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UNITED STATES 

1932,235 

PATENT OFFICE 
1932,235 

EEPONE SYSTEM 
(Howard H. Smith, Chicago, and John Wicks, 

(Oak Park, E., assignors, by mesins assign 
intents, to Associated Electric ALaboratories, 
is a C., Chicago, E., a corporation of EDelaware 

Application July 23, 1931. Serial No. 550,436 
29 Cainas. 

The present invention relates in general to 
telephone Systems, but rere particularly to toll 
SWitching apparatls and eguiptinent for auto 
Inatic telephone systeins. 

In circlei to increase the revenue derived from 
iOng distance toll lines, it is cominon practice 
to phantom the trunks so that three talking cir 
Clits are available over four conductors and, in 
addition, to use the individual line conductors 
for direct current telegraph circuits. In some 
instances, additional telegraph facilities are pro 
vided by employing low frequency alternating 
current and carrier current for telegraph sig 
nailing. Where any of these telegraph facili 
ties are provided, it is necessary to employ some 
type of toii dialling and signalling which will not 
interfere with the various telegraph circuits and 
Which is incapable of being interfered with by 
the telegraph signaling currents. . 

cii'ect Current telegraph circuits are employed 
is disclosed in the co-pending application of 

Serial No. 540,992, fied May 29, se John Wicks, 
1933, a dia, 
application. In that case, low frequency alter 
ilating cut; reint inpulses of different durations 
are used for Variotis Gperating, release, and Su 
pervisory Sigzaais. Rowever, such a system is not 
Suitable ii) Cases where alternating current tele 
gr&ph facilities are provided. 

The Inain object of the present invention is 
to provide a Systein of toil dialling and signal 
iiing Wihigh Knay be used on all types of toi lines 
irrespective of the telegraph and other facilities 
examployed. his is inade possible by the use of 
signalling current having a frequency lying with 
in the voice frequency range. 

In ein ploying cu:'rents of voice frequencies for 
Siginalling in telephone systems, the greatest dif 
ficulty is encountered in preventing the actual 
voice currents froxn operating the signaling ap 
paratus. According to One feature of the pres 
ent invention, this difficulty is overcome by en 
pioying a kasic frequency current lying within 
the voice freguency range, and interrupting this 
Gasic frequency current at different rates below 
audible frequency to effect the operation of the 
proper apparallis. 
According to another feature of the invention, 

3, new and innyroved tired reed relay is provided 
which responds only to the basic signalling fre 
quency used and which in turn interrupts the 
circuit of other tuned reed relays designed to 
respond to the various low frequencies at which 

A. Systein. Suitable for usc in cases where only 

Signed to the assignee of the present 

(C. 179-16) 

tieri'upted for the different signals. 
Another feature of the invention lies in the 
ri'angeinent, for producing the various signal 

ling currents co:posed of the basic signaling 

the signalling current of basic frequency is ill 

60 
frequency current interrupted at the proper low 
frequencies. 
The above and other features of the inven 

clearly understood from a perusal of the foll 
lowing Specification, when read in connection 
With the accompanying drawings comprising 
FigS. 1 to 10, inclusive, which shows by means of 
the usual Scheinatic diagram the application of 
the present invention to a multi-office telephone 
Systeria in winich toll connections are completed 
by the originating toll operator. 

In the drawings, Fig. 1 discloses the toll dial 
ling Selector S1 in exchange A. Which termi 
nates. One of the inter-office trunk lines connect 
ing this exchange with exchange B. The toll 
board in exchange A is indicated in the upper 
left-hand portion of the figure, the operator's 
cord circuit CC1 and the dialling cord DC1 being 
inerely indicated in this figure. 

Fig. 2 of the diaWings discloses the voice fre 
Ouency dialing repeater Ri associated with the 
toil dialling selector TS1. 

Fig. 3 discloses the tone group TG1 associated 
with the toll dialling selector TS1, and in the 
lower portion of this figure is indicated the toll 
train in exchange A, consisting of the trunk cir 
cuit TC1, the toll transmission selector S1, and 
the toil connector C1. The toll transmission 
selector S1 and the toll connector C1 may be 
switches of a standard toll train and may be in 
all respects similar to the selector S and con 
Inector : C disclosed in the patent to Victor S. 
Tharp, No. 1,831,444, granted June 23, 1931. 

Fig. 4 discloses the tone group TG2 associated 
With the toil dialling selector TS2 terminating 
the trunk in exchange B. This tone group is in 
all respects similar to the tone group TG1 in 
exchange A. . . 

Fig. 5 discloses the toll dialling selector TS2 
located in exchange B and terminating the trunk 
extending from exchange A. This toll dialling 
selector is in all respects similar to Selector TS1 
in exchange A. The toll board located in ex 
change 3 is indicated in the upper right-hand 
corner of this figure. 

Fig. 6 discloses the voice frequency dialling re 
peater R2 associated with the toll dialling se 
lector TS2, and this repeater is in all respects 

tion not specifically inentioned will be more 
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2 
similar to repeater R1 disclosed in Fig. 2 of the 
dra WingS. 
An operator's cord circuit CC2 and a dialling 

COrd DC2 are shown in the upper portion of Fig. 
7 of the drawings. Only a sufficient portion of 
these cord circuits have been disclosed to enable 
the present invention to be understood. Silknilar 
COrd circuits are used at each of the toll boards 
in exchanges A and C. The toll train comprising 
a trunk circuit TC2, a selector S2, and connector 
C2, is shown in the lower portion of this figure, 
The trunk circuit TC2 is the saime as trunk cir 
cuit TC1 in exchange A, while the selector S2 and 
Connector C2 are the same as Selector S1 and 
Connector C1 in exchange A, and are preferably 
of the type disclosed in the above-nentioned 
patent to Tharp. The toll train shown in the 
lower portion of this figure is accessible to the toll 
dialling selector TS2 over conductors 40 to 43, 
inclusive. In the upper right-hand portion of 

1,932,235 
soon as the trunk is seized, the voice frequency 
dialling repeater Ril transirits a calling signal 
consisting of an uninterrupted impulse of the 
basic frequency current. This calling signal pre 
(2.'es the equipment in exchange 3 for an in 
Coining call. i.he toll operator at exchange A. 
thsil dials the telephone inaber of the desired 
Sibscriber. The first series of impulses operates 
the toll dialling selector TS2 in exchange B to 
the proper level and the selector then rotates to 
Select, an idle traink circuit, such as TC2, and 
associated toll transmission selector S2. The sec 
Cind digit of the callied member operates the toll 
tianSinission selector S2 to Select a toll connector, 
Uch as C2, in the proper hundreds group. The 

final two digits of the called number operate the 
connector C2 into engagement with the desired 
called line. It is to be understood that one or 
In Oretoli selectors inay be inserted between the 
toll transmission selector, such as S1, S2, or S3, and 

this drawing, the trunk line extending to ex- the toll connector, such as C1, C2, or C3, depending 
change C has been indicated and shown as ter. 
minating in a toll dialling selector TS3 and 
aSSociated repeater R3 and tone group TG 3, and 
also at the toll board in exchange is at jacks J5 
and J6. The circuits of selector TS3, repeater 
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tone group TG1. 

R3, and tone group TG-3 are in all respects simi 
lar to the circuits of the corresponding apparatus 
disclosed in detail in Figs. 1, 2, and 3 of the draw 
ings. The Selector TS3 has access to the same 
toll train as Selector TS2, and also has access to 
selector TS2 and the trunk to exchange A. over 
conductors 46 to 49, inclusive. The selector TS3 
and the associated trunk to exchange C is avail 
able to the Selector TS2 over conductors 36 to 
39, inclusive. 

Fig. 8 of the drawings discloses a perspective 
view of the improved tuned reed relay which is 
used to respond to the basic signaling frequency. 

Fig. 9 discloses the manner in which FigS. i to 
9, inclusive, are to be arranged to present a com 
plete circuit diagram of the System of the present 
invention. . 

Fig. 10 is a trunking layout of the telephone. 
System including three automatic exchanges, A, 
B, and C with a toll board located in each ex 
change. The two-way inter-office trunk lines 
connecting exchange A with exchange B terrini 
nate in the toll board at each exchange and also 
in voice frequency toll dialling selectors, such 
as TS1 in exchange A and TS2 in exchange B. 
ASSociated with the toll dialling selector 'E'S1 is 
the voice frequency dialling repeater R1 and the 

Similarly, voice frequency 
dialling repeater R2 and tone group TG:2 are 
associated with the toll dialling selector TS2 in 
exchange B. Exchanges B and C are intercon 
nected by two-way trunk lines terminating in 
Similar apparatus at each of these exchanges. 
This figure also discloses the trunking arrange 
ment of the toll train in each of the three ex changes. 
Referring now to the trunking layout shown 

in Fig. 10 of the drawings, a brief description 
Will first be given of the manner in which the 
Various connections are set up in the system 
shown. ASSunning that the toll operator in ex 
change A receives a request for a connection to 
the Subscriber T2 in exchange B, the Operator 
inserts the calling end of her cord circuit, and 
also her dialing cord circuit into the jackster 
minating One of the trunk lines extending to ex 
change B. It will be assumed that the trunk ter. 
minating in the toll selector TS1 and associated 
repeater and tone group is the trunk seized. As 

upon the sizes of the various exchanges and the 
raineer of digits in the telephone numbers. 
When the connection has been established, the 
21) SVjeijing, and disconnect Supervision and the 
1'elease functions are controlled over the inter 
office trunk-line by proper signals of the basic 
requency current interrupted at different low 
I'equencies as controiled by the voice frequency 
cigeatei's R1 and R2. 
in case the toll operator at exchange. A re 

ceives a request for a connection to a subscriber, 
Such as Subscribe T3 in exchange C, she inserts 
her cords in the trunk jacks associated with the 
trunk line extending to exchange S. in the same 
nanner as described above. The first digit, dialled 
in this case would be the digit 0, which would op 
erate the toll dialling selector TS2 to the tenth 
level and the selector then automatically rotates 
to Select, an idle trunk extending to exchange C 
and the associated toll dialling Selector TS3, re 
peater R3, and tone group TG3. When this trunk 
is seized, the voice frequency repeater R3 trans 
Iihits a calling signal consisting of uninterrupted 
basic frequency current over the trunk line to ex 
calinge C is order to prepare the apparatus in 
this exchange for an incoming call. The suc 
ceeding four digits dialed by the toll operator 
then operate the toll selector TS4, the toll trans 
mission Selector S3, and the toll connector C3 
to establish the connection to the desired Sub 
SCliber. The Supervisory and release functions in 
this case are controlled by repeaters R1 and R4. 
and the siginals are repeated through the interme 
diate exchainge B by the voice frequency dialling 
repeaters R2 and R3 and 3.SSociated equipment. 

CO2:nections fro; the toll hoard in exchange B 
to Subscribers in exchange A. or exchange C are 
established in the same nanner as connections 
fron toll boards in exchange A to a subscriber 
in exchange B. The toll operator in exchange C 
establishes connections to subscribers in exchange 
B in the same manner as previously described 
for connections from the toll operator in ex 
change A to a Subscriber in exchange B. In case 
the toll operator in exchange C wishes to es 
tablish a connection to a subscriber, such as T1, 
in exchange A, she selects a trunk line extending 
to exchange B and dials the digit 9 which operates 
the toll selectori S3 to the ninth level, and it then 
autornatically rotates to select an idle trunk ex 
tending to exchange A. and the associated Se 
lector, repeater, and tone group. The supervis 
ory and release signals in this case are repeated 
through exchange B by nineans of the voice fre 
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quency dialling repeaters R2 and R3. 
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The circuits are also arranged so that any one 

of the toll operators may signal any other toll 
operator. 
A wishes to converse with the operator at exchange 

5 B, she selects a trunk extending to exchange B 
and simply operates her ringing key. The re 
peater R1 then transmits a signal consisting of 
the basic frequency interrupted at a particular 
low frequency and this signal is received by the 

0 repeater R2, which in turn operates a calling 
Signal at the toll board in exchange B. . Sini- . 
larly, the toll operator in exchange A. may signal 
the toll operator at exchange C by selecting a 
trunk extending to exchange B and dialling the 
digit 0. The toll selector TS2 is thereby operated 
to select an idle trunk extending to exchange C 
and the associated selector, repeater, and tore 
group. The toll operator at exchange A. then 
operates her ringing key, which causes the re 
peater FR.1 to transmit a ringing signal in the 
same manner as previously described. This ring 
ing signal is repeated by repeater's R2 and R3 
and is received by repeater R4, which brings in 
the calling Signal at the toll board in exchange C. 

Having given a brief description of the inan 
her in which the various connections may be es 
tablished between the toll operators and sub 
Scribers in any one of these exchanges angl be 
tween any toll operator and any other toll op 
erator, a detailed explanation of the operation of 

15 

20 

25 

30 
the circuits and apparatus in establishing these 
Various Connections Will now be gives. For this 
description, reference is had to FigS. 1 to 9, in 
clusive, arranged in the order shown in Fig. 9 
of the drawings. ... 
Call from toll operator in eacchange A to Sub 

Station 2 in eaccidinge B 
It will first be assumed that the toll operator 

in exchange. A receives a request for a connection 
to the subscriber at substation T2 in exchange 
B. It will be assumed that the telephone nunger 
of the wanted subscriber is 3131. The operator 
at toll board A inserts the plug P of cord cir 
cuit CC1 into the jack, such as J1, associated 
with an idle trunk extending to exchange B, an 

35 

the plug P2 of the dialing cord DC1 into jack 
52 &SSociated With this Sane trunk. The inser 
tion of pilig P1 into jack Ji causes the cut-off 
relay 196 to operate from battery over the sleave 
of cord circuit CC1. At arnature 197, relay 196 
busies the toll selector S1 in the banks of the 
Cther toll selectors having access to the trunk 
extending to exchange B by placing ground on 
Conductor 10 through armature 122 and its rest 
ing contact. This same ground is extended to 
arnature 101 and its resting contact, conductor 
1, resting contact of armature 206 and said arma 
ture, winding of relay 212, to battery. 

60 Relay 212 operates and at arinatures 214 and 
itS Working contact it completes a circuit for the 
two Windings of relay 218 in series. At arma 

5 5 

ture 215 and its working contact it short cir 
cuits the weighted spring contact 235 of relay 
233 for a purpose to be described later. At ar 
mature 216 and its working contact, it places 
ground on conductor 2, which ground is extended 
over contact 103 of relay 100 of the toll selector 
TS1, lower winding of relay. 67, to battery. Re 
lay 167 operates, and at armatures 168 and 169 
and their resting contacts disconnects the gen 
erator leads to prevent the possibility of ringing 
current being connected to the conductors ex 
tending to the toll board. The operation of the 

In case the toll operator at exchange 

of amature 248 of 

remaining airinnatures of this relay is without ef 

3 
feet at this time. At arnature 217 and its work 
ing contact, relay 212 prepares a locking circuit 
for the Supervisory relay 257, and at the inormally 
closed springs controlled by armature 213 it dis 
connects the impulse conductor Z, from the low, 80 
frequency tuined reed relays 243 aind 249. 

iihe upper Winding of relay 218 is a weak wind 
ing, and when energized alone can operate only 
airmatures 222 and 224. When the circuit of the 
relay is closed at arrnature 214 of relay 212, the 85 
relay begins to energize over both of its windings 
in series, but as soon as armature 222 closes its 
Working contact, the upper winding of the relay 
is SUnited fron giound at the Working contact 

the norinally energized relay 90 
24.6, 3rghatire 222 and its working contact, arna 
ture 229 and its resting contagt, resting contact 
Cfar:32, Jie 220 ad Said 2.riniature, to the junc 
tion point of the two windings, thereby shunting 
cut the iower winding of the relay. The relay 95 
now waits in its half-step position until relay 
225 operates to open the shunting circuit at 
airinature 229. - 
The operating circuit for relay 225 extends 

fron ground, working contact of armature 248 100 
and Said armature, arnature 222 and its working 
contact, armature 223 and its resting contact, 
winding of relay 225, resistance 232, to battery. 
Relay 225, at arnature 229 and its resting con 
tact, opens the shunt circuit for the lower wind- 105 
ing of relay 218 so that this relay is now com 
gietely operated over both of its Windings in 
series. At armature 220 and its resting contact, 
I'elay 218 opens a further point in the shunting 
circuit for its lower winding, and at airmature 223 110 
and its resting contact opens the initial ener 
gizing circuit of relay 225. The latter relay, 
however, is locked energized over armature 228 
and its working contact. At armature 219 and 
its working contact, relay 218 connects a high 115 
positive potential over conducto: 269 resting 
contact of armature 203 and said armature, 
working contact of armature 219 and said arma 
ture, I'esting contact of armature 237 and said 
a raature, to conductor X extending to the tone 120 
group TG-1 shown in Fig. 3 of the drawings. 

