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UNITED STATES PATENT OFFICE 
NORMAN H. SAUNDERS, OF HOMEWOOD, ILLINOIs, AssIGNOR TO RESERVE HOLDING 

COMPANY, OF CHICAGO, ILLINOIs, A CORPORATION of DELAwarE 
TELEPHONE sysTEM 

Application fled December 10, 1926. Serial No. 153,791. 
The present invention relates to telephone 

systems in general, but is concerned more 
particularly with the production of a new 
and improved apparatus for use in tele 

is phone systems for supplying service to net 
works of small telephone exchanges, al 
though many of the new features are not 
confined therto. 
One feature of the invention has to do with 

10 the production of an arrangement for free 
ing the central office equipment in an auto 
matic exchange when one subscriber on a 
local battery party line operates his hand 
generator to signal another subscriber on the 

l6 same line. 
Other features of the invention have to do 

with the production of new and improved 
circuits for connector switches for use in ex 
tending connections to party lines of the 

20 local-battery simplex-dialing type. 
Another feature of the invention is con 

cerned with the provision of a new and im 
proved code-generating device for generat 
ing the codes necessary to signal the various 

25 party-line subscribers to which connnections 
are extended. 
Another feature is directed to the provi 

sion of a new and improved trunk circuit for 
use on a trunk line seized by an automatic 

30 selector switch and extending to an oper 
ator's position. The trunk circuit automati 
cally projects ringing current out over the 
trunkline to signal the distant operator and 
cuts off the ringing current when the oper 

35 ator responds. 
The foregoing and other features of the 

invention may be understood best from a 
further perusal of the specification in con 
nection with the accompanying drawings 

40 comprising Figs. 1-9. 
Referring now to the drawings, Figs. 1-7 

show by means of the usual circuit diagrams 
a sufficient amount of apparatus in a tele 
phone system embodying the features of the 

45 invention to enable the invention to be under 
stood; Fig. 8 is a trunking diagram which 
shows a telephone network comprising four 
exchanges interconnected by trunk lines; and 
Fig. 9 shows how Figs. 1-7 should be as 

50 sembled together. 

Considering Fig. 8 in detail, the four ex 
changes shown are A, B, C, and D. Ex 
changes A and B are automatic exchanges 
and each has an ultimate capacity approach 
ing a thousand lines, there being a single 55 
order of selectors in each office. The ex 
change C is a manual exchange of the com 
mon-battery type, and two way trunk lines 
are provided connecting this exchange with 
each of the other three exchanges. And ex- 60 
change D is an automatic exchange having 
a capacity approaching 100 lines, this ex 
change being provided with connectors only. 

It is assumed that exchanges A and B 
are located relatively close to one another, 65 
and that telephone service between these two 
exchanges is charged for at the same rate 
as telephone service local to either exchange, 
there being no extra charge for inter-ex 
change trunking. It is assumed that ex- 70 
changes C and D are more or less remotely 
situated from exchanges A and B and from 
each other, and that there is an extra charge 
for service between either of the exchanges 
C and D and any other exchange. And it is 
assumed that exchange C is of relatively 
Small size and that the same operator handles 
calls local to the exchange C and also calls 
involving the exchange Ceither as a switch 
ing point or as an originating point or ter- 80 
minating point for inter-exchange connec 
tions. 
Upon reference to exchange A, it will be 

noted that the line of the telephone T1 ter 
minates at the exchange in the lineswitch LS1 
and also in the bank of the connector C1. 
The selector S1 is one of a number of select 
ors for handling calls originated by the lines 
such as the line of substation T1. The bank 
of the selector S1 is multiplied with the 90 
banks of the incoming selectors S2 and S3. 
These selectors have access on the fifth level 
to a group of connectors of which the con 
nector C2 is one, and they have access on the 
sixth level to a group of connectors repre 
sented by the connector C1. It is assumed 
that the line of substation T1 is accessible 
through the twenty-first set of contacts in the 
bank of connector C1, being line number 621. 

Referring to exchange B, it will be noted '' 
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that the layout of this exchange is the same as 
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that of exchange A, the selector S6 being a 
local selector, and selectors S4 and S5 being 
incoming selectors. Connector C3 is reached 
from the fifth level of the selectors, and con 
nector C4 is reached from the sixth level. 
The line of substation T2 is assumed to be 
reached through the first set of contacts in 
the second level of the connector C4, being 
line number 621. 
Regarding connections between exchanges 

A ES B, it will be noted that there is a two 
way trunk line TL3 extending between the 
repeaters R1 and R2. This trunk line is one 
of a group provided for extending connec 
tions E. the two exchanges. This trunk 
line may be seized at the A-exchange when 
a selector in the A exchange is operated to 
the third level, the repeater R1 being inter 
osed to repeat the dialing impulses and to 
rovide a holding circuit for the selector and 
ineswitch involved in the connection. In 
making a call from exchange A to exchange 
B, the subscriber dials the same number that 
would be dialed by a subscriber in exchange 
B to obtain the same connection, except that 
the subscriber in exchange Aprefixes the digit 
3 to operate a selector in exchange A to ex 
tend connections to an incoming selector in 
exchange B. In a similar way, calls origi 
nated in exchange B and intended for lines 
terminating in exchange A are handled 
through a trunk line and an incoming select 
or such as the trunkline TL3 and the selector 

is S3. 
It will be noted that the trunk line TL1 

extends between the trunk circuit TC1 in 
exchange A and the jack J2 in exchange B. 
This trunk line is a two way trunk line, and 
the selector S2 in exchange A may be oper 
ated over this trunk line when the operator 
in exchange C makes connection through the 
jack J2. The trunk line TL1 may be seized 

a selector in exchange A through the 
fourth level, whereupon the trunk circuit 
TC1 applies ringing current to the trunk 
line to signal the operator in exchange C. 
Similarly, the trunk line TL2 is a two-way 
trunkline connecting exchanges C and B, ter 
minating at the exchange C in the jack J4 
and passing through the trunk circuit TC2 
in exchange B to the fourth level of the 
selector bank and to selector S5. 
The trunk line TL4 extending between ex 

5 changes C and D terminates at exchange C in 
the jack J3, and, when it is seized through 
this jack, the line switch LS3 in exchange D 
is operated to extend the connection to an 
idle connector, such as the connector C5. 
When this trunk line is seized in exchange 
D by a connector, ringing current is pro 
jected out over the trunk line by the con 
nector to signal the operator at exchange C. 

Referring now to Figs. 1-3, it will be noted 
that these drawings show the circuits of the 
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equipment necessary to set up the connec 
tions between the tellion substation T1 of 
exchange A and substation T2 of exchange 
B. This equipment comprises the lineswitch 
LS1 and the selector S1, Fig. 1, the repeater 
R1, trunk line TL3, the repeater R2 and the 
selector S4, Fig. 2, and the connector C4, Fig. 
3. Since the circuits of the selector S4 may 
be the same as the circuits of the selector Si 
the selector S4 has been indicated by a dotted 
rectangle. - 

It will be noted that Figs, 1, 2, 5, 6, and 7, 
show apparatus for extending a connection 
from the substation T1 of exchange A to the 
substation T4, of exchange D. This appa 
ratus includes the lineswitch LS1 and the 
selector S1, Fig. 1, the trunk circuit TC1 
and the trunk line TL1, Fig. 2, the trunk cir 
cuit TC3 and the cord circuit CC, Fig. 5, the 
trunk circuit TC5, the trunk line TL4, and 
the lineswitch LS3, Fig. 6, and the connector 
C5, Fig. 7. 
The apparatus shown in Fig. 4 is the relay 

device for generating the ringing codes for operating the ringing relays in the connec 
tors to signal the party line subscribers. Al 
though only the code-generating device in 
exchange B has been shown, it will be un 
derstood that a similar device is provided for 
exchange A and another device is provided 
for exchange D. It will be noted that the 
ringing-code conductors shown in Fig. 4 ex 
tend to the right-hand edge of the sheet and 
terminate there in circles labeled 1-10. 
These circles indicate terminals that are to 
be connected to the corresponding bank ter 
minals of the various code-selecting switches 
of the connectors in exchange B, such as the 
code-selecting switch CS4 of the connector 
C4, Fig. 3, the bank wires of the switch CS4 
being provided with similar circles to indi 
cate the connection between the code-selector 
bank and the ringing-code conductors. The 
circles numbered 1-10' associated with the 
code-selecting switch CS5 of the connector 
C5, Fig. 7, indicate that the bank wires of 
CS5 are connected in the same way to the 
ringing-code conductors of the associated 
code-generating device (not shown). 

Call from substation T1 to substation T2 
A detailed description of the operation of 

the apparatus shown will now be given. For 
this purpose it will be assumed first that the 
subscriber at substation T1, Fig. 1, desires to 
converse with the subscriber at substation 
T2, Fig. 3. The called line number is 621, 
and the station number on the called line is 
5. Consequently the number, if called from 
another telephone in exchange B, is 621-5, 
the dash being used ahead of the 5 to sepa 
rate the line number from the stations digit, 
Since, however, the calling subscriber is in 
exchange A, he must prefix a 3 to the number, 
which then becomes 3-621-5. It is as 
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sumed that the numbers of subscribers to 
the two exchanges are listed in separate por 

O 

2 5 

30 

40 

50 

60 

65 

tions of the directory, and that general in 
structions are issued to the subscribers to pre 
fix the digit 3 when calling from one ex 
change to the other. 
When the subscriber at substation T1, Fig. 

