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Wayne W. K. Large, Glenwood Landing, and Fred 
J. Singer, Rockville Centre, N.Y., assignors to 
Bell Telephone Laboratories, Incorporated, New 
York, N.Y., a corporation of New York 

Application October 22, 1942, serial No. 462,966 
(C. 178-2) 19 Claims. 

This invention relates to telegraph switching 
system and particularly to that class of telegraph 
Switching and transmission systems known as 
satellite office systems. 
The principal elements of a satellite System : 

are, first a number of outlying Stations or Sub 
scribers' 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 in 
dividual to those subscribers. 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 Subscribers' stations. 
By means of a small number of trunks sending 
from the central office or offices to the satellite 
office and individual lines from the satellite office 
to each subscriber's Station combined with auto 
matic switching arrangements at the Satellite 
office whereby interconnections may be made be 
tween any of the trunks and any of the sub 
scriber lines, service may be given to all the sub 
scribers not only for intercommunication with 
each other but to and beyond the central office. 
Systems of this type are known. One such 

System is disclosed in the application of Fitch et 

s 

O 

2 5 

al., Serial No. 173,958, filed November 11, 1937. 
Modified forms are disclosed in Lucek Patent 
2,228,279, dated January 14, 1941; Kinkead and 
Lucek Patent 2,340,599, dated February 1, 1944; 
and Krecek Patent 2,368,666, dated February 6, 
1945. It will be noted that each of these prior 
Systems includes full-duplex trunks between the 
central office and the Satellite office. 
pense of installing and maintaining these trunks 
is considerable and a principal object of the pres 
ent invention is to provide a system in which the 
trunks are half-duplex together with attendant 
simplification of apparatus and consequent re 
ductions of cost and maintenance. 
Another solution of this problem is disclosed 

in Large Patent 2,356,067, dated August 15, 1944; 
this System Operates upon a jack per line basis 
(one jack multiple at the central office for each 
SubScriber's line). That arrangement is more ex 
pensive to install and maintain than the arrange 
ment of the present application; it operates, of 
COUTSe, UlpOn principles which are considerably 
different. 

The ex 
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Other attempts to give a somewhat similar 

service have involved the use of dial code which 
is relatively undesirable from an operating stand 
point because it introduces additional transmis 
sion elements and other complexities., 55 

Still other arrangements have involved not 
only the difficulties inherent in the use of dial 
code but also required the transmission of three 
signaling conditions over the trunks which made 
it impossible to use standard telegraph repeaters, 
if indeed any repeaters at all are uSeable in the 
trunks of such systems and, furthermore, such 
systems are entirely unsuitable for extending 
communication paths established to the central 
office beyond the central office and, furthermore, 
are lacking in satisfactory, call and supervisory 
leaS. 
The present system results from efforts to in 

corporate the essential and most desirable fea 
tures of a System such as disclosed in the Kin 
kead and Lucek Patent 2,340,599, supra, into a 
system utilizing trunks operating on the half 
duplex principle instead of the full-duplex prin 
ciple together with the attendant simplicity of 
circuits and economy of operation and main 
tenance. 
In Lucek Patent 2,368,715, dated February 6, 

1945, there is disclosed and claimed a system 
including conference circuits which serve sub 
Scribers, whose lines terminate at a satellite office, 
which may be connected into an intersubscrib 
er's conference circuit under remote control by 
the adjacent central office operator or under 
manual control by an attendant, serviceman or 
night attendant at the satellite office. In that 
Illucek application, the trunk circuits are of the 
full-duplex type. This present system as dis 
closed herein includes the option of equivalent 
conference circuits in a system employing half 
duplex trunks; this, therefore, is another feature 
of the invention. 
In certain localities a System of this type may 

be required to operate over trunks of different 
types, Some of which may be subject to con 
Siderable interference, such as simplex phantom 
cable circuits, grounded direct current telegraph 
CircuitS Subject to un-neutralized ground poten 
tials, Open wire circuits, etc. The system herein 
disclosed includes as a feature a balancing con 
ductor Whereby voltages emanating from extrane 
OuS Sources and induced in the transmission trunk 
may be neutralized, thereby improving the trans 
mission not only with respect to supervisory sig 
nals but also with respect to communication sig 
nals. This neutralizing conductor is not an elle 
ment essential for every application of the sys 
tem and it may be omitted simply by leaving off 
the Conductor. 

It is desirable that a system of this type be 
adapted to operate over trunks subject to high 



2. 
and variable line leakage. A telegraph transmis 
Sion System has been devised in recent years 
Wherein the telegraph tranSmiSSiOn, in either di 
rection is completely independent of variations 
in line leakage, on the assumption that the leak 
age is equally distributed throughout the line, or 
tipo the equivalent aSSumption that the leakage 
is effectively concentrated at the mid-point of 
the line. A further feature of the present in 
vention consists of half-duplex trunks so designed 
and SO COOperating With the remaining elements 
Of the system that this advantageous method of 
transmission may be utilized. Such method of 
transmission is sometimes referred to as a type 
B. polarential System and Such expression will be 
used herein in reference to it. 
An embodiment of the invention is comprised 

in the System herein described, the essential ele 
ments of the circuits of which are illustrated in 
the accompanying drawings. 
The dra WingS COnsist of nineteen sheets. 
Fig. A is a diagram showing how Figs, 1 to 9, 

inclusive, shall be placed to form a complete cir 
cuit diagram illustrating the invention, 

Fig. 1 shows a local subscriber's station in de 
tail and four other local Subscriber Stations in dia 
grannatic form; 

Fig. 2 shows the Subscriber's line circuits re 
spectively associated with the local subscriber sta 
tions, One of the line circuits being shown in de 
tail. Also shown in Fig. 2 is the link circuit 
Whereby any one or more of the local subscriber 
stations may be connected to one or more trunk 
Circuits; 

Fig. 3 shows the subscriber's sequence circuit; 
Figs, 4 to 7 inclusive, show the conference 

Circuit. Fig. 4 represents ten conference Sub 
Scriber access circuits, one of Which is shown in 
detail and another is shown in diagrammatic 
form. Fig. 5 shows the automatic control circuit, 
for the conference circuit. Fig.6 shows the trunk 
conference branch which is common to the system 
and is adapted for connection to any one or more 
Often of the subscriber stations. Fig. 7 represents 
ten. Subscriber conference branch circuits one of 
which is shown in detail. The subscriber con 
ference branch circuits are adapted for connec 
tion to any one or more of ten local subscriber 
Stations to the trunk conference branch circuit. 
By means of access circuits ten predetermined 
local Subscriber stations may be automatically 
Connected to the trunk conference branch circuit. 
By means of jacks in each of the subscriber con 
ference branch circuits any one of the local sub 
Scriber stations may be manually connected to the 
trunk branch conference circuit. An access cir 
cuit is at times referred to as an applique circuit 
and may be defined as an assemblage of cir 
cuitally interconnected elements supplementing a 
principal aSSemblage of circuital elements (which 
is generally completed and usefully operable in 
and of itself) to perform or permit the per. 
formance of supplemental or additional functions. 

FigS. 8 and 9 show the terminating equipment 
for two concentrating unit trunk circuits, located 
at the concentrating unit switching center. The 
terminating equipment for one of these trunk cir. 
CuitS is shown in detail and the other is shown in 
diagrammatic form; 

Figs. 10 and 11 show the terminating equipment 
located at the central office and terminating one 
Of the trunk circuits, the one trunk being the 
Same as that whose terminating equipment at the 
Concentrating unit switching center is shown in 
detail in Figs. 8 and 9; . . 
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2,872,329 
Fig. 12 shows a cord circuit at the central office; 
Fig. 13 shows the trunk seqttence circuit; 
Fig. 14 shows the miscellaneous alarm circuit, 
Figs. 15, 16 and 17 show the director circuit; 
Fig. 18 shows the all-trunks-busy circuit, and 
Fig. 19 shows the test circuit. 
The link circuit, shown in Fig. 2 comprises a 

Switching instrumentality Well knoWn in the art 
as a 'cross bar Switch,' certain forms of Which 
are described in United States patents to Reynoids 
2,021,329, dated November 19, 1935, and 2,047,383, 
dated July 14, 1936. As disclosed, a cross bar 
switch comprises sets of contactS LSually arranged 
vertically and crossing, or coordinate, Sets of cOn 
tacts arranged horizontally. Horizontally ar 
rangedi contacts in a horizontal rOW, Or in Se Weral 
horizontal rows in the case of a System using the 
several switches, are prepared by a selecting mag 
net, 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 con 
tacts at the Crossing point of the IOW aSSociated 
With the Selecting magnet and the column aSSO 
ciated with the holding magnet are bi'Ought into 
conductive engagement. Immediately thereafter 
the selecting magnet may be released aid other 
contacts of its horizontal roW Will not be brought 
into engagement when other holding magnets are 
operated but the set of contacts already engaged 
will remain engaged until the holding magnet 
Which caused then to become engaged is released. 
Usually the operation of the holding magnet oper 
attes or causes to be operated other contacts which 
render the line or circuit associated. With the old 
ing magnet busy during the time the holding 
magnet is nairatained energized. 
The use of reference characters has been kept 

to a rigid plan. Thus all relays shown in each 
figure have reference characters consisting Of 
numerals and letters, the numerals shown as 
prefixes corresponding to the figure number in 
Which the particular relay is located. All other 
parts of the circuit are designated by numerals 
Only, for instance those parts of Fig. 1 are desig 
nated with numerals between 100 and 199, those 
in Fig. 2 are designated with runerals between 
200 and 299 wherein the hundreds digit designates 
the figures in which the particular part is found. 

In. Some cases, in Order to avoid the extending 
of a plurality of conductors through one or more 
sheets, these Conductors are shown terminated or 
One sheet in a dot and dash line designated as a 
single conductor, the dot and dash line extending 
through one of more sheets to a point, where the 
plurality of conductors are again shown. 
The system is composed of parts referred to in 

engineering parlance as “circuits' and each figure 
of the drawings is designated with a legend setting 
forth its relationship to the system. The general 
functioning of each part of the system is set forth 
hereinafter under headings individual to the wari 
oUS parts as follows: 

Local Subscribe?" Stotion . 

In Fig. 1 there is illustrated in schematic form 
a local Subscriber station 2 connected with the 
concentrating unit switching center by a pair of 
conductorS Such as those designated T and R. 
Other local subscriber stations to , 93, 404 and 
f5 are shown in diagrammatic form. As will be 
hereinafter described, station 02 herein shown 
in Schematic form and station C3 are arranged 

5 for automatic connection to a conference circuit, 



2,372,829 
whereas stations 0, 04 and 05 are arranged 
for non-conference purposes but may, if so de 
sired, be connected to the conference circuit by 
manual means employed by the attendant at the 
concentrating unit switching center. One sta 
tion only, that is, the one shown in Schematic 
form, is selected herein for description of Oper 
ation in detail. 

Referring to local subscriber's station 02 
shown in schematic form the subscriber's loop 
comprises conductors T2 and R2 and a printing 
telegraph sending and receiving unit 02'. Unit 
02’ comprises a printer magnet 06, a set of 

sending contacts 27 and a suitable motor 08 
equipped with a pair of stop contacts 109 which 
will open by mechanical means when motor Stop 
signals are transmitted or received. External of 
the printing telegraph. Set, or unit, are start Or 
power switch f) for starting the printer Set no 
tor, a stop, or break, key fff for stopping the 
printer set, a ringer, or bell, 2 whereby the cen 
tral office operator may signal the Subscriber's 
station, a test key 3 for testing locally the 
printer set when the loop circuit is arranged. So 
that the ringer may be operated from the Cen 
tral office, a flash key 4 for signaling the cen 
tral office and several relays, the functions of 
which will be hereinafter described. 
For the details of the printing telegraph send 

ing and receiving unit 07, reference may be had 
to United States Patent 1,904,164, granted to 
S. Morton et al. On April 18, 1933. 

Stbscriber station line circuit 

Each of the subscriber station loop circuits 
shown in Fig. Il terminates in a subscriber sta 
tion line terminating circuit at the concentrating 
unit switching center as shown in Fig. 2. Only 
the line terminating circuit 202 aSSociated With 
printing telegraph sending and receiving unit (22 
is shown in detail. The line terminating circuits 
20, 203, 204 and 205 respectively associated with 
the other subscriber stations, are shown in dia 
grammatic form. 
The functions of the subscriber station line 

terminating circuit are as follows: 
1. 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 
Office. 

2. It lights the call lamp, such as lamp 206, 
for circuit 202, When the subscriber calls, until 
Such call is routed to the central office. 

3. When all available trunk circuits are busy 
this circuit will be connected to an all-trunks 
busy level on the link, or cross bar, switch and 
will release the sequence circuit. Connection to 
the all-trunks-busy level is maintained until the 
Subscriber disconnects. 

4. When the subscriber line on an outward call 
is connected to a trunk circuit the Subscriber sta 
tion line terminating circuit returns to normal 
releasing the sequence circuit. 

5. It is provided with a set of test jacks. Such 
as jacks 207 and 208 for circuit 202, which will 
permit testing of the subscriber line for line con 
ditions and for transmission, and for testing the 
Subscriber Station circuit. 

6. The jacks, such as jacks 207 and 208 for cir 
cuit 202, are also available for operation of the 
unit on a manual basis in case of failure of the 
automatic apparatus. ', 

7. The jack, such as jack 207, can be used to 
make the particular line test busy, out-of-order, 
or unassigned to inward calls. . . . . 
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8. The jacks, such as jacks 207 and 208, are 

available for continuous monitoring of the sub 
Scriber line by means of a test circuit. 

9. The same jacks can also be used to patch a 
subscriber line to a practice circuit. 
When a local subscriber originates an outward 

call, that is, a call through the concentrating unit 
switching center to the central office switchboard, 
the closure of the subscriber loop circuit by the 
operation of the power switch, such as start Switch 

0 at station 02, causes the operation of the 
line relay such as relay 2L2 in line terminating 
equipment 202. The line relay upon operating 
connects ground at each of its tWo lower arma 
tures and front contacts to two conductors which 
extend into the subscriber's sequence circuit 
ShoWn in Fig. 3. These ground connections cause 
the Sequence circuit to attempt to route the call 
to the central office SWitchboard. . The calling 
Subscriber line or loop circuit remains in this 
Operated condition until the line is either con 
nected to the trunk or the automatic equipment 
is either connected to a trunk extending to the 
central office or finds no trunks available. 

If the automatic equipment at the concentrat 
ing unit Switching center finds no available trunk 
to the central office, the sequence circuit con 
nects the subscriber loop, or line, circuit to the 
top level in the croSS bar Switch of the link cir 
cuit (Fig. 2), in the same manner that a sub 
Scriber loop circuit is connected to one of the 
lower, or idle, trunk levels. The top level is con 
nected to the all-trunks-busy circuit shown in 
Fig. 18 and the lower levels are connected to 
trunk circuits extending to the central office. The 
all-trunks-busy circuit upon being engaged by 
a calling Subscriber loop produces impulses rep 
resenting a “no circuit' condition by a “letters' 
Signal or impulses representing a 'K' signal, as 
required, which when transmitted to the sub 
Scriber gives an indication relative to the avail 
ability of trunks. The Subscriber may recall after 
disconnecting. 

If an idle trunk is found and connection to the 
Subscriber loop or line circuit is ordered by the 
automatic equipment, the sequence circuit by 
means of a ground connection causes a hold mag 
net aSSociated with the calling subscriber line to 
operate. Hold magnets 2H1, 2H2, 2H3, 2H4 and 
2H5 are associated with the lines of subscriber 
stations 0 , 02, D3, fo4 and 0.5 respectively. 
The operation of any one of the hold magnets 
opens the normally closed contacts of the oper 
ated magnets and thereby causes the release of 
the line relay of the calling subscriber line and 
releases the sequence circuit. The reiease of the 
line relay extinguishes the call lamp, such as 
lamp 206. 
Jacks for each of the subscriber line terminat 

ing equipments, such as jacks 207 and 208 for 
equipment 202, when patched to a similar pair, 
Such as jacks f902 and 903 in the test circuit 
(Fig. 19), permit the test circuit to look toward 
the subscriberline for testing line, transmission or 
communicating directly with the subscriber or 
into the subscriber line relay equipment for test 
ing purposes. These two jacks, such as jacks 
207 and 208, are available also for emergency con 
nection between a line and a trunk on a manual 
basis when the automatic equipment fails. These 
tWojacks when connected to the monitoring jacks 
902 and 903 of the test circuit will permit con 

tinuous monitoring of the subscriber line without 
interfering. With inward or outward calls. Jacks, 
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such as those designated 20 and 208, of the sub 
scriber line circuit can also be patched to a prac 
tice circuit, which perits the Subscriber to praC 
tice. One of these jacks, such as jack 20, when 
alone patched to an out-of-order or busy jack 
will cause the subscriber line to test out-of-order 
or busy to inward calls. A dummy plug inserted 
into a jack, such as jack 2, Will create an un 
assigned test for inWard calls at the same time 
removing grounded battery from the Subscriber 
line. Each of the Subscriber line terminating 
equipments 20, 204 and 205 is arranged to Con 
nect to a trunk circuit Via, a direct connection to 
the cross bar SWitch of the link circuit, but Sub 
scriber line terminating equipments 202 and 23 
are arranged first for autoniatic connection to the 
conference circuit and then extended through the 
cross bar SWitch of the link circuit to a trunk 
circuit. By sinowing each of line relays 2L, 2LS, 
2L4 and 2.5 and their Operating circuits in their 
respectively associated terminating equipments 
2A, 23, 233 and 25, an understanding of the 
operation of these equipments is had by refer 
ence to the detailed illustration and description 
of operation of terminating equipment 202 herein. 
Conductor's 2CS to 25 of equipment 202 respec 
tively correspond to conductors få | 6 to 222 of 
equipment, 2 and to the corresponding conduc 
tors. ShOWI entering each of the diagrammatic 
arrangements 303, 20 and 235 in the same rela 
tive positions. 

Linkt. Circuit 

This circuit acts as a Selectable connecting me 
diurn between trunk circuitS and subscriber Sta 
tion line terminating circuitS. It Can also con 
nect a SubSCribe Station line to an all-trunks 
busy circuit. It utilizes as its cornecting medium 
a, COOrdinate Ol' CrCSS ba, SWitch Structure. Those 
Subscriber Stations which are not arranged for 
automatic connection to the conference circuit 
are connected directly to their respective holding 
magnets of the link circuit shown in the right 
hand part of Fig. 2. Those that are arranged for 
automatic connection to tie conference circuit 
are respectively Connected to holding magnet of 
a special link or connector circuit 'shown in the 
left-hand part of Fig. 7, the special link circuit 
forming part, Gi the conference Circuit. 
The flictiCS of the lik Circuit are: 
1. When a Selecting ni&gnet, that, is, one that, 

is a SSociated With a particular trunk circuit, and 
a holding Imaget are Open'ated intine proper Se 
quence, the particular trunk circuit. With Which 
the operated Seiecting agnet is a SSociated will 
be collected to the Subscriber station line cir 
cuit. With Winich the operated holding magnet is 
aSSociated. 

2. Off-normali contacts om the Selecting magnet 
inSure, upon tie establishment of a connection, 
that the ragnetS are operated in the correct 
sequence. 

3. When the holding magnet is operated it will 
lock Lilder (Cltirol of the trunk circuit in order 
that the operated Seiecting magnet may be re 
leased. 

4. The holding magnet contacts perform the 
“Cut-Off’ functioS required in the associated sub 
scriber line circuit upOn establishment of a call. 

In an idle condition all magnets are released 
and the tip aid ring conductors of the Subscriber 
loop aire connected through the Subscriber line 
terminating circuit. For subscriber station f2 
the tip and ring conductors are designated T2 
and R2 respectively, and Will be open at the sta 
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2,872,329 
tion when the station is idle. Should the station 
in question be one arranged for non-conference 
purposes, grounded battery in the subscriber line 
terminating equipment and ground connected to 
the widing of the line relay are furnished for 
operating the line relay such as line relays 2L: 
and 2L2 respectively shown in equipments 20 
and 22. 
When a subscriber originates a Call as by Oper 

ating the teletypeWriter start sWitch, the tip and 
the ring conductors of the Subscriber's line close 
to complete the loop circuit through the Station 
teletypewriter, and the line relay Such as relay 
2L2 of equipment 262 Will operate to energize the 
sequence circuit. When the sequence circuit de 
termines that the subscriber is next in turn, an 
idle trunk will be seized. The slicting magnt 
which is associated with the trunk thus Selected, 
Such as magnet 2SM for trunk 80, and magnet 
2SMS for trunk. 89, will be energized to position 
the selecting fingers of the cross bar switch. The 
closure of the selector off-normal contacts (arma 
ture and contact of the operated selecting mag 
net), will operate relay 4D, and relay AD upon 
operating connects ground through low resistance 
A to a conductor extending through the Se 
quence circuit to energize the hold magnet aSSO 
ciated with the calling subscriber line circuit; the 
hold magnet may be one of those designated 
2H, 2H2, 2H3, 2H4 and 2H5 which represent 
a group of five subscriber lines. Operation of the 
hold magnet will cause the closure of the main 
Switching contacts at the interSection correspond 
ing to the selected trunk and the calling Sub 
Scriber 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 USlal manner 
by the operator. The selecting magnet aSSoci 
ated with the selected trunk is operated in ad 
vance of the completed Selection of the desired 
subscriber line. If the desired subscriber sta 
tion is idle the closed condition of the Selected 
Off-normal Conta CitS Will CalSe a reSistance g’OUnd 
(resistance il 40 l) to be routed through the di 
rector circuit, and the Selected SubScribe line to 
grounded battery through the Winding of the hold 
magnet of the Selected Subscriber line, the hold 
magnet being one of those designated 2H to H5. 
The conductors T and R, of the called Subscriber 
station will, therefore, be connected through the 
operated contacts of the croSS bar Switch of the 
link circuit to the trunk circuit selected by the 
operator. 

In the event that all trunks are busy when an 
OutWard Call is Originated from a Subscriber Sta 
tiO, the Sequence Circuit Causes the Selecting 
magnet 2SMC, associated with the first idle all 
trunkS-busy circuit as in cases where two all 
trunkS-busy circuits are provided, to operate 
Whereby ground is connected at the off-normal 
contacts of the magnet to maintain operated the 
hold magnet a SSociated. With the calling Sub 
scriber line. The operated hold magnet locks 
and disconnects the Subscriber line circuit, caus 
ing the release of the sequence circuit and the 
Operated Selecting Inagnet. The calling Sub 
scriber station is, therefore, held connected to the 
all-trunks-busy circuit until the latter circuit 
receives the subscriber's disconnect signal after 
which it permits the hold magnet to release and 
return to normal. The connection to the all 
trunks-busy circuit is established over the first, 
or uppermost, level of the cross bar switch shown 
in Fig. 2. 
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Sequence and miscellaneous alarm circuit 
The sequence and miscellaneous alarm circuit 

is shown in Figs. 3, 13 and 14, the miscellaneous 
alarm equipment being shown in Fig. 14. This 
circuit is designed to care for the sequence of 
calls through a line concentrating unit SWitch 
ing center as shown in Fig. 3, and is arranged 
to permit the routing of one call only at any one 
time through the automatic Switching Center aS 
shown in Fig. 13. 
The functions of the sequence and miscellane 

ous alarm 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 concentrating unit 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 

O 

15 

20 cuit and complete a communication path through 
the concentrating unit switching center and that 
only when no Subscriber call has seized the rout 
ing privilege. 

3. In case of trouble. On an outward call this 
circuit, after a time interval of approximately . 
four seconds, will release the call from the seized 
trunk, locking this trunk out of service, sound 
an alarm, and 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 Sound an alarm after 
an interval of five, fifteen or fifty seconds, de 
pending upon the progress of the call. 

5. In case of trouble on an incoming call which 
exists for fifteen 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 returned to the distant end. 

6. This circuit is arranged to allot, in prede 
termined order, idle trunks to 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. 13 to the next idle trunk 
immediately after each subscriber calling the 
central office has obtained a routing through the 
concentrating unit 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 
manual Service key 30 is operated. 

11. During manual service period lamp 30f 
also serves as a disconnect lamp. 

12. This circuit is provided with a night alarm 
buzzer primarily for use during periods of man 
ual operation to indicate a reception of an in 
Ward Or outward call. 

Subscriber line circuits are connected to the 
sequence circuit in groups of a maximum of five 
lines each, relays 3SA, 3BO and 3SC being com 
mon to the lines of each group. In a similar 
manner relays 3ST2, 3TA, 3TC and 3BOX 
are common to a group of a maximum of five 
trunks, relays 3AD, 3DC, 3BO and 3DL being 
individual to each of the trunks of a group. In 
general, an outgoing call originated by a Sub 
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scriber must secure the exclusive right to use the 
sequence circuit for the short time interval re 
quired to establish the direct connection through 
the link circuit. The operation of the remain 
ing relays which are shown within the dot and 
dash line block designated “one per office' in 
Fig. 3 of the sequence circuit, as well as those 
relays shown in 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 subscriber 
lines and all groups of five trunks, other thara 
the first group energizing the sequence circuit, 
will be excluded. The operation of such remains 
ing relays then excludes all units, subscriber or 
trunk, in the particular group other thari the 
one seizing the circuit. In normal operation, a 
trunk circuit receives preference in the sequence 
circuit seizure. When a trunk call is Successful 
in securing the sequence circuit, the trunk cir- . 
cuit is connected to a director circuit which trans 
lates the pulses received from the switchboard 
operator at the distant central office into the 
number of the desired Subscriberline. 

In case of an emergency, Such as When the 
automatic features of the circuit fall, manual 
service key 30 will be operated by the atteridant. 
The key, when operated, makes the trunk se 
quence 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 coin 
necting the subscriber station to it. The opera 
tion of key 30 causes manual service lamp 302 
to flash. 

The equipment shown in Figs. 8 and 9, at the 
concentrating unit switching center, terminates a 
two-way half-duplex trunk, arranged for auto 
matic signaling supervisory features, the Opposite 
end of the trunk circuit terminating at the central 
office. The trunk circuit is shown extending 
through the second level of the link circuit shown 
in Fig. 2. A second trunk circuit, 809 ShoWn in 
diagrammatic form, is extended through to the 
lowermost level of the link circuit. 
The functions of the trunk circuit equipment 

at the concentrating unit switching center are as 
follows: 

1. On an outward call from a subscriber station 
connected directly to the concentrating unit 
switching center, the subscriber loop is connected 
directly to the selected trunk, a continuous 
'mark' is sent to the central office to light the 
lamp in the operator SWitchboard and the Se 
quence circuit is released. 

2. While awaiting the answer to the operator at 
the central office the subscriber can “flash' the 
SWitchboard lamp. Under this condition the cir 
cuit sends alternate high resistance ground and 
“mark' signal to the central office in unison with 
the operation of the power switch at the sub 
Scriber’s 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 
switchboard to become extinguished and thereby 
indicate to the equipment at that end that a dis 
connect release is required. Upon receipt of the 
negative disconnect, signal from the central office, 
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the concentrating unit Switching center equip 
ment returns to normal. 

4. A break signal originated by a Subscriber 
whose station is connected to the concentating 
unit switching center produces no effect on this 
circuit other than the placing of a Spacing COIl 
dition on the line. 

5. A prolonged space signal received from the 
central office or distant subscriber connected 
thereto, operates the polarized receive relay 9R in 
this circuit to hold the connection intact. After 
an interval of six seconds intermittent closures 
are placed on the trunk at the Central Office end 
to enable the subscriber connected to the con 
centrating unit switching center to register a dis 
cOnnect Signal. . 

6. When the trunk circuit is Seized at the cen 
tral office end, ringing current is automatically 
applied to the trunk at that end for a one-second 
interval, to condition the terminating equipment 
at the concentrating unit 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 pulses, the high resistance ground 
Condition. On that end of the trunk at the concen 
trating unit switching center is replaced by a 
marking condition to extinguish the cord super 
Visory lanp in the central office switchboard as an 
indication that the selecting pulses should be sent. 

8. If, after obtaining the use of 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 cir 
Cuit Will "time out' and energize an alarm cir 
Cuit. In the case where the director circuit has 
been Secured 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 or lin? and energizes the 
link circuit to establish the connection if the 
called loop, or line, is idle. 

10. If the called line 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 central office at the distant end of 
the trunk. 

ll. When the trunk circuit is connected to the 
called line, the sequence and the director circuit 
are dismissed and the trunk circuit again is termi 
nated in the high resistance ground condition. At . 
the same time a source of ringing current is auto 
natically connected to the called subscriber line 
if the automatic ringing feature is present. In 
the case of manual ringing the operator at the 
Central Office Sends ringing current over the trunk 
Which causes the terminating. equipment at the 
concentrating unit switching center to connect 
ringing current to the line. 

12. When the subscriber answers at the called 
Station, this circuit during the silent interval dis 
connects the automatic ringing and sends a mark 
ing signal to the central office by replacing the 
high resistance ground termination with the 
trunk repeater at the concentrating unit switch 
ing 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's line. 

14. The trunk circuit is provided with jacks 835 
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and 836 to permit manual connection of lines in 
case of failure of the automatic equipment. 

5. Jacks are provided for patching a net el to 
the repeater circuit to measure the Current in the 
line and biasing circuit and to indicate the dif 
ferential current in receive relay 9R. 