Relay 225, in operating, at armature 226 and 
its resting contact resnoves the shunting circuit 
froin the upper winding of polarized relay 239 
but this relay does not operate when its upper 125 
Winding is energized. The purpose and opera 
tion of this relay will be explained later. At the 
front contact of ai (nature 226, relay 225 connects 
ground to conductor Y extending to the tone 
group TG1, thereby energizing relay 306 in an 130 
obvious circuit. Relay 306 operates and at ar 
innature 307 and its Working contact closes an 
obvious circuit for relay 300, at armature 308 and 
its resting contact disconnects the plate circuit 
of the amplifying tube 310 from battery 327, and 135 
at the working contact of this arrnature it coin 
nects the plate circuit to conductor X, which was 
connected to high positive potential by the oper 
ation of Irelay 218, as just explained. At arima 
ture 227 and its working contact, relay 225 com- 40 
pletes an obvious circuit, for relay 233. At arma 
tuire 230 and its working contact it connects 
ground to the busy conductor 2. 
Relay 233 is a double armature relay having 

two Sets of Weighted tinning Springs. These 145 
springs are so arranged that a definite interval 
of time is required for armature 234 to close its 
contact after the relay has been energized. The 
weighted Spring associated with armature 235 
is so designed that about three times the 150 
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4. 
interval of time required for the closure of Springs 
234 is required for the closure of SpringS 235. 
When relay 233 is energized in the above-traced 
circuit, the weighted springs start to vibrate, and 
after an interval arnature 234 completes its con 
tact with its associated weighted spring. During 
this interval of time, an impulse of uninterrupt 
ed basic frequency signalling current is being 
transmitted over the trunk line, as will now be 
explained. 

Referring to the tone group TG1 shown in the 
upper portion of Fig. 3, the vacuum tube 309 and 
the associated tuned reed device 33 form a tuned 
reed oscillator Such as disclosed and claimed in 
the application of Laurence J. Lesh, Serial No. 
353,283, filed April 8, 1929, and assigned to the 
assignee of the present application. This OScil 
lator is designed to operate at the basic signalling 
frequency which is being employed in the Sys 
ten. This may conveniently be 1000 cycles per 
Second. In this case the tuned reed 314 is de 
signed so that its natural period of vibration is 
1000 cycles per Second. This tuned reed pro 
vides the coupling between the two coils 315 and 
316 located in the grid and plate circuits of tube 
309, respectively. The device is thereby caused 
to oscillate at a thousand cycles per Second in a 
manner fully described in the above-mentioned 
Lesh application. 
When relay 306 was operated responsive to the 

operation of relay 225, as previously described, it 
completed the circuit for relay 300 at armature 
307 and its working contact. Relay 300 operates 
and at airinatures 302 and 303 and their working 
contacts it connects a varying potential taken 
from potential divider 312 located in the plate 
circuit of the oscillating tube 309 to the grid cir 
cuit of amplifying tube 310. The potential on 
the grid of this tube is thereby varied at one 
thousand cycles per second, causing correspond 
ing changes in the plate current through the 

A. 
thousand-cycle alternating current is thereby in 
duced in the secondary winding of this output 
transformer and transmitted over the truck line 
through arnatures 301 and 305 and their respec 
tive working contacts, to trunk conductors 20 and 
21 extending to exchange B. At armature 304 
and its resting contact relay 300 disconnects the 
thousand-cycle tuned reed relay 322 so that this 
relay will not be operated at this time. 
The length of the calling signal which is trans 

mitted in the aibove Inanner responsive to the 
operation of relay 225 of repeater R1 is deter 
mined by the time required for the weighted 

When these springs 
ClOSe, ground fron anature 2:5 of relay 212 
is extended over the contacts 234 to the upper 
terminal of the winding of relay 225, thereby 
Shunting this Winding and causing the relay to 
release after an interval. Resistance 232 is pro 
vided to prevent the short-circuiting of the bat 
tery. Relay 225 in releasing opens the circuit 
of relay 233 at armature 227 and its working 
contact. At armature 228 and its working con 
tact it opens its own locking circuit, and at arma 
ture 226 and its working contact it removes 
ground from the Y conductor extending to relay 
306 and allows this relay to release. Relay 306, 
in releasing, at armature 307 and its working 
contact opens the circuit of relay 300 and this 
relay thereupon releases, opening the grid cir 
cuit to the amplifying tube 310 and disconnecting 

1,932,235 
the output transformer from the trunk conduc 
tors, thereby terminating the calling signal. 
The Splash of uninterrupted thousand-cycle 

current which was transmitted over the trunk 
line conductors 20 and 21 responsive to the in 
Sertion of the plugs P1 and P2 into jacks Ji and 
J2, respectively, at the toll board in exchange 
A, is received at the tone group TG2 in exchange 
B Over conductors 20 and 21, arnatures 401 and 
405 and their resting contacts, and through con 
denser 425 and the primary winding of input, 
transformer 426. The current induced in the 
secondary winding of transformer 426 is in 
pressed on the grid of tube 410 through the rest 
ing contact of armature 402 and Saidarnature 
and resistance 417 and condenser 418 in multi 
ple. At one-thousand-cycle pulsating plate cur 
rent accordingly flows through the primary Wind 
ing of transformer 419 and the induced current 
in the Secondary winding of this transformer 
foWS through the Winding of the thousand-cycle 
tuned reed relay 422 over al'mature 404 and its 
resting contact. 
The resistance 417 and condenser 418 con 

lected in multiple in the grid circuit of tube 410 
have two functions. First, they are provided in 
order to increase the impedance of the grid fila 
ment circuit which is in effect bridged across 
the line through transformer 426. This elimi 
nates the low impedance shunt across the line 
during ConVersation. Second, the resistance and 
Condenser Serve as an automatic volume control 
and maintain the output to the tuned reed relay 
422 at a practically constant value. When a 
Signal is being received through transformer 
426, the varying potential is impressed on the 
grid of tube 410 causing corresponding varia 
tions in the plate circuit through the windings 
of relay 422. As the grid of the tube becomes 
positive Sone of the electrons emitted from the 
filianent are attracted to the grid. The amount 
of electrons so attracted is proportional to the 
value of the positive potential on the grid. Dur 
ing the negative half cycles of received current 
these electrons collect on one plate of condenser 
418 and tend to leak off through resistance 417. 
The effect of the charge on condenser 418 is to 
Oppose the positive potential placed on the grid 
of the tube by the received signal. 
In case the received signal is of greater 

strength, the amount of electrons collected on 
the grid of the tube is increased and the con 
denser 418 is charged to a higher degree. This 
increases the opposition to the positive potential 
being placed on the grid by the incoming signal. 
As a result, effective strength of the signal is 
reduced and the output of the tube to the tuned 
reed relay is practically the saine as it was for 
the Weaker signal. Thus, the stronger the in 
coming Signal, the greater the effect of the grid 
SuppreSSOr circuit comprising resistance 417 and 
condenser 418, and the resultant output of tube 
410 is practically the same irrespective of the 
strength of the incoming signal. The capacity 
of Condenser 418 is much higher than that used 
in connection. With the ordinary detector circuit. 
One Set of values which has been found to be 
Satisfactory is one megohm for resistance 417 
and .01 ... f. for condensei 48. 

Relay 422 responds to thousand-cycle current, 
Since the tuned reed 423 is adjusted to vibrate at 
One thousand cycles per second. The condenser 
421 and resistance 420 bridged in multiple across 
the Windings of tuned reed relay 422 form a 
tuned circuit which will resonant at 1000 cycles, 
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thereby improving the operation of the tuned 
reed. The vibrations of the reed operate the 
armature 424, thereby opening the circuit which 
is normally closed from ground at armature 424 
and its resting contact, conductor 22, normally 
closed Springs controlled by arriature 613, con 
ductor 665, and through the windings of relays 
643, 649, and the lower winding of relay 663 in 
multiple, to battery. he tuned reeds associated 
with relays 643 and 649 are designed to be set 
into vibration only when the current through the 
Windings of these relays is interrupted at a 
particular low frequency. EioWever, When groui ind 
is removed from conductor 665, relay 663 ie. 
leases and at arnature 664 and its resting con 
tact completes the circuit for relay 303 extend-. 
ing from ground, airmature 634 and its resing 
contact, working contact of arnature 647 and 
said armature, armature 605 and its resting con 
tact, upper winding of relay 600, to battery. 

Relay 600 opei'ates in its first step, and at ar 
mature 608 and its working contact closes a lock 
ing circuit for itself fron grOurd at the Working 
contact of normally operated arrinature 648 of 
relay 646. At ai'Innature 610 alld its Working coin 
tact it, connects ground to coinductor 33. When 
relay 663 again operates at the end of the calling 
Signal, ground is reinoved from the junction point 
of the two windings of relay 600 and this relay 
now operates conpletely ove; both of its wind 
iings in Sei'ies. At ariature 605 and its esting 
contact it opens the initial energizing circuit, 
and at the working contact of this arnature it 
prepares the impulsing circuit over conductor 
35 to relay 518 of the toll selector TS2. At air 
mature 601 and its resting contact it opens the 
incoining signailing lead to the tuned reed relays 
654 and 660, and at a Traatures 602 and 603 it 
changes the connections so that frequencies 53 
and F4 are available for signalling on the incon 
ing call, and cuts off the high positive potential 
and frequency F2 which are used when the re 
peater is used on an outgoing call. At a'nature 
609 and its working contact, relay 800 connects 
ground to busy conductor 29. - 
The ground connected to conductor 33 at ar'- 

innature 6i0 and its working contagt is extended 
over the lower' Winding of relay 530 of to selector 
TS2. Relay 500 operates and at its upper arma 
ture it closes contacts 532 thereby extending the 
ground from the busy conductor 29 to the test, 
conductor 47 to busy the Seiector switch TS2 in 
the banks of other toll dialling selectors which 
have access thereto. At the same armature it 
cioses contacts 334, thereby coinpieting a lock 
ing circuit, for the upper winding of relay 500 
from ground on the busy conductor. 29. At ar 
matures 505 and its working contact it, connectS 
dial tone to the lower trunk conductor to inform 
the toii Operatoi at exchange A that the equip 

sent, in exchange 3 is ready to receive dial in 
guises. At ari nature 506 and its Working contact 
it short-circuits the condenser 546 which is nor 
maily connected in the circuit of relay 544. So that 
this relay may be used for Supervision. At air 
natures 507 and 508, relay 500 prepares circuits 
Which will be explained later. At arimature 509 
and its working contact it Supplies ground for 
various operating and holding circuits, none of 
which are effective at this time, and at arnature 
510 and its resting contact it, opens a point in 
the circuit of the release magnet of the switch. 
The equipment in exchange B is now ready to be 
operated to establish the desired connection. 
Upon hearing the dial tone, the toli operator 
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at the toll board in exchange A proceeds to dial 
the digits in the called telephone number, which 
in this case is a SSunned to be 3131. After the 
inumber has been dialled, the dialling cord DC1 
may be removed from jack Ji and used in the es 
tablishment of other connections. The dialling 
cord DC1 is the same as the dialling cord DC2 
disclosed in Fig. 7 of the drawings. The dial is 
a; ranged SO that the impulsing contacts are nor 
2)nally cpen o' the standard dial may be used in 
cGiabination with a relay arrangement so that 
the operation of the dial will send corresponding 
ground impuls8S over the tip of the dialling plug. 
Re&g Cansive to the dialling of the first digit, three 
ground i2hpulses are transmitted over the tip 
of plug 2 and jack J2, Conductor 15, winding 
of relay 300, to battery. Relay 300 accordingly 
energizes and releases three times, and at each 
operašion of the relay it connects a thousand 
cycle potential, generated by the oscillator, 
thi'Ough ai'inatures 303 and 302 and their work 
ing CCintacts to the grid of tube 310. According 
ly, a thousand-cycle current flows through the 
primary Winding of output transformer 319 and is 
induced in the Secondary winding and transmitted 
over the trunk line conductors 20 and 21 through 
the working contacts of armatures 301 and 305 
and Said armatures. Three impulses at the rate 
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of ten impulses per second are thereby transmit 
tied Over the trunk line conductors 20 and 21. 
The three impulses of thousand-cycle current 

are received by the tone group TG2 through the 
input transformer 426 and connected to the grid 
of tube 410. Accordingly, three impulses of 
thousand-cycle current are transmitted through 
transformer 419 to the thousand-cycle tuned reed 

The tuned reed relay 422 responds relay 422. 
to each inpulse and opens the circuit of relays 
643, 649, and 663. Relay 663 releases each time 
itS circuit is opened and at armature 664 and its 
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115 
resting contact it connects ground through the 
Working Contact of armature 647 and said ar 
nature, arnature 605 and its working contact, 
coinductor 35 winding of relay 518, to battery. 

Relay 518 operates at each closure of its cir 
cuit and at arnature 519 and its working con 
tact closes an obvious circuit for relay 529, which 
Operates at the first impulse and remains oper 

lated throughout the impulse train. At armature 
520 and its Working contact, relay 518 transmits 
three ground inpulses to the vertical magnet 580 
through armature 586 and its resting contact. 
Accordingly, the toll selector TS2 is operated 
three vertical steps and the wipers come to rest 
opposite the third level of bank contacts. At ar 
mature 533 and its resting contact, relay. 529 - 
opens the circuit of relay 536, and at the nor 
mally closed springs controlled by armature 532 
it opens a point in the circuit of the rotary mag 
net 5'79. At armature 532 and its working con 
tact relay 529 connects ground to the upper ter 
Iniinal of the winding of relay 581 to prevent the 
operation of this relay in series with relay 576 
When Off-norinai SpringS 584 are closed on the first 
Vertical Step of the Switch. Off-normal springs 
528 which are closed on the first vertical step of 
the SWitch prepare a circuit for release magnet 
534, off-norinal Springs 530 open a point in the 
operating circuit of relay 521, and off-normal 
springs. 535 complete circuits for relays 551 and 
52. These circuits extend from ground at the 
working contact of armature 509 and said ar 
mature, off-normal springs 535, and from this 
point through the normally closed springs con 
trolled by armature 515, through the winding of 
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relay 512, to battery, and through resting con 
tact of arnature 573 and Said airmature, through 
the lower winding of relay 55, to battery. 

Relay 512 operates in the above-tiraced circuit 
and at arnature 513 and itS resting contact dis 
connects dial tone froin the lowei tiru Ink conduc 
tor. 
gizing circuit, and at the Working contact of this 
arnature it cornpletes a lockiing circuit for it 
self dependent upon the ground through arma 
ture 509. of relay 500. At arrinattire 516 and its 
resting contact it disconnects ground through a 
resistance from the lower talking conductOF. Re 
lay 551, in operating, at al'mature 555 and its 

. . . working contact prepares a circuit for the upper 
Winding of relay 547, at arrinatUI'eS 554, 553, aind 
552 it prepares a locking circuit for itself ald an 
Operating circuit for relayS. 539 and 556. 

Relay 5'6 operates When off-norrlal SpringS 
584 are closed on the first vertical step Of the Se 
lector. The operating circuit, ior this relay eX 
tends from ground at the Working contact of air 
mature 509 and said arnature, working contact 
of arnature 532 and said armature, resting COin 
tact of armature 535 and said airinature, off 
normal springs 584, winding of relay 576, to bat 
tery. At armature 5'8 and its Working contact, 
relay 576 prepares a circuit to the rotary magnet 
579 which is open during the first Series of in 
pulses at armature 532 of the slow-to-release re 
lay 529. At armature 5'7" and its working Con 
tact, relay 576 short-circuits the winding of relay 
581. 
When relay 529 drops back a short interVal 

after the cessation of the first Series of impulses, 
a circuit is completed froin ground at the Working 
contact of arnature 599 and Said arnature, nor 
mally closed springs controlled by armature 532, 
armature 578 and its working contact, Winding 
of rotary magnet 5'79, to battery. The rotary 
magnet energizes and rotates the WiperS of the 
switch into engagement with the first Set of bank 
contacts in the third level. At the rotary inter 
rupter springs of the rotary magnet, the circuit 
of testing relay 576 is opened and this relay a C 
cordingly deemergizes, and, at arnature 578, 
opens the circuit of the rotary magnet, which also 
releases and again closes a point in the circuit 
of relay 576. The operation now depends upon 
whether or not the trunk accessible in the first 
set of bank contacts is idle. 