1, removes his receiver, the usual receiver and 
transmitter circuits are completed at the 
switchhook contacts, and, in addition, a cir 
cuit is closed at contacts 108 through the 
springs 106 of the calling device 105 to the 
junction of the coils of the bridged ringer 
104. When this occurs, current from the ex 
change battery through the winding of line 
relay 113 flows through the associated cut 
off-relay spring combination through both 
line conductors 101 and 102 in parallel, being 
afforded a path to ground at the calling sub 
station through the two windings of the ring 
er 104 in parallel. Line relay 113 closes a 
circuit for the pull-down winding 114 
through the usual so-called "open-main' 
conductor 122 to battery. The pull-down 
winding operates the plunger 117 and the 
bridge-cut-off armature 116. The bridge 
cut-off armature 116 opens the shunt across 
the talking conductors and disconnects relay 
113. Relay 113 is slow releasing and remains 
operated for an interval. The pull-down 
armature 117 operates the springs 118-121. 
extending the line conductors 101 and 102 
and the private normal conductor 127 to the 
corresponding conductors 124, 126, and 125 
of selector Si. Line relay 131 of the selec 
tor S1 now energizes through the two wind 
ings of the impedance 130 and over the two 
conductors of the calling line in parallel. 
Line relay 131 closes a circuit for relay 182 
and vertical magnet 137, at the same time dis: 
connecting series relay 133 from in shunt of 
relay 132. Magnet 137 is not operated at this 
time owing to the relatively high resistance 
of relay 132. Series relay 133 is of relatively 
low resistance and magnet 137 will operate 
when connected in series with relay 188. 
The circuit of magnet 137 is closed momen 
tarily through relay 133 after the armature 
of relay 131 has engaged its front contact 
and before relay 133 has been removed from 
its shunt of relay 132. This interval, how 
ever, is of such a short duration that neither 
relay 133 nor magnet 137 have time to oper 
ate. Relay 132, upon operating, closes a 
locking circuit for itself at armature 144 in 
cluding magnet 137, and at armature 145 
places ground on release trunk conductor 125. 
This closes a circuit through the bridge-cut 
of and holding winding 115 of the line 
switch. The current flow through this wind 
ing is sufficient to maintain the bridge-cut 
off and pull-down armatures operated after 
relay 113 falls back and opens the circuit 
through the pull-down winding 114. The 
advance of the master switch to another idle 

3 

trunk takes place responsive to the placin 
of ground on conductor 125 and is controlle 
over the branch conductor 123 extending to 
the master switch bank. 
The calling subscriber may now dial the 

first digit 3 in the desired number, where 70 
upon line relay 131 falls back three times due 
to the three interruptions produced in its 
circuit at springs 106 of the calling device 
105 upon the return of the calling device to 
its normal position. It will be noted that 
off-normal springs 107 of the calling device 
105 shunt the coils of the ringer 104 so as to 
afford a better impulsing circuit for line re 
lay 131 of the selector S1. Each time it falls 
back, relay 131 places relay 133 in multiple 
with relay 132. When this occurs the first 
time, relay 133 operates in series with mag 
net 137, and magnet 137 operates to raise the 
wipers of the switch one step. Although the 
resistance of relay 133 is so low, relatively, 
that relay 132 will eventually fall back, when 
shunted by relay 133, it does not have time 
to do so during dialing. When the arma 
ture is again attracted magnet 137 falls back, 
but the slow-acting relay 133 remains oper 
ated until the end of the digit. Magnet 137 
is operated two more times, raising the wip 
ers of the switch three steps in all. Upon 
the operation of relay 133, a circuit is pre 
pared for stepping relay 134. This circuit is completed through the interrupter springs of 
the rotary magnet 140 and the off-normal 
contacts 141 as soon as the first step of the 
switch has been taken. Relay 134 thereupon 
operates and locks itself to release trunk con 
ductor 125 at armature 147, and at armature 
148 prepares a circuit for rotary magnet 140. 
When relay 133 falls back at the end of the 
digit, it shifts the circuit of relay 134 to the 
test wiper 154 preparatory to the usual test 
ing operation, and at the same time com 
pletes the circuit of rotary magnet 140. Ro 
tary magnet 140 thereupon operates and ad 
vances the wipers 153-155 one step into en 
gagement with the first set of bank contacts 
in the third level. Near the end of its stroke, 
magnet 140 opens the circuit of relay 134, 
whereupon relay 134 falls back and opens the 
rotary magnet circuit. The rotary magnet 
falls back and again closes its interrupter 
contacts. 
From this point the operation depends 

upon whether the trunk line terminating 
in the first set of bank contacts is busy or 
idle. If this trunk line is idle, relay 135 
operates at this time seizing the trunk. If 
the trunk line is busy, the ground potential 
encountered by test wiper 154 on the busy 
test contact short circuits relay 135 and closes 
a new circuit through the armature of relay 
133, normal, the rotary magnet interrupter 
contacts, and the off-normal contacts 141 for stepping relay 134. Stepping relay 134 oper 
ates again, and again closes the rotary mag 
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net circuit, whereupon the wipers are ad 
vanced another step. 
This alternate operation of relay 134 and 

magnet 140 continues until an idle trunk line 
is reached, which trunk line, it will be as 
sumed, is the one comprising conductors 
156-158 and extending to the repeater R1, 
Fig. 2. When this trunk line is reached, no 
ground potential is encountered by test wiper 
154, and relay 135, being no longer short cir 
cuited, energizes in a circuit including the 
grounded release trunk conductor 125, 
eleventh-rotary-step contacts 142, the rotary 
magnet interrupter contacts, off-normal con 
tacts 141, and relay 134. Relay 134 does not 
operate in this circuit on account of the rela 
tively high resistance of relay 135. Upon 
operating, relay 135 at armature 151 opens a 
further point in the test circuit and connects 
wiper 154 to the grounded release trunk con 
ductor 125, thereby making the seized trunk 
busy immediately to the other selectors hav 
ing access to it. At armature 150, relay 
135 opens the locking branch of the release 
relay circuit so as to prevent a further opera 
tion of magnet 137 and relay 133 and to pre 
vent a premature release magnet operation, 
and at armatures 149 and 152 disconnects con 
ductors 124 and 126 from the windings of im 
pedance 130 and line relay 131 and extends 
them through wipers 153 and 155 to con 
ductors 156 and 158 leading to the re 
peater R1. 

Line relay 201 of the repeater R1 now op 
erates over the calling line and through the 
two left-hand repeating-coil windings in 
parallel. At armature 206, relay 201 closes 
a circuit for release relay 202. Relay 202 
operates and closes at armature 208 a circuit 
for relay. 203. At armature 207, relay 202 
places ground on release trunk conductor 157, 
so as to maintain the lineswitch LS1 and the 
selector S1 operated after the release relay 
132 of the selector S1 falls back responsive 
to being shunted and open-circuited by the 
line relay 131 when the latter falls back re 
sponsive to the operation of switching relay 
135. 

50 

30 

As a result of the closure of the circuit of 
relay 203 at armature 208, relay 203, at arma 
tures 209 and 210, disconnects the conductors 
of the trunk line TL3 from the correspond 
ing conductors leading to the selector S3 
and connects them to the right-hand repeat 
ing-coil windings. A ground potential is 
thereby placed on conductors of the trunk 
line TL3 through the right-hand repeating 
coil windings, closing a circuit over the con 
ductors of the trunk line TL3 and through 
armatures 209' and 210’, normal for the line 
relay (not shown) of the selector S4. This 
line relay now operates and prepares the 
selector S4 for operation in the manner de 
scribed in connection with the selector S1. 
When the calling subscriber dials the sec 
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ond digit 6 in the desired number, line relay 
201 of the repeater R1 falls back six times 
and each time it does so it opens the circuit o 
the line relay of the selector S4. As a result, 
the selector S4 raises its E. 212-214 op 
posite the sixth level and selects an idle trunk 
line, which trunk line, it will be assumed, is 
the one comprising conductors 301-303 and 
extending 
will be noted that each time relay 201 falls 
back it opens the circuit of relay 202, but 
relay 202 remains operated throughout the 
digit on account of the fact that it is placed 
in a closed circuit each time before its ener 
gizing circuit is opened. 
In the connector C4, relay 305 operates 

responsive to the grounding of conductor 302 
by the selector S4 when the latter seizes the 
trunk line, its circuit including of normal 
contacts 321. At armature 326, relay 305 
prepares a locking circuit for itself, and at 
armature 328 it connects vertical magnet 325 
to the operating conductor 313, at the same 
time disconnecting rotary magnet 360. Line 
relay 306 operates over conductors 301 and 
303 from the ground potential supplied to 
the trunk line TL3 through armature 204 of 
the repeater R1, and it closes a circuit for re 
lease relay 307 through vertical magnet 325. 
Upon operating, release relay 307 places 
ground on locking conductor 314 at armature 
333; grounds release trunk conductor 302 at 
armature 332; and at armature 334 closes a 
locking circuit for itself including operat 
ing conductor 313, armature 328, and vertical 
magnet 325. 
When the calling subscriber dials the third 