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

17. The trunk is operated by a method known 
in the art as the type B polarential method; With 
this Species of the type B polarential method pro 
vision is made for polar Sending Over the line 
circuit from the satellite office to a polar receiv 
ing repeater at the distant central office; the 
trunk terminating equipment at the concentrat 
ing unit SWitching center Comprises a repeater 
arranged for polar sending and differential re 
ceiving, whereas the trunk terminating equip 
inent at the distant central Office CompriseS a 
repeater arranged for differential sending and 
polar receiving. The resistance in series with 
the winding 3 of relay 9R is approximately equal 
to the line resistance and produces the type of 
transmission which is practically independent of 
resistance in line leakage as disclosed in Cranel 
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 
92 connected to winding No. 2 of receive relay 
9R, is provided to balance the telegraph line 9 
connected to the repeater. When a balance is 
obtained between the line 90 and the artificial 
line 902, the differential effect of the currents in 
windings Nos. 2 and 3 of receive relay 9R remains 
constant during transmission of signals by send 
relay 9S. This balanice enables signals to be 
transmitted in either direction OVer a Single COI 
ductor 90 f. 
A duplicate Set of balancing equipment is pro 

Vided for use when a neutralization conductor 933 
is required. Conductor 93 serves to neutralize 
voltages induced in transmission conductor 92 
from extraneous Sources, such as earth potential 
diferences. Conductor 903 is arranged for con 
nection to winding No. 4 of receive relay 9R, and 
its artificial line is connected to winding No. 5 
of relay 9R. The neutralization conductor 93 
and artificial line 904 are likewise provided with 
adjusting networks to effect the necessary bal 
aCe. 
During the idle condition the central office end 

of the trunk is terminated in ground at the back 
contact and upper armature of relay f -C. At 
the Concentrating unit SWitching Center where 
the trunk circuit is used for two-wire termina 
tion, the Second or neutralizing wire forms a loop 
with the first or transmission wire, through re 
sistance 93 of relatively high value, and Winding 
of relay 9, the two latter elements being shunted 
by an alternating Current relay 9R and con 
denser 906. The repeater relays 9S and 9BK and 
the filament of vacuum tube 89 are not ener 
gized, the receive relay 9R is energized through 
itS No. 1 winding which is provided for biasing 
purposes and all the other relays except relays 
8G and 8G? are normal. Relays 8G and 8G 
are held in their left-hand positions as shown by 
currents in their lower Windings. 
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In the case of emergency such as when the 

automatic equipment fails to operate, jacks 835 
and 836 of the trunk may be manually patched 
by the attendant to a similar pair, say jacks 27 
and 208, in any desired subscriber line circuit so 
that the trunk will connect through to the desired 
subscriber's loop. When the double plug is in 
serted in the two trunk jacks, the selecting mag 
nets associated with the trunk, say magnet 2SM 
for the trunk shown, are prevented from operat 
ing and off-normal relay 8-ON operates. When 
the trunk So engaged is returned to automatic 
operation, the desired subscriber's line remains 
busy until the patch is removed. Similarly, the 
trunk is rendered busy and is prevented from Se 
curing a director circuit. 
Three balancing keys 908, 909 and 9 10 are pro 

Vided for controlling the capacity balance for the 
Operating (transmission) and the neutralizing 
Wire. By connecting the capacity for the oper 
ating wire and the neutralizing wire on the same 
Set of keys, a duplicate balance on each of the 
Wires is assured. - 
Key 9? is provided for connecting and discon 

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

Five apex keys 9,2 to 9 il 6 are provided to con 
trol the resistance in the apexes of the operating 
and the neutralizing line. Each of these keys is 
arranged to affect the resistances in each of the 
apex circuits alike. 
The repeater is equipped with four jacks 97 

to 920 so that a test unit meter may be patched 
into various circuits of the repeater in order to 
facilitate adjustment and balance. Line jack 
9 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 and the reading indicated on the 
test unit meter is the actual line current. Bal 
ance jack 98 is provided for connecting the test 
unit meter to indicate the differential current 
between the operating line and its associated 
artificial line circuit and the reading on the 
meter is the actual differential current. Balance 
jack 9? 9 is provided for connecting the test unit 
meter to indicate the interference on the neu 
tralizing wire for comparison with the interfer 
ence on the operating wire. Bias jack 920 is 
provided for Connecting the test unit meter in 
the biasing circuit (winding No. 1) of receive 
1'elay 9R SO that the biasing current can be ad 
justed to the proper value for polarential opera. 
tion, the resistance shunts on the bias jack being 
so proportioned that the value of current indi 
cated by the meter when the bias current is 
properly set will be equal to the current obtained 
with the meter in balance jack 9 8 when a spac 
ing signal is transmitted from the polar receiv 
ing repeater. 
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 9R. 
A millimeter suitably adapted for the present 
System is of the single coil type, has a double 
indicating scale with a zero mid-point and is 
designed to operate in opposite directions in ac 
Cordance with the direction of the operating cur 
rent. Such a meter is disclosed in Cummings 
United States Patent 1,809,026, dated June 9, 1931. 

This biasing circuit is arranged to 
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The bias potentiometer 928 is provided in the 

biasing circuit of relay 9R so that the value of 
current in the biasing circuit may be properly 
adjusted. The balance resistance potentiometer 
consists of two units 929 and 930 mounted on a 
single shaft and is used to obtained direct cur 
rent balances in the artificial line circuit of the 
operating and the neutralizing wire. 
Receive relay 9R is provided for receiving Sig 

inals over the trunk shown extending from the 
distant central office and retransnitting them to 
the desired local subscriber loop. This relay is 
equipped with five windings which are arranged 
for connection in five circuits. Winding No. 1 is 
used for biasing the relay, winding No. 3 is con 
nected to the line circuit, winding No. 2 is con 
nected to an artificial line circuit which is used 
for balancing the line circuit, winding No. 4 is con 
nected to the neutralizing wire and winding No. 5 
is connected to an artificial line circuit for 
balancing the neutralizing wire. 

Relay 9S is provided for receiving signals from 
the local subscriber loop and retransmitting them 
to the line circuit. This relay is equipped with tWO 
windings one of which is connected in series With 
the subscriber loop and the other winding is con 
nected in series With an artificial line. 
Relay 9BK is connected in series with relay 9S 

and is used for “breaking.' Its function is to dis 
able relay 9R, while a spacing signal is being Sent 
from the subscriber station. This is accomplished 
by connecting grounded battery 936 through the 
contacts of relay 3B3 to the Spacing contact of 
relay 9R. When relay 9BK operates to its spacing 
contact, the battery normally connected to the 
spacing contact of relay 9R is removed and the 
spacing and marking contacts of relay 9R are con 
nected together. 
In adjusting the trunk, capacity adjusting key 

9 should be operated for all composited lines 
and for lines having a heavy capacity Value such 
as simplex phantom cable lines. Key 9 should 
be normal for all other lines. With the meter of 
the test unit connected to jack 98 and While 
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slowly opening and closing the “send' loop of 
the repeater at jack 8, one may vary the poten 
tioneter 929 until the steady deflection of the 
milliammeter 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 
908, 909 and 90 until the kick of the milliam 
meter needle in either direction caused by 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 ca 
pacity unbalance is due to interference rather 

- than the capacity difference between the oper 
ating line and the artificial line. 

... When one wire is used for transmission and the 
other for neutralization of ground potentials, the 
balance on the second wire may be made identical 
to the balance on the first wire. This may be ac 
complished by connecting the balancing arrange 
ment of the second wire to the control elements 
used for the balancing arrangement for the first 
wire, and by causing them to insert equal im 
pedanceS. 

5 

direction. 

For polarential operation of a trunk circuit. 
polar signals are transmitted in one direction and 
differential signals are transmitted in the other 

In the system herein described the 
concentrating unit switching center is equipped 
with a repeater arranged for polar sending and 
differential receiving and the distant central office 
is equipped with a repeater arranged for differ 
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ential sending and polar receiving. At the pola. 
receiving end the marking potential is ground. 
When the Spacing battery is the Sane polarity at 
both ends, the System is called type 'B' polar 
ential. On a polarential system without leakage 
or ground potential the current in the operating 
line of the trunk and the balancing winding of 
the received relay, such as relay 9R, of a polar 
Sending repeater have equal effects On the relay 
When the distant end of the operating line is con. 
nected to ground. The received relay is held on 
making by the current through the biasing Wind 
ing. The Current in the biasing winding is ad 
justed to be half as effective as the current in the 
operating line and balancing Winding when a 
Spacing signal is transmitted from the distant 
central office. Type 'B' polarential operation 
permitS transmission 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, A System arranged 
for type 'B' polarential operation is disclosed in 
Fig. 2 of Cramer United States Patent 2,131,870, 
October 4, 1938. 

Equalizing netWorks 944 and 94 each consist 
ing of retardation coils and resistances connected 
in Series are provided for reducing the character 
istic distortion of received signals. These net 
Works are bridged between the operating line and 
the artificial line circuit on the trunk side of relay 
9R. When the repeater is arranged for two-wire 
Operation as shown herein two networks are re 
quired, one 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 9R. The 
Strapping of the resistances should be the same in 
each network and should be chosen to obtain the 
best transmission. Equalizing networks are chiefly 
useful on long simplexed phantom cable circuits. 
Terminating equipment at the central office 
switchboard for the trunk circuit eactending to 
the concentrating unit switching center 
This equipment provides a termination in the 

Operator's SWitchboard at the central Office for 
half-duplex trunk circuits extending to a distant 
line concentrating unit switching center. The 
line side of the repeater is arranged for half 
duplex operation over one line conductor func 
tioning as the operating line with another wire 
provided for neutralizing induced voltages. The 
local side is arranged for operation into an opera 
tOr's COrd circuit. The trunk circuit of Figs... 10 
and 11 typifies the terminations of the trunks at 
a central office employing the type of cord circuit 
illustrated in Fig. 12; modified forms will serve for 
use With Switchboards employing other types of 
COrd Circuit. 
The functions of the trunk circuit at the 

SWitchboard end are as follows: 
1. During the idle condition all relays are nor 

mal and none energized except relay –S and 
-R which are held on their marking contacts 

by local circuits. 
2. When a call is originated by a subscriber 

through the concentrating unit switching center, 
Current Will flow in the line, resulting in the light 
ing of the answer lamp Of and busy lamp ff02. 
Before the operator has answered, the subscriber 
may flash the answer lamp by sending a recal. 
The call may be abandoned and the answer lamp 

of extinguished by the subscriber disconnect 
ing. The busy lamp if C2 will remain lighted 
until all equipment has returned to normal. 
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3. The operator upon answering inserts a cord 

plug into the jack and the answer lamp if will 
be extinguished and the transmission path will 
be eXtended into the cord circuit Over the tip 
conductor. 

4. The transmission of normal teletypewriter 
and break signals in either direction will not cause 
false registration of SuperVisory Signals. 

5. Spacing Signals in excess of Six Seconds 
transmitted in either direction will cause a dis 
tinctive signal to be sent toward the concentrat 
ing unit switching center and subscriber station. 
If the “break' originated at the SubScriber Sta 
tion local to the SWitching center, this Signal 
serves no useful purpose. If the “break' occurred 
in or beyond the cord circuit, the marking por 
tion of these signals provides intervals in Which 
a subscriber disconnect or recall signal may be 
recognized. 

6. When the SubScriber di Sconnects, the equip - 
ment at the concentrating unit SWitching center 
connects a high resistance ground, or loop in the 
case of tWO-Wire Operation, to that end of the 
line circuit. At the Switchboard end, ground will 
be applied to the ring conductor of the cord cir 
cuit to light the cord Supervisory lamp. 

7. The Subscriber. Inay recall the operator by 
sending a disconnect signal immediately followed 
by a new cail. This will naomentarily connect a 
ground to the ring conductor resulting in a flash 
ing cord circuit Supervisory lamp. 

8. The operator initiates a call by inserting a 
Cord plug in the line jack of any idle trunk. The 
cord lamp lights and a timed interval of 20-cycle 
ringing current is automatically sent out over the 
trunk to the concentrating unit SWitching center 
to Condition the equipment at that end and to 
secure a director circuit. The director “ready' 
signal is a marking condition from the distant 
end Which extinguishes the cord lamp as an indi 
cation that the circuit is ready to receive linese 
lecting puses. e Operator vili tein Send upper 
case teletypewriter code combinations corre 
Sponding to the required Station number. The 
reception of these signals at the concentrating 
Unit SWitching center causes connection of the 
trunk circuit to the required Subscriber station 
loop and places an Open condition on the line 
to light the calling lamp again as a signal to the 
operator that she may ring (or that the station 
is being automatically rung if that feature is used 
at the concentrating unit Switching center). 
When the subscriber answers, the line returns to 
the marking condition, and the cord lamp is ex 
tinguished. 

9. 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. This is iregistered by the removal 
of ground from the ring conductor 3 to ex 
tinguish the cord Supervisory lamp when current 
is caused to flow in the line resulting from the 
Subscriber answer. 

10. The Operator may rering the Subscriber, 
following his disconnect, by applying ringing cur 
rent to the line. 

1. When both Subscriber and operator discon 
rect, this circuit, after an interval of two seconds, 
places a negative potential on the line for ten 
Seconds to release the equipment at the concer 
trating unit SWitching center and at the end of 
that period the circuit restores to normal. 

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

13. Equalization networks reduce the charac 
teristic distortion in the received signals. 

14. The telegraph repeater of this circuit is 
arranged for differential sending and polar re 
ceiving. - - 

This repeater is designed to operate half 
duplex only. An adjustable balancing network is 
provided to obtain a sufficient balance for the 
higher frequency components of the signals. No 
direct current path is provided in the balancing 
network. The balance obtained is a compromise 
value between a perfect circuit balance and one 
giving the best possible reception of . Signals. 
During transmission to the polar sending repeater 
at the concentrating unit, both the marking and 
spacing line currents are in the same direction 
and hold relay f-R of the polar receiving re 
peater om its marking, or right-hand, contact. 
The balancing network for the operating line of 
the trunk circuit consists of one or more suitable 
resistances connected in series with intermediate 
strapping and one or more condensers of suit 
able capacity connected in parallel to each other 
to a common grounded point, the resistances be 
ing represented by that designated ff0? and the 
condensers being represented by that designated 

O2. A duplicate set of balancing equipment 
comprising one or more, resistances connected in 
series with strapping at their intermediate points 
and one or more condensers each connected in 
parallel to the other connected to a common 
grounded point, the resistances being represented 
by that designated 53 and the condensers be 
ing represented by that designated il 54, is pro 
vided for use in the case of two-Wire Operation 
as shown herein. Both sets of condensers are 
adjusted alike to provide the same balance for 
each Wire. , ..? 

Relay if-R is provided for receiving signals 
from the distant concentrating unit Switching. 
center and retransmitting them to the local cord 
circuit at the operator's SWitchboard. This relay 
is equipped with five Windings for connection in 
five circuits. One winding No. 1 is connected 
to the operating line of the trunk and another 
winding, No. 3, is connected to an artificial line 
circuit which is used for balancing the Operating 
line. 
neutralizing interference, the No. 2 Winding is 
connected to the neutralizing wire of the trunk 
and the No. 4 winding is connected to the artifi 
cial line for balancing the neutralizing wire. 
Winding No. 5 is used in a local holding circuit 
when the trunk is in an idle condition. " 
Relay i-S is provided for receiving signals 

from the local cord circuit and retransmitting 
them to the operating line of the trunk which 
extends to the distant concentrating unit switch 
ing center. 
windings. One winding is connected in series 
with the cord circuit tip conductor and the other 
winding is connected in Series with an artificial 
line. 

Relay f i-B is a two-winding relay having one 
winding connected in series with the operating 
line extending to the cord circuit tip conductor. 
This relay is used for supervisory purposes. 
Relay O-P has three windings. Winding No. 

1 is connected in series with the operating line 
of the trunk and winding No. 2 is connected in 
series with the neutralizing wire. Winding No. 3 
is connected into a hold circuit to prevent the 
relay from operating on small induced line cur 

Windings Nos. 2 and 4. are provided for 5 

This relay is equipped with two 
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rents when the line is open or grounded at the 
distant end. Relay O-P follows the signals re 
ceived from the distant concentrating unit Switch 
ing center as does relay f--R. . During trans 
mission to the concentrating unit switching cent 
ter the absence of any windings in the artificial 
line circuit causes relay O-P to leave the mark 
ing, or left-hand, i contact in Some conditions. 
During transmission from the distant concen 
trating unit switching center, each transition of 
the signal, as received by relay O-P causes a 
surge of current through the winding of relay 
í ú-H. These surges in conjunction with a di 
rect current from the contacts of relay I --C 
hold relay to-H operated during transmission 
condition. . . . . - - - -- · · · 
Relay í 1-C has two identical windings. One 

of these is inserted in the apex of the operating 
line circuit of the trunk. The second winding is 
placed in the apex of the neutralizing line. Re 
lay if-C remains operated except during cer 
taun transition periods in the signal. Operation 
of relay fl-C in turn operates relay f O-H which 
is used for supervisory purposes. During the 
transitory period of the signal when relay i-C 
releases, the surges from relay lo-P cause relay 
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lu-H to remain operated. The windings of re 
lay i-C are respectively shunted by condensers 

)3 and iO4 to by-pass a large part of the 
signaling frequency, and thereby improve trans 
mission. 
During the idle condition, the operating line 

of the trunk is connected at the distant concen 
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trating unit switching center to a loop formed 
With the extension of the neutralizing Wire, the 
loop having a resistance of relatively high value. 
At the central office end the operating line 90 
of the trunk may be traced through the upper 
armature and back contact of relay O-E, resist 
ance 1003, winding No. 1 of relay O-P, winding 
No. 1 of relay 1-R, resistance 05, retardation 
coil 06, the upper winding of relay 1-C to 
ground on a back contact of relay f-C. The 
neutralization wire 903 for a two-wire operation 
may be traced through the lower armature and 
back contact of relay 10-E, resistance í004, 
through the No. 2 winding of relay O-P, through 
the No. 2 Winding of relay -R resistance ff2, 
retardation coil 07, through the lower winding 
of relay 1-C, resistance fo8 to ground at the 
armature and right-hand contact of relay ( -S. 
Grounded battery fiO9 is connected over a cir 
cuit traceable over conductor ff0, resistance 1010 
of relatively high value, middle upper armature 
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and contact of relay 0-C2, conductor of , to 
No. 5 winding of relay -R, to ground whereby 
relay. --R is held operated to its right-hand, 
or marking position. Relay ()-C2 through its 
normally closed make-before-break contact con 
nects grounded battery conductor lo to con 

' ductor í0 í2 which extends through the lower 
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Windings of relays i 1-S and í A-S, in s?ries, 
to ground thereby holding relay -Sin its right 
hand, or marking, position. 
. A noise killer consisting of a retardation coil 
f06 and resistance 05 is provided in the apex 
of the operating line circuit as a noise suppressor. 
Provisionis made for a similar arrangement con 
Sisting of retardation coil 07 and resistance 
f2 in the apex of the neutralizing line circuit. 
The noise killer is provided in the neutralizing 
line circuit So that the neutralizing line and the 
Operating line Will have equal impedances. This 
is essential to obtain neutralization over a broad 
frequency band, 
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Equalizing networks consisting of two similar 

units, are provided for reducing the charateristic 
distortion in the received signal. Each of these 
units designated 55 and 56, is constituted of 
several, resistances connected in series, cut-out 
strapping at their intermediate points and several 
retardation coils connected in series with each 
other and with the resistances, although in each 
unit only one resistance and one retardation coil . 
are shown. (Fig. 11). 
tween the operating line and its artificial line 
and the other is bridged between the neutralizing 
line and its artificial line, the bridging arrange 
ment in each case being on the trunk side of relay 
lf-R. The resistances in each network should 
be the same and should be chosen to obtain the 
best transmission over the trunk circuit. Equal 
izing networks are chiefly useful on long sim 
plexed phantom cable circuits. 
When a two-wire trunk circuit is used the : 

balance on the second wire is made identical to 
the balance on the first wire. This is accom plished by connecting the balancing arrangement 
for the second wire the same as for the balancing 
arrangement for the first wire, the adjustment for 
balance being made at the concentrating unit 
switching center as hereinbefore described. 
Two trunk circuits when connected together at 

a switchboard by means of the operator cord cir 
cuit shown in Fig. 12, tend to oscillate when the 
two subscriber loops at the distant ends of the 
trunks have been opened. This oscillation is such 
that relay fl-C and the corresponding relay in 
the trunk circuit connected to the opposite end 
of the cord circuit, are held operated by the opera.- : 
tion of their respectively associated relays, such 
as that designated ?o-P in the trurik shown, as 
the latter relays follow the oscillation pulses and 
thus no disconnect condition is registered in the 
Operator cord circuit. This oscillation is elimi 
nated by means of relays I O—TA, f0—TB, f 0—TC 
and f--St. Relay ?o-TA will operate when re 
ceive relay fl-R is in its spacing position thereby 
opening the operating circuit of normally oper 
ated, slow-release relay 6-TB, the normal oper 
ation of relay? O-TB referring to that interval of 
time when the operator cord circuit is connected 
to jack i 24. Relay fo-TA, upon operating, re 
places grounded positive battery at its back con 
tact and outer lower armature with ground at the 
front contact and inner lower armature of relay 
fo-TB which is connected to the front contact 
and outer lower armature of relay O-TA. 

If the spacing condition of receive relay i-R 
is of Sufficient duration relay O-TB releases 
thereby adding a very high resistance to 4 to the 
circuit extending through the No. 3 winding of 
relay to TC, and connecting the spacing contact 
of relay if-S to ground in a circuit traceable over 
conductorff 8, outer lower armature and front 
contact of relay O-TA, inner lower armature 
and back contact of relay 0-TB through the No. 
1 Winding, armature and right-hand contact of 
relay O-TC to ground. If a break originates 
from the cord circuit at this time, relay fl-S 
Operates to its Spacing contact, connecting nega 
tive battery at the marking contact of relay 9S at 
the concentrating unit switching center to a cir 
cuit extending over the operating line of the con 
Centrating unit trunk through the No. 1 winding 
of relay. --R, the upper winding of relay (f-C, 
upper armature and front contact of relay f-C, 
armature and Spacing contact of relay –S, con 
ductor If 8, outer Iower armature and front con 
tact of relay O-TA, inner lower armature and 

One unit is bridged be O 
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back contact of relay O-TB, through winding 
No. 1, armature and right-hand contact of relay 
O-TC to ground. Relay O-TC operates there 

by replacing the last-mentioned ground with 
grounded positive battery of 3 and placing a Spac 
ing, or break, condition toward the concentrating 
unit switching center. In the disconnect Condi 
tion before the operator cord is taken down 
ground is presented to the trunk in both marking 
and spacing conditions and the tendency to oscil 
late by charging the line capacity is eliminated. 

Operator's cord circuit 
The cord circuit shown in Fig. 12 is similar to 

that shown in Fig. 2 of United States Patent 
2,106,357, granted to T. A. Marshall on January 
25, 1938. It serves to establish connection between 
any one of the concentrating unit trunk circuits 
and a subscriber station connected directly to the 
Central office, or to an intertoll trunk circuit ex 
tending to another central office, or to another 
concentrating unit trunk circuit extending back 
to the concentrating unit switching center. 

In establishing at an operator's SWitchboard a 
Connection between a concentrating unit trunk 
and a subscriber station local to the central office, 
the cord circuit cooperates with the operator's 
position circuit wherein the operator's teletype 
Writer set may be connected to the particular cord 
circuit which is employed. 
The functions of the cord circuit and the opera 

tor's position circuit are as follows: 
i. Answering incoming calls from subscribers 

or over intertoll trunk circuits, with the answering 
end of the cord, and for establishing teletype 
Writer communication via the operator's position 
cirClit. 

2. Repeating teletypewriter communications by 
means of a single line repeater in the cord circuit. 

3. Receiving and transmitting recall signals. 
4. Receiving and transmitting disconnect sig 

nalis. 
Director circuit 

This circuit functions in the line concentrating 
unit SWitching center to receive the telegraph 
pulses sent by the distant operator's teletypewriter 
and to decipher these pulses, thereby causing the 
selection Of the called subscriber ine, The circuit 
is shown in Figs. 15, 16 and 17. 
The functions of the director circuit are as 

follows: 
1. Upon receipt of an in Ward call from the 

manual central office, the sequence circuit will 
Connect the director circuit to the trunk circuit on 
Which the call is waiting. The distributor motor 
is then started and after it has attained proper 
Speed a director ready ("DR') signal will be 
transmitted to the distant end to indicate to the 
manual Operator that the call may be routed 
through the line concentrating unit switching 
center. 

2. The distributor motor will be stopped after 
the director has been dismissed unless there is 
another incoming call awaiting completion. In 
the latter case the motor would be kept running 
but the other parts of the circuit would be re 
Stored to normal, awaiting the new call. The 
start magnet is held operated while the distributor 
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motor is coming up to speed to reduce clutch 
drag. 

3. A “figures' teletypewriter character received 
from the distant manual central office will indi 
cate that the operator has recognized the “DR' 
signal and will cause the director circuit to ac 
cept the next two characters transmitted, from 

s 
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the distant end, as the called subscriber Station 
number. - 

4. The next two teletypewriter characters re 
ceived from the distant office are Separated by 
the receiving distributor into code elements, for 
causing the proper selecting relay to be operated. 

5. Upon receipt of the first digit of the call 
directing teletypewriter pulses, the director cir 
cuit Will Select the group Of ten lines which con 
tains the desired subscriber's line. 

6. Upon receipt of the second digit of the call 
directing pulses the ... director circuit will select 
and test the desired subscriber's line and disre 
gard any additional characters sent to the direc 
tor circuit. 

7. If the called subscriber line has been made 
out-of-order a Series of predetermined code sig 
nals corresponding to letter Q. Will be transmitted 
to the distant manual central Office for a one 
second interval; whether these appear on the 
operator's machine as “Q's' or numeral '1's' will 
depend upon the case position in which the op 
erator's machine is resting at the moment, 

8. 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 Signals receivable as characters 'K' 
or “A” will be transmitted to the distant manual 
central office for a one-second interval. 

9. If the manual Operator at the central office 
has transmitted first and second digits of a num 
ber for which no Subscriber's line is assigned or 
has transmitted an impossible combination of 
digits, a series of “V' or “%' signals will be re 
turned to the manual Operator at the central 
office for one second. 

10. If the subscriber's line is idle the director 
circuit Will cause the link circuit to connect the 
called subscriber's line to the particular trunk 
circuit. The director circuit will then be re 
leased and restored to the idle condition in prep 
aration for the routing of the next inward call. 

11. If the director circuit becomes off-normal 
and is not released within ten seconds, a series 
of 'T' signals is sent to the distant end for one 
Second and the director is then released. 
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 
large number of subscribers whose lines are con 
centrated at the switching point known as a line 
concentrating unit switching center. The direc 
tor circuit functions only on inward calls from 
the distant central office, receiving and decipher. 
ing the called subscriber station number typed 
and transmitted by the switchboard operator at 

, the distant central office and causing the Selec 
tion of the proper, or desired, subscriber line. 
When an operator at the distant manual 

switchboard seizes the trunk to the line concen 
trating unit switching center, the associated 
trunk terminating equipment at the line concen 
trating unit Switching center functions to cause 
the sequence circuit to attempt connection to the 
director circuit. When the trunk terminating 
equipment at the Switching center receives per 
mission to route the call through the switching 
center, the sequence circuit connects this director 
circuit to the particular trunk, that is, the trunk 
selected by the switchboard operator. When the 
director circuit is connected to the selected trunk 
by the sequence circuit the distributor motor is 
started. After the motor has attained its nor 
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mal operating speed, the director circuit trans 
mits a “director ready' signal to the operator at 
the central office, disregards any typing and line 
interference which may occur until a “figures' 
signal is received, and then responds to the next 
two character signal combinations to select the 
called SubScriber line. The director circuit also 
originates and sends K, Q or V signal combina 
tions to the operator at the central office, denot 
ing that the called subscriber line is “busy,' 'out 
of-order' or “unassigned' if such is the case. 
As soon as the director circuit is released by the 
sequence circuit, it is available for succeeding 
calls. The director circuit allSo - generates T Sig 
nal combinations for transmission to the Opera 
tor office when the director circuit has been held 
ten seconds. This reorder signal is transmitted 
for one second. At the end of this period, the 
director circuit is released by the sequence cir 
cuit and a disconnect signal is sent over the trunk 
to the operator office. 

All-trunks-busy circuit 
This circuit shown in Fig. 18 is designed for 

use in a line concentrating unit switching center 
as an originating source of “no circuit' signals 
and 'K' signals Sent to calling subscribers under 
certain conditions as hereinbefore mentioned 
under 'Subscriber station line circuit,' at the 
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Same time providing “no circuit' time integrat 
ing registers in addition to subscribers' overflow 

The functions of the all-trunks-busy 
circuit are as follows: 

1. When all trunks are busy this circuit is ar 
ranged to measure the length of time this con 
dition persists. 

2. When all trunks associated with this circuit 
are busy the circuit is designed to: 

(d). Produce and Send to each calling sub 
Scriber Securing a no-trunks level, a “letters,' 
"no circuit,' signal; V. 

(b) Register by means of registers connected 
in the Subscriber's overflow circuit, the number 
of attempts subscribers make during the all 
trunks-busy period; 

(c) MeaSure the duration of the continuous 
production of these "letters' signals and give an 
audible and visual alarm if the time exceeds a 
predetermined interval; 

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

3. Whenever a trunk becomes idle this circuit 
is arranged to produce 'K' signals at a speed of 
approximately forty words per minute and send 
these signals instead of the “letters' signals to 
the Waiting subscriber. 
The timing of an interval in which all trunks 

are busy is accomplished in the following manner. 
When all trunks are busy ground connection 307 

60 

65 

70 

75 

Connected over the contact No. 5 of a relay in 
the highest numbered trunk of the trunk sequence 
circuit, said relay corresponding to that desig 
nated 3AD in trunk sequence circuit No. 1 to a 
circuit extending over conductor 308, through 
the Winding of relay f 8A to grounded battery. 
Relay f8A operates and at its upper armature 
and contact Connects interrupter 80 which 
comprises a Source of Sixty impulses per minute to 
its associated register f8NCA which therefore 
registers the number of seconds that all trunks 
are busy, at the same time closing the operating 
circuit for relay 8L. 
The all-trunks-busy signal is transmitted by 

means controlled by the operation of relay 8L, 
Which, upon operating, removes at its outermost 





2,372,329 
which extends to the conference circuit. The 
operator will challenge the subscribers connected 
to the conference circuit and the conference may 
start. Any subscriber line not arranged for au 
tomatic connection to the conference circuit may 
be added to the conference by means of manual 
patching, between subscriber line jacks and jacks 
in the subscriber conference branches, by the at 
tendant at the line concentrating unit Switching 
center. Similar patching may be made in order 
to complete calls during emergency conditions. 

For these and similar purposes one subscriber 
line may terminate at the satellite attendant's 
desk. 

For manual operation of the conference circuit, 
the operator at the distant central office will pro 
ceed the same as automatic operation until the 
conference circuit, is seized and connected to, 
the conference trunk. Instead of Calling the first 
subscriber station involved, the Operator Will 
communicate with the attendant at the switch 
ing center, who will then establish all desired 
connections by patching between subscriber line 
jacks and jacks in the Subscriber. Conference 
branches. When all desired subscriber lines have 
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been connected to the conference circuit, the at- . 
tendant will advise the operator over the first, 
or conference, trunk, and the subscribers will 
then be challenged by the operator after which 
the conference may start. 
The Subscriber conference branch circuits are 

arranged in five circuit units. Two of these units 
are required for a conference circuit with ten 
subscriber conference branches. Those branch 
circuits are required both for automatic and 
manual operation. 
One trunk conference branch is arranged as a 

unit Since only one is required for a conference 
circuit. This circuit is required both for auto 
matic and manual operation. 
One automatic conference control circuit is ar 

ranged as a unit Since only one is required for a 
conference circuit and it is used only for auto 
matic operation. 
The subscriber conference access, or applique, º 

Circuits are arranged in ten circuit units to be 
used for automatic operation only, and are re 
Spectively assigned to ten Subscriber lines ar 
ranged for automatic connection. 

follows: 
1. The operator at the central office obtains 

the use of the idle conference circuit by sending 
Selecting pulses and otherwise proceeding to call 
a Special number associated with the conference, 
circuit. 