In case the first trunk is busy, there Will ge 
ground potential present on the bank contact en 
gaged by wiper 589 and this ground is extended 
over armature 583 and its resting contact, inter 
rupter springs of the rotary magnet, off-normal 
springs 584, winding of relay 576, to battery. 
This ground is also connected to the upper ter 
minal of the winding of relay 531, thereby keep 
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ning this relay shunted to prevent its operation. 
Relay 576 operates, and at ari nature 578 and its 
working contact again completes the circuit for 
the rotary magnet. The rotary magnet Operates 
to step the wipers of the selector into engagement 
with the next set of bank contacts, and at the 
interrupter springs aSSociated With the Inagnet 
opens the circuit of stepping relay 576 which 
thereupon releases. Relay 5'76, in releasing, at 
arnature 578 and its Working contact, opens the 

0. circuit to the rotary magnet, which releases and 
again closes its interrupter Springs to close the 
test circuit to the Stepping relay 576. This in 
teraction between relay 5'76 and the rotary mag 
Inet continues until Wipeir 589 is stepped into en 

At arnature 55 it OpenS the initial ener- . 

torS. 

1,932,285 
gagement with a bank contact upon which there 
is ino ground potential. 
AS SOOn aS Wiper 589 fails to find ground po 

tential, Irelay 58 operates in a circuit from 
ground at the working contact of armature 509 
and Saidarimature, Winding of relay 581, inter 
rupter springs of the rotary magnet, off-normal 
SpringS 584, Wilding of relay 576, to battery. 
Relay: 576 does not operate in this circuit due 
to the high resistance of the Winding of relay 
581. At arrature 583 and its WOrking contact, 
relay 53 connects ground to Wiper 589 to busy 
the seized trunk to other selectors having access 
thareto. At artinature 585 and its resting con 
tact it opens a point in the energizing circuit 
of relay 56, at ariature 586 and its resting 
contact it opens a point in the circuit of the 
Vertical magnet, and at the Working contact of 
this arnature it prepaires an impulsing circuit 
f'On a natuie 520 of relay 518 through the con 
trol Wiper 590, and at arnature 582 and its 
Working contact it completes a circuit for the 
upper Winding of relay 567. 

Relay 56' energizes and at airinature 573 and 
itS resting contact opens the circuit of relay 551, 
at armature 572 and its working contact it pre 
pares a circuit for the upper Winding of relay 
547, at arnatures 569 and 568 it disconnects the 
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generator leads to prevent the possibility of Sig- . 
nalling the operator at the toll board in ex 
Change B, at airinature 570 and its Working con 
tact it connects battery through a resistance to 
the sleeve of jack J3 at the toll board in ex 
change R to operate sleeve relay 596, and at 
arnatures 571 and 574 and their Working con 
tactS it completes points in the talking conduc 

Relay 596 OpenS the circuit to the calling 
relay at the toll board to prevent a false calling 
Signal. 

it Will be a SSurned that the first trunk avail 
able to Selector TS2 is the trunk comprising con 
ductOS 40 to 43, inclusive, and terminating in 
the trunk circuit TC2 shown in Fig. 7 of the 
drawings. When relay 567 operated and closed 
its arnatures 571 and 572, a circuit was con 
pleted from ground, upper winding of relay 547, 
Working contact of arrinature 572 and said arma 
ture, Working contact of arimature 555 and said 
arnature (relay 551 being slow to release, and, 
therefore, remaining energized for a short time 
after its circuit is opened at armature 573 of 
relay 567), resting contact of armature 559 and 
Said arnature, Working contact of arnature 571 
and Said arnature, Wiper 588 and bank contact 
592, conductor 40, amature 761, and its resting 
COnta-Ct, upper Winding of relay 754, to battery. 

RelayS 754 and 547 operate in series in this 
circuit. At armature 548 and its Working con 
tact relay 547 coinipletes a locking circuit for its 
lower Winding from ground at armature 509 of 
relay. 500 and through off-normal springs 535, 
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and at airinature 549 and its working contact 
it completes the control circuit to wiper 590 of 
the Selector. Relay 746 of the trunk circuit, TC2 
is operated in a circuit extending from ground, 
arnature 519 and its resting contact, working 
Contact of arnature 549 and said armature, 
Wiper 590 and bank contact 594, conductor 42, 
resistance 773, winding of relay 746, to battery. 
Relay 746 operates and at arrinature 748 and its 
Working contact completes an obvious circuit for 
relay 49. At armature 747 and its working con 
tact it closes the loop extending to the toll trans 
mission Selector Switch S2, the loop including the 
polarized relay 769. Relay 749 operates and at 
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airmature 752 and its Working contact completes 
the locking circuit for relay 754 which was pre 
pared at airinature 756 and its working contact. 
At arrnature 751 and its Working contact it pre 
pares an energizing circuit for the Series relay 
757, at arnature 750 and its Working contact 
it connects ground to the release trunk conductor 
41 to busy the trunk in the banks of all selector 
switches, such as TS2 and TS3, and at armature 
753 and its Working contact it opens a point 
in a bridge circuit including relay 771. 
The bridging of relay 769 across the outgoing 

trunk conductors 774 and 775 closes a loop to 
the toll transmission selector SWitch S2 and pre 
pares this switch for operation. As previously 
Stated, the toll transmission selector SWitch S2, 
and the connector Switch C2 may be in all re 
Spects similar to the Selector S and connector 
C disclosed in the previously-mentioned patent 
to Tharp. 
When the remaining digits of the desired tele 

phone number are dialled by the toll operator 
in exchange A, relay 300 responds to the impulses: 
of each digit and at each operation it connects 
the thousand-cycle current source to the trunk 
line conductors 20 and 21. These impulses of 
thousand-cycle current are received by the tone 
group TG2 and bring about the release of relay 
663 in repeater R2 in the nanner previously ex 
plained. Each time relay 663 releases in accord 
ance. With the impulses of the remaining digits 
it connects ground over the Working contact of 
armature 647 and said armature, armature 605 
and its working contact, conductor 35, winding 
of relay 518, to battery. Relay 518 responds to 
each impulse, and at armature 519 and its rest 
ing contact it opens the circuit of the repeating 
relay 746 in the trunk circuit TC2. At armature 
519 and its working contact it completes the cir 
cuit for relay 529 which energizes and remains 
energized throughout each impulse Series. The 
operation of relay 529 opens the lower trunk 
conductor at armature 531 and its resting Con 
tact, but has no other effect at this time. 

Each time relay 746 deenergizes in response 
to the impulses of the succeeding digits, it con 
nects ground over arnature 751 and itS Work 
ing contact, resting contact of arnature 763 and 
said armature, winding of relay 757, to battery. 
Relay 757 operates and at arnature 758 and its 
Working contact shunts the windings of polarized 
relay 769 in order to improve the impulsing cir 
cuit. At arimature 747 and its working contact, 
repeating relay 746 opens the loop circuit extend 
ing to the toll transmission selector Switch S2, 
thereby repeating the impulses to this Switch. 
The Selector Switch is stepped to the first level 
and automatically rotates over the bank COra 
tacts in this level to find an idle trunk extend 
ing to an idle connector Switch, Such aS C2. The 
remaining two digits, 3 and 1, in the called tele 
phone number are received in the same way and 
repeated by the trunk circuit TC2 to operate the 
connector Switch C2 into engagement. With the 
called line. ". . 
When the connector C2 is Operated into en 

gagement with an idle Subscriber's line, the bat 
tery connections to trunk conductors 774 and 
775 are reversed in a manner clearly described 
in the above-mentioned patent to Tharp, and 
this reversed battery through the polarized relay 
769, which is bridged across the trunk con 
ductors, allows it to operate and at armature 
770 complete a circuit for relay 760. Relay 760 
operates and at armature 764 and its working 

7 
contact completes a locking circuit for itself to 
ground at armature 772 of relay 771. At arma 
ture 763 and its resting contact, it opens the cir 
Cuit of relay 757, at armature 762 and its work 
ing contact it connects an additional ground to 
the release trunk conductor 41, at armature 
765 and its working contact it closes a point in 
the bridge circuit including relay 771, and at 
arnatures 761 and 766 and their working con 
tacts it short-circuits the condensers 767 and 763, 
respectively. When these condensers are short 
circuited, the battery connections to conductors 
774 and 775 at the toll transmission selector S2 
aire extended over line conductors 40 and 43, bank 
contacts 592 and 595, wipers 583 and 591, arma 
tures 571 and 574 and their working contacts, 
arnatures 559 and 558 and their resting con 
tacts, armature 555 and its resting contact, ar 
mature 506 and its Working contact, and through 
the winding of relay 544 and retard coil 550. 

Relay 544 Operates in this circuit and at ar 
mature 545 and its working contact completes a 
circuit extending from ground on the hold con 
ductor 33, Working contact of armature 507 and 
Said armature, armature 545 and its working con 
tact, armature 508 and its Working contact, ar 
mature 540 and its resting contact, upper wind 
ing of relay 551, through the resistance to bat 
tery. Relay 551 operates, and at armature 554 
and its Working contact extends the ground 
through the normally closed contacts controlled 
by armature 541, Winding of relay 539, to bat 
tery. At armature 552 and its working contact 
it extends the operating ground for relay 539 to 
itS OWn Upper Winding to lock itself energized, and 
at armature 553 and its Working contact it ex 
tends this ground to the lower winding of relay 
556. Relay 539, in Operating, at armature 541 
and its Working contact completes a locking cir 
cuit for itself from ground at armature 509 of 
relay 500. This ground is also extended over 
armature 552 and its Working contact, through 
the upper winding of relay 551, and over the 
working contact of armature 553 and said arma 
ture, through the lower winding of relay 556. At 
armature 540 and its resting contact relay 539 
opens the initial energizing circuit of relay 551 
and at the working contact of this armature it 
completes a circuit from ground on the hold con 
ductor 33, Working contact of arnature 507 and 
Saidarnature, armature 545 and its working coin 
tact, armature 508 and its working contact, ar 
mature 540 and its working contact, conductor 
34, resting contact of arnature 631 and said 
armature, lower and upper windings of relay 618, 
to battery. The operation of relay 618 brings 
about the transmission of a supervisory signal 
to the toll operator at exchange A, as will be de 
scribed presently. 
Relay 539 is equipped with a weighted spring 

armature 542 and a short interval of time is re 
quired for this armature to come to rest against 
its Working contact after relay 539 has been en 
ergized. Relay 556, which operated in the above 
traced circuit upon the operation of relay 551, at 
armature 557 closes One point in the shunt cir 
cuit of relay 551, at armatures 560 and 561 it opens 
the trunk to the toll board in exchange B, and at 
armatures 558 and 559 it connects ringing gen 
erator and ground to the outgoing line conductors. . . 
This ringing current is transmitted over wipers 
588 and 591 and the associated bank contacts, con 
ductors 40 and 43, conductors 774 and 775, to the 
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toll transmission selector S2 and serves to start 
the automatic ringing of the called line by the - ri 
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toll connector: switch, as is fully disclosed in the 
above-mentioned patent to Tharp. 
The Splash of generator current which is trans 

mitted to the toll transmission Selector by the Op 
eration of relay 556 is terminated upo.n the release 
of relay 551 after the weighted Spring armature 
542 of relay 539 has corne to rest and completed a 
shunting circuit for the upper winding of relay 
551 extending from ground at the Working contact 
of arnature 587, arnature 557 and its working 
contact, armature 543 and its working contact, 
Weighted Spring arrature 542 and its Working 
contact, to the lower terminal of the upper Wind 
ing of relay 551. The resistance is provided to 
prevent the short-circuiting of the battery. When 
relay 55 releases it closes a point in the talking 
circuit at airmature 555 and its esting contact, at 
armature 554 and its working contact it opens the 
initial energizing circuit of relay 539, and at ar 
matures 552 and 553 it opens points in the operat 
ing circuit of relays 556 and 551. 

Returning now to the point where relay 
539 operated and at armature 540 cornpleted 
a circuit from ground on the hold COInductor 
33 to conductor 34 to operate relay 618 in the 
repeater R2, the two windings of relay 618 are en 
ergized in Series and the relay begins to Operate. 
However, as soon as armature 622 closes itS WOrk 
ing contact, a circuit is completed from ground 
at the working contact of armature 648 and said 
armature, armature 622 and its working contact, . 
armature 629 and its resting contact, resting Con 
tact of armature. 620 and Said arnature, to the 
junction point of the two windings of relay 618. 
Thus the lower winding of relay 613 is shunted 
and the relay remains in its half operated COn 
dition since it cannot fully operate over its upper 
winding alone. The shunting ground is also ex 
tended through armature 623 and its resting con 
tact, winding of relay 625, resistance 632, to bat 
tery. 
Relay 625 operates in this circuit and at arnia 

ture 627 and its working contact completes ath. 
obvious circuit for relay 633. As soon as relay 625. 
operates it opens the shunting circuit to the lower 
winding of relay 68 and allows this relay to oper 
ate completely. At arnature 623 and its resting AS 

contact, the initial energizing circuit of relay 625 
is opened out this relay is now locked to ground 
at arnature 628 aind its Working contact. At ar 
nature 619 and its working contact, relay 618 COin 
nects the frequency control lead 24 to conductor 
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60 over Which alternating current of frequency 
F3 is gipplied. Relay 625, in operating, at arma 
ture 636 and its working contact connectS ground 
to conductor 23, through the Winding of relay 406 
of tone group TG42, to battery. The operation of 
relay 406 completes the circuit of relay 400 in an 
ovious circuit, and at armattire 408 and itS Work 
ing contact it connects the plate circuit of the 
sending tuibe 410 to the frequency control conduc 
to 24 which is extended over arnature 637 and 
its resting contact, arnature 619 and itS WOrlking 
contact armature 603 and its working contact, to 
lead 670 over which current of frequency F3 is 
transmitted. The operation of relay 400 connectS 
the secondary widing of output transformer 419 
across the outgoing trunk conductors 20 and 21 
to transmit the supervisory signal to exchange A 
to indicate to the operator that the called line has 
been seized. 
AS was previously eXplained, the basic signal 

ling current of One thousand cycles per second 
is interrupted at several different low frequencies 
for the transmission of the different supervisory 

i,932,235 
signals. Four frequency leadshave been indicated 
as extending to the voice frequency dialling re 
peaters, Such as R1 and R2. The source of these 
different frequency currents may be the regular 
ringing converters which are used for frequency 
ringing in the automatic telephone exchanges. 
Thus the frequencies may conveniently be as fol 
lows: frequency F1-thirty cycles per second; fre 
quency F2-forty-two cycles per second; frequen 
cy F3-fifty-four cycles per second; and frequen 
Cy F4-Sixty-six cycles per Second. These fre 
Quencies aire Connected to the plate circuit of the 
Sending tube of the associated tone group, so that 
the thousand-cycle current generated by the oscil 
lator may be interrupted at the proper low fre 
quency Since plate current will flow in the send 
ing tube 410 Only during the positive half cycles 
of the low frequency current connected over the 
frequency control lead 24. 

Returning now to the point where relay 400 
Operated and COInnected the secondary winding 
of transformer 419 across the outgoing trunk 
Conductoi'S 20 and 21, alternating current of 
One thousand cycles per second, interrupted at 
a frequency of fifty-four cycles per second, which 
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has been assumed for frequency F3, is transmit 
tied over the trunk line comprising conductors 
20 and 21 to the automatic exchange A. The 
duration of this Supervisory signal is determined 
by the time required for the weighted spring 05 
engaged by artnature 634 to come to rest and 
Complete a shunting circuit for relay 625. When 
arnature 634 finally maintains its contact closed, 
relay 625 is shunted in a circuit extending from 
grOilind at the Working contact of armature 607 
and Said arnature, arnature 634 and its work 
ing Contact, to the upper terminal of the wind 
ing of relay 625. Relay 625 accordingly releases 
and arrilature 627 and its working contact opens 
the circuit of relay 633 and allows this relay to 
release. At armature 626 and its working con 
tact it opens the circuit of relay 406 which ac 
Cordingly releases, and at armature 407 and its 
Working contact opens, the circuit of relay 400. 
Relay 400 in releasing disconnects the sending 
appalatus from the outgoing trunk line and at 
the resting contacts of armatures 401 and 405 
it again extends the trunk conductors to the toll 
Selector TS2. 
The One thousand cycle signalling current in 

terrupted at frequency F3 or fifty-four cycles per 
Second, is received at the tone group TG1 in ex 
change A and passes through the primary wind 
ing of input transformer 326. The current in 
duced in the secondary winding of this trans 
former is impressed upon the grid of tube 310 
Causing a corresponding plate current through 
the primary Winding of transformer 319. The 
Current induced in the secondary winding passes 
through the thousand cycle tuned reed relay 322 
and Causes this relay to open contacts 324 at the 
rate of fifty-four times per second. The open 
ing of Contacts 324 at the frequency F3 inter 
TuptS the circuit. of tuned reed relays 254 and 
260 at a corresponding rate. The tuned reed 
255 of relay 254 is designed to vibrate at fifty 
four Cycles per Second, and when the circuit of 
relay 254 is interrupted at this rate the reed be 
gins to Vibrate and Operates the armatsure spring 
256, thereby opening the circuit of relay 252. 
Relay 252 releases and at armature 253 and its 
resting Contact completes an obvious circuit for 
relay 257. 