digit 2 in the desired number, two interrup 
tions are produced in the circuit of line relay 
306 of the connector C4 at the line relay 201 
of the repeater R1, with the result that relay 
306 falls back twice. Each time it falls back, 
relay 306 shunts relay 307 with the series 
relay 311, bringing about the operation of 
vertical magnet 325. By the operation of 
the vertical magnet, the wipers 357-359 are 
raised opposite the second level of bank con 
tacts. E. relay 311 energizes upon the 
first impulse of current and remains en 
ergized until the digit is over. At armature 
348, relay 311 completes the locking circuit 
for relay 305 through armature 326. The 
initial circuit of relay 305 is opened at off 
normal contacts 321 as soon as the switch 
moves of normal. At the end of the vertical 
movement of the switch, relay 311 falls back 
and opens the locking circuit of relay 305 at 
armature 348, whereupon relay 305 falls back 
and shifts the operating conductor 313 from 
in connection with vertical magnet 325 into 
connection with rotary magnet 360. At 
armature 329, relay 305 closes a circuit in 
cluding off-normal contacts 335 and the 
start conductor 375 for operating the code 

to the connector C4, Fig. 3. It 
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generator, Fig. 4, in a manner to be herein 
after explained. 
When the subscriber dials the next digit 1 

in the desired number, one interruption is 
produced in the circuit of line relay 306 of 
the connector C4, and this relay falls back 
momentarily, momentarily shunting relay 
307 with series relay 311. This operation 
transmits an impulse of current through 
armature 334, operated, and over the operat 
ing, conductor 313 to rotary magnet 360, 
through the normally closed contacts con 
trolled by armatures 328 and 355. Rotary 
magnet 360 responds to this impulse of cur 
rent and rotates the wipers 357-359 one step 
into engagement with the terminals of the 
called line. Relay 311 is energized in series 
with the rotary magnet. At armature 347, 
relay 311 disconnects test wiper 358 from th 
upper winding of relay 312 and connects it 
instead through armature 350 to busy relay 
310, and at armature 348 disconnects ground 
from armature 344 so as to prevent the pre 
mature shunting of relay 311 in case relay 
310 energizes during the rotary movement 
due to the passing of wiper 358 over busy 
test contacts. 
The operation taking place at the end of 

the rotary movement depends whether 
the called line is busy or idle. If the called 
line is busy, relay 310 is energized through 
test wiper 358 when the wipers come to rest 
on the contacts of the called line, and, when 
relay 311 falls back at the end of the rotary 

5 movement, a locking circuit is completed for 
busy relay 310 from the grounded release 
trunk conductor 302 through armature 342, 
operated, normally closed contacts con 
trolled by armature 347, and armature 350. 
Relay 311 is shunted at armature 348, normal, 
through armature 344, so as to prevent it 
from operating subsequently and interfering 
with the circuit of busy relay 310 in case the 
alling subscriber should again turn his call 

5 ing device before hanging up his receiver. 
In order to inform the calling subscriber of 
the busy condition of the line, busy relay 310 
at armature 346 connects the busy lead, com 
ing from the busy tone transformer 377, to 
the lower talking conductor through arma 
ture 356. When the calling subscriber hears 
the tone produced by the busy tone machine, 
he is expected to hang up his receiver and 
bring about the release of the operated 
switches. 
Assuming now that the desired line is idle 

when called, relay 310 is not operated at the 
end of the rotary movement, and, upon the 
falling back of relay 311, a circuit is com 
pleted for the upper winding of switching 
relay 312 as follows: from ground by way 
of the grounded release trunk conductor 302, 
armature 342, normal, test winding of relay 
312, armature 347, test wiper 358, bank con 
tact 362, and the cut-off relay (not shown) 

5 

of the lineswitch LS2 to battery. This cut 
off relay of the lineswitch LS2 operates over 
this circuit and disconnects the associated 
line relay from the conductors of the called 
line. The cut-off relay of the lineswitch on 
the called line corresponds to the bridge 
cut-off armature 116 of the lineswitch LS1 
and the winding 115. The cut-off armature 
of the called lineswitch is operated, but the 
pull down armature is not operated owing 
to the relatively weak pull of the bridge 
cut-off winding. 
In the connector C4, relay 312 operates in 

series with the cut-off winding of the called 
lineswitch and closes a locking circuit for 
its lower winding at armature 352 including 
a branch of the locking conductor 314. At 
armature 354, relay 313 prepares a new lock 
ing circuit for relay 305; at armature 353 
it prepares a circuit for pick-up relay 308; 
at armature 350 it opens a point in the pre 
viously traced circuit of busy relay 310 so 
as to prevent this relay from operating over 
a similar circuit when the last digit is dialed; 
at armature 351, it places a ground poten 
tial on test wiper 358 independent of the 
ground potential previously placed on this 
wiper through the test winding of the re 
lay; at armature 355 it connects the operat 
ing magnet 373 of the code selector CS4 to 
the operating conductor, at the same time 
disconnecting rotary magnet 360; and at ar 
matures 349 and 356 it connects up the wipers 
357 and 359. 
When the next and last digit, the code se 

lecting digit 5, is dialed, line relay 306 falls 
back five times, and shunts relay 307 with 
relay 311 five times, thereby transmitting five 
impulses of current over conductor 313 to 
operating magnet 373 of the code selector 
CS4. Magnet 373 responds to the five im 
pulses of current and advances the wiper 374 
into engagement with the fifth associated 
bank contact. Relay 311 is energized 
throughout this series of impulses also, and, 
when it falls back at the end of the series, it 
closes at armature 348 a circuit for busy re 
lay 310 through off-normal contacts 372 of 
the code selector CS4. Relay 310 operates at 
this time and, in effect, locks itself energized 
at armature 344 by closing a shunt around 
relay 311 including armature 348, normal. It 
will be noted that the busy tone circuit is 
not closed at this time owing to the fact that 
Eature 356 of switching relay 312 is oper 

ated. 
The connection has now been extended to 

the desired line and the code selector CS4 
has been set on the ringing-code conductor 
corresponding to the code necessary to signal 
the subscriber at the called substation. In 
order to insure that the ringing of the called 
subscriber will begin only at the beginning 
of a code, the pick-up relay 308 has been 
provided to close the circuit of the ringing 
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a pick-up impulse has 
been receive pick-up conductor 376 
and through the operated armatures 343 and 
353. The code generating device shown in 
Fig. 4 grounds the pick-up conductor and the 
ringing-code conductors at the propertime as 
will be hereinafter. At this point 
it will suffice to say that a pick-up impulse 
is shortly received over impulse conductor 
376, whereupon pick-up relay 308 operates 
and locks itself to conductor 314 at armature 
337, at the same time opening its initial 
energizing circuit. At armature 338, relay 
308 completes a connection from ringing 
relay 309 to the wiper 374 through arma 
ture 327. Accordingly, ringing relay 309 
operates each time an impulse is placed on 
ringing code conductor 5, in a manner to be 
subsequently explained. Each time it oper 
ates, it places ground on the lower wiper 
359 and it places ringing current on the up 
per wiper 357, operating the bridged ringers 
at the party-line substations. The ringing 
code sent out is, of course, that of the substa 
tion T2 and the subscribers at the other sub 
station do not respond. 
When the subscriber at substation T2 re 

sponds to the ringing of his bell by removing 
his receiver, a circuit is closed through the 
two coils of the ringer in parallel for the su 
pervisory relay 304. This circuit, it will be 
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noted, includes wipers 357 and 359, arma 
tures 349 and 356, armatures 339 and 340, 
and the right-hand repeating-coil windings. 
Relay 304 operates when its circuit is closed 
and closes at armature 322 a circuit for reop 
erating relay 305. Relay 305 closes a locking 
circuit for itself at armature 326 including 
armature 354; it disconnects ringing relay 309 
at armature 327; and at armature 329 it re 
Eyes ground from the starting conductor 

375. 
It will be noted that the resistance 324 

is inserted into the circuit of line relay 306 
at armature 323 of relay 304. This opera 
tion is of no particular utility at this time, 
but is performed in order to ity a calling op 
erator supervision in case the connection is 
set up through an operator's switchboard, as 
will E. explained hereinafter. 
The two subscribers may now converse with 

each other, the heavy lines being used to out 
line the talking circuit. It is understood, of 
course, that a local source of talking current 
supply is used in both cases. 