2. When the conference. circuit is connected to 
the trunk over which the operator calls the con 
ference number, power is turned on in the con 
ference circuit branches and conference control; 
circuit. The unlisted conference numbers at this 
time cease to test “unassigned.' . 

3. The conference circuit sends a "space” sig 
nal to the trunk to which it is connected. 

4. The operator at the central office, to add a 
Specially arranged subscriber to the conference 
circuit, calls over another, or “order,’ trunk for 
the unlisted conference number assigned to the 
particular Subscriber line. 

5. If the subscriber line is idle the conference í 
applique associated with the Subscriber line seizes 
the conference control circuit. 

6. The conference control circuit, upon seizure, 
Supplies, a resistance ground long enough to op 
erate the “hold' magnet associated with the . 
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called subscriber line, connecting the line to the 
“order' trunk and making the line test busy to 
subsequent calls made to it while it remains held. 
The conference control circuit also makes all 
other unlisted conference numbers test unas 
Signed. 

7. The called subscriber line connected to the 
“order' trunk causes the “order' trunk to dis 
miss the director circuit permitting a Signal to 
be sent to the operator at the central office to ring 
the called subscriber station. 

8. In concentrating units arranged for auto 
matic ringing of the called subscriber Stations 
the trunk dismisses the director circuit and auto 
matically rings the called subscriber station. 

9. Before the subscriber answers, the called 
subscriber line is held to the trunk under control 
of the trunk circuit and, in turn, under control 
of the calling operator at the distant central 
office. 

10. If the subscriber fails to answer, the Oper 
ator can dismiss the Subscriber line from the 
“order' trunk by removing her cord circuit from 
the trunk jack. 

il. When the Subscriber answers the Confer 
ence control circuit causes the “order” trunk su 
pervisory relay to operate. 

12. If the subscriber accepts the conference, the 
operator at the central office sends a two-second 
break signal which the control circuit uses to 
connect the subscriber line to the next idle Sub 
scriber, conference branch immediately after the 
termination of the break signal. 

13. The connection of the subscriber line to the 
subscriber conference branch causes the confer 
ence control circuit to release the “order' trunk 
supervisory relay and approximately one and one 
half seconds later to release the Subscriber “hold' 
magnet, freeing the “order' trunk but at the same 
time making the subscriber line test busy to other 
calling operators and returning the subscriber 
conference access circuit to normal except for one 
of the relays in the access circuit. Such as relay 
4C and the applique circuit for Subscriber station 
No. 102 and disconnecting the access circuit from 
the control circuit. 

14. If the subscriber refuses to accept the con 
ference the operator at the central office discon 
nects from the “order' trunk after receiving his 
disconnect signal, returning the subscriber con 
ference access circuit to normal. 

15. The connection of the subscriber line to a 
Subscriber conference branch lights the busy lamp 
associated with that branch and causes the 
branch to contribute a mark signal under control 
of the Subscriber instead of the normal mark ob 
tained during the idle period of the branch. 

16. After the conference control circuit returns 
to normal, the subscriber conference branch se 
lected, releases its selecting magnet and prepares 
to use the next idle branch for the addition of 
another subscriber line. 

17. If more concentrating unit subscriber sta 
tions are to be added to the conference, the oper 
ator Waits until the disconnect lamp changes as 
an indication of the reconnection of the director 
circuit to the “order' trunk and then repeats the 
process for the next subscriber station, calling 
for the unlisted conference number of the next 
Subscriber station. V • 

18. If no other subscriber station is to be added, 
the operator at the central office disconnects from 
the “order' trunk after receiving the disconnect 
Signal. 
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19. After the operator at the central Office has 

disconnected from the “order' trunk as stated in 
the immediately preceding paragraph, the Oper 
ator sends a one-second break signal Over the 
conference trunk which the conference circuit 
uses to make all remaining unlisted conference 
numbers test “unassigned’ and thus prevent any 
further addition to the conference circuit, after 
that the operator types for the start of the con 
ference. 

20. If a subscriber station has no secret, or un 
listed, conference number the station is not ar 
ranged for automatic connection to a conference, 
the operator at the central office may call the 
attendant at the concentrating unit who may l 
manually patch the line of the desired Subscriber 
station to the next idle conference branch. 

21. In case of failure of the automatic equip 
ment, the attendant at the concentrating unit 
can set up the conference by manual patching 
under instruction from the operator at the cen 
tral ofi?e. 

22. When a conference. Subscriber disconnects 
during the progress of a conference, his line re 
mains connected to the conference circuit until 
all Subscriber stations connected in the confer 
ence ha.Ve been di Sconnected. 

23. When all subscriber stations connected to 
the conference circuit disconnect, the manual op 
erator at the central office receives a disconnect 
Signal. 

24. The conference circuit is arranged to re 
lease al automatically connected Subscriber Sta 
tions when all subscribers have disconnected and 
to prevent a manually patched subscriber station 
from recalling the operator over the conference 
trunk. 

25. Upon reception of a disconnect signal, the 
Operator at the central office withdraws the 'cord 
circuit from the jack of the trunk to which the 
conference circuit has been connected, releasing 
the conference circuit. y 

26. When all subscriber stations connected to 
a conference circuit have disconnected and if any 
Subscriber stations have been manually connected, 
a disconnect lamp lights and an alarm is given to 
indicate to the concentrating unit attendant that 
the patches should be withdrawn. The alarm 
and lamp are retired when the patches are with 
draWn. m 

27. In the case of completely manually ar 
ranged conference, orders for removal of patches 
between the trunk and the conference circuit are 
received from the manual operator at the central 
Office. If the concentrating unit is arranged for 
Complete manual connection the disconnection of 
the operator at the central office from a confer 
ence trunk lights a disconnect lamp which is a 
Signal for the attendant to remove the patch 
between the conference trunk and the conference 
circuit. 

28. Each Subscriber station conference branch 
is equipped with a busy key to take the branch 
Out of Service. 

29. Each subscriber station access circuit is 
equipped With a jack by which the unlisted con 
ference number can be manually made busy or out 
of order. 
The conference circuit at the concentrating 

unit SWitching center is divided into three main 
diWisiOnS: 

(1) The subscriber line access circuit together 
With its associated vertical in the conference con 
nector switch which is of the cross bar type; 
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(2) The automatic conference control circuit; 

and 
(3) The conference circuit proper with a maxi 

num of eleven branches. 
Division No. 1 is the special equipment re 

quired for each subscriber station which is Speci 
ally arranged for automatic connection to a Con 
ference circuit. Division No. 2 is a group of re 
lays responsible for ordering the particular Sub 
scriber station, or line, connection to the next idle 
conference branch. Division No. 3 contains the 
polar relays responsible for carrying on of the 
telegraph communication during a conference 
and contains, in addition, supervisory equipment 
for each subscriber conference branch and for 
the conference trunk branch. The number of 
subscriber station conference branches in this 
circuit is limited to ten, but the number of sub 
scriber lines arranged for automatic connection 
is limited only by the available unlisted numbers 
one of which each subscriber station so arranged 
must have. In general, the calling of the Sub 
scriber station unlisted number is the key which 
opens the way for the station's connections to a 
conference branch and differentiates the incoming 
call from a call to a single line. 

DETAILED DESCRIPTION OF OPERATION 
? X x 

Call originated at a Subscriber Statio?, 

For the purpose of illustrating an outwald call, 
that is, a call originating at a Subscriber Station 
and extending to the central office, it Will be a S 
sumed that the call originates at subscriber Sta 
tion 02 which is shown arranged for automatic 
connection in a conference circuit. SubScribel 
station fo3 is also shown arranged for automatic 
connection to a conference circuit. However, 
subscriber stations fo, 04 and 05, as herein 
above stated, are represented as non-conference 
stations inasmuch as these stations are not ar 
ranged for automatic connection to the conference 
circuit, and by manual means employed by the 
attendant at the concentrating unit switching 
center any of these non-conference SubScriber 
stations may be connected to the Conference 
circuit. 

In Fig. 1 there is illustrated in Schematic for in 
a local subscriber station 02 connected With the 
concentrating unit switching center by a pair of 
conductors T2 and R2. Inan idle condition con- . 
ductor T2, known as the tip, is connected to a 
ringer 2 so that incoming calls to this station 
will be indicated by the Sounding of the ringer 
f 2 through the application of ringing current to 
the tip T2 at the switching center. When the 
station is in use, switch to, referred to herein 
as the power, or start, switch, is operated to cause 
conductor 2 to be connected over the normally 
closed contacts of flash, or recall, key 4, front 
contact and armature of relay L, lower contacts 
normally in engagement with spring member of 
key 3, conductor 15, transmitting, or pulsing, 
contacts foil, break key f6, through the lower 
winding of relay - LINE, spring member No. 4 
in engagement with its upper contact of key 3, 
through the winding of break relay BK, to the 
ring side of the line, conductor R2. Under cer 
tain conditions to be explained hereinafter, cur 
rent Will foW through this circuit at a value of 
about 20 milliamperes for a marking condition 
and Zero current Will exist for a Spacing condition. 
With steady. marking current established by the 
condition at the concentrating unit switching 
center the operation of the Sender contacts 0. 
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in series with this circuit will reduce the current 
to the Spacing Value. , 
The biasing winding of relay 2-LINE has a 

current 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 con 
tact. Incoming marking and spacing signals will 
therefore operate printer magnet 06 in the 

5 

10 

proper manner and these same current variations 
caused by the operation of sending contacts 07 
will cause the operation of relay f-LINE to again 
operate the printer magnet (6 for the purpose 
of making local copy. 

Briefly stated, the operations performed in re 
sponse to a subscriber originating a call by oper 
ating the power switch, such as switch i lo at sta 
tion 02, to the "on' position are as follows: The 
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operation of the power switch closes the loop cir 
cuit and causes the associated subscriber line re 
lay to operate, such as relay 2L2, at the line con 
centrating unit switching center and causes the 
sequence circuit to connect an idle trunk to the 
calling subscriber line. The sequence circuit drops 
out of the connection after the trunk has been 
Selected. If all the trunks are in use, the se 
quence circuit causes the subscriber line to be 
connected over the uppermost level in the cross 
bar switch of the link circuit to the all-trunks 
busy circuit from which "letters' signals are sent 
to the calling subscriber. The details of the trunk 
Sequence circuit are omitted to simplify the dis 
closure; the principles of such circuits are known 
to those skilled in the art and may be readily ap 
plied in the present case; an example is found in 

When a trunk becomes available, the “letters' sig- 40 
Lucek Patent 2,228,279 dated January 14, 1941. 

nals cease and thereafter groups of the letter "K' 
signals are received from the all-trunks-busy cir 
cuit by the subscriber until the power switch is 
reoperated to the 'off' position. 
AS SOOn as the subscriber line is connected to a 

trunk termination, a trunk relay, such as relay 
9TR in the trunk termination shown, operates 
and thereby removes the high impedance ground 
effected by resistance 93? having a value of ap 
proximately 18,000 ohms, from the trunk con 
ductor 90?. With relay 9TR in its unoperated 
condition the trunk circuit may be traced, in part, 
Over conductor 940, outer lower armature and 
back contact of relay 9TR, resistance 93, inner 
upper armature and back contact of relay 9TR, to 
conductor 94 f. Relay 9TR, operated, connects 
conductor 90 to the trunk repeater (winding No. 
3 of receive relay 9R and the armature of send re 
lay 9S); thereupon marking (negative) potential 
from grounded battery 932 is applied to the trunk 
conductor 90? and the trunk circuit terminating 
at the distant central office functions to light the 
line lamp in the switchboard multiple. The 
operator at the central office connects a cord cir 
cuit to a trunk jack associated with the lighter 
lamp, and receives the number of the desired sub 
scriber station from the calling subscriber party. 
When start switch ?o was operated it closed 

a circuit from one side of power supply 7, 
through the winding of relay S to the other side 
of the power Supply causing relay f S to operate. 
Relay S, upon operating, locks up through its 
lower contacts, contacts of stop key if , motor 
control contacts 09 of the printer. In operating, 
relay S closes a path through its upper contact 

25 

30 

35 

45 

50 

15 
to start the motor for the printer set and also 
to operate relay L. t 
The operation of relay L opens the bell ringer 

circuit over the tip conductor T2 of the loop, re 
moves ground from the ring side R2 of the loop 
and closes the tip and ring conductors of the loop 
through the subscriber station set to operate re 
lay 2L2 at the switching center. This last circuit 
is traceable from grounded positive battery 40, 
normally closed make-before-break contacts of 
relay 4A, conductor 402, back contact and inner 
anature of hold magnet H2 of the cross bar 
Switch of conference connector circuit, conductor 
209, contacts normally closed with the tip spring 
of jack 207, i conductor T2, normally closed con 
tacts of key f4, front contact and armature of 
relay L, contacts normally closed to Spring No. 1 
of key 3, conductor 5, transmitting contacts 
OT, normally closed contacts of break key ? f6, 
through the lower winding of relay -LINE, No. 
4 spring of key í Í3 at its normally closed contact, 
through the winding of break relay BK, con 
ductor R2, rheostat 243, tip spring of jack 208 
and its normally closed contact, conductor 20, 
normally closed nake-before-break contacts of 
hold magnet TH2, conductor 603, armature No. 1 
and back contact of relay 4B?, conductor 403, 
normally closed make-before-break contact of 
hold magnet 2H2, conductor 242, through the 
Winding of line relay 2L2 to ground and relay 
2L2 operates. It will be noted in the circuit just 
described that the operating circuit for relay 2L2 
extends through the conference circuit in accord 
ance with a statement hereinbefore made that 
Subscriber station 202 is arranged for automatic 
connection to the conference circuit. The operat 
ing circuit for lamp relay 2L3 is likewise extended 
through the conference circuit inasmuch as Sub 
Scriber station 03 is arranged for automatic con 
nection through the conference circuit. How 
ever, the lamp relays 2L, 2L4 and 2L5 have oper 
ating circuits which are traceable directly 
through the normally closed contacts of hold 
magnets 2H, 2H4 and 2H5, respectively. The 
operating circuit for lamp relay 2L f is traceable 
from grounded battery, conductor 244, back con 
tact and right-hand armature of hold magnet, 
2H, conductor 26, tip conductor T, through the 
station circuit of station Gl, ring conductor R, 
conductor 27, normally closed make-before 
break contact of hold magnet 2Hf, conductor 
245, through the winding of relay 2Lt to ground. 
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Lamp relays 2L?, 2L4 and 2L5 have operating cir 
cuits which are not connected to the conference 
circuit inasmuch as their respectively associated 
stations of, f O4 and 05 are not arranged for 
automatic connection to the conference circuit. 
Lamp relay 2L2, upon operating, (1) closes at 

its upper armature and contact an operating cir 
cuit for call lamp 206 which is traceable over 
conductor 246 (which is common to the call lamps 
aSSociated with the subscriber stations shown), 
conductors 247 and 309, through the winding of 
relay 4E to ground battery and relay 4E oper 
ates (relay 4E is effective at night only to cause 
an audible signal as well as a visual signal alarm 
when that alarm cut-off key 403 is released in 
the position shown); (2) closes to ground at its 
inner lower armature and contact a circuit ex 
tending over conductors 248, 249, and if gate re 
lay 3G is not in an operated position at the time, 
then over the contact and armature No. 4 of re 
lay 3-G, contact and middle left-hand armature 
of relay 3BO, through the winding of relay 3SA, 
to grounded battery and relay 3SA operates; (3) 
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connects at its outer lower armature and contact 
a ground connection to a path extending over 
conductor 250 in preparation for a circuit which 
will presently be closed by the operation of relays 
3SC and 3U2. 
Gate relay 3-G is so called because it opens 

paths which prevents or shuts out interference 
with calls being routed. In its unoperated posi 
tion it permits current to flow over its armatures 
and contacts and in its operated position opens at 
its left and right-hand armatures paths extend 
ing from the trunk groups and the subscriber 
line groups to relays in their respective trunk se 
quence and subscriber line sequence circuits; for 
example, the conductor connected to armature 
No. 1 of relay 3G extends from trunk sequence 
of No. 1 (shown in Fig. 13), and the conductor 
connected to armature No. 4 of relay 3G extends 
from subscriber sequence group No. 1 represented 
in Fig. 1 by subscribers' stations Nos. 101 to 105. 
Relay 3SA, upon operating, (1) locks up at its 

left-hand armature and contact directly to 
grounded conductor 249; (2) closes at its inner 
right-hand armature and contact an operating 
circuit for relay 3G ; (3) closes at its outer right 
hand armature and front contact a circuit trace 
able from grounded battery through the Winding 
of relay 3SC, front contact and outer right-hand 
armature of relay 3SA, conductor 304, armature 
No. 1 and back contact of relay 8B, conductor 
i805, back contact and inner left-hand arnature 
of relay 3TA, conductors 30 and 3 ?, through 
the normally closed lower contacts of manual 
service key 30 to ground, and relay 3SC oper 
ates. The operation of relay 3SC depends on re 
lay 3TA and the corresponding relay in each of 
the other groups of five trunks being in a non 
operated condition. Also, relay 3SA, upon oper 
ating, opens at its back contact and outer right 
hand armature a path extending over conductor 
305 to the operating circuits of the relays, corre 
sponding to relay 3SC, in all succeeding groups of 
five subscriber lines. This assures that even in 
the case of simultaneous origination of calls in 
two Subscriber line groups only one relay corre 
sponding to relay 3SC will be operated. 
The operation of gate relay 3G closes a cir 

cuit extending from grounded battery, through 
the winding of gate relay 3G, contact and arma 
ture of relay 3G, to ground at the normally 
closed lower contacts of manual service key 30 
and relay 3G operates and thereby opens at its 
left-hand armatures the circuits of each of these 
subscriber station groupS and at its right-hand 
armature each of the trunk groups as herein 
before stated. The subscriber group engaged in 
the outward call is held operated by the locking 
circuit of relay 3SA. . 

Relay 3SC, upon operating, extends conduc 
tors 250 and 25 from the calling subscriber line 
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terminating equipment over two paths, respec 
tively, only one of which, namely that including 
conductor 250, is completed over the contact and 
No. 4 armature of relay 3SC, conductors 306 and 
307, contacts and No. 2 armature of relay 3GA, 
conductor 308, through the winding of relay 3U2 
to grounded battery and relay 3U2 operates to 
further extend the other path including conduc 
tors 2 and 25, contact and No. 3 armature of 
3SC, conductor 309, over the outermost upper 
armature and front contact of relay 3U2, to con 
ductor 303 which is common to the selecting 
relays 3U to 3U5, inclusive. The selecting relays 
3U to 3U5 are common to all subscriber groups 
and all trunk groups and are used for selecting 

O 
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the particular subscriber station line or particul 
lar trunk circuit. 
Relay 3U2 upon operating (1) locks directly 

to ground at the outer lower armature of lamp 
relay 2L2, the circuit being traceable from 
grounded battery, through the Winding of relay 
3U2, front contact and inner lower armature of 
relay 3U2, back contact and inner lower armature 
of relay 3U, conductor 3f, left-hand armature 
and front contact of relay 3GB, arnature and 
contact No. 1 of relay 3GC, conductor 3 f, inner 
most upper armature and back contact of relay 
3U, innermost upper arrnature and front-Con 
tact of relay 3U2, conductor 32, No. 4 armature 
and contact of relay 3SC, conductor 250 to the 
ground at the Outer lower arnature of lamp relay 
2L2 (relays 3GB and 3GC are operated at this 
time as hereinafter described); (2) extends con 
ductor 399 of the other path of subscriber station 
Í 02 over the outermost Upper armature and front 
contact of relay 3U2, conductor 303, to conduc 
tor 402 and resistance 40 for future effective 
ness; (3) extends at its outer lower armature 
and contact conductor 3 E3 to conductor 34 and 
the contact and outer left-hand armature of re 
lay 3GD, a function not useful at this time; (4) 
extends conductor 3 í 2. through the innermost up 
per armature and front contact of relay-3U2, back 
contact and innermost upper armature of relay 
3U, conductor 3 i? through the left-hand wind 
ing of relay 3GB to grounded battery whereby 
relay 3GB operates from the ground at the outer 
lower armature and contact of relay 2L2; (5) 
relea Ses normally operated relays 3GF and 3GE 
because the operating circuit for relay 3GF is 
opened at the back contact and left-hand arma 
ture of relay 3GB, relay 3GB being of the dif 
ferential type is normally maintained in a re 
leased condition although both of its windings 
having equal resistance Values are normally ener 
gized; (6) the release of relay 3GE starts the 
timing circuit Of Vacuum tube i 40; and (7) con 
nectS ground at the No. 12 armature and contact 
of relay 3SC, over its contact and outer lower 
armature to conductor 34 for the future opera 
tion of relay 4LS, that is, when relay 3GA 
operates. 

Relay 3GB, upon operating, (1) operates relay 
3GC in a circuit traceable from the grounded 
battery and winding of relay 3GC, front contact 
and left-hand armature of relay 3GB, conductor 
3 0, inner lower armature and back contact of 
relay 3Ui, inner lower armature and front con 
tact of relay 3U2, conductor 308, No. 2 armature 
and contact of relay 3GA, conductors 307 and 
306, No. 4 armature and contact of relay 3SC to 
grounded conductor 250; and (2) removes ground 
åt its contact and right-hand armature, from 
conductor 35 which extends to the all-trunks 
busy circuit and also to all the trunk circuits 
Over paths. Such as that extending over armature 
No. 9 of relay 8ST. Relay 3GC, upon operating, 
locks over its left-hand armature and contact 
in a circuit extending over conductor 3, inner 
most upper armature and back contact of relay 
3U, innermost upper armature and front con 
tact of relay 3U2, conductor 32, arnature No. 4 
and contact of relay 3SC to grounded conductor 
250. Relay 3GC, upon operating, also causes at 
its contacts No. 2 an operating circuit for relay 
3GA which operates. Relay 3GA is what is 
known herein as the units gate relay which opens 
or closes the operating circuits respectively for 
relays 3U to 3U5. Relay 3GA, upon operating, 
closes at its outer left armature and contact an 
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operating circuit for relay 3GD, the circuit being 
traceable from grounded battery, through the 
winding of relay 3GD, conductor 36, to ground 
at the outer left-hand armature and contact 
of relay 3GE. Relay 3GD, upon operating, (1) 
locks at its inner left-hand armature and con 
tact relay 3GA in an operated position; (2) Con 
nects ground at its right-hand armature and con 
tact to a path extending over conductors 37 
and 3 8, contact and middle upper armature of 
relay 3U2, conductor 39 to armature No. 4 of 
relay 3TC, a function not useful at this time; 
and (3) operates relay 4LS? in a circuit trace 
able from ground at armature No. 12 of relay 
3SC, conductor 33, contact and outer lower ar 
mature of relay 3U2, conductor 34, contact and 
outer left-hand armature of relay 3GD, conduc 
tor 320, through the winding of relay 4LS, to 
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grounded battery and relay 4LS operates. Re 
lay 4LS, upon operating, (1) closes an obvious 
operating circuit for relay 4H which operates; 
(2) extends its own operating ground from con 
ductor 320 via its contact and right-hand arma 
ture and contact and No. 4 armature of relay 
f4H to conductor i 404, outer right-hand arma 
ture and contact of relay f3AD, conductor f3, 
through the winding of start relay 8ST, to 
grounded battery and relay 8ST operates; and 
(3) applies at its contact and outer left-hand 
armature an additional holding ground for relay 
3GD, the circuit being traceable over conduc 
tor 3 f6, contacts and outer left-hand armature 
of relay 3GA, to the winding of relay 3GD. The 
operation of start relay 8ST in the first idle 
trunk places a calling condition toward the dis 
tant central office and closes at its No. 3 arma 
ture and contact an operating circuit for relay 
8W which operates. Relay 8W, upon operating, 
closes at its almatures and contacts individual 
operating circuits for the cross bar switch select 
ing magnets, such as magnet 2SMI—2, on a, plu 
rality of switches through which trunk 80 might 
be connected in multiple. A relay correspond 
ing to relay 8W, also has armatures and contacts 
for closing individual operating circuits for each 
of the additional selecting magnets, such as mag 
net 2SM-9, on the plurality of Switches through 
which its trunk, such as trunk 809 shown dia 
grammatically, might be multipled. Selecting 
magnets 2SM0 and 2 SM tare respectively con 
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trolled by the start relays in two all-trunks-busy 
circuits magnet 2SM-f not being shown in the 
drawing hereof. The start relay for the all 
trunks-busy circuit shown in Fig. 18 is desig 
nated 8ST. The cross bar switch selecting 
magnets 2SM2 to 2SM.9, upon operating, close 
at their armatures and contacts an operating cir 
cuit for relay 4D. which operates. Relay 4H, 
upon operating as hereinbefore described, con 
nects ground at its No. 5 armature and contact 
to conductor 405 which extends over two par 
allel paths, one over conductor 32 to an un 
operated armature of relay 8SL and the other 
over conductor 33 to an unoperated contact 
No. 6 of relay 13AD. Also, relay f4H, upon op 
erating, connects ground at its armatures Nos. 2, 
3 and 4 to paths similar to that of conductor 
405 but extending to individual trunk circuits 

other than that shown herein in detail. At its 
armature No. 6 relay 4H, upon operating, con 
nects ground to a path extending to the all 
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trunks-busy circuit, and at armature No. 7 con 
nects ground to a path including conductor 406 
which Serves as a shunt for resistance. 40. 

Relay 4D, upon operating, (1) furnishes at 

7 
its left-hand armature and front contact an 
additional ground for holding relay 3GD oper 
ated; (2) closes at its inner right-hand arma 
ture and contact an operating circuit for con 
nection lamp 408 which lights thereby indicat 
ing to the attendant that the calling Subscriber 
line has been connected to an idle trunk; and 
(3) connects ground at its outer right-hand ar 
mature and contact to a circuit traceable through 
resistance 40, conductors (402 and 303, con 
tact and outermost upper armature of relay 3U2, 
conductor 309, through armature No. 3 and con 
tact of relay 3SC, conductor 25t, conductor 2 
(Fig. 3), inner upper armature and contact of 
relay 4C, conductor 253, through the winding of 
hold magnet 2H2 which operates to complete the 
connection of the calling subscriber line to the 
first idle trunk. It will be noted that the circuit 
just traced extends through the conference cir 
cuit inasmuch as the calling station 102 is ar 
ranged for automatic connection to the Confer 
ence circuit. However, should one of the Sta 
tions not arranged for automatic connection to 
the conference circuit be the calling station, for 
example, station 101, the circuit closed at the 
outer right-hand armature and contact of relay 
4D would extend over the front contact and 
outermost upper armature of relay 3U, conduc 
tor 326, No. 1 armature and contact of relay 3SC, 
conductors 32 and 252, and then directly through 
the winding of hold magnet 2H, to grounded 
battery and magnet 2H would operate to com 
pleted the connection of station 101 to the first 
idle trunk. Hold magnet 2H2, upon operating, 
opens at its normally closed make-before-break 
contacts the operating circuit for callingrin, or 
lamp, relay 22 which releases to extinguish lamp 
206. Relay 2L2, upon releasing, (ii) removes 
ground at its inner lower armature and contact 
from the locking circuit of relay 3SA and relay 
3SA releases; (2) removes ground at its outer 
lower armature and contact to open the locking 
circuit for selecting relay 3U2 which also releases. 
Relay 3SA, upon releasing, releases relay 3SC 
which, upon releasing, removes ground from ar 
matures Nos. 3, 4 and 12. Relays 3GB, f 4LS?, 
i4H and 3GC release. Relay 3GB, upon releas 
ing, connects ground at its right-hand armature 
and contact to a circuit traceable over conduc 
tors 3 5, 8 f4, contact and armature No. 9 of start 
relay 8ST, conductors 8.f5, 86 and 34, through 
the winding of relay 3AD, to grounded battery 
and relay 3AD operates. A relay, such as relay 
3AD, is individual to each trunk circuit pro 

vided, 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 circuit shown in detail in Figs. 3 
and 13 includes in addition to relay 3AD, relayS 
3DL, f3BO and 3DC together with the common 

selecting relays if of to ff05 and the gate, or G, 
relays shown in Fig. 3. Trunk sequence circuit 
No. 10 is provided in the system herein described 
as connected with the all-trunks-busy circuit 
which is connected, as hereinbefore stated, to 
the top level of the cross bar switch in the link 
circuit. 