Relay 25 operates and at armature 258 and its 
Working contact locks itself operated to ground 
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1,932,235 
at armature 262 of relay 260 through armature 
217 and its working contact. At armature 259 
and its working contact it connects ground to 
conductor 3 which is extended over this conduc 
tor to the Winding of relay 163 of toll selector 
TS1. Relay 163 operates and at armatures 165 
and 166 and their working contacts connects the 
battery-feed coil 162 across the two line con 
ductors extending to the toll board in exchange 
A. This battery connection to the line Conduc 
tors operates the supervisory relay in the cord 
circuit CC1, which corresponds to relay 701 of 
the cord circuit CC2, shown in Fig. 7 of the dra W 
ings, and the latter relay at its armature and 
Working contact lights the Supervisory lamp a S 
sociated with cord circuit CC1 to inform the op 
erator that the connection has been extended to 
an idle line. 
As was previously explained, when relay 539 of 

to Selector TS2 in exchange B first Operated, 
it grounded the Supervisory conductor 34 to trans 
mit a Supervisory signal to the toll board of ex 
change A and also brought about the release of 
relays 551 and 556 to end the Splash of genera 
tor to the toll transmission selector S2 which 
started the automatic ringing of the connector 
C2. When the called subscriber answers the call, 
battery is removed from the conductors 774 and 
775 extending to the toll transmission selector 
and the trunk is cut dry in a manner clearly 
pointed out in the above-mentioned patent to 
Tharp. As soon as battery is removed from line 
conductors 40 and 43, relay 544 in toll selectOl' 
TS2 releases and at armature 545 and its work 
ing contact removes ground from the Supervisory 
lead 34, thereby opening the circuit of relay 618. 
Relay 68 starts to release and its second-step 
arnatures 619, 620, 621, and 623 close their rest 
ing contacts before the first-step armatures 622 
and 624 have opened their working contacts. 
When the relay reaches its first-step position, the 
following circuit is closed for the upper Winding 
of the relay: from ground at the normally oper 
ated contact of relay 646, armature 648, arma 
ture 622 and its working contact, armature 629 
and its resting contact, resting contact of arma 
ture 620 and said airmature, upper Winding Of 
relay 638, to battery. The energization of the 
Upper winding of relay 618 is sufficient to hold 
the relay in its first-step position. 
A circuit is now closed fron ground at arikhature 

648 of relay 646, armature 622. and its working 
contact, arnature 623 and its resting contact, 
winding of relay 625, to battery. Relay 625 oper 
ates and at arrnature 628 and its working contact 
completes a locking circuit for itself. At argnature 
627 and its working contact it completes a circuit 
for relay 633, at armature 629 and its resting coin 
tact it opens the circuit for the upper Winding of 
relay 618 which now completely releases, and at 
arnature 626 and its working contact it connects 
ground to the sending conductor 23 to operate re 
lay 406 of the tone group TG-2. Relay 406 brings 
about the operation of relay 400 to connect the 
tone generating circuit to the outgoing trunk con 
dictors 20 and 21 aid at airhat Are 408 and its 
Working contagt, it connects the plate circulit of 
sending tube 4.10 to the frequency control con 
ductor 24. Since relay 618 is now completely re 
leased, the frequency conductor 24 extends over 
armature 637 and its resting contact, armature 619 
and its resting contact, arnature 602 and its 
working contact, and over conductor 668 to the 
Source of current of frequency F4 which has been 
assumed to be sixty-six cycles per Second. A Sig 

na, consisting of one thousand cycle current in 
terrupted at sixty-six cycles per Second is now 
being transmitted over trunk line conductors 2 
and 21 to exchange A. . . . . . 

Relay 633 energizes when its circuit is closed 
at arnature 627 of relay 625 and, after an in 
terval, arnature 634 and its working CO2 tact rer 
main closed, thereby short-circuiting the winding 
of relay 825 in the manner previously described. 
Reiay 323 tiereupon releases and at arrnature 
628 and its working contact it removes ground 
from the sending conductor 23 to terminate the 
Siipervisory signal being transmitted over the 
trunk line. At armature 628 and its Working COIR 
tact it opens its own locking circuit, at ariinature 
639 and its working contact it operas a point in 
the locking circuit of relay 618, at armature 630 
and its working contact, it opens one ground con 
nection to the busy conductor 29, and at armature 
631 and its resting contact it again prepaires the 
initial energizing circuit of relay 618. 
The answering supervisory signal transnitted 

over trunk line conductors 20 and 21 to exchange 
A is received at tone group TG1 and operates the 
thousand cycle tuned reed relay 322. Accordingly, 
the circuit of tuned reed relays 254 and 256 are 
interrupted at a rate of sixty-six cycles per Sec 
ond. The reed 261 of relay 260 is turned to re 
spond to this frequency, and, accordingly, Oper 
ates its armature 262, thereby opening the lock 
ing circuit of relay 257. Relay 257 releases and 
at arnature 258 and its working contact oper2S3, 
point in its locking circuit, and at ai'inature 259 
and its working contact removes ground froin the 
supervisory lead 3, thereby opening the circuit of 
relay 163 of toll selector TS1. Relay 163 releases 
and at armatures 165 and 166 and their working 
contacts removes the battery connections from 
the trunk line conductor extending to toll board 
A, thereby allowing the supervisory relay in cord 
ircuit, CC to release and put out the Supervisory 
lamp. This informs the operator that the called 
subscriber has answered and she may now cut 
through the connection through her cord circuit 
and the calling and called subscribers may con 
WeSe. 
At the end of the conversation when the Sub 

scriber at substation T2 replaces his receiver, bat 
tery and ground are again connected to COInduC 
toi's 77% and 775 and extended over conductOS 40 
and 43 and wiperS 583 and 591 of toll Selector 
TS2 to again operate relay 544. Relay 544 at 
armature 545 and its working contact again con 
hects groind to the Supervisory lead 34, thereby 
operating relay 618 in the manner previously de 
scribed. Relay 618 operates in itS. first Step and 
brings about the operation of relayS 625 and 633 
in the manner previously described. Relay 625 
starts the transmission of a disconnect signal coin 
sisting of thousand-cycle current interrupted at 
frequency F3 and the operation of armature 634. 
of relay 633 terminates the disconnect signal. 
The operation of these relays to send the discO1)- 
nect signal is the same as previously explained 
for sending the supervisory signal when the coin 
nector C2 was operated into engagement With an 
idle called line. 
At exchange A the disconnect signal Oper 

ates tuned reed relay 322 which opens the cir 
cuit of relays 254 and 260 at a rate of fifty-four 
times per second. Relay 254 responds and at 
armature 256 and its working contact opens the 
circuit of relay 252 which releases and at arria 
ture 253 and its resting contact completes the 
circuit of relay 257. Relay 257 operates and at 
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armature 258 and its working contact completes 
a locking circuit for itself and at armature 259 
and its working contact grounds the Supervisory 
lead 3, thereby operating relay i63 of the toll Se 
lector T31. Relay 163 again bridges the battery 
feed coil 162 across the trunk line conductors 
extending to the toll board, thereby lighting the 
Supervisory lamp associated with cord circuit 
CC1 in the nanner previously described. 

in case the toll operator at exchange A. Wishes 
to re-ring the subscriber 2, she operates the 
ringing key aSSociated With her cord circuit, theire 
by connecting ringing current over the tip and 
ring of cord circuit, CC1 and jack. J1, through 
condenser 146, winding of relay 144, and the re 
t3rd coil 150. Relay 44 operates and at airna 
ture 145 and its working contact connects ground 
from the busy conductor 2 over resting contacts 
of armature 107 and said armature, arinature 145 
and its Working contact, arnature 108 and its 
resting contact, conductor 5, winding of relay 236, 
to battery. Relay 236 operates and at arnature 
237 and its Working contact connects the frequen 
cy control conductor X to conductor 271, over 
which alternating current of frequency ri'i or 
thirty cycles per second is supplied. At arina 
ture 233 and its working contact, it connects 
ground to conductor Y, thereby operating relays 
306 and 300 in tone group TG1. The operation 
Of Irelay 300 brings about the connection of the 
tOne generating equipment to the outgoing line 
ConductO'S 20 and 21 and a re-ring signal con 
Sisting of thousand-cycle alternating current, in 
terrupted at thirty cycles per second is trans 
rihitted over trunk line conductors 20 and 21 to 
automatic exchange B, - 
This re-ring signal is received by tone group 

TG2, causing the operation of the tuned-reed 
relay 422, which interrupts its contacts 424 at 
the rate of thirty times per second. The reed 
644 of tuned reed relay 643 is tuned to respond 
to this frequency and operates its arnature 645, 
thereby opening the circuit of relay 64.l.. Relay 
64 releases and at anature 642 and its rest 
ing contact connects ground to conductor 3i, 
thereby completing the energizing circuit for the 
upper winding of relay 556. Relay 556 operates 
and at a...:"natures 559 and 358 and their working 
ContaCtS it again connects the generator leads 
to wipers 583 and 591, thereby transmitting ring 
ing current to the toll transmission selector S2. 
This brings about the signalling of the subscrib 
e1 at Sostation T2 by tha to connector C2 in 
the manner clearly described in the above-men. 
tioned patent to Tharp. 
The re-ring Signal is transmitted over the trunk. 

line to exchange B as long as the toll operator 
at exchange A holds her key depressed. When 
She releases the key, relay 144 releases and at 
artinature 145 and its working contact opens the 
circuit of relay 236. Relay 236 releases and at 
arnature 238 and its working contact discon 
nects ground from conductor Y, thereby termi 
nating the re-ring signal. When the called sub 
Scriber answers after being re-rung in the above. 
described manner, battery is disconnected from 
the trunk line conductors 774 and 775, there 
by bringing about the release of relay 544. Re 
lay 544 at ai'nature 545 and its Working contact, 
disconnectS ground from conductor 34, thereby 
bringing about the release of relay 618 and the 
transmission of an answering signal to exchange 
A in the manner previously described. This an 
SWering signal extinguishes the supervisory lamp 
at the toll operator's position in exchange A. 

21. At 

1,932,235 
thereby informing the operator that the Subscrib 
e' 8,i, substatio; ; has again &n Swifered. 

Returning now to the point where the super 
visory lamp at the toll operator's position in ex 
change A was lighted responsive to the discon 
nection of the called Subscriber, the operator now 
renoves the plug F1 from the jack J. Relay 
196 releases and removes ground from the hold 
conductor 1, thereby opening the circuit of relay 
212 of voice frequency repeater R1. Relay 212 
releases and at armature 213 and its working 
contact disconnects ground from conductor 265 
and connects this conductor to the impulse con 
ductor 2. At arrature 214 and its Working con 
tact, it opens the locking circuit of relay 218, at 
arrnatire 245 and its working contact it removes 
tie ground shunt from armature 235 of relay 233 
and the associated weighted spring contact, at 
arinature 236 and its Working contact, it removes 
gic ind f'Or: the busy conductor 2, and at arma 
ture 2it all d its working contact it opens a point 
in the locising circuit of relay 257. 

Relay, 228 begins to release and as soon as ar 
in 8ture 223 closes its resting contact a circuit 
is closed froin ground at the working contact of 
&T'inature 243 and Said artinature, armature 222 

itS Working contact, arnature 229 and its 
4. g contact, resting contact of ai'iature 220 

ing of tire relay is sufficient to hold the relay 
in its first step with armatures 222 and 224 still 
Operated, but the remaining armatures in en 
gagement with their resting contacts. A circuit 
is, therefore, closed from ground at armature 
248, 3.32ature 222 and its working contact, ar 
nature 223 and its resting contact, winding of 
irelay 225, to battery. . ... 

Relay 225 energizes and at armature 227 and 
it.S Working contact, completes a circuit for the 
tiining relay 233. At armature 229 and its rest 
ing contact it opens the circuit for the upper 
winding of relay 218 and allows this relay to com 
pletely release. At airylature 226 and its Work 
ing conta?t it connectS ground to the sending 
conductor Y, thereby operating relay 306 of tone 
group TG1. Relay 306 in turn operates the re 
lay 300, thereby connecting the tore generating 
circuit to th& outgoing trunk conductoi's 20 and 

&rmature 383 and its working contact, 
relay 36 connects the plate circuit, of sending 
ulee 313 to conductor X which extends over 
Inature 237 and its resting contact, i. 
and its resting contact, arrature 3 

in 
... " 

'inatraje 23.9 

ternating client, having a frequianay of forty 
two cycles per seconii is thereby ca;nnected to 
the piate circuit of the sending tube 330 and a 
release signal consisting of thorisand cycle cur. 
rent interrupted forty-two times per second is 

litted over the trunk line conductors 20 
a.ind 21. Since in this case the ground connec 
tion is renoved from arrnature 234 of relay 233, 
tie ShiJining circuit of relay 225 is not copieted 
Lintil arr).25ure 235 Gi relay 233 raintains its coin. 
tact with its weighted Spring arraature, which, 
as gi'eviously stated, is about three times as eng 
as the title required for ariature 234 to rain 
tail its contact with its weighted spring ar 
nature. 
When arrnature 235 finally completes its con 

tact with its weighted Spring armature, a cir 
Cuijt is completed from ground, arrature 235 
and itS Working contact, airmature 234 and its: 
Working contact, to the upper terminal of the 

262 and its rest ing contact, to frequency SF2 conductor 267. Ai 
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Winding of relay 225. Relay 225, therefore, re 
leases and at arnature 226 and its working con 
tact disconnects ground from the sending con 
ductor Y, thereby terminating tine release signal. 
At armature 228 and its working contact it opens 
its own locking circuit, at armature 227 and its 
Working contact it opens the circuit of relay 233, 
at arnature 231 and its resting contact it again 
prepares a circuit for relay 218, and at arma 
ture 230 and its working contact it disconnects 
the last ground connection to the busy conduc 
tor 2. 
Ground has now been removed from the hold 

conductor 1 and the busy conductor 2 and relay 
167 in toll Selector TS1 accordingly releases. The 
equipment in the automatic exchange A has now 
been restored to its normal condition. 
The long release signal consisting of one thou 

sand cycle current interrupted at a rate of forty 
two times per second is received by tone group 
TG2 and operates the tuxed reed relay 422 which 
in turn opens the circuit of relays 643, 649, and 
663 at 2, corresponding rate. Relay 649 responds 
to this signal and its vibrating armature 650 op 
erates arnature 651, thereby opening the circuit 
of relay 646. Relay 646 releases and at arma 
ture 647 and its Working contact opens a point 
in the impulsing circuit and at arrature 648 and 
its working contact it opens the locking circuit 
of relay 600 which accordingly releases. Relay 
600, in releasing, at armature 604 and its Work 
ing contact opens a point in the circuit of the 
polarizing winding of relay 639, at armature. 609 
renoves ground from the busy conductor 29, and 
at arrnature 616 and its Working contact religioves 
ground from the hold conductor 33. 