Release of connection from T1 to T2 
When the conversation is terminated, the 

two subscribers replace their receivers. When 
the receiver is replaced at the substation T2, 
relay 304 falls back and opens the initial cir 
cuit of relay 305 at armature 322, leaving 
relay 305 operated through its locking cir 
cuit, and at armature 323 it shunts the resist 

: ance 324 so as to give the calling operator dis 
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connect supervision in case an operator is 
handling the connection. 
When the subscriber at substation T1 han 

up his receiver, relay 201 of the repeater R1 
falls back and opens at armature 204 the 
circuit of relay 306 of the connector C4. 
Relay 306 falls back and shunts relay 307 with 
series relay 311, but relay 311 does not oper 
ate at this time because it is shunted in turn 
through armature 348, normal, and armature 
344. At this time, the circuit of release relay 
307 includes armature 334, operated, arma 
ture 328, and the vertical magnet 325. As a 
result, vertical magnet 325 operates when 
the release relay 307 is shunted, but the shaft 
and wipers are not disturbed due to the usual 
mechanical construction of the switch which 
prevents further elevation of the shaft and 
wipers after they have been rotated. Short 
ly after it is shunted relay 307 falls back and 
opens the circuit of vertical magnet 325 at 
armature 334, at the same time closing a cir 
cuit through off-normal contacts 336 for re 
lease magnet 330 and a branch circuit through 
the armature 341 for release magnet 371 of 
the code selector. Release magnets 330 and 
371 now operate to start the restoration of 
their respective switches to their normal po 
sitions. In addition, relay 307 removes 
ground from release trunk conductor 302 at 
armature 332 and at armature 333 it removes 
ground from the locking conductor 314. 
Responsive to the removal of ground from 
release trunk conductor 302 the selector S4, 
Fig. 2, releases in the usual manner. When 
ground is removed from the locking conduc 
tor 314, relays 308 and 312 fall back. The 
falling back of relay 312 is retarded slightly 
by the copper on its armature end. 
relay 312 falls back it replaces the ground 
potential on conductor 302 after a sufficient 
time has elapsed to permit the release of the 
selector S4, Fig. 2, to be started by the fall 
ing back of the switching relay (not shown) 
of the selector. The circiut path through 
which the ground potential is replaced in 
cludes armature 348, normal, off-normal con 
tacts 372 of the code switch, armature 350, 
normally closed contacts controlled by ar 
mature 347, and armature 342. This path be 
tween ground and the release trunk conduc 
tor 302 is established so as to render the con 
nector and the code switch busy while they 
are releasing. 
Assuming that the code selector CS4 

reaches its normal position before the con 
nector C4 reaches its normal position, as will 
usually be the case, the circuit of relay 310 
and the path through which ground is sup 
plied to release trunk conductor 302 is 
opened at off-normal contacts 372 when the 
code selector reaches its normal position. 
Relay 310 thereupon falls back and opens 
the circuit of magnet 371 at armature 341, 
and at armature 344 removes the shunt from 
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around the winding of series relay 311, 
whereupon relay 311 operates in series with 
release magnet 330 and at armature 348 ap 
plies ground to release trunk conductor 302 
through armature 326, normal. This sec 
ond guarding circuit is established to guard 
the connector from seizure during its release. 
When the shaft of the connector C4 

reaches its normal position, off-normal con 
tacts 335 and 336 open, and off-normal con 
tacts 321 close. The circuit of the release 
magnet and the series relay is opened at 
springs 336, and the circuit of relay 305 in 
cluding conductor 302, now grounded by 
series relay 311, is reestablished, and relay 
305 operates. Relay 311, however, falls back 
an instant later and removes ground from 
conductor 302, rendering the connector idle 
again and releasing relay 305 
In the repeater R1, Fig. 2, when line relay 

201 falls back, as above-mentioned, it opens 
the circuit of the release relay 202 and places 
the said relay 202 in a closed circuit with the 
result that relay 202 falls back after a slight 
interval, removing ground from release 
trunk conductor 157 and opening the circuit 
of relay 203. The switching relay 135 of 
the selector S1 and the magnet of the line 
switch LS1 both deenergize, and relay 185 
at armature 150 closes a circuit for release 
magnet 146 at armature 150 and through 
armature 144 and off-normal contacts 148. 
This circuit includes series relay 133. Relay 
133 and magnet 146 both operate, and relay 
133 closes a circuit for stepping relay 134 
through the rotary-magnet interrupter con 
tacts and off-normal contacts 141. Relay 
134 now operates and applies ground poten 
tial again to release trunk conductor 125 
so as to prevent the master switch from again 
stopping opposite this selector until it is 
fully released. When the normal position is 
reached, the release magnet and series relay 
circuit is opened at contacts 143; and the 
circuit of relay 134 is opened at contacts 141. 
Relay 134 thereupon falls back and removes 
ground from the release trunk conductor, 
and relay 133 falls back shortly thereafter. 

All trunks busy at selector S1 
Consider now the case when the selector 

S1 is operated, but is unable to find an idle 
trunk. The rotary movement takes place in 
the hereinbefore described manner and con 
tinues until the wipers 153-155 pass of the 
last bank contact upon the eleventh rotary 
set. When this occurs, springs 136 and 142 
are operated by the usual cam arrangement. 
The circuit of relay 135 is opened at springs 
142 to prevent this relay from operating at 
this time. At spring 136, the common busy 
tone lead is connected to the lower talking 
conductor 126, so as to give the calling sub 
scriber a busy tone. Upon hearing this tone, 

7 

the calling subscriber is expected to hang up 
his receiver and bring about the release of 
the connection. 

Operation of code-generating device 
The operation of the code generating de 

vice, shown in Fig. 4, will now be considered. 
The relays 403 and 404 may be designated as 

70 

the prime-mover relays because they gener 
ate the impulses to operate the other relays. 
The remaining relays, especially relays 405 
410, operate to count the impulses generated 
by relays 403 and 404, and the device as a 
whole is capable of assuming any one of nine 
teen positions, successively, the operation be 
ing repeated in cycles. The positions of the 
device in which the various relays are oper 
ated have been noted on the drawings. Also, 
the positions of the device in which the prin 
P conductors are grounded have been not 

ed in order that the disclosure may be un 
derstood better. 
When start conductor 375 is grounded, 

ground is extended through the lower arma 
ture of relay 402 to conductor 416, closing a 
circuit for relays 403 and 404, in series, 
through the resistance element 422. Relay 
404 being short circuited, relay 403 is the only 
one that responds iMal. When relay 
408 operates, it places ground on conductor 
417 at its upper armature, and removes the 
shunt from around relay 404 at its lower ar 
mature. Relay 404 operates and prepares to 
place ground on conductor 419, and at the 
same time shunts relay 403. Relay 403 falls 
back, and the device may be said to be in 
its second position. In the second position 
of the device, a circuit is closed through the 
upper armatures of relays 403 and 404 for the 
upper winding of relay 406, including con 
ductor 419 and the upper armature, normal, 
of relay 406. Relay 405 operates and closes 
a locking circuit for itself at its upper arma 
ture including the upper winding of relay 
405, the lower armature of the said relay, and 
the grounded conductor 416. 
With the device in position two, relay 404 

is short circuited at the lower armature of 
relay 403, and relay 404 shortly falls back, 
the device thereupon passing into position 
three. When relay 404 falls back, it removes 
ground from conductor 419, whereupon relay 
405 operates in the locking circuit of relay 
406, and at its upper armature prepares a cir 
cuit for shunting relay 406. It will be noted 
now that a new locking circuit is completed 
for relays 405 and 406 in series, and that the 
circuit of the upper windings of these relays 
is opened. The new circuit includes the low 
er windings of the relays in series and the 
inner lower armatures of the two relays. 
When relay 404 falls back it removes the 

shunt from around relay 403 with the result 
that relay 403 operates again and removes 
the shunt from around relay 404. Relay 404 
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now reoperates and shunts relay 403. This 
operation of relays 403 and 404 continues, in 
the manner described, until it is terminated 
by the action of relay 402, as will be de 
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scribed hereinafter. 
It will be noted, that relay 403 is labeled 

“1, 3, 5, etc.” while relay 404 is labeled "1-2, 
3-4, etc.” These labels indicate that relay 
403 is operated in positions 1,3,5, etc., and 
that relay 404 is operated in positions 1 and 2, 
is released momentarily, is operated again in 

itions 3 and 4, etc. 
With the device in position 4, ground is 

again placed on conductor 419, short circuit 
ing lower winding of relay 406. Relay 406 
falls back when this takes place and opens the 
previously established locking circuit at its 
inner lower armature. Relay 405 remains 
operated over conductor 419. 
When the device arrives in position 5, 

ground is removed from conductor 419, 
whereupon, relay 405 falls back. 
The above described operation of relays 

405 and 406 is repeated, begininng with posi 
tion 6. 
While relay 406 is operated in positions 2 

and 3, ground from conductor 416 is held on 
impulse conductor 420, extending to the sim 
ilar relays 407 and 408. The result is an op 
eration of relays 407 and 408 similar to the 
above described operation of relays 405 and 
406, but the time required for a complete op 
eration is twice as long as that of relays 405 
and 406, on account of the fact that only half 
as many impulses are delivered over con 
ductor 420 as are delivered over conductor 
419. It may be seen, therefore, that relay 
408 is operated in positions 2-5, 10-13, 
and 18, and that relay 407 is operated in 
positions 4-7, and 12-15. 

