 25F to operate locking to ground on relay 
25D. Relay 25F, upon operating, removes the 
shunt path around resistance 2508 which now 
becomes part of the operating circuit for hold 
magnet H3 and relay 25E. The hold magnet 
7H3 meanwhile has closed its locking contact 
and therefore locks in series with relay 8ST, of 
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27 
the trunk circuit. When the selecting magnets 
return to normal ground is removed from the off 
normal conductor of, relay 25D releases, releas 
ing relay 25F and also relay 25E if it has not al 
ready released, extinguishing the connection 
lamp 2503. 

Hold magnet H3, upon operating, connects the 
Calling trunk to the first idle main trunk circuit 
ShOWn in FigS. 8 and 9 and inasmuch as the hold 
magnet has locked in series with relay 8SL of the 
main trunk circuit which in turn caused the op 
eration of relay 8SL- and the grounding of the 
hold chain conductor 827. Relay 8SL-, upon 
Operating, causes the release of relay 8M which, 
upon releasing, causes the Selecting magnet, such 
aS magnet SM- to release. Meanwhile 
grounded battery 629 which is connected to the 
ring conductor 632 has been applied to a path 
extending over conductor 03, ring contact of op 
erated set 704, ring conductors 705 and 706, nor 
mally closed contact at tip spring of jack 803B 
through the upper winding of relay. 8SP, to 
ground and relay 8SP operates which in turn op 

Relay. 8SP-, upon oper 
ating, (1) closes at its No. 5 armature and con 
tact an obvious operating circuit for relay 8RC 
which operates, and locks up under control of 
relay 8R2, preventing the start of automatic 
ringing on the calling line, (2) furnishes at its 
No. 4 armature and contact an additional ground 
for holding relay 8-ON operated and (3) closes 
at its No. 1 armature and front contact a lock 
ing circuit for itself extending over conductor 
828, outer lower armature and contact of relay 
8SB-lto ground at the No. 5 armature and con 

i tact of relay 8-ON. Relay 8RC, upon operat 

40 

ing, opens at its upper armature and contact a 
circuit extending from interrupter 829, No. 6 ar 
mature and contact of relay 8A which at this 
time is in an unoperated position, contact and 
upper armature of relay 8RC, contact and outer 
upper armature of relay 8SL-, back contact 
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and inner lower armature of relay 8R2 which at 
this time is in its operated position, armature 
and back contact of relay 8BI-, No. 2 armature 
and back contact of relay 8SP- which at this 
time is in its operated position, through the wind 
ing of relay 8R3, to grounded battery which cir 
cuit when completely closed permits relay 3R3 to 
operate under the influence of the interrupter 
829. . . . . . . 

In the meantime hold magnet TH3, upon Oper 
ating, connects ground at the inner right-hand 
armature and contact to a circuit traceable over 
conductor 707, and then over two parallel paths 
one extending through the winding of relay 
6SL- and the other extending through the 
winding of relay 6SL to grounded battery and re 
lays 6SL- and 6SL operate." Relay 6SL, upon 
operating, (1) releases line relay 4L to extin 
guish call lamp 43 and to open the Start 
circuit of relay 15ST– of the calling line se 
quence circuit, (2) closes at its No. 4- armature 
and front contact a circuit traceable over con 
ductor 637, through the winding of relay 4C2 to 
grounded battery and relay C2 operates, (3) 
closes at its No. 1 armature and contact the 
transmission circuit to the tip conductor. 638, 
normally closed contacts at tip spring of jack 
830, conductor 639, tip contacts of the operated . 
set 704 in the link circuit, tip conductor 78 of 
the first idle trunk, (4) connects grounded battery 
[405 in a circuit traceable over conductör í 424, 
contact and No. 5 armature of Irelay 6SL, con 
ductor 640, through the winding of relay 14F and 
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resistance f425, and (5) provides ground at its 
No. 2 armature and contact for the locking cir 
cuit of relay SDR. Relay 6SL, upon operating, 
(1) removes one of the two ground connections 
from the grid of vacuum tube 42, (2) connects 
ground to the grid element of vacuum tube 49, 
the connection being established at its No. 1 al 
mature and contact, (3) connects at its No. 5 
armature and contact a ground connection to 
windings Nos.1 and 2, in parallel, of relay TC, 
and (4) connects ground at its No. 1 airinature 
and contact to a circuit traceable over the No. 
5 armature and front contact of relay 8C, back 
Contact and lower athnature of Irelay 6A, 
through the winding of relay 4TB, to grounded 
battery and relay 4TB operates, Relay 4C2, 
upon operating, Will (1) open at its lower nor 
mally closed make-before-break contacts the 
energizing circuit for Winding No. 4 of receive 
relay SR to permit the latter relay to operate 
to its marking contact under control of the nark. 
ing line current received over conductor 50 f from 
the small switching center, (2) connects at its 
Outer upper armature and contact the biasing 
winding of relay 6S to resistance 64 to form the 
apex circuit, the biasing path of the apex circuit 
being traceable over conductor 642, outer upper 
armature and contact of relay. 14C2, conductor 
409, through the biasing, or lower, windings, in 

Series, of relayS 6S and 6Sf, to a point in a po. 
tentiometer extending at One end through re 
sistance 69 to ground and at the other end 
through resistance 65 to grounded battery 652, 
(3) opens at its inner upper armature and Con 
tact the operating circuit of alternating current 
relay 4R, and (4) closes at its inner lower ar 
mature and contact the alternating current op 
erating circuit of relay 4H to hold the latter 
relay operated from the contacts of relay 6P, the 
alternating current operating circuit being trace 
able from grounded battery 405, resistance f406, 
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the circuit is complete and ready for transmis 
sion. 

Relay 4L, upon releasing, opens at its inner 
upper armlature and contact the operating cir 
cuit for start relay.f5ST-- which releases, Re 
lay 5ST-1, upon releasing, opens at both its 
arnatures the locking circuit for relay 5AL 
which also releases. Relay 5AL-, upon re 
leasing, opens at its inner lower armature and 
front contact the operating circuit for 3STf-GO 
and the latter relay releases. Relay 5ST-GO 
opens at its lower armature and front contact 
the operating circuit for relay í 5AL-G0 which 
also releases. Relay 5AL-G0, upon releasing, 
cpens at its upper armature and front contact 
the operating circuit for relay 8LS-- which 
releases and at its outer lower arnature and 
front contact the operating circuit of relay 
5A-GO Which also releases. Relay 
5AL?-G0, upon releasing, opens at its outer 

upper armature and contact the circuit includ 
ing the busy-back conductor 508 and at its inner 
upper armature and contact the circuit includ 
ing “hold' magnet conductor 1507. However, 
hold magnet TH3 does not release because it is 
held operated in a circuit extending over the 
sleeve contact of operated set 04, conductor 70, 
through the winding of relay 8SL, conductor 82. 
to ground at armature No. 1 and contact of relay 
8-ON. Relay 8LS-, upon releasing, causes 
the release of the associated transfer relay TR, 
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conductor 407, resistance 4f6, contact and in 
ner lower armature of relay 4C2, condenser 
425, resistance 426, conductor 427, resistance 
1429, through the Winding of relay 14H, con 
ductor f4f.9, to the marking contact of relay 6P. 
Relay 4H is held operated in the following man 
ner: during the interval. When relay 6P is on its 
Inarking, or right-hand, contact and the contact 
of relay 6C is open, resistance 428 and the right 
hand terminal of the winding of relay 4H is 
grounded. Grounded battery permitting current 
to pass through resistance 4f6 and the front 
contact and inner lower arnature of relay 4C2, 
charges condenser 425 and the current through 
resistances 426 and 429 and Winding of relay 
f4H, to ground on the marking, or right-hand, 
contact of relay 6P, holds relay 4H operated. 
When relay 6P operates to its spacing, or left 
hand, contact one side of condenser 425 and 
resistance 4 f6 reverses and continues to hold 
relay 4H operated. During the long marking 
or spacing signal, relay 6C operates to hold relay 
4H operated. 
Grounded battery 629 of Say positive 130 volts, 

flowing in a circuit extending over resistance 642, 
upper armature and contact of relay 6SA, nor 
mally closed contact of the tip Spring of jack 
63, ring conductor 632, will operate the “SP' 
system of relays, such as relays 8SP and 8SP. 
This closure of the tip conductor 639 and ring 
conductor 632 will cause relays in the trunk cir 
cuit shown in Figs, 8 and 9 to send a call over 
the trunks extending to the distant central office. 
When the operator at the central office answers 
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if used, returning the trunk chain to its original 
ly predetermined order, at the same time closing 
the chain circuit on its back contact and left 
hand armature to connect ground to trunk, ad 
Wance conductor 83 which extends over arms 
ture No. 8 and contact of start relay 8ST, con 
ductor 86 f, through the winding of , relay 
6CH-O to grounded battery. Advance con 

ductor 803 is connected in multiple to all trunk 
circuits. In only one of these trunk circuits is 
this ground at the left-hand armature of relay 
8LS-- effective and that is the trunk, circuit 
which has just been selected by the calling line. 
The extension of this ground over conductor 864 
causes the operation of relay f6CH-0 which, 
upon operating, extends the ground through the 
winding of relay 6AD-C to grounded battery 
and relay 6AID-0 operates; relay 6CH-0 and 
f6AD-O are locked up in a circuit extending over 
conductor 827, to ground at the lower armature 
and contact of relay 8SL and are so locked for 
the duration of the call. Relays 6CH-O and 
f5AD-0, upon operating, cause trunk chain con 
ductor 80 to be advanced to the next idle trunk, 
the trunk advance being effected at the lower 
armature of relay 6AD-9. Relay 6AD-0, 
upon. Operating, opens at its inner upper arma 
ture and contact the holding circuit for relay 
BST and closes at its outer upper armature and 
contact its own link, in the link chain conductor 
1602. If the link chain conductor 602 asso 
ciated with a group of trunks is completely closed 
ground is extended to the all-trunks-busy cir 
cuit shown in Fig. 22 over conductors causing 
the latter circuit to time the interval that the 
condition persists. In the all-trunks-busy cir 
cuit conductor 602 terminates grounded battery, 
through the winding of relay 22A which operates 
and connects the 60IPM interrupter 429 to the 
magnet 22NCA of the register for the first group 
of trunks therefore registering the number of 
seconds that all trunks of the group are busy, 
and at the same time closes at its right-hand ar 
mature its portion of the operating circuit of 
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relay 4L which, when operated, initiates the 
sending of 'letters' signals over the calling line 
when all trunks in all groups are busy. 
Relay 6CH-2, upon operating, (1) removes 

at its inner lower armature and contact the hold 
ing ground from the winding of relay 8LS 
and thereby causes its release, and (2) connects 
grounded battery in a circuit extending over the 
inner lower armature and back contact of relay 
f6BO-0, conductor 825, contact and outer lower 
armature of relay f6CH-9, conductor 84, trunk 
busy lamp 83 to ground, which lamp now lights. 
Relay 8LS -, upon releasing, releases relays 
8H-0, 8H-, 8H-2, etc. The release of re 

lays f8H-0, 8H-, 8H-2 removes the indi 
vidual holding grounds from the CH relays of 
all the trunk circuits, such as relay 6CH-0 for 
the first trunk, thus permitting any CH relay 
that WaS in 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 holding circuit for relay 
6CH-0 extends over the front contact and up 
per armature of the relay, conductor 604 to 
ground at the contact and outer left-hand ar 
mature of relay 8H-0. Relay 3LS -, upon 
releasing, also causes the release of relay 25CS 
in the miscellaneous alarm circuit through the 
release of relay 25ST also in the miscellaneous 
alarm circuit, the release of relay 25ST being 
effected at the right-hand armature and contact 
of relay 8LS-f. Relay 25CS, upon releasing, 
replaces the ground connection on the entire 
chain of lines and trunks at the large switching 
center. The trunk sequence and subscriber or 
calling line sequence circuits have thus been re 
turned to normal and to a condition that will 
permit the routing of another call in either di 
rection. Upon the completion of the thus estab 
lished call, the locking ground that holds relays 
6CH-0 and 6AD-9 operated will be removed 
permitting their release providing an auxiliary 
path is not being temporarily furnished by relay 
8H-0, 8H-, 8H-2, etc. Upon removal of 
any Such temporary holding path relays 6CH-0 
and 6AD-0 release returning the entire sequence 
circuit to normal. 

In single outlet switching centers when the AD 
and CH relays, such as relays 6A)- and 
6CH-0 for the first trunk, are operated, ground 
produced by an LS relay, such as relay 8LS-f 
representing a single outlet of trunks, is con 
nected by means of the trunk chain to conductor 
f804 of the all-trunks-busy circuit, the trunk 
chain being traceable from grounded battery, 
through the winding of relay 22ST in the all 
trunkS-busy circuit, conductor 34, back contact 
and left-hand armature of relay STR, conductor 
793, contact and lower arnature of each of the 
AD relays, in series, of the tenth to the nine 
teenth trunks, inclusive (represented in Fig. 17), 
conductor 892, back contact and right-hand ar 
nature of relay 8TR, conductor G3, contact 
and lower armature of each of the AD relays, 
in Series, of the Zero to the ninth trunk, inclu 
sive (represented in Fig. 16), conductors 80 
and 898, inner left-hand arrnature and contact 
of relay 8LS - which when operated extends 
the circuit over the contact and right-hand ar 
mature of relay 3IS - to ground at the inner 
right-hand armature and contact of relay 3H 
0. The grounded trunk chain is also produced 
in a double outlet switching center arranged to 
permit overflow of calls from one outlet to an 
other. In the double outlet non-overflow switch 
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ing, center, the LS-1 relay associated with one 
outlet connects ground to the trunk chain con 
ductor 804 of the all-trunks-busy circuit asso 
ciated with that outlet as Soon as all AD and 
CH relays in the trunk sequence circuit associated 
with that outlet are operated. The all-trunks 
busy circuit functions to produce a special type 
Writer character signal such as “letters' and 
transmits that signal to the line circuit Of the 
particular subscriber calling, the character being 
recorded on the typeWriter at the subscriber's 
Station. The calling line circuit meanwhile Op 
erates to disconnect ground from the start con 
ductor 45, as hereinbefore stated, causing the 
release of the subscriber line sequence circuit, 
the group Sequence circuit and all other relays 
that were operated as a result of this call. The 
all-trunks-busy circuit meanwhile continues to 
produce the teletypewriter character and con 
tinues to be connected to the Subscriber line cir 
cuit until the subscriber releases. 

Sequence circuit to all-trunkcs-busy circuit 
If the sequence circuit finds that there are no 

trunks available as when ground is connected 
to trunk chain conductor 804 to operate relay 
22ST in the all-trunks-busy circuit, the ground 
connected at the right-hand armature and con 
tact of relay 22ST is extended over busy-back 
conductor 2202, outer upper armature and con 
tact of relay 5AL?-G0, conductor 508, outer 
most upper armature and contact of relay 5A 
, conductor 423, through the Winding of relay 
4BB to grounded battery and relay f4BB oper 
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ates. Relay 4BB, upon operating, (1) locks at 
its inner upper armature and front contact in a 
circuit extending over the inner upper armature 
and front contact of relay 4L, to ground at the 
upper armature and contact of relay 4TS, (2) 
closes at its outer lower armature and contact 
an operating circuit for relay 4C2, (3) closes 
at its outer upper armature and contact the 
transmission circuit to the all-trunks-busy cir 
cuit through resistance 430, and (4) applies at 
its inner lower armature and contact grounded 
battery to conductor 43 which extends to the 
winding of relay 22C to ground. Relay 22C op 
erates to start the all-trunks-busy circuit which 
generates a busy signal and will transmit this 
busy signal over conductor 2203 of the transmis 
sion circuit, contact and outer upper armature of 
relay 4BB, conductor 432, through the upper 
windings, in series, of relays 6S and 6S, arma 
ture and marking, contact of relay 6R, to ground 
and relay 6S repeats this busy signal to trunk 
conductor 50 for transmission to the calling 
subscriber station connected to the small switch 
ing center. The calling Subscriber will discon 
nect when the busy signal is received and the 
disconnection causes relays 6C, f4H, 6C?, 6DR, 
6SA, f4L, i 4C2, and 4BB to release to restore 
the trunk circuit equipment of the trunk extend 
ing to the Small concentrating switching center 
to the normal idle condition. 

Idle trunk available 
Should the trunk shown in Figs. 8 and 9 be idle 

at the time of an incoming call over trunk con 
ductor 50 and is therefore selected for the pur 
pose of completing the connection to the central 
office, the following relays would have operated 
in response to the selection: Relays 8-ON, 8R, 
8R2, 8SL, 8SL-1, 8SP, 8SP-1, 8S and 8L. Re 
lays 8SP-1, 8S and 8L are operated to their 
marking, or right-hand, positions under control 
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of the calling line, relays 9TL and 9R following 
the ringing current which is being received from 
the central office while a steady marking is being 
sent to the central office. 

Call received at the central office from the 
large Salpitching center 

In establishing a connection at the large 
switching center in response to a call from a 
subscriber station connected to the Small switch 
ing center a marking signal is impressed. On 
trunk transmission conductor 914 as hereinbe 
fore stated. However, when the trunk extending 
from the large switching center to the central 
office is in its idle, or spacing, condition relay 
O-FS is in its spacing, or right-hand, posi 

tion and keeps condenserf OO discharged. When 
the marking signal is impressed on the trunk 
transmission conductor 94 condenser 00 be 
comes charged and the filaments of vacuum 
tubes 002 to 006, inclusive, will become en 
ergized. When a marking signal. in excess of 
one-half second is received as a result of a call, 
condenser OO will charge sufficiently to cause 
vacuum tube 1003 to become active, or conduc 
tive, that is, draw plate current and operate, 
relay G-C which in turn will operate relay 
O-CT. The circuit for energizing, condenser 
'OO is traceable from grounded battery 008, 
resistance, fo2f, conductors 009 and OO, re 
sistances. Of' and Of2, condenser 00, to 
ground. The charge at condenser (OOf is ef 
fective over conductor 3 and the grid ele 
ment of vacuum tube 003 to cause current to 
flow through the winding relay Q-C from 
grounded positive battery 1008, through the fila 
ment of vacuum tube OO4, outermost upper 
armature and back contact of relay O-Ef, to 
ground at the marking contact, and armature 
of relay 0-R.S. Relay f0-CT, upon Operat 
ing, opens at its outer Iower armature and con 
tact the spacing contact circuit. of relay 0-RS 
so that when relay 0-RS returns to its spac 
ing condition vacuum tube, 003 will remain 
conductive. Also relay O-CT, upon operating, 
removes. at its outer upper armature and con 
tact the shunt, circuit around the upper wind 
ing of relay 0-R so that, relay 0-R... is. con 
ditioned to follow signals received over Con 
ductor 9.f4, of the outward transmission path. 
Relay 10-CT, upon operating, closes: a circuit 
extending from grounded battery 04, contact 
and inner lower armature of relay 0-CT, con 
ductor: 0.5, through the winding of relay 
0-TR, to ground and relay O-TR. operates. 
Relay O-TR, upon operating, will lock and 
operate relay fo-ON which, upon operating, ap 
plies power to the repeater and operates relay 
-O-BY. Relay 10-BY, upon operating., closes 

at, its Outermost lower arnature and contact an 
operating circuit for busy lamp. Of 6 at each of 
the appearances of the trunk at the operator's 
switchboard. Also relay. . . 0-BY, upon oper 
ating, closes at its upper armature and contact 
a ground connection whereby the filaments of 
.vacuum tubes 002 and 002 are: energized: in 
dependently of the marking contact. and arma 
ture of relay 0-RS, and . at its middle lower 
armaat Ice and contact applies a grounded po 
tential to the sleeve of jack 007 which affords 
the means for making the trunk circuit, busy. 
Meanwhile, the vacuum tube; filaments being 
energized, vacuum tube: 002 functions because 
of a potential on condenser -0.7 after relay 
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O-RS moves over to spacing contact, the po 

tential being applied over a circuit. traceable 
from grounded positive battery 1908, resistance 
02, conductors 1009: and 0, resistance 1834, 
conductor f036, condenser f0.7 to ground. 
Vacuum tube 002 became conductive prior to 
the operation of relay O-ON. The conductivity 
of vacuum tube 002 causes relay 0-A to Oper 
ate which relay, upon operating, causes the op 
eration of relay 0-AI and the source fell 
of 20-cycle alternating current. to become con 
nected to conductor 95 of the inward trans 
mission path through the joint operation of re 
lays O-ON and O-Al. Relay O-ON, upon 
operating, locks through the back contact and 
innermost upper armature of relay 0-E and 
transfers at its No. 6: armature, condenser 0-9 
from ground to a high resistance charging path 
extending through resistances 020 and f2, to 
ground battery 1008. When condenser 09 has 
charged for a period of one-half second, vac 
uum tube 006 will become conductive to op 
erate relay. 0-E which, upon operating, will 
operate relay f 0-E. Relasy 0-Ef uporn op 

5 erating closes a circuit at its middle upper 
armature and front contact for operating relay 
O-L, the circuit being traceable from ground 
at the innermost lower armature and back con 
tact of relay fo-SL, conductor f022, Iower 
armature and contact of relay O-Af, inner 
upper armature and contact of relay fe-CT, 
contact and middle upper armature of relay 
FO-El, through the winding of relay lo-L, to 
grounded battery. Lamp relay foI, (1) operates 
to light line lamp 023 at each appearance of 
the trunk in the operator's switchboard, (2) 
closes a circuit for operating the night alarm 
f024, and (3) places a grounded potential on the 
tip spring of make-busy jack 007. 

Subscriber abandons the call 
If the subscriber abandons the call before the 

operator answers, the outward path compris 
ing conductor 9 f4 will be returned to spacing 
and relay 0-RS will operate to its spacing, or 
right-hand, contact under the influence of the 
current flowing in its lower winding. Relay 
f0-RS, upon moving from its marking position, 
removes ground from the grid elements of vac 
uum tubes 004 and 005 and the grounded po 
tential of battery 1008 will be impressed on a 
circuit traceable over resistance I02'l, conduc 
tors i 009, FOI O and 1025, resistance t028, outer 
most lower arnature and contact of relay 
f0-SL, conductor f027, condenser 028, resist 
ance 029, conductor fo30, front contact and 
upper armature of relay 0-BY, to ground and 
condenser 028 after one-third second accumu 
lates a sufficient potential to make vacuum tube 
004 conductive to carry the grid element of 
vacuum tube 003 to a potential which is neg 
ative with respect to its associated flament. So 
as to make vacuum tube 003 non-conductive. 
Vacuum tube 1003, upon becoming non-conduc 
tive, causes the release of relays fo-C, O-CT, 
and f-I, and line lamp. ,023 is extinguished. 
Relay O-I, upon releasing, causes, due to, re 
sistance 037, condenser 028 to be charged at 
at slower rate. After four seconds, vacuum tube 
f05 will become conductive to. operate, relay 
-ID, which will, upon operating, short-circuit 

the holding, circuit of relay. Q-TR. Relay 
0-ER will release and thereby cause the re 

lease of relay, O-ON. Relay O-ON, upon re 
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leasing, will return the inward path comprising 
conductor 95 to its grounded condition and will 
remove power from the repeater. Relay 
10-ON, upon releasing, will also transfer con 
denser f09 to a discharging path extending to 
ground connection í03í. After one and one 
half seconds vacuum tube 906 will become non 
conductive and thereby cause the release of re 
layS O-E, O-Ef, and 0-BY and the circuit 
will thus be returned to its normal or idle con 
dition. The four-second delay in the removal 
of source 98 of 20-cycle dot impulse current 
from the inward path after the Subscriber aban 
dons the call as hereinbefore described, is utilized 
at the large Switching center to hold the con 
nection in case the Subscriber recalls before the 
operator a Swers the call. 

Operator anspers 
When the Operator answers a call by con - : 

necting a cord circuit to the line jack 032 with 
which line lamp 023 is associated, relay OSL, 
operates in a circuit connected to grounded bat 
tery in the Selected cord circuit. Relay 9S, 
upon Operating, opens at its innermost lower 
armature and back contact the operating cir 
cuit for relay fo-L, which releases to extinguish 
the line lamps, such as lamp 023. Relay 
fl-SL, upon operating, will change the timing 
for operating vacuum tube (5 so that it will 
operate relay 0-D on Subsequent Spacing con 
ditions of the outward path of one-second dura 
tion, the change being effected by closing a path 
at the Outermost lower arnature and contact of 
relay O-SL to shunt resistance element f 26. 
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operates the station "break' key, the local cur 
rent is reduced from 20 milliamperes to 5 milli 
amperes. This current is sufficient to hold relay 
4SP operated but permits relay 4S to place a 
Spacing condition on trunk conductor 50 which 
extends to the large switching center. At the 
large Switching center the spacing condition per 
mits relay 6C to hold relay f4H and its associated 
relays operated, but relays 6P and 6R are operated 
to their Spacing position and the transmission 
path which includes the upper windings, in series, 
of relays 6S and 6S, conductors 605, 638 and 639, 
tip contact of operated set 704, conductor 708, the 
lower windings, in series, of relays 8S and 8L, 
conductor 809, and grounded positive battery 
90, operates Send relay 8S to its spacing condition 
whereby the spacing condition is repeated over a 
transmission path including conductors 83, 832 
and 833, No. 3 armature and front contact of re 
lay 8-ON, conductor 834, normally closed con 
tacts at tipº Spring of jack 804-send, trunk con 
ductor 94, extending to the central office. At the 
time relay 8S operated to its spacing position, 
relay 8L, also operated to its spacing position 
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thereby removing ground from a path including 
conductors 835 and 836, No. 5 armature and con 
tact of relay 8A, conductors 837 and 907, and 
grounded battery 908, and permits condenser 838 
to become charged in a path including grounded 
battery 908, conductors 907 and 837, contacts and 
No. 5 armature of relay 8A, conductors 836, 835 
and 839, condenser 838 to ground. Condenser 838 

or left-hand, position a biasing current will flow 
in the lower winding, in series, of relays 0-S and 
9-SS. Relays -S and O-SS will follow all 

signals sent from the operator's cord circuit. 
Relay O-S will repeat the signals to the inward 
transmission path and relay fo-SS will apply 
ground to discharge condenser of 7 during all 
marking periods. When relay 0-R is operated 
to spacing by the outward path, the spacing sig 
nal Will be repeated to the cord circuit and the 
biasing current in the lower windings of relays 
0-S and 0-SS will be reversed to hold the 

latter relays to marking. 
With relay O-S in its marking, or left-hand, 

position a biasing current will flow in the lower 
winding of relay 8-R to operate it to its spacing 
or right-hand position when no current is flow 
ing through the upper winding of relay 0-R to 
the outward transmission path. The loop cur 
rent which flows in the outward transmission 
path during marking condition will operate relay 
0-R to marking against this biasing current. 
When a Spacing Signal is sent from the cord cir 
cuit, relay 0-S will reverse the current in the 
lower winding of relay 0-R to hold relay 0-R . 
to its marking position regardless of the condition 
of the outward transmission path which includes 
conductor 033. It is by this action that the 
"break' feature of the repeater is accomplished. 
The system is now in condition for transmission 

in either direction in response to the call origi 
nated by the subscriber whose station is connected 
to the small switching center. 

Subscriber sends a “break' signal 
When the Subscriber whose station is located 

near and connected to the small switching center, 
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receives sufficient potential after two-thirds of a 
Second to cause Vacuum tube 904 to become con 

35 ductive and operate relay 9SB. Relay 9SB, upon 
Operating, closes an operating circuit for relay 
8SB. Relay 8SB, upon operating, causes relay 
8B to operate. Relay 8B operates to connect 
source 830 of 20-cycle dots, or ringing current, in 
a circuit extending over the contact and middle 
upper armature of relay 8B, upper armature and 
contact of relay 8SB, transmission conductor 
833, contact and armature No. 3 of relay 8-ON, 
conductor 834, normally closed contact at the tip 

5 spring of jack 804, trunk conductor 94 to the cen 
tral office. The reception of a limited space signal 
followed by ringing current at the central office 
is interpreted thereat as the transmission of a 
break signal. The transmission of ringing current 
to the central office end continues as long as the 
subscriber's break signal continues. When the 
Subscriber break signal is terminated by a mark 
Signal, relays 8S and 8L, return to their marking 
positions and ground at the armature of relay 8L, 
is connected to the grid element of vacuum tube 
904 and relays 9SB, 8SB, and 8B release. Relay 
8SB, upon releasing, together with the release of 
relay 8B, causes a mark signal to be sent to the 
central office thus returning the trunk circuit to 
the condition it was before the reception of a 
break signal from the subscriber. The break sig 
nal is, therefore, converted to 20-cycle dots at the 
large Switching center after two-thirds of a sec 
ond. At the central office when the break signal 
is first received, relay 0-RS is operated to its 
Spacing position to allow condenser f028 to charge. 
After one-third of a second, vacuum tube 004 
will become conductive and will carry the grid ele 
ment of vacuum tube 1003 to a potential negative 
with respect to the filament of tube 003. This 
Will cause tube 003 to release relays 0-C and 
0-CT. Relay lo-CT upon releasing returns 

the control of vacuum tube 003 grid network to 
the spacing contact of relay O-RS. When the 
20-cycle dots are received, condenser 028 will be 
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discharged so that vacuum tube. .006: will not, be 
come conductive. The marking intervals in the 
20-cycle dot signals are: not, of sufficient duration 
to make vacuum-tube O03 conductive. At the end 
of, the break signal, when the outward path, re 
turns to marking, condenser f00 would charge 
sufficiently to cause vacuum tube: 003 to again 
operate relays 0-C, and O-CT. During the 
time-that, the 20-cycle dot signals are received, re 
lay 0-CT will be released. Relay, 0-CT, when 
released, forces, relay f O-R to spacing, regard 
less of the line or trunk condition so, that the 20 
cycle.dots will not be repeated to the cord circuit. 
Relay, 0-CT, because of the operating time, of 
vacuum tube foo3, requires .04 second to operate 
and its operation removes the short-circuit from 
the upper winding. Of t-R, thereby causing re 
lay 0-R to operate.to its marking position: ter 
minating the break signalisent. ?o the cord circuit. 

Operator at central office sends a 
“break” signal. " 

When a break signal is sent from the cord 
circuit, relay O-SS operates to its. Spacing, Con 
dition, and allows condenser of to become 
charged, under the influence, of grounded battery 
l,08 in a circuit traceable over conductors, 0.09, 
0.0, resistance fo34, conductor. 036, through 

condenser foil, to ground. After two-thirds of 
a second, condenser f0l. acquires a potential suf 
ficient to operate vacuum tube. .002, and the plate 
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current thereof operates relay O-A, which in 
turn, operates, relay O-Al. Relay, 0-A. upon 
operating... will. supplant the Spacing condition 
which has been placed on the inward path at the 
beginning of the break, signal by a continuous 20 
cycle ringing current, from source 018. This 
ringing current will cause the terminal repeater 
to transmit dot.signals at 20-cycle frequency to 
the large concentrating unit switching center. 
When the break is ended, relay 0-SS will, cause 
vacuum tube O2 to release, relays f(-A, and 
0-Af and to return the inward path to the re 

peater. At the large concentrating unit Switch 
ing center this break signal received from the 
central office is in the form of a limited space 
signal followed by a ringing current. Immedi 
ately, relays 9TL and 9R operate to their spacing 
positions, relay 9R, transmitting, the Space signal 
to the small switching center. Relay 9TL, upon 
operating to its spacing position, removes ground 
from the grid element of. Vacuum tube 902, in a 
circuit traceable over conductors 9.f5 and 9.6. 
The removal of ground from the grid element of 
the operator's break vacuum tube 92 causes con 
densers 9 fl to accumulate a charge in a circuit 
traceable from grounded battery 908, conductor 
907, resistance 9,f 8, conductor 99, condenser 9: T. 
conductor. 87, front, contact and No. 6 armature 
of . relay 8-ON to ground. After approximately 
one-third of a second, the potential on condenser 
97 becomes of sufficient value to make vacuum 
tube.902 conductive and the resulting plate: cur 
rent flowing in vacuum tube. 902 is effective to 
discharge condenser 920. which is normally 
charged in a circuit extending from grounded 
battery, 908, conductor 907, resistances. 92 - and 
922, conductor 923, condenser 920 to ground. The 
discharge of condenser 920. causes the grid elle 
ment of cut-through vacuum tube 903 to become 
negative" with respect. to its filament, thereby the 
plate current of vacuum tube. 903 is discontinued 
to cause the release of relay 9CT. Relay 9CT, 
upon releasing, releases relay 9CT?. Relay 9CT, 
upon releasing, again puts the grid element of 
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vacuum tube 903 under control of relay 9TL, and 
at the same time. results in the operation of re 
lay 9CT2. - Relay 9CT2, upon operating, (l), re 
moves ground from the grid element of the break 
limiting vacuum tube. 905, and (2) places the line, 
or upper, winding of relay 9R, under control of 
relay 8BL which, being unoperated at the time, 
continues to keep relay. 9R in its spacing position. 
After two-thirds of a second of space signal, ring 
ing current is received from the central office in 
time to prevent the operation of disconnect vac 
uum tube 906 and still.keep vacuum tube. 903 from 
operating, all of which results from the vibration 
of the armature of relay.9L under the influence 
of the received ringing current. A Space, there 
fore, is continuously sent to the Small. Switching 
center. Since the condition at this Small unit 
switching center cannot be determined while a 
space signal is being sent to such switching cen 
ter, the break must be limited. Therefore, after 
approximately, five seconds, vacuum tube 905, 
which lost the ground on its grid element because 
relay: 9CT2, operated, functions to operate relay 
9BL, and, in turn, relay: 8BL, the latter under the 
influence of interrupter 829. The circuit. for 
operating relay 8BL. may be traced from 
grounded battery, through the winding of the re 
lay, conductor 839, contact and armature of re 
lay 9BL, conductor. 924, armature. No. 6 and 
front contact of relay 8SP to ground at inter 
rupter 829. Each operation of the relay, 8BI 
causes a mark to be sent to the small switching 
center at which time a break, a recall, or a dis 
connect signal from the subscriber station, con 
nected to the small switching center will cause 
the circuit to act as outlined above in the Section 
entitled "Subscriber sends: a "Break' Signal.' At 
the conclusion of the break. signal, the ringing 

- current received from the central office is re 
placed by a continuous. mark signal, which in ap 
proximately .050, Second, causes the vacuum tube 
903 to operate relays 9CT and 9CT in-turn, caus 
ing, the release of relay 9CT2 and again restoring 
the inward transmission path to, normal. If vac 
uum tube. 905 has, functioned relay 9CT2, again 
connects ground to its grid element causing the 
release of relays 9BL, and 8BL. With the inward 
transmission, path established, steady mark is 
again sent to the small switching center and, the 
circuit, has returned to the regular half-duplex 
transmission condition. 
The operation of relay. 9R under the influence 

of interrupter. 829, causes a series of mark, signals 
to be repeated through the large switching center 
to operate relay 6S in the trunk circuit extending 
to the Small switching center and the series of 
mark. Signals are repeated by relay 6S to the small 
switching center. The repeated series of mark 
signals, operate relay 6C which continues to hold 
relay 4H and its associated relays operated. If 
the break signal exceeds. six. seconds a set of re 
lays, Such as, 9BL and 8BL. in conjunction with 
interrupter 829, alternately place a four-second 
marking and two-second spacing condition on the 
repeater relay. 9R and then in turn on, repeater 6S 
and eventually on the calling line extending, to 
the small switching center. At the Small Switch 
ing center, the ordinary break signal from the 
central office is received as a spacing condition 
and relay 5R operates to its spacing contact and 
the calling subscriber, loop. current is reduced to 
zero. This will release relay 4SP which would 
tend to release relay 4SP? and thus relay SP2. 
However, relay, 5-OB operates; to its left-hand 
contact. to furnish ground potential to a circuit 
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extending through the winding of relay ASP to 
hold the latter relay operated. If the break sig 
nal from the central office exceeds six seconds, 
the trunk terminating equipment in FigS. 8 and 
9 at the large switching center will send a mark 
ing condition to intervals, as hereinbefore stated, 
over the trunk to the small switching center to 
permit the calling subscriber to register a recall 
Ora disconnect signal. 