Relay 3AD, upon operating, (1) locks to 
ground in a circuit traceable over its left-hand. 
armature and contact No. 6, conductors 33 and 
?32, to ground at the lower armature and con 
tact of relay 8SL, which is operated at this time 
in response to the operation of both start relay 
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8ST in the trunk circuit and hold magnet 2H2 
in the link circuit; (2) closes at contact. No. 5 
one completing point in the operating path of 
relay 8A in the all-trunks-busy circuit, the cir 
cuit being traceable from grounded battery, 
through the winding of relay 8A, conductor 
308, No. 5 contact of relay 3AD, conductor. 35, 

through the contact No. 5 of each of the relays 
corresponding to relay 3AD, to ground connec 
tion 307 in the last, or No. 10, trunk Sequence 
circuit; (3) transfers conductor 404 from con 
tact No. 3 to contact No. 2 of the relay. So that 
should the trunk shown in Figs. 8 and 9 be busy 
the next call will be routed over conductor f329 
to the relay, corresponding to relay 3AD, in the 
trunk sequence circuit associated with the next 
idle trunk; (4) opens at contacts Nos. 3 and 4 
both the operating and the locking circuits, re 
spectively, for start relay 8ST which at this time 
has already completed the initiation of the Con 
nection between the calling subscriber line and 
the selected trunk circuit as will be hereinafter 
further described. Relay 8ST releases. 
Calling subscriber line circuit is connected to an 

idle trink; Cir?ilji 

As hereinbefore stated, when a subscriber origi 
nates a call by operating the station power Switch, 
the . Subscriber station terminating equipment 
makes use of the Sequence circuit to Secure con 
nection to the first idle trunk. Relay 8ST, when 
it operated, (1) closed at its No. 4 armature and 
contact an operating circuit for relay 9 TR; (2) 
at its No. 6 armature and contact closed an Op 
erating circuit for relay 8RC which operated; 
(3) at its No. 7 armature closed an operating cir 
cuit for relay 8STR, which, operated; (4) at its 
No. 2 armature closed an operating circuit for 
relay 8-ON which operated; (5) at its No. 3 
armature closed an operating circuit for relay 
8W which operated; (6) closed at its No. 8 ar 
mature and contact an operating circuit for busy 
lamp. 88 which became lighted. Relay 9TR, 
upon operating, transferred at its outer lower 
arnature trunk circuit 90 from resistance 93 of 
high value which is normally connected through 
the winding of relay 9L, to conductor 934, wind 
ing. 3 of relay 9R to the armature of repeater re 
lay 9S. The path through conductors 94 and 903 
to the same ground is transferred over a front 
contact of relay 9TR to conductor 934a, to wind 
ing 4 of relay 9R and resistance to the arnature 
of sending relay 9S. Relay 8STR, upon operat 
ing, added another ground to the operating cir 
cuit of relay 9TR and thereby increases the re 
lease time of relay 9TR after relay 8ST releases. 
This insures registration at the central office even 
though the call is quickly abandoned. Relay 
8-ON, upon operating, (1) locked at its No. 4 
armature and contact to a normal ground at the 
back contact and inner lower armature of relay 
8D ; and (2) connected ground at its armatures 
Nos. 1 and 2 to the windings of the repeater re 
lays whereby such windings are energized, ar 
mature No. 1 serving to energize the artificial line 
windings Nos. 2 and 5 of receive relay 9R and 
armature No. 2 serving to energize the lower, or 
artificial line, windings of both relays 9BK and 
9S; (3) at its No. 5 armature completed the filla 
ment circuit for vacuum tube 819; and (4) con 
nected at its No. 3 armature an additional ground 
to the operating circuit for relay 8SL, 

Relay 8SL, in an operated position, connected 
ground at its lower armature to conductor (32 
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and at its upper armature closed an operating 
circuit for relay 8SL which operated. Hold mag 
net 2H2, in an operated position, opened the op 
erating circuit for calling-in relay 2L2 in the 
subscriber line circuit which dismissed the Se 
quence circuit. The release of the sequence cir 
cuit. connected ground at the right-hand arma 
ture of relay 3GB to a circuit traceable over con 
ductors 3 5 and 8 4, contact and No. 9 armature 
of relay 8ST (before relay 8ST was released), 
conductors. 85 and 86, through the winding of 
relay 3AD to grounded battery. The trunk ad 
vance relay 3AD operated to advance the next 
call to the next idle trunk and opened both the 
operating and the locking circuit for start relay 
8ST which released, as hereinbefore stated. 
The calling subscriber line circuit is now com 

plete from ground on the winding of relay 8SP, 
normally closed contact at tip spring of jack 836, 
conductor. 822, conductor 258, operated contact 
set 255, conductor 259, outer left-hand armature 
and front contact of hold magnet 2H2, conductor 
403, No. 1 armature of relay 4B, conductor 603, 
normally closed make-before-break contact of 
magnet TH2, conductor 20, normally closed con 
tacts at tip spring of jack 208, ring conductor R2 
of the calling, subscriber line, station circuit, back 
over the tip conductor T2, tip spring and its nor 
mally closed contacts of jack 207, conductor 209. 
inner upper armature and back contact of hold 
magnet TH2, conductor 402, front contact and 
upper armature of relay 4A which operated in re 
sponse to the operation of magnet 2H2, conduc 
tors 496 and 267, operated contact set 255, con 
ductors 265 and 266, normally closed contact at 
the tip spring of jack 835, conductor 823, outer 
upper armature and back contact of relay 8R3, 
conductor 824, through the upper windings, in 
series, of relays 9BK and 9S, armature and mark 
ing contact of receive relay 9R, conductor 935, 
to grounded battery 936. This places a marking 
condition on the trunk looking toward the distant 
central office because both relays 9BK and 9S are 
maintained in their marking positions, send re 
lay 9S being effective to transmit the marking 
condition toward the central office. Relay 8SP 
operates and closes at its armature and contact 
an operating circuit for relay 8SPf, the circuit 
extending to ground on armature No. 3 of relay 
8-ON. Relay 8SP?, upon operating, operates in 
turn relays 8SP2 and 8RC. Relay 8SP2, upon. 
operating, furnishes at its outer upper armature 
and contact a ground to hold relay 9TR operated 
even though start relay 8SP. is released, relay 
8SP2 being held operated by slow-to-release re 
layº 8SP. 
At the distant end of the trunk which termi 

nates at the central office, the marking condition 
applied by relay 9S results in the registration of 
a call and the lighting of a lamp in the opera 
tor's switchboard as will be hereinafter described 
in more detail. The operator answers and the 
circuit is in the transmission condition, that is, 
arranged for communication. 
The release of start relay 8ST effected the re 

lease of relay 8W which in turn effected the re 
lease of selecting magnets 2SM2 to 2SMS. The 
selecting magnets, upon releasing, remove ground 
from the operating circuit, of relay 4D and relay 
f4D releases thereby extinguishing lamp 408. 
Relay 3GE reoperated following the release of 

, relays 3GD and 3GA. Thus all relays in Figs. 3, 
13 and 14 are in their normal condition with the 
exception of relay 3AD and the sequence circuit 
is now ready to route a new call. 
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Central office-A call received at the concentral 
- ing unit suitching center from a subscriber 

station. 

As stated, a call originating at a subscriber 
station and received through the concentrating 
unit switching center connects negative marking 
potential to the Switching center and of the trunk 
and is effective at the central office to operate 
relay i 1–C in a circuit traceable over tip con 
ductor 90, back contact at tip spring of jack 
005, conductor f 0 ?5, lower normally closed con 

tact at tip spring of jack 006, conductor C6, 
upper armature and back contact of relay O-E 
through the No. 1 winding of relay 9-P, through 
the upper winding of receive relay 1-R, re 
sistance O5, retardation coil 06, through the 
winding of relay f-C to ground at the upper 
arnature and back contact of relay f -Cf. Re 
lay -C, upon operating, closes at its armature 
and contact a circuit extending from grounded 
battery f), conductors 0 and 97, resistance 
Of8, conductors 09 and 020, armature and 

contact of relay fl-C, conductor if it, resistance 
f02i, through the winding of alternating current 
relay -H, conductor 022, to ground the mark 
ing, or left-hand, contact and armature of relay 
O-P. Relay 0-H operates and in turn closes 
an obvious operating circuit for relay -C. Re 
lay if-Cl, upon operating, completes the trans 
mission circuit to ground at the marking contact 
of relay fl-S. Relay fl-Cf at its outermost 
lower arrnature and front contact closes an op 
erating circuit for relay -Li which operates to 
close an operating circuit for answer lamp 9 | 
in the operated switchboard. Relay f i-CA, upon 
Operating, closes an operating circuit for relay 
i-CL, also, which locks to ground on its inner 

most lower armature and front contact. Relay 
fl-CL, upon operating, (1) closes at its upper 
most Outer armature and contact an operating 
circuit for relay -F2 which operates; (2) 
closes at its outermost lower armature and front 
contact a future operating circuit. for relay 
-F; (3) transfers the grid element of vacuum 

tube dis from a ground connection at the middle 
upper arrnature and back contact of relay-fil-D2 
to a ground connection at the innermost lower 
armature and front contact of relay í !-Cl, the 
grounded circuit being traceable over conductor 
f20, middle upper armature and front contact 

of relay f-CL, to the innermost lower armature 
and front contact of relay fl-C; and (4) closes 
at its middle lower armature and contact an op 
erating circuit for relay fl-BY which operates 
to close at its outer upper armature and contact 
a circuit extending from source 2 of alternat 
ing current, through busy lamp ff02 at the op 
erator's Switchboard and the lamp lights; and to 
close at its outer lower armature and contact an 
energizing circuit for the filament of vacuum 
tubes 9 and 22. Vacuum tube 22 is held 
inactive at this time by ground potential con 
nected in a circuit traceable from ground at the 
outer upper armature and back contact of relay 
ff-SL, conductors f47 and 23, back contact 
and outer lower armature of relay O-FT, con 
ductor f023, to the grid of vacuum tube 22. A 
Second ground connection is had at this time for 
vacuum tube 22 at the armature and marking 
contact of relay -B which is included in a 
circuit traceable over the front contact and outer 
lower armature of relay -F2 to conductors 

* Í í23 and 1023 as hereinbefore stated. 

) 
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Operator ansuers 

The operator, upon noting the lighting of 
answer lamp ff0?, inserts the answer plug, such 
as plug 20, of one of her calling cord circuits 
into jack 24 and thereby connects grounded 
battery 202 over the sleeve conductors of plug 
201 and jack f24 to operate relay -S.L. 

Sleeve relay f-SL, upon operating, (1) opens at 
() 
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its outer lower armature and back contact the 
operating circuit for relay -L, which releases 
to extinguish anSWer lamp 0; (2) closes at its 
outer lower armature and front contact an op 
erating circuit for relay 0-C2, the circuit being 
traced from grounded battery, through the wind 
ing of relay 0-C2, conductor 024, front contact 
and outer loWer armature of Irelay -SL, con 
ductor 25, to ground at the front contact and 
Outermost lower armature of slow-release relay 
-C and relay O-C2 operates; (3) closes at 

its inner upper armature and contact an obvious 
Operating circuit for relay f-SL which oper 
ates; (4) completes at its outer upper armature 
and contact the transmission circuit to the cord 
circuit; (5) connects at its inner lower armature 
and front contact grounded battery f9 to the 
winding of relay -F and to resistances 26, 
1025 and f026. Relasy II I-SL , upon operating, 
(1) removes at its outer upper armature and back 
contact one of the two ground connections from 
the grid element of vacuum tube 22; (2) pro 
vides at its No. 2 armature and contact a locking 
ground for relay -F2; (3) completes at its in 
ner upper armature and contact the biasing cir 
cuit extending through the lower winding of re 
lay fi-B; (4) connects at its No. 3 armature and 
contact a ground to the grid of vacuum tube 

9; and (5) connects at its outer upper arma 
ture and front contact a ground connection to a 
circuit traceable through winding No. 2 of relay 
O-TC. Relay 0-C2, upon operating, (1) re 
moves at its outer upper armature and contact 
grounded battery it 9 from the No. 5 winding of 
relay i-R; (2) prepares at its innermost lower 
armature and contact a future operating circuit 
for relay O-G; and (3) opens at its middle lower 
armature and contact the operating circuit for 
alternating current relay 9-R. Relay 0-C2, 
upon operating, also transfers the circuit includ 
ing the biasing, or lower, windings in series of 
relays f-S and fl-Sf, conductor of 2, from 
grounded battery 109 to a path extending over 
the Outermost lower arnature and front contact 
of relay f O-C2, conductors 2 and 28 to the 

5 transmission circuit to form an apex at the arma 
ture of relay I l-R. Relay 10-C2, upon operat 
ing, closes at its innermost upper armature and 
contact a path for holding relay 0-H in an op 
erated position during the time the subscriber at 
station 2 is sending, even though relay -P 
follows the signals. The action is as follows: 
During the time interval when relay )-P is on 
its marking, or left-hand, contact and the contact 
of relay fl-C is opened, one end of resistance 
029 and one end of the winding of relay -H 

is grounded. Grounded battery 99 which is 
connected to a path including resistance of 8 and 
the inner upper armature and contact of relay 
0-C2, charges condenser 030 and current 

through resistances. 03 and 02 and the wind 
ing of relay fo-H to ground on the marking, or 
left-hand, contact of relay 9-P holds relay 
D-H operated. When relay -P operates to 

its spacing contact one side of condenser 030 
and resistance of 8 is grounded, and the current 



in relay í0-H reverses and continues to hold re 
lay O-H operated. During long marking... or 
spacing signals, relay -C Operates to hold re 
lay O-H operated. The biasing current in wind 
ing No. 3 of relay O-P tends to operate the re 
lay to its spacing, or right-hand, contact, but the 
marking current in the No, i winding of the relay 
is twice as great and in the opposite direction to 
the current in the No. 3 Winding so that the re 
lay is operated to its marking, or left-hand, con 
tact. The circuit is now ready for communi 
cation between the calling subscriber at station 
f02 and the operator at the Switchboard in the 
central office. Relay O-P follows the signals 
sent by the Subscriber and in turn holds relay 
0-H operated. 

Subscriber sends a break signal 
During communication between the subscriber 

at station O2 and the operator at the switch 
board in the central office and particularly at 
the time When the operator is transmitting, 
should the subscriber at station 02 desire to 
interrupt the transmission from the central office, 
the subscriber operates break signal key 6 and 
positive spacing polarity from battery source 933 
Will be applied to the line at the concentrating 
unit Switching center during the time the break 
key is depressed. During this time the Subscriber 
loop current is reduced from 20 milliamperes to 5 
milliamperes. This current is sufficient to hold 
relay 8SP operated but permits send relay 9S to 
operate to its spacing, or right-hand, position and 
thereby place a spacing condition on trunk con 
ductor 90 f. At the central office end in response 
to the Spacing condition, relay -C continues to 
hold relay 0-H and its associated relays op 
erated, however, and relay -B is operated to 
its Spacing, or right-hand, contact. As well 
known in the art, the operator at any station pro 
vided with a “break' key may interrupt sending 
from another station and take control of the 
transmission circuit in simplex or half-duplex op 
eration by operating the break key for a short 
interval. This makes the line circuit spacing and 
Stops proper printing at all stations. At the 
station whose sending is interrupted, the "break.' 
is noticed from the fact that the machine, or 
teletypewriter, fails to print properly when key 
board keys are depressed. When this condition 
is noticed the operator usually stops sending and 
a Waits a message from the 'breaking' station. At 
the completion of the break, relays --R and 
O-P operate to their marking contacts and the 

circuit is again ready for transmission. If the 
Subscriber sends a break signal exceeding six sec 
Onds, vacuum tube 22 will function but per 
forms no useful operation at this time. A break 
Signal having a duration exceeding six seconds 
permits condenser 27 to acquire a sufficient 
charge from grounded battery 09, through re 
sistance 1025 to cause vacuum tube 22 to oper 
ate relay -F, the charge on condenser 27 
being stored during the interval of long duration 
at which time ground at the armature of relay 
t–B is connected to the spacing, or right-hand, 

contact of the relay. 
Break signal to the subscriber at Station, 102 
A break signal transmitted from the cord cir 

cuit at the central office will operate relay f-B 
to its spacing, or right-hand, contact. Relay 
lf-C will continue to hold relay f O-H and its 
associated relays operated. Relay O-P contin 
ues for a while to operate its armature between 
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its marking and spacing contacts in response to 
transmission from the subscriber station. When 
relay O-P is in its marking position, the circuit 
for holding relay O-H operated may be traced 
from grounded battery ff09, conductors O and 

l, resistance to 8, conductors to 9 and 02C, 
armature and contact of relay if-C, conductor 
ff T, resistance 02, through the winding of re 
lay 0-H, conductor 022, to ground at the mark 
ing contact and armature of relay O-P. When 
relay O-P is in its spacing condition the circuit 
for holding relay 9-H operated, may be traced 
over another path which extends from grounded 
battery fo9, conductors 0, 97 and fo46, re 
sistance 029, conductor 022, through the wind 
ing of relay O-H, resistance O2, conductor 
Il 7, contact and armature of relay 1-C, con 
ductors G20, and 09, to ground at the right 
hand, or spacing, contact and armature of relay 
O-P. The operation of relay B to its spac 

ing, or right-hand, contact removes ground from 
condenser 27 and allows the condenser to 
charge in a circuit extending from grounded bat 
tery ff09, conductor 49, inner lower armature 
and contact of relay ?t-SL, conductor f48, 

0.25, conductor 0:23, con 
denser 27, to ground. 
The break signal from the central office is re 

ceived at the concentrating unit switching center 
as a spacing condition on trunk conductor 90. 
Relay 9R operates to its spacing, or right-hand, 
contacts and the Subscriber loop current is re 
duced to zero. This will cause relay 8SP to re 
lease. Relay 8SP, upon releasing, would tend to 
release relay 8SP? and thus relay 8SP2: How-. 
ever, relay 9-OB operates to its right-hand con 
tact and furnishes ground potential to a circuit 
traceable over conductor 937, outer lower arma 
ture and contact of relay 8SP2, through the wind 
ing of relay 8SP to grounded battery and relay 
8SP is maintained operated. When the loop is 
again closed to a marking condition, relay fl-B 
at the central office reoperates to its marking, or 
left-hand, contact whereby condenser i? 27 is dis 
charged, thus preventing the grid element of 
vacuum tube 22 from reaching such a potential 
that plate current will operate relay ff-F. 

If the break signal from the cord circuit exceeds 
six seconds, the removal of ground from con 
denser 2 for that period of time permits vac 
uum tube 22 to operate relay l-F which in 
turn operates relay fl-F in a circuit traceable 
from ground at the airmature and contact of re 
lay I -F, conductor. I 28, outermost lower arma 
ture and front contact of relay f i-CL, conductor 

29, upper armature and back contact of relay 
0-FT, conductor 032, through the winding of 

relay -F to grounded battery, and relay 
-Fi operates to close the subscriber's loop. 

Relay f-F, upon operating, also closes at its 
lower armature and contact a circuit extending 
from interrupter | 30, lower armature and con 
tact of relay ll-F, conductor 3, front con 
tact and innermost armature of relay · í 0-C2, 
through the winding of relay -G, to grounded 
battery. Relay í0-G operates and releases with 
the pulses supplied by interrupter 30. Relay 
0-G, upon operating, removes at its upper ar 
mature and back contact grounded positive mark 
ing battery from the upper winding of relay i i-S 
and closes the loop through to the cord circuit, 
the circuit from which the grounded positive 
marking battery is removed may be traceable 
from battery O9, conductors if G and 67, re 
Sistance O33, back contact and upper armature 



2;872,329 21 
of relay O-LG, conductor f034, upper armature 
and front contact of relay 'll-Fi, through the 
º upper windings "in series of relay -Si and 
''I-es to the armature of Irelay "fi-R, and the 
other circuit which closes the loop through the 
scord-circuit maybe traceable from the armature 
of relay 2RC, through the upper winding of re 
lay 2RA, front contact and lower armature of 
relay 2A.A., "tip conductors of plug 2 and jack 
if 24, conductor if32, outer upper armature and 
contact of relay - SL, resistance fl33, through 
the upper winding of relay-B, resistance i34, 
conductor f35, front contact and armature of 
relay for G, conductor 034, upper armature and 
front contact dif relay - F through the upper 
windings in series of relays --S and ...-S:to 
the armature of relay - R. If the operator's 
cord circuit is still in spacing condition, relay 
ff-Bremains on its spacing, or:right-hand, con 
tact, and relays ti—S, III-S and 10-G-remain operated, and the repeater.sendsia. Spacing signal 
out to the concentrating unit switching center. 
Also relay f O-G, upon operating, closes at its 
lower armature and contact a circuit extending : 
from grounded positive battery 109, conductors 
fio and 0IT, resistance I08, lower carmature 

and contact of relay .0-G, resistance . .02, 
through the winding of relay 0-H, conductor 
f022, to ground at the armature of relay 40-R, ...; 
and relay fo-H is thereby held in its operated 
position during the spacing interval. The re 
peated operation and release of relay . I-G in 
response to the pulses furnished by interrupter 

30, sets up a corresponding action in relay ? , 
p 9 35 . eondensert. 38-to groundat the outer lower arma | --- ŠIS ::w?hidhin “turn *transmits “the - interruption 

over the trunk conductor 901 to the subscriber's 
station connected at the concentrating unit 
switching center. The reception of 5a marking 
condition at intervals at the subscriber Station ... . o a di t ls at 40 closes an operating, circuit; for relay lif-D2 which will permit the concentrator unit switching gen 
ter subscriber to register a recall or disconnect. 
If the subscriber disconnects, relay. : 1-C which 
may or may not release depending upon the 
amount of leakage present on the telunk'conductor 
When the trunk conductor is in a Spacing; cordi 
stion, will release when the trurik repeater at the 
:centrals office:Sends a marking Signal Out on the 
trunk conductor with the next release of relay 
..0-G. Thus the operation and release of relay - 
O-6 caused the send relay ill-S to transmit 

Space -and-mark:signals älternately to "the geen 
centrating unit switching; center. If relay 0-G 
is operated and the Space}signal changes to mark 
in the cord circuit loop, relay fl-B will operate 
to its marking contact and release. elay -F 
which will result in the release of relays - Fl 
and 0-Gi and the circuit will be ready for.com 
munication. . 

Concentrating unit Subscriber-disconnects 
When the concentrating unit subscriber dis 

connects, the Subscriber loop is open at his sta 
tion and relay 8SP releases thereby causing the 
subsequent release, in turn, of relays 8SPI and 
8SP2. Relay 38SP2, upon releasing, opens at its 
outerupper armature a nöd “contact the operating 
circuit for relay 9TR which releases. Relay STR, 
upon releasing, transfers at its outer lower arma. 
ture, trunk iconductors 90 and '940, from the 
trunk repeater to the high resistance ground 
which is extended over conductors '903 and 94, 
contactandinner upper armature ofrelay'9TR, 
through the winding of relay '9L, resistance 93t, 
to;the back contact and outer lower armature of 

relay 9TR. The connection of high resistance 
'93'? at the concentrating unitswitching center to 
the trunk circuit causes relay fl-C to release 
which then releases relay fro-Hand in turn re 

5 lay fl-C releases. Relay "fl-CC, upon releas 
ing, connects at its outermost lower armature 
and back.contact aground connection-to a circuit 
traceable over conductors 36 and f3, ring 
conductors of jack ff24 and plug 20, through 

10 the winding of relay 2SA, to grounded battery. 
TRelay 2SA, upon operating, lights Supervisory 
..lamp f2O3. Relay fl-C, upon releasing, also 
opens at its outermost lower armature the Oper 
ating circuit for relay 0-C2 and at its upper 

15 armature transfers the transmission conductor 
from the armature of relay --Sto, ground at 
its"back, contact associated with its upper arma 
"ture. Relay 0-C2 releases and closes...an Oper 
ating circuit for relay it-R, the circuit being 

20 traceable from grounded battery if C9, Conduc 
º tors f, 0 and IV, 7, resistance 010, middle upper 
armature...and contact of relay 0-C2, conductor 
Ot, through the winding No. 5 of relay-le-R, to 

ground. Relay if-R operates to its marking 
25 contact and thereby causes relay - Sito operate 

to its marking. contact. 
When the operator removes the: cordsplug 20 

from jack , 24, relays fl-SL and :- SL, re 
lease.in-turn. Relay -LS upon releasing, re 

30 noves ground at its No. 3 amature and condenser 
lf.38 thereby, charges-in a circuit extending from 
grounded battery, ff29, conductors li?t.0 and Et39, 
normally closed make-before-break contact of 
relay. --P2, resistance 140, conductor li:20, 

ture and contact of relay al-BY. Condenser 
4.38 charges to a potential sufficient to make vac 
uum tube - 9 conductive and thereby operate 
relay :{{-DÍ. Felay í i-Dt, upon operating, 

operates. Relay if-E2, upon operating, (1) 
closes at its outermost upper armature and front 
contact a circuit extending over the front con 
tact and innermost upper armature of relay 

45. --CI to complete the charge of condenser .38; 
(2) connects:at its outermostiower armature and 
scontact; a ground connection to the operating cir 
cuit for relay f-0-E which operates; (3) connects 
grounded negative: battery 14latits front con 

50 tact and innermost upper armature to a circuit 
extending over-conductor - 42, front contactand 
upper, armature of relay , i.e-E, conductors if of 6 
and 0.5, to the outgoing trunk.conductor'90 to 
effect, the:release of the operated apparatus: at the 

55 concentrating unit. Switching center; (4) connects 
zat its middle. Lupper-armature:and.front contact:a 
ground eOnnection to a path extending through 
resistance-f 43, conductor - f29, condenser fl-38, 
filaments of vacuum tubes i? 9 and i? 22, to 

60 grounded battery . . io9 whereby icondenser i? 38 
continues to charge; (5) connects ground at its 
innermost lower armature and contact to 
grounded battery.?.f44 thereby shunting the wind 
ing of relay.--CL, which releases;;and:66) sup 

65 plies at...its.middle lower, armature and contact a 
ground-connectionifor-holding busy relay: if-BY 
operated. Relay.f. i-CT, upon releasing, (1) re 
moves ground at its outermost upper tarmature 
and contact from the operating circuit of relay 

70 - F2 which releases; and (2) opensatitsinner 
most upper armature, and contact the charging 
circuit for condenserf 438 which starts discharg 

. ing through.resistance 1.143. After approximately 
m two seconds the plate current invacuum tube-f-flg 

75 is reduced by the reduction in grid element po 



22 
tential to a point where relay i-D releases 
thereby releasing relay fl-D2. The release of 
relay fl-D2 opens at its middle lower armature 
and contact the holding circuit for relay fl-BY 
which releases and the circuit is thus restored to 
normal idle condition. 
During the interval when the timing of ap 

proximately two seconds for the operation of vac 
uum tube 9 is effected grounded negative bat 
tery is connected to the trunk conductor 90, and 
relay 9L operates to its off-normal position for the 
duration of the negative battery pulse thereby re 
moving ground from the grid condenser 825. 
Condenser 825 is then charged in a circuit ex 
tending from grounded battery 82, conductor 

5 

() 

5 
826, condenser 825 to ground at the No. 5 arma 
ture and contact of relay 8-ON and in One sec 
ond the grid potential of vacuum tube 89 is 
raised so that sufficient plate current flows to op 
erate relay 8E) which, upon operating, operates 
relay 8D?. 
nects at its inner lower armature and back con 
tact ground connections from the locking circuit 
for relay 8-ON and at its outer lower armature 
and contact the locking circuit for relay 8RC. 
Relays 8-ON and 8RC release. Also in the event 
that the Subscriber station is connected by man 
ually operable means to the trunk circuit patch 
ing cords will be inserted in jacks 8 and 812 and 
at this time relay 8D? upon being operated Con 
nects ground at its inner armature and front con 
tact to a circuit traceable over the conductor 828, 
operated contacts 829, conductor 830, through the 
winding of relay 3DL, to grounded battery and 
relay 3DI operates to light a call-disconnect 
lamp 30 as a signal that the manually operable 
means (patching cord) may be removed from the 
jacks 8 and 82, the removal of the cord causing 
the release of relay 3DL and the extinguishing 
of lamp 30. Relay 8-ON, upon releasing, 
opens the filament circuit of vacuum tube 819 
whereby relays 8D and 8D are released and the 
circuit is again in normal idle condition. 

Operator rerings 
If the operator upon receiving a disconnect Sig 

nal from the subscriber wishes to rering the sub 
scriber station, ringing current from source I 035 
is applied to a circuit extending through lamp 
036, front contact and lower armature of relay 

20 
Relay 8D, upon operating, discon 

25 
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contact of relay 8R2, to ground at the outermost 
lower armature and contact of relay 8SLt. Re 
lay 8R3, upon operating, (1) connects ground at 
its lower armature and contact to a path extend 
ing over the middle lower armature and contact 
of relay 8SP2, through the normally closed tip 
contacts of jack 82, to the ring conductor 822 
which extends over the ring side of the sub 
scriber's loop; (2) operates relay 8B; and (3) 
transfers the tip conductor 823 from the loop side 
of the repeater relay to source 840 of ringing 
current which operates the subscriber's station 
bell 2. This arrangement makes it necessary 
to ring on the answer cord plug 20 and there 
fore the position circuit is associated with the 
cord shown in Fig. 12 by operating typing key 
f2O4 after which the ring answer key (209 (an 
element used in cord circuits of the prior art) is 
operated to control relay 20 in the cord circuit. 
Relay 20, upon operating, connects source 2 
of continuous ringing Current in the cord circuit 
to the answering cord plug f 20l. When 'the 
operator releases ringing key 209, relays 9R, 
8R2, 8R3 and 9R4 release to remove the sub 
scriber loop from the ringing source 830. Re 
lay 8B which also connected ground to ring con 
ductor 822 releases after an interval sufficient to 

30 

50 
f0-D, conductor f037, back contact and inner 
most lower armature of relay f-D2, conductor 

42, front contact and upper armature of relay 
f O-E, conductor of 6, through the normally 
closed tip contacts of jack 006, conductor iO5, 
normally closed tip contacts of jack foo5, trunk 
conductor 90, normally closed tip contacts of 
jack. 938, conductor 939, normally closed tip con 
tacts of jack 930, conductor 940, outer lower 
armature and back contact of relay 9TR, 
through the winding of relay 9Rf, condenser 906, 
inner upper armature and back contact of relay 
9TR, conductor 94f back to ground at the central 
office. Relay 9R operates thereby operating in 
turn relay 9R5. Relay 9R5, upon operating, oper 
ates relay 9R4 which, in turn, upon operating, 
causes relay 9R5 to release. Relay 9R5, upon re 
leasing, causes relay 8R2 to operate which in turn 
causes relay 8R3 to operate in a circuit traceable 
from grounded battery at the outer right-hand 
armature and contact of relay 3DL, conductor 
320, through the winding of relay 8R3, back 
contact and inner upper armature of relay 8SP2, 
conductor 829, armature No. 7 and contact of 
relay 8-ON, Outer upper armature and front 
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allow the loop capacity to become discharged. If 
the circuit is arranged for automatic ringing, that 
is, interrupter 83 is provided to furnish inter 
rupted ground pulses, relay 8R3 will be operated 
by the pulses from source 83 to apply ringing 
current from Source 840 to the subscriber loop 
at regular intervals. 