The removal of ground fron hold conducto' 
33 brings about the release of relay 500. Reay 
500, in releasing, at armature 509 and its work 
ing contact opens the locking circuit of relays 
539, 547, and 512. At arrnature 50 and its rest 
ing contact it completes the circuit for release 
magnet 534 over off-normal. Springs 528, and the 
toll selector TS2 accordingly releases. The re 
moval of ground at arnature 509 and its Working 
contact also opens the locking circuit of relay 
53 which releases and in turn opers the circuit 
of relay 567. The Selector S2 and its associated 
repeater and tone relay group have now restored 
to inorina. 
The release of the toll Selector TS2 renoves 

ground from the control conductor 42 extending 
to the trunk circuit TC2, thereby allowing relay 
746 to release. At armature 748 and its working 
contact relay 746 opens the circuit of relay 749, 
and at armature 747 and its Working contact it 
opens a point in the bridge circuit across the out 

Relay 749 releases and 
at armature 752 and its working contact opens 
the locking circuit of relay 754, at arnature 750 
and its working contact removes ground from 
the test conductor 41, and at arrnature 753 and 
its resting contact closes a loop circuit across the 
outgoing trunk conductors 774 and 775 through 
relay 771. Since battery is connected across these 
trunk conductors at tile toll tranSinigSiOn Se 
lector, relay 771 operates and at armature 772 
and its working contact opens the locking circuit 
of relay 760. Relay 760 releases and at arnature 
762 and its working contact it iremoves the last 
ground connection from the test conductor 41, 
thereby rendering this trunk circuit, available 
to selectors, at armatures 761 and 766 it removes 
the short-circuit from condensers 767 and 768, 
and at armature 765 and its working contact it 

1 
opens the bridge circuit including relay 771. 
After an interval relay 771 releases and again 
prepares the locking circuit of relay 760. 
AS the loop circuit to the toll transmission 

Selector. S2 and connector C2 has now been 
opened, these SWitches release in the manner 
clearly described in the above-mentioned patent 
to Tharp, All the apparatus used in the estab 
lishment of a connection from the toll operator 
at eXchange A to Substation T2 in exchange B 
has now been released and is in its normal con 
dition. 
In case the operator at the toll board A is the 

first to release, the voice frequency repeater R1. 
and the one group TG1 transmit the release sig 
nal over conductoi's 20 and 21 to exchange B in 
the manner pointed out above. This brings 
about the release of the toll selector TS2, thereby 
renoving ground from the control conductor 42 
extending to trunk circuit TC2. Relays 746 and 
749 are accordingly released in the manner 
pointed out above and the relay 771 is bridged 
across trunk conductor's 774 and 775 extending. 
to the toll transmission selector S2. Relay 760 
remains locked energized to the back contacts 
of airinnature 772 and at arnature 762 and its 
Working contact maintains ground on test con 
ductor 41 to prevent the seizure of the trunk 
circuit TC2 by any selector, such as TS2. When 
the called party replaces his receiver, battery is 
Connected to trunk conductors 774 and 775 and 
relay 771 Operates to open the locking circuit of 
relay 760 in the manner previously described. 
Relay 760 releases and at arnature 765 opens 
the circuit of relay 771, thereby allowing this re 
lay to release. Thus it is, seen that the release 
of the toll train is controlled by the last party 
to disconnect. 
In the foregoing explanation of the establish 

ment of a call from the toll operator at exchange 
A to a substation such as T2 in exchange B, the 
utility and function of Irelay 639 in the voice fre 
quency dialling repeater R2 was omitted for 
clarity. The purpose and operation of this relay 
will now be explained. 

Referring to Fig. 6 of the drawings, it is seen 
that when ground is intermittently removed from 
the receiving conductor 22 responsive to the re 
ceipt of dialling impulses or thousand-cycle Sig 
halling current interrupted at frequencies F1 
or F2, the circuits of the tuned reed relays 643 
and 649 and of the lower winding of relay 663 
are intermittently interrupted. Relay 663 con 
trols the operation of the toll selector TS2 and 
succeeding switches in the toll train by connect 
ing ground to the impulse conductor at armature 
664 and its esting contact responsive to thou 
sand cycle current interrupted at dial speed. 
However, when a signalling current is received 
interrupted at frequencies F1 or F2 the circuit 
of relay 663 is also interrupted and armature 
664 would ordinarily be released to send ground 
impulses over the impulsing conductor 35, there 
by interfering with the operation of the switches 
and causing chattering of relays during the time 
tihat the switches are in talking condition. Also, 
in case the toll operator wishes to release the 
connection after it has been partially set up, the 
release signal consisting of thousand cycle cur 
rent interrupted at frequency F2 would inter 
mittently release Irelay 663, thereby Seinding in 
pulses over the impulsing lead to the automatic 
Switches. The operation of the repeating relay 
746 of the trunk circuit TC2 causes a short-cir 
cuit to be placed across the trunk conductor 
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which Would interfere with the inconing line Sig 
nal. It is also desirable to prevent the possible 
operation of relay 663 by voice currents after the 
talking circuit has been established. In order to 
eliminate these difficulties, the polarized relay 
639 has been provided. 
This relay is of the type disclosed in Patent 

No. 1,673,884, granted June 9, 1928, to Iarold 
C. Pye. The lower winding of the relay is the 
polarizing winding while the upper winding is 
the operating winding. When relay 600 is op 
erated as soon as a call is received, the lower 
Winding of relay 639 is energized fron ground, 
arnatire 664 and its working contact, Working 
contact of airinature 604 and said airina, Ure, lower 
winding of relay 639, to battery. This ener 
gizes the polarizing winding which is not of Sufi 
cient, strength to cperate the relay, but, which is 
Sufficiently stiroing to naintain the relay ener 
gized after it, has once been operated. When 
dialling impulses are received, the circuits of the 
tuned reed relays 643 and 349 aid the relay 663 

- are interrupted at normal dial Speed which is 
ten impulses pei' second. . RelayS 643 and 643 
do not respond to these interruptions, but relay 
663 releases at each interruption of its circuit 
and at arnature 664 and its resting contact 
transmits corresponding ground impulses to op 
erate the automatic Switches. Each time it re 
leases its arimature, it opens the circuit of the 
lower polarizing winding of relay 639. 
The polarizing winding of relay 639 is wound 

on the heel end of the core while the goperating 
winding is wound on the arnature eiad of the 
core as fully disclosed in the above-inentioned 
patent to Pye. A maginetic shunt is provided 
from a point on the core between the two Wind 
ings to the arnature end of the relay and this 
magnetic shunt neitber forms a back stop for 
the armature. Thus, normally, with the polar. 
izing winding energized, the major portion of the 
Inagnetic flux passes through the lower half of 
the core, through the shunting meinber and back 
stop, and thence by Way of the arrnature and 
heel piece to the lower end of the core... A Sinaller 
annount of flux passes entirely through the core 
and through the air gap between the core aid 
8rnature and then th;ough the heel piece back 
to the Other eid of the core. 

Referring to Fig. 6, it is seen that the operat 
ing or upper winding of relay 639 is norinally 
shunted frox) ground at ariature 626 and its 
resting contact. Under the aibove conditions, 
when the circuit of the polarizing winding is 
opened the magnetic flux passing through the 
shunt member of the relay immediately col 
lapses while the Sixaller annount which is pass 
ing through the upper portion of the core and 
is tending to attract the arnature to the core 
persists for an interval due to the short 
circuited Operating winding. Thus the fluix tend 
ing to attract the arnature to the core persists 
for an interval while the flux holding the arma 
ture against the back stop immediately col 
lapses, and as a result the relay is operated for 
an instant each time the circuit of the polarizing 
Windig is opened. . 
When dialling inpulses are being received at 

the rate of ten per second, relay 663 releases at 
each inpulse and opens the circuit of the polar 
izing Winding, thereby causing relay 639 to Snap 
up for an instant. However, the relay innedi 
ately falls back and has released by the time the 
circuit to its polarizing winding is again com 
pleted by the operation of relay 663. Thus it is 

and, therefoire, 

1,932,235 
Seein that when dialing impulses are being re 
ceived, relay 639 operates mornentarily each time 
an inguise is received but again drops back be 
fore the circuit to its polarizing winding is closed, 

does not re;?)ain Operated. HOW 
ever, when signalling current is received which 
is interrupted at frequency Fi or F2, which in 
this case has been a SSurned to be thirty cycles 
per second and forty-two cycles per second, re 
Spectively, one of the relays 643 or 649 is oper 

80 

ated responsive to the interruptions of current 
and relay 663 is also released at each interrup 
tian. Each tine relay 683 releases the circuit is 
interrigated for the polarizing Winding of relay 
633, 8:ad his irelay Operates in the nannel de 

a Cve. However, in this case the SUC 
Ceeding iaise folloys before relay 639 has had 
tine to release and the relay is still operated 
Whgin the circuit of the polarizing winding is 
again closed by the operation of relay 663. As 
WaS previously stated, the polarizing winding is 
of Sufficient Strength to maintain the relay op 
erated once it has been operated. Relay, 639 is, 
therefore, held operated when relay 663 again 
Operates aid at arnature 640 and its Working 
Contact it completes a locking circuit for relay 
663 extending from ground, arnature 664 and its 
WO:'kiing contact, working contact of arimature 
64 and Said arrature, working contact of arma 
ture 640 a.End Said armature, upper winding of 
relay 663, to battery. Thus it is seen that, when 
Signalling current being interrupted at frequency 
Fi or F2 is being received, relay 663 locks ener 
gized so that it will not respond to each inter 
ruption of it3 circuit and cause interference with 
the incoming signal. However, this arrangement, 
does not interfere with the repeating of the dial 
iing in pulses by relay 663, since in this case relay 
639 has each time released before relay 663 agai 
Coerates. . . . . . 

It Will be noted that the upper or operating 
Winding of relay 639 is shunted by ground 
through ai'nature 626 and its resting contact of 
the signal sending relay 625. Thus on an in 
COining call, after the connection has been set 
up and an idle line connected with, relay 625 op 
erates to tra,InSnit a Supe; visory signal to the 
calling operator in the nanner explained above. 
At ariinature 626 and its resting contact it removes 
the short circuit from the upper or operating 
Winding of relay 639 and this relay operates and 
at aI(nature 640 and its working contact com 
pletes a locking circuit for the upper Winding of 
relay 663 in multiple with its own polarizing 
Wiinding. thus relays 663 and 639 are locked in 
operated position as soon as dialling has been 
connpleted and an idle line connected . With. 
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These relays remain locked up until relay 600 
releases in response to the release signal fro 
the calling exchange. - 

... Froin the foregoing, it is clear that the arrange 
aent just described provides for the locking up 
of relay 663 when signals are received at other 
than dial speed and as soon as the connection 
has been set up and before the talking circuit is 
established. This prevents any false operation 
of this relay which might interfere with received 
signals or with conversation taking place over 
the toll line. 

Call fron toil board in eacchaige A. to Substation 
T3 in eacchange C 

it will now be assumed that the toil operator 
at exchange A. receives a reguest for a connection 
to a Substation in exchange C, Such as the Sub 
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station T3, shown in the trunking layout of Fig. 
10. The operator inserts the plugs Pi and P2 of 
cord circuit CC1 and dialling cord DC1 into the 
jacks, such as J1 and J2 of an idle trunk circuit 
extending to exchange B. Responsive to the 
seizure of the trunk, the voice frequency repeater. 
R1 and tone group iGi tranSilit a calling Signal 
of uninterrupted thousand cycle current over the 
trunk line to prepaire the equipment in exchange 
B in the manner previously described. The toll 
operator upon hearing the dial tone returned 
from Selector TS2 in exchange is proceeds to dial 
the digits of the called nunniei. The first digit 
in this case will be the digit 0 to select the desired 
exchange, and this is followed by the fouli digits 
in the called Subscriber's nuiber. 

Responsive to the dialling of the digit 0, toll 
Selector TS2 is operated ten vertical StepS and 
at the end of the series of impulses it auto: nati 
cally rotates over the tenth ievel until it finds 
an idle trunk extending to exchange C. It will 
be assumed that the trunk seized by selector TS2 
is that available over conductors 36, 37, 38, and 
39 and terminating in toll selector TS3, repeater 
R3, and tone group TG3. In order to expedite 
the expianation of the call it will be a SSumed 
that the toll selector S1, repeater R1, and tone 
group TG1 are the switches associated with the 
trunk extending to automatic exchange C. It 
Wii further be assumed that the toll Selector TSi 
is seized by to selector TS2 over conductor's 9, 
10, 11, and 12. 
As soon as the wipers of selector S2 are op 

erated into engagement with the trunk extend 
ing to selector TSl, ground is sent forward over 
wiper 589 from ground at the Working COntact 
of arrnature 583 and said &rnature, Wipei 539 
and associated bank coitact, Conductor 3, Con 
ductor i0, (Fig. 1), contacts iO1, conductor 1, 
resting contact of armature 236 (Fig. 2) and 
said armature, winding of relay 212, to battery. 
In this case the negative line wiper 538 does not 
encounter a battery potential through the Wind 
ing of a relay, such as relay 754 of trunk circuit 
TC2, as is the case in which the call is for a Sub 
scriber in exchange B, and relay 547 does not 
operate. Relay 212 operates in the above-traced 
circuit and at armature 214 and its Working Con 
tact corypetes the circuit for the two Windings 
of relay 218 in series. At arnature 215 and its 
working contact it prepares a shunting circuit 
for relay 225, at armature 218 and its Working 
contact it grounds the busy Conductor 2, at arma 
ture 217 and its working contact, it prepares a 
locking circuit for relay 257, and at a "mature 
213 it disconnects the sending conductor Z fro: 
conductor 265 and connects ground to the latter 
conductor. 

Relay 218 begins to operate but as Soon as 
armature 222 engages its working contact a cir 
cuit is completed from ground, working contact 
of armature 248 and said arriature, al'mature 222 
and its working contact, arnature 229 and its 
resting contact, resting contact of a ranattire 220 
and said armature, to the junction point of the 
two windings of relay 218. The lower Winding 
of this relay is thereby shunted out, and Since 
the upper winding is not of Sufficient strength to 
operate the relay completely, the relay remains 
in its first, steg with arrnatures 222 and 224 en 
gaging their respective working contacts. The 
ground iroz. arnature 243 is also extended over 
arinature 222 and its working contact, armature 
223 and its resting contagt, winding of relay 225, 
to battery. Relay 225 operates and at arnature 
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227 and its working contact completes the circuit 
for relay 233, at arrnature 228 and its Working 
contact completes its own locking circuit, at 
arnature 229 and its resting contact opens the 
shunt, circuit of the lower winding of relay 218, 
thereby allowing this relay to operate complete 
ly, and at ai'inature 226 and its working contact 
CChiects ground to the Serding conductor Y, 
thereby operating relays 306 and 300 in the tone 
grCup TG and bringing about the connection 
of the tone generating equipment to the outgoing 
trulink: line conductors 20, and 21, which in this 
case are assumed to correspond to conductors 44 
a.i.2d 45 extending to exchange C. 
AI uninteriupted Splash of thousand cycle 

curret is thereby transmitted over the trunk line 
to exchange C and this splash of current is ter 
ininated aS soon as arnature 234 of relay 233 
engages its Weighted Spring working contact, 
thereby shunting the winding of relay 225 and 
allowing this relay to release. Relay 225 in re 
leasing brings about the release of irelays 306 
and 300 of tone group TG-1, thereby terminating 
the calling signal, at arnature 227 and its work 
ing contact it opens the circuit of relay 233, 
at arnature 228 and its Working contact it opens 
itS OWn locking circuit, and at arnature 229 and 
its resting contact it again prepares a shunting 
circuit for the lower winding of relay 218. 

the calling signal of uninterrupted thousand "... 
cycle current transmitted over the trunk line 
conductors 44 and 45 to exchange C is received 
by the toll selector TS4, 1epeater R4, and tone 
group i'G4 (Fig. 10), and prepares this equip 
inent for operation. - 

he succeeding digits of the called number 
dialled by the toll operator in exchange A are 
traaShitted in the form of inpuses of one thou 
sand cycie alternating current over trunk line 
conductors 20 and 21 to tone group TG2 in ex 
change 3. The tuned reed relay 422 responds 
to these impulses and interrupts the circuit of 
relay 663 Of repeater R2 a Corresponding num 
be of times in the manner previously explained. 
Each tine relay 663, releases it grounds the in 
pulse conductor 35, thereby operating relay 518. 
Each tine relay 518 operates in accordance with 
the digits of the called number, it completes a 
circuit from ground, Working contact of arma 
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ture 520 and said armature, arimature 586 and . 
its working contact, resting contact of armature 
549 and Said. arnature, Wiper. 590 and associated 
bank contact, coindictoi 38 (conductor 11), 
ar:322 tui'e 1,64 and its resting contact, conductor 
15, winding of relay 300, to battery. Relay 300 
cperates at each inpulse of the dialled digits 
and connects the tone generating equipment to 
the outgoing trunk conductors 20 and 21 corre 
sponding to trunk conductorS 44 and 45 extend 
ing to exciharge C. 
These impulses of thousand cycle alternating 

current are received in exchange C by tone 
group TG4 and repeater R4 and serve to oper 
ate tol. Selector TS4, the toll transmission Se 
lector S3, and the toll connector C3 in the same . 
imanner as explained for the operation of toll 
elector TS2, toll transmission selector S2, and 

toll connector C2 in the explanation of the es 
tablishinent of a connection from the toll op 
erator in exchange A to subscriber T2 in ex 
change 3. When an idle line is connected with, 
battery is connected to the line conductors by 
the toll transmission selector S3, which brings 
about the transmission of a Supervisory signal by 
repeater R4 and tone group TG-4 over trunk line 
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conductors 44 and 45 extending to exchange B. 
This signal consists of One thousand cycle alter 
inating, current interrupted at frequency F3 or at 
fifty-four interruptions per Second. The signal 
is received over trunkline conductoi's 44 and 45 
(conductors 20 and 21), thereby causing the tuned 
reed relay 322 to open its contact 824 at the rate 
of fifty-four times per second. This interrupts 
the circuit to tuned reed relays 254 and 260 at 
a corresponding rate and relay 254 responds and 
opens its contact 256, thereby op01.ming the cir 
cuit of relay 252 and allowing this relay to re 
lease. . 