“Recalat” signals from subscriber 
The subscriber originates a recall signal by 

operating the subset power switch, such as start 
key 20 at subscriber station 292, to the 'off' po 
sition and then again operating it to the "on' 
position. This is in effect a disconnect followed 
by a new call. When the switch is in the 
"off’ position, relays 4SP, SP. and 4SP2 re 
lease. Relay 4SP2, upon releasing, causes re 
lay 5TH to release which transfers conductors 
540 and 54 from the repeater relay to the loop 
condition which includes high resistance ground 
(resistance element 53). The high resistance 
ground condition on the trunk extending toward 
the large switching center causes relay 6C to : 
release and in turn relays AH, 6C, 6SA and 
4C2 release. Relay 6C upon releasing, (1) re 

leases relay 6SA which indicates a disconnect 
condition to the terminating equipment at the 
large switching center; (2) transfers the trans 
mission circuit to the small switching center from 
the armature of relay 6S to ground on the back 
contact of relay 6C. Relay 6SA, when released, 
will also release relay 4C2 to operate relay 6S 
to its marking contact and relay 6R to its spac 
ing contact, the circuit for operating relay 6S 
being traceable from grounded battery 405, re 
sistance f 406, conductor 40, resistance f 408, 
upper make-before-break contacts of relay 4C2, 
conductor 409, through the lower windings, in 
series, of relays 65 and SS, resistance S 9 to 
ground, and the circuit for operating relay 6R 
to its spacing contact may be traced from ground 
ed battery 4), resistances 402 and 403, lower 
normally closed make-before-break contacts of 
relay 4C2, conductor 404, through winding No. 
4 of relay. SR, to ground. Relay 6R, in its spac 
ing position sends a Spacing signal to operate 
relays 8S and 8L to their spacing positions. Re 
lay 8S, upon operating, to its spacing position 
transmits a spacing signal over trunk conductor 
94, through the upper windings of relays 0-RS 
and 0-R, at the central office. Relay 8L, upon 
operating to its spacing position, directly removes 
ground from the grid element of vacuum tube 
904. On reoperation of the power SWitch at the 
calling subscriber station, say switch 20 at sta 
tion 202, relay 8S again sends a marking signal 
to the central office and relay 8, again connectS 
ground to the grid element of vacuum tube 904. 
On very slow flashes, in approximately three sec 
onds, the charge on condenser 338 and, therefore, 
on the grid element of vacuum tube 94 has be 
come sufficiently positive With respect to its asso 
ciated filament circuit to cause a plate Current 
to flow to thereby operate relay 9SB which in 
turn operates relay 8SB 1. Relay 8SBf, upon 
operating, releases relay 8SPS which again 
grounds the grid of vacuum tube 903, causing the 
release of relays 9SB and 8SB. In the mean 
time, a continuous space has been sent to the 
central office. . When the switch at the calling 
subscriber's station is again turned on, relay 8S 
Sends a marking signal to the central office and 
at the same time relay 8L applies ground to the 
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grid of vacuum tube 904 which becomes non-con 
ductive and thereby releases relays 9SB and 
8SBf if they have not already released, or pre 
vents them from Operating if they have not oper 
ated. The potential on ring conductor 706 again 
operates relay 8SP and in turn relay 8SP which 
again locks under the control of 8SB?. The space 
and mark signals sent to the central office are 
used to flash the line lamp at the SWitchboard. 
The operation of relay O-RS to its spacing 

position will cause relays 0-C, lo-CT and 
0-TR, to release as hereinbefore described under 

the section entitled 'Subscriber sends a Break 
signal.' The new call portion of the recall signal 
will reoperate relays 0-C, 0-CT and O-TR, 
to remove the ground from ring conductor 035. 
The momentary grounding of the ring circuit to 
the cord circuit as a result of a subscriber's recall 
signal will cause the relay in the cord circuit to 
flash the supervisory lamp. Each time that the 
power switch at the subscriber's station is oper 
ated to its "on', position, a marking condition 
will be placed on the transmission trunk and the 
relays will assume their respective positions that 
they usually assume when the transmission trunk 
is prepared for transmission, such as relays 6C, 
4H, 6C, 6SA, 4C2 will be operated. 

Subscriber sends a “disconnect” signal 
When the Subscriber at station 202 sends a 

disconnect signal the subscriber's loop is open 
and relays 4SP, 4SP, and 4SP2 release. Relay 
4SP2, upon releasing, causes relay 5TR to release 
which transfers the trunk from the repeater re 

5 lays to the high resistance ground or loop condi 
tion including resistance element 53 of relatively 
high value. The connection of resistance 53 f 
which may have a. value of 18,000 ohms at the 
small switching center causes relay 6C at the 
large switching center to release which in turn 
releases relay 4H and the release of relay f4H 
releases relay 6C. Relay 6C?, upon releasing, 
(1) releases relay SSA which indicates a discon 
nect condition to the equipment at the large 
Switching center resulting in a lighted Supervisory 
lamp at the distant central office, (2) transfers 
the transmission circuit to the small switching 
center from the armature of relay 6S to ground 
on the back contact of relay 6C. Relay 6SA, 
when released, will also release relay 4C2 to 
operate relay 6S to its marking contact and 
relay 6R to its spacing contact. The circuit 
for operating relay 6S to its marking contact may 
be traced from grounded battery f405, resistance 
406, conductor f407, resistance 408, normally 

closed upper make-before-break contacts of relay 
4C2, conductor 409, through the lower wind 

ings, in series, of relays 6S and 6S, resistance 
69 to ground. The circuit for "operating relay 
.6R to its spacing contact may be traced from 
grounded battery í 40 í, resistances í 402 and í 403, 
normally closed lower make-before-break con 
tacts of relay 4C2, conductor 404 through the 
No. 4 Winding of relay 6R to ground. The trans 
mission of a space Signal from relay 6R operates 
relays 8S and 8L, to their spacing positions. Re 
lay 8L, upon operating to its spacing position re 
InOWes ground from the grid element of vacuum 
tube. 904 which with relay 8A operated now re 
quires two-thirds of a second to draw sufficient 
plate current to operate relays 9SB and 8SB. 
The circuit for making vacuum tube 904 conduc 
tive may be traced from grounded battery 908, 
conductors 907 and 837, resistance 840, contact 
and No. 5 armature of relay 8A, conductor 836, 
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then over parallel paths one extending through 
condenser 838 to ground and the other continuing 
along conductor 839 to the grid element of vacu 
um tube 904. From this point on, the trunk ter 
minating circuit acts differently if the space were 
the result of a subscriber sending a break, a flash, 
or a disconnect signal and the three will be dis 
cussed separately. In the case of a subscriber 
sending a disconnect signal relay 8SP being in a 
spacing position, allows relay 8SP? to release 
which, in turn, causes the release of relay 9TR 
and the application of ground to the grid of vacu 
um tube 904, the action of the tube changing to a 
non-conductive condition causing the release of 
relays 9SB and 8SBt. Relay 9TR, upon releas 
ing, returns the circuit to effective full-duplex 
transmission. The trunk sends a continuous 
space to the central office where it is interpreted 
as a disconnect signal and the circuit awaits ap 
propriate action of the switchboard operator. 

Relay 8S, upon Operating to its spacing Con 
dition and sending a spacing signal to the cen 
tral office, causes relay FORS at the central office 
to operate to its spacing: position. After one 
third second, vacuum tube 004 will be conduc 
tive as hereinbefore described in the section en 
titled “Subscriber sends a "Break signal' to cause 
the release of relays 0-C and flo-CT, and 
One Second after the beginning of the spacing 
signal, vacuum tube 1005 will become conductive 
and relay O-D operates. Relay O-D upon 
operating, closes at its armature and contact a 
shunt path around the winding of relay O-TR 
and relay O-TR releases. Relay f OTR, upon 
releasing; applies ground to the ring conductor 
635 and to the ring conductor of the cord circuit 

to light the supervisory lamp, not shown, but well 
known in the art. The operator at the central 
office switchboard may dismiss the connection at 
this time by disconnecting the cord circuit from 
the trunk jack. If this is done, relay 0-SL 
will release and open at its front contact and 
innermost lower armature the operating circuit 
for relay O-ON which also releases. Relay 
fl-ON, upon releasing, applies ground or a 
spacing condition to the inward path including 
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proximately 2 seconds, the plate current-iri vac 
uum tube f4 19 is reduced by the decreased grid 
element potential to a point, where relay 4D 
releases. Relay 4D., upon releasing, releases 
relay 4D2 which in turn, upon releasing, re 
leases relay 4BY and the circuit is then restored 
to normal idle condition. . . . . . . . 

If the operator at the operator's office wishes 
to re-ring the Subscriber station, ringing current 
applied to the distant end of the trunk circuit 
causes relay 5R. to operate, in turn operating 
relay 5R5 which operates relay 5R4. Relay 5R4, 
upon operating, causes the release of relay SR, 
Relay 5R5, upon releasing, causes relay 4R2 to 
operate in turn operating relay 4R3. The opera 
tion of relay 4R3 (i) connects ground to the ring 
conductor 422 of the transmission path, the con: 
nection being made at the link circuit, side of 
relay 4SP; (2) operates relay 4B and transfers 

20 tip conductor 366 of the transmission path from 
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conductor 95, and connects ground at connec 
tion fo3 f over its back contact and No. 6 arma 
ture to discharge condenser f09. After one and 
one-half seconds vacuum tube 1006 will become 
non-conductive and thereby release relays fe-E, 
O-El and t-BY. The circuit will then be 
restored to the normal idle condition. 
When the operator at the distant central office 

removes the cord circuit plug from the trunk 
lack, "hold' magnet TH3 releases removing 
ground from conductor 707 whereby relays GSL, 
6SL? and 6DR release and conderiser 433 thus 
accumulating a potential via resistances 434 
and 435. After approximately 2 seconds the 
vacuum tube f49 becomes conductive thereby 
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operating relay 4Df which operates relay f4D2. 
Relay 4D2, upon operating, will (1) complete 
the charge of condensers. 433, (2) operate relay 
SE and connect negative 130-volt grounded bat 
tery to conductor 60 of the outgoing trunk to 
release the trunk terminating equipment at the 
Small switching center; (3) connects ground 
through resistance 436 to condenser 433; (4) 
opens the ground connection in the locking cir 
cuit of relay 6CL to release that relay, and (5) 
supply a holding ground for relay ABY. Relay 
6CI, upon releasing (1) opens the charging cir 
cuit for condenser f433 which then starts to discharge through resistance 1436. After ap 
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the link circuit side of the repeater relay to 
source 440 of 20-cycle ringing current which op 
erates the subscriber's station ringer, or bell. 
When the operator releases the ringing key, re 
lays 5Rf, AR.2, 4R3 and 5R4 release to remove 
the link circut side from the ringing source. A. 
Relay 4B which also connects ground to conduc 
tor. 422 of the transmission path, releases, after 
an interval Sufficient to allow the loop and link 
circuit capacity to become discharged. If the 
circuit is arranged for automatic ringing, relay 
4R3 will thereafter be operated by interrupted 
ground pulses from interrupter 43 f to apply ring 
ing current through the link circuit to the loop 
at regular intervals, . V- 

If the switchboard operator at the central ofce 
disconnects, the disconnect from the, subscrib 
er's station locally connected to the small switch 
ing center having been registered as above, de 
scribed, by removing the cord plug from the trunk 
jack, the trunk terminating equipment at the 
large switching center times out a 2-second in 
terval and then applies negative grounded battery 
to the trunk for 2 seconds. Relay 5, operates 
to open its normally closed contacts for the du 
ration of the negative battery pulse, removing 
ground from the grid condenser 425. Condenser 
425 is then charged through resistance 434 so 
that in one second the grid element potential is 
of a value that sufficient plate current flows in 
vacuum tube 49 to operate relay 4D in turn op 
erating relay 4Dt. The operation of relay (Df 
releases relays 4-ON and ARC, connects ground 
to conductor 430 which extends to the sequence 
circuit to operate relay f2DL and in turn causes 
disconnect lamp 20 to light. Relay f2DL and 
disconnect lamp f20? are employed only when 
the attendant's teletypewriter machine is plugged 
into jacks 435A and 436B. The release of relay 
4-ON opens the filament circuit of vacuum tube 
49, releasing relays 4D and 4D and the circuit 
is again in normal idle condition. 

If the operator at the central office disconnects 
from the selected trunk on an uncompleted in 
ward call or after the subscriber has discon 
nected, the trunk circuit at the large switching 
center receives a steady space signal from the 
central office. As outlined above under section 
entitled “Operator at central office sends a 
"Break signal,' the trunk circuit terminating 
equipment at the large switching center allows 
vacuum tube 902 to function to ground, the grid 
element of vacuum tube 903 resulting in the res. 
lease of relays 9CT and 9CT and the operation 

5 of relay 9CT2. Though the 9R relay operates 
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to its spacing position it has no effect upon the 
subscriber line. After another 23-second has 
elapsed, disconnect vacuum tube 906 functions 
to operate relay 9D which in turn causes the re 
lease of relay 8A. Relay 8A, upon releasing, 
causes the release of relays 9CT2 and 8-ON. 
Relay 8-ON, upon releasing, removes grounded 
battery from the vacuum tubes 902 to 906 and 
the repeater relay at the large switching center, 
releasing relay 9D, and removes ground from 
relay 8SL, causing it and the hold magnet TH3 
locked in series with it, to release. The release 
of the hold magnet, H3 removes the subscriber 
line from the trunk. Relay 8SL, upon releasing, 
causes relay 8SL to release and removes ground 
from conductor 827, releasing the associated 
chain relay, Such as relay i 6CH-0 of the Se 
quence circuit, thus removing the trunk-busy 
condition to other calling subscribers and extin 
guishing the trunk-busy lamp 83, returning the 
circuit to normal. 

Catl from the central office 
The operator at the central office will originate 

a call by connecting a cord circuit to the selected 
trunk jack. Relay 0SL will operate and close at 
its innermost lower armature and front contact 
an operating circuit for relay f O-ON which oper 
ates. Relay O-ON, upon operating, closes at its 
No. 1 armature and front contact the inward 
transmission path comprising conductor 95 for 
extending to the large switching center a mark 
ing condition produced by relay O-S when the 
operator inserts the plug of the Selected cord 
circuit into jack fes6 and the terminating circuit : 
at the large SWitching Center is prepared for tele 
direction. Ground at the outer upper armature 
and back contact of relay fo-TR will be extended 
over ring conductor 035 to light the cord circuit 
supervisory lamp, not shown, until a marking 
condition is placed on the outward transmission 
path by the terminating equipment at the large 
Switching center as an indication that it is pre 
pared for teledirection. The marking condition 
on the outward transmission path which includes 
conductor 94 will result in the operation of relay 
0-TR, to extinguish the cord circuit supervisory 
lamp to indicate the condition to the operator at 
the central office, who will then transmit the tele 
direction character signals. If the number called 
is busy, out-or-order busy, or unassigned, dis 
tinctive teletypewriter signals will be returned by 
the terminating equipment at the large switching 
center to indicate the condition to the operator. 
If the line or line trunk is idle, connection will 
be established to it by the terminating equipment 
of the selected trunk at the large concentrating 
unit switching center. Since in this case the 
called subscriber line or line trunk is idle, the 
equivalent of a disconnect condition will exist and 
the outward transmission path will return to 
spacing to relight the cord circuit supervisory 
lamp by the release of relay. Q-TR during the 
time the Subscriber station is being rung or ring 
ing current is being applied to the idle line trunk. 
When the subscriber answers, the outward trans 
mission path will again be changed to marking 
and the resultant extinguishing of the cord circuit 
supervisory lamp will indicate the answer of the 
call to the operator. 
The reception of a continuous mark signal at 

the large switching center operates relay 9TL to 
its marking, or left-hand, position, thereby re 
moving ground at the spacing contact of relay 
9TL from condensel 920 which begins to aSSume 
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a charge over a circuit extending from grounded 
battery 908, resistances 92 and 922, conductor 
923, condenser 920 to ground. After approxi 
mately 2-second, condenser 920 assumes a 
charge having a value sufficient to cause Vacuum 
tube 903 to become conductive thereby causing 
the operation of cut-through relay 9CT and in 
turn the operation of relays 9CT and 8A succes 
sively. Relay 9CT, upon operating removes re 
lay 9TL from the control of the grid element of 
vacuum tube 903. Relays 9CT and 9CT remain 
operated, and prepares at its outer lower arma 
ture and contact an operating circuit for start re 
lay 6ST2-0 in the trunk sequence circuit cor 
responding to the trunk selected by the operator 
at the, central office. Relay 8A, upon operating, 
(1) closes at its No. 4 armature and contact an 
operating circuit for relay 8-ON which upon 
operating connects power to the loop repeater 
and ground on the winding of relay 8SL; (2) re 
moves at its No. 1 armature and contact the . 
ground connection from conductor 84; (3) locks 

... up under control of relay 9D, which, upon oper 
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(5) 

busy lamp 8 í 3. 

ating, closes a shunting circuit traceable from 
grounded battery 925, contact and armature of re 
lay 9D, contact and middle lower armature of re 
lay 9TR, contact and its own armature No. 7 di 
rectly to ground; (4) connects ground at its No. 8 
armature and contact to conductor 842 which is 
extended over conductor 83, through the Wind 
ing of relay f6CH-0 to grounded battery and 
relay f6CH-0 operates among the chain relays of 
the sequence circuit to make this trunk test busy 
to calling subscribe's and also to light the trunk 

Relay 8-ON, upon operating, 
completes the circuit previously prepared at the 
outer lower armature and contact of relay 9CTSO 
that such prepared circuit may now be traced 
from ground, the contact and No. 5 armature of 

... relay 8-ON, outer lower armature and contact of 
relay 8SB, No. 1 armature and back contact of 
relay 8SP, outer lower armature and contact of 
relay 9CT?, inner lower armature and contact of 
relay 8SLl, conductor 843, through the winding 

' of start relay i 6ST2-0, conductor 85, back con 
tact and innermost lower armature of relay 
6BO-0 to grounded battery. Relay 6ST2-0 

operates Whereby the. sequence circuit is ordered 
to connect a director circuit to the selected trunk 
for the purpose of receiving teledirecting pulses. 
The sequence circuit when it attaches a director 
circuit to the selected trunk circuit connects 
ground at the innermost loWer armature and con 
tact of relay 6AL-0, as will be hereinafter de 
scribed, to conductor 607 which is extended over 
the normally closed contacts associated with the 
ring spring of jack 802A, through the winding of 
relay 8M to grounded battery. Relay 8M, upon 
operating, closes a plurality of circuits each ex 
tending through the Winding of One of the select 
ing magnets, 7 SM-l of the cross bar switches. 
connected in multiple, which form part of the link 
circuit. 
When start relays 6ST2-0 and 6CH-, oper 

: ate, an operating circuit for relay 6AD-0 is closed 
through the auxiliary contact of relay 6CH 
to grounded conductor 86t. Relay 6AD-0 (p- 
erates to connect ground at its Outer upper arm 
ature and contact to conductor 602 which serves 
as a trunk chain circuit and is therefore...in medi 
ately advanced and if this trunk chain circuit, 
of the trunk group is complete, that is a group 
is represented by the three vertical rows of re 
lays shown in Fig. 16, ground is sent to the all 
trunks-busy circuit shown in Fig. 22, causing it 
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to-time the intervalthat the al-trunks-busy con 
dition persists. Relay (6ST2-0, upon operating, 
(1) connects ground at its middle upper arma 
ture and contact to conductor 6 which extends 
through one or more trunk. Sequence groups to 
a director circuit wherein it is connected over the 
jnner right-hand armature and back contact of 
relay 23T5, to conductor 230 which is used to 
keep in speed the distributor motor associated 
with the director distributor circuit; (2) connects 
ground at its outermost upper armature and con 
tact to a circuit extending through call-discon 
nect lamp 62, conductor 48, through the 
winding of relay 8E, to grounded battery, to 
light the call lamp 6 f2; and (3) closes at its low 
er armature and front contact, assuming that 
no other ST2 relay in either of the trunk sequence 
groups shown in Figs. 16 and 17 is operated, a 
circuit extending from ground at the lower arm 
ature and back contact of relay 25CS in the mis 
cellaneous alarm circuit, conductor 250, contact 
and lower armature of relay 25D, conductor of, 
lower armature and back contacts of each of re 
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lays f TST2-9 to. TST2-0, and each of relays 
f6ST2-9 to. 6ST2-?, lower armature and front 
contact of relay 6ST2-0, through the winding 
of relay 6AL-0, conductor 624 back contact 
and upper armature of each of relays 5AL-G9 
to 5AL-G0, conductor 2506, back contacts, and 
armatures of relay 25SU in the miscellaneous 
alarm circuit, to grounded battery. Relay f6AL 
0 operates, provided no other AL relay in either 
of the trunk sequence groups shown in Figs. 16 
and 17 is in an operated position. If these Con 
ditions are not met, the particular AL relay, such 
as relay f6A-0 in the particular case at hand, 
will be delayed in operating until it has received 
a preference accorded to it by the sequence cir 
cuit. Relay 6AL-0, upon operating, (l) locks 
under control of its associated start relay 6ST2 
0; (2) causes relays 25 ST and 25CS in the mis 
cellaneous alarm circuit to operate successively; 
and (3) closes at its lower armature and front 
contact an operating circuit for relay 6AL-0 
which also operates, the circuit being traceable 
from ground, through the winding of relay 
6AL-0, front contact and lower armature of 

relay 6AL-0, conductor 624, back contact and 
upper armature of each of relays AL-G9 to 
AL-G0, conductor 2506 to grounded battery 

at the contact and lower armature of relay 25SU 
in the miscellaneous alarm circuit. Relay f6AL 
-0, upon operating, (1) connects at its outermost 
upper armature and contact a ground connection 
to conductor 65, inner left-hand armature and 
back contact of relay 23T5, conductors 2308 and 
2602, through the winding of start relay 26A, to 
grounded battery in the director circuit; (2) 
connects the two transmission conductors 808 
and 9f3 respectively, at its middle upper arma 
ture and contact and at its innermost upper arm 
ature and contact to conductors 6f 6 and 67, 
and thereby connects the selected idle trunk cir 
cuit shown in Figs. 8 and 9 to the director cir 
cuit; (3) connects ground at its innermost lower 
arnature and contact to conductor 6 which 
extends over conductor 826, normally closed con 
tacts associated with ring spring of jack 802. 
through the winding of relay 8M to grounded 
battery to energize the selecting magnet SM 
and corresponding magnets on other crossbar 
switches connected in multiple with that shown 
in Fig. 7 in the link circuit; and (4) connects the 
winding of relays f ssO-9 and 6BOf-0 over its 
two lowermost armatures and front contacts to 
conductors 68 and 69 respectively, conductors 
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1618 and 619 being the common busy-out-con 
ductors extending to the miscellaneous alarm cir 
cuit. The operation of relay 25CS in the mis 
cellaneous alarm circuit removes ground from 
conductor 70 of the entire office sequence. cir 
cuit chain. 
When the trunk circuit at the large switching 

center receives permission to route the call 
through the center, the Sequence circuit, as has 
just been described, connects the director circuit 
to the particular trunk. The inward transmis 
sion path from the trunk circuit is in a marking 
condition and is connected to conductors 93 
and 808. Conductor 9 13 is extended over con 
ductor ? 66, back contact and outer left-hand 
armature of relay 23T4, conductor 2309, through 
the lower winding of a gate relay 26G to ground, 
and conductor 808 is extended over conductor 
6 T, back contact and outer right-hand arma 

ture of relay 23T5, conductor 230, outer left 
hand armature and back contact of relay 26A4, 
conductor 2603, normally closed make-be 
fore-break contacts of relay 26U, normally closed 
make-before-break contacts of relay 26N3, con 
ductor 2604, through the left-hand winding of 
relay 26C2, to the front contact and outer left 
hand armature of relay 26A4, but relay 26A be 
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ing unoperated at this time, the latter traced cir 
cuit is open. The terminations of both of these 
circuits just traced are in the director circuit. 
The sequence circuit, upon seizing the director, 
places ground on conductor 65 which causes 
the operation of relay 26A in the director circuit. 
The operation of relay, 26A is the first function 
of the director circuit. Relay 26A, upon operat 
ing, (1) closes at its inner left-hand armature 
and contact an operating circuit for relay 26Af 
Which operates; (2) closes at its outer left-hand 
armature and contact an operating circuit for 
relay 26A2 which operates, the operating circuit 
for relay 26A2 extending to ground at the outer 
right-hand armature and contact of relay 26C? 
which at this time is unoperated; (3) applies 
telegraph ground at its right-hand arnature and 
contact (a) to a path extending over conductor 
2605, armature and back contact of relay 26C, 
conductor 2606, back contact and right-hand 
armature of relay 26AL, conductors 2607 and 
2702, to the receiving contacts 2703 to 207 in 
clusive, of the motor driven distributor, the 
grounded conductor 260 also serving to energize 
and operate start magnet 270 which upon op 
erating permits rapid acceleration of the motor 
2708 by eliminating clutch drag, (b) to the upper 
winding of the receiving relay 26G in a circuit 
extending over resistance 2608, to grounded bat 
tery 2609, the circuit through the upper winding 
of relay 26G serving to bias the relay armature 
to its spacing, or left-hand, contact, (c) to the 
"stop” pulse contact 2709 of the motor driven 
distributor, the circuit being traceable over con 
ductor 260, normally opened contacts 2709 which 
are Open at this time, right-hand armature and 
front contact of relay 26A2, to the armature of 
relay 26B which is now unoperated, (d) to the 
primary, or left-hand, winding of relay 26A3 in 
a circuit traceable over the back contact and 
outer left-hand armature of relay 26Ci arma 
ture and marking contact of relay 28G to 
grounded battery 2809, causing relay 26AS to op 
erate, providing relay 28G is operated to its right 
hand or marking contact in response to a mark 
ing signal being received from the loop repeater 
over conductor 2309, (e) to the rootentiometer 
formed by resistances 27 ft and 27 2 which is later used in operating the registering relays 2TR 
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to 27R5 inclusive, the circuit being traced as here 
inbefore described over conductor 260 to con 
ductor. 273, resistances 27 i ? and 27 i 2 to 
grounded battery. 2.f4, (f) to the primary or up 
per winding of relay 27R-6, resistance 27 5 to 
grounded battery 274 which circuit biases relay 
27R6 to its spacing or left-hand contact, and (g) 
tö the inner left-hand armature of relay 26C? 
which armature, when engaged to its associated 
front contact, is used to start the "director 
ready' signal. Relay 26A, upon operating, closes 
at its left-hand armature and contact a circuit 
extending from grounded battery, conductor 
26, series winding 276 of motor 2708, resist 
ances 27 7 and 27 8 to ground. The motor gov 
ernor contacts 27 9 disclosed in U. S. Patent 
1,860,556, granted to J. H. Sole, May 31, 1932, are 
closed in the motor operating circuit, while the 
motor is coming up to speed. Relay 26A? which 
therefore starts the distributor motor, locks to 
ground in a circuit which extends over its con 
tact and outer right-hand armature, conductor 
2307, back contact and inner right-hand arma 
ture of relay 23T5, conductor 6 ft, to ground at 
the middle upper armature and contact of relay 
f6ST2-0 in the trunk sequence group circuit, and 
the motor is kept running under control of the 
sequence circuit as long as an incoming call is 
awaiting completion. Relay 26A, upon operat 
ing, also supplies ground to the armatures of re 
lays 27R to 27R5 inclusive, which permits these 
relays to lock in either direction in which they 
may be operated, the circuit being traceable from 
ground at the inner right-hand armature and 
contact of relay 26A, conductor 26 f2, to the arm 
atures in parallel of relays 27Rf to 27R5. While 
the distributor motor 2708 is attaining speed, the 
distributor cams are successively operating, caus 
ing brief closures of each receiving contact of 
contacts 203 to 2707, in turn. Relays 27R to 
27R5 will, therefore, operate and lock in the Spac 
ing position or direction, due to these closures, of 
telegraph ground at relay 26A. The spacing lock 
ing paths of relays 27R and 27R2 extend 
through resistances 2727 and 2128 respectively, 
through the winding of relay 27J to grounded 
battery. . . .. 

