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UNITED STATES PATENT OFFICE. 
ARTHUR. B. SPERRY, OF CHICAGO, ILLINOIS, ASSIGNOR TO AUTOMATIC ELECTRIC 

COMPANY, OF CHICAGO, ILLINOIS, A CORPORATION OF ILLINOIS. 

TELEPHONE-EXCHANGE SYSTEM, 

1,295,229. Specification of Letters Patent. Yatented set. 25, 1919. 
Application filed July 28, 1908. Serial No. 445,769. 

To all whom, it may concern: 
IBeit known that I, ARTHUR B. SPERRY, 

a citizen of the United States of America, 
and resident of Chicago, Cook county, Illi 
nois, have invented a certain new and useful Improvement in Telephone-Exchange Sys 
tems, of which the following is a specifica 
tion. 
My invention relates to telephone ex 

change systems of that character in which a 
private branch exchange is connected by one 
or more trunk-lines with a main exchange, 
the branch exchange being equipped with 
manual switchboards, and the main ex change being equipped with automatic 
switches, such as selectors and connectors, 
controlled by the subscribers thereof. 
The object of my invention is the pro 

vision of a manual switchboard operator's 
cord circuit that may be used for connecting 
together any two subscribers of the same 
private branch exchange, which may be used 
for extending connection from an automatic 
subscriber of the main exchange to any sub 
scriber of the private branch exchange, or 
which may be used for extending connection 
from an automatic subscriber of the private 
branch exchange to a similar subscriber of 
the main exchange, there being ample Super 
vision of the connection in each case. 
Another object of my invention is the 

provision of a manual switchboard opera 
tor's cord circuit that may be used in con-. 

35 

40 

45 

50 

55 

junction or combination with a two-wire au 
tomatic telephone exchange system--that is 
to say, an automatic telephone system in 
which no operating grounds are employed at 
the substations, and in which the automatic 
switches of the exchange are, therefore, con 
trolled by the subscribers over complete me 
tallic line circuits. v 

It is also an object to provide certain de 
tails and features of improvement and com 
binations tending to increase the general 
efficiency of a telephone exchange system of 
this particular character, as will hereinafter 
more fully appear. . 
To the foregoing and other useful ends, 

my invention consists in matters hereinafter 
set forth and claimed. 

In the accompanying drawings Figure 1. 
represents diagrammatically an equipment 
for a private branch exchange embodying 
the principles of my invention. A sub 
scriber's automatic substation is shown at A, 

suitable or approved type. 

and at A' and Ai are two manual substa 
tions. The line concluctor's of each subst:t- 
tion terminate in the usia jack. At C is 
shown my inproved cord circuit by means 
of which the operator may connect ally two 
subscribers of the private branch exchange, 
or any subscriber of the branch exchange 
with any subscriber of the main automatic 
eXchange. In the drawings are shown sev 
eral batteries B having their positive termi 
mals preferably grounded; there may be, 
however, but one battery. Either arrange 

60 

melt constitutes a common means for stip 
plying operating and talking current to the 
Subscribers’ lines. -- 

In Fig. 2, there is shown diagrammatically 
a central office equipment in connection with 
which I have elected to explain my inven 
tion. 
trunk-line conductors which terminate in a jack at the private branch exchange. (Fig. 
1). The master Switch E controls, the pluri 

At F is shown a gers of the line switches. 
first-selector Switch. 

In Fig. 3 a connector switch is shown at 
H. To the line conductors of substation 
Athere is allotted the line switch D', which 
is the same as the line switch. D (Fig.1). A 
central office inger generator is shown at I, 
and at J is represented a busy-signaling de 
vice. A central bettery, having its positive 
terminal preferably grounded, is shown 
at B. 
As showi in Fig. i., the substations of the 

private branch exchange are of two types, 
automatic and manual. 

The line switch D is attached to the 
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The automatic substations may be of any . 
As shown, it 

Will be seen that substation A is somewhat 
different from the tasual automatic substa 
tion, being arranged and modified to oper 
ate in connection with a two-wire system 
that is, a system in which no grouild con 

- nection is used at the subscriber's substa 
tion. Substation A, for example, comprises 
the usual receiver 2, switch-hook 3, the in 
duction-coil 4 with the primary winding 5 
and the secondary winding 6, transmitter 7, 
condenser S, ringer 9, and impulse wheel 10 
which has the usual impulse teeth 11. The 
impulse wheel 10 is secured to the shaft 12, 
to which shaft there is also secured the dia 
(not shown). When the dial is turned the 
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inpulse teeth 11 are adapted to engage the 
can 13 upon the end of the spring 14 and 0 
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thereby carry the latter out of engagement 
with the spring i5. Upon the switch-hook 
3 tiere is the can 16 which, when the 
switch-hook is up, permits the splings 17 
and 18 to engage, the reby bridging across 
the subscribers' line conductor's 19 and 20 the prinary circuit including the transanit 
ter in series with the primary winding 5; 
but when the switch-hook is lowered the 
spring 17 is carried out of engagement with 
the spring 18 and into engagement with 
the spring iS", whereby the ringe!' 9 in Series 
with the condenser S is bridged across the 
line conductor's 9 and 20 instead. 
The nanuil substations A and A* are of 

the tistial standard coin) on battely type 
with the line conductors terminating in 
jacks at the private branch board. 
The operator's cord circuit C is an in 