It will be noted, that ground from conduc 
tor 416 is placed on conductor 421 as long as 
relay 407 is operated. The result is that con 
ductor 421 is grounded in the positions of the 
device in which relay 407 is operated, con 
ductor 421 being the impulse conductor ex 
tending to the third pair of counting relays 
409 and 410. It may be seen, therefore, that 
relay 410 is operated in positions 4-11, and 
that relay 409 is operated in positions 8-15. 
When 418 is grounded in position 2, a cir 

cuit is closed through the lower armature 
of relay 412 for relay 413. Relay 413 oper 
ates and locks itself through the middle lower 
armature of relay 412 to conductor 416, and 
remains operated until relay 412 operates 
in position 13, as will be pointed out herein 
after. 
When the device arrives in position 6, re 

lay 414 is operated from the grounded con 
ductor 416 through the inner lower arma 
ture of relay 407, lower armature of relay 
406, and the lower armature of relay 413. Re 
lay 414 operates and locks itself through the 
locking conductor of relay 413, with the result 
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that relay 414 remains operated until ground 
is removed from this locking conductor at 
the beginning of position 13 when relay 412 
operates. 
When the device arrives in position 12, a 

circuit for relays 411 and 401 in series is 
0. 

completed from conductor 416 through the 
inner lower armature of relay 405, inner 
lower armature, normal, of relay 406, middle 
upper armature of relay 408, and the middle 
upper armature of relay 409. At its lower 
armature relay 411 locks itself and relay 401 
to conductor 416. Relay 401 prepares a lock 
ing circuit for relay 402 at its inner armature. 

hen the device arrives in position 13, re 
lay 405 falls back and closes at its lower ar 
mature a circuit through the inner upper 
armature of relay 411 for relay 412. Relay 
412 operates and locks itself to conductor 
416 until conductor 416 is ungrounded in po 
sition 18. At its middle lower armature, re 
lay 412 opens the locking circuit of relays 
Sand 414, whereupon these relays fall 

CK. 

When the device arrives in position 18, re 
lay 408 is operated again, and it completes 
at its upper armature a circuit for relay 
402 including the upper armature of relay 
412 and the middle lower armature of relay 
409. Relay 402, thereupon operates and 
locks itself to conductor 375 through the in 
ner armature of relay 401, at the same time 
opening its initial circuit. At its lower ar 
mature, relay 402 removes ground from con 
ductor 416 and places ground on pick-up con 
ductor. 376. The removal of ground from 
conductor 416 stops the operation of relays 
403 and 404 and permits the operated relay 
404 to fall back, and it opens the locking cir 
cuits of the relays 405-414, permitting such 
of these relays as are operated to fallback. 
Relay 401, which is in series with relay 411, 
is slow-acting and does not fall back right 
away when its circuit is opened upon the re 
moval of ground from conductor 416. 
When relay 401 falls back it opens the lock 

ing circuit of relay 402, the device is in posi 
tion 19. A moment later relay 402 falls back 
and removes ground from pick-up conductor 
376, reapplying it to conductor 416; then the device is in position 1 again. 
The above described operation is repeated 

over and over as long as the ground potential 
remains on start conductor 375. 
Considering now how the codes are placed 

on the various conductors, the conductor ex 
tending to terminal 1 is grounded through 
the lower armatures of relays 401 and 408 
while the device is in positions 2-5; this code 
corresponds to one long ring. 
The conductor extending to terminal 2 is 

t through the upper armatures of re 
ays 403 and 411, and the middle armature of 
e E. 410 while the device is in positions 1 and 
3; this code corresponds to two short rings. 
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The conductor extending to terminal 3 is 
grounded in positions 3, 5, and 7 of the device 
through the upper armatures of relays 411, 
413, and 409; this code corresponds to three 
short rings. 
The conductor extending to terminal 4 is 

connected to the impulse conductor 417 
through the upper armature of relay 411 

10 

15 
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40 

and the middle upper armature of relay 410, 
and is grounded in positions 5, 7, 9, and 11; 
this code corresponds to four short rings. 
In a similar way, the remaining code con ductors are grounded in the positions indi 

cated. The code placed on the conductor ex 
tending to terminal 5 corresponds to five 
short rings; the code placed on conductor 
6 corresponds to two long rings; the code 
Ed on conductor 7 corresponds to three 
ong rings; the code placed on conductor 8 
corresponds to a short ring and a long ring; 
the code placed on conductor 9 corresponds 
to a short ring and two long rings; and the 
code placed on conductor 10 corresponds to 
tWO E. rings and two long rings. 

Call from substation T1 to substation T4 
It will now be assumed that the subscriber 

at substation T1, Fig. 1, desires to converse 
with the subscriber at substation T4, Fig. 7. 
In order to complete the connection, the sub 
scriber at substation T1 dials the number as signed to the manual exchange C (the digit 
4). It will be assumed, that when the sub 
scriber removes his receiver the lineswitch 
LS1 seizes the selector S1, and that when 
the digit 4 is dialed the selector S1, upon 
raising its wipers to the fourth level, rotates 
them and finds the trunk line comprising 
conductors 159-161, extending to the trunk 
circuit TC1, as the first idle trunkline. When 
this occurs, line relay 223 of the trunk cir 
cuit TC1 operates over the calling line and 
places ground on the release trunk conduc 
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code conductor connected to terminal. ringing relay 222 operates and projects ring 

tor 160 at armature 229, so as to maintain the 
selector S1 and the lineswitch LS1 operated. 
At armatures 228 and 232 relay 223 discon 
nects the conductors of the trunk line TL1 
from the corresponding conductors leading 
to the selector S2, Fig. 8, and connects them 
instead to the associated right-hand repeating 
coil windings through the armatures 226 and 
227, and at armature 231 it completes a con 
-nection including armature 225 between the 
ringing relay 222 and the 1 ringing, code 
conductor of the code generating device in ex 
change A. The code E. on this conductor 
corresponds to one long ring, and it is, of 
course, repeated at intervals. At armature 
230, ground is placed on conductor 375 
through armature 224 so as to start the asso 
ciated code-generating device. 
Each time ground is placed on the rin ing 

. 

ing cirrent out over the trunk line TLl. 

to remain non-operated. 
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This ringing current passes through the left 
hand windings of the repeating coil asso 
ciated with the trunk circuit TC3, Fig. 5, to 
the upper winding of the ring-up relay 501. 
Relay 501 responds and closes a i. cir 
cuit for itself through its lower winding at 
armature 506, including armature 514 of 
sleeve relay505. At armature 507, relay 501 
closes a circuit for the line lamp 515. 
When the operator notes the lighted con 

dition of the lamp 515, she inserts the answer 
ing plug of an idle cord circuit, such as the 
cord circuit CC, into the jack J2. When 
the plug has been fully inserted, a circuit is 
closed from the exchange battery through 
the two left-hand windings of the cord cir 
cuit CC for the relay 504 in the trunk circuit 
TC3 including the right-hand windings of 
the repeating coil in the trunk circuit TC3, 
and armatures 508 and 510. At armature 
511, relay 504 places ground on the lowerter 
minal of the sleeve relay 505, whereupon 
sleeve relay 505 operates over the sleeve con 
ductor of the left-hand plug of the cord cir 
cuit and closes a locking circuit for itself at 
armature 514, at the same time opening the 
locking circuit of relay 501. Relay 501 falls 
back and extinguishes the lamp 515. At 
armature 512, relay 505 shunts the condenser 95 
in the left-hand windings of the repeating 
coil so as to improve the talking conditions, 
and at armature 513, it connects ground 
through relay 502 to both inner terminals of 
the left-hand repeating coil windings, there 
by closing a circuit over the two conductors 
of the trunk line TL1, and the right-hand 
windings of the repeating coil at the trunk 
circuit TC1 for relay 221. Relay 221 oper 
ates over this circuit and closes a locking 
circuit for itself at armature 224, at the same 
time removing ground from conductor 375 
and disconnecting the code conductor 
from the ringing relay 222. The closure of 
the locking circuit for relay 221 shunts the 
current away from supervisory relay 502 in 
the trunk circuit TC3, permitting this relay 
In the cord circuit CC, supervisory relay 

516 operates in series with relay 504 of TC3, 
and shunts the associated supervisory lamp 
so as to keep it from lighting in the sleeve 
circuit. 
The operator now throws her key K2 into 

listening position and converses with the 
calling subscriber. Upon learning that the 
calling subscriber desires connection with the 
subscriber at substation T4, Fig. 7, the oper 
ator makes a note of the number of the call 
ing substation and the number of the called 
substation. She then inserts the right-hand 
plug of the cord circuit CC into the jack 
of an idle trunk line, such as the trunk line TL4, extending to exchange D. When the 
plug is inserted to the jack J3, a circuit is 
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closed for relay 604 through the left-hand 
... windings of the repeating coil in the trunk 

O 

30 

circuit and at armature 608 and 610. Re 
lay 604 operates and grounds the lower ter 
minal of relay 605, whereupon relay 605 oper 
ates over the sleeve circuit and closes a lock 
ing circuit for itself at armature 614. At 
armature 612, relay 605 shunts the condenser 
associated with the right-hand repeating coil 
windings of the trunk circuit, and at arma 
ture 613 it connects ground to the two inner 
terminals of the associated right-hand repeat 
EE coil windings, closing a circuit including 
relay 602, the two conductors of the trunk 
line TL4 in multiple, and the line relay of 
the lineswitch LS3. Relay 602 operates in 
this circuit and opens the circuit of relay 604 
at armature 608. Relay 504 falls back and 
relay 517 of the cord circuit CC remains non 
operated, permitting the associated super 
visory lamp to become lighted in the sleeve 
circuit. . 
The lineswitch LS3 now operates and ex 

tends the connection to the connector C5. 
Line relay 803 of the connector C5, now oper 
ates over conductors 616 and 618 in multiple 
and closes a circuit for release relay 804. 
The circuit of release relay 804 includes, at 
this time, the normally closed contacts con 
trolled by armatures 819 and 857, and rotary magnet 855. Relay 804 upon operating, 
locks itself to the operating conductor 822 at 
armature 826; grounds the locking conduc 
tor 701 at armature 825; and at armature 824 
places ground on release trunk conductor 617 
to maintain the connector busy to the line 
switches having access to it, and to hold the 