Likewise, the spacing locking paths of relays 
27R4 and 27R5 extend through resistances 2729 
and 2730 respectively, and through the winding 
of relay 27.J. Therefore, relay 27J will operate 
assoon as any one of the relays 2R, 27R2, 27R4 
or 27R5 operate to spacing position. This opera 
tion of relay 27J opens the operating path of 
relay 26F preventing its premature operation. 
Meanwhile relay 26A2, upon operating, has in 
effect, placed the sensitive 26B relay across the 
governor contacts 279, has prepared in advance 
a path for operating the fast operating relay 26C 
and has operated the relay 26A4. Relay 26A4, 
upon operating, (1) prepares a path for sending 
the “director-ready' signal out over conductor 
230 and through the lower windings, in series, 
of relays 8S and 8L to the transmission conductor 
809, (2) operates relay 26A5 and (3) prepares a 
path for lighting lamp 260 in case the director 
circuit is timed out in this condition. Relay 26A5, 
upon operating, (1) closes at its outer left-hand 
armature and contact a circuit extending from 
ground at the inner left-hand armature and con 
tact of relay 26A4, outer left-hand armature and 
contact of relay 26A5, conductor 263, back con 
tact and right-hand armature of relay 23T6, con 
ductor 2303, through the lower winding of relay 
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erates; (2) closes at its inner right-hand arma 
ture and contact a circuit traceable from ground, 
Outer left-hand armature and back contact of 
relay 26AL, conductor 26 A4, outer right-hand 
armature and back contact of relay 23T4, con 
ductor 230t, through the lower winding of 25K? 
to grounded battery, and relay 25Kf operates (re 
lays 25AB and 25K, are in the miscelleaneous 
alarm circuit and operate as an indication that 
the director circuit has been moved off normal 
and conductor 263 furnishes the miscellaneous 
alarm circuit with information as to the satisfac 
tory condition of the associated trunk circuit); 
(3) prepares to lock over its left-hand winding 
and inner left-hand armature and contact to 
ground at the right-hand armature of relay 26C?; 
(4) prepares a path toward the tell-tale lamps 
26.5, 26f 6 and 26f 7; and (5) provides a locking 
path for relay 26A3. Relay 26A3 being operated 
at this time prepares to connect conductors 268 
and 26 9 to ground as soon as the “director 
ready" signal has operated relays 26C2. Relay 
26A3 also prepares to light lamp 26f 7 in case of 
trouble to indicate that the incoming marking 
Signal has been registered. ". . . . . 
While the distributor motor 2708 is accelerat 

ing, relays 26A, 26Al, 26A2, 26A3, 26A4 and 26A5 
are Operated. When full speed. is reached the 
governor contacts 279 (U. S. Patent 1,860,556, 
Supra) open momentarily, removing the short 
circuit from resistance 27, which has a value 
of approximately. 1000 ohms and allowing relay 
26B to operate through resistances 273 and 2620. 
Relay 26B is slow releasing and with the help of 
condenser 262 f holds over the closures of gov 
ernor contacts 279 thus operating relay 26C as 
SOOn as the "stpp pulse' contacts 2709 close. ... 
Relay 26C, upon operating, (1) removes tele 

graph ground at its back contact from the receiv 
() ing contacts 2703 tot 2707 and the start magnet 
270, thereby latching the clutch 2732 and pre 
venting further operation of the receiving con 
tacts; and (2), locks through the winding of 
relay 26C? which operates. Relay 26C, upon 
operating, applies telegraph ground at its inner 
left-hand armature and contact to send the 
'director-ready' signal out over, conductor 230 
to the loop repeaters comprising relays 8S and 
8L, the circuit being traced from ground at the 
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right-hand armature and contact of relay 26A, 
conductor 2605, inner left-hand armature and 
contact of relay 26C, through the left-hand. 
winding of relay 26C2, front contact and outer 
left-hand armature of relay 26A4, conductor 23 O, 
outer right-hand armature and back contact of . 
relay 23T5, conductor 67, contact and inner 
most upper armature of relay 6AL-0, conduc 
tor 808, through the lower winding, in series, of 
relays 8S and 8L, transmission conductor 809, 
normally closed make-before-break contacts of 
relay 9TR to grounded positive battery 90. Re 
lay 26C2 operates through current in its left 
hand or secondary winding providing its oper 
ating circuit comprising conductors 230, 6 7, 
808 and 809 is not in trouble. Relay 26C?, upon 
operating, also (1) transfers the armature of gate 
relay 26G from the winding of relay 26A3 to mag 
net 270, the transfer being effected at the outer 
left-hand armature and front contact of relay 
26C to close a new circuit extending over con 
ductor 2606, back contact and left-hand i arma 
ture of relay 26AL, conductor 2607, through the 
winding of distributor motor start magnet 27 of to 
grounded battery, conductor 2607 also serving to 

SAB to grounded battery, and relay 25AB op- 75 furnish incoming character pulses over conductor. 
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2702 to the selecting receiving contacts 2793 to 
2707 inclusive, of the distributor motor cam 
shaft; (2) opens at its outer right-hand armature 
and back contact the operating circuit for relay 
28A2 which releases; and (3) provides at its right 
hand armatures and front contacts an off-normal 
ground to a large part of the director circuit 
including the locking ground for relay 26A5 and 
ground on the armature of relay 27R6, the circuit 
for the latter ground being traced over conductors 
2622 and 2623, right-hand armature and back 
contact of relay 26R, conductor 2624 to the arma 
ture of relay 27R6. Relay 26C2, upon operating, 
(1) prepares at its left-hand armature and front 
contact a path to light lamp 2616 instead of lamp 
285 in case of trouble to indicate that the “di 
rector-ready' signal has been sent; (2) locks at 
its right-hand armature and Contact to ground at 
the inner right-hand armature and contact of 
relay 26C?; and (3) connects ground at the inner 
right-hand armature and contact of relay 26C 
Over its right-hand armature and Contact to the 
left-hand armatures and contacts of relay 26A3 
to conductors 26 f and 269 which extend to the 
miscellaneous alarm circuit to indicate that in 
case of trouble the director should not be taken 
out of service. Relay 26A2, upon releasing, re 
moves relay 26B from the governor contacts 279, 
releases relay 26A4 and transfers the stop pulse 
contacts 2709 from the left-hand winding of relay 
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26C to conductor 2626 which extends through the 
operating or lower winding of relay 27R6 prepara 
tory to receiving pulses from the loop repeater. 
Relay 26A4, upon releasing, (1) discontinues the 
use of the secondary or left-hand winding of 
relay 26C2 in conductor 23 O, and connects con 
ductor 230 to conductor 2693 which extends to 
the contacts of relays 26 U and 26N3 for sending 
signals to indicate busy, out-of-order busy, or un 
assigned lines; (2) opens at its inner left-hand 
armature and contact the operating path of relay 
26A5 which remains locked up by current in the 
left-hand winding of relay 26A5; and (3) trans 
fers ground at its right-hand armature from the 
path for lighting lamp 260 to a path for light 
ing lamps 2616 and 267. After the "director sig 
na' is sent the following relays are held operated; 
26A, 26Al, 26A3, 26A5, 26C, 26C, 26C2, 27J, 26G 
to their marking or left-hand positions and relays 
27Rf, 27R2, 27R3, 27R4, 27R5, 2TR6 are operated 
to their spacing or left-hand positions. The 
circuit is now prepared to receive pulses from the 
master office. 
Reception of the "figures” character at the large 

switching center 
Telegraph pulses received over the inward 

transmission path are repeated by gate relay 26G. 
which is normally held to its marking or right 
hand contact. The distributor motor is running 
but the receiving contacts of the distributor cams 
220 to 2726 inclusive, are not operated because 
start magnet 270 is released, thereby latching 
the clutch 2732. As soon as the character is 
received, the start pulse of the character sends 
the relay 26G to its spacing position to close the 
operating circuit for start magnet 27 of which 
operates, allowing cams 2720 to 2726 to rotate and 
to successively operate their respectively associ 
ated contacts. The motor speed and receiving 
contacts 2703 to 27 OT are adjusted so that at the 
time the first selecting pulse of the character is 
received, the secondary, or No. 3 winding of relay 
27Rf is momentarily connected to the armature 
of relay 26G. If the first pulse is marking, relay 
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27Rf will operate and lock to its marking or right 
hand contact. Similarly relay 27R2. will be left 
either spacing or marking depending on the char 
acter of the second pulse. The reception of the 
"figures' character then proceeds as follows: 

Dot element 26G. register relay Fan relay operated 

------------- Marking. - 27R1 (marking)... Relay 27D1. 
.do----- 27R2 (marking)--. Relay 27D2 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? --2 

3--- ---.- || Spacing.---| 27 R3 (spacing) --- 
4--- --- Marking-- 27R4 (marking)--- Relay 27D4. 

.do----- 27R5 (Inarking)--. Relay 27D5 ? ? ? --?? ? ? ? ? ? ? ? - - - - - 5 

With relays 27Rf to 27R5 operated as above 
mentioned, it will be noted that none of the lock 
ing paths of these relays pass through the wind 
ing of relay 27J but if any one is operated in the 
reverse direction, relay 27J will be energized. Re 
lay 27J will, therefore, release orily when a "fig 
ures' character is received. The succeeding stop 
pulse is marking which causes start magnet 2 of 
to release. The momentary closure of telegraph 
ground by the stop pulse distributor contact 270 
causes relay 27R6 to operate to its marking or 
right-hand contact overcoming the effect of its 
bias to its Spacing contact. The timing conden 
ser 2733 causes relay 27R6 to remain on its mark 
ing contact for .030 Second after the stop pulse 
distributor contacts 2709 open. This allows time 
for the operation of relay 26F which locks to 
ground in a circuit traceable over conductors 
2628 and 2629 to ground at the inner right-hand 
armature and contact of relay 26C?, and prepares 
a path for operating relay 26K when relay 2TRs 
returns to its spacing contact. In this way relay 
26K operates and locks to ground over conductors 
2628 and 2629 to ground at the inner right-hand 
armature and contact of relay 26C?, and transfers 
the marking contact of relay 27R6 along to suc 
ceeding counting relays in preparation for the 
registration of the next two digits as in the case 
where one hundred subscriber lines or less art 
provided for the large switching center. 
The reception of "figures” has therefore set up 

a combination of relays 27Rf to 27 R5, locking 
direct to grounded battery instead of through the 
winding of relay 27J thereby releasing relay 27J 
and allowing the next characters to be registered. 
Therefore "hits' on the line are harmless until 
the operator has sent a preliminary “figures." 
After the "figures' character has been received 
the following relays are operated; 26A, 26A,28A3, 

Ds?D4,2?2 ,D2?2 ,?D?2 ,25A5, 26C 26CI, 26C2 
2E, 27E2, 26F, 26K, 26G, 27Rf, 27R2, 27R and 
27R5 are in marking position; and 27R3 and 2TRs 
are in Spacing position. The operation of relays 
27D, 27D2, 27D4, 27D5, 27E? and 27E2 perform 
no useful function at this time. 

Reception and deciphering of the first digit at 
the large switching center 

The first digit of the called subscriber num 
ber Will be repeated by relay 26G, broken up 
pulse by pulse of the distributor contacts and 
recorded by relays 27Rf to 27R5 in much the 
same way as the "figures' character was re 
ceived. Relay 27Rf is operated in accordance 
With the position of the armature of relay 26G, 
at the middle of the first pulse received in the 
Windings of relay 26G, relay 27R2 according to 
the Second pulse, etc. In each case the Oper 
ating or No. 3 winding can quickly overcome the 
holding winding No. 1 or No. 2 but otherwise 
the relays hold in whichever directions they are 
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operated under control of motor start relay 
26A1. The following table indicates the condi 
tion of relays 27Rf to 27R5 resulting from trans 
mission of numerical characters. “M” indi 
cates marking; 'S' indicates spacing: 

Character Relay condition 

Lower case Upper case 27R1 27R2 27R3 27R4 27R5 

“Figures' “Figures' M MÍ S M M 
P O S M ? S . M. 
Q l M M M S M 
W 2 M M S S M 
E 3. M S S S S 
R 4. S M S M S 
T 5 S S S S M 
Y 6 M S M S M 
UT 7 M? ? M S S 
I 8 S M M S S 
O 9 S S S M M 

It will be noted that relay 27Rf in its mark 
ing position operates relays 27 Di and 27 Et in 
the fanning-out circuit. Similarly, each of the 
other fan relays is operated when its associated 
register relay is in its marking position. Also 
relay 27J will be operated during the reception 
of the first digit but performs no useful function 
after the “figures' character has been received. 
At the conclusion of the reception of the dot 
element of the particular character transmitted, 
relay 27R6 again operates to its marking posi 
tion and is again held for an additional period 
of .030 second. Relay 27R6, upon operating to 
its marking, or right-hand, position causes the 
operation of relay 26L in a circuit traceable from 
grounded battery through its primary, or left 
hand, winding of relay 26L, back contact and 
right-hand armature of relay 26M, front con 
tact and right-hand armature of relay 26K, con 
ductor 2630, marking contact and armature of 
relay 27R6, conductor 2624, back contact and 
right-hand armature of relay 26R, conductors 
2623 and 2622, to ground at the inner right 
hand armature and contact of relay 26C. Re 
lay 26L, upon operating, locks to ground also 
furnished at the right-hand armature and con 
tact of relay 26C, but in a circuit traceable over 
conductors 2628 and 2629. Relay 27RS, upon 
operating, to its marking contact furnishes 
ground at the right-hand armature and contact 
of relay 26C to a circuit traceable over con 
ductors 2622 and 2623, right-hand armature and 
back contact of relay 26R, conductor 2624, arma 
ture and marking contact of relay 27R6, con 
ductor 2630, right-hand armature and front 
contact of relay 26K, right-hand armature and 
back contact of relay 26M, back contact and 
armature of relay 26N, back contact and outer 
left-hand armature of relay 26R, left-hand 
armature and contact of relay 26LU, conductor 
263 , through the armature of relay 27D5. From 
the armature of relay 27 D5 the path just traced 
is fanned out by means of the operated or non 
operated fanning-out relayS to One of ten con 
ductors designated by NoS. 0 to 9 and included 
in group 2735 which eventually cause the oper 
ation of a relay such as relays, 24H-0 to 
24H-9 represented on the drawings by relays 
24H-0, 24H-4 and 24H-9, the relay selected 
being that which is associated With the par 
ticular conductor of those designated by NoS. 
O to 9. The H relay Selected corresponds to the 
tens group of the particular called local sub 
scriber line or line trunk extending to the Small 
switching center. The selected H relay, upon 
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39 
operating, locks in series with relay 24KO in a 
circuit traceable over conductor 240, back con 
tact and outer right-hand armature of relay 
23T3, conductors 2628 and 2629 to ground at the 
right-hand armature and contact of relay 26C. 
Relay 24K, upon operating, (1) removes 
grounded battery from the operating windings 
of all H relays, such as relays 24H-0, 24H-4 
and 24H-9, preventing the operation of another 
H relay on this call; (2) causes the operation of 
relays 24K- and 24K-2 which definitely re 
mOVe any H relayS from their aSSociated con-- 
ductors, Nos. 0 to 9 of the fanning-out circuit; 
and (3) closes at its right-hand armature and 
contact a connection between conductor 2402 
extending to the miscellaneous alarm circuit and 
conductor 2403, a ground connection in the 
miscellaneous alarm circuit later. Serving to op 
erate the "hold' magnet of the link circuit in 
case the called line or line trunk is idle. Relay 
26T, upon operating, prepares a path at its left 
hand armature and front contact for the oper 
ation of relay 26M. When relay 27R6 returns to 
its Spacing, or left-hand, contact after .030 
second, relay 26M will operate and ground con 
nection will be supplied to a contact on a par 
ticular H relay operated, causing the operation 
of the Hi and H2 relays associated with the 
particular tens group of the called lines or line 
trunks, say relays 23Hi-O and 23H2-0, or 
24H-4 and 24H2-4, or 24H-9 and 24H2-9 
or any intervening pair of Filf and - H2 relays. 
The particular pair of H and H2 relays selected, 
upon operating, connect the fanning-out con 
ductors, Nos. 0 to 9 of group 27 S5 to the º corre 
Sponding conductors, Nos. 0 to 9 of the particu 
lar tens group of called lines. Relay 26M, upon 
operating, (ii) locks to ground at the armature 
and contact of relay 26C; (2) opens the oper 
ating path for relays 26L and the operated H 
relay, such as relays 26H-0, 24H-4 and 24H-9, 
and prepares a path for the operation of relay 
26N; (3) connects ground at the release key 
2632, over the outer right-hand armature and 
back contact of relay 26LU, contact and outer 
left-hand armature of relay 26M, conductor 
2633 which extends to the sequence circuit where 
the connected ground is instrumental in fixing 
the trunk advance change and in preventing 
the release of any link circuit in use On an eS 
tablished call. After the first digit has been 
received the following relays are operated: 26A, 
26Ai, 26A3, 26A5, 26C, 26C, 26C2, 26F, 26K, 26L, 
26M, one H relay such as 24H-0, 24K0, 24K, 
and 24K2, and one pair of Hi and H2 relays. 
Relay 26G is in its marking position, relay 27R6 
is in its spacing position, relays 27R to 27R5 
and 2D f to 27D5 and 27E. and 27E2 are operated 
according to the character signal just received, as 
shown in the table set forth above. 
Reception and deciphering of second digit at the 

large switching center 
The Second digit of the called line or trunk is 

received, registered and made to operate the fan 
ning-out relays in the same way as the first digit. 
Relay 21R6 operates to its marking contact while 
the stop contacts 2709 are closed and thereby 
causes the operation of relay 26N, the operating 
circuit for relay 26N being traceable from ground 
ed battery, through the winding of relay 26N, 
front contact and right-hand armature of relay 
26M, front contact and right-hand armature of 
relay 26K, conductor. 2630, marking contact and 
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armature of relay 27R6, conductor 2824, back 
contact and right-hand armature of relay 26R, 
conductors 2623 and 2622, to ground at the inner 
right-hand arnature and contact of relay 26C?. 
Relay 26N, upon operating, (1) connects ground 
ed positive battery 2634, through a high resistance 
2635, say of 5,000 ohms, to a circuit traceable 
over the contact and outer left-hand armature of 
relay 26N, conductor 2636, through the lower 
Winding of relay 26G to ground to prevent any 
additional incoming pulses from being registered; 
(2) locks over its inner left-hand armature and 
Contact to grounded conductor 2622; and (3) 
opens at its right-hand armature and back con 
tact the operating path of relay 26M, the oper 
ated pair of relays H and H2, and prepares a 
path for the operation of relay 26N1. 
When relay 27R6 returns to its spacing, or left 

hand, contact, it causes the operation of relay 
26Nl in a circuit traceable from grounded con 
ductor 2624, armature and spacing contact of 
relay 27R6, conductor 2734, left-hand armature 
and contact of relay 26F, left-hand armature and 
front contact of relay 26L, right-hand armature 
and front contact of relay 26N, through the wind 
ing of relay 26N, to grounded battery. Relay 
26N, upon operating, (1) closes at its armature 
and front contact a circuit, extending from 
grounded battery, through the windings, in series, 
of relays 26-OO and 26-BY, front contact and 
armature of relay 26N, back contact and outer 
left-hand armature of relay 26R, left-hand arma 
ture and contact of relay 26LU, conductor 263 f, 
through the fanning-out circuit closed by the 
Operated COmbination of relays 27 D to 2D5 and 
2E and 27E2, particular conductor of those des 
ignated Nos. 0 to 9 of group i 2735, through a nor 
mally closed contact and an armature on relay 
2.3T or 23T2 or 23T3, and particular conductor 
of those designated Nos. 0 to 9 in groups 23 2, 
Over the closed contacts of one of the operated 
armatures of one of the relays Hil or H2 of the 
desired pair to a conductor extending to the de 
sired, or called, line trunk extending to the small 
switching center, such as conductor 233 in the 
case shown and described herein which extends 
over the normally closed make-before-break con 
tacts of relay 4AD, through the winding of relay 
4HH, to grounded battery. Relay 26N, upon 

Operating, also causes the operation of the slow 
acting relay 26N2. It will be noted that as usual 
the registration remains locked in the direction 
in which it was last operated. 
Testing at the large switching center of a line 

trunk to the small suitching center 
The connection of grounded battery through 

the Windings, in series, of relays 26-OO and 
26BY to the called trunk lines represented by 
conductor 233 as hereinbefore described, ordi 
narily enables these two relays to determine if 
the conductor 23 f3 is terminated in a direct 
ground which causes the operation of both the 
relays 26-OO and 26BY, or a 1900-ohm out-of 
order ground which results in the operation of 
relay 26-OO only. However, in a tandem sys 
tem as herein described, relay 26BY only is re 
quired because of the automatic hunting arrange 
ment available for selecting the first idle line 
trunk of a group as shown in Fig. 14 wherein con 
ductor 233 may be connected if all line trunks 
to the small Switching center are busy, over the 
front contact and Outer lower armature of an AD 
relay in each of the line trunks extending to the 
Small switching center to ground, 

a;375,856 
This test takes place during the slow-operating 

time of relay 26N2 which begins to operate when 
relay 26N, operates. As soon as relay 26N2 oper 
ates, relay 26N3 operates in a circuit traceable 
from ground at the inner right-hand armature 
and contact of relay 26C is connected over the 
armature and front contact of relay 26N2, the 
armature and front contact of relay 26-OO to 
grounded battery, through the winding of relay 
26N3. Assuming that the trunk line extending 
to the small switching center, as shown in Figs. 6 
and 14, is idle, in which case ground is not con 
nected to conductor 233, relay 26-OO will be 
non-operated and the ground Connection at its 
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; almature and back contact will cause the opera 
tion of relay 26R. Relay 26R, upon operating, (1) 
removes relays 26-OO and 26BY from conductor 
233 and replaces them by relay 26S whose wind 
ing is included in a circuit traceable over con 
ductor 2637, back contact and inner left-hand 
armature of relay 23T4, conductor 2403, right 
hand armature and contact of relay 24KO, con 
ductor 2402 and 509 in the sequence circuit; (2) 
causes the release of relay 26Nf by removing at 
its right-hand armature and back contact, the 
ground connection at the inner right-hand arma 
ture and contact of relay 26C; (3) prepares at 
its inner left-hand armature and front contact a 
path for operating relay 26U and (4) locks to 
ground at the inner right-hand armature and 
contact of relay 26C. Relay 26N, upon releas 
ing, causes relay 26N2 to slowly release. During 
the time that relays 26N, and 26N2 are releasing, 
ground at the inner lower armature and contact 
of relay 25D in the miscellaneous alarm circuit is 
connected in a low resistance path extending 
through the winding of relay 25E, normally closed 
contact of relay 25F, conductors 509 and 24.02, 
contact and right-hand armature of relay 24KO, 
conductor 2403, inner left-hand armature and 
back contact of relay 23T4, conductor 2637, 
through the winding of relay 26S, front contact 
and outer left-hand armature of relay 26R, inner 
left-hand armature and contact of relay 26LU, 
cGnductor 263, through the fanning-out circuit 
to conductor 233, normally closed make-before 
break contacts of relay 4AD, through the wind. 
ing of relay 4HH to grounded battery. Under 
the assumed condition that the called line trunk 
shown in Figs. 6 and 14 is idle, grounded battery 
permits relay 26S to operate but due to the high 
resistance of the circuit, relay 14HH remains un 
operated. Relay 26S, upon operating, opens the 
Operating path of relay 26U, and closes a path 
to operate relay 26S in a circuit traceable over 
the front contact and left-hand armature of re 
lay 26S, back contact and armature of relay 26N2, 
conductors 2623, and 2622, to ground at the inner 
right-hand armature and contact of relay 28C. 
When relay 26N2 releases, ground supplied by the 
inner right-hand armature and contact of relay 
26C is connected to the armature and front con 
tact of relay 26S, through the winding of relay 
26Sf to grounded battery and relay 26S oper. 
ates. Relay 26S, upon operating, (1) locks to 
ground in a circuit traceable over the contact and 
left-hand armature, conductors 2628 and 2629, 
to ground at the right-hand armature and con 
tact of relay 26C?; (2) short-circuits at its oper 
ated auxiliary contact, the winding or relay 2BS 
and (3) holds open at its right-hand armature 
and contact, the operating path for relay 26 U. 
With the winding of relay 26S short-circuited, 
resistance ground supplied by the miscellaneous 
alarm circuit, connected through the fanning-out 
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circuit to conductor 233, will cause the operation 
of relay 14HH. Relay 14HH, upora operating, (1) 
operates relays 6SL, and 6SL, , (2) disconnects 
the winding of relay 4BY from the No. 3 arma 
ture of relay 6SL and (3) connects ground via 
resistance 643, normally closed contacts associ 
ated with ring spring of jack 630A, conductor 792, 
through the winding of hold “magnet’ H3, to 
grounded battery. Hold magnet, H3 operates and 
thus connects this called line trunk circuit ex 
tending to the Small switching center to the 
calling trunk at the large Switching center. Oper 
ation of hold magnet 7H3 will cause the closure 
of the cross bar Switch contacts of set 704 at the 
interSection of the selected trunk and the called 
line trunk. When hold magnet, H3 operates, it 
locks in series with relay 8SL, which in turn 
operates relay 8SL. Relay 8Sr., upon operat 
ing, (1) opens at its inner lower armature and 
contact, the operating circuit for start relay 
6ST2-0 in the trunk sequence group which re 

leases to dismiss the director circuit and (2) per 
mits relay 8R3 to operate intermittently in a cir 
cuit traceable from grounded battery, through the 
winding of relay 8R3, contact and No. 2 arma 
ture of relay 8SP, contact and lower armature 
of relay 8BI, inner lower armature and back 
contact of relay 8R2, outer upper armature and 
Contact of relay 8SL, upper armature and con 
tact of relay 8RC, contact and No. 6 armature 
of relay 8A, to grounded interrupter 829. Relay 
8R3, upon operating, (1) applies ringing current 
from source 830 to the transmission conductor 

8, (2) operates relay 8B in a circuit traceable 
from grounded battery, through the Winding of 
relay 8B, inner lower armature and back contact 
of relay 8SB, contact and outer lower armature 
of relay 8R3, conductor 8 to ground at the No. 
4 armature and contact of relay 8A and (3) con 
nects ground at its inner lower armature and 
contact to a circuit extending over conductor 844, 
contact and No. 3 armature of relay 8SP, con 
ductor 845, to the ring conductor 706 thereby 
short-circuiting the line circuit winding of relay 
8SP. Relay 8R3, upon operating, and releasing, 
alternately, under the influence of grounded in 
terrupter 829, therefore connects automatic ring 
ing to the transmission conductor 0.8. Each time 
relay 8R3 releases it again sends a steady mark 
to the transmission conductor 98 and causes the 5 
slow-releasing relay 8B to release, resulting in the 
removal of the short-circuiting ground from the 
line winding of relay 8SP. Should the circuit be 
1not arranged for automatic ringing, the attach 
ment of the called trunk line to the calling trunk 
and the consequential release of the director cir 
cuit causes the transmission of a space signal to 
the central office where it is employed to inform 
the operator to start ringing. The ringing signal 
received in this trunk and transmitted by the 
cperator causes the operation of relays 8R, 8R, 
and 8R2 resulting in the operation of relay 8R3 
which in turn acts upon relays 8SP and 8B ex 
actly as if operated from grounded interrupter 829 
and the called line is rung in accordance with the 
ringing received from the central office. 
Release of sequence circuit and director circuit di 

te large Svitchining center 
Immediately after the first digit of the called 

number of the desired line trunk extending to 
the small Switching center, is received by the di 
rector circuit at the large switching center, a 
circuit is closed extending from ground at the re 
lease key 2632, outer right-hand armature and 
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contact of relay 26LU, front contact and outer 
left-hand armature of relay 26M, conductor 2633, 
through the windings, in parallel, of relays 
8H-9, 8H- and 8H-2, to grounded battery 
and relays 8H-0, 8H-1 and 8H2 operate. 
After the link circuit shown in Fig. 7 has com 
pleted the connection of the calling trunk to the 
called line trunk and relay 8SL and relay 8SL 
have operated, ground is disconnected from the 
operating circuit of the start relay in the trunk 
sequence group such as relay 16ST2-0 of the 
first trunk of the first trunk Sequence group caus 
ing the release of relay, say, relay 6ST2-0. Re 
lay 6ST2-0, upon releasing, causes the Subse 
quent release of relay i 6AL-0 and extinguishing 
the call disconnect lamp 62. Relay 6ST2-9, 
upon releasing, (1) removes ground from a path 
including conductor 6 ? Which extends through 
the winding of relay 26A, to grounded battery, 
the path serving as a locking circuit for the latter 
relay, provided conductor 6 if is not grounded 
by another ST2 relay, such as relays 6ST2- or 
16ST2-9, or f TST-10; (2) causes the release 
of the associated relayS 6AT-0 and 6AL-0. 
Relay 6AL-0, upon releasing, (1) removes 
ground from conductor 615 which extends 
through the winding of relay 26A to grounded 
battery and relay 26A releases permitting the di 
rector circuit to return to normal; (2) opens the 
two transmission conductors 808 and 9 3 thereby 
disconnecting the trunk circuit from the director 
circuit; and (3) removes relays 6BO-0 and 
6BO-0 from the trunk circuit, the operating 

circuits for relay f6BO-0 and SBOf-0 having 
been respectively extended over conductors 68 
and 69 to the miscellaneous alarm circuit. Re 
lay 6AL-0, upon releasing, removes grounded 
battery from conductor 622 which extends to 
the miscellaneous alarm circuit. Relay 25CS of 
the miscellaneous alarm circuit does not release 
until the director circuit has returned to normal 
and upon its release reconnects ground to the cir 
cuit (including conductors 2507 and 70?) which 
extends to the sequence circuit to enable the se 
quence circuit to handle a new call. The director 
circuit on returning to normal removes ground 
at the release key 2532 by the release of relay 
2SM of the operating circuit of relay 8H-9, 
8H-f and 8H-2 which now is released. Upon 
the completion of a call, the trunk circuit func 
tions to permit the release of relays 6CH-0 and 
18AD-0 which, if the relays 8H-0, 8H-1 and 
8H-2 are not operated, release and return to 
normal. If the chain is held in a fixed condition 
by the operated 8H-9, 8H- and 8H-2, the 
particular CH and AD relays will remain operated 
until the fixed condition is removed and then re 
turns this circuit to normal. 
As hereinbefore stated, the subscriber's station 

Will be connected to the line trunk circuit which 
Will function to release the sequence circuit. The 
sequence circuit in turn will function to remove 
the ground from conductor 65 and relay 26A 
therefore releases removing off-normal telegraph 
ground from the various parts of the circuit in 
cluding relays 26C and 26C and releasing relay 
26A unless the circuit including conductors 2307 
and 6 is held grounded indicating that an 
other inward call is awaiting completion. Relay 
26C?, upon releasing, removes off-normal locking 
ground from a considerable part of the director 
circuit. If relay 26A releases the distributor no 
tor Will be stopped and all remaining parts of 
the circuit will be deemergized. If, however, relay 
26A is held operated, the distributor motor is 
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the associated fanning-out relays 2ID? to 21 D5 
and 27E and 2E.5 are locked in the condition 
in which they were operated by the last digit. 
When the next call comes in, the operation will 
be described as hereinbefore described except as 
follows: Relay 26B now operates immediately 
since the motor is running at full-speed and relays 
26C and 26C, follow at once upon receiving a 
closure of the stop pulse contacts 2709 of the 
distributor. Before this stop pulse is reached, re 
lays 2R to 2 R5 may be operated to a spacing 
position through a back contact of relay 26C but 
in any case the circuit waits to receive "figures' 
before proceeding with the call. The operation 
continues as hereinbefore described. 
The operation of relay 6SL, as hereinbefore 

stated, operates relay 4D in a circuit traceable 
from ground at the No. 1 armature and contact of 
relay 6SL?, conductor 64, armature No. 5 and 
back contact of relay 6CL, conductors 645 and 
646 through the winding of relay 4D, to grounded 
battery. Relay 4D, upon operating, closes at its 
lower armature and contact an operating circuit 
for relay 6E and relay 6E operates applying ring 
ing current from source 431, to a circuit extend 
ing OVer the front. contact and upper armature of 
relay 4D, back contact and No. 6 armature of 
relay 4D2, conductor 438, front contact and up 
per armature of relay 6E, conductor 60, normally : 
closed contacts associated with ring spring of jack 
608, conductor 50 of the called line trunk extend 
ing to the Small SWitching center. In the case 
of two-wire...operation, the operation of relay 6E 
also transfers the neutralizing conductor 503 
from resistance 65 to ground, providing a metal 
lic circuit for ringing. Relay 6SLf, upon operat 
ing, (1) removes ground from the grid element of 
vacuum tube 42, permitting condenser f439 to 
charge in a circuit traceable from grounded posi 
tive battery 1405, conductor 424, contact and No. 
5 airmature of relay 6SI, conductor 640, resist 
ance 425, condenser 439 to ground, (2) ener 
gizes the filaments of vacuum tubes 49 and 42 
and (3) connects ground at its No. 1 armature 
and contact to a circuit traceable over conductors 
644 and 647, through condenser f433, to ground 
at the No. 4 armature and contact of relay 6SL. 
Relay 6SL, upon operating, (1) completes the 
transmission circuit from conductor .638 which 
now extends to the repeater of Fig.8 to conductor 
605 through the upper windings of supervisory re 
lay 6S and send relay 6S, to ground at the arma 
ture and contact of relay 5R.; (2) completes at its 
No. 5 armature and contact the circuit extended : 
from grounded positive battery 405 as hereinbe 
fore traced through the winding of relay 4F, to 
the plate of vacuum tube f42; and (3) supplies 
ground at its No. 3 armature and contact to a 
circuit extending through the upper winding of 
relay 4AD. Should it be desired to arrange the 
line trunks extending to the small switching cen 
ter on a line hunting basis as well known in ma 
chine switching telephony, two additional or up 
per, armatures may be provided for the AD relay 
in each line trunk such as relay f4AD for the 
trunks shown in Figs. 6 and 14. One of these arm 
atures would have a normally closed contact con 
nected through the resistance to a grounded neg 
ative battery, such armature being connected to 
ground, through a normally opened contact and 
armature, not shown, on relay 25D in the miscel 
laneous alarm circuit. The other armature of 
such pair is likewise connected to the normally 
opened contact and armature of relay 25D and its 
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kept running and the relays.27Rf to 27 R5 and associated normally opened contacts connected to 

a similar arrangement of armatures on the AD 
Irelay in the succeeding trunk of the group or 
directly to ground. Therefore, during the time 
that the Sequence circuit is in use and the line 
trunks to the small switching center are arranged 
on a hunting basis, ground is placed on the con 
ductor, not shown, extending to an armature on 
relay 25D in the miscellaneous alarm circuit. 
Thus the operating ground for relay 4AD sup 
plied by relay 6SL is not effected until ground is 
removed from the conductor extending to an 
armature on relay, 25D. The originating ground 
for the circuit including conductors 2507 and 70 
is supplied from the same relay, that is, relay 25D 
in the miscellaneous alarm circuit. When relay 
4AD operates, therefore, no ground is connected 

to the conductor extending to the next trunk in 
the group. After approximately one second 
vacuum tube 42 becomes conductive to operate 
relay. 4F which in turn operates relay 6CL which 
locks to a contact at armature.No. 1 of relay 4D2. 
The operation of relay 6CI applies ground to con 
denser 439 to cause the vacuum tube 42 to be 
come non-conducting and in turn release relay 
4.F. Relay 6CL, upon operating, closes.at its No. 