Recall signals from the subscriber station 
Recall signals are transmitted from the con 

centrating unit subscriber station by momentarily 
opening recall, or flash, key 4 or momentarily 
operating power Switch fo to its 'off' position 
in which case switch O is immediately operated 
back to the “on” position. Momentarily operat 
ing power switch 0 to it "off’ position is, in 
effect, a disconnect followed by a new call. When 

5 the power switch is in the off position relays 8SP, 
8SP and 8SP2 release and as hereinbefore de 
scribed relay 9TR releases thereby terminating 
the trunk conductor in the high resistance ground 
condition by Connecting resistance 93 of high 
value in the trunk circuit. Relay fl-C releases 
and in turn releases relay O-H. The release of 
relay 0-H. causes relays fl-C and O-C2 to 
release in turn. Relay i-C, upon releasing, 
functions as hereinbefore described and ground 
on the ring conductor of cord plug. 20 causes 
supervisory lamp f2O3 to light. When the power 
switch fi O is returned in its “on” position, a 
marking condition will again be placed on the 
trunk by the concentrating unit. Relay -C 
and im turn relays 0-H, li l-C and fl 0-C2 
will operate, restoring the circuit to the com 
munication condition. The removal of ground 
from the ring circuit of the answer cord plug 
20 causes the cord supervisory lamp 203 to 

flash as an indication of a recall signal. The 
operation of the power switch to its “on' position 
likewise, causes relays 8SP, 8SP and 8SP2 and 
9TR to reoperate and the trunk circuit is again 
in marking condition. 
The Subscriber may send a recall or discon 

nect signal during the time the trunk circuit is 
in marking condition, When a trouble break exists 
on the switchboard side of the terminal repeater. 
When this condition exists the trunk circuit times 
out after approximately six seconds and causes 
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relay R to send out long marking and short 
spacing signals over the line to the concentrati 
unit Subscriber. .. 

at the central office for a sub 
scriber station 

The establishment of a call about to be de 
scribed herein is assumed to be to a subscriber 
station having attended service. The Operator, 
upon selecting, an idle trunk extending to the 
concentrating unit SWitching center, inserts. One 
of her calling cord plugs, say plug. 205 into jack 

24, which corresponds to the selected trunk 
thereby completing a circuit from grounded bat 
tery, through the winding of relay 2AC, sleeve 
conductors of plug. 205 and jack? 24, through 
the winding of relay f-SL, to ground. How 
ever, before the insertion of plug 205 the oper 
ator selects a particular.cord circuit by operating 
the typing key of that particular cord, say key 
1204. Relays 2AC and -SL operate. Relay 
2SC operates in a circuit traceable from ground 

ed battery, through the winding. Of relay 2SC, 
ring conductor of plug 205 and jack 24, con 
ductors. 37 and 36, to ground at the outer 
most lower armature and back contact of relay 
fl-Ci. Relay 2SC, upon operating, lights the 
call lamp. 206. Relay 2AC, upon operating, (1) 
closes at its upper armature and contact an Oper 
ating circuit for relay 2C which operates, and 
(2) closes at its lower armature and contact a 
path traceable from grounded negative battery 
207, spacing or right-hand contact and armature 

of relay 2RA through the upper and lower wind 
ings, in parallel, of relay 2RC, operated off-nor 
mal, left-hand contacts of key 1204, through the 
operator's position circuit, operated off-normal 
right-hand contact of key (204, front contact and 
lower, armature of relay 2AC, normally closed 

Call originating 

contact of ring key .208, tip conductors of plug. 
| 205 and jack 24, conductor 32, outer upper 
armature and contact of relay fl-SL, through 
the upper winding of relay -B normally closed 
make-before-break contact of relay -Fi, 
through the upper winding in series of relays 
fl-Sf and if-S, armature and marking, or 
right-hand, contact of relay -R to grounded 
negative battery 4. ... Relays f2RC, fl-B, 
-S and -S are held in the position shown 

by current flowing through their respective bias 
ing WindingS. 

Relay fl-SE, upon operating, closes an oper 
ating circuit for relay -ST, which operates 
to establish the biasing current for relay -B. 
Relay f-SI, upon operating, closes at its No. 4 
armature and contact a circuit extending from 
ground, outer upper armature and back contact 
of relay. i-F2, conductors 45 and 1040, 
through the Winding of relay 0-D, to grounded 
battery and relay 0-D operates to close at its 
upper armature...and contact an operating circuit 
for relay 0-E and at its lower armature and 
front contact a circuit extending from source 1035 
of ringing current, through lamp. 036, front con 
tact and lower armature of relay 0-D, con 
ductor ! 937, back contact and innermost upper 
armature of relay f i-D2, conductor 42, front 
contact and upper armature of operated relay 
0-E, i conductor 10 i 6, normally closed tip con 

tacts of jack 006, conductor of 5, normally 
closed tip contacts of jack 005, tip conductor 
90 which extends through the concentrating 
unit switching center. Relay O-E, upon oper 
ating, transfers at its lower armature and con 
tact, conductor, fool, from a resistance 1004, to 
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ground thereby providing metallic circuit ringing 
inasmuch as conductor i007 is connected to the 
neutralizing Wire 903. Which extends to the con 
centrating unit SWitching center. ... Relay -SL, 
upon operating, also (1) closes at its contact and 
No. 1 armature and operating circuit for busy 
relay fl-BY, which operates to close at its outer 
lower arnature, and contact a circuit for ener 
gizing and lighting the filament of vacuum tubes 

9 and f 22, (2) disconnects ground at its outer 
upper armature and back contact from a circuit 
extending over conductor i 47, outer lower arma 
ture and back contact of relay. lf-F2, resistance 

26, conductor f48, front contact and inner 
lower armature of relay fl-SL, conductor 49 
to grounded battery. O9, thereby connecting 
grounded battery 09 in a circuit now extending 
over conductor f 49, inner lower armature and 

- front contact of relay í 1-SL, conductor í 148, 
resistance 26 in parallel with resistance 025, 
back contact and outer lower armature of relay 
10-FT, and conductor 023 as the charging path 
for condenser fi27, the grounded battery ff09 
being also connected through resistance 029 to 
the Winding of relay 0-H, and (3) connects at 
its No. 3 armature and contact ground to the 
path extending over conductor 20, condenser 
f 38 and the filaments of tubes 9 and f 22. 
After approximately one and one-half seconds 
tube 22, becomes conductive to operate relay 
-F which operates and closes at its armature 

and contact a circuit traceable over conductor 
28, outermost lower armature and back contact 

of relay fl-CL, normally closed make-before 
break contacts of relay -F2, through the wind 
ing of relay. -F2 to 'grounded battery. Relay 
fl-F2 operates and locks up in a circuit trace 
able to the contact and No. 2 armature of relay 
lf-SL. I. Relay fl-F2, upon operating, (1) re 
moves resistance 26 as a shunt across resistance 
1025, connects condenser 27 to the circuit 
which is traceable over conductor Í023, outer 
lower armature and back contact of relay fo-FT, 
conductor ff23, outer lower armature and front 
contact of relay fl-F2, conductor 46, to ground 
at the marking contact of relay f-B, in which 
circuit condenser f. 27 is discharged, (2), closes 
at its inner upper armature and contact an oper 
ating circuit for relay i-CL, and (3) opens at 
its outer upper armature and back contact the 
operating circuit for relay 0-D which releases. 
Relay 0-D, upon releasing, (1) replaces the 
ringing current on the trunk conductor 90 with 
ground through resistance 042 in order that any 
Charged Condition of the trunk conductor 90 
may be dissipated and (2) opens at its upper 
armature and contact the operating circuit for 
relay 0-E which releases to transfer the trunk 
conductor 90 and conductor f of 6 to the repeater 
circuit. 
The call from the central office is received at 

the concentrating unit switching center as a one 
second interval of ringing current from source 
035 as hereinbefore described. This ringing cur 

rent is received over trunk conductor 90 t, nor 
mally closed tip contact of jack 938, conductor 
939, normally closed tip contacts of jack 930, con 
ductor 940, outer loWer armature and back con 
tact of relay 9TR, through the winding of alter 
nating current relay 9Ri, condenser 906, inner 
upper armature and contact of relay 9TR, con 
ductor 94, lower normally closed contact of jacks 
930 and 938, trunk conductor 903, normally closed 
ring contacts of jack 005, conductor i043, upper 
normally, closed contacts of jack 006, conductor 
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007, lower armature and front contact of oper 

ated relay 0-E to ground, relay 0-E being 
operated at the time the ringing current, is ap 
plied to the trunk conductors. The ringing cur 
rent on the trunk conductors operates relay 9Rf. 
Relay 9R, upon operating, closes at its armature 
and contact a circuit traceable over the lower 
armature and back contact of relay 9R4, through 
the winding of relay 9R5, to grounded battery, 
and relay 9R5 operates. Relay 9R5, upon oper 
ating, closes at its armature and front contact 
an operating circuit for relay 9R4 which operates 
and at its lower armature performs two functions, 
namely, closes a locking circuit for itself and 
opens the operating circuit for relay 9R5 which 
now releases. Relay 9R5, upon releasing, closes 

s 

O 

at its armature and back contact an operating 
circuit for relay 8R2 traceable from ground on 
the contact and armature of relay 9Rf, lower. 
armature and front contact of relay 9R4, arma- : 
ture and back contact of relay 9R5, contact and 
upper armature of relay 9R4, conductor 94, 
through the winding of relay 8R2, to grounded 
battery and relay 8R2 operates. Relay 8R2, upon 
operating, (1) closes at its outer lower armature 
and contact an operating circuit for relay 8-ON 
which operates and locks in a circuit traceable 
over its No. 4 armature and contact to ground 
at the back contact and armature of relay 8D, 
and (2) closes at its inner lower armature and 
contact an operating circuit for relay 8-OC, 
which operates. Relay 8-ON, upon operating, 
connects ground at its Nos. 1 and 2 armatures to 
circuits adapted to energize certain Windings of 
the repeater relay 9R, the circuit closed at the 
No. 1 armature being traceable over conductor 
832 and then over two parallel paths, respec 
tively traceable over resistors 929 and 930. The 
path over resistance 929 is further traceable over 
resistors 942 and 943, through winding No. 2 of 
relay 9R, through a noise-killer network includ 
ing rèsistance 923, retardation coil 920, to 
grounded negative battery at the marking con 
tact and armature of relay 9S. The path over 
resistance 930 is traceable through resistances 945 
and 946, the No. 5 winding of relay 9R, through 
a noise-killer network including retardation coil 
924 and resistance 925 to ground. Also relay 
8-ON, upon operating, (1) completes at its No. 5 
armature and contact the energizing circuit for 
the filament of vacuum tube 89 and the filament 
lights; (2) connects at its No. 3 armature and 
contact a ground connection to the future oper 
ating circuit of relay 8SL; and (3) closes at its 
No. 6 armature and contact a point in a path 
which is now open at the inner upper armature 
and contact of relay 8R2, the path being trace 
able over the inner lower armature and contact 
of relay 8RC, back contact and middle lower 
armature of relay 8SL, conductor 833 to the 
sequence circuit where at the right-hand arma 
ture and back contact of relay 3BO it divides 
into two other paths one extending Over con 
ductor 32, resistance 322, through the winding 
of relay f3ST2, to grounded battery and the other 
extending over the back contact and left-hand 
armature of relay 3DT, call-disconnect lamp 
i30?, conductor 309, through the winding of 
relay í 4E, to grounded battery. Relay 8—OC, 
upon operating, connects at its outer lower arma 
ture and contact a ground connection to a path 
extending over conductor 86, through the trunk 
sequence circuit, where the path is traceable 
through the winding of trunk advance relay 
13AD, to grounded battery, and relay 3AD oper 
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ates to remove the selected trunk from the Se 
quence circuit chain and to condition for use 
the next idle trunk. 
At the end of the ringing period relays 9R, 

9R4 and 8R-2 release and ground from the back 
contact and inner upper armature of relay 8R2 
completes the circuits hereinbefore traced over 
conductor 833 to seize the sequence, circuit and 
operate relays 3ST2 and 4E. Relay 4E, upon 
operating, closes an alarm circuit Wherein lamp 
409 lights and if the call is at night, cut-off key 
(403 will be in its normal position and relay, 4F 
operates. Relay 4F, upon operating, closes at 
its armature and contact a buzzer circuit extend 
ing through buzzer, magnet 4D-MGT, lamp 
4 to a source 412 of continuous ringing cur 

rent and the buzzer magnet 4DMGT Operates to 
give an audible signal to the attendant at the 
concentrating unit switching center. . . Relay 
3ST2, upon operating, closes at its armature and 
contact a circuit extending from ground, con 
ductor 323, contact and armature No. 1 of relay 
3G, conductor 32?, contact and outer left-hand 
armature of relay 3BOX, through the Winding 
of relay 3TA, to grounded battery, and relay 
3TA operates and locks in a circuit traceable 
over its inner right-hand armature and contact 
to ground at the armature and contact of relay 
f3ST2. Relay 3TA, upon operating, opens at 
its inner left-hand armature and back contact 
the circuit for operating the subscriber cut-in 
relay 3SC, to prevent the establishment of a call 
originating at a subscriber station; (2) closes at 
its inner left-hand armature and front contact 
an operating circuit for relay 3TC, the circuit 
being traceable from grounded battery, through 
the winding of relay f3TC, front contact and 
inner left-hand armature of relay 3TA, con 
ductors 3f O and 3, to ground at the closed 
contact of manual service key 30; and (3) con 
nects ground at its outer right-hand armature 
and front contact to conductor f608, which ex 
tends to the contact and upper armature of relay 
6A which at this time is unoperated. Relay 
6A is the start relay for the motor of the start 

stop distributor in the director circuit and the 
grounded conductor 608 serves as a locking cir 
cuit for the motor start relay when the latter is 
operated. 
Relay 3TC, 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. 3. 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. 1 and 2 of relay 3TC will extend conductors 
f32 and 324 to conductors 325 and 326, re 
Spectively. The ground on conductor 833 when 
relay 8R2 released is now extended over con 
ductors i 325 and 322, in series, contact and arma 
ture No. 1 of relay 3GA, conductor 323, through 
the Winding of relay 3Uf, to grounded battery 
and relay. 3U operates. Relay 3U, upon oper 
ating, closes at its front contact and inner lower 
armature a locking circuit for itself, the circuit 
extending over conductor 30, left-hand arma 
ture, back contact and right-hand winding of 
relay 3GB, through the winding of relay 3GF, 
conductor 324, to ground at the back contact and 
left-hand armature of relay 4D. Relay 3GB 
operates over a circuit traceable over its left-hand 
winding. Relay 3GB, upon operating, operates 
relay 3GC which, in turn, operates relay 3GA. 
Relay 3GB, upon operating, causes the release of 
relays 3GF and 3GE, successively. Relay 3GE, 
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upon releasing; causes: lamp 325što light indicati. 
ing that.the-Sequence:circuit is busy. The release 
of relay, 3GE. also causes slow-to-release relay: 
3GE) to 3 operates. Relay, 3GED, upon operating; 
connects ground at its right-hand, armature, to a: 
circuit traceable: over conductors. 37, and :38, 
contact and middle upper armature of relay 3Ul. 
conductor. 326, No. 2 armature and contact of 
relay::Í3TC, conductor í 324, through the; winding 
of director circuit relay 3DC, to grounded:bat 
tery and relay: 3BC. operates. Also relay 3GD, 
upon. Operating closes at its outer left-hand...'ar. , 
mature and contact a point. in the operating ciri 
cuit of relay 4ESf, but inasmuch as relay 3SC. 
is unoperated at the time, relay. 4IS it does not 
operatesandr consequently relay: 4H3does not op: 
erate,3On5.a, i. call: :originating:at:cthe 2centbralt :Office.> 

. Relay if 3BC, upon:-operating: (1) places:ground: 
at its contact and outermost left-hand armature 
on conductor: 304 for operating: director start 
relay, 6A and relay. 6A operates; (2): connects, 
transmission conductors 362 and 303:of the di 
rectors' circuit to "conductors';8 and 83, respec 
tively, of the trunk-circuit; ; (3) ; connects at its 
innermost left-hand armature and, contact, the 
left-hand Windings of relay: 3BG) to a circuit ex 
tending in:parallel paths, over conductor. 624 and 
alarm. Conductor. 325, respectively; (4) connects 
at its innermost right-hand armature-andi.icon 
tact a ground connection-to-a-path which extends 
Over conductor. 326, contact: 834, through the 
Winding of relay 8W, to grounded battery relay. 

5: 

O 

30 

8W, operating for a purpose, to be hereinafter-de-... . 
Scribed, (5): . connects at its middle left-hand, 
armature and contact, an additional ground-for 
locking relay 4, 3GD. Ground-, connected to con 
ductor. 326 which, leads to the trunk circuit. 
calases through the operation of relay,8W, the op 
eration; of Selecting-magnets, such as 2SM-2 of 
the:Cross-bar switch shown, of the link circuit. 
The operation of the selecting magnet 2SM-2 to 
2SM9 and also that of selecting, magnet, mag 
nets 2SM-9 and 2SM - connect ground.at the 
armatures and contacts of these magnetsto con 
ductor 286 which extends to grounded battery. 
through the winding of relay.f4D and relay 4D. 
Operates. In this case, relay 4D, upon operating, 
causes connection lampf 408 to light, and supplies 
an additional holding ground for relay"3G.D. 

Director; circuit. 

When the Selected trunk at ther-concentrating. 
unit SWitching center...receives permission to route 
the call through the switching. center, the se-i. 
quence circuit connects the director circuit to the, 
particular, or selected, trunk. The inward trans 
mission path from the trunk circuit is in marking, 
condition and by means of the.contact and arma 
ture of gate relay 6G, is connected to conductor 
8 di which extends over the contact and routermost 
right-hand armature of relay 3FDC, conductor 
1302, normally closed contacts of jack-f60, con 
ductor f 602, through the "upper-winding of relayº 
6G, to ground... The outward transmission path. 

to the trunk includes conductor 3:03, middle 
right-hand armature and contact of relay 3DC, 
conductor 83, upper: windings, in series, of relays 
8G and 8G-2, to grounded battery:82. These. 
quence circuit, upon seizing the director:circuit,: 
placed-ground, as hereinbefore 3:stated: om. con* - 70° 
ductor 304. which caused the operation: of relay 
6A Relay f6A; upon: operating: (1), operates. 
relay: 6A4; (2) removes at its outer.ldwertarma. 
ture and back, contacti, the ground...connection: 
from the grid: element of vacuum tubes: 67; (3), 75. 

35 

25. 
closes at its Outer upper armature and contact an: 
operating circuit. from ground; outer upper arma. 
ture and back-contact of relay 60 outer upper. 
armature and contact of relay 6A. through the 
Winding of relay 6A2, to grounded battery land. 
relay 6A2 operates;...(4). Supplies a future locking 
ground for relays 6T and 6B as will be here 
in after...described; (5) supplies at its outer lower 
armature and front contact a ground connection: 
to (a) apath extending: over, conductor. 637, 
alnature and back: contact of Irelay: i 6C, con 
ductori 1625, "contact and outermost, lower arma 
ture of; relay: 6EU, conductor 62.6°, normally. 
closed contacts: 5 , conductor 522, through the 
Winding-Of-Start magnet, 50, to grounded bat 
tery, conductor. 626, also, furnishingsground for 
the runoperated, receiving; contacts of 505 to 589. 
(b) to conductor. 627 which extends through the 
lower Winding of relay, 6G, to grounded battery. 
628, the current in the lower winding tending to 
bias relayº i 6G sto its spacing, or left-hand, posi 
tion, (c) to conductor G29 to the normally opened 
contacts. 5d... which are in engageable relation. 
With. Stop, can. 1524, ... (d) to... the potentiometer 
formed by resistances 534 and 535, which is later. 
used in operating...the-relays: 5R to f5R5, (e) 
to, the upper:Winding, of relay, 5R6.which biases. 
this relay, to its spacing, or left-hand, contact and 
(f) to the front contact at the lower armature of 
relay. GC. which contact when closed is later 
used-to-start the director. ready signal Relay, 
6A, when. Operated, closes.at its...inner lower 

armature, and contact, an operating circuit...for 
the distributor motor, the circuit being traceable 
from grounded battery. 638, resistance 634, in 
ner lower, armature, and contact of relay, 6A?, 
conductor 63 field winding 530, motor 153t, 
resistances i503 and 532, to ground and the gov 
ernor contacts 533 which are closed while the 

40 

45 

50 

55 

60 

65; 

motor is coming up to speed. Relay 6A?, upon. 
Operating, performs other functions, namely, (1) 
closes a locking circuit for itself extending over 
the upper.arnature and contact, conductor 1608, 
to ground at the outer right-hand armature of 
relay 3TA and therefore the motor is kept run 
ning 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, through the armatures of relays f5R to 
f5R5 which permits these relays to lock in either. 
direction in which they may be operated, the cir 
cuit being traceable over conductor 632: While 
the motor is attaining Speed; the distributor cams 
are Operating to cause brief closure of each re 
ceiving contact, in turn, the contacts being desig 
nated 1505*tot 1509, respectively. Relays 15R to. 
f5R5:will therefore operate and lockin the spac 
ing, or right-hand, direction due to these: closures 
to-ground. 
The spacing locking paths of relays : 5Rf to: 
5R5 are through the winding of relay'? 53 and 

their respectives No. 3 windings. Therefore: relay. 
f5.J.Will operate as soon as any one of relays 5R. 
to 5R5 operates to spacing. Relay f 5.J., upon op 
erating, operas; the:operating path of relay 5F 
preventing; its premature-operation. Meanwhile. 
relay: 6A2, upon operating, has, in effect, placed 
the sensitive slow-to-release relay 6B across the 
governor, contacts: 533, prepared in advance. a. 
path for operating the fast-operating relay. GC, 
and has: opened at its outer lower armature...and. 
contact a future operating circuit extending from 
the armature of relay.6G,:to the distributor con 
tacts., 
When full speedis reached the.governor con 
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tacts open momentarily removing the short cir 
cuit from resistance 503 of relatively high value 
and allowing relay 6B to operate through re 
sistances 504 and 605. Relay f6B being of the 
slow-releasing type, with the help of condenser 
f 606 holds over governor contact closures thus 
operating relay 6C as soon as the "stop pulse' 
contacts 50 close at the end of each character 
Signal received. 

Relay 6C, upon operating, removes ground 
from the receiving contacts 505 to 509 and 
start contacts fill whereby start magnet 50 re 
leases, latching the clutch and preventing fur 
ther operation of the contact cams. Relay 6C, 
upon operating, locks in a circuit traceable from 
grounded conductor f 637, armature and front 
contact and lower winding of relay f6C, through 
the winding of relay f6C?, conductor 633 to 
grounded battery 628 and relay f6C operates. 
Relay 6C, upon operating, closes at its lower 
armature and contact the circuit for Sending the 
“director ready' signal to the distant central 
office, the circuit being traceable from ground on 
conductor 637, contact and lower armature of 
relay 6C, normally closed make-before-break 
contact of relay f6N3, conductor 303, middle 
right-hand armature and contact of relay 6DC, 
conductor 83, through the upper windings, in 
series, of relays 8G and 8G, to grounded battery 
8 2. Relays 8G and 8G operate, relay 8G send 
ing the “director ready” signal to the loop re 
peater which in turn transmits the "director 
ready' signal to the operator at the distant cen 
tral office. Relay 6C, in operating, also (1) 
connects at its inner upper armature and con 
tact the armature of relay 6G to a circuit ex 
tending over the distributor receiving contacts 
505 to 509 and start contacts 5 which circuit 

is opened at the outer lower armature and con 
tact of relay 6A2 preparatory to receiving the 
pulses from the loop repeater; (2) opens at its 
outer upper armature and back contact, the Op 
erating circuit for relay 6A2 which releases and 
(3) provides at its outer upper armature and 
front contact off-normal ground to a large part 
of the director circuit including ground on the 
armature of relay 5R6. Relay 6A2, upon re 
leasing, removes relay 6B from the governor 
contacts, completes the circuit from the armature 
of relay 6G to the receiving contacts 505 to 
509 and starting contacts 5 and transfers the 

stop pulse contacts 50 from the upper winding 
of relay f6C to the operating, or lower, Winding 
of relay 5R6 preparatory to receiving pulses 
from the loop repeater. After the "director 
ready' signal is sent the following relays are 
held operated, 6A, 6A, 6C, 6C, 5J, and re 
lay f 6G is held operated to its marking, or right 
hand, position and relays 5Rf to 5R5 to Spac 
ing, or right-hand, positions. The circuit is now 
prepared to receive pulses from the central office. 
Receipt of director ready signal at central office 
At the concentrating unit switching center the 

reception of the ringing current transmitted 
from the central office has conditioned the equip 
ment at the concentrating unit Switching center 
for the receipt of the call and has established 
connection to a director circuit. This places a 
negative potential on the concentrating unit 
switching center end of the trunk. 
The negative potential, or marking condition, 

on the trunk at the concentrating unit Switching 
center is received over transmission conductor 
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90 of the trunk circuit to operate relay f-C 
in a circuit which extends over the normally 
closed tip contacts of jack 005, conductor f05, 
the normally closed tip contacts of jack 006, 
conductor f06, upper armature and back contact 
of relay O-E, through the winding No. 1 of re 
lay O-P, through winding No. 1 of relay fl-R, 
resistance if 05, retardation coil 06, through 
the upper winding of relay i-C, upper arma 
ture and back contact of relay f -Cl to ground. 
Relay fl-C, upon operating, closes an operating 
circuit for relay O-H, the circuit being trace 
able from grounded battery 09, conductors O 
and of 7, resistance of 8, conductors 09 and 
1020, armature and contact of relay i f-C, con 
ductor 7, resistance 02, through the winding 
of relay O-H, conductor 022, to ground at the 
armature and marking contact of relay O-P and 
relay O-H operates. Relay fo-H, upon oper 
ating, closes at its armature and contact an op 
erating circuit for relay -C which operates. 
Relay f C, upon operating, removes at its outer 
most lower armature and back contact the 
ground connection from the ring conductor of 
jack 24 and thereby causes relay f2SC of the 
cord circuit to release. Relay f2SC, upon re 
leasing, extinguishes supervisory lamp 206 as an 
indication to the operator that she may send the 
selective pulses for selecting the desired sub 
Scriber Station º connected at the concentrating 
unit SWitching center. Relay || |-Ci, upon op 
erating, also transfers the transmission circuit at 
its upper armature from ground at the back con 
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tact to ground connected through the marking, 
or right-hand, contact and armature of relay 
-S and front Contact of relay -Cf. Relay 

f -C, upon operating, also connects ground 
at its innermost lower armature and contact, for 
condenser 38 and grid element of tube f l 9, via 
the middle upper armature and front contact of 
relay fl-CL which at this time is in an operated 
condition, and the vacuum tube f l 9 is thereby 
held inactive. Relay -Cf, upon operating, 
also closes at its outermost lower armature and 
front contact an operating circuit for relay 
0-C2, the circuit being traceable from grounded 

battery, through the winding of relay fl-C2, 
conductor 024, front contact and outer lower 
armature of relay f-SL, coiductor 25, to the 
front contact and Outermost lower armature of 
relay -Cf. The operator then sends pulses 
representing, first, “figures,' and then the listed 
code number of the desired subscriber station. 
The listed code number is used in cases where 
the operator desires a direct connection to a Sub 
scriber's station and the unlisted code number of 
the desired station is used when the operator 
Wishes to connect the called subscriber Station in 
a conference circuit. The description to imme 
diately follow applies to a direct connection and 
therefore the subscriber station number will be 
identified as the listed number. 

Receipt of code pulses at the concentrating uni 
suitching center 

The operator at the central office sends pulses 
representing the preliminary signal “figures” fol 
lowed by the two digits of the called subscriber 
station listed number. These pulses are received 
over the transmission conductor 90 of the trunk 
circuit, normally closed tip contacts of jack 938, 
conductor 939, normally closed tip contacts of 
jack 930, conductor 940, outer lower armature and 
front contact of relay 9TR, conductor 934, through 
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the No. 3 winding of relay.9R, through the arma 
ture and marking, or left-hand, contact of relay 
9s, to grounded battery 932. Relay 9R, upon Oper 
ating, repeats the incoming pulses over conductor 
824, armature and -contact of relay 8G which at 
this time is in its operated, or right-hand, posi 
tion, conductor 8 ft, contact and Outermost right 
hand armature of relay -DC, conductor 392, 
normally closed tip contact of jack 160, con 
ductor (602, to the upper winding Cf relay 
ground. The director in conjunction with the Se 
quence circuit decodes the pulses and prepares to 
make connection to the required subscriber sta 
tion 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, characters indicative of the condi 
tion are impressed on conductor 83, and therefore 
repeated by relay 8G and 8G , and then by relay 
9s of the repeater to the transmission conductor 
90 of the trunk and eventually appears on the 
operator's teletypawriters at the central Office. 
Relay 8G follows these, pulses, but relay 9TR 
which is controlled by relay: 9G has sufficiently 
low release characteristics to remain operated. 
Receipt of incoming code pulses in the director 

circuit 
: The incoming code pulses received over trans 
mission conductor. 90 of the trunk circuit are re 
peated by relay 6G which is normally held to its 
marking, or right-hand, contact. The distributor 
motor (Fig. 15) is running but the receiving con 
tacts 505 to 1509 are not operated because the 
stop magnet 50 is in a released position, latch 
ing the clutch. 
The first character “figures' consists of a start 

pulse which is always spacing followed by the five 
selecting pulses, namely, marking, marking, Spac 
ing, marking andmarking. and these are followed 
by the stop pulse which is always marking. The 
start pulse operates relay. 6G. to its Spacing, or 
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left-hand, position, thereby closing a circuit.ex 
tending from grounded battery, through the Wind 
ing of start magnet 50, conductor 1522, nor 
mally closed start contacts 5ff, conductor 1626, 
outermost lower armature and back contact of 
relay, 6LU, conductor fö25, contact and Outer 
lower armature of relay16A2, innerupper arma 
ture and front contact of relay f6C?, conductor 
634, armature and spacing contact of relay 6G, 
conductor f G35, contact and outer upper arnature 
of relay ITN, conductor 7-5, and 1637, to ground 
at the front contact and outer lower armature of 
relay 6A, start magnet 50 operates and there 
fore the cams 523 to 529 begin rotating under 
the control of the distributing motor. The motor 
speed and receiving contacts 505 to 509 are ad 
justed so that at the time the first selecting pulse 
(marking) of the character is received from relay 
6G, contacts 505 are closed to complete a cir 

cuit extending from point 536 in the potentir 
ometer comprising resistances 1534 and 535, con 
ductor 1537, through winding No. 1 of relay 5R, 
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conductor 538, closed contact 505, conductor 
1626, outermost lower armature and contact of 
relay 1.6LU, conductor 625, contact and outer 
lower armature of relay 6A2, inner upper arma 
ture and contact of relay f6C, conductor f634, to 
the armature of relay 6G. If the first selecting 
pulse is marking, relay 5Rs will operate and lock 
to its marking, or left-hand, contact. Similarly, 
relay f 5R.2. will be left, either spacing or marking 
depending on the character of the second pulse. 
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The reception of the "figures' character then 
proceeds as follows. 

Dot Fan relay seement Relay. 16G Register relay operated 

--------- Marking------ (15R) marking---...-- Relay.15 Di. 
SSS LTSA S qSS S qqqqS qqSS LSeeSSS SSS LSrSS S qqqqq qqq LS LS LS 0----- -i (15R2 marking-------- Relay 15D2. 