Relay 252 in releasing completes the circuit 
of relay 257 which operates and at ai1 nature 258 
and its working contact completes a circuit for 
itself dependent upon ground at the arraature 
262 of relay 260. At arrnature 259 and its work 
ing contact it completes a circuit from ground, 
working contact of arrature 259 and said airnia 
ture, conductor 3, Winding of reiay 163, to bat 
tery. Relay l63 operates and at arrnatures 165 
and 166 and their working contactS connectS 
the battery-feed coil i62 across the two line 
conductors 9 and 12 extending from the banks of 
tol Selector TS2. The cont)ection of battery Over 
wipers 588 and 59 i oi toll selector TS2 brings 
about the operation of relay 544 which in turn 
grounds the Supervisory conductor 34 to Serad 
a supervisory signal consisting of thousand cycie 
current interrupted at frequency F3 over trunk 
line conductor's 20 and 2i to exchange A. to light 
the supervisory lainp in the operator's cord cir 
cuit in the manner previously described. 
When the called subscriber anSWei's, battery is 

removed at the toil transmission SelectO) S3, 
thereby calising the voice frequency equipment in 
exchange C to transmit an answering Supervisors 
signal consisting of thousand cycle alternating 
current interrupted at frequency F4 or Sixty-Six 
times per second. This signal is received by tone 
group TG 3 in exchange B, and the relay corre 
sponding to relay 260 in repeater R1 responds to 
this signal, and at airmature 262 and its incinally 
closed contact opens the locking circuit of relay 
257. Relay 257 releases and at arimature 259 
and its working contact removes ground from the 
Supervisory conductor 3, thereby bringing about 
the release of relay 63. Relay 163 in releasing 
removes the battery connections from the inconn 
ing line conductors extending to Selector TS2, 
thereby allowing relay 544 to "elease and reinOve 
ground from the supervisory lead 34. This 
brings about the release of relay 618 in its two 
Steps and the subsequent operation. Of IrelayS 625 
and 633 to transmit a corresponding anSWei'iing 
supervisory signal over trunk line conductoi's 20 
and 21 to automatic exchange A. to put out the 
supervisory lamp at the Operator's position. 
At the end of the conversation, when the Sub 

scriber at substation T3 replaces his receiver, 
battery is again connected to the line conductors 
extending to the trunk circuit TC3, in the nanner 
previously described. This brings about the 
transmission of a disconnect signal by the voice 
frequency equipment in exchange C, in the man 
ner previously described in connection with the 
equipment, in exchange B on a call from the toll 
operator in exchange A. to a Subscribe: in ex 
change B. The disconnect signal is received over 
trunk line conductors 20 and 21 (conductors 44 
and 45) and again brings about the Operation of 
the tuned reed relay 254 which openS the circuit 
of relay 252 and allows this relay to release. Re 
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lay 252 at armature 253 and its resting contact 
completes the circuit of relay 257 which oper 
ates and locks itself operated at ariaature 258 
and its Working contact. At armature 259 and its 
Working contact it again grounds the Supervisory 
Conductor 3, thei'eby operating relay 163 which 
bridges the battery feed coil. 62 across the line 
COInductors extending to selector TS2. Relay 544 
in Selector TS2 responds to this coinection of bat 
tery to the line conductors, and at arinature 545 
again connectS ground to Supervisory conductor 
34 to cause the repeater R2 and tone group G2 
to send out a corresponding disconnect signal 
Ovei' trunk line conductors 20 and 2i to exchange 
A to again light the Supervisory lamp at the op 
erator's position and infoin her that the callied 
Subscriber has replaced his receiver. 
When the toll Operator removes plug Pi from 

jack J1, a release signal of thousand cycle alter 
nating current interrupted at frequency. F2 or 
forty-two interruptions per second is trailsnitted 
Over trulink line conductors 20 and 21 to exeihange 
B to bring about the operation of the tuned reed 
relay 649 which opens the circuit of relay 646, 
thereby disconnecting ground from the winding 
of 'elay 600 and allowing this relay to release. 
The release of relay 600 brings about the release 
Of the toll selector IS2, in the manner previously 
described. When selector TS2 releases it re 
noves ground froin conductor 37 (conductor 10), 
thereby removing ground from the hold condic. 
tor i and allowing relay 212 to release. Reiay 22. 
in releasing brings about the release of relay 313. 
to its first Step which results in the operation of 
relay 225 to start the transmission of the release 
Siginal CVer tirunk line conductors 44 and 45 (con 
ductor's 20 aid 21) by the tone group TG1. At 
airiinature 227 and its working contact, relay 225 

in 
tains its ai'i nature 235 against the weighted spring 
Working contact, thereby shunting relay 225 and 
Causing this Felay to release to terminate the re. 
lease Signal. - 

The release Signal is transiiitted over trunk 
line conductors 44 and 45 to the voice frequency 
equipment in exchange C and brings about the 
release and restoration to noi of all the 
SWitches and equipment in this exchange in the 
n&nner previously described in connectio; with 
exchange B. All the apparatus used in the es 
tablishment of a connection fron the to board in 
eXchange. A to substation T2 in exchange C : 
noW been released and is in its inorina 
tion. 

Calls from the toll operator in exchange B to 
Subscribers in exchange A or subscribers in ex 
change C are established in the same manner as 
diescribed in detail in connection with a call from 

C3 in 

a toll Operator in exchange A to a subscriber, such 
aS T2, in exchange 3. 
cihange C can also establish connections to sub-. 

The toll operator at ex 

Scribers in exchange 3 in the Saale manner. 
Calls from the toll operator in excitange Cinay be 
established to Subscribers, such as T1, in exchange 
A by Way of exchange B in a raazaner similar to 
that just described in detail in connection with 
a call from the toll operator in exchange A. to ther 
Subscriber T3 in exchange C. 
that any One of the toll operators may establish 
a connection to any subscriber in either of the 
other eXchaiages direct by dialling and without 
the assistance or intervention of a second toll Operator. 

Thus it is seen i: ; 
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Call from the toll operator in eacchange A. to the 

toll operator in eacchange B 
It will now be assumed that the toll operator 

at exchange A desires to secure some information 
from the toll operator at exchange B. Or desires 
that the toll operator at exchange B shall com 
plete the requested connection. In this case the 
operator in exchange A inserts plug P1 of the 
cord circuit CC1 into jack J1, thereby bringing 
about the transmission of a calling signal to ex 
change B consisting of uninterrupted thousand 
cycle current in the manner previously explained. 
This calling signal prepares the equipment in 
exchange B for operation. 
The toll operator at exchange. A then Operates 

her ringing key, thereby transmitting ringing 
current over the line outgoing from the toll board. 
This ringing current passes through conder Ser 
146 and operates relay 144, thereby completing a 
circuit from grounded busy conductor 2, resting 
contact of arnature 107 and said arnature, ar 
mature 145 and its working contact, armature 
108 and its resting contact, conductor 5, Winding 
of relay 236, to battery. Relay 236 operates and 
at armature 238 and its working contact grounds 
the sending conductor Y, thereby bringing about 
the operation of relays 306 and 300 to connect 
the tone generating equipment to the Outgoing 
trunk conductors 20 and 21. At arnature 237 
and its working contact it connects the plate cir 
cuit of the sending tube 310 over conductor X 
to the source of alternating current of frequency 
F1 available over conductor 271. A signal Of 
one thousand cycle current interrupted at fre 
quency F1 or thirty cycles per second is thereby 
transmitted over trunk line conductorS 20 and 21 
to exchange B, as long as the ringing key at the 
operator's position is held Operated. 
This ringing signal is received at tOne group 

TG2 over conductors 20 and 21 and brings about 
the operation of the tuned reed relay 422 at the 
rate of thirty times per second. Relay 422 ac 
cordingly interrupts the circuit of relays 643, 649, 
and 663 at a corresponding rate. Relay 639 Op 
erates at the first release of relay 663 and is still 
operated when relay 663 again operates and 
closes a circuit to the polarizing winding of relay 
639 and this relay, therefore, locks energized and 
also locks relay 663 energized so that this relay 
will not respond thereafter to the ringing signal. 
Relay 643 responds to the ringing signal. When its 
circuit is opened at the rate of thirty times per 
second and the vibrating reed 644 Operates arma 
ture 645, thereby opening the circuit of relay 641. 
Relay 641 releases and at armature 642 and its 
resting contact connects ground over conductor 
31, off-normal springs 530, arnature 523 and its 
resting contact, through the upper Winding of 
relay 521, to battery. 

Relay 521 operates in its first step and at 
armature 526 and its working contact completes 
a locking circuit for itself from grounded arma 
ture 509 and its working contact. However, 
relay 521 cannot operate completely as long as 
its lower Winding is shunted by the ground ex 
tended over conductor 31. The ground on Con 
ductor 31 also extends through the upper Wind 
ing of relay 556, to battery. Relay 556 operates 
and at armatures. 560 and 561 it completes the 
following circuit for the ring-up relay at the toll 
operator's position: from generator, arnature 569 
and its resting contact, working contact of arma 
ture 560 and said armature, armature 598 and 
its resting contact, condenser, Winding of ring-up 
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relay, resting contact of armature 599 and said 
armature, armature 561 and its working contact, 
resting contact of armature 568 and Said arma 
ture, to generator ground. The ring-up relay 
operates in this circuit and at contacts. On this 80 
relay brings about the lighting of a calling lamp 
at the operator's position to inform her that she 
is being signalled over the trunk extending from 
eXchange A. 
When the operator at exchange A releases the 

ringing key she terminates the calling signal. 
Relay 643 ceases to vibrate its tuned reed arma 
ture 644 and the circuit of relay 641 is again 
closed. Relay 64i operates and at armature 642 
and its working contact removes ground from 
conductor 31, thereby allowing relay 556 to re 
lease and cut off the generator fron the calling 
relay at the toll operator's position in exchange B. 
As soon as ground is removed fron conductor 31, 
the lower Winding of relay 521 is no longer shunt 
ed, and this relay operates completely over both 
Of its Windings in Series. At armature 522 and 
its Working contact it prepares a circuit for 
relay 536, at arnature 523 and its resting contact 
it opens its initial energizing circuit, at armature 
527 and its working contact it completes an oper 
ating circuit for relay 5i 2 which operates and at 
ari nature 515 and its Workiing contact locks it 
Self Operated to arnature 509, and at armature 
525 and its Working contact it completes a circuit 105 
from the grounded hold conductor 33, resting 
contact Ofarinature 538 and Said armature, arma 
ture 525 and its Working contact, conductor 34, 
resting contact of armature 631 and said arma 
ture, both windings of relay 618 in series, to 
battery. 

Relay 618 begins to operate and in its first step 
closes its arnatures 622 and 624 and their Work 
ing contacts. The closure of arnature 622 con 
pletes the circuit from ground, working contact 115 
of armature 648 and said armature, armature 622 
and itS. WOrking contact, arnature 629 and its 
resting contact, resting contact of armature 620 
and Said armature, to the junction point of the 
two Windings of relay 618. The lower winding 120 
of relay 618 is thereby shunted out and since the 
upper Winding is not of Suficient strength to 
completely operate the relay, it remains in its 
first step position. A circuit is also closed from 
ground at armature 648, armature 622 and its 125 
Working contact, armature 623 and its resting 
contact, Winding of relay 625, to battery. Relay 
625 operates and at armature 626 and its work 
ing contact it brings about the operation of relays 
400 and 406 of the tone group TG2 to connect the 
tOne generating equipment to the trunk line con 
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ductors 20 and 21. At armature 629 and its rest 
ing contact it opens the shunting circuit of the 
iower winding of relay 618 and allows this relay to 
completely operate. At armature 627 and its 35 
Working contact it completes the energizing cir 
cuit for relay 633. 
A supervisory signal is thereby transmitted to 

exchange A. and this signal is terminated when 
relay 625 is shunted through armature 634 and 40 
its weighted spring working contact when relay 
633 has operated. Relay 625 thereupon releases 
and opens the circuit of relay 633 at armature 627 
and its Working contact, at armature 626 and its 
working contact it opens the circuit of relay 40645 
which releases and brings about the release of 
relay 400 and the termination of the Super 
visory signal. Since relays 600 and 618 were 
Operated at this time, the Supervisory Signal trans 
mitted to exchange A consisted of one thousand 50, 
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cycle alternating current interrupted at fre 
quency F3 or fifty-four times per Second. 
The Supervisory signal is received over trunk 

line conductors 20 and 21 and Operates tulined 
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reed relay 322 at the rate of fifty-four times per 
Second, therey interrupting the circuits of relays 
254 and 26) a corresponding number of times. Re 
lay 254 is designed to respond to this frequency, 
and at arnature 256 and its normally closed coin 
tact it opens the circuit of relay 252 which re 
leases, and at al'mature 253 and its resting con 
tact completes the circuit for 'elay 257. Relay 
257 operates and at armature 258 and itS WOrk 
ing contact conpletes itS OWIn locking circuit, and 
at arnature 259 and its Working contact connects 
ground to a Supervisory conductor 3, thereby 
bringing about the operation of relay 163 at toll 
selector TS1. Relay 163, in operating, at airma 
tures 65 and 66 coinects the battery-feed coil 
162 across the trunk line conductors extending 
to the toll board, thereby causing the operation 
of the supervisory relay in the cord circuit CC1 
and the lighting of the Supervisory lamp to in 
form the toll operator that the operator at ex 
change 3 is being signalled. 
When the operator at the toll board in ex 

change 3 notes that she is being Signaled over 
the trunk accessible over jack J3, she inserts plug 
P3 of cord circuit, CC in jack J3. Relay 596 
operates and at ariature 597 extends ground 
over armature 522 and its working contact, upper 
winding of relay 536, to battiary. Relay 536 op 
rates and at arnature 538 and its resting coin 

tact it renoves ground from the Suparvisory con 
dictor 34, thereby opening the circuit of relay 
628 of the repeater R2. Relay 618 starts to re 
lease but as soon as armature 620 engages its 
resting contact a circuit is closed from ground, 
Working contact of airmature 648 and said ar 
mature, arnature 623 and its Working contact, air 
mature 629 and its resting contact, resting coin 
tagt of airinature 620 and said armature, upper 
winding of relay 618, to battery. This upper 
winding is sufficient to maintain the relay in its 
first step position and a circuit is then closed over 
arimature 622 and its working contact, arnature 
623 and its resting contact, winding of relay 625, 
to battery. 

Relay 625 operates and at arnature 626 and its 
Working contact, grounds the sending conductor 
23, thereby operating relays 400 a.ind 496 intone 
group TG2 to connect the tone generating equip 
ment, to... the outgoing trilink Carductor's 20 and 
21. At armature 627 and its working contact 
relay 625 closes an energizing circuit for relay 
633, at arinature 628 and its working contact it, 
connpletes its own locking circuit, and at airira 
ture 629 and its 'esting contact it, opens the cir 
cuit for the upper winding of relay 618 and al 
lows this relay to release. The alternating cur 
rent source of frequency F4 is connected to the 
plate circuit of tube 410 over conductor 24 from 
conductor 668 since relay 600 is operated and 
relay 618 is in its normal position. The dura 
tion of the Supervisory signal is deterninad by 
the time required for arnature 634 to maintain 
its contact with its weighted Spring working con 
tact. 
When armature 634 closes its working contact, 

relay 625 is shunted and releases. At arnature 623 
and its working contact it opans the circuit of re 
lay 406 which releases and opens the circuit of re 
lay 400, thereby disconnecting the toine generating 
equipment and terminating the Supervisory sig 
nal. At armature 629 and its resting contact relay 

,932,235 
625 again prepares a circuit for the upper winding 
of relay 6i3 and at armature 631 and its resting 
contact, it prepares a circuit for the two windings 
of relay 618 in series. The supervisory signal 
cCYnsisting of thousand cycle alternating current 
it terrupted at sixty-six cycles per second is re 
ceived by tone group TG1 in exchange A and 
the tuned reed relay 322 accordingly interrupts 
the circuit of relays 254 and 260 at a correspond 
ing rate. Relay 260 responds to the signal and 
at amature 262 opens the locking circuit of 
relay 257. Relay 257 releases and at armature 
258 and its working contact opens its own lock 
ing circuit and at ariature 259 and its Working 
contact - removes ground from the Supervisory 
conductor 3, thereby opening the circuit of relay 
133, allowing this irelay to release. Relay 163 
in releasing removes the battery connection 
through coil 162 fro; in the trunk line conductors 
extending to the toll operator, thereby allowing 
the Supervisory relay in cord circuit CC1 to re 
lease and extinguish the supervisory lamp. 