1 armature and contact, an operating circuit for 
relay 4BY, which operates to lock relay 4AD 
operated for the duration of the call. Relay 6CL, 
upon operating, releases relay 4D which replaces 
the ringing current on the called line trunk con 
ductor 50 l with ground through resistance 440 
to discharge trunk conductors 50 and 503 which 
are now connected in a loop, extending through 
the Small Switching center. Relay 6E is released 
from relay 4D and transfers the line conductors 
to the main trunk circuit extending back to the 
central office. 
At the Small switching center the reception of 

the ringing current has conditioned the line trunk 
terminating equipment for the reception of the 
call and has established connection to its direc 
tor circuit which places a negative markingpo 
tential on the line trunk at the small switching 
Center. 
The call from the operator's office is received 

at the Small switching center as a one second 
interval of twenty-cycle ringing current. Relay 
5R operates, operating relay 5R.5 which operates 
relay 5R4. The operation of relay 5R4 causes re 
lay 5R5 to release. With relay 5R4 operated and 
relay 5R5 released, a circuit is completed to 
operate relay 4R2. Relay 4R2 operates relay 4 
ON and relay 4-OC, both of which lock to a back 
contact and inner lower armature of relay 4Dt. 
Relay A-ON, upon operating, (1) connects tele 
graph ground at its Nos.1 and 2 armatures to the 
repeater relay 5R, 5S, and 5BK to energize their 
Windings; (2) completes at its No. 5 armature and 
contact the energizing circuit for the filament of 
vacuum tube 49, the energizing circuit extend 
ing to grounded positive battery 42; (3) con 
nects ground at its No. 3 armature to a circuit 
for effecting future operation of relay SL and 
(4) completes at its No. 6 armature and contact 
a circuit extending from ground, contact and in 
mer upper armature of relay 4R2, No. 6 armature 
and contact of relay 4-ON, inner lower armature 
and contact of relay 4RC, contact and middle 
lower armature of relay 4SL.f., conductor 433, the 
light-hand armature and back contact of relay 
2BO, and then over two parallel paths, one ex 
tending over the back contact and left-hand ar 
mature of relay 2DL, through the call-discon 
nect lamp 20 f, conductor. 209, through the 
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winding of relay 3E to grounded battery and the 
other path extending over conductor 22, re 
sistance 222, through the winding of relay 2ST2, 
to grounded battery. Call disconnect lamp 20 
lights, relay 3E operates and relay 2ST2 oper 
ates. Relay 3E, upon operating, operates relay 
3F which, upon operating, causes buzzer magnet 
3D-MGT to give an audible alarm during night 

service. Relay 3E, upon operating, also causes 
the lighting of a night alarm lamp 309. Night 
alarm lamp í309 and buzzer 13D-MGT may be 
released during day service by operating night 
alarm cut-out key 303. 
Relay 4-OC, upon operating, connects ground 

at its outer lower armature and contact to, con 
ductor 46 to operate relay 2AD which operates 
to remove this line trunk shown in FigS. 4 and 5 
from the sequence circuit chain. At the end of 
the ringing period, relays 5Rf, 5R4, 4R2 release 
and ground at the back contact and inner upper 
armature of relay 4R2 is now effective to operate 
relay f2ST2 in the sequence circuit as hereinbe 
fore described and to seize the director circuit 
for use in establishing the connection to the de 
sired subscriber's station. Relay 2ST2, upon 
operating, connects ground at its armature and 
contact in a circuit traceable over conductor 223, 
No. 1 armature and contact of relay G, con 
ductor 2, contact and outer left armature of 
relay 2BOX, through the winding of relay 2TA 
to grounded battery and relay 2TA operates and 
locks up through its inner right-hand arnature 
and contact directly to ground at relay 2ST2. 
Relay 2TA, upon operating, (1) opens at its 
inner left-hand armature and back contact, the 
operating circuit for relay SC which is trace 
able from grounded battery and winding of relay 

i SC, front contact and outer right-hand arma 
ture of relay SA, conductor i i 99, through the 
all-trunks-busy circuit, shown diagrammatically, 
conductor 299, back contact and inner left-hand 
armature of relay 2TA, conductor 2, to 
ground at the lower spring member on manual 
service key Ol; (2) closes at its front contact 
and inner left-hand armature the operating cir 
cuit for relay 2TC which is traceable from 
ground at the lower Spring member of manual 
service key Of, conductor 2 to the left-hand 
armature and front contact of relay 2TA, 
through the winding of relay 2TC, to grounded 
battery; (3) connects at its outer right-hand 
armature and contact a ground connection, 
through a conductor 2008 to the director circuit 
to supply a locking path for the motor Start re 
lay 20-A, the operation of which will be herein 
after described. 
Relay 2TC, upon operating, eXtends tWo con 

ductors of each trunk circuit of a group of five 
to one of the 'U' relays of the five 'U' relayS 
shown in Fig. 11. Assume that the trunk selected 
by the operator at the central office is trunk No. 1 
of its particular group of five, then armatures 
Nos. Il and 2 of relay f 2TC will respectively, ex 
tend conductors 22 and 224 to conductors 
225 and 226. The ground on conductor 433 as 

hereinbefore described when relay 4R2 released, 
is now extended over conductor 22, contact and 
armature No. 1 of relay 2TC, conductors 225 
and 22 in series, contact and No. 1 armature of 
relay f GA, conductor f 23, through the winding 
of relay f U? to grounded battery and relay U 
operates. Relay Uf, upon operating, closes at 
its front contact and inner lower armature a 
locking circuit for itself, the circuit extending 
over conductor ff0, armature, back contact and 
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right-hand winding of relay GB through the 
winding of relay GF, conductor 24, to ground 
at the back contact and left-hand armature of 
relay 3D. Relay GB now operates under the 
influence of the current in its left-hand winding. 
Relay GB, upon operating, operates relay GC 
in a circuit traceable from grounded battery, 
through the winding of relay GC, front contact 
and armature of relay í ÍGB, inner lower arma 
ture and front contact of relay U?, conductor 
23 to the grounded conductor 433. Relay 
fGC, upon operating, operates relay GA. Re 

lay if GB, upon operating, causes the release of 
relays f GF and GE, successively. Relay 
GE, upon releasing, causes lamp 25 to light, 

indicating that the sequence circuit is busy. The 
release of relay GE also causes slow-to-release 
relay GD to operate. Relay GD, upon oper 
ating, connects ground at its right-hand arma 
ture and contact to a circuit traceable over con 
ductors T and 8, contacts and middle upper 
armature of relay U, conductor 226, No. 2 
arnature and contact of relay f2TC, conductor 
f224, through the winding of director circuit re 
lay 2DC to grounded battery and relay 2DC 
operates. Also relay GD, upon operating closes 
at its outer left-hand armature and contact, a 
point in the operating circuit of relay 3LS, but 
inasmuch as relay SC is unoperated at the 
time, relay 3LS does not operate and conse 
quently relay 3H does not operate on a call 
Originating at the central office. 
Relay 2DC, upon operating, (1) places ground 

at its contact and outermost left-hand armature 
on conductor 204 for operating director circuit 
start relay 20-A and relay 20-A operates; (2) 
connects transmission conductors 202 and 203 
to conductors 4f , and 4 3, respectively, of the 
trunk circuit; (3) connects at its innermost left 
hand armature and contact, the left-hand wind 
ing of relay 2BO to a circuit extending in par 
allel paths over conductor 2024 and alarm con 
ductor 225 respectively; (4) connects at its in 
nermost right-hand armature and contact, a 
ground connection to a path which extends over 
conductor 226, contact 434 through the winding 
of relay 4W to grounded battery relay 4W oper 
ating for a purpose to be hereinafter described; 
(5) connects at its middle left-hand armature 
and contact, an additional ground for locking re 
lay GD. Ground connected to conductor f 226 
Which leads to the line trunk circuit causes, 
through the operation of relay 4W, the operation 
of Selecting magnets 3SM-0 to 3SM-9 of the 
cross bar switch of the link circuit shown in Fig. 
3. The operation of the selecting magnets 
3SM-0 to 3SM-9 connects ground at the ar 
mature and contact of these magnets to conduc 
tor 366 which extends to grounded battery 
through the winding of relay 3D and relay 3D 
Operates. In this case relay 3D, upon operat 
ing, causes connection lamp 308 to light and 
supplies an additional holding ground for relay 

fi GD. - 

Director circuit at the small switching center 
When the called line trunk at the small switch 

ing center receives permission to route the call 
through such switching center, the sequence cir. 
cuit connects the director circuit to the particul 
lar, or called line, trunk. The inward transmis 
sion path from the line trunk circuit is in mark 
ing condition and by means of the contact and 
armature of gate relay 4G, is connected to con 
ductor 4 i? which extends over the contact and 
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outermost right-hand armature of relay 2DC, 
Conductor f292, normally closed contact of jack 
200, conductor 2002, through the upper winding 
of relay 20-G to ground. The outward trans 
mission path through the line trunk circuit in 
cludes "conductor 203, middle right-hand arma 
ture and contact of relay ?2DC, conductor 43, 
upper windings, in series, of relays 4G and 4G i. 
to grounded battery 4 2. The sequence circuit, 
upon Seizing the director circuit, placed ground, 
as hereinbefore stated, on conductor. 204 which 
callses the operation of relay 20-A. Relay 
20-A, upon operating, (1) operates relay 
20-A; (2) removes at its outer lower armature 
and back contact the ground connection from the 
grid element of vacuum tube 207; (3) closes 
at its outer upper armature and contact an op 
erating circuit for relay 20-A2 and relay 20-A2 
Operates; (4) Supplies at its inner upper arma 
ture and contact, a ground for the locking cir 
cuit of relay 20-T, which will be hereinafter 
described; (5) applies telegraph ground . (a) 
through the back contact and armature of relay 
2-C to ground the receiving selecting contacts 
95 to 909 of the start-stop distributor and to 
Operate Start magnet 90 which when oper 
ated permits rapid acceleration of the motor by 
eliminating clutch drag; (b) to the lower wind 
ing of relay 20-G to grounded battery 2028, 
current in the lower winding tending to bias re 
iay 20-G to its spacing, or left-hand, position; 
(c) over conductor 2029 to the “stop” pulse con 
tact 90 of the start-stop distributor; (d) over 
Conductors 2029 and 943 to the potentiometer 
formed by resistances 936 and 935 which is later 
used in Operating the register relays 9R to 
9R5; (e) to the upper winding of relay 9R6 
which biases this relay to its spacing, or left 
hand, contact and (f) to a front contact of relay 
20-C which is later used to start the "director 
ready' signal since relay 20-A, when operated, 
closes at its inner iOWer armature and contact 
an operating circuit for the distributor notor, 
the circuit being traceable from grounded bat 
tery 2038, resistance 2004, inner lower, armature 
and contact of relay 20-A, conductor 203, mo 
tor Series winding 930 of motor f 93, resistances 
1983 and 932 to ground and the governor con 
tacts 933 (U. S. Patent 1,860,556, supra) which 
are closed while the motor is coming up to speed. 
Relay 20-Af, upon operating, performs other 
functions, namely, (1) closes a locking circuit 
for itself extending over its upper armature and 
contact, conductor 2008, to ground at the Outer 
right-hand armature of relay 2TA and therefore 
the motor is kept running under control of the 
sequence circuit as long as an incoming call is 
awaiting completion; (2) supplies ground at its 
outer lower armature and contact, over con 
ductor 2032 to the armature of relays 9R to 
9R5 to permit these relays to lock in either di 

lection in which they may be operated. While 
the motor is attaining speed the distributor Cams 
923 to 929 are operating, the receiving-Select 

ing cams 925 to 929 successively causing brief 
closures of each receiving contact, in turn, the 
contacts being designated 905 to 909, respec 
tively. Relays i 9R to i 9R5 will therefore op 
erate and lock in the spacing, or right-hand, di 
rection due to these closures to ground. The 
spacing locking circuit of relays 9Rf to 19R5 
extends through the respective No. 3 windings of 
the relays and through the winding of relay 9.J. 
Therefore relay 9J will operate as soon as any 
one of relays 9R to 9R5 operate to Spacing 
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position. Relay 9.J., upon operating, opens the 
Operating path of relay 9F preventing its pre 
nature operation. Meanwhile, relay. .20-??-A? 
upon operating, has in effect placed the sensi 
tive slow-release relay 20-B across the governor 
Contacts 933, prepares in advance a circuit for 
Operating the fast-operate relay 20-C, and has 
Opened at its Outer lower armature and contact 
a future operating circuit extending from the air 
nature of relay 20-G to the distributor, stop 
COntacts. . 
When full Speed is reached, the governor con 

tactS open momentarily, removing the short cir 
cuit around resistance 1903 of relatively high 
Value and allowing relay 20-B to operate 
through resistances f 904 and 2005. Relay 20-B 
being of the slow-release type, with the help of 
condenser 2006 holds over governor contact clo 
Sures thus Operating relay 20-C as soon as the 
"stop' pulse contacts 90 close at the end of 
each character signal received. 

Relay 20-C, upon operating, removes ground 
from the receiving contacts 1905 to 1909 and 
Start contacts 9 whereby a start magnet 90 
releases, latching the clutch and preventing fur 
ther operation of the contact cams. Relay 20-C, 
upon operating, locks in a circuit traceable from 
grounded conductor 2037, armature, front con. 
tact and lower winding of relay 20-C, through 
the winding of relay 20-C?, conductor 2033, to 
grounded battery 2038 and relay 20-C f oper 
ates. Relay 20-C f, upon operating, closes at its 
lower armature and contact the circuit for send 
ing the "director" ready signal to the distant cen 
tral office, the circuit being traceable from 
ground on conductor 2037, contact and lower ar 
mature of relay 20-C f, normally closed make 
before-break contacts of relay 20-N3, conduc 
tor 203, middle right-hand armature and con 
tact of relay 2DC, conductor 43, through the 
upper winding, in series, of relays 4G and 4G to 
grounded battery 4 2. Relays 4G and 4G op 
erate, relay 4G sending the "director” ready sig 
Ihal to the loop repeater which in turn transmits 
the “director ready' signal to the operator at 
the distant central office. Also, relay 20-Ct, 
upon operating, (1) connects at its inner upper 
armature and contact, the armature of relay 
20-G to a circuit extending over the distributor 
receiving contacts 905 to 1909 and start con 
tacts 9 which circuit is open at the outer lower 
armature and contact of relay 20-A2, prepart 
atory to receiving the pulses of the loop repeater; 
(2) opens at its outer upper armature and back 
contact the operating circuit for relay 20-A2 
which releases; and (3) provides at its outer 
upper armature and front contact off-normal 
ground to a large part of the director circuit in 
cluding ground on the armature of relay 9R6. 
Relay 20-A2, upon releasing, removes relay 
20-B from the governor contacts 1933, completes 
the circuit from the armature of relay 20-G to 
the receiving contacts - 905 to 1909 and starting 
contacts 9ff, and transfers the stop pulse con 
tacts f910 from the upper winding of relay 20-C 
to the Operating, or lower, winding of relay 19R6 
preparatory to receiving pulses from the loop. re. 
peater. After the “director', ready signal is sent. 
the following relays are held operated: 20-A, 
20-Af, 20-C, 20-Cf, 9.J., 200 to its mark. 
ing, " or right-hand, position and relays 19R :: to 
F9R5 to their spacing, or right-hand; positions: 
The circuit is now prepared to receive pulses-from 
the central office. - . . . . . . . . . . . . . 
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Receipt of director ready signal at the large 

switching center 
The “director ready' signal is repeated at the 

large switching center to the central office. The 
“director ready' signal, that is, a negative poten 
tial, or marking condition, is received over line 
trunk conductor 50 at the large SWitching center 
to operate relay SC. Relay 6C, upon Operating, 
closes an operating circuit for relay 4H, the 
circuit being traceable from grounded battery 
1405, resistance 1406, conductor .407, resistance 
f46, conductor if it, contact and armature of 
relay 6C, conductor 625, resistance 429, through 
the winding of alternating current relay 4H, 
conductor 49, to ground at the marking con 
tact and armature of relay 6P and relay 4H. 
operates. Relay 4H, upon operating, closes at 
its armature and contact, an Operating circuit 
for relay 6C which operates. Relay 6C, upon 
operating, (1) closes at its front contact and 
inner upper armature an operating circuit for 
relays 6SA and 6DR which operate; (2) connects 
ground at its inner lower armature and contact 
to the operating circuit of relay 6CI, which op 
erates; (3) connects at its outer lower arma 
ture and contact a ground connection to a circuit 
traceable over conductor 648, front contact and 
No. 6 armature of relay 6CL, conductor 647 to 
the condenser 433 and (4) transfers at its Outer 
upper armature the transmission circuit compris 
ing the upper winding of relay 6C from ground 
to the armature of relay 6S. Relay 6SA, upon 
operating, (1) closes at its lower armature and 
contact an operating circuit extending from 
ground, conductor 627, armature No. 4 and front 
contact of relay 6SL, conductor 637, through the 
winding of relay 4C2, to grounded battery and 
relay 4C2 operates and (2) connects at its upper 
armature and contact, grounded positive battery 
629, through resistance 642, to the normally 
closed contacts of the tip spring of jack 63, ring 
conductor 632, contact and outer right-hand 
armature of hold magnet H3, ring conductor 
T03, operated ring contacts of set 704, conductor 
706, normally closed contacts at the tip spring of 
jack 803-B, through the upper winding of relay 
8SP, to ground and relay 8SP operates to effect 
a marking condition toward the main trunk con 
ductor 94 extending to the central office. Relay 
8SP, upon operating, closes an operating circuit 
for relay 8SPA, the circuit extending from ground 
at the No. 1 armature and contact of relay 8-ON, 
conductor 82 f, armature and Spacing, or left 
hand, contacts of relay 8SP, through the Wind 
ing of relay 8SPf, to grounded battery and relay 
8SPf, operates. Relay 8SP?, upon operating, (1) 
causes the operations of relay 8RC which locks 
under control of relay 8R2 preventing the start of 
automatic ringing at the subscriber's station, (2) 
furnishes an additional ground for holding relay 
8-ON operated, the circuit being traceable from 
ground over its No. 4 armature and contact, con 
ductor 80 and 8 , through the winding of relay 
8-ON to grounded battery and (3) locks up un 
der control of relay 8SB, the circuit being trace 
able from grounded battery, through its winding, 
front contact and its No. 1 armature, conductor 
828, back contact and outer lower armature of 
relay 8SB, to ground at the No. 5 armature and 
contact of relay 8-ON. V 
In response to the marking condition received 

from the Small Switching center, relay 6R is op 
erated to its marking, or right-hand, position to 
extend the marking condition through the upper 
winding, in series, of relays 6S and 6S1, No. 1 
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armature and contact of relay 6SL, normally 
closed contact at tip spring of jack 630-A, con 
ductor 639, operated tip contacts of set 704, con 
ductor 708, normally closed contacts of tip Spring 
of jack 802A, upper armature and back contact 
of relay 8R3, through the lower winding, in Se 
ries, of relays 8S and 8L, conductor 809, to 
grounded positive battery 90 t, and relay 8S re 
mains in its marking, or right-hand, position. 
Relay 8S in its right-hand position extends the 
marking condition toward the central office Over 
conductors 83 and 832, normally closed make 
before-break contact of relay 8SB, conductor 
833, front contact and No. 3 armature of relay 
8-ON which is locked in its operated position by 
relay 8SP 1, conductor 834, normally closed con 
tact and tip spring of jack 804 Send, main trunk 
conductor 914, through the upper windings, in 
series, of relays 0-RS and f O-R, to grounded 
positive battery. Relay 0-R does not operate 
because relay 0-CT is released. Relay 0-RS, 
upon operating to its marking, or left-hand posi 
tion, removes ground from condenser 00 and 
condenser 00 becomes charged in a circuit ex 
tending from grounded positive battery foo8, re 
sistance 02, conductors O09 and OO, resist 
ances 0 l and í 0 ?2, condenser 00l to ground. 
When the marking signal is in excess of one-half 
second, condenser 00? will charge sufficiently to 
CauSe Vacuum tube OO3 to become conductive 
and plate current will flow to operate relay f O-C. 
Relay 0-C, upon operating, operates relay 
0-CT. Relay 0-CT, upon operating, closes 

a circuit from grounded battery O 4, contact 
and inner lower armature of relay 0-CT, to the 
winding of relay ?o-TR to ground and relay 
O-TR operates to remove ground from the 

ring Spring of jack 032 and ring conductor of 
the selected cord whereby the supervisory lamp 
in the operator's cord circuit and controlled by 
the ring conductor thereof, is extinguished, 
thereby giving an indication to the operator that 
the trunk is prepared for teledirection signals. 
The operator will then transmit the teledirec 
tion signals corresponding to the number of the 
desired Subscriber's station. The operator then 
Sends pulses representing, first, “figures' and 
then the code number of the desired subscriber's 
station. The listed code number is used in cases 
where the operator desires a direct connection 
to a Subscriber's station and the unlisted code 
number of the desired station is used when the 
Operator Wishes to connect the called subscriber 
in a conference circuit. However the conference 
circuit is not discussed herein and the descrip 
tion which immediately follows, applies to a di 
rect connection and therefore the subscriber’s 
Station number will be identified as the listed 
number. 
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Receipt of code pulses at the small switching 
center 

The operator at the central office sends pulses 
representing the preliminary signal “figures' 
followed by the two digits of the called subscrib 
er's station listed number. The listed number 
may be that of a single subscriber's line or one 
of a, group of lines; any one of such group being 
arranged to be automatically selected and if such 
Selected one line of a group is busy hunting facil 
ities are provided whereby the next higher num 
bered line of the group, that is idle, is selected for 
the connection. First, the method of establish 
ing a connection to a single subscriber's line will 
be described, and then, that of establishing a 
connection to one of a group of lines for which 
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line hunting facilities are provided will be 
de?çribed. 
The pulses representing "figures' are received 

over the transmission conductor 50 of the line 
trunk circuit normally closed contacts at the tip 
spring of jack 538, conductor 539, normally 
closed contacts at the tip spring of jack 560, con 
ductor 540, outer lower armature and front con 
tact of relay 5TR, through the No. 3 winding of 
relay 5R, to grounded negative battery 532 at the 
marking contact and armature of relay 5S. Re 
lay 5R, upon, operating, repeats the incoming 
pulses over conductor 424, armature and contact 
of relay, 4G, conductor. 4, outermost right-hand 
armature and contact of relay 2DC, conductor 
f202, normally closed contact and tip spring of 
jack 200, conductor 2002 through the upper 
winding of relay 20-G to ground. The director 
circuit in conjunction with the sequence circuit 
decodes the pulses received from the central of 
fice and prepares to make connection to the re 
quired subscriber's station loop, making a test, 
however, to determine that this subscriber loop 
is not busy, out of order, or unassigned. If any 
one of the above conditions is encountered, char 
acters indicative of the condition are impressed 
on conductor 43 and therefore repeated by 
relays 4G and 4G and then by relay 5S of the 
repeater to the transmission conductor 50f of 
the trunk circuit and eventually appear on the 
Operator's teletypewriter at the central office. 
Relay 4G follows these pulses but relay 5TR 
which is controlled by relay 4G has sufficiently 
slow-release characteristics to remain unoper 
ated. 

For a call to a single subscriber Station, the re 
ceipt of incoming code pulses in the director 
circuit at the small switching center 
In the case of the call being to a single sub 

scriber station the incoming code pulses received 
over transmission conductor 50 of the line 
trunk are repeated by a gate relay 20-G which 
is normally held to marking, or right-hand, con 
tacts . The distributor motor (Fig. 19) is run 
ning but the receiving contacts, 905 to 1909 are 
not operated because the stop magnet f 90 is in 
a released position, latching the clutch. 
The first character “figures' consists of a start 

pulse which is always spacing followed by the 
five selecting pulses, namely, marking, marking, 
spacing, marking, and marking and these are 
followed by the stop, pulse which is always, mark 
ing. The start pulse operates relay 20-G to its 
spacing, or left-hand position thereby closing a 
circuit extending from grounded battery, through 
the winding of start magnet 90, conductor 
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f 922, normally closed start contacts 9.f, con 
ductor 2026, outermost lower armature and con 
tact of relay 20-LU, conductor 2025, contact 
and outer lower armature of relay 20-A2, inner 
upper armature and front contact of relay 
20-CI, conductor 2034, armature and spacing 
contact of relay 20-G, conductor 2035, contact 
and outer upper armature of relay 2 N, con 
ductor 2l 15, fr?nt contact and outer lower arma 
ture of relay 20-A to ground and start magnet 
90, operates and therefore the cams 923 to 
929 begin rotating under the control of the dis 
tributor motor. The motor speed and receiving 
contacts f995 to 909 are adjusted so that at the 
time the first selecting pulse, say 'marking,' of 
the character is received from relay 20-G, con 
tacts 1905 are closed to complete a circuit ex 
tendiag from contact. point f934: in the potenti 
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ometer comprising resistances 95 and 936, and 
grounded negative battery (939, conductor 937, 
through winding No. 1 of relay 9Rf, conductor 
1938, closed contact 905, conductor 2026, out 
ermost lower armature and contact of relay 
20-LU, conductor 2025, contact and outer lower 
armature of relay 20-A2, inner upper armature 
and contact of relay 20-C, conductor 2034, to 
the armature of relay 20-G to which grounded 
positive battery 2028 is connected. Assuming as 
stated above that the first selecting pulse is 
marking, relay 9Rf will operate and lock in its 
marking, or left-hand, position. Similarly, relay 
19R2 will be left either spacing or marking de 
pending on the character of the second pulse. 
The reception of the “figures" character then 
proceeds as follows: 

Relay 200 Registered relay | Fana rclay operated 
element, 

.Marking-...- 19R1 (marking)--- Relay 19D ? ? - - - - ? ? ? ? ? 1 
.1912 19R2 ??. Relay ? ? ? ? ? ? ? d0 - - - - ??? ? ? ? ? ? ? ? ? ? -2 

- - | Spacing----- 19R3 (spacing) ---- 
Marking---- 19FR4 (narking)--- Relay 19D4. 
.do------- 19F5 (marking),--- Relay i9D5 -----?? ----- ? ? ? --5 

With relays 9R to 9R5 operated as above, it 
will be noted that none of the locking paths of 
these relays pass through the winding of relay 
9J, but if any one is operated, in the reverse 

direction, relay 9J will be energized. Relay 9.J. 
will therefore release only when a “figures' char 
acter is received. The succeeding stop pulse 
which is marking for each character is received 
at a time when contacts 90 are momentarily 
closed by cam 924 and start contacts 9 are 
momentarily opened by cam 923. When start 
contacts 9F? are opened, start magnet 90 
releases. A momentary closure of contacts 90 
at the time the stop pulse is received by relay 
20-G, a circuit is closed from grounded battery 
f939, resistances. 940 and 94, through the 
lower winding of relay 19F6, conductor 942, 
back contact and outer upper armature of relay 
20-A2, conductor. 2836, closed contacts í 90, 
conductors. 229 and 2037, front contact and 
outer lower armature of relay 20-A to ground 
and relay. 9R6 operates to its marking, or right 
hand, position, overcoming the effect of the bias 
ing current flowing in the upper winding. The 
charge on timing condenser f 92 causes relay 
9R6 to remain in its marking, or right-hand, 

position 4.030 seconds after the stop pulse con 
tact 9-0 opens, the discharge circuit extending 
to ground at the otter lower armature and front 
contact of relay 20-A in a path including con 
ductors 2037, 2029 and 1943, the upper and lower 
windings in series, of relays f9R6 and condenser 
f3f2 to ground. This allows time for the opera 
tion of relay 9F in a circuit which is traceable 
from grounded battery, through the winding of 
relay 19F, armature and contact of relay f 9J, 
back contact and upper armature of relay 9K, 
marking contact and armature of relay f9R6, 

is conductor 93, back contact and upper armature 
of relay 2 ER, conductor 2102, front contact and 
outer upper armature of relay 20-C to ground. 
Relay f 9F-operates and locks to ground, over con 
ductors 944 and 918, to ground at the front con 
tact and outer upper armature of relay 20-C?. 
Relay 9F, upon operating, prepares a path for 
operating relay 9K when relay 9R6 returns to 
its Spacing, or left-hand, contact. In this way re 
lay 9K operates and locks to ground over con 
ductor i 98 to ground at the front contact and 
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outer upper armature of relay 20-C and trans 
fers the marking contact of relay 9R6 from the 
contact and armature of relay 9J to conductor 
222 which is connected for the Succeeding 
counting or fanning-out relays in preparation 
for the registration of the next two digits, that 
is, the two digits of the called Subscriber's sta 
tion listed number. 
The reception of “figures' can therefore set up 

a combination of relays i 9R to 9R5 locking di 
rect to grounded battery instead of through the 
winding of relay 9.J., thereby releasing relay 9.J 
and allowing the next two characters to be reg 
istered. Therefore, “hits' on the line are harm 
less until the operator has set a preliminary 
“figures.” After the “figures' character has been 
received, the following relays are operated Re 
lays 20-A, 20-A, 20-C, 20-C, 9D, 9D2, 
9D4, 9D5, 19F, 9K; relays 20-G, 9Rf, 9R2, 
19R4, 9R5 are in their respective marking posi 
tions; relays 9R3 and 9R6 are in their respec 
tive spacing positions. The operation of relays 
| 9D, 9D2, f 9D4, and 9D5 perform no useful 
function at this time. 