Spacing- -... (15R8). spacing-------- 
| Mfarking------| | (15R4). Imarking------- Relay 15D4. 

5--------------do----- - (15R5) marking------- Relay 15D5. 

With relays 5R to 5R5 operated as above, 
it will be noted that, none of the locking paths 
of these relays pass through the winding of relay 
15J, but if any one is operated, in the reverse 
direction, relay 5.J. will be energized. Relay 5J 
will, therefore, release only when a "figures' 
character is received. The succeeding stop pulse 
which is marking, for each character is received 
at a time when contacts so are momentarily 
closed by cam 524 and start contacts 5 are 
momentarily opened by cam: 523. When Start 
contacts 15 fare opened, start magnet 59 re 
leases. A momentary closure of contact 50 at 
the time the stop pulse is received by relay f6G, 
a circuit is closed from battery 539, resistances 
t540 and 54, through the lower winding of re 
lay 5R.6, conductor 542, back contact and outer 
upper armature of relay 5A2, conductor. 636, 
closed contact i 50, conductors. Í 629 - and 637, 
front contact and outer lower armature of relay 
6A, to ground and relay.f5R6, operates to its 

marking, or right-hand, contact, overcoming the 
effect of the biasing current flowing in the upper 
winding. The charge on timing condenser 52 
causes relay 5R.6 to remain in its marking, or 
right-hand, position for .030 second after the 
stop pulse contacts 50 open, the discharge cir 
cuit extending fron ground at the Outer lower 
armature and front contact of relay. 6A, conduc 
tors 637, 629 and 543, through the upper, and 
lower windings, in series, of relay, 5R6 through 
conductor 52 to ground. This allows time for 
the operation of relay. 5F in a circuit Which is 
traceable from grounded battery, through the 
winding of relay 5F, arnature and contact of 
relay 5J, back contact and upper armature of 
relay 5K, marking contact and armature of re 
lay 5R.6, conductor 53, back contact and upper 
armature of relay l7R, conductor 702, front con 
tact and outer upper armature of relay 6C? to 
ground. Relay 5F operates and locks to ground 
over conductors 544 and 58, to ground at the 
front contact and outer upper armature of relay 
6C. Relay 5F, upon operating, prepares a 

path for operating relay 5K when relay 5R6 
returns to its spacing, or left-hand, contact. In 
this way relay 5K Operates and locks to ground 
over conductor 5f 8 to ground at the front con 
tact and outer upper armature of relay 6C and 
transfers the marking contact of relay 5R6 from 
the contact and armature of relay 5J to con 
ductor i 722 which is connected for the succeed 
ing counting relay, in preparation for the regis 
tration of the next tWO digits, that is, the two 
digits of the called subscriber station listed num 
ber. 
The reception of “figures' has therefore set up 

a combination of relays 15Rf to 5R5 locking 
direct to grounded battery instead of through the 
winding of relay 5J thereby releasing relay f5J 
and allowing the next two characters to be regis 
tered. Therefore, “hits', on the line are harmless 
until the Operator has set a preliminary figures.’ 
After the “figures” character has been received, 
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the following relays are operated: relays 6A, 
SA, GC, GC, 5D, 5D2, 5D4, 5D5, 5F, 
f5K; relays 6G, 5Rf, 5R2, 5R4, 5R5, are in 
their respective marking positions; relays 5R.3 
and 5R6 are in their respective spacing positions. 
The operation of relays 5D, 5D2, f 5D4, and 
5D5 performs no useful function at this time. 

Reception and deciphering of the first and second 
digits 

The first digit of the called subscriber's listed 
O 

number will be repeated by relay f6G, broken up 
pulse by pulse by the distributor contacts and 
recorded by relays 5R. to 5R5 in much the 
Same manner as the 'figures' character was re 
ceived. FRelay 5Rf is operated in accordance 
with the position of relay 6G at the middle of 
the first pulse, relay 5R2 according to the sec 
Ond pulse, etc. In each case the operating, or 
No. 1, winding of each of relays 5R to 5R.5 
can quickly overcome its associated holding wind 
ings No. 2 or 3, but otherwise these relays hold 
in whichever direction they are operated under 
control of motor start relay 6A. 
ASSume that the listed number of the called 

Subscriber's station is No. 12, the operation result 
ing from the reception of No. 1 will be herein 
described first and the order of the received pulses 
constituting the character No. 1 are marking, 
marking, marking, spacing and marking. In ac 
cordance with the description hereinbefore given, 
relay 5Rf will be in its marking, or left-hand, 
positien, relays 5R2 and 5R3 will also be in their 
respective marking, or left-hand, positions, relay 
5R4 will be in its spacing, or right-hand, position 
and relay 5R5 will be in its marking, or left 
hand, position. With relay 5Rf in its marking 
position, a circuit is closed from ground at the 
outer lower armature and contact of relay 6A, 
conductor f632, armature and marking contact 
of relay 5R, through the winding of relay 15D 
to grounded battery and relay 5Df operates. In 
a similar manner relays 5D2, 5D3 and 5D5 are 
Operated. At the conclusion of the reception of 
the code elements of the No. 1 signal, relay 5R.6 
again Operates to its marking, or right-hand, posi 
tion and is again held for an additional period 
of .030 second. Relay 5R4 which is operated to 
its Spacing, or right-hand, contact in response to 
the fourth pulse of the No. 1 digit, closes a circuit 
for operating relay 5J but, as hereinbefore stated, 
performs no useful function after the “figures' 
character has been received. At the conclusion 
of the reception of the code elements of the par 
ticular character transmitted, relay 5R.6 again 
operates to its marking position and is again held 
for an additional period of .030 second. Relay 
5R6, in operating, to its marking contact causes 

the operation of relay 7L in a circuit traceable 
from grounded battery 10, through the lower 
Winding of relay II, back contact and lower 
arnature of relay M, conductor 722, front con 
tact and upper armature of relay 5K, marking, 
or right-hand, contact and armature of relay 
f5R6, conductor 53, back contact and upper 
armature of relay TR, conductor 762, to ground 
at the outer upper armature and front contact of 
relay 6C. Relay TL operates and locks up to 
ground furnished by relay (6Cf. Relay 5R.6 
also furnishes ground over the normal contacts 
of relays TIM, TIN I, 7R and 6LU to the arma 
ture of relay 5D5. From the armature of relay 
f5D5 the grounded circuit is fanned out by means 
of the combination of operated and/or unoper 

s 

20 

25 

30 

35 

40 

45 

60 

65 

75 

2,372,329 
ated fanning-out relays 5D to 5D5 to one of 
ten conductors designated 0 to 9. Each of the 
conductors 0 to 9 is arranged by means of cross 
connection blocks 54 and 5f 5 to operate a re 
lay, such as relay 5H representing the tens group 
in which the desired subscriber's station may be 
found, the operating circuit for relay 5H being 
traceable from grounded negative battery, 
through the winding of the relay, arnature and 
contact of relay 5K, one of the conductors des 
ignated 0 to 9, for example, say conductor No. 1 
which represents the tens group in which the 
called subscriber's station No. 12 is located, front 
contact and armature No. 5 of relay 5D, front 
contact and innermost lower arnature of relay , 
5D2, front contact and outer upper armature of 

relay 5D3, back contact and outer upper arma 
ture of relay 5D4, front contact and lower arma 
ture of relay 5D5, conductor 56, back contact 
and middle lower armature of relay 16LU, con 
ductor 1607, outer lower armature and back con 
tact of relay 7R, lower armature and back con 
tact of relay TN, back contact and lower arma 
ture of relay M, conductor 722, front contact 
and upper armature of relay i5K, marking con 
tact and armature of relay 5R6, conductor 53, 
back contact and upper armature of relay TR, 
conductor 702, to ground at the front contact 
and outer upper armature of relay 6C. Thus 
relay. 5H, upon operating, limits Selection of the 
desired subscriber's station to one of those in the 
first group of ten stations, in other words, the 
operated relay corresponds to the tens group of 
the particular called subscriber line. Relay 5H, 
upon operating, locks in a circuit traceable from 
its lower armature and Contact, conductors 5 fl. 
and 58 to ground at the outer upper armature 
and front contact of relay 6C, this locking cir 
cuit also serving to operate and lock relay 5K. 
Relay. 5K, upon operating, definitely removes 
any H relay, such as relay 5H, from its associated 
conductor of conductors Nos. 0 to 9. Relay, i 7L, 
upon Operating, prepares a path for the opera 
tion of relay M. When relay 5R.6 returns to 
its Spacing contact after .030 second, relay í7M 
Will Operate, close a circuit extending from ground 
at the Outer upper armature and front contact 
of relay 6C?, conductor 702, upper armature 
and front contact of relay 7M, conductor TO3, 
front contact and inner left-hand armature of 
relay 5K?, front contact and upper armature of 
relay í5H, conductor í 518, through the winding 
of relay 5H, to grounded battery. Relay 5H 
is a SSociated with the particular tens group in 
Which the desired, or called, subscriber line is 
found. Relay 5H, upon operating, connects the 
fanning-out conductor No. 1 of the correspond 
ing conductors Nos. 0 to 9 to the particular tens 
group of the called Subscriber station. The other 
relays corresponding to relay 5H and respec 
tively aSSociated with the other tens groups are 
prevented from operating during the time that 
One of the tens group relay, such as relay 5H, 
is operated. Relay 7M, upon operating, (1) 
locks to ground on conductor 702; (2) opens the 
Operating paths of relays TL and 5H and pre 
pares an operating path for relay TN. Relays 
1L and 15H, however, remain operated overtheir 
locking circuits. After the first digit has been 
received the following relays are operated: 6A, 
6Al, 16C, 6CI, 5F, I 5K, ITIL, 17M, 15H, 5K, 
and 5H. Relay 6G is in its marking position 
and relay 5R6 is in its spacing position. Relays 
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5R, to 5R 5 and 5D to i 5D5 are operated ac 

cording to the character just received. A 
The second digit of the called subscriber sta 

tion number, Say No. 2, is received, registered 
and made to operate the fanning-out relays in 
a distinctive combination in the same manner as 
the combination for the first digit. The order of 
the received pulses constituting the character 
No. 2 is marking, marking, spacing, spacing and 
marking. The fanning-out relays 5D?, 5D2 and 
5D5 operate in accordance with the combination 

set up on the registering relays 5R, to 5R5. 
Relay f 5R.6 operates to its marking position, while 
start magnet 50 is operated and thereby causes 
the operation of relay TN, the circuit being trace 

10 

15. 
able from grounded battery, through the wind 
ing of relayº ITIN, front contact and lower arma 
ture of relay TM, conductor 722, front contact 
and upper armature of relay i5K, marking con 
tact and armature of relay 5R6, conductor. 53, 
back contact and upper armature of relay TR, 
to grounded conductor. 702. 
operating, (1) opens the circuit of the spacing 
contact of relay f6G to prevent any additional 
incoming pulses from being registered; (2) locks 
to ground on conductor TO2; (3) opens the oper 
ating path of relays TM and SHI and prepares 
a path for the operation of relay TN?. When 
relay 5R.6 returns to its spacing, or left-hand, 
position, it causes the operation of relay TN. 
Relay TN, upon operating, closes a path ex 
tending from grounded battery, through the 
windings, in series, of out-of-order relay 7-OO 
and busy relay TBY, front contact and lower 
armature of relay 7.Nf, back contact and outer 
lower armature of relay TR, conductor 607, 
middle lower armature and back contact of relay 
l6LU, conductor 56, lover armature and con 
tact of relay f$D5, outer upper armature and 
back contact of relay 5D4, outer upper armature 
and back contact of relay SD3, outermost upper 
armature and front contact of relay í5D2, No. 3 
armature and contact of relay 5D., to conduc 
tor No. 2 of the conductors Nos. 0 to 9, armature 
No. 2 and contact of relay 5H which remains 
operated in its locking circuit, conductor 545, 
normally closed contacts at the ring spring of 
jack 20, conductor 2 inner upper armature 
and back contact of relay 4C, conductor 253, 
through the winding of “hold' magnet 2H2, to 
grounded battery. 
sponds to the line extending to called subscriber 
station 02, the call number of which is assumed 
to be No. 12. Also, relay f TN, upon operating, 
closes at its upper armature and contacts the 
operating circuit of slow-acting relay TN2 which 
operates. It will be noted that as usual the reg 
istration relays 5R, to 5R5 remain locked in 
the direction in which they were last operated. 

Testing the called subscriber line 
The connection of battery, through relays 
7-OO and 7BY to the particular called sub. 

scribe' line enables these two relays to determine 
if conductor 253 to the hold magnet of the called 
subscriber line is terminated in a direct ground, 
which causes the operation of both relays fl-OO 
and TBY, or in a high resistance out-of-order 
ground which may be connected to the ring spring 
of an out-of-order jack patched to a jack, say 
jack 208, of the called subscriber line, which re 
sults in the operation of relay 7-OO only. In 
case no ground is available neither of the relays 
7-OO and TBY operate. This test takes place 

during the slow-operating time of relay f TN2, 

Relay TN, upon 

"Hold' magnet 2H2 corre. 
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back contact of relay 7N2. 
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which, as indicated above, begins to operate when 
relay TN operates. As soon as relay TN2 oper 
ates, the off-normal ground on the front contact 
and Outer upper armature of relay f6C is con 
nected in a circuit extending over conductor 702, 
armature and front contact of relay í TN2 to the 
armature of relay T-OO. Assume that the 
called subscriberline is idle in which case ground 
is not connected to conductor 253, relay. T-OO 
will be unoperated and ground connected to its 
armature by the operation of relay TN2 will 
cause the operation of relay TR. Relay TR, 
upon operating, (1) removes relays fl-OO and 
TBY from conductor 253 of the called subscriber 

line and replaces them by relay TS; (2) causes . 
the release of relay ITN by removing ground, 
the ground being furnished over conductor f02 
which is connected to its upper armature; (3) 
prepares an operating circuit for relay TU; and 
(4) locks to grounded conductor 702. Relay 
TN, upon releasing, causes relay 7 N2 to slowly 

release. During the time that relays N and 
TN2 are releasing, ground at the outer right 
hand armature and contact of relay 4D is con 
nected to a circuit extending through resistance 
40, conductors 402 and 1305, outer left-hand 

armature and contact of relay 5K?, conductor 
52, through the winding of relay TS, front con 
tact and outer lower armature of relay iTR, 
conductor 607, middle lower armature and con 
tact of relay i 6TU, conductor 5f 6, lower arma 
ture and contact of relay 5D5, outer upper arm 
ature and back contact of relay 5D4, outer upper 
armature and back contact of relay 5D3, outer 
most upper armature and front contact of relay 
f5D2, No. 3 armature and front contact of relay 
5D to conduct?r No. 2 of conductors NoS. 0 to 

9, and as hereinbefore traced over conductor 253, 
through the winding of “hold' magnet 2H2 to 
grounded battery. Under the assumed condition 
of the called subscriber line being idle, grounded 
battery on the winding of “hold' magnet 2H2 of 
the crossbar switch in the link circuit permits re 
lay flS to operate but due to the high resistance 
of the circuit the “hold' magnet 2H2 remains 
unoperated. Relay TS, upon operating, opens 
the operating circuit of relay TU, and closes 
an operating circuit for relay f TS which oper 
ates in a circuit traceable over the armature and 

Relay TS, upon 
operating, locks over grounded conductor 702; 
(2) short-circuits the winding of relay 7S and 
(3) holds open the operating circuit for relay 
ITU. With the winding of relayº i7S short-circuit 
ed the ground at the outer right-hand armature 
and contact of relay 4D which is connected to 
the circuit, hereinbefore traced, is now effective 
to cause the operation of hold magnet 2H2 which 
Operates to move its vertical row of contact sets 
into engagement with their respectively associ 
ated sets of horizontal conductors, the set of hori 
Zontal conductors associated with the selected 
trunk 80 having already been moved into its 
operated position by the operation of selecting 
magnet 2SM-2, the called subscriber line will, 
therefore, be connected at contact set 255 to the 
trunk circuit 80 which will function to release 
the sequence circuit. The sequence circuit in 
turn will function to remove the ground from 
conductor 304 to release relay 6A. Relay SA. 
upon releasing, removes ground from the various 
parts of the circuit including relays 6C and 
6C, and releasing relay f6A? unless conductor 
f608 is connected to ground at relay 3TA, indi 
cating that another inward call is awaiting com 



pletion. Relay: 6C, upon releasing, removes 
locking ground from a considerable part of the 
director circuit. If relay f6At releases, the motor 
Will be stopped and all remaining parts of the 
circuit will be deenergized. If, however, relay 
6A is held operated, the motor is kept running 
and relays 5R, to 5R5 and the associated fan 
ning-out relays 5D to 5D5 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 
described above, except as follows: Relay 6B 
now operates immediately since the motor is run 
ning at full speed and relays 6C and 6C foll 
low in operating at once, upon receiving a clo 
Sure of the 'stop' pulse contact 50 of the start 
stop distributor. Before the stop pulse is re 
ceived relays 5Rf to 5R5 may be operated to 
spacing through the back contacts of relay 6C, 
but in any case the circuit awaits to receive 
"figures' before proceeding with the call. 

If the in Ward 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 described 
up to the point where the operation of relay f6N 
connects relays. T-OO and TBY to conductor 
253 of the called subscriber line circuit. At this 
time, however, conductor 253 terminates in di 
rect 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 sub 
scriber line, the jack corresponding to jack 208 
of subscriber line circuit 202. The direct ground 
established by a busy condition may be traced 
over conductor, 545, normally closed contacts at 
the ring spring of jack 207, conductor 2 fi, upper 
armatures and their respective contacts of relay 
4C, conductor 405, sleeve contacts of the operated 
set 255, conductors 256, 257, and 820, through the 
winding of low resistance sleeve relay 8SL, con 
ductor - 82 f, to ground at the innermost upper 
armature and contact of relay H-ON. In either 
case of busy condition, relay 7-OO quickly 
operates but relay TBY is marginal and operates 
only on direct ground. Relay fl-OO, upon 
Operating, prevents relay TR from operating and, 
therefore, relay 7N remains operated keeping 
relays 7-OO and TBY connected to conductor 
405. Relay T-OO, therefore, remains operated 
along With relays iTN, TNI and iTN2 and also 
operates relay f6N3. Relay f6N3, upon operat 
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ing, (1) applies * at its Upper armature and con 
tact ground to start the production of “K” or “Q' 
characters by relays 6P and 6P as hereinafter 
described, (2) connects the contacts of relay 6P. 
to the outward transmission path, the connection 
being established over its outer lower armature 
and front contact and extending over conductor 
303. RelayS 6P and i6P operate in a con 
denser timed circuit to generate 'K' and “Q' 
signals as follows: When the ground is applied 
to one end of the potentiometer, comprising re 
sistances 704, 609 and f 6f 0, relay 6P will oper 
ate to its spacing, or left-hand, contact due to 
current flowing in its upper winding. When the 
armature of relay 6P is in its left-hand position, 
the current in the upper winding of the relay is 
reversed but the discharging of condenser 644, 
through the lower winding of the relay holds the 
relay to its spacing, or left-hand, contact until 
the discharge current is so reduced that the up 
per winding of the relay regains control and oper 
ates the armature to its marking, or right-hand, 
contact. Here the process is repeated, the upper, 
winding of relay 6P tending to make the relay 
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armature return to its spacing contact while 
condenser 644, in charging, holds it to its mark 
ing, or right-hand, contact until their effect is 
overcome. The condenser and potentiometer re 

: sistances are so proportioned that relay 6P will 
pulse at about 9 cycles per second if resistance 
1609 is in the circuit or 11 cycles per second if 
resistance 1609 is short-circuited. As will be 
seen hereinafter, if the line were busy, relay 
f TBY, upon operating, would cause “K” signals 
to be sent; if out of order the relay TBY is re 
leased and 'Q' signals will be sent. 
When ground is connected by relay f6N3, relay 
6P will operate to its marking, or left-hand, 

contact, due to current in its upper Winding. 
This maintains a marking signal over the out 
Ward transmission path which is hereinbefore 
traced as extending through the upper Windings, 
in series, of relays, 8G and 8G, respectively. 
However, when relay 6P opens its marking, or 
right-hand, contacts condenser 65 will charge 
through the lower winding of relay 6P to cause 
relay. I 6P to leave its marking, or left-hand, con 
tact for one pulse length (approximately .022 
second), the charging originating in grounded 
battery 709 and extending through resistances 
f' !0 and í 7 í í and over conductor 17 16. Relay 
6P, then returns to its marking, or left-hand, 

contact and after relay 6P operates to its mark 
ing, or right-hand, contact, condenser 65 is dis 
charged through resistance f6 6. Since relay 
6P is pulsing continuously, relay 6P Will send 
out a spacing pulse of .022 second every time 
relay 6P opens its marking, or right-hand, con 
tact. In this way relay 6P drives relay f6P. 
at either 9 or 11 cycles per second, sending “K” 
Signals if the line is busy and 'Q' signals if the 
line is out of order. These characters are trans 
mitted over the line and printed on the oper 
ator's teletypewriter at the distant central office 
for a time interval of one second. The timing 
arrangement Will be described hereinafter. 

Connection to unassigned or impossible number 

If an unassigned number or non-numerical code 
is received and registered, the circuit functions 
as described hereinbefore. When, however, relay 
S is connected to the circuit extending over 

conductor 52, outer left armature and contact 
- of relay 5K?, conductors 305 and 303 as here 
inbefore traced when testing a particular called 
subscriber line for an idle condition, grounded 
battery on the winding of hold magnet, such as 
hold magnet 2H, for a subscriber line station 
Of is not available and relay TS fails to operate. 
When, therefore, relay 7 N2 releases, off-normal 
ground will be connected to the winding of relay 
TU causing relay TU to operate. Relay TU, 
upon Operating, closes at its inner lower armature 
and front contact an operating circuit for relay 
f6N3, causing ground through the operation of 
relay f6N3 to be connected to relays 6P and 
6P, and associated apparatus as hereinbefore 
described, and disconnects resistance 73 which 
was in parallel connection with resistance 4. 
Resistance 704 is in the circuit inasmuch as its 
shunt around the outer lower armature and con 
tact of relay ITU has been opened. Under these 
conditions relay 6P operates at approximately 6 
cycles per second. When relay f 6P operates to 
its spacing, or left-hand, position, relay 6P is 
Operated to its Spacing, or right-hand, position 
for two pulse lengths, that is, 0.044 second, by a 
charging condenser 6 ? 5. Relay 6P upon re 
turning to its marking, or left-hand, position, 
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patching cord circuits still remain in any of the 
Subscriber conference branches, the director cir 
cuit at the switching center Will report the con 
ference circuit busy. If jack 60 of the trunk 
conference branch is patched to subscriber busy 
or subscriber Out-of-order jacks the director cir 
cuit Will So inform the operator. If the confer 
ence Circuit is idle, the link circuit, Will be Ordered 
to connect it to the trunk which, for purposes of 
identification, is called herein the conference 
trunk. By calling for the special number as 
signed to the conference circuit, the director cir 
cuit operates as hereinbefore described to direct 
the fanning-out relays 5D to E5D5 to operate 
in combinations corresponding to the pulse com 
binations of the two digits. The conference cir 
cuit is in a group with some of the subscriber 
lines and, therefore, the relays of the particular 
group, such as relays 5H and 5H, are operated 
to extend grounded conductor 56 over one of 
the conductors of conductors Nos. 0 to 9 to con 
ductor i 547 terminated on a separate cross-con 
necting block 548, inner lower armature and 
back contact of relay 6AL, conductor 605, nor 
mally closed contacts at the ring spring of jack 
60, conductor 606, through the winding of “hold' 
magnet 2HC to grounded battery. The selecting 
magnet 2SM-2 having been operated in re 
sponse to the selection of the trunk by the op 
erator, the operation of “hold' magnet 2HC at 
this time connects conductors 608, 607 and 606 
through to the tip, ring and sleeve Conductors, 
respectively, of the selected trunk, say for pur 
pose of illustration, trunk 80 f. The connection 
of the trunk is made at contact Set 268. The 
ring conductor 822 of trunk. 80 f is connected over 
the operated contact set. 268 and the middle 
arnature of hold' magnet 2HC to conductor 
607 which is part of a circuit traceable over the 
normally closed contacts at the spring of jack 
609, conductor 60, through the winding of relay 
6Rf, conductor 62, resistance 63, conductors 
64 and 50?, to grounded battery 502. Ground 
is connected to the upper winding of relay 8SP at 
the other end of the circuit just traced and, 
therefore, relay 6R operates to close an obvious 
operating circuit for relay 6-ON. Relay 6R 
operates in Series with relay 8SP of the confer 
ence trunk, say trunk 80, but the high resistance 
of the path prevents the operation of relay 8SP. 
Off-normal relay 6-ON, upon operating, turns 
power on the conference circuit branches and the 
conference control circuit and at the same time 
causes all unlisted numbers to cease testing un 
assigned. With power on in the conference 
branches, a mark signal is prepared for trans 
mission to the conference trunk when the tip 
conductor 266 of conference trunk 80 is closed 
through, but for the time being only a space 
signal is received by the conference trunk, which 
acts as if an ordinary called subscriber has not 
answered. In automatic ringing offices, ringing 
is sent out by the conference trunk but reaches 
nowhere. 

Operator reaches a subscriber station by using the 
unlisted conference number of the desired sub 
SCriber Station, 

In order to reach a subscriber station the line 
of which has been equipped for automatic con 
nection to a conference for the Specific purpose 
of alternately connecting the desired subscriber 
line to a subscriber conference branch, the Op 
erator must call over another trunk, referred to 
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herein as an "order' trunk, typing the unlisted 
conference number associated with the desired 
subscriber line. If the desired subscriber line is 
busy or out of Order because of cord circuit 
patches into jack 47 of the access circuit as 
Sociated With the desired Subscriber line, the di 
lector circuit Will so inform the operator. If the 
desired subscriber line is idle, the director Will 
place a resistance ground on a conductor of con 
ductors Nos. 0 to 9, Such conductor being that 
terminating at cross-connecting block 548 and 
assumed herein to correspond to the desired sub 
SCriber line. The resistance ground iS found in 
a circuit traceable from ground at the outer 
right-hand arnature and contact of relay 4D, 
resistance 40, conductors 1402 and 305, con 
tact and outer left-hand armature of relay SK, 
conductor 52, through the winding of relay 
f7S, front contact and outer lower armature of 
relay R, conductor 67, middle lower armature 
and contact of relay 6LU, conductor 56, 
through the path established by a combination 
of operated fanning-out relays 5D to f5D5 in 
accordance with the directing pulses for the un- . 
listed conference number of the desired Sub 
scriber line, a particular conductor of conductors 
Nos. 0 to 9 and cross-connected to conductor 
549, normally closed contacts at jack 40, outer 
most lower armature and back contact of relay 
4C, outer lower armature and back contact of 
relay 4A, through the winding and the make 
before-break contacts of relay 4B, conductors 
408 and 409, outermost lower armature and back 
contact of relay 5ST, contact and outer upper 
armature of relay 5W, conductor 54, through the 
middle upper armature and contact of relay 
6-ON to grounded battery. Relay 4B operates 
and locks up in its own operating circuit except 
ing for the outer lower armature and back con 
tact of relay 4A. Relay 4B, upon operating, closes 
at its outermost lower anature and Contact an 
obvious Operating circuit for relay 4B which op 
erates. Relay. 4B, upon operating, (ii) SplitS the 
subscriber ring conductor 63 at its Outermost 
upper armature to bring both ends of the con 
ductor into the control circüit ShoWn in FigS. 5 
and 6; (2) extends the subscriber “tip” conductor 
402 over the contacts and No. 4 arnature of 
relay 4Bi, over conductor 410, resistance 503, 
through the winding of relay 5T to ground at the 
upper armature and contact of relay 5H; (3) 
connects other control conductors from the acceSS 
circuit to the conference control circuit shown in 
Fig. 5; (4) closes at its No. 6 armature and con 
tact a circuit traceable over conductor 4, through 
the winding of relay 5ST, conductors 504 and 53, 
innermost upper armature and contact of relay 
6-ON to grounded battery; (5) closes at its No. 
8 armature and contact a circuit traceable from 
ground at the inner lower armature and back 
contact of relay 4A, contact and No. 8 armature 
of relay 4B?, innermost lower armature and front 
contact of relay 4B, conductors 42 and 43, 
through the winding of relay 5i), conductor 504, 
contact and lower. arnature of relay 5W, conduc 
tor 53 to grounded battery at the innermost up 
per armature and contact of relay 6-ON; (6) 
prepares at its No. 6 armature and contact a lock 
ing circuit for relay .5G. Relays 5ST and 5D 
operate. Relay 5ST, upon operating, (1) causes 
all other unlisted conference numbers to again 
test “unassigned’; (2) removes at its middle lower 
armature and back contact the ground from the 
grid element of vacuum tube 505 and at its front 
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contact and middle lower armature closes a cir 
cuit for energizing the filament of vacuum tube 
505; (3) closes at its innermost lower armature 
and contact a circuit extending from ground, 
conductor 506, normally closed contacts of key 
70, conductor 702, lower armature and back 
contact of relay TSLl, conductor 793, through 
the winding of selecting magnet TSM is to 
grounded battery, and selecting magnet TSM 
operates to prepare the first, or uppermost, idle 
level of the conference connector switch. Relay 
5D, upon operating, connects a resistance ground 
to the called subscriber line “hold' magnet, say 
magnet 2H2, the operating circuit being trace 
able from ground at the inner lower armature 
and back contact of relay 5E, armature and back 
contact of relay 5F, resistance 507, armature and 
contact of relayº 5D, conductor : 508, No. 3 arma 
ture and contact of relay 4B (assuming that 
subscriber station f O2 is the first subscriber sta 
tion desired in the conference), conductors 4f 4 
and 545, normally closed contacts associated 
with the ring spring of jack 287, conductor 2ff, 
inner upper armature and contact of relay 4C, 
conductor 253, through the Winding of “hold' 
magnet 2H2 to grounded battery. "Hold' mag 
net 2H2, upon operating, closes at its inner left 
armature and contact a circuit traceable from 
ground, conductor 269, through the winding of 
relay 4A to grounded battery, and relay 4A op 
erates. “Hold" magnet 2H2, upon operating, 
locks over its sleeve conductor to the “order' 
trunk and connects the ring conductor of the 
“order” trunk to the conference control circuit. 
The locking circuit may be traceable from 
grounded battery, through the winding of “hold' 
magnet 2H2, conductor. 253, contact and outer 
upper armature of relay 4C, conductor 405, sleeve 
conductor 254, sleeve contact of the operated set, 
say set 255, sleeve conductors 256 and 257 (as 
suming that the trunk shown in Figs. 8 and 9 is 
also the order trunk although in actual practice 
the order trunk must be different from the con 
ference trunk). The ring conductor of the 
"order' trunk, say conductor. 822, is connected 
over conductor 258 through the ring contact of 
operated set 255, conductor 259, outer left-hand 
armature and front contact, of “hold” magnet 
2H2, conductor 403, front contact and armature 
No. 2 of relay 4Bi, conductor 415, resistance 509 
and front contact out of engagement with the 
upper armature of relay 5SP2 of the conference 
control circuit. Relay 4A, upon operating, (1). 
connects the desired subscriber line tip conductor 
to the tip conductor of the “order' trunk; (2) 
causes at its outer lower al'mature and back Con 
tact the release of relay 5D of the control circuit; 
and (3) while at the same armature supplies a 
locking ground for relay 4B while it keeps a busy 
condition on the unlisted conference number-as 
sociated with the called subscriber station. . . 
The “order trunk proceeds to discharge the 

director circuit and if so arranged begins to ring 
the called subscriber line; otherwise the operator 
may manually ring the subscriber station. Mark 
ing potentials supplied by the "order' trunk op 
erate relay 5T which, upon operating, connects. 
ground at the outermost upper... armature and 
contact of relay 6-ON to the grid element of 
vacuum tube 505 thereby preventing the tube 
from acting. At this stage on the call, the de 
sired subscriber' line remains connected to the 
“order' trunk solely because the trunk holds the. 
subscriber station “hold' magnet operated. The 
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line can, therefore, be disconnected at the pleas 
lure of the originating operator at the distant cen 
tral office. If, therefore, the subscriber does not 
answer, the operator can withdraw from the “or 
der” trunk which in turn will cause the trunk to 
release the "hold' magnet. The “hold' magnet, 
in turn, releases relay 4A which, in turn, releases 
relays 4B, 4B, 5T and 5ST and returns the cir 
cuit to normal. . . 