She two operators may now carry on a con 
Versation. When the toll operator in exchange 
B renoves plug P3 from jack J3, relays 596 and 
536 release and the latter relay at armature 538 
a:23 iS Festing contact again completes the cir 
Cuit from gi"GUSiad conductor 33 to conductor 34, 
thereby again bringing about the operation of 
relays 6 i8, 625, 2nd 633 to transmit a Supervisory 
Signal to exchainge A consisting of one thousand 
Cycle alternating current interrupted at fre 
quency F3 or fifty-four cycles per second. This 
lights the Supervisory lamp in the cord circuit at 
the to board in exchange A and informs the 
operator that the toll operator at exchange B has 
disconnected. - 

When the operator at exchange. A removes the 
plug Pi from jack J1 relay 196 releases and re 
moves ground froin the hold conductor 1, there 
by bringing about the release of relay 212. Re 
lay 212, in releasing, at arrnature 214 and its 
Working contact opens the circuit of relay 218 
which starts to release but as soon as armature 
220 eingages its resting contact a circuit is comi 
pleted from ground at armature 248, armature 
232 and its working contact, armature 229 and 
its resting contact, resting contact of armature 
220 and said armature, upper winding of re 
lay 238, to battery. Relay 218, therefore, re 
mains in its first-step position and completes a 
circuit for relay 225 over armature 222 and its 
Working contact, and arnature 223 and its rest 
ing contact. Relay 225 operates and at arma 
tule 226 and its working contact connects ground 
to conductor Y to bring about the connection of 
the tone generating equipient to the outgoing 
trunk conductors, and at armature 227 and its 

... working contact cognpletes the circuit for relay 
233. One thousand cycle, alternating current in 
terrupted at frequency: F2 or forty-two times 
per second is thereby transnitted over the out 
going trunk line conductors 20 and 21 to ex 
change B as a release signal. The duration of 
the signal is timed by the time required for ar 
nature 235 to imaintain its contact with its 
weighted Spring Working contact. When this 
circuit is closed, relay 225 is shunted and re 
leases, thereby terminating the release signal to 
exchange 3 and bringing about the release of all 
the equipment in exchange A. 
The release signal is received by tone group 

TG2 in exchange B and relay 422 responds and 
opens the circuit of relays 643, 649, and 663 
at a corresponding rate. Relay 649 responds and 
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at armature 651 opens the circuit of relay 646. 
Relay 646 releases and at armature 648 opens the 
holding circuit of relay 600 Which releases and 
restores all equipment in exchange B to its nor 
mal position. 
Call from the toll operator in eacchange A to the 

toll operator in eacchange C 
It will now be assumed that the toll operator 

in exchange A wishes to converse with the toll 
operator in exchange. C for the purpose of Se 
curing information or to have the latter opera 
tor complete a call. In this case the toll Operator 
in exchange A inserts the plug P1 into jack J1, 
thereby bringing about the transmission of a 
calling signal consisting of a splash of uninter 
rupted thousand cycle current over the trunk 
line to exchange B. This calling signal prepares 
the selector TS2 and associated repeater R2 and 
tone group TG2 for operation on an incoming 
call in the manner previously explained. The 
operator at exchange. A now dials the digit 0 to 
Operate Selector TS2 to the tenth level from 
which it automatically rotates over the bank Con 
tacts of the level to Select an idle trunk extend 
ing to exchange C. It will be assumed that the 
trunk comprising conductors 44 and 45 and ter 
minating in selector TS3 and associated repeater 
R3 and tone group TG3 is the one selected by 
Selector TS2 over conductors 36 to 39, inclusive. 
Since the operation of the equipment in ex 

change A on an outgoing call Such as is to be 
described has been previously described in con 
nection. With a call from a toll Operator in ex 
change A to a toll operator in exchange B, and 
Since the operation of the equipment in ex 
change C in the present connection is the same 
as the operation of the equipment in exchange 
B just described in connection with a call from 
the toll operator in exchange A to the toll op 
erator in exchange B, the operation of the equip 
ment in exchange A. and exchange C. Will not 
be explained in connection. With the establish 
ment of this connection. The operation of se 
lector TS3 and repeater R3 and tone group TG3 
will, therefore, be explained with reference to 
FigS. 1, 2, and 3 of the drawings and it will be 
assumed that the circuits shown in detail in these 
figures are the circuits of the equipment termi 
nating the trunk comprising conductors 44 and 
45 and extending from exchange C. 

After the operator at exchange A has dialled 
the digit 0 to select the trunk extending from ex 
change B to exchange C, she operates the ringing 
key in her cord circuit to signal the toll opera 
tOr at eXchange C. The operation of the ringing 
key causes the ringing signal consisting of one 
thousand cycle alternating current interrupted 
at frequency F1 or thirty cycles per Second to 
be tranSnitted over trunk line conductors 20 and 
21 extending to eXchange B. This ringing signal 
is received by tone group TG2 and repeater R2 
and brings about the operation of relay 643, 
which, at armature 645 opens the circuit of re 
lay 641. Relay 841 releases and at armature 642 
and its resting contact places ground on conduc 
tOr 31 to bring about the operation of relay 556. 
Relay 556, at arnatures 558 and 559 and their 
Working contacts, connects ringing current to the 
outgoing line conductors over wipers 588 and 
591. This ringing current is extended over con 
ductors 36 and 39 to selector TS3 and is received 
Over conductors 9 and i2 (Fig. 1) to operate re 
lay 144. Relay 144 operates and at armature 145 
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and its working contact completes a circuit from 
the grounded busy conductor 2, resting contact 
of armature 107 and said armature, armature 145 
and its working contact, arnature 108 and its 
resting contact, conductor 5, winding of relay 236, 
to battery. Relay 236 operates and at armature 
238 and its Working contact grounds conductor 
Y to bring about the connection of the tone gen 
erating equipment to the outgoing trunk line 
comprising conductors 44 and 45 and extending 
to exchange C. At armature 237 and its Work 
ing contact it connects the plate circuit of the 
Sending tube over conductor X to conductor 271 
to Supply frequency F1 or thirty cycle current 
to the plate circuit of the sending tube. 
A ringing signal of thousand cycle current in 

terrupted at thirty cycles per second is thereby 
transmitted over the trunk line conductors 44 
and 45 extending to exchange C as long as the toll 
operator in exchange A keeps her ringing key 
depressed. This ringing signal is received by the 
toll Selector TS4, repeater R4 and tone group 
TG4 in exchange C and brings about the opera 
tion of a relay, such as relay 121, Fig. 1, in its 
first step. When the operator at exchange Are 
leases her ringing key, the ringing signal is ter 
minated and the relay, such as 12, associated 
With the Selector. TS4 in exchange C operates 
completely and brings about the transmission of 
a SuperVisory Signal consisting of thousand cycle 
alternating current interrupted at frequency F3 
or fifty-four cycles per second over trunk line 
conductors 44 and 45 to exchange B. This brings 
about the operation of relay 254, the release of 
relay 252, and the operation of relay 257 in re 
peater R1 and the latter relay at armature 259 
and its working contact grounds the supervisory 
conductor 3 which brings about the operation of 
relay 163 in toll Selector TS1. 

Relay 163 operates and at armature 164 and its 
Working contact connects ground over conductor 
11, conductor 38, wiper 590, armature 549 and 
its resting contact, working contact of armature 
586 and said armature, armature. 520 and its rest 
ing contact, resting contact of armature 533 and 
said armature, lower winding of relay 536, to bat 
tery. Relay 536 operates and at armature 537 
and its working contact completes a circuit from 
the grounded hold conductor 33, armature 524 
and its resting contact, arnature 537 and its 
Working contact, supervisory conductor 34, rest 
ing contact of armature 631 and said armature, 
through the two windings of relay 618 in Se 
ries, to battery. Relay 618 operates in its first 
step and brings about the operation of relays 625 
and 633 in the manner previously described to 
transmit a Supervisory signal over trunkline con 
ductors 20 and 21 to exchange A. This signal 
consists of one thousand cycle alternating cur 
rent interrupted at frequency F3 or fifty-four 
cycles per Second. The Supervisory signal is re 
ceived at exchange A by the voice frequency con 
trol equipment and brings about the lighting of 
the Supervisory lamp in the operator's cord cir 
cuit CC. 
When the toll operator at exchange C answers 

the call by inserting the plug of her cord circuit 
into the trunk jack, the relay in selector TS4 cor 
responding to relay 136 of selector TS1 oper 
ates and removes ground from the supervisory 
lead, thereby causing the voice frequency equip 
ment to transmit an answering signal consisting 
of one thousand cycle alternating current inter 
rupted at frequency F4 or sixty-six times per 
Second. This answering signal is received at ex 
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S. 
change B by tone group G3 (TG1) and bringS 
about the operation of tuned reed relay 260 in 
repeater R1, which opens the locking circuit of 
relay 257 and allows this relay to release and re 
move ground from the Supervisory conductor 3. 
The removal of ground fronn Supervisory conduc 
tor 3 opens the circuit of relay 163 and allows 
this relay to release, thereby removing ground 
from conductors 11 and 38 and opening the cir 
cuit of the lower Winding of Irelay 536. Relay 
536 releases and at armature 537 and its work-, 
ing contact opens the ground connection to Su 
pervisory lead 34, thereby bringing about the re 
lease of relay 618 to repeat the answering Signal 
of one thousand cycle current interrupted at the 
rate of sixty-six times per second over the trunk 
conductors 20 and 21 extending to exchange A. 
This signal is received by the Voice frequency 
equipment in exchange A and bringS about the 
extinguishing of the Supervisory lamp at the Op 
erator's position. 
The two operators may now converse, and at 

the end of the conversation when the Operator 
in exchange C removes her plug from the trunk 
jack, the relay corresponding to relay 136 of 
tol Selector TS1 releases and at anature 38 
and its resting contact connects ground to the 
supervisory lead extending to the voice frequency 
equipment. This brings about the transmission 
of the disconnect signal consisting of thousand 
cycle current interrupted at frequency F3 Over 
trunk line conductors 44 and 45 extending to 
exchange B. The signal is received at exchange 
B and again operates turned reed relay 254 and 
releases relay 252. Relay 252 at armature 253 
and its resting contact closes a circuit for relay 
257 which locks energized at arimature 258 and 
its working contact, and at armature 259 and 
its Working contact grounds the Supervisory COX 
ductor 3 thereby bringing about the operation 
of relay 163. Relay 163 operates and at arma 
ture 164 and its working contact grounds the 
toll conductor 11 extending over wiper 590 of 
toll selector TS2, thereby energizing the lower 
Winding of relay 536 and causing this relay to 
operate. Relay 536 at armature 537 and its work 
ing contact again grounds the Supervisory COn 
ductor 34, thereby bringing about the operation 
of relay 618 and causing the Voice frequency 
equipment to transmit the disconnect signal over 
trunk conductors 20 and 21 to exchange A to 
again light the operator's Supervisory lamp. 
When the Operator at eXchange A renoves the 

plug P1 from jack J, a release Signal consisting 
of one thousand cycle alternating current inter 
rupted at frequency F2 or forty-two times per 
Second is transmitted over trunk line conductors 
20 and 21 to exchange B where it brings about 
the operation of relay 649 and the release of 
relay. 646. Relay 646 in releasing brings about 
the release of toll selector TS2, thereby remov 
ing ground from conductor 37 and conductor 10 
extending to toll Selector TS1. Renoval of 
ground from conductor 10 brings about the re 
lease of relay 212, which opens the circuit of 
relay 218 and allows this relay to release. The 
release of the two-step relay 218 causes the voice 
frequency equipment to transmit a release sig 
nal, consisting of one thousand cycle current in 
terrupted at frequency F2, over trunk line con 
ductors 44 and 45 to bring about the release of 
the equipment in exchange C in a manner pre 
Viously described. 
The toll operator in exchange B can establish 

connection with the toll operator in exchange 
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A. or C and the toll operator in exchange C 
can establish a connection with the toll operator 
in exchange B in the same manner as described 
for the establishment of a connection from the 
toll operator in exchange A to the toll Operator 
in exchange B. The toll operator in exchange 
C can also establish connection. With the toll 
operator in exchange A. by Way of the equipment 
in exchaiage B in the manner just described for 
a connection from the toll operator in eXchange 
A to the toll operator in exchange C. 

Fig. 8 of the dra WingS ShoWS a perSpective WieW 
of the nechanical structure of One form of a 
tuned reed relay which is particularly adapted 
to be used as the thousand cycle tuned reed relay 
which responds to the basic frequency used for 
Signalling in the System of the present invention. 
The relay consists of a cast base 50 having a 
circular hole in the center thereof. The tWO 
electronagnetS 62 polarized by a permanent ag 
net are mounted. On a lower plate 51 Which is 
fastened to the bottom of the base 50 with the 
electroinagnetS 62 projecting through the hole 
in the base. Upon a raised portion at one end 
Of the base 50 is mounted the tuned reed 61 
which is Securely clamped at One extrenity by 
means of the clamping blocks 54 and 55. The 
reed passes through other clamping blockS 59 
and 60 which together With block 58 are Slid 
ably mounted in a channel formed by the Side 
pieces 53. These blocks are maintained in align 
ment by pins 73. The blocks are arranged to 
be noved back and forth by means of the ad 
justing Screw 56, thereby changing the length 
of the vibrating portion of the reed which ex 
tends out over the poles of the electromagnets 62. 
A ScreW 57 is threaded in block 58 With its 

lower end against the clamping block. 59, so that 
when the length of the reed has been properly 
adjusted by means of ScreW 56, the Screw 5. 
is tightened thereby permanently clamping reed 
61 between blockS 59 and 60. 
The contact arrangement of the relay con 

prises a contact Spring 67 having a turned down 
end which is adapted to be engaged by the tuned 
reed 61 when the latter is vibrating. This spring 
is normally in engagement with the contact 
Spring 66, the position of which may be ad 
justed, that is, the Spring may be raised or 
IoWered, by lineans of the nicornetter adjusting 
Screw 65. These contact Springs together With 
the Supporting arm 69, the strap Spring 70, and 
the tension Spring 68, are mounted on an as 
Sembing block 64. The adjusting Screw 71 is 
tensioned by the Stap Spring 70 and is threaded 
through the arm 69 with its lower end in en 
gagement with the tension Spring 68. Thereby 
the tension on the operating contact spring 67 
may be adjusted by neans of the adjusting screw 
71. 
arin 69 and the lower end of this Screw forms a 
back stop for the operating spring 67. Electrical 
connections to the electromagnet and to the con 
tact Springs arenade by Ileans of the terminal 
assembly 63. 
From the foregoing description, it is apparent 

that the turning Of the relay... may be changed 
within certain limits by means of the adjusting 
ScreW 56 Which changes the length of the vibrat 
ing portion of the reed, thus changing its period 
of vibration and causing it to respond to current 
of a different frequency. The position of the 
two contact SpringS 66 and 67 and the tension 
and back stop of spring 67 may then be adjusted 
So that the relay will operate properly, since the 

A. Screw 72 is Secured to the Outer end of 
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change in length of the relay will change the 
anplitude of its vibration. 
What is claimed is: 
1. In a telephone system, the combination. Of 

a toll line with means at one end thereof for 
transmitting over said toll line impulses of a voice 
frequency alternating current at certain inter 
vals, signalling means at the opposite end of 
said toll line responsive only to said alternating 
current impulses received at said intervals, ineans 
at the opposite end for transmitting over the 
toll line impulses of said same Voice frequency 
alternating current at certain different intervals, 
and signalling means at the originating end of 
said toll line responsive only to said alternating 
current impulses received at Said different in 
tervals. s - w 

2. In a telephone system, the combination of 
a toll line with means at one end thereof for 
transmitting over said toll line impulses of a 
voice frequency alternating current at a first 
and a second rate, automatic Switches at the 
distant end of said toll line, means responsive 
Only to said alternating current impulses re 
ceived at said first rate for operating said auto 
matic switches, other means responsive only to 
alternating current impulses received at Said 
second rate for releasing said automatic SWitches, 
means at the distant end of Said line for trans 
mitting over said line impulses of Said Voice fre 
quency alternating current at a third and a 
fourth rate, and signalling means at the Origi 
Inating end of said toll line Selectively responsive 
to said alternating current impulses received at 

... said third and fourth rates. 
3. In a telephone system, a toll line connecting 

a first and a second exchange and terminating 
in an operator's position in the first exchange 
and in automatic switching apparatus in Said 
second exchange, means in Said first exchange 
responsive to the seizure of said toll line for 
transmitting an uninterrupted alternating Cur 
rent of voice frequency, thereover to prepare said 
automatic switching apparatus for Operation, 
means for transmitting impulses of Said alter 
nating current at a first rate to operate Said 
automatic switching apparatus and at a second 
late to release the Sane, and means in each Sec 
ond exchange for transmitting impulses of Said 
alternating current over said trunk line at a 
third and a fourth rate as Supervisory signals to 
said operator's position. - 

4. In a telephone system, a toll line terminat 
ing in an operator's position in a first eXchange 

5 and in automatic switching apparatus in a Sec 
Ond exchange, means in Said first eXchange for 
transmitting over said toll line uninterrupted 
alternating current of voice frequency to prepare 
said automatic SWitching apparatus for Operation, 
means in said first exchange for transmitting in 
pulses of said alternating current at two differ 
ent rates to operate and release said apparatus, 
respectively, and means in the Second exchange 
for transmitting impulses of said alternating cur 
rent at tWo other different rates for Supervisory 
purpoSeS. 