Reception and deciphering of the first and sec 
Ond digits at the Small SUitching center 

The first digit of the called subscriber's listed 
number will be repeated by relay 20-G, broken 
up pulse by pulse by the distributor contacts and 
recorded by relays 9R, to 9R5 in much the 
same manner as the “figures' character was re 

O 

20 

ceived. Relay 9R is operated in accordance - 
with the position of relay 20-G at the middle of 
the first pulse, relays 9R2 according to the 
second pulse, etc. In each case the operating or 
No. 1 winding of each of relays 9Rf to 9R5, can 
quickly overcome its associated holding windings 
Nos. 2 and 3, but otherwise these relays hold in 
whichever direction they are operated under 
control of motor start relay 20-A. 
Assume that the listed number of the call sub 

scriber’s station is No. 12, the operation result 
ing from the reception of No. 1 will be herein 
described first, and the Order of received pulses 
constituting the character No. 1 are marking, 
marking, marking, spacing and marking. - In ac 
cordance with the description hereinbefore 
given, relay 9R will be in its marking, or left 
hand, position. Relays 9R2 and 9R3 will also 
be in their respective marking, or left-hand, posi 
tions. FRelay í 9R4 will be in its spacing, or right 
hand, position and relay SR5 will be in its mark 
ing, or left-hand, position. With relay 9R i 
in its marking position, a circuit is closed from 
ground at the outer lower al'mature and contact 
of relay 26-Ali, conductor 2932, armature and 
marking contact of relay 9R, through the wind 
ing of relay í 91) í to grounded battery and relay 
9D operates. In a similar manner relay 92, 
9D3 and 9D5 are operated. Relay 9R4 is 

operated to its Spacing, or right-hand, contacts 
in response to the fourth pulse of the No. 1 digit. 
A circuit is closed at the time for operating re 
lay 9.J., but, as hereinbefore Stated, performs no 
useful function after the "figures' character has 
been received. At the conclusion of the reception 
of the dot elements of the particular character 
transmitted, relay 3R,6 again operates to its 
marking position and is again held for an addi 
tional period of .030 second. Relay 9RS, upon 
operating, to its marking contact, causes the 
operation of relay 2 Lin a circuit traceable from 
grounded battery 20, through the lower wind 
ing of relay 2 L, back contact and lower arma 

d0 

45 

50 

55 

60 

65 

70 

75 

47 
ture of relay 2 M, conductor 2 22, front contact 
and upper amature of relay 9K, marking, or 
right-hand, contact and armature of relay 9R6, 
conductor 93, back contact and upper arma 
ture of relay 2R, conductor 292, to ground at 
the Outer upper arnature and front contact of 
relay 20-Cí. Relay 2ÍL operates and locks up 
to ground furnished by relay 20-Ct. Relay 
Í9R8 also furnishes ground over the normal con 
tacts of relays 2 M, 2 Nf, 2R and 20-LU to 
an armature of relay 9D5. From the armature. 
of relay 9D5, the grounded circuit is fanned 
out by means of the combination of operated 
and/or unoperated fanning-out relays 9D to 
9D5 to one of ten conductors designated Nos. 0 

to 9 of group 235. Each of the conductors Nos. 
0 to 9 is arranged by means of cross-connecting 
blocks f94 and 95 to operate a relay such as 
relay 9HA, representing the tens group in which 
the desired subscriber's station may be found. 
Relay 9HB represents another tens group of 
subscriber lines. The operating circuit for relay 
f 9HA is traceable from grounded negative bat 
tery through the winding of the relay 9HA, 
armature and contact of relay 9Ki, one of the 
conductors designated. Nos. 0 to 9, for example, 
Say conductor No. 1 Which represents the tens 
groups in which the called subscriber's station 
No. 12 is located, front contact and armature 
No. 8 of relay f9D?, front contact and innermost 
upper armature of relay 9D2, front contact and 
inner loWer armature of relay l9D3, back con 
tact and inner lower al'mature of relay 9D4, 
front contact and lower al'mature of relay 9D5, 
conductor 916, back contact and middle lower 
armature of relay 20-LU, conductor 2007, outer 
lower armature and back contact of relay 2R, 
lower armature and back contact of relay 2 N, 
back contact and lower armature of relay 2 M, 
conductor 2 f22, front contact and upper arma 
ture of relay 9K, marking contact and armature 
of relay 9R6, conductor 93, back contact and 
upper armature of relay 2fR, conductor 202, to 
ground at the front contact and outer upper 
armature of relay 20-Cf. Thus relay 9HA, 
upon operating, indicates that the desired sub 
Scriber's Station is one of those in the group of 
ten stations, say the second group. In this case 
the operated relay corresponds to the tens 
groups of the particular called subscriber's line 
which is line No. 12. Relay 9HA, upon operat 
ing, locks in a circuit traceable from its lower . 
armature and contact, conductors 9t, 1944 and 
98, to ground at the outer upper armature and 

front contact of relay 20-C. This locking cir 
cuit also serves to operate and lock relay 9K. 
Relay 9K, upon operating, definitely removes 
the other H relays, such as relays 9HB, 9HC 
(not shown), etc., in the other tens groups, from 
its associated conductor of conductors Nos. 0 
to 9. Relay 2L, upon operating, prepares a path 
for the operation of relay 2 M. When relay 
9R6 returns to its spacing contact after 0.030 

Second, relay 2 M. Will operate, close a circuit 
extending from ground, at the outer upper arma 

, ture and front contact of relay 20-Cl, conduc 
tor 202, upper armature and front contact of 
relay 2M, conductor 203, front contact and 
inner left-hand armature of relay 9K, front 
COntact and upper armature of relay i 9HA, con 
ductor 948, through the winding of relay 9H, 
to grounded battery. Relay f 9H is associated 
with the particular tens group in which the de 
sired, or called, subscriber line No. 12 is found. 
Relay 9H2 is aSSociated with another tens group 
of Subscriber lines, and relay 9H3 (not shown) 
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the cross bar switch in the link circuit, permits 
relay 21-S to operate, but due to the high re 
sistance 130 in the circuit, the “hold” magnet 
3.F2 remains unoperated. Relay 2-S, upon 
Operating, Opens the operating circuit of relay 
2 -U, and closes an operating circuit for relay 
2i-Sf which operates in a circuit traceable 
Over the alaature and back contact of relay 
2-N2. Relay. 2 -Si, upon, operating, (1) 
locks over grounded conductor 2 i 2, (2) short 
circuits the winding of relay 2-S and (3) holds 
open the operating circuit of relay 2 - U. With 
the winding of relay 2 f-S short-circuited, the 
ground at the No. 3 armature and contact of 
relay 3D which is connected to the circuits 
hereirabefore traced is now effective to cause 
the Operation of hold magnet 3H2 which oper 
ates to move its vertical row of contact sets into 
engagemaent With their respectively associated 
sets of horizontal conductors, a set of horizontal. 
C03aductors aSSociated with the selected trunk 

having already been moved into its oper 
ated position by the operation of selecting mag 
net 3SM-I, the called subscriber line will 
therefore be connected at contact set 355 to the 
trunk circuit 4 which will function to release 
the Sequence circuit. The sequence circuit, in 
turn, will function to remove the ground from 
conductor. 204 to release relay 20-A. Relay 
20-A, upon releasing, removes ground from the 
various parts of the circuit including relays 
29C and 20-Cf. and releasing relay 20-A 
u?aless conductor 2008 is connected to ground 
at relay 2TA, indicating that another inward 
Callis awaiting completion. Relay 29-C, upon 
releasing, removes locking ground from a con 
Siderable part of the director circuit. If re 
relay 20-A releases, the motor will be stopped 
and all remaining parts of the circuit will be 
deenergized. If, however, relay 20-A is held 
operated, the motor is kept running and relays 
9t to f9R5 and the associated fanning-out 
relays 9Df to 9D5 are locked in the condition 
at which they were operated by the last digit 
of the called subscriber line number. When the 
next call comes in, the operation will be as de 
scribed above, except as follows: relay 20-B 
now operates immediately since the motor is 
running at full speed and relays 20-C and 
20-C f follow at once upon receiving a closure 
of the stop pulse contact 9 ?e of the start-stop 
distributor. Before the stop pulse is received, 
relayS 9R. Í to í 9R5 may be operated to spac 
ing through the back contacts of relay 20-C, 
but in any case the circuit awaits to receive 
"figures' before proceeding with the call. If 
the inward call is to a busy called subscriber 
line or an out-of-order line, the operation of 
the call is exactly the same as hereinbefore de 
scribed up to the point where the operation 
of relay 20-N connects relay 2-OO and 
2fBY to conductor 3 of the called subscriber 
line circuit. At this time, however, conductor 
3 terminates in direct ground (busy) or ground 
connected through a resistance to the ring spring 
of the out-of-order jack which is patched to a 
jack of the called subscriber's line, the jack 
corresponding to jack 398B of subscriber's line 
302. The direct ground established by a busy 
condition may be traced over conductor 945, 
normally closed contacts at the ring spring of 
jack 307A, conductors 3 and 354, operated 
sleeve contacts of set 355, conductors 357, and 
420 through the winding of relay 4SL to ground 
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at the No. 3 armature, and contact of relay 
4-ON. In either case of busy condition, relay 
21-OO quickly operates but relay 2BY is 
marginal and operates only on direct ground. 
Relay 2-OO, upon operating, prevents relay 
2fR from operating and therefore... relay 2 (N 
remains operated keeping relays 21-OO and 
2 BY connected to conductors 3 and 354. Re 
lay 2-OOtherefore remains operated along 
with relays 2N, 2N, and 2N2 and also oper 
ates relay 20-N3. 
ating, (1) applies at its upper armature and con 
tact, ground to start recording “K” or "Q" 
characters by producing the corresponding sig 
nals through the operation of relays 20-P and 
20-Pf; (2) connects the contacts of relay 20-Pi 
to the outward transmission path, the connec 
tion being established over its outer lower ar 
mature and front contact and extending over 

Relay 20-N3, upon oper- . 

conductor 203. Relay 20-P and 20-P oper 
ate in a condenser timed circuit to generate 
'K' and 'Q' signals as follows: When the ground 
is applied to One end of the potentiometer, 
comprising resistances 2-04, 2009, and 2010, re 
lay 20-P will operate to its spacing, or left 
hand, position, due to current flowing in its up 
per winding. When the arnature of relay 20-P 
is in its left-hand position, the current in the 
upper winding of the relay is reversed but the 
discharging of condenser 2044 through the low 
er Winding of the relay holds the relay to its 
Spacing, or left-hand, position until the dis 
charge current is so reduced that the upper 
Winding of the relay regains control and opera. 
ates the armature to its marking, or right-hand, 
position. Here the process is repeated, the up 
per winding of relay 20-P, tending to make 
the relay armature return to its spacing posi 
tion while the conductor in charging holds it to 
its marking, or right-hand, position until their 
effect is overcome. The condenser and poten 
tioneter resistances are so proportioned that 
relay 20-P will pulse at about 9 cycles per sec 
Ond if resistance 2009 is in the circuit or eleven 
Cycles per second if resistance 2009, is shirt 
circuited. As will be seen hereinafter, if the 
line were busy, relay 2BY, upon operating, 
would cause "K" signals to be sent; if out of 
Order, the relay 2 fBY is released and "Q” sig 
nals will be sent. 
When the ground is connected by relay 

20-N3, relay 20-P? will operate to its mark 
ing, or left-hand, position due to current in its 
upper Winding. This maintains a marking sig 
nal over the outward transmission path which 
is hereinbefore traced as extending through the 
upper windings, in series, of relays 4G and 4G . 
However, when relay 20-P opens it marking, 
or right-hand, contacts, condenser . 20 5 will 
charge through the lower winding of relay 
20-P to cause relay 20-P to leave its mark 
ing, or left-hand, position for one pulse length 
(approximately .022 second), the charging orig 
inating in grounded battery 209 and extending 
through the resistances 2 0 and 2ff, over 
conductor 26. Relay 20-P then returns to 
its marking, or left-hand, position and after re 
lay 20-P operates to its marking, or right-hand, 
position, condenser 20 5 is discharged through 
resistance 206. Since relay 20-P is pulsing 
continuously, relay 20-P will send out a spac 
ing pulse of .022 second every time relay 20-P 
OpenS its marking, or right-hand contacts. In 
this way relay 20-P drives relay 20-Pfat either 
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9 or 11 cycles per second, sending "K" signals 
if the line is busy and 'Q' signals if the line is 
out of order. These characters are transmitted 
over the line and printed on the operator's tele 
typewriter at the distant central office for a 
time interval of 1 second. The tinning arrange 
ment will be described hereinafter. 
Connection to unassigned or impossible number 

If an unassigned number or non-numerical 
code is received and registered, the circuit func 
tions as described hereinbefore. When, how 
ever, relay 2S is connected to the circuit ex 
tending over conductor 92, over Outer left 
hand armature and contact of relay 9Kf, con 
ductors 285 and 302 as hereinbefore traced, 
when testing a particular called subscriber line 
for an indle condition, grounded battery on the 
winding of hold magnet Such as hold magnet 
3H for a subscriber line station 20 is not avail 
able and relay 2 S fails to operate. When, 
therefore, relay 2N2 releases, off-normal ground 
will be connected to the winding of relay 2 U, 
causing relay 2U to operate. Relay 2U, upon 
operating, closes at its inner lower armature 
and front contact, an operating circuit for re 
lay 20-N3, causing ground through the opera 
tion of relay 20-N3 to be connected to relays 
20-P and 20-P and associated apparatus as 
hereinbefore described, and disconnects resist 
ance 23 which was in parallel connection with 
resistance 24. Resistance 24 is in the cir 
cuit inasmuch as the shunt around the Outer 
lower armature and contact of relay 2U has 
been opened. Under these conditions relay 29-P 
Operates at approximately 6 cycles per second. 
When relay 20-P operates to its spacing, or 
left-hand, position, relay 20-P is operated to 
its spacing, or right-hand, position for two pulse 
lengths, that is, 0.044 second, by a charging 
condenser 205. Relay 205, upon returning to 
its marking, or left-hand, position remains in 
that position until relay 20-P again operates 
to its spacing, or left-hand, position, thus a 
signal corresponding to a 'V' or % character 
is generated and transmitted to the operator's 
teletypewriter at the distant central office. 

When the director circuit at the small suitching 
center timeS Olt 

When the director circuit at the Small switch 
ing center was first seized, the operation of relay 
20-A removed at the outer lower armature and 
back contact of the relay, a ground connection 
from the grid of vacuum tube 20 T, thereby per 
mitting condenser 208 to start charging from 
grounded battery 209, through resistances 2020, 
202 and 2022. If a call is not completed and 
the director circuit dismissed within a 10-second 
period, the charge on condenser 20 fa and thus 
the voltage on the grid of vacuum tube 20ft is 
of Such value that the plate current operates 
relay 20-T which, in turn, operates relay 20- T. 
Relay 20-T, upon operating, (1) transfers 
transmission conductor 2003 from its back con 
tact and No. 5 armature to its front contact and 
No. 4 armature so that the transmission con 
ductor is now connected to the marking, or right 
hand, contact of relay 20-P instead of to the 
marking, or left-hand, contact of relay 20-P; 
(2) operates relay 20-N3 and (3) removes the 
shunt from resistances 2009 and 29. Relay 
20-P with the resistance change in its upper 
Winding operating circuit pulses at approximately 
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8 cycles per second rate, the charge and dis 
charge on condenser 2044 holding the armature 
of relay 20-P on its marking, or right-hand, 
contacts 0.123 second and on spacing, or left 
hand, contacts 0.110 second. Thus the signal gen 
erated by relay 20-P has a spacing period equiv 
alent to a start pulse and four character pulses 
and a "T" or '5' character is generated and sent 
to the operator's teletypewriter at the distant 
central office for a period of 1 second. 
Signal limiting feature at small stoitching center 

Busy, or out-of-order, unassigned and director 
circuit timed-out signals are all limited to 1 Sec 
ond as mentioned above. The operation is as 
follows: When relay 20-N3 operates ground is 
connected through a winding of relay 20-TA 
which operates and locks to ground on the con 
tact of relay 20-TB. Relay 20-TA, upon op 
erating, (1) operates a relay 20-TB which locks 
directly to ground at the inner lower armature 
and contact of relay 20-N3; and (2) connects 
at its middle upper spring member, which is nor 
mally opened, a ground connection to the grid 
of vacuum tube 20 T to recycle the vacuum tube 
in case relay 20-T has operated. Relay 20 
TB, upon operating, (1) opens the operating and 
locking circuits of relay 20-TA; (2) removes 
resistances 2022 from the charging circuit of con 
denser 208; and (3) transfers the armature and 
contact of relay 20-T from the winding of relay 
20-T to the contact at the outer lower arma 
ture of relay 20-TA. Relay 20-TA, upon re 
leasing, completes a circuit extending over the 
contact and Outer lower armature of relay 20 
TA, conductors 2023 and 2024, innermost º left 
hand armature and contact of relay 2DC, 
through the left-hand winding of relay 2BO 
to grounded battery. At approximately 1 second, 
relay 20-T operates, connecting ground to 
grOunded battery through the left-hand winding 
of relay 2BO. Relay 2BO, upon operating, 
locks the trunk out until released at the distant 
central Office and immediately releasing the di 
rector circuit to restore all relays to normal. 
With reference to the registering relays 9R. 

to 9R5 being operated in different combinations 
in accordance with the pulse combinations re 
ceived from the distant central office for the 
establishment of connections to local subscriber 
lines, the following table shows the relative posi 
tions of each of the relays for each character 
received, “M” indicates marking, 'S' indicates 
Spa-Cling. 

C???????c Characters Relays Relays Relays Relays Relays 

Lower case Upper case 19R 19R2 19R3 19R4 19R5 
Figures Figures M M S M M 

P 0. S M M S M 
? M M M. S M : 
V 2 M M S S M 
E ? ? S S 8 : S 
R 4. S M S M 
T 5 S S S S M 
Y 6 M S M S M 
U 7 M M M S S 

8 S M M S S. 
O g S S S M M 

"All-trunkS-busy' circuit Operation at small 
switching center - 

For a description of the operation of the “all 
trunks-busy' circuit, reference may be made to 
the Copending application of W. W. K. Large and 
F. J. Singer, Serial No. 462,966, supra. The all 
trunkS-busy circuit describes the transmission of 
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letters to the subscriber's station during the call 
no-circuit period. V 

Test circuit at the small supitching center 
Reference to the test circuit at the small 

switching center may be made to the copending . 
application of W. V. K. Large and F. J. Singer, 
Serial No. 462,966, Supra. 

Alarm features at the small switching center 
The alarm features are shown in Fig. 13 as part 

of the sequence circuit for the equipment at the 
small switching center. Vacuum tube 130 has 
a plate current which is normally flowing to 
maintain relay 3A operated. The grid element 
of vacuum tube 3 normally has grounded posi 
tive battery 30 normally connected in a circuit 
traceable through resistance 1341, over conduc 
tor 3:2, contact and outermost left-hand ar 
mature of relay G, conductor 2, No. 6;arma 
ture and contact of relay GA, contact and 
right-hand armature of relay di GE, conductor 
fift-9, and then in parallel paths, one path extend 
ing through condenser f33 to ground and the 
other path extending to the grid element of Vac 
uum tube i38i. Relay 3A in its normally Op 
erated condition holds relays: 3A, 3A2 and 
3A3 also in an operated condition. Condensers 
33 and 26 are in a charge condition normally 

because of this normally charged circuit. When 
a call, either incoming or outgoing at the Small 
switching center, causes relay G, the main gate 
relay, to operate, grounded positive battery 3:0 
is, therefore, disconnected from the grid circuit 
of vacuum tube F3) and condensers 33 and 
{{26 start discharging through resistances 34, 
f3 f5 and (397. If a call Should Succeed in Op 
erating relay G and progress no further toward 
completion, the alarm circuit would function at 
the end of approximately 59 seconds. Should the 
call proceed to a point where relay di GE is re 
leased and then faii to proceed, the alarm circuit 
would operate in approximately 15 Seconds due 
to the removal of condensers f 26 from the grid 
circuit of vacuum tube 30?. In the case of an 
outgoing call, the operation may continue to in 
clude the operation of relays 3LS and 3i and 
then fail. Under these conditions the alarm cir 
cuit will operate in approximately 4 seconds due to 
the removal of resistance 307 from the grid ele 
ment circuit. When, under any of the above 
eonditions, the charge on the grid condenser i343 
or condensers 33 and 26 drops to a point 
where the plate current will no longer hold relay 
f3A operated, that relay, in releasing, releases 
relay 13Af. The release of relay 3A (1) opens 
the operating circuit of relay 3A2; (2) Opens 
a holding circuit for relay 3A3; (3) connects 
ground to the innermost left-hand armature and 
contact of relay f2DC. 

In case the call is incoming, relay 2IC is 
operated and the ground supplied by relay 3A 
operates relay 2BO which (1) operates relay 
2AD to advance the chain to the next idile trLink 
and (2) transfers the ground on conductor 433. 
from the call disconnect lamp f20? and conduc 
tor 22 to its own holding, or right-hand, Wind 
ing. Relays í tCE, 1 GF, {{GR, í fCC, í íGD and 
if GA, the operated relay of relays if Ul to U5, 
together with relays 2TC, 2TA, 2BOX and 
2S2 returned to their normal idle condition 
completing the circuit for restoring the positive 
potential from grounded battery 3:f.C. to be grid 
element of vacuum tube f30 as hereinbefore 
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traced when the alarm relays resume their nor 
mally, Operated condition. . . . . . . 
In case of an emergency, such as failure of the 

sequence circuit, in which the automatic"features 
of the Switching unit are in trouble, manual 
Service key O will be operated by the attendant. 
The manual service key . Of when operated 
makes the trunk sequence ineffective so that a 
director cannot be attached to a trunk and the 
Subscriber portion of the sequence circuit can 
not complete its task of automatically selecting 
an idle trunk and connecting the subscriber to it: 
The operation of this key causes the manual 
service lamp ff02 to flash. An outward call will 
be indicated by the lighting of the call lamp, 
Such as lamp 306 associated with the subscriber 
line of Subscriber station 202. ? 
An in Ward call Will be indicated by a lighted 

call disconnect lamp associated with the trunk 
sequence circuit, such as lamp 20 of the trunk 
sequence circuit associated with the trunks shown 
in Figs. 4 and 5. The attendant Will connect a . 
double plug patching cord between the jagks 
435A and 436B of the line trunk circuit and the 
jacks of the Subscriber line associated with the 
attendant's line of the test circuit, such as jacks 
30A and 308B of the Subscriber's line golf station 
202, making Sure that the attendant's teletype 
Writer is connected. The operator types the 
calling number of the desired subseriber's station 
which appears on the attendant's teletypewriter. 
The attendant then makes a busy test of the re 
quired subscriber line by connecting a patching 
cord between the two jacks of the required line 
such as jacks 307A and 308B of the liae of Sub 
scriber station 202 and the piSy test cir?ülit. If 
the line is busy the lamp of the busy test circuit 
lights and the attendant will then manually send 
'K' signals to the operator from his teletype 
writer. If the line is idle, he will patch directly 
from the trunk jacks 435A and 436B to the liae 
jack, say jacks 30A and 308B. A description of 
the test circuit may be had by referring to the 
copending application of W. W. K. Large and 
F. J. Singer, Serial No. 462.966, supra. 
At the conclusion of the call when both Sub 

scriber and operator have disconnected, ground 
on conductor 208 Will operate relay t2DL, which 
will lock to ground on conductor 209 and light 
call disconnect lamp 20. When the cord is 
removed from the subscriber line jacks, say jacks 
30A and 308B, relay f2DL releases extinguishing 
lamp 20 d. The night alarm circuit involving 
relay 3F and 3E and buzzer 3D-MGT was 
hereinbefore described. ... ." . " 

Alarm features at the large switching center 
As described hereinbefore, during the routing 

of a gall established by the Subscriber or one 
established by the distant central office operator, 
relay 25ST is operated 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 trturk and subscriber group se 
quence circuit. In case of an out.Ward call the 
miscellaneous alarm circuit times out in 2 Secr 
onds and a ground is placed on conditictor 846 
if the indications are that the trunk is not in 
trouble. Since the AL relay associated with the 
particular Subscriber group, containing the call 
ing subscriber line, say 5AL --GO for its assor 
ciated group of subscriber lines, is operated. 
Ground. On conductor 68 Will cause the opera 
tion of a BO relay in Fig. ilis, such as relay 
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5BO-GO, which in turn will lock under the 

control of the associated Subscriber group release 
key Such aS key i 50. The operation of the BO 
relay, Say relay 5BO-G0, Will cause the release 
of the associated relay 5ST-GO and 5AL-f 
and light a lamp such as lamp 5 f indicating 
that the Subscriber Subgroup is in trouble. Re 
lay f 5BO-GO prevents any Subscriber of the 
particular subgroup from entering the subgroup 
Sequence circuit, thus removing that particular 
group of Subscribers' stations from outward 
service. The release of relay 5ST-G0 permits 
the release of the associated relay 5AL-0. Re 
lay 5AL-GO released causes relay 8LS-- or 
relay 8LS-2 to release, which sends a ground 
potential to the trunk advance chain. The trunk 
advance chain functions, causing the release of 
the associated LS relay such as relay 8LS 
or 8LS-2. But if the trunk has not been 
connected to the calling line, the "advance' is 
not locked up. The release of the 8LS relay 
causes the release of the relays. 8H-0, 8H-f 
and 8H-2 as hereinbefore described. Relay 
25CS of the miscellaneous alarm circuit is mean 
while held operated for approximately 1 second 
longer to permit all this action to be completed 
and upon release reconnects ground to the cir 
cuit including conductors 250T and 70 of the 
entire switching center chain. This reconnec 
tion of ground permits all other outward calls 
except those originated by the subscribers in the 
group out of service, to be routed through the 
switching center. An appropriate alarm is 
sounded by the miscellaneous alarm circuit and, 
together with the lamp indicating the group in 
trouble, gives an indication to the attendant of 
the existing type of trouble. The group Sub 
scriber station remains out of service until the 
attendant has removed the trouble and then Op 
erates the subscriber group release key 50 as 
sociated with the illuminated lamp f5. The 
operation of key 5 causes the release of relay 
5BO-GO, returning the busy-out feature to 

normal, extinguishing the trouble lamp and per 
mitting the particular Subscriber group acceSS 
to the sequence circuit and in turn to calling 
Ser???e. . 

If the miscellaneous alarm circuit times. Out in 
2 seconds on an outward call and the indications 
are that the trunk conductors, or Some part of the 
trunk relay equipment, is at fault, ground is not 
placed on conductor 1618 but connected to con 
ductor 846 which is included in a circuit trace 
able over the contact and No. 2 armature of re. 
lay 8ST, conductor 847, front contact and lower 
armature of relay 25TK, contact and outermost 
upper armature of relay 28TM, contact and in 
ner lower armature of relay 25TM, conductor 
25 f4, to ground at the inner lower armature and 
contact of relay 25ST. It would be noted by refer 
ring to Fig. 18 that conductor 847 is multipled to 
all the trunk circuits. The particular trunk cir 
cuit preselected at the time by the outward call, 
say the trunk circuit shown in Figs. 8 and 9, is 
the only trunk circuit that is in a position to util 
ize the ground on the contact and inner lower 
armature of relay 25ST and this ground causes 
relay f6BO-GO which is associated with the 
trunk circuit shown in Figs. 8 and 9 to operate. 
Relay 6BO-0, upon operating, locks under 
control of its associated trunk release key 620 
and at its outer upper armature and contact con 
nects ground to the upper winding of relay 
6BO-O which also operates. Relay 6BO-0, 
upon operating, (1) connects at its middle upper 
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armature and contact a ground connection to 
conductor 83 which extends to grounded battery 
through the winding of relay 6CH-0 which 
operates and causes in turn the operation of relay 
6AD-0; (2) locks at its outer lower armature 
and contact under control of any mark signal of 
the distant central office, the control being had 
by relay 9CT which is operated in response to a 
mark signal from the central office. The opera 
tion of relay 6BO-O also causes the associated 
trunk lamp 62 to flash under the influence of 
interrupter 704 as an indication that the trunks 
are in trouble. The operation of relay f6CH-0 
and 6AD-0 removes the possibility of using that 
particular trunk on the outward call, but permits 
this outward call to be connected to the next idle 
trunk. Under this condition, therefore, the sub 
scriber will receive service even though the con 
nection of the distant central office is slightly de 
layed. If the path to the distant central 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 miscellaneous 
alarm, therefore, has effectively removed the 
trunk from service on an outward call and may 
have given a trouble indication to the operator 
at the distant central office. When the trouble 
is cleared by the attendant the trunk may be put 
back into service by momentarily operating the 
key f620 which causes the release of relay 
6BO-0. Relay f6BO-0, upon releasing, re 
moves ground from the secondary or upper wind 
ing of relay 6BO-O at the same time changing 
the lamp 62 from a flashing condition to a 
steady light condition. Relay 6BO-O will, how 
ever, remain operated under control of a marked 
signal that might be received from the distant 
central office. At the conclusion of this mark 
signal, relay f6BO-O releases. Relay 6BO-0, 
upon releasing, causes (1) the release of relays 
6AD-0 and 6CH-0 and readmits the trunk 

circuit to the trunk advance chain making it 
available to a subscriber's originating outward 
call and (2) extinguishes the trunk lamp f 62. 
On an inward call the miscellaneous alarm cir 

cuit permits three separate timing intervals, 2 
Seconds being allowed to place the director circuit 
in an off-normal condition, a total of 4 seconds 
being allowed for the director circuit to provide 
itself in a position to receive the teletypewriter 
characters typed by the operator at the distant 
central office and 10 seconds in which to com 
pletely fulfill its function. When the miscellan 
eous alarm circuit times out at the conclusion of 
the 10-second interval, it places ground on con 
ductors 68 and 6f 9, if it has been determined 
that the trouble causing the failure of the inward 
call to be routed through the switching center 
might possibly exist in the trunk sequence or 
trunk circuit, but grounds only conductor 6 fe if 
it has been determined that a trouble does not 
exist in either of the two circuits. If conductors 
68 and 69 are both grounded, relays 6BO-O 
and 6B-0 operate and are locked under con 
trol of both the trunk release key 620 and any 
marked signal that may be received from the dis 
tant central office (controlled by relay 9CT) 
causing the associated trunk lamp 62 to flash 
and connecting a ground to the operating circuit 
of relays 6CH-0 and 6AD-0, operating both. 
When the interval is 10 seconds, the director cir 
cuit is arranged to send a 1-second series of "T" 
Signals to the distant central office as a reorder 
signal. In addition, the operation of relay 
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f6BO-0 removes battery from the operating 
winding of 6ST2-0 causing the release of 
relays 6SE2-0 and 6AL-0. 
upon releasing, removes ground from conductor. 
f6ff which extends to the outer right-hand. 
armature of relay 26A in the director circuit, and 
causes the release of relay 6AE-0 which releases: 
relay 6AE, F-0. Relay 6AL-2, upon releasing, 
OpenS the operating circuit of relays 6BO-0 and, 
6BOf-0, disconnects the trunk circuit from 

the director circuit, removes the starting ground. 
from conductor' f65 which extends through the 
winding of start relay 26A in the direct circuit, 
and removes ground from conductor. 697 which 
is employed in the operating circuit of relay 8M 
in the trunk circuit. Relay f6AL-0, upon releas 
ing, removes grounded battery from conductor 
622 which extends to the miscellaneous alarm 

circuit over conductor 807 to the winding of relay 
25ST to ground permitting relay 25ST of the mis 
cellaneous alarm circuit to release, if it is not held 
operated from some other source, and reconnects 
ground to conductor f624, thus permitting the 
sequence circuit to handle a new call in either di 
rection. The operation of the CH and AD relays, 
such as relays 6CH-0 and f6AD-0, removes the 
trunk circuit from the trunk chain as far as an 
outward call is concerned. After the trouble has 
been cleared, the attendant restores the trunk 
to Service by momentarily operating the key as 
sociated with the flashing lamp f 62 f and as in 
dicated heretofore the relay f6BO-0 will remain 
operated until any marking signal that might be 
received from the distant central ofice is termin 
ated. At the conclusion of any such marking sig 
nal, the trunk circuit is restored to service. 
however, it has been determined that neither the 
trunk sequence circuit nor the trunk circuit is in 
any way responsible for the failure of the in Ward 
call, conductor f6? 8 alone is grounded causing the 
operation of relay f6BO-0 which, as described 
hereinbefore, takes the trunk circuit out of service 
temporarily as long as a marking signalis receiv 
ed from the distant central office. At the conclu 
sion of Such a marking signal the trunk is restored 
to Service. 

MiscELLANEOUS ALARM CIRCUIrs 
Description of operation. 

When a subscriber originates an outward call 
and the sequence circuit is called into use, 
grounded battery is placed on conductor f37 
causing the operation of relay 25ST. Relay 25ST, 
upon operating, (1) removes ground from the di 
rector transfer key 2802 to prevent a manual 
transfer from One director circuit to the second 
director circuit; (2) causes the operation of re 
lay 25CS; (3)' furnishes a ground connection to 
supplement, the one: on the director transfer key 
2802 to nullify the return to normal of that same 
key and to continue the particular director: cir 
cuit in use during the routing of the call through 
the switching center. The operation of relay 
25CS removes ground from conductor f of to the 
sequence circuit, preventing further use of the 
sequence circuit on a new call, connects locking 
ground for the time measuring relays and con 
nects the 6-IPM interrupter 25 8 supply to re 
lay 28P which follows the 2-second open and A 
second closed 66-IPM interrupter. The first op 
eration of relay 28P causes the operation of relay 
28Af; upon the release of relay 28P, relay 28Bf 
operates. With the relays 28A and 28B? operated, 
relay 28A2 operates. On the next closure of re 
lay 28P, relay 28A releases causing the opera 

Relay 6ST-0, 

s 

0 

5 

20 

25 

30 

40 

45 

50 

5. 

53 
tion of relay 28B2. On the next open of relay 
28P, relay 283f releases. After the third release. 
of relay 28P (which would occur 2 to 2.5 seconds 
after relay 25ST had operated, if the relay 25ST 
remained operated), ground on the contact of 
relay 25CS is connected in a circuit extending 
over conductors. 25.09 and 2803, lower armature 
and back contact of relay 25K2, conductor 25 (, 
outer upper armature and contact of relay 28B2, 
Outer upper armature and contact of relay 28A., 
outer upper armature and contact of relay 28BE, 
conductor 2804, through the winding of relay 
25TM to grounded battery, and relay 25TM op 
ex'ates. Relay 25TM, upon operating, (1) closes 
the operating circuit for relay 28TM, the circuit. 
peing traceable from grounded battery, through 
the upper winding of relay 28TM?, conductor 
2805, contact and inner upper armature of relay 
25TM, conductor 252, inner upper armature and 
back contact of relay 25K5, to ground at the con 
tact and otter upper armature of relay 25K2 and 
relay 28TM: operates; (2) connects ground at 
the contact and inner lewer armature of relay 
25ST in a circuit traceable over conductors 2513 
and 2524, inner lower armature and contact. of 
relay 25 FM, inner upper armature, contact and 
upper winding of relay 25TK, to grounded bat 
tery for holding relay 25TK operated; and (3) 
opens: the operating path of relay 28TR, which 
path may be traced from grounded battery 2806, 
armature and contact of relay 28LT, through 
the lower winding of relay 28TR, back contact. 
and cuter upper armature of relay 28DA2, con 
ductor 280, contact and inner upper armature. 
of relay 28K2, outer lower armature and con 
tact of relay 25TM, conductor 253, contact and 
inner lower armature of relay 25ST. to ground. 
Relays 25K5 and 25K2 being normal, relay 28TM 
operates. immediately, locking under control of 
relays 28B? and 25CS, placing a supplementary 
ground on relay 25CS, preparing a path for test 
ing the subsequent release of the sequence cir 
cuit and connecting ground, obtainable on the. 
contact and inner lower armature of relay 25ST 
to other contacts on relay, 25TK. During the 
routing of the outward call, the trunk circuit 
sends the calling-in signal to the central office. 
and-awaits the reception of ringing current sent 
automatically from the central office. If this 
calling-in signal was not received at the central. 
office, due to a faulty conductor or if the calling 
in signal fails to be registered at the central office, 
or if in any event the ringing current fails to be 
received in the large switching center, ground 
on conductor 80 would continue to keep relay 
25TK operated causing it to lock the moment 
relay 25TM operates. Therefore, the ground 
furnished by relay 25ST and directed to the lower 
armature and front contact of relay 25TK by 
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means of the inner lower armature and contact. 
of relay 25TM and the outermost upper armature 
and contact of relay 28TM?, would be applied to 
conductor 847 which extends to the lower wind 
ing of relay 6BOl-O in the sequence circuit and 
to the operating, or upper, winding of relay 
25TKA in a circuits which may be traced over 
the grounded conductor 2514, inner lower arma 
ture and contact of relay 25TM, outer lower ar 
mature and back contact of relay, 25K, outer 
upper armature and front contact of relay 25TK, 
through the upper winding of relay 25TKA to 
grounded battery. Ground on conductor 84. 
causes relay 25SU to operate, which relay; upon 
operating, opens the sequence circuit chain, and 
causes the trunk circuit in conjunction with the 
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sequence circuit to remove the particular trunk 
circuit from Service. Relay 25TKA, upon op 
erating, will light lamp 255, bring in minor 
alarms 2808 and 282 and lock under control of 
the release trunk key 256. The removal of the 
trunk from service will permit the subscriber 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 a sequence circuit will return to normal 
after the subscriber has received service and re 
moves battery from conductor 807, causing re 
lay 25ST to release and, in turn, release relay 
25CS. Relay 25CS will release all counting relays 
operated at that time, returning the circuit to 
normal except for locked-in alarms. 