The conference subscriber answers 
: When the conference subscriber answers, 

grounded battery on the ring conductor. operates 
relay 5SPC of the control circuit, which in turn 
operates relay 5SEP2. Relay 5SP2, upon operating, 
greatly reduces the bias current in winding No. 1 
of relay 5SEPC, connects grounded battery to the 
ring conductor of the “order' trunk operating 
relay 8SP in the order trunk, and prepares an 
operating path for the “hold” magnet, say mag 
net TH2, associated with the desired subscriber 
line in the conference connector cross bar switch, 
the operating path being prepared at the inner 
lower armature and contact of relay 5SP2. Relay 
8SP. in the “order' trunk causes, the trunk cir 
cuit toenter the transmission stage, and the op 
erator communicates with the subscriber. 
Conference subscriber refuses to accept confer 

e?ce call 
If the conference subscriber, after answering, 

refuses to accept the conference call, relay 5SPC 
of the conference control circuit releases as soon 
as the subscriber disconnects. The release of re 
lay 5SPC releases relay 5SP2 which, upon releas 
ing, disconnects at its upper armature and front 
contact grounded battery 502 from conductor 415 
which is connected over armature No. 3 and con 
tact of relay 4B to the ring conductor of the 
calling trunk thereby releasing relay 8SP of the 
calling trunk and registering a subscriber discon 
nect which is transmitted to the operator at the 
distant central office. When the disconnect sig 
nal is registered at the operator's switchboard at 
the central office, the operator withdraws the 
calling cord circuit from the “order” trunk, which 
finally results in the release of the subscribersta 
tion hold magnet 2H2, causing in turn the re 
lease of relays 4A, 4B, 4B?, 5ST and 5T thereby 
returning to normal the subscriber appliqué cir 
cuit for Subscriber station 202 and the conference 
control circuit. . . . . 
Transfer of a conference subscriber station to an 

. . . . idle conference subscriber branch 

: If the conference subscriber accepts the confer 
ence call the operator at the distant central office 
sends a two-second break signal. Transmission 
of the break signal to the subscriber station 
causes the release of relay 5T which, upon re 
leasing, removes ground from the grid element of 
vacuum tube. 505. After approximately 1.5 sec 
Onds having elapsed, the plate current is suffi 
cient to operate relay 5T2 which, upon operating, 
causes in succession the operation of relays 5E 
and 5F. Relay 5E, upon operating, operates 
6SP3 which locks under control of relay 5ST and 
closes the tip conductor of the conference trunk 
to the trunk conference branch and at the same 
time increases the potentials on the ring con 
ductor of the conference trunk causing this trunk 
to act as if a subscriber had answered. This 
"trip' is advanced to trip the ringing in the auto 
matic ringing offices so as to prevent the first 
conference Subscriber station receiving a rem 
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nant of the automatic ringing. Relay 6SP3, also 
Supplies ground to the conductors respectively 
extending to the Subscriber station conferenc 
branches. 
At the conclusion of the break signal sent by 

the operator at the distant central office, relay 
5T again connects ground to the grid element of 
Vacuum tube 505 thereby causing the release of 
relays 5T2 and 5E. Relay 5F being of the slow 
releasing type, remains operated until relay 5E is 
completely released, at which time ground is con 
nected at the inner lower armature and back con 
tact of relay 5E to a circuit traceable over the 
armature and front contact of relay 5E, through 
the winding of relay 5G, lower armature and con 
tact of relay 5V, conductor 505, innermost arma 
ture and front contact of relay, 6-ON to ground 
ed battery. Relay. 5G operates and locks under 
the control of armature. No. 6 and contact of re 
lay 4.B. When finally relay 5F releases a re 
Sistance ground is connected in the circuit trace 
able from ground at the inner lower armature 
and back contact of relay 5E, armature and back 
contact of relay 5F, resistance 507, conductor 510, 
contact and upper armature of relay 6S2, conduc- 2. 
tor 6, lower armature, and contact of relay 5G, 
inner lower armature and front contact of relay 
5SP2, conductor 5, No. 5 armature and contact 
of relay 4Bi, conductor 46, through the winding 
of “hold' magnet TH2 to grounded battery. 
"Hold' magnet H2 is associated with the first 
called conference subscriber station in the con 
ference connector SWitch. This path for operat 
ing hold magnet. TH2 remains open until the con 
ference trunk, has sent a mark signal long 
endugh to release relay. ES2 thereby insuring the 
operation of relay 5U, and precluding the possi 
bility of ringing being sent to the first subscriber 
station to be added to, the conference- circuit. 
"Hold' magnet H2. Operates and locks in series. 40 
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with relay TSL of the first idle level on the con 
ference connector switch, the first, or uppermost, 
idle level of the switch and relay SL being asso 
ciated with the first subscriber station conference 
branch. The locking circuit of “hold' magnet. 
TH2 may be traced from ground at armature No. 
7 of relay 6SP3, conductor 615, through the wind 
ing of relay. TSE, conductors; 705 and 736, sleeve 
contact of operated set 726, conductor 727, 
through the winding of “hold' magnet TH2, to 
grounded battery. The selecting magnet. TSM 
of the connector Switch level associated with the 
first Subscriber Station conference branch has al 
ready been operated in a circuit traceable from 
ground at the innermost lower armature and con 
tact of relay 5ST, conductor 506, normally closed 
contacts of key. , conductor 702, lower arma 
ture and back contact of relay TSL, conductor 
703, through the Winding of selecting magnet 
SM-l to grounded battery T33. Relay TSL of 
the first Subscriber station conference branch op 
erates but does not, as yet operate relay, S.f. 
though it lights busy lamp 707 in an obvious op 
erating circuit extending over conductor 708 to 
ground at the middle lower armature and contact 
of relay, 6-ON, busy lamp 707 being associated 
With the first, Subscriber station conference 
branch. Also: “hold' magnet H2, upon operat 
ing, disconnects, the Subscriber station tip and 
ring conductors and connects them respectively 
to the corresponding. Conductors in the Subscriber 
station conference branch associated. With the 
seized level of the conference: circuit connector 
Switch. In other words the tip conductor. 209. 
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station are connected over the upper armatures 
and front contacts of hold magnet H.2, conduc 
tors 28, and 29, tip and ring contacts of operated 
set. 726 to conductors. 30 and 73 , respectively, 
conductor 30 being connected in a path extend 
ing over conductor 709, through the upper wind 
ing of polarized relay R., retardation coil 10, 
armature and marking, or left-hand, contact of 
polarized relay TSA to grounded positive battery, 
and conductor 13 being connected in a path ex 
tending over conductor. 7 . , through the Nos. 3 
and 2 windings, in series, of polarized relay SP, 
to ground. The first subscriber station confer 
ence branch sends from the left-hand contact 
of relay TS, a marking signal to the subscriber 
station and which now forms a complete circuit 
including the windings. Nos. 3 and 2, in series, of 
relay TSP and relay TSP operates. Relay TSP, 
upon operating, closes an operating circuit for 
relay TSR, the circuit, being traceable from 
ground at the armature and contact of relay 
SP, through the winding of relay TSP, conduc 
tor 2 to grounded battery at the outermost 
lower armature and contact of relay 6-ON. Re 
lay SP, upon operating, removes ground con 
nected to the tip. Conductor of the first subscriber 
station conference branch, the path in which the 
resistance ground is removed may be traced over 
conductor f3, lower armature and contact of re 
lay ISP?, resistance Ti4, conductors 7 5, 7 s. and 
62, resistance 628, to ground at the outermost 
upper armature and contact of relay 6-ON. 
This resistance ground normally had been creat 
ing a mark. Signal for the first subscriber station 
conference branch contribution to the conference. 
transmission circuit, but now that the subscriber 
loop is attached, the loop performs that service. 
Relay TSP, upon operating, also operates relay 
6SP4 in a circuit traceable from ground at its 
upper armature and contact, conductor TT, 
through the lower winding of relay 6SP4, conduc 
tor 53 to grounded battery at the innermost up 
per armature and contact of relay 6-ON. Relay 
6SP4, upon operating, closes at its upper arma 
ture and front contact a locking circuit for relay 
6SP3. Relay, 6SP4, upon operating, places relay 
6SP3 under control of relay 6RS which operates 
to its spacing, or right-hand, contact whenever 
the conference trunk transmits a space signal to 
the conference circuit. 

Meanwhile, when "hold' magnet TH2 of the 
conference connector switch operated, it effec 
tively transmitted a space signal to the “order' 
trunk because it opened the tip conductor, and in 
Opening the ring conductor it causes the release. 
of relay 5SPC which, in turn, released relay 5SP2. 
Relay 5SP2, upon releasing, removes battery 502 
from the ring conductor of the “order' trunk, 
resulting eventually in the registation of a dis 
Connect. Signal in that trunk and finally in a dis 
connect Signal before the operator at the dis 
tant central office. Relay 5SP2, upon releasing, 
also increases the bias on relay 5SPC, discon 
nects the resistance ground which operated the 
"hold' magnet: H2 in the conference connector 
Switch and applies it to a circuit extending 
through the winding of relay 5H, which operates, 
the resistance ground herein referred to involving 
resistance element 50. Relay 5H, upon operat 
ing, OpenS: the Operating path of relay 5T which 
releases and again removes ground from the grid 
element of Vacuum tube. 505. After one and one 
half Seconds, relay 5E2 again operates but this 
time relay 5H being operated, the operation of 

and ring conductor 2fO of the called subscriber 75 relay 5 F2 results in the operation of relay act 
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of the first conference subscriber station appliqué 
circuit. Relay AC upon operating (1), locks in 
parallel with “hold' magnet TH2, through the op 
erated contact set 726 of the conference connector 
Switch; (2) opensat its outer upper armature and 
contact the holding path of subscriber "hold' 
magnet 2H2 which releases; and (3) places a busy 
indication on the selecting conductors of both 
the subscriber regular and unlisted calling num 
bers, namely, conductor i545 for the subscriber 
regular calling number and conductor 549 for 
the subscriber unlisted calling number. The re 
lease of “hold' magnet 2H2 causes the release 
of relay 4A which, upon releasing, releases, in 
turn, relays 4B and 4B f. Relay 4Bi, upon re 
leasing, releases relays 5ST and SG in the control 
circuit. Relay 5ST reapplies ground to the grid 
element of vacuum tube 505, causing the release 
of relay 5T2. Relay 5G, upon releasing, releases 
relay 5H, returning this part of the circuit to 
normal, while it permits relay SL of the sub 
Scriber conference branch just selected, to op 
erate, and also again causes all other unlisted 
Calling numbers to again cease testing "unas 
signed.' Relay SL f, upon operating, preselects 
the next idle level on the subscriber conference 
connector Switch, permitting the selecting mag 
net, Such as Selecting magnet TSM-2 (not 
shown), on the next idle level to operate when 
relay 5ST again operates. The relay correspond 
ing to relay SL of the next subscriber confer 
ence branch (not shown) and associated with the 
next idle level will similarly be held from operat 
ing. 

Addition of other conference Subscriber stations 
As hereinbefore described the operator receives 

a disconnect signal after the conference sub 
Scriber Station is connected to a subscriber com 
ference branch. Slightly later, the control cir 
cuit causes the release of the subscriber station 
"hold' magnet, Such as "hold' magnet 2H2, 
which again permits the operator to reach the 
director circuit. When the director circuit is at 
tached the operator receives a lamp indication, 
and if subscriber stations are to be automatically 
connected the operator repeats the routine here 
inbefore described until all the desired subscriber 
stations have been added one to each of the sub 
Scriber Stations conference branches available. 
The action of the conference circuit remains the 
Same as When the first Subscriber station was 
added except this time relay 5E does not operate 
relay 6SP3 and relays 6SP3 and 6SP4 remain 
operated. Each of the subscriber stations to be 
added is connected to an idle level of the Sub 
Scriber Conference connector SWitch. 

Start of the conference and transmission 
After the operator at the central office has 

added the last Subscriber station to the confer 
ence, she awaits the reception of the disconnect 
signal over the "order' trunk and then discon 
nects from the “order' trunk, which returns to 
normal. The operator then turns to the Confer 
ence trunk and sends a One-Second break signal 
to the concentrating unit. This space Signal 
causes the operation of relay 6RS to its spacing, 
or right-hand, contact and at the same time ap 
pears as a space signal in all conference sub 
scriber loops. Relay 6RS causes the operation of 
relay 6S2 and the slow release of relay 5U. Relay 
6S2, upon operating, closes at its lower armature 
and contact a holding circuit for relay 6SP3 the 
circuit being traceable over the outer lower arma 
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ture and contact of relay 6SP4, No. 2 armature 
and contact and winding of relay 6SP3, to 
grounded battery at the innermost upper arma 
ture and contact of relay 6-ON. Relay 5U, upon 
releasing, closes an Operating circuit from 
grounded battery at the innermost upper arma 
ture and contact of relay 6-ON, conductor 505, 
through the Winding of relay 5W, contact and ar 
mature of relay 5U, to ground at the upper arma 
ture and front contact of relay 6SP4. Relay 5W 
operates and locks under control of relay 6-ON. 
Also 5W, upon operating, removes the grounded 
battery at the innermost upper armature and con 
tact of relay 6-ON from the control circuit shown 
in Fig. 5 and from all remaining unlisted con 
ference numbers making them test "unassigned' 
and thus preventing any further addition to the 
conference circuit. At the conclusion of the break 
signal relay 6RS operates to its marking, or left 
hand, contact releasing relay 6S2. The operator 
then calls all Subscribers, and orders the start of 
the conference. The transmission circuit of the 
conference circuit consists of two polar relays for 
each subscriber conference branch, such as relays 
S. and 7R for the first subscriber conference 

branch, and three polar relays for the trunk con 
ference branch, such as relays 6S, 6R and 6RS. 
Relay 6RS in the trunk branch is used for super 
visory purposes. In general, the R relay of each 
subscriber conference branch, such as relay 7Rf 
of the first subscriber conference branch, trans 
mits Signals created by that branch into the con 
ference as a whole, while the S relay of each 
branch, such as TS transmits signals obtained 
from other branches into the particular branch. 
When the conference is marking, the lower wind 
ing of the S relay in each subscriber conference 
branch, such as relay St, and the upper winding 
of relay 6S draw a series marking current caus 
ing the relays to remain on their marking con 
tacts. This series circuit has a potentiometer 
arrangement on each end causing a 10-milliam 
pere current to flow, the sources of current being 
the potentiometer comprising a path extending 
from grounded battery 78 at one end, through 
the lower winding of relay TS, through the upper 
Winding of relay 6S, to the potentiometer at the 
other end formed by a ground connection at outer 
most upper armature and contact of relay 6-ON 
and extending through resistance 699, armature 
and marking contact of relay 6R, armature and 
marking contact of relay 7Rf, to grounded battery 
799. In the subscriber conference branches the S 
relay marking contacts supply current to operate 
all R. relays to their marking contacts either be 
cause the attached subscriber loops are closed or 
because the resistances, such as resistance 74 in 
the first subscriber conference branch, is con 
nected to the tip conductor by the unoperated 
SP relay, such as relay SP in the first sub 
scriber conference branch. The upper winding of 
all S relays in the subscriber conference branches 
are short-circuited, that is, have no current at 
the time. In the trunk conference branch ground 
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on the marking contact of relay 6S permits relay 
6R to draw current from the conference trunk 
and to remain marking. 

If a subscriber originates a space signal the R 
relay in the aSSociated subscriber conference 
branch, such as relay TR in the first subscriber 
conference branch, becomes spacing under the 
influence of biasing current in its lower winding. 
Relay 7Rf, upon operating, to its spacing contact 
removes the short-circuit from the upper winding 
of relay TS? and by applying ground to the right. 
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side of the upper winding of relay 6S permits a 
current to flow through this upper winding Where 
by relay GS is held definitely in its marking po 
sition. This same ground which is connected to 
the outermost upper armature and contact of re 
lay 6-ON also replaces one of the end poten 
tioneters which comprised grounded battery 799, 
causing a reversal of current in the upper wind 
ing of relay 6S and the lower winding of the S 
relay in each of the subscriber, conference 
branches, such as relay TS of the first conference 
branch. Relay 6S and the S relay in each of the 
subscriber conference branches operate to Spacing 
except the S relay in that subscriber conference 
branch that had created the space signal and 
such relay remains marking because of current in 
its upper winding. When the subscriber station 
again returns to the marking condition the R. 
relay in its associated subscriber conference 
branch, such as relay 7R in the first Subscriber 
conference branch, operates to marking thereby 
short-circuiting the upper Winding of its asso 
'ciated S relay, such as relay S and removing the 
ground connection, which permits a 10-milliam 
pere marking current to flow in all Srelays which 
now operate to their respective marking contacts. 
The same action as described above occurs if 

the conference trunk branch originates a Space 
signal except in this case the trunk conference 
relay SS remains marking because of current in 
its upper winding and all other relayS Such as 
those in the Subscriber conference branches op 
erate to their respective spacing positions. 

Relay. SRS in the trunk conference branch 
monitors the signals received from the trunk. 
When a space is received relay 6RS operates relay 
6S2 and holds relay 6SP3 operated, thus prevent 
ing the registration of a disconnect signal. The 
trunk circuit itself has a similar feature, but it 
must be used in the conference circuit because 
the disconnect Signal arrangement. Once Operated 
remains locked up. 
Connection to the conference circuit of a sub 

Scriber Station mot arranged for i dtuitomatic 
COmmeCtiom 

lf the operator at the distant central office 
requires the addition of a subscriber's station to 
the conference, for which the operator has no 
unlisted number and whose line is therefore not 
arranged for automatic connection, the operator 
must request the attendant at the concentrating 
unit switching center to add said subscriber sta 
tion manually. The operator reaches the attend 
ant in the usual way by selecting the station of 5 
the attendant and then transmits information of 
the connections required. The attendant tests 
the subscriber line and, if idle, calls the sub 
scriber. If the conference is accepted “the at 
tendant patches a cord circuit between jacks of 
the desired subscriber's line, such as jacks 207 
and 208 of subscriber's line 202, and correspond 

6 

iii. 

25 

3) 

35 

s 

ing jacks of the next idle conference branch, such 
as jacks 7-9 and 720, respectively, of the first sub 
Scriber Conference branch. Jacks 9 and 720 
are mentioned herein for illustration purposes 
Only and because they are the only ones shown 
asSociated with a subscriber conference branch. 
When the first subscriber station is selected for 
connection to a conference, it is necessary to per 
form an additional function as compared with 
those subscriber stations that are added to the 
conference. In the case of the first subscriber 
Station being added to the conference the at 
tendant holds start key 5f 2 operated for a second 
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before and while he plugs into the jacks of the 
idle subscriber conference branch. Thus the tip 
and ring conductors of the Subscriber line are 
connected to the subscriber conference branch 
causing the operation of relays 7SP and SPf. 
The ring conductor of jack 79 furnishes ground 
to the ring conductor of jack, say jack 20, a Sub 
Scriber line 202 is selected as the first Subscriber 
to be added to the conference, and this ground 
is extended over conductor 545 to the contact at 
No. 2 armature of relay 5H so that any call for 
Subscriber line 202 on the director circuit will 
find a busy condition. Jack 720 receives ground 
ed battery through the winding of subscriber 
"hold' magnet, 2H2 in a circuit traceable over 
conductor 253, contact and inner upper armature 
of relay 4C, conductor 2, operated off-normal 
contacts associated with the tip spring of jack 
268, ring spring of jack 208, ring Spring of jack 
720, operated off-normal contacts associated with 
the tip spring of jack 720, through the winding 
of relay TSL, to ground at the No. 7 armature 
and contact of relay 6SP3, relay 6SP3 having 
operated when start key 5 2 was operated to 
close a circuit from ground, through the winding 
of relay 6SP3, to grounded battery at the contact 
and innermost upper armature of relay 6-ON. 
Relay SL operates to close at its upper armature 
and contact an operating circuit for relay 7SL, 
the circuit being traceable through the winding 
of relay SLi, conductor 72 to grounded battery 
at the front contact and outermost lower arma 
ture of relay 6-ON. Relay TSL, upon operating, 
closes at its lower armature and contact an oper 
atting circuit for busy lamp 707 which lights, the 
lighting circuit extending over conductor 708 to 
ground at the middle lower armature of relay 
6-ON. Relay 6-ON operated in response to the 
operation of relay 6Rf which in turn operated 
in a circuit traceable from ground, through the 
upper Winding of relay 8SP, normally closed con 
tact at tip Spring of jack 836, ring conductor. 822, 
Operated ring contact of set 268, inner armature 
and contact of hold magnet 2HC, conductor 607, 
normally closed contact of jack 609, conductor 
60, through the winding of relay 6Rf, No. 1 
armature and contact of relay 6SP3, conductor 
64 to grounded battery 502. The operation of 
relay SL preselects the next idle subscriber 
conference branch. 

Manual set-up of conference circuit 
In case of failure of the automatic equipment, 

or if the concentrating unit is not arranged for 
automatic conference connections, the attendant, 
under instructions from the operator at the dis 
tant central office, can completely set up the con 
ference manually. If the concentrating unit has 
failed the attendant first patches a cord circuit 
between the jacks of a trunkassigned as the con 
ference trunk, Say jacks 835 and 836 and jacks 
60 and 602, respectively, of the trunk conference 
branch. In this circuit, completed by the patch 
ing cord, relays 6Rf, 6S2 and 6-ON operate. 
The Operating circuit for relay 6R is traceable 
from grounded battery 502, conductor 644, resist. 
ance 63, conductor 6f 2, through the winding of 
relay 6R, conductor 6f 0, normally closed con 
tacts of jack 609, tip spring of jack 602, tip spring 
of jack 82, through the upper winding of relay 
8SP to ground. Relay 6Rf, upon operating, closes 
an obvious operating circuit for relay 6-ON. 
Relay 6-ON, upon operating, closes a circuit 
from grounded battery, contact and innermost 
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upper armature of relay 6-ON, through the 
winding of relay 6S2, to ground at the armature 
and spacing contact of relay 6RS, relay 6RS hav 
ing operated to its spacing contacts in a circuit 
traceable from ground at the outermost upper 
armature and contact of relay 6-ON, conductor 
622, marking contact and armature of relay 6S, 
through the lower windings, in series, of relays 
6R and GRS, to grounded battery 624. The at 
tendant then adds the subscriber stations to the 
idle branch as required. While plugging the first 
subscriber station into the first idle Subscriber 
conference branch, the attendant holds start key 
512 operated for approximately one second. The 
operation of start key 52 causes the operation 
of relay 6SP3 which, upon operating, connects 
the tip conductor 608 of the conference trunk to 
the trunk conference branch and causes the op 
eration of relay 8SP in the conference trunk. 
The addition of the first subscriber station there 
fore finally ends in the operation of relays 6SP3 
and 6SP4. 
Relay 6-ON, upon, operating, closes at its 

outermost upper armature and contact, a circuit 
extending from ground over conductors 622 and 
625, through the upper winding of relay SP, to 
grounded battery which is common to the corre 
sponding relay in each of the other subscriber 
conference branches. Relay TSP operates to its 
right-hand position thereby connecting ground to 
the Winding of relay SP which operates. Relay 
7SP?, upon operating, takes over the function of 
holding relay 6SP3 operated. After all required 
subscriber stations have been added, who could be 
reached, the attendant notifies the Operator at the 
distant central office who in turn arranges to 
start the conference over the conference trunk. 
If the unit is arranged for automatic conference 
connection operation but is temporarily being 
operated manually, the operator at the central 
office sends the usual one-second break signal 
before starting the conference. The attendant 
reaches the operator at the central Office over 
the conference trunk by patching a cord circuit 
between the test jacks 902 and 903 of the test 
circuit and jacks 626 and 609, respectively, of the 
trunk conference branch. The test circuit is pre 
pared by operating the trunk test answering key 
904 whereby the test circuit holds the conference 

circuit in its marking condition. The trunk test 
answering key 904 is released and reoperated to 
send a recall signal over the conference trunk to 
the operator at the central office. When the oper 
ator answers, the attendant gives details of his 
accomplishment and disconnects from jacks 626 
and 609 of the trunk conference branch. 
A conference subscriber disconnects prematurely 

If one or any number, but not all, of the sub 
scribers whose station lines are connected to the 
conference circuit, disconnects the SP relay in 
each of the associated subscriber conference 
branches, such as relay TSP in the first subscriber 
conference branch, releases, releasing the SP? re 
lay of the Sane branch, such as TSP of the first 
subscriber conference branch. The SP relay in 
each subscriber conference branch, upon releas 
ing, connects a resistance ground to the tip con 
ductor of the subscriber conference branch, caus 
ing that branch to create a mark signal toward 
the conference circuit. Resistance 714 is em 
ployed for this purpose. The conference can 
therefore continue between the remaining Sub 
scribers. The telegraph signal may tap the bell 
at the prematurely disconnected station. All sub 

10 

15 

s. 20 

25 

30 

35 

45 

50. 

55 

60 

65 

70 

75 

37 

scriber lines remain attached to the conference 
circuit until the operator at the central office 
disconnects. Any new call originated by any dis 
connected subscriber reaches the conference cir 
cuit. 

Disconnection of a conference circuit containing 
automatically connected subscriber Stations 
When finally all conference subscribers have 

disconnected, relay 6SP3 releases. The release of 
relay 6SP3 effectively creates a disconnect Signal 
in the conference trunk, which signal is sent to 
the operator at the central office. The release 
of relay 6SP3 in removing ground from conductor 
6f 5 releases all automatically connected Sub 
scriber lines and returns such lines to normal. 
The operator, upon receiving a disconnect Signal, 
withdraws from the conference trunk causing it 
to release the hold magnet, such as magnet 2HC, 
Which holds the conference circuit to the con 
ference trunk. This releases relays 6R and 6-ON. 
Relay 6-ON, upon releasing, removes power from 
the conference branches and control circuits 
thereby releasing all operated relays and return 
ing the circuit to normal. 
Disconnection of conference circuit containing 

both automatic and manually operated sub 
scriberstations 
After all subscribers have disconnected from 

the conference the automatic subscribers are re 
leased and the circuit returns to normal as indi 
cated in the immediately preceding paragraph. 
Relay 6SP3 being normal and a patching COrd 
remaining in any of the jacks of the subscriber 
conference branches, such as jacks 79 and 20 of 
the first subscriber conference branch, causes the 
operation of relay 6AL Which, upon operating, 
sounds an alarm and lights disconnect lamp 2 
as a signal for the attendant to remove the patch 
ing cord. Relay 6AL also connects ground to the 
conference circuit conductor 547 which is seized 
when the signal received from the operator at the 
distant station corresponds to the calling number 
of the conference circuit. Ground on conductor 
547 gives the conductor a busy condition. When 

all patching cords are removed, relay 6AI re 
leases restoring the circuit to normal, 

Disconnection of a conference circuit 
????ally set-?? 

Regardless of the reason for the manual Set-up. 
renova. Of the patching cord between the jack 
of the subscriber line and the jack of the con 
ference branches is caused as hereinbefore de 
scribed. If the conference was manually set up 
because of failure of the concentrating unit, the 
operator at the central office after receiving a dis 
connect signal over the conference trunk informs 
the attendant and orders the removal of the 
patching cord between the trunk and the con 
ference circuit. If the unit is so arranged, the 
withdrawal of the operator from the conference 
trunk lights a disconnect lamp which furnishes a 
signal for the attendant to remove the patching 
Cord between the trunk and the conference circuit. 

BitSy kegy · - 

Each subscriber conference branch is equipped 
with a busy key, such as key Tol of the first sub 
scriber conference branch. This key, upon opera 
tion, can remove the branch from service. As 
soon as relay 6-ON operates, the busy lamp, such 
as lamp 707 in the first subscriber conference 
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branch, of the branch associated. With the Opera 
tor's key, lights. The busy key prevents the pre 
Selection of that branch for a subscriber Con 
nection. 

Busy and out-of-order jack of unlisted conference 
numbers. 

Each subscriber conference access circuit is 
equipped with a jack, such as jack 407 of the 
access circuit for subscriber's station f O2, which 
as far as the unlisted conference number Con 
ductor, such as conductor I 549 of the acceSS cir 
cuit of Subscriber's station, O2, is concerned, 
functions the same as a jack of the subscriber 
line circuit, such as jack. 207 of subscriber line 
202. When, therefore, an attendant wishes to 
manually make busy or out-of-order subscriber 
lines arranged for automatic conference connec 
tion, he connects by means of patching cords, 
both a jack of the access circuit, Such as jack 
40, and a jack of the subscriber line, such as 
jack 207, to either the subscriber busy or the 
subscriber out-of-order. jack as desired. When 

, the conference circuit is normal all unlisted con 
ference numbers test “unassigned, to a testing 
director circuit but that the manual busy or out 
of-order condition inserted into, a jack of the 
access circuit, such as jack 4 OT of the access 
circuit for subscriber station 102, supplants the 
'unassigned condition. 