40 

lineswitch LS3 operated. When ground is 
placedon conductor 617, relay 802 operates 
through off-normal contacts 812 and prepares 
a locking circuit for itself at armature 817. 
Aternature 819 it substitutes vertical mag 

50 

(0. 

net 816 for rotary magnet 855. 
After inserting the right-hand plug of the 

cord circuit CC into the jack J3, the operator 
inserts the plug of the dial cord DC into the 
dial jack DJ2. When the operator turns the 
calling device CD, in accordance with the 
first digit 3 in the number of the called sub 
station, the off-normal springs of the calling 
device CD close a circuit for relay 603, 
whereupon relay 603 opens at armature 610 a 
further point in the circuit of supervisory, 
relay 604, and at armature 609 it disconnects 
relay 602 and substitutes the impulse springs 
of the calling device CD. Upon the return 
of the dial to its normal position, three inter 
ruptions are produced in the circuit of line 
relay 803, Fig. 7, and when the normal posi 
tion is reached, the off-normal springs bring 
about the deenergization of relay 603, where 
upon relay 602 is brought into the circuit 
again. 

Each time line relay 803 of the connector 
C5 falls back it shunts release relay 804, 
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thereby operating vertical S. 816 three 
times. Series relay 809, included in the 
shunt circuit around relay 804, operates upon 
the first impulse and, being slow-acting, re 
mains operated throughout the series of im 
pulses. At armature 843, relay 809 com 
pletes the locking circuit of relay 802 so as 
to maintain the relay operated after its initial 
circuit is opened at off-normal contacts 812. 
At the end of the vertical movement of the 

connector, relay 809 falls back and permits 
relay 802 to deenergize and transfer the oper 
ating conductor 822 to the rotary magnet 
855. 
When the calling operator dials the next 

digit 0, line relay 803 falls back and operates 
rotary magnet 855 ten times. Relay. 809 is 
again operated throughout the series of im 
pulses and it closes at armature 842 a circuit 
for relay 810. Relay 810 operates and at 
armature 845 connects test wiper 857 to bus 
relay 808 through the normally-closed off 
normal contacts of the code selector CS5. In 
case the called line is busy, relay 808 is oper 
ated at the end of the rotary movement, when 
the wipers 856-859 are on the contacts of the 
called line, and the busy tone is transmitted 
back to the operator at armature 841, in the 
usual manner. If the line is idle, a circuit 
for the upper winding of the switching relay 
811 is completed upon the falling back of re 
lays 809 and 810, which circuit includes the 
grounded release trunk conductor 617, arma 
ture 836, upper winding of relay 811, arma 
ture 845, armature 84, test wiper 857, test 
contact of the called line, and the bridge 
cut-off winding (not shown) of the line 
switch LS4. i.e., 811, upon operating, 
locks itself to conductor 701 at armature 848; 
at armature 847 shifts the test wiper 857 from 
the upper winding of relay 811 to ground; 
connects up the wipers and opens a point in 
the busy signalling circuit at armatures 846 
and 853; shifts the operating circuit to the 
operating magnet of the code selector at ar 
armature 851; and at armature 850 prepares 
a circuit for pick-up relay 805. 
When the calling operator dials the next 

and last digit 5, five impulses of current are 
transmitted to the operating magnet of the 
code selector, whereupon the wiper of the 
code selector is driven into engagement with 
the fifth associated bank contact. Relays 
809 and 810 are energized throughout this 
digit, and the circuit of relay 808 is main 
tained open at armature 845. When relay 
809 falls back, a circuit is closed at armature 
842 through the normally-open off-normal 
contacts of the switch CS5 and for the busy 
relay 808. Relay 808 operates at this time 
and, at armature 837, shunts the series relay 
809 so as to prevent any further operation of 
this relay; at armature 839, it shifts the oper 
ating conductor back to vertical magnet 816; 
it prepares the release circuit at armature 
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835; and at armature 838 it completes the 
connection between the pick-up conductor 
and pick-up relay 805. The start conductor 
375 having been grounded through contacts 
823 and armature 820, the associated code 
generating device is operating, and, when 
the pick-up conductor is grounded, pick-up 
relay 805 operates and locks itself to con 
ductor 701. At armature 829, it completes 
a connection through armature 818 between 
ringing relay 806 and the wiper of the code 
selector. The ringing current is now pro 
jected out over the called line by relay 806 in 
isordance with the code of the substation 

4. 
When the subscriber at substation T4 re 

sponds a circuit is closed over the two sides 
of the called line in parallel for relay 801. 
At armature 813, relay 801 closes a circuit for 
relay 802. Relay 802 operates and at arma 
ture 817 closes a locking circuit for itself 
including armature 849; it disconnects the 
ringing relay at armature 818; and at arma 
ture 820 it removes ground from start con 
ductor 375'. Relay '801, at armature 814, 
inserts the resistance 815 into the circuit of 
line relay 803, whereupon the marginal su 
pervisory relay 602, Fig. 6, falls back. and 
again completes a circuit through relay 604, 
whereupon the right-hand supervisory relay 
517 of the cord circuit CC operates and ex 
tinguishes the associated supervisory lamp 
so as to give the operator answered supervi 
SO. 

The two subscribers may now converse 
with each other in any desired manner, and 
when the conversation is terminated they 
both replace their receivers. 
When the receiver is replaced at the call 

ing substation, line relay 223 of the trunk cir 
cuit TC1, Fig. 2, falls back and removes 
ground at armature 229 from release trunk 
conductor 160, permitting the line-switch 
and selector, Fig. 1, to release. At armatures 
228 and 232 the conductors of the trunk line 
TL1 are switched back to the selector S2, and 
at armature 230 the locking circuit of relay 
221 is opened, whereupon relay 221 falls back. 
The supervisory relay 502, Fig. 5, now op 

erates over the trunk line TL1 in series with 
the line relay (not shown) of the selector S2, 
and at armature 508 opens the circuit of su 
pervisory relay 516, whereupon supervisory 
relay 516 falls back and permits the associat 
ed lamp to become lighted as a disconnect signal. 
The selector S2, see Fig. 8, is incidentally 

prepared for operation when its line relay 
operates over the trunkline in series with the supervisory relay 502, Fig. 5, 
When the receiver is replaced at the called 

substation, relay 801 falls back and at arma 
ture 814 shunts the resistance 815, whereupon 
relay 602, Fig. 6, operates again over the 
trunk line TIA and gives the operator a fur 

1 

ther disconnect signal by opening the circuit 
of supervisory relay 517 at armature 608. 
Upon perceiving the two disconnect sig 

nals, the operator pulls down the connection. 
When the plug is removed from the jack J2, 
the associated supervisory lamp becomes ex 
tinguished, and sleeve relay 505 falls back. 
At armature 513, the simplex circuit over 
the trunkline TL1 is opened, whereupon the 
line relay of the selector S2 falls back and 
causes the restoration of the selector to its 
normal condition. 
When the plug is removed from the jack 

5 

J3, sleeve relay 605 falls back and removes 
ground from the inner terminals of the asso 
ciated right-hand repeating coil windings, 
whereupon line relay 803 of the connector 
falls back and shunts release relay 804, caus 
ing an incidental operation of vertical mag 
net 816. After a slight interval, relay 804 

SO 

85 
falls back and, at armature 824, removes . 
ground from conductor 617 so as to permit 
the lineswitch LS3 to release. At armature 
825 it removes 
ermitting relays 805 and 811 to fall back. 
he relay 811 releases the bridge-cut-off 

winding of the lineswitch LS4 at armature 
847, and at armature 849 opens the locking 
circuit of relay 802, whereupon relay 802 
falls back. Release magnet 821 operates 
through off-normal contacts 827, and the re 
lease magnet of the code selector operates 
through off-normal contacts 835. It is to be 
noted, that no reapplication of ground appli 
cation of ground potential to conductor 617 
occurs at this time, as it is not desired to busy 
the connector C5 during the release. When 
the code selector CS5 reaches its normal po 
sition, the circuit of relay 808 is opened, and 
relay 808 falls back, opening the release mag 
net circuit of the code selector at armature 
835. At armature 837, relay 808 removes the 
shunt from around the winding of relay 809, 
whereupon relays 809 and 810 operate again. 
However, the reapplication of ground to the 
release trunk conductor, described in con 
nection with the similar relay 311 of the con 
nector C4, does not occur at this time, owing 
to the elimination of the connection at arma 
ture 817 corresponding to the connection be 
tween the resting contact of armature 326, 
Fig. 3, and the release trunk conductor 302. 
When the connector C5 reaches its normal po 
sition, the circuit of magnet 821 and relay 
809 is opened at off-normal contacts 827. Re 
lay 809 now falls back and opens the circuit 
of relay 810 at armature 842, with the result 
that relay 810 falls back also. 
The entire connection is now released, and 

the apparatus involved therein may be used 
in setting up other connections. 