If the selected trunk has satisfactorily gone 
through its paces and registered the received 
ringing current, or if the trunk circuit was not 
even preselected, the relay 25TK will be normal 
when relay 25TM operated and ground available 
On the contact and inner lower armature of relay 
25ST and directed to the contacts of relay 25TK 
by means of relays 25TM and 28TM would be 
applied to conductors 1618 and 69 of the se 
quence circuit and would cause the operation of 
relay 25SA. Ground on conductor l68 (con 
ductor f6f9 is ineffective on this type of call) to 
the Sequence circuit will cause the latter CircUit 
to function and remove from outward service the 
particular subgroup of subscribers' stations con 
taining the Calling Subscriber's station. The Op 
eration of relay 25SA would bring in minor alarms 
2808 and 282, prior to the elimination of lamp 
250 and permits relay 25SA to lock under control 
of release key 257. In either case after a 42 sec 
ond has elapsed, relay 28P again operates caus 
ing the release of relay 28A f. Relay 28A re 
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leased causes the release of relay 25TM and relay 40 lower armature and contact directed by means of. 25TM released connects the operating winding of 
relay 28SE to ground at the contact and arma 
ture of relay 25ST, the circuit being traceable 
from grounded Conductor 254, outer upper arma 
ture and back contact of relay 25TM, middle 
upper armature and contact of relay 28TM?, 
through the upper or operating winding of relay 
28SE to grounded battery. If, therefore, in the 
% second that relay 28A and 28B? were operated 
and in which relay 25TM and 28TMI functioned 
to apply ground to the contacts of relay 25TK 
and in which an attempt was made to free the 
sequence circuit, relay 25ST did not release, 
ground on its front contact WOuld cause the 
operation of relay 28SE, as soon as relay 25TM 
released. Relay 28SE operated would lock under 
control of the release sequence key 280, light the 
sequence lamp 250 and bring in major alarms 
2809 and 28ff as an indication that the sequence 
circuit itself is in trouble. If, however, relay 
25ST released during this interval, the miscella 
neous alarm awaits for another 42 second until 
relay 28B releases which permits the release of 
relay 28TM?. The release of relay 28TM re 
moves the ground from the winding of relay 25CS 
which, in releasing, removes the 60-IPM inter 
rupter 258 from the winding of relay 28P, re 
moves the locking ground from the time meas 
uring relays and reconnects ground to conductor 
70, extending to the sequence circuit, permit 

ting the sequence circuit to handle a new call. 
The removal of holding ground from the time 

measuring relays, and the disconnection of 
60-IPM interrupter 25 8 from the winding of 
relay 28P, causes release of relay 28P and all 
time counting relays, returning the miscellane 
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Ous alarm circuit 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 herein, relay 25TKA, 25SA or 28SE 
will remain operated depending upon the type: 
of trouble that the miscellaneous alarm circuit. 
discovers. The operation of a key associated 
With each of these relays and the associated an 
nunciator circuit will permit the silencing of the 
audible alarm and Will lock-in the lamp indicat 
ing the trouble brought in. Each of these relays 
also has associated with it a release key the oper 
ation of which, after the trouble has been cleared, 
eliminates the locked-in trouble indication. Re 
storing the release key associated with the relay 
and the annunciator alarm circuit extinguishes 
the trouble indicating lamp provided the locked 
in trouble indicating relay has been released. 
With the trouble indicating lamp extinguished, 
the circuit has returned to normal. 
Timing the interval used by the sequence circuit 
on an inward call if a director circuit has not 
been Seieed 
When a trunk circuit on an inward call receives 

permission to use the sequence circuit, grounded 
battery applied to conductor 807 causes the relay 
25ST to operate. Relay 25ST, upon operating, 
results in the operation of relay 25CS as here 
inbefore indicated. The operation of relay 25CS 
permits the time registering relays 28P, 28A, 
28B, 28A2 and 28B2 to function as hereinbefore 
described and if, after approximately 2 seconds, 
relay 25K2 should still be non-operated, as a 
result of the failure of the sequence circuit to 
seize a director circuit, relay 25TM will operate 
as hereinbefore indicated followed by the oper 
ation of relay 28TMt. If relay 25ST is still oper 
ated at this particular time, ground on its inner 
the inner lower armature, and contact of relay 
25TM and the outermost upper armature and 
contact of relay 28TM to the lower armature 
and back contact of relay 25TK will be applied 
to the conductors 68 and 6f 9 of the sequence 
circuit to remove the particular trunk used in 
originating the call from service and at the same 
time permits the operation of relay 25SA as here 
imbefore indicated. From thereinafter the mis 
cellaneous alarm circuit functions exactly as indi 
cated hereinbefore under the condition when it 
timed out a period in excess of two circuits 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 lamp 25 9 and together 
with lamp 250 f. and minor alarms 2808 and 282 
Will serve to indicate the type of trouble. 
Timing the interval used by the sequence circuit 
when conductor 2301, but not conductor 2302 
to the miscellaneous alarm circuit, is grounded 
As hereinbefore indicated when the sequence 

circuit is seized, relay 25ST of the miscellaneous 
alarm circuit operates causing, in turn, the oper 
ation of relay 25CS. As hereinbefore described, 
relay 25CS connects the 60-IPMinterrupter 25 
to relays 28A, 28B?, 28A2, 28B2, 28A3,28B3, in 
combination for the purpose of counting the in 
terval. Under the assumption that conductor 
230 has been grounded, relay 25Kf of the mis 
cellaneous alarm circuit operates and (1) con 
nects conductor 2530 to the contact and outer 
upper armature of relay 25TM; (2) places a sup 
plementary holding path on the operating wind 



2375856 
ing of relay 25CS; (3) locks under control of relay 
25ST; (4) connects the operating path of relay 
28DA or 28DA2 to contacts of relay 25TM, the 
selection of either of relays 28DAf or 28DA2 being 
under the control of the lower armature of relay 
28TR; (5) causes the operation of relay 25K2. 
Relay 25K2, upon operating, connects conductor 
252 to the contacts of relay 25TM, partially pre 
pares the path for operating relay 28 FR and locks 
under control of relay 25CS at the same time 
removing ground from the outer upper armature 
of relay 28B2. Relays 28Af, 28A2, 28B? and 28B2 
function and at the conclusion of a 2-second in 
terval, relay 25K2, being operated, the miscel 
laneous alarm does not cause the operation of 
relay 25TM. At the conclusion of 4 seconds, how 
ever, relays 28B3, 28A and 28Bf, being operated, 
ground furnished by relay 25CS through the oper 
ated contacts of relay 25K2 and normal contacts 
of relay 25K3 cause the operation of relay 25TM, 
Relay 25TM, upon operating, (1) connects ground 
to the conductor 2520 through the director cir 
cuit where it is instrumental im bringing the di 
rector into a "stuck' condition by operating relay 
26LU: (2) connects relay 28TMf to conductor 
252f; (3) causes the operation of relay 28DAf 
or 28E)A2, depending upon the director circuit in 
service and (4) opens the operating path of relay 
28TR or 28LT. The operation of relay 28DAf 
or 28DA2, depending upon the director circuit 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 circuit in trouble and prepares 
a path for either the operation of relay 28TR, 
28LT or 28MAJ, the functions of which will be 
hereinafter described. 

Lin. a. large. Switching center having only one di 
rector circuit, the operation of relay 28DA also 
removes the holding ground through relay 25CS 
furnished through the operated contacts of relay 
25K. This prevents the troubled director cir 
cuit from interfering with the automatic outward 
traffic. 
After the director circuit is locked in the 

"stuck' condition, ground is placed on conductor 
252, which causes the operation of relay 28TMI. 
Relay 28TM, upon operating, (1) locks under 
control of relay 28B; (2) places a supplementary 
ground on the Winding of relay 25CS to hold it 
Operated; (3) connects ground under control of 
relay 25ST, through the contacts of relays 25TK 
and 25TM to the conductors f6 i8 and 69 to 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 director 
circuits, both of which functions take place in 
the next half second. . If conductor 2522 through 
the miscellaneous alarm circuit had been ground 
ed by the director circuit to operate relay 25AB 
at the moment relay 25TM operated, relay 25K4 
will be operated and ground would have been ap 
plied only to. conductor 618. With both con 
ductors 68. and 69 to the sequence circuit 
grounded, the trunk circuit is taken out of service 
permanently on the key control, but if the di 
rector circuit has so requested, the operation of 
relay 25K4 will permit the grounding of only con 
ductor 68 in which case the trunk circuit would 
have been removed from service temporarily 
under control of the marking signal received from 
the distant central office. In either case, how 
ever, the sequence circuit in taking the trunk out 
of service. releases, removing grounded battery 
from conductor f807 and causing the release of 
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relay 25ST. All this occurs within a half second 
and at the conclusion of this the 28A relay re 
leases causing the release of relay 25TM but relay 
28T.M. still remains locked up for an additional 
A second. With relay 25TM released, if for some 
reason or other relay 25ST is still operated, in 
dicating, of course, that the sequence. circuit has 
failed to release, the ground connection furnished 
by relay 25ST, through back contacts of relay 
25TM and front contacts of relay 28TM causes 
relay 28SE; to operate. Relay 28SE, upon operat 
ing, locks under control of the associated release 
key 28-0 and brings in major alarms 2809 and 
28 in addition to a lamp 280 indicating that 
the Sequence circuit failed to release. With relay 
25ST released, however, ground furnished by re 
lay 28T.M. f. through back contacts of relays 25K5, 
25ST and 25TM and front contacts of relay 25K2, 
which is still locked up under control of relay 
25CS, is connected to conductor 2807. 

If relay 28DA2 is normal, indicating director 
No. 2 as available, this ground causes the oper 
ation of relay 28TR which locks under control of 
relay 28DA and places a ground on conductor 
283 which extends through the windings, in par 
allel, of relayS. 23T to 23T6 in the director cir 
cuit. Where it is instrumental in replacing director 
circuit No. 1 by director circuit No. 2. If the relay 
28DA2 is operated and relay 28DA is normal, in 
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dicating that the director circuit No. 1 is satis 
factory and available, relay 28T operates caus 
ing the release of relay 28TR. Relay 28TR, upon 
releasing, removes the ground from conductor 
283 to the director circuit placing the director 
circuit No. 1 in Service instead of director circuit 
No. 2. In transferring to the new director circuit 
all conductors to the old director circuit from the 
miscellaneous alarm circuit are open causing the 
release of relays 25K, 25AB and 25K4 if oper 
ated. If both the relays 28DA and 28DA2 are 
Operated when conductor 280T is grounded indi 
cating, of course, that both director circuits are 
in trouble and not available, ground on conductor 
2807 causes the operation of relay 28MAJ, which 
locks under control of its associated release keys 
284 and 285, brings in major alarms 2809 and 
28 ft and lights a major lamp 2816, lamp 2817, 
associated with director circuit No. 1 and lamp 
288.associated with circuit No. 2, indicating that 
both director circuits are in trouble. The oper 
ation of relay 28MAJ also removes the locking 
path of relay 25CS, which was prepared by relay 
25K while it prevents the “stuck' director cir 
cuit from interfering with the placing and timing 
of outward calls. At the conclusion of the addi 
tional % second, relay 28B?, releasing, causes the 
release of relay 25TM. Relay 25TM, releasing, re 
moves the additional holding ground from relay 
25CS which, upon releasing, (1) causes relay 25K2 
to release; (2) opens the holding ground to re 
lays 28A, 28Bt, 28A2, 28B2, 28A3 and 28B3; (3) 
disconnects the 60-IPM interrupter 258 from 
relay 28P which controls relays 28A1, 28BI, 28A2, 
28B2,28A3 and 28B3; and (4) reconnects ground 
to conductor 70 of the sequence circuit, making 
the sequence circuit available. 

Eactension of the timing interval if conductor 2302 
to the miscellaneous alarm circuit is grounded 
If the director circuit places ground upon con 

ductor 2302, relay 25K3 of the miscellaneous 
alarm circuit operates and locks under control of 
ground furnished by relay 25CS. Relay 25Ks, 
upon Operating, removes ground from the outer 
upper armature of relay 28B3. The time count. 
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ing circuit composed of relays 28A, 28B?, 28A2, 
28B2, 28A3, 28B3 and 28A4, therefore, continues 
to count time until 10 seconds have elapsed at 
which time relays 28A4, 28A3, 28B2, 28B and 
28A are operated and ground furnished by relay 
25CS causes the operation of relay 25TM. There 
fore, if the miscellaneous alarm circuit is off 
normal, the absence of ground on conductor 230 
causes it to time out and operate relay 25TM in 2 
seconds. The presence of ground on conductor 
230, operating as it does relays 25Kd and 25K2, 
causes the alarm circuit to time out in 4 Seconds. 
The additional presence of ground on conductor 
2302 causes the operation of relay 25K3, and per 
mits the miscellaneOUS alarm circuit an interval 
of 10 seconds before it operates relay 25TM. 

Timing out after an interval of 10 seconds 
As hereinbefore indicated, the alarm circuit 

continues to count time as long as the Sequence 
circuit is in use and until it receives notification 
that a certain time limit should not be exceeded. 
On an inward call the director circuit makes a 
preliminary study of its own condition and, if 
satisfied, places a ground on conductors 2302 and 
2522, causing the operation of relays 25K3 and 
25AB. 
Relay 25AB operates relays 25K4 and 25RO and 

relay 25K3 operates relay 25K5 together with re 
lay 25K4 and locks under control of relay 25CS. 
Since relay 25K5 opens the circuit including con 
ductor 2520 to the director circuit, and relay 25K4 
opens the circuit including conductor 69, to the 
sequence circuit, the miscellaneous alarm circuit, 
in case it does not time out, must return the di 
rector circuit back to service and only remove the 
trunk temporarily from Service. When, there 
fore, the miscellaneous alarm circuit has counted 
out an interval of 10 seconds, ground furnished 
by relay 25CS causes relay 25TM to operate. Re 
lay 25TM operated caused the immediate opera 
tion of relay 28TM from ground on relay 25K5. 
Relay 28TM operated, locks under control of re 
lay 28B, places a supplementary ground on the 
winding of relay 25CS, prepares an operating path 
for relay 28SE. Ground on conductor 68 is used 
in the sequence circuit to disconnect the director 
circuit from the trunk circuit, returning the di 
rector circuit to normal, freeing the sequence cir 
cuit, removing grounded battery from conductor 
8G and causing the lighting of the trunk lamp 
and the release of relay, 25CS, since relay 28B 
is already released. If the director circuit returns 
to normal and grounded battery is removed from 
conductor 807, both relays 25K and 25ST re 
lease. Relay 25CS released causes relays 25K2, 
25K3, 25K4 and 25K5 to release; removes 60 
IPM interrupter 258 and holding ground from 
the time counting relays, releasing all operated 
counting relays; and connects ground to conduc 
tor 70 of the Sequence circuit, thus returning 
the circuit to normal and to a position to permit 
the routing and timing of a new call. 
In the event that the director circuit does not 

release the sequence circuit, the closure of con 
ductor 70 i will delay the operation of major 
alarms 2809 and 28 until a total of 14 seconds 
has elapsed. During this additional 4-second 
period, relays 28A, 28B?, 28A2, 28B2 and 28B3 
continue to count time as during the 10-second 
period when the front contacts of relays 28Af, 
28B and 28B2 are now short-circuited by the 
closure of conductor f7. Of So that their release 
does not release relay 25TM. However, if at the 
end of the 14-second period the director circuit 
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has not succeeded in releasing the sequence cir 
cuit, relay 25ST will still be operated and relay 
28A3 will release, causing the release of relay 
25TM which will, in turn, operate relay 28SE and 
sound the major alarms 2809 and 28. 

Functions of lamips and keys 
The miscellaneous alarm circuit is equipped 

with an alarm cut-off key 2502, which upon be 
ing operated prevents the miscellaneous alarm 
circuit from timing out a call and at the same 
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time causes an alarm cut-off lamp 259 to flash. 
The circuit is also provided with a sequence busy 
lamp 2523 to furnish an indication to the main 
tanance man whenever the sequence circuit is off 
normal. Relay 25SA has associated with it a re 
lease alarm key 2524 which silences the audible 
alarm, permanently locking the lamp 250 in a 
lighted condition to indicate the type of trouble. 
Each of the following relays has aSSociated with 
it a switch and a lamp for a similar purpose, for 
example, relay 25TEKA has switch 2525 and lamp 
255, relay 28SE has switch 289 and lamp 280i, 
lamp 28DA? has switch 2820 and lamp 2817, and 
relay 28DA2 has switch 282 and lamp 288 and 
relay 28MAJ has key 285 and lamp 286. The 
illumination of lamp 250 is an indication that 
the subscriber line circuit or subscriber line 
equipment on an outward call has failed or that 
on an inward call the sequence circuit failed to 
set a director circuit off-normal. The elimina 
tion of lamp 25 5 is an indication that on an out 
ward call the continuity of the two trunk con 
ductors has been found in trouble. The operation 
of the sequence lamp 280 is an indication that 
the sequence circuit failed and is in trouble. The 
operation of director 1 or director 2 lamp, such as 
lamps 287 and 28 8, respectively, is an indica 
tion that the particular director circuit is in 
trouble and the operation of the major alarm 
lamp 286 indicates that both directors are in 
trouble. After the maintenance man has cleared 
the trouble indicated, the miscellaneous alarm 
circuit is brought to normal as far as the alarm 
indications are concerned by the return of the 
release alarm key to normal, if it has been op 
erated to silence the audible alarm and the mo 
mentary operation of the release key associated 
with the particular alarm. This causes the re 
lease of relays 25SA, 25TKA, 28SE, 28DA, 28DA2 
and 28MAJ, removing both audible and visual 
alarms. 

Sequence battery and ground chain alarm 
Relay 25SG remains operated from ground sup 

plied by relay 25CS through the ground chain of 
the sequence circuit. Similarly relay 25SB re 
mains operated from grounded battery supplied 
by relay 25SU through the battery chain of the 
sequence circuit. With both relays 25SB and 
25SG operated, the plate and flament voltages 
for the vacuum tube 2526 remain unconnected 
while the grid element remains grounded and 
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condenser 2527 is in a discharge condition. How 
ever, with the Sequence circuit in an idle con 
dition, if either the ground or battery chain cir 
cuit becomes open, relay 25SB or 25SG releases 
depending upon the particular chain affected. 
With the Sequence circuit in use during the rout 
ing of the Call both of these relays also release. 
With ground removed from the grid element of 
the vacuum tube 2526 and filament and plate po 
tential applied by the release of either or both of 
relays 25SG and 25SB, the grid element immedi 
ately assumes negative potential relative to the 
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filament and no plate current flows. A positive. 
charge leaking through resistance 2528 gradually, 
raises the potential of condenser, 2527 and also 
continuesto alter the potential of the grid eles. 

2266. This transferas will be grounded battery. 
seen hereinafter results, in it on of 
“letters' signals at the rate of one per second in 
stead of, “K” signals, at á speed öf forty wofds 

results, in thepirò 

ment.". After-approximately 45 seconds, th? grid 5 perminute. 
element having reached a definite.potential rela 
tive to the filament, a plate current of sufficient. magnitude causes relay 25M to operate, operat 
ing in turn relay 25N. Relay 25N, upon operat- . 

Originating of a call during all-trunks-busy 
period. . 

When a subscriber originates a call during ing, locks under control of the release sequence lo, the all-trunks-busy period, the sequence circuit key 280, causing the operation of relay 28SE. 
Relay 28SE, upon operating, (1) acts as herein 
before described giving a sequence-failure alarm. . 
and (2) connects ground . over the upper-arma 

places a ground on conductor 1804 to operate relay. 22ST which, upon operating, permits relay 
22PC and the magnet of register 22SUB.OFL, to operate. Alsorelay22STupon operating, con tures of operated relay 25N, upper armatures re-.5 nects ground to conductor.2202 for operating, 

spectively of relays 25SB and 25SG to-light-lamps. 
2504 and 25055 to indicate the chain in trouble. 
After clearing. the trouble-relay, 25SB or relay. . 
25SG operates removing the vacuum-tube- 2526. 
from the circuit and releasing relay, 25M. Relay. 20 tact and armat 
25N releases when release sequence key 28 O is . BB, upon oper 
momentarily operated, returning the circuit to... 
normal. 

Falsely operated selecting magnet of line circuit 

25D of the miscellaneous alarm circuit operates. 
due to ground available on conductor, 0. Re 
lay 25D, upon Operating, opens the main ground...: 

relay 4BB in the trunkcircuit. Busy back relay 
18BB operates and thereby connects a transmis 
sion conductor 'i 432 over conductor 2203 to grounded positive battery at the left-hand con 

of relay 22P. Also relay ? ? ? 
ating, connects at its inner lower armature and contact, grounded battery to con 

ductor 43 which extends to ground through the winding of relay 22C which operates tö.operate” 
25 in turn, relay 22D. Relay 22D, upon operating, If a selecting magnetis falsely operated, relay. closes at its outer left-handarmature and con 

tact, a circuit traceable from ground, release key. 
2297, outer left-hand armature and contact of 
relay 22D, outer left-handarmature and contact conductor TOf, preventing the routing of any call: 30 of relay 22L, through the winding of relay 22L 

through the Switching unit. ... If the condition, "to grounded battery, relay. 22 operating, during 
persistS, for 45. Seconds, the ground-chain alarm. 
operates giving...a major alarm and lighting the 
sequence ground lamp. 2505 as...hereinbefore des. 
scribed. The connection lamp 2503 is also lighted'ss the slow-to-release 
and these indications reveal to the attendant the to the type of existing trouble. 
All-trunics-busy circuit at large switching, center 

single and double outlet of trunks 
When the line concentrating, unit at the large 

switching center is arranged for double outlet of 
trunks with provision for overflow of outward. 

If the unit is arranged for a single. 
outlet, only... relay, 22A is provided. When the 
switching unit is arranged for a double, outlet, 
without provision of overflow, of calls.in-outlet 
two separate all-trunks-busy circuits sare pra 
vided, one for each outlet. Relay 22A is provided 
With one of these circuits and relay 22B, is pro 
vided with the other: all-trunks-busy; circuit. 
When all, the trunks of a group of trunks are 
busy, the sequence circuit connects ground to the 55 
winding of relay 22A or 22B, depending upon 
which of these relays is associated with the group. 
The particular operated relay connects its asso 
ciated 60-IPM interrupter of interrupters. 220-f 
and 2204, to its associated register such as regis, 
ters 22NCA and 22NCB, which, therefore, regis 
ters the number of seconds all trunks of the 
group are busy, at the same time closingapor 
tion of the chain conductor. 22.4 to the winding. 
of relay 22. 65. 
All trunks associated with the all-trunks-busy 

circuit, busy ? 

When all trunks associated with the particular. 
all-trunks-busy circuit are busy, “letter 
22L, Operates. Relay 22L, upon operating, trans 
fers at its outer right-hand armature; condenser 
2205 from the left-hand-contact of relay 22P to 
the contact...of relay, 22INT. and-removes at its 
middle. right-hand... armature. and contact, 75. 

ge pr0.50, 

relay 22R. Meanwhile, the connection of the 

relay. 70. 

the no-circuit condition, Relay, 222, upon. Oper 

first pulse obtai Relay. 22E. 

relay 22, upon ope 
closed, mak 

armature of relay 22INT and the armatu e' of 
subscriberline to conductors, 43ar 
returned the sequence circuit V 

onductor 

b?sy period, 

When a subscriber calls duringth e.all-trunks busy period the ground that is place 
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to the winding of relay 22PC which operates. 
Relay 22PC, upon operating, supplements this 
ground by the ground on its own front contact 
and insures the operation of the magnet of 
register 22SUB.OFL. The magnet of register 
22SUB.OFL., upon operating, locks to this ground 
on conductor 804 and causes the release of relay 
22PC. The register controlled by the magnet 
of register 22SUB.OFL, therefore operates only 
once on any one single grounding of conductor 
f804 by the sequence circuit. The function of 
relay 22PC is to insure the application of ground 
for a sufficient period to enable the slow-acting 
magnet of register 22SUB.OFI. to function. If 
the all-trunks-busy circuit, the line circuit and 
the sequence circuit function speedily and tend 
to remove the ground from conductor 804 before 
the message register 22SUB.OFL. has operated 
the ground on the armature of relay 22PC will 
insure the operation of the message register. In 
this particular case this ground on the armature 
of relay 22PC will be continued back on con 
ductor 804 and prevent the sequence circuit 
from dealing with another call until relay 22PC 
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 line the subscriber's call is registered 
on the register 22SUB.OFL. 

Transmission of 'letters' to the subscriber 
station during the "no-circuit' period 

When a subscriber station is connected to the 
all-trunks-busy circuit during the no-circuit 
period as indicated hereinbefore, relay 22INT 
follows the 60-IPM pulses from grounded inter 
rupter 220 and relay 22F follows the pulses from 
grounded interrupter 2208. With relay 22Fnor 
mal, condenser 2205 is charged and relay 22P 
is held in its marking, or left-hand, position, 
transmitting a marking signal to the Subscriber's 
line associated with the all-trunks-busy circuit. 
When relays 22F and 22INT are operated, ground 
from the inner left-hand armature and contact 
of relay 22F discharges condenser 2205 in a cir 
cuit traceable from ground at the inner left-hand 
armature and contact of relay 22F, arnature 
and contact of relay 22INT, front contact and 
outer right-hand armature of Irelay 22L, con 
denser 2205, contact and outer left-hand arma 
ture of relay 22F, through the upper winding of 
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relay 22Pi to ground, but this discharge current 
only helps relay 22P to remain in its marking 
position. As soon as relay 22INT releases, con 
denser 2205 recharges from grounded positive 
battery 2209 in a circuit treaceable over con 
ductor 220, condenser 2205, contact and Outer 
left-hand armature of relay 22F, to ground on 
the upper winding of relay 22P, causing relay 
22P? to operate to its spacing, or right-hand, 
position and when the charging current has Suff 
ciently decreased, relay 22P? again returns to its 
marking position. On each subsequent opera 
tion and release of relay 22INT during fihe Oper 
ation of relay 22F, this cycle is repeate produc 
ing a space signal of approximately 22 millisec 
onds once per second during the active period 
of interrupter 2208. During the interval when 
ground is removed, from the interrupted ground 
conductor 22 f, relays 22E and 22F release. The 
release of relay 22F, among other things, Opens 
the circuit of the secondary, or upper, Winding 
of relay 22P(, allowing condenser 2205 to charge 
and definitely causing relay 22P to operate to 
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release times of relays 22E and 22F permit the 
retention of ground on conductor f43, for an 
interval after the last transmitted space signal. 
The 22 milliseconds space signal which is equiv 
alent to the letters character is transmitted to 
the subscriber station therefore once per second 
during the “on' period of interrupter 2208. 
A trunk becomes idle while “letters' signals are 

being sent out to the subscriber Station. 
As soon as a trunk circuit in the group in 

volved becomes idle under this condition, ground 
is removed from one of conductors f602 and flo2 
by the sequence circuit causing the release of the 
associated relay of relays.22A and 22B and in 
turn the release of relay 22L, unless it is held op 
erated by relay 22F, in which case it releases 
after relay 22F releases. The release of relay 
22L opens the contact and winding circuit of re 
lay 22INT causing its release and at the same 
time connects grounded negative battery 2206 to 
a circuit extending through the upper winding 
of relay 22P, contact and middle left-hand ar 
mature of relay 22L, to grounded positive battery 
22. When relay, 22F. again operates, if relay 
22P is not in its right-hand position, a current 
flows in both the primary, or upper, and Sec 
ondary, or lower, winding of relay 22P, the cur 
rent in the primary winding tending to operate 
the relay to its spacing, or right-hand, position 
and that in the secondary winding tending to 
keep the relay in its left-hand position. When 
the charging current flowing through the sec 
ondary, or lower, winding of relay 22P has de 
creased sufficiently, relay 22P operates on its pri 
mary, or upper, winding. As Soon as the right 
hand contact and armature of relay 22P inter 
engage, the current is reversed in the primary, 
or upper, Winding of relay 22P tending to drive 
the armature to its left-hand contact. The 
charge on condenser 22Í2, however, causes a cur 
rent to flow through the secondary, or lower, 
Winding in a direction tending to hold relay 22P 
in its right-hand position. When this discharge 
current has been sufficiently dissipated, relay 22P 
is driven to its left-hand position under the in 
fluence of the reverse current in its primary, or 
upper, winding. When the right-hand contact is 
opened, the reverse current in the primary, or 
upper, Winding ceases and the current through 
the secondary, or lower, winding and the operat 
ing current through the primary, or upper, Wind 
ing again begins to flow, causing a repetition of 
the complete cycle. Relay 22P, therefore, oper 
ates and releases at a rate of about 9 cycles per 
second. The discharge and charge of condenser 
222 occur nine times a second instead of once 
per second. Spacing, pulses of 22 milliseconds, 
nine times per second, create a 'K' character 
on the Subscriber teletypewriter as a signal that 
a trunk is now available. These signals are, of 
course, produced only during the active period of 
grounded interrupter 2208. The subscriber dis 
connects and tries again. If several subscribers 
have been waiting, one would be serviced by the 
available trunk and the others, of course, in turn 
will be again connected to the all-trunks-busy 
circuit which by that time will be producing let 
ters signals. - 

Timing the interval "letters' characters are 
being produced 

When relay 22D Operates during an all-trunks 
its marking, or left-hand, position. The different 75 busy period, relay 22L, operates since relay 22L. 

d 
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is operated. Each grounding of interrupted 
ground conductor 22it results, as hereinbefore described, in the operation of relay 22F which 
in turn operates the rotary magnet 22ROTA. In 
machine ringing switching centers the grounded 
interrupter places ground on condutcor 22 if once 
every 6 seconds in accordance with the ringing 
machine interval. In switching centers not equipped with machine ringing, the interrupter 
2208 manufactures approximately the same 

e. In any case, if all-trunks-bušy` condition 
persists, each grounding of conductor 22 causes 
the rotary magnet 22ROTA to step the selector 
brush of switch 22SWA one terminal: “On ter 
minal No. 9 ground is connected through the 
winding of rotary magnet 22ROTB causing it to 
step up one terminal. When selector switch SWA 
reaches terminal No. 10, relay 22L2 operates en 
ergizing release magnet RLSA. The selector 
Switch 22SWA is returned to normal and begins 
22SWB reaches a predetermined terminal, relay 
22IA operates andlocks causing the letters lamp 
22 3 to light and an audible signal maybe" 
Sounded as an indication to the attendant at the Switching center that the all-trunks-busy condi 
tion has lasted too long. The attendant can, by 
operating release key 2207, release relay 22LA to 
silence the audible alarm and extinguish, the 
lamp. 22.3 and return selector switches 22SWA 30 and 22SWB to normal by releasing relay 22L. 
If at any time prior to the operation of relay 
22LA a trunk becomes idle, relay 22L, · releaseš, 
causing the release of relay 22Lt. The release 
of relay 22L , places groünd on the release mag- 3 
net of both selector switches, causing the switches 
to return to normal. 

Line hunting arrangement 
A group of subscriber lines terminating at a 

subscriber's premises may be provided with a line 
hunting arrangement by modifying each line of 
the group, except the last line. Lines so modified 
need, not be adjacent numerically or physically 
On the cross bar switch in the link circuit. Nor 
mally, the number of the first line of the group 
will be pulsed by the teletypewriter operator at 
the central office and that line will be tested. 
If it is busy, the test will continue from line to 
line until an idle line in the group is reached, 
whereupon the connection will be established. 
However, the number of any line in the group. 
may be pulsed, in which case that line will be 
tested and if it is busy, only the higher posi 
tioned lines in the group will be tested. There 
fore, if a subscriber has a group of lines, some ar 
ranged for unattended service, those lines should 
be the highest positioned of the group. In such 
a case, a call may be completed oon an unat 
tended basis by pulsing the listed number of the 
first unattended service line, which will be listed in the directory and requested by the operator 
or calling subscriber. If the connection is estab 
lished, it will be to a station provided with the 
proper type of station arrangements for unat 
tended service, such as shown in Fig. 17 of 
Krecek United States. Patent 2,220,931, granted 
November 12, 1940. Since the actual determina tion of the position of a particular line within 
a given group is purely a matter of cross-connec 
tion, any hunting that takes place is not neces 
sarily r?stricted to the line? bearing higher, num 
bers, but i? restricted to the higher position with in the group. 

20 stepping around again. When selector switch 
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A call to a group of subscriber lines. Receipt of 
incoming code pulses in the director circuit at 
the small switching center 

In the case of a call being to a group of sub 
scriber lines terminating at a subscriber's prem 
ises, the incoming code pulses received over trans 
mission conductor 50 of the line trunk are re peated by a gate relay 20, G, as hereinbeforei" 
described, for a call to a single line subscriber 
station. The first character “figures" is received 
and then followed by the first and second digits 
of the listed number of the desired line of a group. 