ALL-TRUNKS-BUSY CIRCUIT 

When a subscriber, say at station 105, origi 
nates a call during the all-trunkS-busy period the 
sequence circuit connects a ground connection to 
a circuit extending over conductor 330, No. 2 
armature and contact of relay 18B, through the 
winding of start, relay 18ST to grounded battery 

Relay 48ST, upon op- :: and relay 8ST operates. 
erating, permits relay 8PC and 8-Sub. Oft. 
register to function. Relay f 8ST, upon operating, 
closes at its middle lower armature and contact 
a circuit extending from grounded battery, back 
contact and No. 5 armature of relay 8B, con-, º 
ductor 806, through the winding of selecting 
magnet 2SM-0 to ground and the magnet 
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2SM-C which is assigned to the uppermost, or 
all-trunks-busy, level of the link circuit operates. 
Selecting magnet 2SM-9, upon operating, closes 
a circuit extending from ground at its armature, 
conductor 266, through the winding of relay 4D, 
to grounded battery. Relay 4D operates and 
closes at its outer right-hand armature and con 
tact a circuit extending from ground, resistance 
f 40, conductors 402 and 303, through the op 
erated outermost upper armature of one of relays 
3U to 3U5, for example, say, in the case as 
Sumed herein, the operated outermost upper ar 
mature of relay 3U5, armature No. 9 of relay 3C 
in operated condition, through the winding of 
SubScriber "hold' magnet 2H5 to grounded bat 
tery. “Hold' magnet 2H5, upon operating, con 
nects the tip and ring conductors of subscriber 
Station 05 over the operated contact set. 270 to 
conductors 27 and 272, respectively, which ex 
tend to the all-trunks-busy circuit. The link 
circuit hold magnet, say magnet 2H5, correspond 
ing to the calling subscriber station, upon oper 
ating, effects the release of the line relay in the 
calling subscriber line circuit, such as line 205 
Which, in turn, effects the release of calling-in 
relay 3SC. Relay 3SC, upon releasing, (1). 
CauSeS relay 3GB to release thereby connecting 
ground at its right-hand armature and contact 
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to conductor 35, which extends over two paths, 
one of which extends to the all-trunks-busy cir 
cuit, and (2) removes ground at its No. 12 arma 
ture and contact from the circuit extending Over 
conductor 33, outer lower armature and con 
tact of one of the relays 3U to 3U5, contactS. 
and outer left-hand armature of Irelay 3GD, con 
ductor 320, through the winding of relay 4LS 
to grounded battery. Relay 4LS releases to 
remove ground from conductor. 404 in a circuit 
traceable over conductor 329 of the trunk ad 
vance relay chain, conductor 329, being an alter 
native of conductor 3 when relay 3AD is 
operated. 
Relay 3GB, upon releasing after the operation 

of start relay 8ST, causes relay 8B to operate. 
Relay 8B, upon operating, locks momentarily 
in a circuit traceable over its No. 3 armature and 
contact, conductor 807 to ground at the No. 6 
armature and contact of relay 4H but relay 
f 4H is quickly caused to release by the release 
of relay 4LS. Relay 8B, upon operating, (1) 
connects at its No. 4 armature a ground con 
nection to the upper winding of relay 8LN; (2) 
operates relay 8D; (3) connects the lower wind 
ing of relay 8LN to the inner lower armature of 
relay 8E; (4) connects ground at its No. 8 arma 
ture and contact through a circuit extending 
over conductor (808, sleeve conductors 273 and 
274 now in mutual engagement through contact 
set, say set 270, of the operated link circuit, to 
the winding of hold magnet 2H5 which was pre 
viously operated; (5) opens the operating circuit 
for the selecting magnet 2SM-O; (6). Opens the 
circuit, including the conductors. 304 and 805 
which extend to the Sequence circuit; (7) trans 
fers at its No. 2 armature and front contact, con 
ductor (330 to the start relay in another all 
trunks-busy circuit if such is required and re 
leases the start relay 8ST of the all-trunkS-busy 
circuit, shown. Relay 8LN also operates by 
means of its upper winding and supplies a hold 
ing ground for relay 8B. ? 
Relay 8D, upon operating, connects ground to 

a circuit extending from ground at key 809, con 
ductors f 89 and 3f 9, contact and Quter lower 
armature of relay 3D, conductor f82, innermost 
lower armature and contact of relay 18L, con 
ductor f 813, through the winding of relay 8L.f., 
to grounded battery and relay 8L operates dur 
ing the “no circuit' condition. Also relay 8D, 
upon operating, causes a circuit extending from 
grounded battery, through the winding of relay 
8E, contact and upper armature of relay 8D to 
the interrupter l8l4 which operates. On a basis of 
two seconds on and four seconds off. Relay BE 
operates in accordance with the pulses obtained 
from interrupter 84 and, on operating, (1) 
permits relay 18F to operate, and (2) holds relays 
8D, and f8L operated. Relay 8F, upon operat 

ing, produces a ground connection to operate 
stepper magnet 8A-MGT during the "no cir 
cuit' condition and removes the ground connec 
tion from one side of condenser 862 which side 
is then connected to the Secondary, or upper, 
winding of relay 8Pl, at the same time placing 
ground on the armatures of relays 8-INT and 
8P. Relay 8F, upon operating, connects ground 
at its inner lower armature and contact to a path 
extending over conductor 85 to the armatures 
of relays -8P and 8-INT. En the meanwhile the 
connection of the calling subscriber line through 
the tip and ring conductors has returned the Se-r 
quence circuit to. normal, removing ground from 
conductor 330. 
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88 once every six seconds in accordance with 

the ringing machine interval. In Systems not 
equipped with machine ringing, the relay circuit 
manufactures approximately the same cycle. In 
any case, if the all-trunks-busy condition persists, 
each grounding of the interrupted ground con 
ductor 88 causes the rotary magnet 8A-MGT 
to step a selector brush 82 one terminal. On 
terminal No. 9 of the selector SWitch 8A-SW 
ground is connected to the Winding of rotary 
magnet 8B-MGT causing it to Step its brush 
822 up one terminal. When selector switch 
8A-SW operates its brush 82 to terminal No. 

10, relay 8L2 operates energizing release magnet 
8A-RLS. Selector switch 8A-SW is returned 

to normal and begins stepping around again. 
When selector switch f3B-SW reaches a pre 
determined terminal, relay 8LA operates and 
locks, causing the “letters' lamp f 823 to light 
and an audible alarm signal (not shown) to sound 
as an indication to the attendant that the all 
trunks-busy condition has lasted too long. The 
attendant by operating key 809 can release lamp 
alarm relay 8LA to silence the audible alarm, 
extinguish the lamp signal and return the se 
lector Switches i 8A-SW and i 8B-SW to normal. 
If at any time prior to the operation of lamp 
alarm relay 8LA a trunk becomes idle, relay 8L, 
releases causing the release of relay 8L, d. The 
release of relay 8L places ground on the release 
magnet of both selector SWitches causing the 
SWitches to return to normal. 

"eSt Cir?it 

When the trunk test equipment jack f$0 is 
patched to jack 930 in the trunk side of the trunk 
terminating equipment at the concentrating unit 
switching center the tip conductor 940 is in 
cluded in a circuit traceable from ground at the 
left-hand normally closed spring of trunk test 
inward ring key 905, sleeve of jack 90, sleeve 
of the patching cord (not shown), sleeve of jack 
930, conductor 94, contact and inner upper arm 
ature of relay 9TR, then over parallel paths, one 
extending through condenser 906 and the Wind 
ing of relay 9R and the other extending through 
the winding of relay 9L, high resistance element 
93, and then over a common conductor 948, 
outer lower armature and back contact of relay 
9TR, conductor 940, tip spring of jack 930, tip 
conductor of the patching cord, tip spring of jack 
| 90, trunk test inward disconnect key 906, po 
tentiometer f 90, right-hand spring and its nor 
mally closed contact of key 905, ring spring and 
the normally closed contact of jack 908, through 
the milliammeter 1909, normally closed contact 
and tip spring of jack 1908, resistance 90, over. 
the spring member and its normally closed con 
tact of trunk test in Ward spacing key 9? to 
ground. An inward call may be simulated by 
operating trunk test inward ring key 905 which, 
in its operated position, closes the circuit, just 
traced, through resistance 192 to ground at its 
left-hand Spring member and to a source 93 of 
ringing current over conductor S 4 and through 
lamp 95 at its right-hand Spring member. The 
ringing current from source 93 operates relay 
9R to initiate a call as hereinbefore described, 
that is, seizes the director circuit, replacing the 
high resistance element 93 with the trunk re 
peater element, such as receiving relay 9R, in its 
marking position. By patching trunk test mil 
liammeter jack 908 to jack 98 of the trunk ter. 
minating equipment, potentiometer 1907 may be 
operated until the meter reading on milliammeter 
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909 is zero, potentiometer 907 adjusting the line 
current. The monitoring teletypewriter may now 
be patched to the test teletypewriter jack 60? 
of the director circuit and the required subscriber 
station calling number pulses supplied by sending 
from the monitoring typewriter. When the link 
circuit has completed the connection to the called 
subscriber line, ground will be connected to the 
ring circuit of trunk test equipment jack 90 
to light lamp. The operation of trunk test in 
ward ring key 905 will ring the bell in the called 
subscriber station. When the call is answered 
milliammeter 909 will indicate the condition, that 
is, marking current. " . 
The operation of trunk test inward spacing key 
9 f will place a spacing condition on the cir 

cuit toward the subscriber station or testing 
equipment connected in place of a subscriber 
station. 
When the Subscriber or test circuit disconnects, 

the condition is indicated by the milliam meter 
909 and the operation of trunk test inWard dis 
connect key 906 places a negative potential, say . 
130 volts, on the tip spring of jack 90 to release 
the equipment in the trunk termination circuit. 
Resistance 97 of relatively high value reduces 
the current from Source 98 to give a rough 
check of the operation of relay 9L, in the trunk 
terminating equipment. 

Subscriber side of trunk 
Tests made at the Subscriber side of the trunk 

mean those that are made looking toward the 
trunk terminating equipment from a subscriber 
loop. If jacks 902 and 903 are patched to jacks 
207 and 208, respectively, of the subscriber line 
circuit, the sleeve circuits will be connected to 
the equipment Side of the subscriber line circuit 
and the tip circuits to the subscriber loop. The 
keys associated with the line equipment are shown 
herein as keys 904 and 923. With these keys 
normal the tip circuit is terminated in a ringdowr 
relay 9E which is of the alternating current 
type and the ring conductor circuit is open. A 
Call for Subscriber station such as station O2, 
will apply ringing current to relay 9E which will 
operate, lighting lamp 92. 

Operation of trunk test answering key 904 
in answering such a call Will complete the circuit 
through the monitoring teletypewriter connected 
to jack 922 through the ring circuit to operate 
the SP relay in the trunk, such as 8SP in trunk 
80. 
With no call awaiting the operation of the trunk 

test answering key 904 will place a call condi 
tion as from a Subscriber station on the trunk 
termination equipment under test. 

Operation of the trunk test break key f 923 will 
simulate a break signal from a subscriber station 
and the SP relay in the trunk, such as 8SP in 
trunk 80, should not release. 

Subscriber loops 
As hereinbefore outlined when jacks 902 and 

903 are patched to jacks 207 and 208 the jack 
tip Springs are connected to the subscriber loop. 
The tip conductor of the loop is thus terminated 
in a Source 933 of positive potential, say 130 
volts, via the monitoring teletypewriter, or con 
tacts of jack 924 and the ring conductor is ter 
minated in a ground connection via the upper 
winding of relay 9L. 
The closure of the loop at the subscriber sta 

tion will operate relay f 9L, and thereby light lamp 
1925. Communication with the station subscriber 
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is afforded by means of the monitoring teletype 
writer connected to jack 924. - 
Operation of subscriber line test padding ad 

justing key 99 operates relay 19K which, upon 
operating, connects the subscriber loop into a 
Wheatstone bridge circuit which is balanced when 
the loop resistance is say about 4480 ohms. The 
four arms of the bridge arrangement are those 
which respectively comprise resistances. 926, 
f 927, 1928 and the subscriber's loop and the bridge 
itself comprises resistances 929, 930 and micro 
ammeter 93, resistance 1930 and microammeter 
193f being shunted by varistor 1932. For a defini 
tion of the varistor and its purpose reference may 
be made to the copending application of L.A. 
Gardner et al., Serial No. 403,116, filed July 19, 
1941. A balance is indicated by a zero reading 
on microammeter 93 . The loop resistance is 
adjusted by means of a potentiometer in the sub 
scriber line circuit, such as potentiometer 243 
in subscriber line circuit 202. A meter reading of 
one scale division on either side of the Zero posi 
tion will indicate a deviation of compensated loop 
resistance of approximately one-half of one per 
cent from the correct value of say 4480 ohms. 
The varistorf 932 is shunted across the microam 
meter to prevent the flow of excessive current in 
case the loop under test is open or short-circuited. 
During periods when the test attendant is op 

erating toward the subscriber station, relay.9K 
or springs of jack 924 will be operated to inter 
rupt the connection to conductors in the sub 
scriber line circuit which correspond to conduc 
tors 545 and 2? of subscriber line circuit 202, 
these circuits being carried through the ring 
spring of jacks 1902 and 1903. If the subscriber, 
loop under test is selected by the director cir 
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cuit, the originating operator will receive a busy . 
signal because subscriber line test and selection. 
conductor 1934 will be connected to ground 
through the winding of relay 9H. Relay f 9H. 
operates and lights trunk test inward call lamp 
f 92. If the attendant removes the monitoring 
teletypewriter from jack f924 and restores key 
f 99 or removes the patching cord from the sub 
scriber line jack, such as jacks 207 and 208 of 
subscriber line circuit 202, the operator will be 
able to complete on her reconnection for verifica 
tion of the busy condition. If the patching cord 
has been removed from subscriber line jack the 
operator will complete to the subscriber station. 
If the patching cord is left up, that is, inserted 
in the subscriber line jack, and the monitoring 
set disconnected, the call will be completed to this 

to again operate lamp 1921. The call may be 
answered by connecting the teletypewriter to jack 
?922 and operating trunk test answering key 904. 
Milliammeter 909 may be seized by a patching. 

cord connected to jack 1908 and used with the 
line and balancing jack of the trunk terminating 
equipment to indicate current conditions, for 
trunk 80 f, line jack 917 and balancing jacks 9 i8 
and 919 may be used. Care should be taken to 
prevent patching the milliammeter into circuit 
with current higher than say 25 milliamperes un 
less the jack is equipped with the proper shunts. 

Test attendant's line 
A subscriber line circuit will be aSSociated with 

the test circuit with an optional appearance at 
the testboard. When a call is completed to this 
circuit the ringing current will operate the sub 
set, or ringer, 1938 directly, or in case the test 
board appearance is supplied, will operate relay 
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9C which in turn will operate relay.9B. Relay 
9B, upon operating, will lock to a back contact 

at the outer right-hand armature of relay. 9A, 
supplying ringing current to, Operate the SubSet, 
or ringer, and supply battery to light a lamp at 
the testboard appearance. When the call is 
answered at either appearance relay 9A op 
erates, (ii) releasing relay 9B, (2) connecting, 
say 130-volt battery, to the ring conductor to op 
erate the SP relay in the trunk terminating cir 
cuit, say trunk.8SP in trunk 80 , and (3) discon 
necting the ringing receiving equipment from the 
tip conductor 935. By operating the attendant's 
line hold key 936 it is possible to hold a connec 
tion even though the teletypewriter is discon 
nected from attendant's line teletypewriter jack 
937. In cases where it is desirable to furnish 

two-outlet operation, that is, with two groups of 
trunks, one group extending to each of two cen 
tral offices, an additional Fig. 19 is required and 
will be used with two subscriber lines, one as 
signed to each outlet. In the case of two-outlet 
operations, a Single subset, or ringer, 1938 will be 
used and a call lamp will be associated with each 
attendant teletypewriter jack appearance, such 
as jack 937. 
As used herein, a "half-duplex' line, trunk or 

channel is a line trunk or channel equipped and 
terminated so that Sending contacts at one end 
may transmit to a receiving relay or instrument 
at the other and vice versa, but in which trans 
mission in both directions may not be accom 
plished at one and the same time; it is roughly 
Synonymous with what is sometimes called 'sim 
plex' and is to be distinguished from “duplex’ in 
Which two oppositely directed transmissions and 
receptions are independent of each other. 
What is claimed is: . . . 
1. A telegraph system including a central 

office, a Satellite office, one or more two-way 
communication trunks, extending therebetween, 
a plurality of outlying stations, a telegraph line 
extending between each said station and said 
Satellite office, each of said trunks consisting of 
one transmission conductor only normally termi 
nated in identical potentials during theidle con 
dition, and means to automatically seize an idle 
One of Said trunks upon a call from one of said 
Stations and extend said call to said central office 
by applying a potential condition to the satellite 
office end of said trunk different from that ap 
plied in the normal idle condition. 

2. A telegraph system including a central of 
fice, a satellite office, one or more trunks extend 
ing therebetween, a plurality of outlying stations, 
a telegraph line extending between each said 
station and Said satellite office, each of said 
trunks consisting of one communication conduc 
tor only and an induction balancing conductor 
therefor normally interconnected and normally 
terminated in identical potentials at each end in 
the normal idle condition, means under control 
of a subscriber for seizing one of said trunks and 
asSociating it with the line from his station to 
the Satellite office to extend a call to the central 
office, means at the central office for answering 
Said call, Said last-named means Comprising 
means for establishing a half-duplex telegraph 
ing condition upon said trunk upon answering. 

3. A telegraph system including a central of 
fice, a satellite office, one or more conductive 
trunks extending therebetween and each con 
sisting of one telegraph communication conduc 
tor only, a plurality of outlying stations, a tele 
graph line extending between each said station. 
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and said satellite office, Switching means opera 
tive under control of a branch station for ex 
tending a call over one of said lines through 
Said Satellite offices to the Central office Via Said. One 
only conductor of one of said trunks, means for 
extending a call under control of Said one of said 
trunkS via One of said:lines selectively to one of 
Said stations, and means for answering either of 
Said calls to set up: a communication path over 
Said one only conductor of the trunk chosen un 
der either condition, said trunk comprising a 
section subjected to a variable leakage resistance, 
means for applying three signaling conditions 
thereto, and means for adjusting, the potentials 
for causing said signaling conditions so that the 
potential across the effective. leakage resistance 
of said line, is of Substantially the i same - magni 
tude for all of Said signaling conditions. 

4. A telegraph system including a central of 
fice, a satellite office, one or more trunks ex 
tending therebetween and each comprising one 
telegraph communication conductor only, a plu 
rality of outlying stations, a telegraph line ex 
tending between each of said stations and said 
Satellite office, means for establishing a calling 
condition at one of said stations, means opera 
tive under control thereof to seize an idle said 
one only conductor of one of said trunks and 
associate it with said:line in a path of inter 
communicative relation, call responsive means at : 
said central office for extending said path to 
transmission, and receptiön means in Šaid cen 
tral office, one only conductor of said trunk pro 
viding a single half-duplex channel of commu 
nication. 

5. A telegraph system including two central of 
fices, an - interoffice trunk therebetween för tele 
graphic intercommunication, said trunk being 
exposed to interfering potentials of the class of 
induced or ground poteatials, said trunk COm 
prising one communicative conductive path only 
for intercommunication and having"anidle Con 
dition and a call condition, one balancing con 
ductive: path only' extending parallel to said One 
communicative path, said communicative path 
and said balancing path in the idle condition 
being interconnected and having grounded con 
nections at their terminals, said communicative 
path in-call condition being automatically sepa 
rated from Said balancing path, extended 
through appropriate current responsive means 
and impedances, and terminated by a source or 
sources of operating voltage, and switching 
means whereby said balancing conductive path 
is equally and oppositely under call condition ex 
tended through the same current responsive 
means, extended through substantially equal 
impedances, and terminated by ground connec 
tions. - 

6. A telegraph system including two central of 
fices, an interoffice trunk interconnecting said 
offices for telegraphic intercommunication, said 
trunk being exposed to interfering potentials of 
the class of induced or ground potentials, said 
trunk comprising "a communicative conductive 
path and having an idle condition and a tele 
graphing - marking conditiön, a balancing con 
ductive path extending parallel to said commu 
nicative path, said 'communicative path and said 
balancing path in the idle condition being inter 
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sive means; and impedances, and terminated by a 
source or sources of operating Voltage, and 
switching means whereby said balancing conduc 
tive path is equally and oppositely under tele 
graphing marking conditions extended through 
the same current responsive means, extended 
through equal impedances, and terminated by 
grounds. 

7. A telegraph system including two central 
offices, an interoffice trunk interconnecting said 
offices for telegraphic intercommunication, Said 
trunk being exposed to interfering potentials of 
the class of induced or ground potentials, said 
trunk comprising one only intercommunicative 
conductive path and having a marking condi 
tion and conditions for spacing in each direction 
of communication, a balancing conductive path 
extending parallel to said one communicative 
path, said communicative path being in each 
condition extended through appropriate current 
responsive means and impedances, and termi 
nated by a source or sources of operating volt 
age, and switching means whereby said balanc 
ing conductive path is equally and oppositely un 
der Said i conditions extended through the Same 
current responsive means, extended through 
equal impedances, and terminated by grounds. 

8. A telegraph system including two central of 
fices, an interoffice trunk interconnecting Said 
offices for telegraphic intercommunication, Said 
trunk being exposed to interfering potentials of 
the class of induced or ground potentials, said 
trunk-comprising one only intercommunicative 
conductive path and having a communicative 
marking condition in each direction of commu 
nication and a disconnect condition, a balancing 
conductive path extending parallel to Said Com 
municative path, said one communicative path 
being in each condition extended through ap 

40 propriate current responsive means and imped 
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ances, and terminated by a source or Sources of 
operating voltage, and switching means whereby 
said balancing conductive path is equally and 
oppositely under both conditions extended 
through the same current responsive means, ex 
tended through equal impedances, and terminat 
ed by grounds. 

9. A telegraph system including a central office, 
a Satellite office, one or more trunks extending 
therebetween, a plurality of outlying stations, a 
telegraph line extending between said stations 
and said satellite office, means operable under 
control of one of said stations to seize an idle one 
of said trunks and connect it intercommunica 
tively to the line of said station to establish a tele 
graphic communication path to Said central office, 
and means whereby the idle condition of said 
trunks includes a termination to ground through 
a relay winding at the central office and a termi 
nation to ground through a condenser and the 
winding of an alternating current relay at the 

70 
connected and having grounded connections at 
their terminals, said communicative path in tel 
egraphing marking condition being "automati 
cally separated from said balancing path and 
extended through appropriate current respon 75 

satellite office. 
10. A telegraph system including a central . 

office, a satellite office, one or more trunks ex 
tending therebetween, each said trunk consist 
ing of One only intercommunication path, a plu 
rality of outlying stations, a telegraph line ex 
tending between each of said stations and said 
satellite office, means operable under control of 
One of Said stations to seize an idle One of said 
trunks and connect it intercommunicatively to 
the line of said station to establish a telegraphic 
communication path to Said central office, and 
means whereby the calling condition established 
upon said trunk by a call from one of said stations 
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comprises the application of marking battery at 
the satellite office and a termination to ground 
through a Supervisory relay at the central office. 

11. A telegraph system including an interoffice 
trunk having an idle condition and a communi 
cating condition, said trunk consisting of a sin 

| gle wire provided for intercommunication and 
exposed to interfering potentials of a class of in 
duced or ground potentials, said Wire being par 
alleled by a balancing wire, both said wires in the 
idle condition being interconnected at one office 
and terminated at the other office in ground, said 
trunk Wire during the communicating condition 
being terminated at Said other office in battery 
through a path including current responsive re 
lays and impedances, said balancing wire being 
switched under all supervisory and telegraphing 
conditions to extend oppositely through the same 
current responsive relayS, through identical im 
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pedances and to ground terminations. 20 
12. In a communication System, a central office, 

a switching center, a plurality of outlying sta 
tions, a local communication circuit connecting 
each of said outlying stations to said switching 
Center, a plurality of single Wire intercommunica- 25 
tion circuits connecting said switching center to 
said central office, each of said single wire cir 
cuits comprising means for transmitting and re 
ceiving communications in opposite directions, 
and means at Said switching Center for automati 
cally interconnecting any one of said single wire 
circuits and one of said local circuits regardless of 
the direction of the call to establish said connec 
tions. 

13. In a communication system, a central office, 
a switching center, a plurality of outlying sta 
tions, a local communication circuit connecting 
each of Said outlying stations to said Switching 
center, a single wire communication circuit inter 
Connecting said central office and said switching 
center, said single wire circuit comprising means 
for transmitting and receiving communications 
in opposite directions and non-locking through 
Supervisory means in Said single 'Wire circuit, in 
combination with means for automatically ex 
tending a call from any one of said stations over 
Said single Wire communication circuit, and 
means for selectively extending over said single 
Wire communication circuit a call to any one of 
said outlying stations. 

14. In a communication system, a central 
Office, a SWitching center, a plurality of outlying 
Stations, a local communication circuit connect 
ing each of Said outlying stations to said switch 
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said Switching center to said central office, an 
artificial line for each of said single wire circuits, 
a receiving relay for each of said single wire cir 
cuits having differentially arranged windings re 
Spectively connected to said artificial line and its 
aSSOciated single Wire circuit, an additional sin 
gle wire, grounded at each end, provided for each 
Single wire intercommunication circuit of said 
plurality for neutralizing electrical effects in 
duced in its respectively associated single wire 
intercommunication circuit, ... from extraneous 
sources of Voltage, another artificial line for each 
of said additional single wires, each of said addi 
tional single wires and its associated artificial line 
being arranged differentially with respect to each 
other on said receiving relay. 

16. In a telegraph system arranged to operate 
with Spacing and marking signals, a central office, 
a plurality of subscribers' stations connected to 
Said central office, a switching center, outlying 
Stations connected to said switching center, single 
Wire intercommunication circuits interconnecting 
Said switching center and said central office, each 
of Said single wire circuits comprising at the 
SWitching center end a normal ground connection 
and at each end means for repeating spacing and 
marking Signals into the single wire circuits, relay 
means at Said central office and said switching 
center responsive to a prolonged space signal of 
a predetermined duration transmitted from any 
one of said subscribers' stations to hold intact at 
Said central office and said switching center an 
established connection between any one said 
Subscriber's stations and any one of said outlying 
Stations, a source of variable current at said cen 
tral office, other relay means at said central office 
responsive to a space signal of greater duration 
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ing center, a single Wire intercommunication cir- 55 
cuit connecting said switching center to said cen 
tral office, said single wire circuit comprising 
means for transmitting and receiving communica 
tion over each of said local circuits in opposite 
directions, and an additional single wire of sub 
stantially Zero potential for its entire length dur 
ing normal operation, provided for each single 
Wire intercommunication circuit between said 
center and said office for neutralizing electrical 

than that of Said prolonged signal for causing a 
Current from said source to be transmitted to said 
One outlying station, and a signal element at said 
One outlying station responsive to the variable 
Current from said source for furnishing an indi 
cation at Said outlying station to disconnect the 
established connection. 

17. In a telegraph System arranged to operate 
With Spacing and marking signals, a central of 
fice, a plurality of subscribers' stations connected 
to Said central office, a switching center, a plu 
trality of outlying stations connected to said 
SWitching center, a plurality of single wire com 
munication circuits interconnecting said switch 
ing center and said central office, each of said 
single wire circuits comprising at the switching 
center end a normal ground connection and at 
each end means for repeating both spacing and 
marking signals into said circuits, a link circuit 
at said central office connectable to any one of 
said single wire circuits, a supervisory signal, 

60 

effects induced in its respectively associated inter- 65 
communication circuit, from extraneous sources 
of voltage. 

15. In a telegraph system, a central office, a 
SWitching center, a plurality of outlying stations 

a Source of current for conditioning said super 
Visory Signal when said cord circuit is connected 
to Said one single wire circuit, transmitting means 
Operable through said cord circuit for sending 
permutation code signals, a director circuit at 
said switching center for translating permuta 
tion code signals into an identifying designatiqn 
of one of Said outlying stations, a source of peri 

local to said Switching center, a communication 70 
circuit connecting each of said outlying stations 
to said switching center, any suitable number in 
cluding one or more single wire intercommunica 
tion circuits each arranged for transmission com 

odically fluctuating current at said central office 
automatically connectable to one of said single 
wire circuits incident to the connection of said 
cord circuit thereto, a source of potential at said 
switching center automatically connectable to 
said one single wire circuit and arranged when 
so connected to produce a steady marking signal 
condition on said one single Wire circuit, means 

munication in opposite directions and connecting 75 at Said switching center responsive to the ringing 
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current from Said Source: and effective to cause 
(1) said director circuit to be receptively; asso 
ciated with said: One single wire circuit, and (2) 
said source of potential to be connected to said 
Single wire circuit in place of said normal ground 
connection to produce in said single wire, circuit 
a steady marking condition to uncondition said 
conditioned supervisory signal as an indication 
that said director circuit is ready to receive per 
mutation code signals from Said central Office. 

18. A telegraph. System including a central of 
fice, a satellite office, one or more trunks extend 
ing therebetween, a plurality of outlying Stations, 
a telegraph line extending between eachi of said 
outlying stations and said satellite office, an array 
of coordinately arranged series of contacts having 
rows respectively associated with said lines and 
crossing rows respectively associated with said 
trunks, another crossing row being associated with 
a source of “all-trunks-busy' signals, means for 20 
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automatically extending under control of one of 
said outlying stations a call through said satellite 
office Via, an idle one of said trunks, and means 
Operative under the condition . Of none of Said 
trunks being idle to close a set of said coordinate 
contacts individual to saids. One calling outlying 
station and said other crossing row. 

19. A System including a cross bar switch hav 
ing holding magnets and selecting magnets, a 
plurality of teletypewriters individual to the hold 
ing magnets, telegraphic impulse trunks, indi 
vidual to ; certain of the Selecting magnets, -a, 
source: of telegraphic code signals, individual to 
other of said, selecting magnets, and means re 
sponsive to the operation, of One of said holding 
magnets and one of said other: Selecting magnets 
for connecting said source to the teletypewrite" 
individual to said one holding magnet. 

WAYNEVEK, ARGE. 
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