Regarding the reason for the elimination 
of the busy-during-release feature from the 
connector C5, it may be pointed out that, in 
case the connector C5or the code selector CS5 
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should become mechanically defective so that 
no release would occur, the ground potential 
would remain applied to conductor 61, with 
the result that, in case the lineswitch used 
to make the original call should be reoper 
ated right away to make a new call E. 
the master switch has “picked-up' the line 
switch and carried it to an idle trunk, the 
lineswitch would reoperate and seize the de 
fective trunk line, and become locked in con 
nection therewith, until the trouble was 
cleared. Now, the exchange C is a small ex 
change, and is unattended, for the most part, 
and it is thought that the danger of lines be 
coming thus locked up out of commission 
more than offsets the gain due to the pre 
vention of the seizure of the switches while 
they are releasing. On the other hand, the 
busy-during-release feature has been applied 
to the connector C4, Fig. 3, because this con 
nector is preceded by a selector and as soon 
as the release starts the selector is freed and 
there is no danger of a line being locked out 
of commission upon the reapplication of the 
ground potential to the release trunk. How 
ever, notwithstanding the danger of lines be 
ing locked out of commission, the guard-dur 
ing-release feature has been applied to the 
selector S1, as it is assumed that an attendant 
is present most of the time in exchange A, 
and that he will be ready to take care of such 
situations as they occur. 
to exchange B. 
Call from substation T4 to substation Ts 
In order that the automatic rotary opera 

tion of the connector C5, Fig. 7, be under 
stood, this operation will be explained in 
connection with a call from the subscriber at 
substation T4 in exchange D, to the sub 
scriberat substation T3 in exchange C. 
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It will be assumed that, when the subscrib 
er at substation T4 removes his receiver, the 
lineswitch LS4, Fig. 8, seizes the connector 
C5 at a multiple of the conductor 616-618, 
see Figs. 6 and 7. When this occurs, the con 
nector C5 is prepared for operation in the 
manner hereinbefore explained, and a hold 
ing circuit for the calling lineswitch is closed 
over conductor 617. 
The calling subscriber now dials the num 

ber 211 assigned to the exchange C for the 
use of subscribers in exchange D. When the 
digit 2 is dialed, the connector C5 responds 
by raising its wipers opposite the second 
level of bank contacts. 
When the second digit, the digit 1, is dialed, 

the wipers of the connector C5 are rotated 
one step in the hereinbefore described man 
ner. It will be recalled that the series re 
lay 809 is operated in series with the operat 
ing conductor 822 when the rotary movement 
of the connector takes place, and that relay 
810 is operated by relay 809 at armature 842. 
The operation taking place at the end of the 

The same applies 
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directed rotary movement of the connector, 
depends upon whether the trunk line TL4 is 
busy or idle, it being assumed that the trnik 
TL4 is the one terminating in the first set 
of bank contacts in the second level. Assun 
ing that the trunk line is busy, there is a 
ground potential on the test contact thereof, 
now encountered by test wiper 857, and a cir 
cuit is therefore closed through armatures 
847 and 845, and off-normal contacts of the 
code selector CS5 for busy relay 808. Busy 
relay 808, at armature 840, prepares a cir 
cuit for stepping relay 807, including the ro 
tary test wiper 858. When series relay 809 
falls back and opens the circuit of the slow 
acting relay 810 at armature 842, it completes 
at armature 844 a connection between relay 
807 and the test wiper 858, this connection 
including the interrupter contacts 854 and 
armature 852. Relay 807 now, operates from 
the ground potential on the test conductor of 
the trunk line, which ground potential is car 
ried to the rotary test contact through the as 
sociated jumper connection. Upon operat 
ing, relay 897, at armature 833, closes a hold ing circuit for slow-acting relay 810, so as to 
prevent it from falling back at this time. At 
armature 834, relay 807 locks itself to the 
release trunk conductor 617 by placing 
ground therefrom on the test wiper 858, and 
at armature 832 it closes a circuit over the op 
erating conductor 822 for rotary magnet 855. 
Rotary magnet 855 now responds and ad 
vances the wipers another step. Near the 
end of its stroke, magnet 855 opens the cir 
cuit of relay 807 at contacts 854, whereupon 
relay 807 falls back and E. the rotary mag 
net circuit, resulting in the deenergization of 
the rotary magnet. If the test contact of the 
second trunk line is busy, the stepping relay 
operates again and the rotary movement con 
tinues. When an idle trunk line is reached, 
relay 807 ceases to operate and the busy relay 
808 falls back. As an alternative, the wipers 
may be driven to the last trunk line of the 
group, and, if this trunkline is busy, the busy 
relay remains operated, but no further oper 
ation of the stepping relay 807 takes place 
on account of the ommission of the corre 
sponding jumper connection between the reg 
ular test contact and the rotary test contact of 
the last trunk line. The busy signal is trans 
mitted back in the latter instance, and the 
calling subscriber replaces his receiver, bring 
ing about the release of the connection. 

For the purpose of the present description 
it will be assumed that the trunk line. TL4 
is idle when tested, with the result that relay 
807 does not operate, and busy relay 808 re 
mains normal when the directed rotary move 
ment is completed. 

Responsive to the deemergization of relay 
810, which takes place when its circuit is 
opened by relay 809, the switching relay S11 
operates in series with the bridge-cut-off 
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winding of the lineswitch LS3, connecting 
up the wipers of the switch and extending the 
operating conductor to the operating magnet 
of the code switch DS5. 
The calling subscriber now dials the code 

digit 1 so as to cause ringing current to be 
applied over the trunk line, as it is in the 
hereinbefore described manner after th: code 
switch has been set on the first bank contact. 
When the ringing current is projected over 

the trunk line TL4, the ringing response re 
lay 601 in the trunk circuit E. operates and 
closes a locking circuit for itself at armature 
606, at the same time closing a circuit for the 
call lamp 615. h 
When the operator notes the lighted con 

dition of the lamp 615, she inserts the an 
swering plug of an idle cord circuit, for ex: 
ample the left-hand plug of the cord circuit 
CC, into the jack J3. Relay 604 operates 
over tip and ring conductors of the plug 
and jack and connect up the sleeve relay 605 
at armature 611, whereupon the sleeve relay 
operates and closes a locking circuit for it: 
self, at the same time releasing relay 601 and 
connecting up the marginal supervisory, re 
lay 602 in a simplex circuit with the conduc 
tors of the trunk line TL4. 
The answering relay 801 of the connector 

C5 operates over this circuit so as to cause the ring-cut-off relay 802 to operate and lock 
energized. 
The marginal supervisory relay 602 in the 

trunk circuit TC5 does not operate at this 
time, however, owing to the relatively high 
resistance of relay 801 in the connector C5. 
Since relay 602 does not operate, the circuit 
of relay 604 remains closed and the super 
visory relay 516 of the answering end of the 
cord circuit operates to prevent the lighting 
of the associated supervisory lamp. 
After throwing her listening key and as 

certaining the number of the called lines, the 
operator inserts the calling plug, the right 
hand plug, of the cord circuit CC into the multiple jack of the called line, after which 
she applies ringing current by throwing the 
key K2 into ringing position. The calling 
supervisory lamp operates through the sleeve 
circuit when the connection is made with the 
called line. 
When the called subscriber responds, the 

supervisory relay 517 operates and ex 
tinguishes the associated supervisory lamp. 
The two subscribers may now converse 

with each other. When the conversation is 
terminated, the two subscribers replace their 
receivers. The replacement of the receiver. 
at the called substation results in the de energization of supervisory relay 517 and in 
the consequent lighting of the associated 
lamp as a disconnect signal. 
When the receiver is replaced at the calling 

substation T4, the connector C5 releases in 
the manner hereinbefore described, where 
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upon the lineswitch LS3 on the trunk line 
TL4 operates responsive to the opening of 
the circuit through its cut-off winding and 
seizes a connector similar to the connector 
C5. When this occurs, the marginal relay 
602 in the trunk circuit TC5 operates, first in 
series with the line relay of the lineswitch 
LS3, and then in series with the line relay 
of the seized connector. At armature 608 
relay 602 opens the circuit of the answerin 
supervisory relay 516 of the cord circuit CC, 
whereupon this relay falls back and the asso 
ciated lamp is lighted as a disconnect signal. 
When the operator perceives that both 

supervisory lamps are lighted, she pulls 
down the connection. The connector seized 
by the last mentioned operation of the line 
switch LS3 is freed in the usual manner 
when the plug is removed from the jack J3. 