15 Assume, in this case, that the listed number 
is 26 which represents one of the subscriberlines 
of the group of lines whose listed numbers are 
20 to 29, terminating at a subscriber's premises. . 
The selecting code pulses for No. 2 will be mark 
ing, marking, º spacing, spacing and marking and 
those for No. 6 will be marking, spacing, marking, 
spacing and marking. In response to the incom. 
ing pulses for the first digit (No. 2) register re-? 
lays 9Rf to 9R5 will operate as follows: Relays 
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to 19Rf, 19R2 and 9R5 will operate to their mark 
ing positions and i 9R3 and i 9R4 to their spacing ** 
positions. Accordingly, fanning-out relays 9D f, 
9D2 and 9D5 will be operated and relays 19D3 
and 9D4 will be unoperated, to close a circuit 
traceable from grounded conductor 1916, lower 
armature and contact of relay 9D5, inner lower 
armature and back contact of each of relays : 
| 9D4 and 9D3, innermost lower armature and ''. 
front contact of relay: 9D2, No. 7 armature and 

?ifront contact of relay 9D?, conductor No. 2 of 
conductors Nos. : 0 to 9, connection at cross-con 
necting blocks 94 and 95, contact and middle 
right-hand armature of relay 9K, through the 
winding of relay 9HB, to grounded battery. Re 

40 lay 19HB represents the third “tens” group, Nos. . 
20 to 29, whereas relay - 9HA represents the sec 
ond **tens” group, Nos. 10 to 19, and another relay : 
(not shown) represents the first “tens' group of . 
lines whose listed numbers are 00 to 09. 
Relay 9HB operates and indicates that the 

45 desired line is one of those in the third group of 
ten Subscriber lines numbered 20 to 29. In other 
words, relay 9HB corresponds to the “tens' 
digit of the called number. Relay 9HB, upon 
operating, locks in a circuit traceable over its 

50 lower armature and contact, conductors 9 ft, 
1944 and 98, to ground at the outer upper 
armature and front contact of relay 20-C. 
This locking circuit also serves to operate and - 
lock relay 9K. Relay 9K, upon operating, 

55 prevents the H relays for the other “tens' groups 
from aSSOciating with the conductors NoS. 0 tO 9 
While this call is being established. 

Relay 2 -L, when operated as hereinbefore it. 
described, locks and prepares a path for the op 

60 eration of relay 2f-M. When relay 9R6 re 
turns to its spacing contact after 0.030 second, 
relay 2-M will operate, closing a circuit ex 
tending from ground at the outer upper armature 
and front contact of relay 20-C, conductor. 
202, upper armature and front contact of relay 
21-M, conductor 203, front contact and inner 
left-hand armature of relay 9K, front contact 
and upper armature of relay 9HB, conductor 
{949, through the winding of relay 9H2 to 
grounded battery. Relay (9H2 which also is 
associated with the third "tens' group in which 
the desired, or called, subscriber line No. 26 is found, operates. Relay 9H2, upon operating, 
connects the closed fanning out circuit to the 75 desired cönductör of cönductors Nos. 0 to 9. Re 

65 

70 

  



lay 2-M, upon operating, (1) locks to ground 
on conductor 202; (2) opens the operating path 
for relays 2 f-L and 9HB; and (3) prepares an 
operating path for relay 2-N. Relays 2-L. 
and 9HB, however, remain operated over their 
locking circuits. After the first digit has been 
received, the following relays are operated: 
20-A, 20-A, 20-C, 20-C, 9F, 9K, 21-L, 
2-M, 9HB, 9Kl, 9H2; relay 20-G is in its 
marking position; relay 9R6 is in its spacing 
position; and relays 9Rf to 9R5 and 9D to 
f 9D5 in their respective groups, are operated 
according to the character (No. 2), just received. 
The second digit of the called subscriber line 

number, say No. 6, is received, registered and 
made to operate the fanning-out relays in a dis 
tinctive combination in a manner somewhat sim 
ilar to the combination for the first digit. The 
order of received pulses constituting the charac 
ter No. 6 is marking, spacing, marking, spacing 
and marking. The fanning-out relays 9D, 
f9D3 and 9D5 are operated and relays 9D2 and 
9D4 are unoperated in accordance with the No. 
6 combination set up on the register relays 9Rf 
to 9R5. Relay 9R6 operates to its marking 
position. Relay f 9R6 is operated, thereby caus 
ing the operation of relay 2l-N, the circuit 
being traceable from grounded battery, through 
the Winding of relay 2l-N, front contact and 
lower armature of relay 2-M, conductor 222, 
front contact and upper armature of relay Í9K, 
marking contact and armature of relay 9R6, 
conductor 193, back contact and upper arma 
ture of relay 2-R, grounded conductor 202. 
Relay 2-N, upon operating, (1) opens the cir 
cuit of the spacing contact of relay 20-G to 
prevent any additional incoming pulses from 
being registered; (2) locks to ground on conduc 
tor 202; (3) opens the operating path of relays 
2-M and 9H2; and (4) prepares a path for 
the operation of relay 2l-N. Relays 2-M 
and 9H2, however, remain operated over their 
respective locking circuits. When relay 9R6 
returns to its spacing, or left-hand, position it 
causes the operation of relay 2l-Ni. Relay 
2-N, upon operating, closes a path from 
grounded battery, through the windings, in se 
ries, of out-of-order relay 2l-OO and busy re 
lay 2-BY, front contact and lower armature of 
relay 2-Nil, back contact and outer lower 
armature of relay, 21-R, conductor 2007, middle 
lower armature and back contact of relay 
20-LU, conductor 96, lower armature and 
front contact of relay 9D5, inner lower arma 
ture and back contact of relay í 9D4, inner lower 
armature and front contact of relay 9D3, in 
nermost upper armature and back contact of 
relay 9D2, No. 3 armature and front contact of 
relay 9D f, to the No. 6 conductor of conductors 
Nos. 0 to 9, armature No. 6 and contact of relay 
f 9H2, conductor 947, left-hand armature and 
back contact of relay 30-CH-26, conductor 
300, normally closed contacts of the ring spring 
of jack 3002A, conductor 3002, through the 
Winding of hold magnet 3H26, to grounded bat 
tery. The locking circuit for relay í 9H2 may be 
traced Over the upper armature and contact of 
relay 19HB, inner left-hand armature and con 
tact of relay 9K, conductor 203, front con 
tact and upper armature of relay 2-M, ground 
ed conductor 202. Hold magnet 3H26 corre 
Sponds to the line extending to the called sub 
scriber station 2926, the listed number of which 
is aSSumed herein to be No. 26. Subscriber sta 
tions 2920 to 2925 of which station 2920 is the 

2,875,856 
only one shown and that in diagrammatic form, 
are assumed herein to be arranged for "attend 
ed service only' and stations 2926 to 2929 are 
assumed to be arranged for non-attended Serv 
ice, only two stations of the latter subgroup 
being shown, one of which, namely, station 2926 
is shown in detail. Also relay 2N, upon operat 
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ing, closes at its upper armature and contact, the 
operating circuit of slow-acting relay 24-N2 
which operates. 

It will be noted as hereinbefore Stated that 
the register relays 9R to 9R5 remain locked 
in the direction in which they were last operated, 
Testing the called subscriber line of a group ter 

minating at a subscriber's premises 
Ordinarily the connection of grounded bat 

tery through relays 2-OO and 2 i-BY to the 
particular called subscriber line enables these 
two relays to determine if the conductor 3002 to 
the Winding of the hold magnet of the called 
Subscriber line is terminated in a direct ground, 
which causes the operation of both relays 2-OO 
and 2-BY or in a high resistance out-of-order 
ground which may be connected to the ring 
Spring of an out-of-order jack, attached to a 
jack, say jack 3002B, of the called Subscriber 
line, which results in the Operation of relay 
2-OO only. This is particularly true where the 
line is the last of a group. In case no ground 

- was available, neither of the relays 2-OO and 
21-BY operates. This test takes place during 
the slow-operating time of relay 2-N2 which, 
as indicated above, begins to operate when relay 
2-N operates. As soon as relay 24-N2 op 
erates, the off-normal ground On the front con 
tact of Outer upper armature of relay 20-C is 
connected in a circuit extending over conductor 
202, armature and front contact of relay 2-N2, 
to the armature of relay 2 f-OO. Assume that 
the called Subscriber line is idle, in which case 
ground is not connected to conductor 3002, relay 
2-OO will be unoperated and ground connected 
to its armature by the operation of relay 24-N2 
will cause the Operation of relay 2-R. Relay 
2-R, upon operating, (1) removes relays 
2-OO and 2-BY from the conductor 3002 of 
the called subscriber line and replaces them by 
relay 2-S; (2) causes the release of relay 
2-N by removing ground, the ground being 
furnished over conductor 202 which is connected 
to the upper armature; (3) prepares an operat 
ing circuit for relay 2-U; and (4) locks to 
grounded conductor 202. Relay 2-N?, upon 
releasing, causes relay 2 -N2 to slowly release. 
During the time that relays 2-N and 2-N2 
are releasing, ground on the No. 3 armature and 
contact of relay í3D is connected to a circuit 
extending through resistance 30 of high value, 
conductors 302 and 1205, outer left-hand arma 
ture and contact of relay 9K, conductor 92, 
through the Winding of relay 2-S, front con 
tact and outer lower armature of relay 21-R, 
conductor 2007, middle lower armature and con 
tact of relay 20-LU, conductor 9 f6, lower 
armature and contact of relay 9D5, inner lower 
armature and back contact of relay 9D4, inner 
lower armature and front contact of relay 9D3, 
innermost armature and back contact of relay 
9D2, No. 3 armature and front contact of relay 
9D , conductor No. 6 of conductors Nos. 0 to 9, 
armature No. 6 and contact of relay 9H2, con 
ductor 1947, left-hand armature and back con 
tact of relay 30-CH-26, conductor 300, normal 
ly closed contact of ring spring of jack 3002-A, 
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conductor 3002, through the winding of hold magnet 3H26 to grounded battery. Under the 
assumed condition of the called subscriberline being idle, grounded battery on the Winding of 
hold magnet 3H26 of the crossbar switchin the 
link circuit permits relay 2 - S to operate, but 
due to the high resistance of elements 30 in 
the circuit, the hold magnet 3H26 remains un operated. Relay 21-S, upon operating, opens 
the operating circuit of relay;2 - U and closes 
an operating circuit for rélay 2 is-S!" which op 
erates in a circuit traceable over the armature 
and back contact of relay 2 - N2. Relay 2-St, 
upon operating, (1) locks over grounded conduc 
tor 2 02; (2) short-circuits the winding of re lay, 21-S; and (3) holds open the operating cir 
cuit of relay. 2 -U. With the winding of relay 
2 --S short-circuited, ground at the No. 3 arma 
ture and contact of relay 3D which is connected 
to the circuit hereinbefore traced, is now effec tive to cause the operation of hold magnet 3H26 
which operates to move its vertical row ?f con tact sets into engagement with the respectively. 
associated sets of horizontal cóntacts, the con 
tacts having already been conditioned for op 
eration by the operation of selecting magnet 

i 3SMI. The called subscriber's line No. 26 ex 
tending to station 2926 will therefore be éon 
nected at contact sets 324 to the trunk circuit 40 
which will now function as hereinbefore de i scribed to release the sequence circuit. The se 
quence circuit, in turn, will function to remove 
the ground from conductor 204 to release relay 20-A. Relay, 20-A, upon releasing, removes 

"ground from the various parts of the circuit in 
cluding relays 20-C and 20-C and releasing 
relay 20-A. unless conductor 2008 is connected to ground at relay f2TA, indicating that another 
inward call is awaiting completion. Relay 
20-C, upon releasing, removes locking ground 
from a considerable part of the director circuit. 
If relay 20-A releases, the motor will be stopped 
and all the remaining parts of the circuit will 
be deemergized. If, however, relay 20-A is held 
operated, the motor is kept running and relays, 
9Rf to 9R5 and the associated fanning-out 

relays 9Di to 9D5 are locked in the condition 
in which they were operated by the last digit of 
the called subscriber line number. 

Also, hold magnet 3H26, upon operating, closes, 
at its right-hand armature and contact a cir 
cuit extending from ground, thence over con 
ductor 323, through the winding of relay 
30-AD-26, resistance 3006, to grounded battery 
3007 and relay 30-AD-26 operates. Relay. 
30 AD-26, upon operating, (1) conditions at 
its right-hand armature a circuit extending 
from ground at the No. 4 armature and back 
contact of relay 3D. conductors 3004 and 3005, 
make-before-break conta?ts of reläy 30--CH-O-2, right-handarmature and front contact of relay 
30-AD-26, through the left and right-hand 
winding, in series, of relay 30-CH-26, resist 
ance 3006, grounded battery: 300T, but relay 
30-CH-26 does not operate at this time be 
cause the circuit just traced is open at the No. 4 
armature and back contact of relay 3D, due to relay 3D being in an operated position at this 
time, (2) disconnects grounded positive battery 
3009 at its left-hand make-before-break contact, 
and (3) closes at its left-hand armature and 
front contact a path whereby the tip conductor 
of station 2926 is connected through to the tip 
conductor of line trunk 40, the circuit being 
traceable over conductor 325, tip contact of op 

61 
erated set 324, tip conductors 365 and 376. The 
ring conductor of station 2926 is connected to 
the ring conductor of line trunk 40 at the left 
handarmature and front contact of hold magnet 

5.3H26 due to the hold magnet being in an op 
erated position, the circuit thus closed extending 
over à conductor * 327, left-hand *armature , and "front contact of magnet 3H26, conductor 326, 
ring contact of operated set 324, to ring con 

10 ductors 358 and 422. Hold magnet 3H26, upon perating, furthermore (1) completes 'a locking 
circuit for itself extending from grounded bat 
tery, through the winding of the magnet, con 
ductor. 360, sleeve contact of operated set 324, 

15 conductor 357, through the winding of relay 4SL 
in the trunk termination to ground at armature 
No. 3 and contact of relay: 4-ON and relay-4SL 
operates; (2) opens at its make-before-break 
contact the operating circuit for lamp relay 3027; 20 and (3) relay 4SI, upon operating, operates re 

- Relay 4SL?, upon operating, (1) connects 
ground at its outermost lower armature and con 
tact to a circuit to be employed if manual ringing 

25 is used; (2) connects at itsinnermost lower arma ture interrupter 43 to a circuit to be employed if 
automatic ringing is used; (3) opensat its middle 
lower armature and contact a circuit extending 
overconductor 433 for releasing the sequence and 

30 the director circuit. The opening of the circuit including conductor 433 extinguishes call discon 
...nect lamp 20 and releases relay (2ST2. Relay 

2ST2, upon releasing, releases relay 2TA which 
in turn releases gate relay f2TC. The release of 

35 relay 2TC releases the selecting magnet 3SM 
which in turn releases relay 3D. The removal of . 
ground from conductor. 433 also restores all the 
relays in Figs. 11, 12 and 13that are common to 
the switching center to their normal idle condi 

40tion and the sequence circuit is again in condition . handle a new call. 
elay 3D, upon releasing, connects ground at 

its No. 4 armature and back contact to close a 
circuit extending over conductors 3004 and 3005, 
nake-before-break contact of relay 30 -CH26, ght-hand armature and front contact of relay 
30 AD. 26, through both windings, in series, of 
relay 30-CH-26; resistance 3006, to grounded 
battery 3007 and relay 30-CH-26 operates so 

39 that any call following will be routed to the 
next higher numbered subscriber line. Relay 
30-CH-26, upon operating, locks in a circuit 
traceable to a holding ground at its inner right SAS S SS S SS SS SSS 

handarmature änd contact. * * * 
Relay. 30-CH-26, upon operating, closes at 

its outer right-hand armature and front contact, 
a path that interconnects conductor 300 and the 
make-before-break contacts of relay 30 AD-26 
which at this time are open due to relay 30 AD-26 being in an operated condition. This 
last traced path is completed at the joint action 
of the release of the connection to a subscriber 
station 2926 and the establishment of a new call 
to a subscriber station when relay 3D again be-, 
comes operated. The path thus closed extends 
from ground at armature No. 5 and front contact 
of relay 3D, conductor 300, front contact and 

- cuter right-hand armature of relay 30-CH-26, 
i0 make-before-break contacts of relay 30-AD-26, 

through the 'windings in series of relay 
'' 33-c. CH-26, resistance 3006 to grounded battery 
390. Relay 30-CH-26 therefore is prevented 
from releasing during the time that a new call 

75 iš beinig established to a subscriber’s "station. 
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A call may be made to any line of the group 

and if that line is busy it will progress to the 
next higher numbered line in the group and will 
continue to progress until the next idle line is 
found. For example, should the line associated 
with station 2926 be busy when the connection to 
it is desired, relay 30-CH-26 will be in an oper 
ated condition at the time. The grounded con 
ductor 9 i 6 is extended through the closed con 
tacts of the fanning-out relays 9D to 9D5, 
armature No. 6 of relay (9H2, and over conduc 
tor 947, and conductor 947 will be transferred 
from the back contact to the front contact of the 
left-hand armature of relay. 30-CH-26 to com 
plete a path extending Over conductor 302, left 
hand armature and back contact of relay 
30-CH-27 (not shown but assumed to be in a 
released condition in that its associated line is 
assumed to be idle). Assume that the lines re 
spectively associated with relays 30-CH-27 and 
30-CH-28 (neither of which is shown) are, at 
this time, busy, and that, therefore, both relays 
are in their Operated condition; the above-men 
tioned conductor 302 will then be extended over 
the left-hand armature and front contact of each 
of relays 30-CH-27 and 30-CH-28 in turn, 
left-hand arnature and back contact of relay 
30-CH-29 (assuming that the line associated 
with relay 30-CH-29 is idle), conductor 3022, 
normally closed contacts of ring spring of the 
jack, not shown but corresponding to jack 3002A 
of the line associated with subscriber station 
2926, conductor 3023, through the winding of hold 
magnet 3H29 to grounded battery. Hold magnet 
3H29 operates to connect the next idle station 
2929 to trunk 40, the connection being estab 
lished over operated contact set 329. 

Keys are respectively provided for all lines, ex 
cept the last, of a group. These keys, such as 
key 3025 for the line extending to subscriber sta 
tion 2926, will operate their respectively associ 
ated AD relays, such as relay 30-AD-26 associ 
ated. With key 3025, and cause the associated Sub 
scriber line to be by-passed. These keys may be 
used any time their respective lines are required 
to be by-passed if the particular line is to test 
as a busy, an out-of-order, and an unassigned 
condition. The make-busy and out-of-order cir 
cuit which is usually patched into jacks, such as 
jack 3002-B for the line extending to Subscriber 
station 2926, shall not be used on lines equipped 
with CH and AD relays. 

Calls may be extended not only to or through 
the central office but from any station connected 
to either satellite office through the central office 
back to any other station connected to either 
satellite office including a second line of a calling 
Subscriber or a test Or Service man's station local 
to either satellite office. Whereas an exemplary 
form of the invention is disclosed herein the in 
tention is to claim the invention as broadly with 
respect to equivalents as the state of the art may 
permit. Thus, the term “channel' or “trunk' 
is used in the claims in its generic sense, unless 
otherwise expressed, to include either repeatered 
or unrepeatered trunks equipped for transmission 
of direct current impulses, or equivalent groups 
of carrier current impulses, by open and close 
transmission, polar transmission, so-called upset 
duplex transmission, and So-called polarential sys 
tems, as well as carrier transmission systems, Sys 
tems including carrier links or radio links, legs 
of composite Systems, and trunks having conduc 
tor Systems for two directions of transmission 
which are different in whole or part. In a simi 
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lar manner claiming language or Words used With 
respect to other parts, features or functions of 
the exemplary system disclosed are to be inter 
preted broadly. 
What is claimed is: 
1. A telegraph system comprising a local sta 

tion, a telegraph line therefrom to a first switch 
ing center, first telegraph trunk channels from 
said first switching center to said second switch 
ing center, second telegraph trunk channels from 
said second switching center to a telegraphic of 
fice, Said local station having an idle condition 
and operable call means for Creating a calling 
condition, switching instrumentalities whereby 
Operation of said call means controls over said 
line the extension of a call by selection and con 
nection to said line of a Selected idle One of Said 
first channels, telegraph Signaling means respon 
sive to the joint operation of said call means and 
Said Switching instrumentalities, and other 
Switching instrumentalities responsive to the 
operation of the first-mentioned switching in 
strumentalities for furthering said extension to 
Select and connect to said Selected first channel 
an idle One of second channels, to the end that 
said line and selected trunks are interassociated 
to form a telegraphic communication path from 
Said local station to said telegraphic office. 

2. A telegraph System comprising a local sta 
tion, an unattended office, a second unattended 
office, a central office, call means at said station 
operable to extend a telegraphic channel to said 
first unattended office, means operable incident 
to Said extension to seize an idle trunk between 
Said first and second unattended offices, and tele 
graph signaling means operable incident to said 
Seizure to seize an idle trunk to said central 
Office. 3. A telegraph system comprising a local sta 
tion, an unattended office, a second unattended 
office, a central office, call means at said station 
Operable to extend a telegraphic channel to said 
first unattended office, means operable incident 
to said extension to seize an idle trunk between 
Said first and second unattended offices, telegraph 
Signaling means operable incident to said seizure 
to seize an idle trunk to said central office, tele 
graphic transmission and reception means asso 
ciated with Said local station and telegraphic 
transmission and reception means at said central 
office associable with said last-named seized 
trunk for establishing telegraphic intercommuni 
cation between said local station and said central 
Office via said trunks. 

4. A telegraph System comprising a local sta 
tion, an unattended office, a second unattended 
office, a central office, call means including tele 
typewriter equipment at said station operable to 
extend a telegraphic channel to said first unat 
tended office, means operable incident to said ex 
tension to seize an idle trunk between said first 
and Second- unattended offices, means operable 
incident to said seizure to seize an idle trunk to 
said central office, and a link circuit at said cen 
trail office for extending said trunk as a tele 
graphic communication path to teletypewriters 
at Said central office for receiving communica 
tion from said teletypewriter equipment at said 
local station. 

5. A telegraph system comprising a local sta 
tion, an unattended office, a second unattended 
office, a central office, call means at said station 
Operable to extend a telegraphic channel to said 
first unattended office, means operable incident 
to said extension to seize an idle trunk between 
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st said first and second unattended offices, telegraph 
...signaling. In eans: operable incident.to, said seizure 
...to seize an idle trunk to said-central office, and 
., means. Operable incident to the presents non-ex 

'' istence of an idle, condition of some one trunk 
: between: said first and said, second unattended 
offices to send back over said telegraphic channel 

f distinctive telegraphic signals signifying such 
i: ; present non-existence of an idleteoiditions of 
-: Someone trunk. 

is 6. A telegraph System; comprising a local sta 
...ticin, an unattended office, a second unattended 
-: , office, a central office, call-means at said station 
-s operable, to extend a telegraphic channel to said 

first unattended office, means operable incident 
to said: extension, to seize: an idle trunk between 

", said first and said Second unattended offices, tel 
: egraph signaling means operable incident, to, said 
- : seizure... to: seize an idle trunk to: said: central 
-: office; and means operable incident to the present 
s: non-existence of an idler trunk between said:sec 
": ond:.umattended officee:and, saideentrak:offiee;lüpon 
''the seizure of a trunk between the first and sec 
ond unattended offices. to sendeback overa said 

is seized trunk and said channel distinctive:-tele 
' 'graphic signals significant of Said fact. 

7. A telegraph system comprising a local sta 
- ition an unattended office, a second; unattended 
:office, aº central office, cal means; at saidtstation 

, operable to extend a telegraphic: ehananel, te said 
"first unattended; office, telegraphs signalingtaeans 
operable incidents to said extensions to:Seize: an 
idle trunk between said first and said secgndiun 

... attended offices; other telegraph; signaling means 
operable, incident to said seizure: to seize an idle 

-, trunk to said central office and callianSWering 
is means adapted to receive telegraphic...signals; and 
... applicable: to conductive terminals. Of Said last 
... seized trunk at said central office. 

; 8. A telegraph system comprising a local sta 
stion, an unattended office, a second lanattended 

office, a central office call means at said station 
operable to extend a telegraphic channel to Said 

::first unattended office, telegraphs signaling means 
operables incident to:said:extension. to Seizean 

idle: trunk between said first and said second un 
attended Offices, other telegraphs signaling;E. 
operable incident to said: seizure t 
trunk to said centrah office call indicatingemeans 

'..conditioned to a call indicating condition at Said 
scentral office by seizure of said last-seized trunk, 

... call answering means adapted to: receive: tele 
... graphic signals: and applicable to conductive iter 

... minals of said trunk, and sneans; operable by res 
...toration of said call means prior to:application 
of calling answering means, to said terminals 

... release both of said seized; trunks to idle condi 
tions permitting, their use for other calls. 

9. A telegraph system comprising a plurality of 
... local stations, an automatically operating SWitch 
ying office, a second automatically...operating Switch 
sing: office, a scentral office, call means at each of 
is said stations operable to:"extend a telegraphic 
... channel to said first switching office, telegraph. 
-signaling, means operable incident to said: exten 
ision to seize an idle trunk between said first and 
said second switching offices: and other telegraph 
signaling means operable incident to Said Seizure 
to seize; an idle trunk to said central office; in 
combination with telegraphic, repeateriale 

, means at said central office, operable with:...the 
... seizure of an idle trunk-extending to said, Second 
... switching office, trunk identifying and connect 
s: sing means at said second. SWitching :office:Oper 
able under remote control over said trunk by said 

seize an idle. 

is telegraphig:repeaterimeans, means operable at 
3 said ceatraligfice to seize an idle trunk 

Q saikfîr?it, ingoffice and gaaran 
grand connectin 

s: of local Stations; an automa, 
s:SWitching-office, a seconda 

3:and said second switching offices, and other tele 
graph signaling means incident to said, seizure to 

t; a seize an idletrunk.to, said:central office incom 
legraphic repeater...neans at said 
perable with: the seizure of an 

switching 
gears at 

. . ing means atsisaid first switching 
:: Länder remote çontrol from said-te 

30 peateFºrmeans atsaid geentrale: office; tos 
schannel to 9ne of said local-stations, whe ; : trunk. identifyingian 

3. a. director responsive to: Selective telegraphim 
ulses sent from said telegraphic repeatesmeans 

at saids centraltzoffice to selectively-identify a 
trunk group Qf one or a plurality of triaks ex 
ending from said:second to said-first switching 

goffice. - 

: 11. A:telegraph system; eo malprising apl?urality 
40; of locals stations, an altonatically operating 

witching:office, a second; autoghatically eperating 
Switching:office, a central officee Call means, at 

is each of said stations operable to extend a tele 
graphic channels to said first Switching-office, 

4?means: operable-incident, tqis Said, gextensionar to 
seize an idle trunk between said first and, said 

...; second-switching:offices, and means, incident to 
aidseiZure to seize: an idlestfunk, tQ said central 
fice, incombination with means operable at said 

3 

said:second switching office, trunk. identifying 
and çonnecting means at saidi seç0ndswitching 
ffice under remote control over said trunk by 
means operable at said:central office, to seize an 

idle: trunk extending to said first switching office, 
and channel. identifying and gonnecting means at 

issaid first switching-office: operable underseynote 
... control from said central; office to select a chan 

nel totone of said, localistations Wherein: said 
60 trunk identifying and connecting means includes 

a director: responsive to selective impulses sent 
is from saidcentral office to selectively identify a 

trunk group, hunting means, to hunt for an idle 
is trunk of, the group, thus identified, and connect 
65 ing means to transmissively associate a found idle 
... trunk, with the: central office ... trunk originally 
a seized. 
s: 12. A telegraph system cQmprising a plurality 

-; of local-stations, an:automatically-operating 
· 7g switching office, a second automatically, operat 

ing. switching-office, a central giffice, call means 
... at,each of said stations.operable.to. extend a 
...telegraphic channel to said first Switching office, 
is means, operable incident to said extension to seize 
75, an idle trunk between said first and:said: second 
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switching offices, and means incident to said 
seizure to seize an idle trunk to said central office, 
in combination with means operable at said cen 
tral office to seize an idle trunk extending to Said 
second switching office, trunk identifying and 
connecting means at said second switching office 
operable under remote control over said trunk by 
means operable at said, central office to seize an 
idle trunk extending to said first switching office, 
and channel identifying and connecting means at 
said first switching office operable under remote 
control from said central office to select a chan 
nel to one of said local stations, wherein said 
trunk identifying and connecting means includes 
a trunk hunting means to examine each trunk 
of a group of two or more, and means to seize the 
first idle trunk of Said group. 

13. A telegraph system comprising a plurality 
of local stations, an automatically operating 
switching office, a second automatically operat- : 
ing switching office, a central office, call means 
at each of said stations operable to extend a 
telegraphic channel to said first Switching office, 
means operable incident to said extension to seize 
an idle trunk between said first and said second 
switching offices, and means incident to Said 
seizure to seize an idle trunk to said central office, 
in combination with means operable at said cen 
tral office to seize an idle trunk extending to Said 
second switching office, trunk identifying and : 
connecting means at said second switching office 
operable under remote control over said trunk 
by means operable at said central Office to Seize 
an idle trunk extending to Said first Switching 
office, and channel identifying and connecting 
means at said first switching office operable under 
remote control from said central office to select 
a channel to one of Said local stations, wherein 
said channel identifying and connecting means 
includes a pulse responsive director operable un 
der remote control over the trunk Seized at the 
central office and the selected and connected 
trunk from the Second to the first Switching 
office to selectively identify and connect a local 
station line, if idle, transmissively to said seized 
and selected trunks. 14. A telegraph system including a central of 
fice, trunks extending therefrom to a switching 
office, trunks extending from the switching Office 
to a secondary switching office, telegraph lines 
or channels extending individually to respective 
individual stations, means for seizing a trunk at 
the central office, selective means at the switching 
office responsive to permutationally coded pulses 
Sent from the central office to Select a trunk from 
the switching office to the secondary switching 
office, and selective means at the secondary 
switching office responsive to further permuta 
tionally coded pulses sent over the seized and 
selected trunks in tandem to selectively identify 
one of Said lines or channels and connect it trans 
missively in tandem with said seized and selected 
trunks to establish a path of communication from 
the individual station of said line to said central 
Office. 15. A telegraph system including a central of 
fice, trunks extending therefrom to a switching 
office, trunks extending from the switching office 
to a Secondary Switching office, telegraph lines 
or channels extending individually to respective 
individual stations, means for seizing a trunk at 
the central office, Selective means at the switch 
ing office responsive to permutationally coded 
pulses sent from the central office to select a 
trunk from the switching office to the secondary 
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switching office, and selective means at the sec 
ondary switching office responsive to further per 
mutationally coded pulses sent over the seized 
and selected trunks in tandem to selectively iden 
tify one of said lines or channels and connect it 
transmissively in tandem with said seized and Se 
lected trunks to establish a path of communica 
tion from the individual station of said line to 
said central office in combination with means for 
sending telegraphic signals including break sig 
nals both ways over said path, and means where 
by, under control of apparatus at said individual 
station, a disconnect condition as distinguished 
from a break signal may be created at said cen 
tral office. 16. A telegraph system including a central of 
fice, a source of telegraph signals at Said office, 
trunks extending from said central office to a 
switching office, trunks assigned in groups ex 
tending from said switching office to a secondary 
switching office, means at said central office for 
seizing a trunk and thereby gaining access to 
selective equipment at said switching office, 
means controlled by selective actuation of said 
equipment by telegraph pulses from said source 
relayed over said seized trunk to identify a trunk 
group, hunting means operable incident to such 
identification to search said group for an idle 
trunk of said group, and means operable in 
cident to identification of an idle trunk of said 
group to establish a connection of said idle trunk 
in tandem transmissive relation to the seized 
trunk. 17. A telegraph system including a central of 
fice, a source of telegraph signal pulses at said 
office, trunks extending from said central office 
to a switching office, trunks assigned in groups 
extending from said Switching office to a Second 
ary switching office, means at said central office 
for seizing a trunk and thereby gaining access to 
selective equipment at Said switching office, means 
controlled by selective actuation of said equip 
ment by telegraph pulses from said source re 
layed over said seized trunk to identify a trunk 
group, hunting means operable incident to such 
identification to search said group for an idle 
trunk of said group, and means operable incident 
to identification of an idle trunk of said group 
to establish a connection of Said idle trunk in 
tandem transmissive relation to the seized trunk 
in combination with means including other 
sources of the telegraph pulses leaving other idle 
or Subsequently made idle members of said group 
available for use in establishing other communi 
cation paths from said central office to said Sec 
ondary Switching office. 

18. A telegraph system including a central of 
fice, a source of telegraph pulses at said office, 
trunks extending from said central Office to a 
SWitching office, trunks assigned in groups ex 
tending from Said Switching office to a secondary 
Switching office, means at Said central office for 
Seizing a trunk and thereby gaining access to 
Selective equipment at said switching office, 
means controlled by selective actuation of said 
equipment by telegraph pulses from said source 
relayed over said seized trunk to identify a trunk 
group, hunting means operable incident to such 
identification to search said group for an idle 
trunk of Said group, and means operable incident 
to identification of an idle trunk of said group to 
establish a connection of said idle trunk in tan 
dem transmissive relation to the seized trunk in 
combination with means operable incident to said 
connection to release said selective equipment 
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for use in establishing other similar connections 
during the continuance of Said established con 
nection. 