5. In a telephone system, a toll line connecting 
two exchanges and terminating in a toll board 
and in automatic Switching apparatus in each 
exchange, means in each exchange for generat 
ing an alternating current of a particular Voice 
frequency and for interrupting said current at 
four different rates, means responsive to the 
seizure of said toll line at one exchange for pre 
paring the apparatus therein to transmit said cur 
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rent interrupted at the first two rates and to 
receive said current interrupted at the Second 
two rates, and means responsive to Said last 
means for preparing the switching apparatus in 
the other exchange to transmit said current 
interrupted at said second two rates and to re 
ceive said current interrupted at Said first two 
rates. 

6. In a telephone system, a toll line extending 
from a toll board in one exchange and terminat 
ing in a toll board and automatic SWitching 
apparatus in a second exchange, means respon 
sive to the seizure of said toll line at the toll 
board in the first exchange for transmitting un 
interrupted alternating current of a particular 
voice frequency over said toll line to prepare the 
equipment in the second exchange for Operation, 
means in the first exchange for transmitting 
impulses of said current over said toll line at 
two different rates, means in the second ex 
change responsive only to impulses of Said cur 
rent received at one rate for operating Said auto 
matic switching apparatus, and means respon 
sive only to impulses of said current received at 
the second rate for signalling the toll board in 
the second exchange. 

7. In a telephone system, two serially-related 
toll lines, means at the originating end of the 
first toll line for transmitting thereover impulses 
of voice frequency alternating current at tWO 
different rates, means at the distant end of Said 
first toll line responsive to said impulses for con 
necting said first toll line to said Second toll 
line and for thereafter repeating said impulses 
at said two rates over said second toll line, auto 
matic switches at the distant end of Said Second 
toll line, and means responsive to received in 
pulses at said two rates for operating and re 
leasing said switches, respectively. 

8. In a telephone system, the combination of 
two interconnected toll lines with means at the 
Originating end of the first toll line for trans 
mitting thereover impulses of voice frequency 
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alternating current at two different rates, sig- . 
nalling means at the distant end of the Second 
toll line responsive only to said impulses received 
at said rates, means at the distant end of the Sec 
ond toll line for transmitting thereover alter 
nating current impulses of said voice frequency 
at two further different rates, Signalling means 
at the originating end of said first toll line. re 
sponsive only to said impulses received at Said 
two further rates, and means at the intercon 
necting point of said two toll lines responsive to 
said alternating current impulses received at any 
of said rates over either toll line for repeating 
like impulses at a like rate over the other toll 
line. 

9. In a telephone system, a toll line terminat 
ing in a toll board, control equipment aSSociated 
with said toll line, means in said control equip 
ment for generating alternating current of a 
particular voice frequency and for interrupting 
said current at a number of different rates, Se 
lective means responsive to said current inter 
rupted at Said different rates, means responsive 
to the seizure of Said toll line at Said toll board 
for preparing said control equipment to transmit 
said current interrupted at certain of Said rates 
and to receive said current interrupted at the 
other rates, and means responsive to the seizure 
of said toll line at its distaint end for preparing 
said control equipment to receive said current 
interrupted at said certain rates and to transmit 
said current interrupted at said other rates. 
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10. In a telephone system, a toll line termi 

nating in a toll board, control equipment aSSO 
ciated with said toll line, means in said control 
equipment for generating alternating current of 
a particular Voice frequency, means for trans 
mitting impulses of said current over said toll 
line at a number of different rates, means re 
Sponsive to the Seizure of Said toll line at Said 
toll board for causing said control equipment to 
transmit uninterrupted alternating current of 
said voice frequency over Said toll line for a 
short period and for preparing said control equip 
inent to transmit impulses of said current at 
Certain of Said rates, and means responsive to 
the receipt of uninterrupted alternating current 
Of Said voice frequency. Over Said toll line for 
preparing Said control equipment to transmit 
impulses of said current at the others of said 
lates. 

11. In a telephone system, a toll line terminat 
ing in a toll board, means responsive to the Sei 
Zure of Said toll line at said toll board for trans 
Initting uninterrupted alternating current of a 
particular voice frequency over said toll line, 
meains responsive to dialing inpuises received 
from Said toll board for transmitting over said 
toll line impulses of said current at a certain 
rate, a Supervisory signal at said toll board, 
means Selectively responsive to impulses of 
alternating current of Said voice frequency 
received over Said toll line at a Second and a third 
rate for controlling said supervisory signal, and 
means responsive to the release of Said toll line 
at the toll board for transmitting over said toll 

35. line impulses at a fourth rate. w 
12. In a telephone system, a toll line terminat 

ing in automatic SWitching apparatus, means re 
Sponsive to the receipt of uninterrupted alternat 
ing current of a particular voice frequency for 
preparing said automatic Switching apparatus for 
Operation, means responsive to the receipt of 
impulses of Said current at a first rate for oper 
atting said automatic SWitching apparatus to ex 
tend a connection, means for transmitting over 

... Said toll line impulses of alternating current of 
Said voice frequency at a Second and a third rate 
for Supervisory signals, and means responsive 
to impulses of Said current received over said toll 
line at a fourth rate for releasing Said automatic 
SWitching apparatus. 

13. In a telephone system, a toll line terminat 
ing in a toll board and in automatic Switching 
apparatus, means responsive to received uninter 
rupted alternating current of a particular voice 
frequency for prepairing Said automatic SWitch 
ing apparatus for operation, means responsive to 
impulses of said current received over said toll 
line at a first rate for Operating Said automatic 
SWitching apparatus, means responsive to im 
pulses of said current received over said toll line 
at a second rate for Signalling Said toll board, 
means for transmitting over said toll line im 
pulses of alternating current of said voice fre 
quency at a third and a fourth rate for super 
visory signals both on connections over said all 
tomatic Switching apparatus and to said toll 
board, and means responsive to impulses of Said 
current received over said toll line at a fifth rate 
for restoring all equipment to its normal condi 
tion. 

14. In a telephone System, a toll line terminat 
ing in automatic SWitching apparatus, a Source 
of alternating current of a particular voice fre 
quency, means responsive to uninterrupted cur 
rent of said frequency received over Said toll line 
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for preparing said automatic Switching appara 
tuS for Operation, means responsive to Current 
impulses of said frequency received over said toll 
line at a first rate for operating said automatic 
SWitching apparatuS into engagement With a 
called line, means effective if the called line is 
idle for connecting said source to said toll line 
at a second rate, means responsive to the answer 
ing Of the called. Subscriber for connecting Said 
Source to Said toll line at a third rate, and means 
responsive to current inpulses of said frequency 
received over said toll line at a fourth rate for 
releasing said automatic Switching apparatus. 

15. In a telephone system, a toll line terminat 
ing in a toll board, control equipment associated 
with said toll line, two combinations of circuits 
in said control equipment, the first including 
means for transmitting alternating current im 
pulses of a particular voice frequency over said 
toll line at a first and a Second rate and selective 
means responsive to impulses of said current re 
ceived over Said toll line at a third and a fourth 
rate, and the Second including means for trans 
mitting impulses of Said current at said third 
and fourth rates and selective means, responsive 
to impulses of said current received at said first 
and Second rates, and means for rendering one 
Or the other of Said combinations of circuits ef 
fective dependent upon whether said toll line is 
Seized at the toll board or at its distant end. 

i6. In a telephone System, a toll line terminat 
ing in a toll board, control equipment associated 
with said toll line, a normally operative combina 
tion of circuits including means for transmitting 
alternating current inpulses of a particular Voice 
frequency over said toll line at two rates and 
Selective means responsive to impulses of said 
Current received over said toll line at two other 
rates, a second combination of circuits including 
In eans for transmitting in pulses of Said current 
over Said toll line at Said two other rates and Se 
lective means responsive to impulses of said cur 
rent received over said toll line at said first two 
rates, and means responsive to the Seizure of Said 
toll line at Said toil board fol' rendering said 
first combination of circuits inoperative and for 
rendering Operative Said Second combination of 
circuits. - 

17. In a telephone system, automatic switches, 
8, relay, means for controlling said relay by alter 
nating current inpulses of voice frequency, means 
controlled by Said relay for operating said 
switches to extend a telephone connection, and 
means for locking Said relay energized respon 
Sive to the extension of said connection to an 
idle called line and for maintaining Said relay 
energized until Said connection is released. 

18. In a telephone System, automatic Switches, 
a relay, means for controlling said relay respon 
sive to alternating current impulses of a particul 
lar voice frequency, means controlled by said re 
lay for operating Said SWitches to extend a tele 
phone connection responsive to alternating cur 
rent inn pulses of Said frequency received at a par 
ticular rate, and means operated responsive to 
alternating current impulses of said frequency 
received at a higher rate and to the extension 
of the connection to an idle called line for lock 
ing said relay energized until the connection is 
released. - 

19. In a telephone system, a toll line over which 
alternating current signals are transmitted, a 
transformer having its primary Winding bridged 
across said line in the path of Said signals, a 
vacuum tube, a grid circuit for said tube includ 
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ing the secondary winding of said transformer, a 
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plate circuit for said tube including a tuned reed 
relay, and a resistance and a condenser connected 
in parallel in the grid circuit of said tube effec 
tive to maintain the output to said relay Sub 
stantially constant irrespective of variations in 
the strength of the incoming Signals received 
through said transformer. 

20. In a tuned reed relay, a base plate, a reed 
having one end Secured to Said base plate, a 
clamping block slidably mounted in said base 
plate between the two ends of Said reed, an ad 
justing screw for moving said block for Ward and 
backward along said reed to change the effective 
length of the reed, a Second Screw for clamping 
said block down on said reed in the desired posi 
tion, a pair of contact SpringS Operated by Said 
reed, and means for Securing Said contact Springs 
to the base independent of the means for Secur 
ing said reed. 

21. In a reed-operated relay, a tuned reed, a 
lower contact spring, a micrometer adjusting 
screw for raising and lowering said contact Spring, 
a second contact spring mounted above Said first 
spring, a turned down portion at the free end of 
said upper contact spring in position to be oper 
ated by said tuned reed, a tensioning Spring 
mounted above said upper contact spring and in 
contact therewith, and a second adjusting Screw 
for raising and lowering the free end of said ten 
Sioning spring to decrease or increase the tension 
with which said upper contact spring makes con 
tact with said lower contact Spring. 

22. The method of establishing a connection 
over a toll line in a telephone System which con 
sists in transmitting from the calling exchange 
alternating current of a particular voice fre 
quency, in interrupting said current at a number 
of different rates for different signals, in trans 
mitting from the called exchange alternating cur 
rent of the same voice frequency, in interrupting 
Said current at a number of other rates for dif 
ferent signals, and in selectively translating the 
signals received at each exchange into proper 
Switching movements and supervisory functions 
as determined by the rates of interruption of the 
voice frequency current. 

23. The method of extending a connection 
from a first exchange to a called line in a Second 
exchange which consists in transmitting from the 
calling exchange signals comprising voice fre 
quency current interrupted at three different 
rates, in receiving said signals at the Second ex 
change and translating them into SWitching move 
ments, in transmitting from the Second exchange 
signals of voice frequency current interrupted 
at a fourth and a fifth rate, and in receiving said 
last mentioned signals at the calling exchange 
and translating them into corresponding Super 
visory functions. 

24. The method of extending a connection from 
a first exchange to a called line in a third ex 
change by Way of a second exchange which con 
sists in transmitting from the called exchange 
signals of voice frequency current interrupted at 
three different rates, in repeating said signals 
through the second exchange by converting them 
into direct current signals and then reconverting 
the latter into signals of voice frequency current 
interrupted at said three rates, in receiving said 
signals at the third exchange and translating 
them into corresponding switching movements, in 
transmitting from the third exchange signals of 
voice frequency current interrupted at two other 
rates, in repeating said signals through the second 
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exchange by converting them into direct current 
signals and reconverting the latter into signals of 
voice frequency current interrupted at said two 
other rates, and in receiving said signals at the 
first exchange and translating them into corre 
sponding Supervisory functions. 

25. In a telephone system, a two way trunkline 
terminating in a repeater, a source of voice fre 
quency current, a combination of circuits for 
transmitting impulses of Said current at several 
different rates over said trunk line and for selec 
tively responding to impulses of Said current at 
Several other rates, a second combination of cir 
cuits for transmitting impulses of said current at 
Said other rates and for selectively responding to 
impulses of Said current at Said first rates, and 
means dependent upon whether said trunkline is 
Seized locally or at its distant end for rendering 
One of Said combinations of circuits operative. 

26. In a telephone system, a two way trunkline 
terminating in a repeater, receiving means in said 
repeater Selectively responsive to impulses of al 
ternating current of a particular frequency re 
ceived at several different rates, other receiving 
means in Said repeater selectively responsive to 
impulses of said current received at several other 
rates, means responsive to the seizure of said 
trunk line locally for rendering said first re 
ceiving means operative, and means responsive 
to the Seizure of said trunk line at its distant end 
for rendering Said other receiving means opera 
tive. 

27. In a telephone system, a two way trunk 
line terminating in a repeater, means in said re 
peater for generating alternating current of a 
particular frequency, transmitting means for 
transmitting impulses of said current over said 
trunk line at Several different rates, other trans 
mitting means for transmitting impulses of said 
Current over said trunk line at several other rates, 
means responsive to the seizure of said trunk 
line locally for rendering said first transmitting 
means operative, and means responsive to the 
Seizure of Said trunk line at its distant end for 
rendering said other transmitting means opera 
tive. 

28. In a telephone system, a trunk line termi 
nating in a repeater, means in said repeater re 
Sponsive to uninterrupted alternating current of 
a predetermined frequency received over said 
trunk line for preparing said repeater for opera 
tion, means in said repeater selectively respon 
Sive to Said current interrupted at two different 
rates for performing two different control func 
tions, and means responsive to said current in 
terrupted at a third rate for restoring said re 
peater to normal. 

29. In a telephone system, a repeater acces 
Sible over an incoming line and terminating an 
outgoing trunk line, means responsive to the 
Seizure of Said incoming line for causing said 
repeater to transmit uninterrupted alternating 
current of a predetermined frequency over said 
trunk line, means in Said repeater responsive to 
EWO different kinds of control exercised over 
Said incoming line for transmitting alternating 
current of Said frequency interrupted at two 
different rates over the outgoing trunk line, and 
means responsive to the release of said incom 
ing line for transmitting alternating current of 
Said frequency interrupted at a third rate over 
Said outgoing trunk line. - 

- HOWARD H. SMITH. 
JOHN WICKS. 
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