Local call on the line of substation T1 
Assuming now that the subscriber at sub 

station T1 desires to converse with another 
subscriber on the same line, the removal of 
the receiver at substation T1 is followed by 
the usual operation of the lineswitch LS1. 
It may be assumed for example that the se 
lector S1 is the one seized by the lineswitch 
LS1. The usual holding and guarding cir 
cuit is closed over conductor 125 when re 
lease relay 132 operates. 
After removing his receiver, the calling 

subscriber operates his hand generator 103 in 
accordance with the code assigned to the de 
sired substation on the calling line. Upon 
the first operation of the generator 103, relay 
111 responds to the ringing current and closes 
a circuit through spring 120 of the lineswitch 
LS1 and its associated contacts for relay 112. 
This circuit includes the two coils of the 
ringer 104 in parallel, conductors 101 and 
102 in parallel, and the two windings of re 
lay 111 in parallel. Upon operating, relay 
112 closes a locking circuit for itself at its 
inner lower armature; disconnects the talk 
ing conductors from the lineswitch at its 
upper and lower armatures, and at its inner 
upper armature disconnects the private nor. 
mal conductor 127 from the spring 119 and 
winding 115 and connects it to ground local 
ly. The line and release relays of the se 
lector S1 now falls back, whereupon the line 
switch LS1 releases. It will be noted that 
the generator 103 is normally short-circuited 
by its own contact, and that when it is oper 
ated the short circuit is removed and the 
generator is placed across the line. It will 
E. noted also that when the generator is 
operated the bridge including the secondary 
winding of the repeating coil and the receiver 
is opened. This prevents a large portion of 
the current from the generator from being 
shunted away from the line. It will be noted 
that there is a talking condenser in series 
with the receiver circuit. This condenser is 
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14 
provided to lessen the shunting effect on the 
ringing current in case the receiver is re 
moved at some unwanted telephone while 
ringing current is passing over the party 
line, each telephone being so equipped. 
When the subscribers both replace their 

receivers after the conversation is over, re 
lay 112 falls back, restoring the associated 
circuit conditions to normal. 
What is claimed is: 
1. In a party line automatic telephone ex 

change system, automatic switching equip 
ment provided in the central office common to 
a plurality of lines for setting up connections, 
and means automatically operated when a 
subscriber on one line calls another subscrib 
er on the same line for freeing all common 
central office switching equipment. 

2. In a party line automatic telephone ex 
change system in which ringing-current gen 
erators are provided at the party-line sub 
stations, common switching devices at the ex 
change, means for rendering one of said de 
vices temporarily individual to a calling line, 
and means responsive to the operation of the 
hand generator at a calling telephone to sig 
nal another party on the same line for caus 
ing the seized switching device to be freed 
and for preventing any other device from be 
ing taken into use by said line until such 
line has been again cleared out. 

3. In a party line telephone exchange sys 
tem of the magneto type, a device at the cen 
tral office responsive to the removal of the 
receiver on a party line, means at any one of 
the party line substations for applying ring 
ing current to the line to signal other sub 
stations on the same line, and a lock-out de 
vice at the central office responsive to the 
operation of the signalling device on a call 
ing substation for terminating the response 
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of the central office device and for preventing a further response until the line has again 
been cleared out. 

4. In a party line telephone system, a lock 
out device in the central office responsive to 
an application of ringing current to a call 
ing party line by one of the substations there 
on, and means for preventing the said lock 
out device from operating responsive to an 
application of ringing current to the same 

60 

line by the central office equipment when it is 
a called line. 

5. In a telephone system, a line terminat 
ing in an automatic exchange, means in said 
automotic exchange for setting up a connec 
tion including said line as a calling line and 
for setting up a connection including said 
line as a called line, circuit connections for 
effecting a current flow over said line when 
the same is a calling line and for effecting a 
current flow over said line of a substantially 
feed strength when the said line is a called 

e. 

6. In a telephone system, a line terminat 

to effect a change over from one motion to the 
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ing at an automatic exchange, switching 
mechanism in the automatic exchange for set 
ting up connections including said line as a 
E. line and for setting up connections in 
cluding said line as a called line, current Sup 
ply circuits of a given resistance, other cur 
rent supply circuits of a substantially higher 
resistance, and means whereby the former 
current supply circuits are connected with 
said line E. it is set up in a connection 
as a calling line and whereby the high resist 
ance circuits are connected to said line when 
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it is a called line. 
7. In a telephone system, a trunk line ex 

tending between two exchanges, a supervi 
sory control device in the second exchange, an 
answering relay in the first exchange oper 
ated over the trunk line when a call over the 
trunk line from the first exchange to the sec 
ond exchange is answered at the second ex 
change, said supervisory control device be 
ing connected in a circuit in the second ex 
change over said trunkline with said answer 
ing relay in the first exchange, and means for 
maintaining said answering relay operated 
independent of the continued answered state 
of the call in the second exchange and for 
preventing a response of the supervisory con 

80 

trol device by closing a locking circuit for the 
answering relay in the first exchange, where 
by the current flow through the answering 
relay is shunted away from said supervisory 
device. 

8. In a telephone system, a two motion 
automatic switch for use in setting up tele 
phone connections to lines accessible to said 
switch, a single wound combination change 
over relay and ring-cut-off relay in said 
switch, and means for operating said relay 

00 

05 
other motion of said switch, and for subse 
quently operating said relay to prevent fur 
ther application of ringing current to a con 
nected line after the switch has operated and 
applied ringing current to the line. 

9. In a telephone system, a party line hav 
ing two talking conductors, a substation on 
said line, a receiver circuit bridged across 
said conductors at said substation, means at 
the substation for applying signalling cur- 15 
rent for said conductors, means for automati 
cally opening said bridge when the signal 
ling current is applied, a dial at said sub 
station, switching mechanism terminating 
said line, means in said switching mecha- 120 
nism effective to extend the line if digit im 
ulses are transmitted and effective to re 
ease the switching mechanism if signalling 
current is transmitted. 

10. In a party line telephone system, a 125 
party line terminating in a line switch, auto 
matic switching mechanism accessible to the 
line switch, means responsive to the initiation 
of a call at any station on the line for bridg 
ing the receiver circuit across the line and for 130 
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causing the line switch to seize said switch 
ing mechanism, means at each station for 
transmitting digit impulses over the line to 
control the switching mechanism if a station 
On a different line is desired, signalling means 
at each station for applying signalling cur 
rent to the line if a station on the same line 
is desired, means in the line switch respon 
sive to the signalling current for releasing 
the Switching mechanism, and means at the 
calling station responsive to the operation of 
said signalling means for opening said bridge 
including the receiving circuit. 

11. In a party line telephone system, a plu 
rality of lines, two talking conductors and a 
plurality of stations for each line, means at 
each station for controlling the calling of any 
station on the same or on a different line, said 
means comprising means responsive to the 
removal of the receiver for bridging the tele 
phone instrument across the talking conduc 
tors, means for applying signalling current 
to the line to signal a station on the same line 
and means for transmitting digit impulses 
over the line to control the setting up of a 
connection to a different line, automatic 
Switching mechanism at the central exchange, 
common to a plurality of lines and seized 
responsive to the removal of the receiver at a 
calling station and controlled by digit im 
pulses for extending the calling line towards 
other lines, means at the central station re 
sponsive to signalling current from the call 
ing station for releasing said switch, and 
means at the calling station responsive to 
the operation of the signalling means for 
opening the bridge including the telephone 
instrument across the talking conductors. 

12. In a telephone system, a party line 
extending to the exchange and there termi 
nating in an automatic switch, a generator 
at, a calling station on said line for ringing 
other stations on the same line, a bridge 
across said line at said switch, said bridge 
being low enough in resistance to prevent 
effective ringing, means responsive to the 
removal of the receiver at the calling station 
for operating said switch, means responsive 
to such operation for opening said bridge, a 
Second bridge placed across the line at the 
calling station by the removal of the receiver, 
and means effective upon the operation of 
said generator for opening said second bridge. 

13. In a telephone system, a two motion 
automatic switch for use in establishing con 
nections, a trunk comprising speaking con 
ductors and a test conductor terminating in 
said switch, a single wound combination 
change-over relay and ring-cut-off relay in 
said switch, means for operating said relay 
over the test conductor of the trunk respons 
ive to the seizure of the switch thereover to 
efect a change-over from one motion to the 
other motion of the switch, and means for 
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subsequently operating said relay to prevent 
further application of ringing current to a 
connected line after the switch has operated 
and applied ringing current to the line. 

14. In a telephone system, a connector 
switch and an auxiliary signal selecting 
switch associated therewith, means for di 
rectively operating said switches to extend 
a connection, means for restoring said 
Switches to normal position, and separate 
guarding circuits for preventing the seizure 
of the connector switch effective respectively 
during the restoring operation of each 
switch. 

15. In a telephone system, a connector 
switch and an auxiliary switch associated therewith means for directively operating 
said Switches to extend a connection, means 
for restoring said switches to normal posi 
tion, a guarding circuit effective during the 
restoring operation of said auxiliary switch 
for preventing the seizure of the connector, 
and a second guarding circuit effective dur 
ing the restoring operation of said connector 
switch and subsequent to the restoration of 
Said auxiliary switch for preventing the 
seizure of the connector switch. 

16. A two motion switch having primary 
and secondary magnets for controlling re 
spectively the vertical and rotary motions of 
the switch, a release control relay in said 
Switch, an auxiliary device including a step 
ping magnet operatively associated with said 
first switch, and means for energizing said 
relay in series respectively with the primary 
magnet during the vertical motion of the 
switch, with the secondary magnet during 
the rotary motion of the switch, and with the stepping magnet during the operation of 
said auxiliary device. 
In witness whereof, I hereunto subscribe 

my name this 7th day of December, A. D. 
1926. 

NORMAN H. SAUNDERS. 
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