19. A telegraph System including a central of 
fice, a source of telegraph pulses at said central 
office, trunks extending from said central office 
to a Switching office, trunks assigned in groups 
extending from Said Switching office to a sec 
Ondary switching office, means at said central 
office for seizing a trunk and thereby gaining ac 
ceSS to selective equipment at said Switching 
office, means controlled by selective actuation of 
said equipment by telegraph pulses from said 
source relayed over said seized trunk to identify 
a trunk group, hunting means operable incident 
to Such identification to search said group for an 
idle trunk of said group, and means operable in 
cident to identification of an idle trunk of said 
group to establish a connection of said idle trunk 
in tandem transmissive relation to the seized 
trunk in combination with lines or channels from 
branch or Subscriber Stations to said. SWitching 
office, and means responsive to the telegraph 
pulses from said source whereby different selec 
tive actuations of said equipment cause identifi 
cation of one of said other lines or channels and 
connection of said one line or channel to said 
Seized trunk in tandem relation. 

20. A system of remotely controlled switching 
of telegraph lines or channels comprising a trunk 
from a control switching point to a remote con 
trolled Switching point, a Source of selective tele 
graph signaling impulses at said control switch 
ing point, Selective equipment at said controlled 
Switching point operable under control of select- : 
ing telegraph signaling impulses arriving over 
Said trunk from the control switching point, a 
group of circuits extending from said controlled 
switching point toward a desired station to be 
called, means operable in response to a certain 
Selection of telegraph signaling impulses arriving 
over said trunk to identify said group of circuits, 
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means operable incident to and automatically ?p- . 
on said identification to successively test said cir 
cuits for aWailability, and means operable inci 
dent to and automatically upon the testing of an 
available one of said circuits to establish a con 
nection over it from the control switching point 
toWard the desired station to be called via the 
trunk and the said available circuit. 

21. A teletypewriter selective system in which 
an operator is provided with equipment for seiz 
ing a trunk to a remote point, selective register 
means at Said remote point, means operated in 
cident to the seizure for conditioning said regis- 5 
ter means for reception of selective permutation 
codes, means operable thereafter by selective ac 
tuation of said register means to seize a path or 
channel from said remote point to a more remote 
point and associate it transmissively with said 
trunk, Selective equipment at said more remote 
point, means operated incident to the seizure of 
said path or channel for conditioning said selec 
tive equipment for reception of further permuta 
tion codes, and means operated by Selective actu 
ation of Said selective equipment to identify a 
further path or channel and associate it. With said 
Seized path or channel. 

22. A teletypewriter selective System in which 
an operator is provided with equipment for seiz 
ing a trunk to a remote point, and for transmit 
ting over said trunk selective telegraph signals 
in permutation code, selective register means at 
said remote point, means operated incident to 
the seizure for conditioning said register, means 
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for reception of the selective telegraph signals in 
permutation code from said source, means oper 
able thereafter by selective actuation of said reg 
ister means to Seize a path or channel from said 
remote point to a more remote point and aSSO 
ciate it transmissively with said trunk, selective 
equipment at said more remote point, means op 
erated incident to the seizure of said path or 
channel for conditioning said selective equipment 
for reception Of additional Selective telegraph sig 
inals in permutation code from said source, and 
means operated by selective actuation of said se 
lective equipment to identify a further path or 
channel and associate it with said seized path 
or channel in combination with means operable 
incident to the conditioning of said register means 
to transmit to the operator special line condi 
tions indicating completion of Said conditioning. 

23. A teletypewriter selective system in which 
an operator is provided with equipment for seiz 
ing a trunk to a remote point and for transmit 
ting Over Said trunk Selective telegraph signals in 
permutation code, selective register means at said 
remote point, means operated incident to the 
Seizure for conditioning said register means for 
reception of the selective telegraph signals in 
permutation code, means operable thereafter by 
Selective actuation of said register means to seize 
a path or channel from said remote point to a 
more remote point and associate it transmissively 
with said trunk, selective equipment at said more 
remote point, means operated incident to the 
seizure of said path or channel for conditioning 
said selective equipment for reception of addi 
tional Selective telegraph signals in permutation 
Code, and means Operated by Selective actuation 
of said selective equipment to identify a further 
path or channel and associate it with said seized 
path Or Channel in combination With means op 
erable incident to conditioning of the selective 
equipment to transmit to said operator special 
line conditions indicating completion of said con ditioning. 

24. A teletypewriter selective system in which 
an operator is provided with equipment for seiz 
ing a trunk to a remote point, selective register 
means at Said remote point, means operated in 
Cident to the Seizure for conditioning said regis 
ter means for reception of selective permutation 
codes, means operable thereafter by selective ac 
tuation of said register means to seize a path or 
channel from said remote point to a more remote 
point and associate it transmissively with said 
trunk, Selective equipment at said more remote 
point, means operated incident to the seizure of 
said path or channel for conditioning said selec 
tive equipment for reception of further permuta 
tion Codes, and means operated by selective actu 
ation of Said selective equipment to identify a 
further path or channel and associate it with 
said seized path or channel in combination with 
means for releasing Said selective register means, 
or said selective equipment upon the expiring ol 
a predetermined time after its conditioning with 
out actuation by it of selective permutation codes, 

25. A teletypewriter selective system in which 
an Operator is provided with equipment for seiz 
ing a trunk to a remote point, selective register 
means at Said remote point, means operated in 
cident to the Seizure for conditioning said register 
means for reception of selective permutation 
codes, means operable thereafter by selective act 
luation of said register means to seize a path or 
channel from said remote point to a more remote 
point and associate it transmissively with said 



trunk, -selective requipment at said more remote 
point, means Operated incident-to-the-seizure of 
said 'path or channel for conditioning" said selec 
tive equipment.forºreception of further permuta 
tion codes, and means operated by selective actu 
ation of said selective equipment to identify a 
further path or channel and 'associate it with 
said seized path or channel in combination with 
means operable a predetermined-time after seiz 
lure of Said selective equipment to release said 
path or channel and restore it to a condition 
available for establishing other communication 
paths between said remote point and said more 
remote point, 
26. A system of telegraphic communication by . 

permutation codes comprising a control station, 
a primary trunk for Code transmission extending 
to a controlled station, selective equipment at 
said controlled station to be "selectively actuated 
by codes transmitted over said primary trunk, 
lines and Secondary trunks terminating at said 
controlled station interchangeably selectable by 
said equipment, means operable incident to se 
lection of a line to transmissively connect said 
line to Said primary trunk in tandem, means Op 
erable incident to selection of a secondary trunk 
to transmissively connect said selected Secondary 
trunk to said primary trunk intandem, secondary 
selective equipment at the remote end of these 
lected secondary trunk, and means for relaying : 
over said trunks intandem permutation codes to 
Selectively actuate Said last-named selective 
equipment to select telegraphic transmission 
paths to more remote points. 

27. A System of telegraphic communication by 
permutation codes of predetermined timing and 
.number of code elements.per selective permuta 
tion comprising an office having.control of estab 
lishing a path of communication, selectively, to a 
remote station, a trunk.path extending from said : 
office toward said remote station to a switching 
point, equipment responsive to codes of said tim 
ing and number of code elements at said, switch 
ing point, means for sending said codes over said 
trunk to selectively actuate said equipment, chan 
nels leading away from said equipment to more 
remote points, means whereby certain of said 

- Sent codes select. One of Said channels, means op 
erative incident to the selection to extend said 
trunkcommunicatively over the selected channel, 
other more remote. Selective equipment at a re 
note: point upon said selected channel, selectable 
telegraphic communication paths to outlying sta 
tions, leading from Said, remote point, means for 
actuating said more, remote selective equipment 
over said trunk, and said selected channel to select 
one of said paths, and means operative-incident 
to selection of said path to connect said selected 
path, said channel and said trunk in tandem to 
constitute a through telegraphic communication. 
channel. 28. A system of telegraphic communication by 
permutation codes of predetermined timing and 
number of code elements perselective permuta 
tion comprising an office.having control of estab- - 
lishing a path of communication selectively to 
a remote station, a trunk path extending from 
said office toward said...remote station to...a switch 
ing point, equipment responsive to codes of Said 
timing and number of code. elements at said 
switching point, means: for sending said codes 
over Said trunk to selectively: actuate, said equip 
ment, channels leading away from said, equip 
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inels, naeans operative: incident to the selection to 
extend 'Said trunk. Communicatively. Over therse 
lected channel, other more remote selective 
equipment at a remote point upon said selected 

: channel, selectable telegraphic communication 
paths to outlying stations leading from-said re 
note point, means for actuating said more re 

* mote selective equipment over said: trunkandisaid 
selected channel to select one of saidpaths, and 
means operative incident.to selection of saidpath 
to connect said Selected path, said: channel:and 
'Said trunk in tandem to constitute a through tele 
graphic Communication channel in combination 
With means whereby a disconnect indication other 
than one of Said codes may be sent-to-said central 
office, over said path, said channel and said trunk 
from an outlying station. 

29. A system of telegraphic communication by 
permutation codes of predetermined timing i and 
number of code elements per selective permuta 
tion comprising an office having control of estab 
lishing a path of communication selectively: to a 
remote station, a trunk path extending from said 
office toward said remote station to a switching 
point, -equipment responsive: to codes of said tim 
ing and number of code. elements at said switch 
ing point, means for sending said codes overs said 
trunk to selectively actuate said. equipment, chan 
nels leading away. from said equipment to more 
remote points, means whereby certain of said 
'Sent codes Select one of Said channels, means op 
erative incident to the selection to extend said 
trunk communicatively over the selected chan 
nel, other more remote selective equipment at a 
'remote point upon said selected channel, select 
able telegraphic communication paths to outlying 
stations leading from said remote point, means 
for actuating said more remote, selective equip 
ment over-said trunk and said selected channel to 
Select one of Saidpaths, and means: operative: in 

. cident to. Selection of said path to connect:said. 
Selected path, said, channel and said trunk intan 
dem to. constitute a through , telegraphic., commu 
nication channel in combination with means 
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ment to more remote-points, means whereby.cer 
tain of said sent codes select one of said chan 75 

whereby a disconnect indication: other than one 
of said codes may be sent to said central ofce 
OVer Saidpath, said channel and said trunk from 

, an : Outlying station, holding means at , said 
Switching point maintaining said trunk and chan 
nel in inter-associated relation, and means oper 
able under control of said office in response to 
said disconnect indication to release said holding 
leaS. 30. A System of telegraphic communication by 

permutation codes of predetermined timing...and 
.number of code elements perselective permuta 
tion comprising an office having control of estab 
lishing a path of communication selectively to a 
remote station, a trunk path extending from said 
office toward said remote station to a switching 
point, equipment responsive to codes of said-tim 
ing and number of code elements at said; switch 
ing point, means for sending said codes; over said 
trunk to selectively actuate said equipment, chan 
nels leading away from said equipment to more 
remote points, means whereby certain of saidsent 
codes. Select one of said channels, means-operative 
incident to the selection to extend said trunk 
communicatively, over the selected channel, other 
more remote selective equipment: at a remote 
point, upon said selected channel, selectable tele 
graphic communication paths to outlying-stations 
leading from i said remote point, means for, actu 
-ating Said more remote selective equipment over 
Said trunk and said selected channel to selectione 
of Sald paths, and means operative incident to se 
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lection of said path to connect said selected path, 
said channel and Said trunk in tandem to consti 
tute a through telegraphic communication chan 
nel in combination With means Whereby a dis 
connect indication other than one of said codes 
may be sent to said central office over said path, 
Said channel and said trunk from an outlying sta 
tion, and holding means at said more remote 
switching point for maintaining said channel and 
an aSSOciated path in interaSSociated relation and 
means at said switching point whose operation is 
initiated under control of said office in response 
to said disconnect indication to release said hold 
ing means. 

31. A system of telegraphic communication 
by permutation codes of predetermined timing 
and number of codes elements per selective 
permutation comprising an office having control 
of establishing a path of communication selec 
tively to a remote station, a trunk path extending 
from said office toward said remote station to a 
switching point, equipment responsive to codes 
of said timing and number of code elements at 
said switching point, means for sending said 
codes Over Said trunk to Selectively actuate said 
equipment, channels leading away from said 
equipment to more remote points, means whereby 
certain of said sent codes select one of said 
channels, means operative incident to the selec 
tion to extend said trunk communicatively over 
the selected channel, other more remote selective 
equipment at a remote point upon Said Selected 
channel, selectable telegraphic communication 
paths to outlying stations leading from said re 
mote point, means for actuating said more re 
mote selective equipment over said trunk and 
said selected channel to select one of said paths, 
and means operative incident to selection of said 
path to connect Said Selected path, Said chan 
nel and said trunk in tandem to constitute a 
through telegraphic communication channel in 
combination with local channels leading from 
the first-named switching point directly to out 
lying stations and means whereby alternative 
codes control said first-named equipment to 
select one of said local channels, means incident 
to the seelction to transmissively associate said 
local channel with said trunk, and means for 
establishing a call signal at said outlying station 
over said trunk and channel under control of said office. 

32. A system of telegraphic communication 
by permutation codes of predetermined timing 
and number of code elements per selective per 
mutation comprising an office having control of 
establishing a path of communication Selectively 
to a remote station, a trunk path extending from 
said office toward said remote station to a switch 
ing point, equipment responsive to codes of said 
timing and number of code elements at said 
switching point, means for sending said codes 
Over Said trunk to Selectively actuate Said equip 
ment, channels leading away from Said equip 
ment to more remote points, means whereby cer 
tain. Of Said Sent codes Select One of Said chan 
nels, means operative incident to the selection 
to extend said trunk communicatively over the 
selected channel, other more remote selective 
equipment at a remote point upon said selected 
channel, selectable telegraphic communication 
paths to outlying stations leading from said re 
mote point, means for actuating said more remote 
selective equipment over said trunk and Said 
selected channel to select one of Saidpaths, and 
means operative incident to selection of said path 
to connect said Selected path, Said channel and 
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said trunk in tandem to constitute a through téle 
graphic communication channel in combination 
With teletypewriter equipment including driving 
means at Said outlying Station and means oper 
able under control of said office over said through 
telegraphic communication circuit to cause said 
driving means to drive Said equipment. 

33. A system of telegraphic communication by 
permutation codes of predetermined timing and 
number of code elements per selective permuta 
tion comprising an office having control of estab 
lishing a path of communication selectively to a 
remote station, a trunk path extending from 
Said office toward Said remote station to a Switch 
ing point, equipment responsive to codes of Said 
timing and number of code elements at said 
Switching point, means for sending said codes 
over said trunk to selectively actuate said equip 
ment, channels leading away from said equip 
ment to more remote points, means whereby cer 
tain of said sent codes select one of said chan 
nels, means operative incident to the selection 
to extend said trunk communicatively over the 
Selected channel, other more remote selective 
equipment at a remote point upon said selected 
channel, Selectable telegraphic communication 
paths to Outlying stations leading from said re 
mote point, means for actuating said more re 
note Selective equipment. Over said trunk, and 
Said Selected channel to Select. One of said paths, 
and meanS Operative incident to Selection of said 
path to connect Said Selected path, Said channel 
and Said trunk in tandem to constitute a through 
telegraphic communication channel in combina 
tion with teletypewriter equipment normally un 
energized and consequently incapable of record 
ing code combinations at said outlying station, 
and means controllable. Over said through tele 
graphic communication circuit for energizing 
Said equipment and causing it to record code 
combinations relayed over said trunk, channel, and path. 

'34. A system for selectively setting up a com 
munication to a selected point which comprises 
means for Seizing a path to a remote point, 
Selector and start-stop distributor equipment at 
said point available for use with more than one 
path, means operative incident to the seizure to 
aSSociate Said equipment with said seized path 
for use, means for relaying over said path codes 
of start-stop type to selectively actuate said 
equipment, outgoing subpaths one of which is 
Selectively connected to said path in response to 
Said actuation, more remote selector and start 
Stop distributor equipment available for use 
With more than one path, and means operative 
incident to the seizure of said subpath to seize 
and temporarily exclusively associate said selec 
tor and Start-stop distribuor equipment with said 
one subpath for making a further selection under 
control of and over said initially seized path. 

35. A system for selectively setting up a com 
munication circuit to a selected point which com 
prises means for seizing a path to a remote point, 
a source of selective permutation code impulses, 
Selector equipment at said point available for 
use with more than one path, means operative 
incident to the seizure to associate said equip 
ment with said seized path for use, means for 
relaying over said path impulses received from 
Said Source to Selectively actuate said equipment, 
Outgoing Subpaths. One of which is selectively 
connected to said path in response to said actua 
tion, more remote selector equipment available 
for use with more than one path, and means 
operative incident to the seizure of said subpath 
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-stós seize and (temporarily exclusively: associate . 
iisaid selector equipment'. Withi Said subpath: for . 
..making: a further, selection withi additionalim 
"pulses from said: SOurce overisaid initially:Seized 

... path. . 5 ? . " " . ?. 

.736. A:Systemi for selectively setting.upacDm- . 
munication circuit to a selected point which com- . 

’: prises: meansforº Seizing:.a.pa?thºto-acremote. point, 
a:Source of: Selective permutation, code, in pulses, 
selector equipment; at said 2 point available for it: 
{use. With Omore than: Onejpath, means operative 
: incident?:to the (Seizure...to associates said: equip 
ment, withi said seizedi path for:use, meansi for 

-relaying overi. Saidpath'impulses received from 

of each circuit to;connect...it instandem, with: the 
firstenamed; circuit asia telegraphic "communica 
tion path. - 

41. A trunk assigning system conprising: a suc 
(cession, of: sequence: circuits for assigning trunks 
:from successive trunk groups: successively...to calls 
sproceeding in one idirection through, the system 
:tanda succession of permutation codexactuated 
: selective: means for selecting trunks for assign 
ment to calls, proeeeding: ini the"; othercdirectio 

: through the System. . . . " 
* {32. A system.fort establishing a telegraph.com 
munication: pathi from station: A to: station'.C 
through station B which comprises a telegraphic 

: said:Source in gpermutation:code to. Selectively l, trunk from station. A to station B, a source of per 
' actuate said equipment, outgoing: further paths 
icone of which is selectively:Connected to Isaid: path 
(in response...to said actuation, amore remote selec 
tor: equipment available, for.tase: with more than 
'one path, and, means...operative'...incident to the 20. 
-seizure...of said::further path to Seize and item 
..porarily exclusively associates said:Selector equip 
3 ment with said...onel further path: for making, a 
3 further selection; with additional: impulses from 
said...source over said initiallyeseized path, ameans 

... operable incident to, the seizure of said more(re 
mote selective equipment and its association with 

- a path for use.to relay over said initially seized 
paths and directed; toward: the point of initial 
iseizure thereof, a telegraph pulse iridicative:of 30 
...the completion Cof: said seizure's and &association. 

.:37. An outlying 'station having: permutation 
... code. operated teletypewriter equipment: a tele 
'graph line to a subsatellite office; means for con 
trolling through a contact in said equipment.the 35 
extension of: a path over said (line: through'ssaid 

: subsatellite: office via a subtrunki-to-: a principal 
- satellite, office, and sequencing "..means...ini said . 
... principal satellite office allocating a trunk.to, ex 
'tend said path over said line and subtrunk to a 40 
principal satellite öffice. 8 

38. A subsatellite office having telegraph lines . 
to local' offices: each comprising telegraph equip 
"ment! and a calli switch operable to non-calland 
call conditions and subsatellite office having sub 
trunks to a principal-satellite office which in turn 
has trunks to a main diffice, telegraph signaling 
means automatically operable in response to the 

: operation of said switch: to call position to 'cause 
said subsatellite office to allocate a trunk to a : piincipal satellite office- and connects said line 
transmissively thereto, and other telegraphisig 
naling means automatically operable by connec 
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'mutation code impulses at station. A :a::group, (of 
: paths from station B.to station C, selective means 
iatstation B selectively operable in responsetöim 
pulses received from said source: Over said trunk-to 
..identify said group, hunting 'means initiatediato 
operation incident to the identification to choose 
an idle one of said paths and to connect it trans 
missively to said trunk. 
'43. A "system for establishing a communica 

tion-path from station 'A' to station C through 
station B, which comprises a communication 

a trunk from station. A to station B, a source of 
'permutation code impulses at station A, selec 
tive means at station'B selectively operable-by a 
code or 'codes' transmitted from said source; a 
trunk group extending from station-B to station 
C selectively responsive to the inpulses from 
said source and identifiable" from other groups 
of one or more" trunks, hunting means initiated 
into operation upon such identification to seek 
an available idle one of said trunks, and means 
operative incident to finding ran available idle 
trunk to connect it transmissively with said com 
munication trunk. . 44. A system for establishing a communication 
path from station 'A' to station C"through sta 
tion B which comprises a communication truhk 
"from station Ato stationB, a source of permuta 
tion code impulses at station A, selective means at 
station B selectively operable by a code or codes 
transmitted from said source, a trunk group ex 
tending from station B to station C selectively re 
Sponsive, to the impulses from said source and 
identifiable from other groups of one or more 
trunks, hunting means initiated into operation 
upon such identification to seek an available idle 
one of said trunks, and means operative incident 
to finding an available-idle trunk.to connect it 

'tion of Said'line to’cause Said Satellite öffice to transmissively with said communication trunkin 
álocate a trunk to said principaliófiéevandº con-s 
necti Said Subtrunkºthereto. : 
:39. In combination; a normally open telegraph 
circuit, a series of trunk; assignors; corresponding 
series of groups' of trunks, means 'operable-by 
closure of said circuit to cause the first trunk, assignor to assign a trunk-of a first group to said 
'circuit, and telegraph, signaling means operative 
incident to assignment of said trunk to" cause a 

' ' second trunk assignor to assign a trunk of a sec 
cond group to said first trunk to the end that said, circuit and assigned 'trunks are transmissively 
interconnected. 

40. In" combination, a telegraph circuitº a se 
ries of permutation code selection means each 
comprising a distributors and marker, means:0 
whereby permutation codes are transmitted over 

• said circuit to control said selection means in 

combination with a source of busy signalim 
pulsesin, permutation code and means operative 
incident to examining all of said trunks without 

- identifying an available idle one thereof to trans 
mit from said source of busy signal impulses over 
said communication path towards station.A. '45. A system for. establishing a communication 
path from station. A to station, C. through sta 
tion.B. which comprises a communication, trunk 
from station. A to station.B, selective means in cluding a start-stop distributor, responsive to 
permutation code at station B selectively oper 
able by a code or codes transmitted over, said 
trunk, atrunkgroup extending from station B to 
Station C selectively identifiable from other 
groups of one or more trunks, hunting. means 
initiated into operation upon such identification 

...to seek an available idle one of said trunks, and 
consecutive sequence to mark a circuit for trans- means operative incident. to finding an available 
mission of further permutation codes, and means idle trunk to, connect it. transmissively with said 
coperative incidentito the marking. consecutively, 75 communication trunk in...a path.independent of 
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said selective means including said distributor 
whereby they are rendered available for use in 
setting up other communication paths. 

46. A telegraphic trunking system having a 
group of lines extending to a common point and 
arranged in consecutive order, calling means in 
cluding a calling telegraphic path for selectively 
calling any line of Said group, means for Con 
necting the said called line, if idle, means, Op 
erative when said line is not idle, for seeking 
among lines of said group ranked above the called 
line for an idle line, and means for connecting 
any such idle line to said calling telegraphic path. 

47. A telegraphic trunking System having a 
group of teletypewriter sets, lines from Said sets 
to a common point, said lines being arranged in 
two groups consisting of a first group and a sec 
ond group, the lines of each group being ranked 
one above the other, the sets of said second group 
of lines only including unattended energizing 
equipment, calling means including a calling tele 
graphic path for selectively directing a call to a 
line of said first group or alternatively to a line 
of said second group, means operable in response 
to such direction for connecting any such called 
line, if idle, to the calling path, means operative 
when said line is not idle and is a line of said 
first group for seeking and connecting any idle 
higher ranking line of said first group or any 
line of said second group to said calling path, 
means operative when said line is not idle and is 
a line of said second group for seeking and con 
necting any idle higher ranking line of said sec 
ond group only to said calling path, and means 
controllable over said path to operate said ener gizing equipment. 

48. A telegraph system conprising a local sta 
tion, an unattended office, a second unattended 
office, a central office, call means at said station 
operable to extend a telegraphic channel to said 
first unattended office, means operable incident 
to said extension to seize an idle trunk between 
said first and second unattended offices, means 
operable incident to said seizure to seize an idle 
trunk to said central office, means. Operable in 
cident to said first seizure to connect said seized 
trunk to said channel, electromagnetic holding 
means for holding Said connection, means Op 
erable incident to said second seizure to connect 
said second seized trunk to said first seized trunk, 
second electromagnetic holding means for hold 
ing said connection, said connections thus held 
constituting a telegraphic inter-communication 
channel between said local station and said cen 
tral ofìCe, means Operable from Said loCal Sta 
tion for conditioning both of said holding means 
for release, means at the central office Operable 
upon said conditioning for causing release of said 
holding means and restoration of said trunks to 
idle condition, and means in said channels and 
said trunks adapted to respond to direct current 
impulses for both supervision and communica 
tion. 

49. In a communication system, a central office, 
a plurality of switching centers connectable in 
tandem to said central office, trunk circuits ar 
ranged for full duplex supervisory operation in 
terconnecting one of said Switching centers and 
said central office, other trunk circuits arranged 
at all times for half-duplex operation intercon 
necting another of said switching centers and 
said one switching center, selector means seizable 
by any one of said first-raned trunk circuits and 
remotely controllable thereover, and other means 
at each of said switching centers responsive to 
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said selector means for automatically establish 
ing a transmissive interconnection between said 
one trunk and a trunk arranged for half-duplex, 
operation. . . 

50. In a communication System, a plurality O 
subscriber stations, a central office, a plurality of 
Switching centers connectable in tandem to said 
central office, trunk circuits arranged for full 
duplex supervisory operation interconnecting one 
of said switching centers and said central office, 
other trunk circuits arranged for half-duplex op 
eration interconnecting another of said switching 
centers and said one switching center, selective 
means seizable by any one of said first-named 
trunks and remotely operable thereover, estab 
lishing a connection under control of said central 
office through said plurality of switching centers 
and between one of said subscriber stations and 
Said central office, and means operative incident 
to the establishment of said connection to convert 
Said trunk which is full duplex for supervisory 
Operation to half duplex for communication. . 

51. A teletypewriter switching system compris 
ing a central office, a plurality of switching cen 
ters connected in tandem to said central office, 
a plurality of subscriber stations connected to 
One of Said Switching centers, trunk circuits nor 
mally arranged for full-duplex operation and in 
terconnecting the other of said switching centers 
and said central office, other trunk circuits ar 
ranged for half-duplex operation and intercon 
necting said one of said switching centers and 
Said other switching center, permutation code 
transmission means adapted for connection to 
any one of said first-named trunk circuits for 
establishing a connection through one or more 
Switching centers, in tandem, between said cen 
tral office and One, of said subscriber stations for 
Communication purposes. 

52. In a telegraphic system, a central office, a 
Satellite office, a plurality of subscriber stations, 
a plurality of lines respectively connecting said. 
Subscriber stations to said satellite office, a group 
of said lines extending to a group of stations of 
one subscriber, a trunk, connecting said satellite 
office to Said central office, means at said satellite 
office responsive to telegraphic code transmitted 
from said central office for automatically selecting 
for connection any line of said group to said trunk, 
circuit, and other means at said satellite office for 
automatically selecting for said connection the 
next idle line of a group when said one subscriber line of said group is busy. 

53. In a telegraphic system, a central office, a 
satellite office, a plurality of subscriber stations, 
certain of said stations being arranged in groups 
and certain stations of a group being arranged 
for attended service and other stations of said 
group being arranged for unattended service, a 
line connecting each of said stations with said 
satellite office, a trunk connecting said satellite 
office to said central office, means in said satellite 
office responsive to telegraphic code transmitted 
from said central office for automatically select 
ing for connection any one of said subscriber sta 
tions of a group to said trunk, other means in said 
satellite office responsive to telegraphic code 
transmitted from said central office for automati 
cally connecting to said trunk any one of said 
certain stations of said group, still other means in 
said satellite office responsive to telegraphic cde 
transmitted from said central office for automati 
cally connecting to said trunk one of the other 
stations of said group, and hunting means at said 
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satellite office for automatically selecting for said. 
connection the next idle subscriber station of a 
group when said one station originally selected 
is busy, 54. In a teletypewriter system, a central office, 
a satellite office, a plurality of Subscriberstations, 
a plurality of lines respectively connecting said 
subscriber stations to said satellite office, said 
lines being arranged, first, in groups and then in 
subgroups, a trunk connecting said satellite office 
to said central office, means at, said satellite office 
responsive to permutation code transmitted from 
said central office, for automatically connecting 
any one of Said lines in anyone of said subgroups 
to said trunk, other means operative in response, li 
to the operation of said means for selecting the 
next higher numbered idle line in said one sub 
group when said line, originally selected, is busy, 
still other means operative in response, to the joint. 
operation of said means, and said other means 
for continuing the selecting of the next higher 
numbered idle line in said one subgroup when the 
previously selected lines are found busy, until all 
lines in said group are found busy, and signaling 
means at said central office for indicating when 
all lines of said subgroup are busy. , 55. A telegraph system comprising a local sta 
tion, an unattended office, a second unattended 
office, a central office, call means at said station. 
operable to extend a telegraphic channel to said 
first unattended office, means operable incident 
to Said extension to seize an idle trunk between 
Said first and said second unattended offices, tele 
graph signaling means operable incident to said 
seizure to seize an idle trunk to said central office, Switching means including electromagnetic means 
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coordinately arranged and operable incident to 
said first seizure' to connect said seized trunk to 
Said channel, one of said electromagnetic means 
being individual to the first-mentioned trunk and 
arranged to condition the first-mentioned trunk 
for seizure in response to the operation of said 
call means and the other of said electromagnetic. 
means being individual to said channel and ar 
ranged to interconnect said channel and the first 
mentioned trunk and to hold said, connection, other switching means including electromagnetic 
means: coordinately arranged and operable inci 
dent to 'said second seizure to connect said second 
Seized trunk to said first selected trunk, one of 
Said electromagnetic means on said other switch 
ing means being individual to the second-men 
tioned trunk and arranged to condition the sec 
Ond-mentioned trunk for seizure in response to 
the operation of said telegraph signaling means, 
and the other of said electromagnetic means of 
Said other Switching means being individual to 
the first-mentioned trunk and arranged to inter 
Connect Said first-mentioned and said second 

- mentioned trunk, and to hold the second-men 
tioned connection, said connection thus held 
constituting, a telegraphic intercommunication 
channel between said local station and said cen 
tral office, means operable from said local station 
för conditioning both of said holding electro 
magnetic means for release, and means at the 
central office operable upon said conditioning for 
causing the release of said holding electromag 
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netic means and restoration of said trunks to ide 
condition. . ? ? ? 56. A system for establishing a through tele 
graphic communication path comprising a first 
station having a path of telegraphic communi 
cation extending to a second station, means. for 
sending impulses comprising. selectively coded 
permutations of a fixed number of: different con 
ditions from said first station to said second sta 
tion, means including selector means operated 
under control of said codes as received at said 
Second station to select out of a, possible plurality 
of Selectable channels one leading to a third sta 
tion and connecting it transmissively in tandem 
to-form in conjunction, with saidpath a channel 
of transmission, and means, including selector. 
means at said third station operable by additional 
impulses, comprising selectively, coded similar per 
mutations, for selecting one of a plural number of 
Selectable conductors and connecting it intandem 
With Said channel of transmission. 
5. A. System for establishing a through tele 

graphic communication path comprising a first 
Station having a path of telegraphic communica-. 
tions extending to a second station, means for 
Sending. impulses comprising selectively, . coded 
permutations of a fixed, number of different, con 
ditions, from said first, station...to said second sta 
tion, means including selector means; operated 
under control of said codes as received at said 
Second station to select out-of a possible plurality 
of selectable channels one-leading to a third sta 
tion and connecting it: transmissively, in tandern 
to form in conjunction, with said path a channel 
of transmission, means including selector means; 
at said third station operable by additional in 
pulses comprising: selectively coded similar per 
mutations: for selecting: one of a plural number 
of Selectable: stations each including a permuta 
tion:code responsive: selector and connecting: it in 
tandem with said channel of transmission, and 
means including said last-named selector selec. 
tively responsive to i selectively coded: similar per 
mutations. Sent from said first station. . . . . . 

58, A. system for establishing a through tele 
graphic comunication path, delivering a mes 
Sage thereover, and disestablishing said path a 
under control of a first station, which comprises 

... sending from said first station coded impulses 
over a channel of impulse transmission to a sec 
Ond station, selective means at said second sta 
tion operated under control of said coded in 
pulses to Select a channel of impulse transmission 
to a third station and interconnect it to said first 
named channel, means at said third station in 
cluding means operated under control of code 
impulses transmitted over said interconnected 
channels as a through transmission path to select 
a channel of impulse transmission leading to a 
further station, means at said further station 
controllable over said channels under sole control 
from said first station to record at said further 
station a message transmitted by coded impulses, 

; and means operable under the sole control of said 
first station to disconnect all said channels se 
lected and connected as aforesaid. . . 
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