provement upon the usual manual common 
battery cord circuit, since means are pro 
vided whereby the operator may connect a 
manual substation with an automatic sub 
station of the main exchange, and, also, an 
automatic substation of the branch ex 
change may be operated to establish connec 
tion with a subscriber's station of the auto 
matic exchange. The cord circuit C conn 
prises the usual supervisory relays 21 and 
22, supervisory lamps 23 and 24, and ling 
ing and listening key K. In addition there 
is provided a key K' which is operated. When 
the cord circuit is used in completing a con 
nection to the main exchange. Also, a 
switch M is provided for disconnecting the 
ground at the tip from the Supervisory lamp 
23 when desired. At O there is shown an 
operator's set with a calling device. 
The line switch D and master switch E 

are of the general type disclosed in English 
Patent No. 26,301 of 1906, and in the West 
ep. Electrician of January 25, 1908. The 
circuit connections are, however, modified 
to adapt, the switches to operate in connec 
tion with a two-wire system-that is, a sys 
ten in which there is no ground at the Sub 
scriber's station. 
The first-selector switch F is of the gen 

erai type shown in United States Letters 
Patent No. S15,321, granted March 13, 1906, 
to Keith, Erickson & Erickson. As shown in Fig. 2, the bridge-cut-off relay and the 
normal conductors have been omitted, and 
the circuits are otherwise changed to oper 
ate in conjunction with the line switch D. 
The connector switch H (Fig. 3) is of 

the general type of connector switch shown 
in United States Tetters Patent No. 815,176, 
granted March 3, 1906, to Keith, Erickson 
& Erickson. Like the lic switch l) and the 
first-selector F it is arranged to ope!’-te in 
a system in which there is no grO' 'id con 
nection at the subscriber's station. 
A clearer understanding of the operation 

of my improved cord circuit inay be had 

relay 21 ener 
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fro an explanation of its operation when 
employed to connect two lines. As previ 
ously stated, the cord circuit C is a combina 
tion circuit-tat is, it lay be used in a 
private branch exchange to eoplete the 
connection between any two local subscrib 
er's in the usual anni ', or it inay be used 
when any subscribe of the branch exchange 
(lesires a connection with a subscriber of the 
lain a totatic exchange. The branch ex 
change operato', ol' the calling subscriber 
hi)self provided he calls fron an atto 
liatic substation, lay operate the main office 
switches to establish the desired connection. 
Furthermore, a call coming from the main 
automatic exchange to the branch exchange 
may be extended to any subscriber of the 
branch exchange through the medium of the 
cord C. For example, it will be pointed out 
how a subscriber of the private branch ex 
change may be connected with a subscriber 
of the main exchange. Suppose that the sub 
scriber at the automatic sit}}station A de 
sires connection with the subscriber at sub 
station A' (Fig. 3). In that event, when 
the calling subscriber removes the receiver 
from the switch-hook an energizing circuit, 
is closed through the line relay 25 (Fig. 1) 
extending from the ground G through the 
jack springs to the line conductor 20. 
through the substation A to the line con 
ductor 19, jack springs, line relay 25, to the 
battery B, thence to ground G. The line 
relay energizes and closes a circuit through 
the line lamp 26, whereupon the operator 
inserts the plug p into the jack j. This 
breaks the energizing circuit for the line 
relay 25, which is ther restored to normal 
position. The operator, then throws the lis 
tening key R to bridge the operator's set () 
across the line. The subscriber at substation 
A is provided with battery current from 
ground G through the springs 27 and 2S 
(the key K being in normal position), 
through the winding 29 of the supervisory 
relay 21, sleeve conductors of the plug p 
and jack i to the line conductor 20, thence 
through the substation to the line conductor 
19, ti) conductor of jack and plug p), wind 
ing 30 of the relay 21, springs 31 and 32, 
thence through battery B to ground (G. The 

gizes and attracts its a rature 
33, thus disengaging the contact point 34. 
The operator's set is provided with talking 
battery current from ground through the 
winding 35 of the supervisory relay 22, 
splings 36 and 37, springs 3S and 39, con 
tacts 40 and 41 of the key K, through the 
primary circuit of the set (), key contacts 
42 and 43, springs 4-4 and 45 and 46 and 47 
of the key K, winding 48 of the relay 22, 
thence through battery IB to ground G. The 
relay 22 energizes and attracts its arnatire 
49, thus disengaging the conia ft 50. The 
operator, after learning that a subscriber of 
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the main exchange is desired, inserts the 
plug p' into the trunk-linejacki', arid, since 
the calling subscriber, is at the automatic 
substation A, the operator throws the key 

5 K' to the position shown, placing the 
springs 28 and 39 and 31 and 44 in contact, 
thereby extending the calling Subscriber's 
line conductors 19 and 20 to the trunk-line 
conductors 51 and 52. The calling sub 
scriber is then able to establish the desired 
connection, independently of the operator. 
To call the number 220, substation. A (Fig. 

3), the subscriber at substation A (Fig. ) 
operates the calling device for each digit in 
the well-known nanner-that is, when the 
substation line conductors 19 and 20 are ex 
tended to the trunk conductors 51 and 52 by 
the throwing of the key K, a preliminary 
impulse provides an energizing circuit for 
the trip magnet 53 of the line switch D, 
whereby the line switch. D is operated to 
seize an idle trunk-line leading to a first 
selector switch. The dial is turned for the 
first digit and, upon returning to normal 

25 position, operates the first-selector Switch 
to establish connection with an idle trulink 
line leading to a connector switch. The in 
pulses delivered by the dial for the last two 
digits are directed toward the connector H, 
which operates to place the shaft wiper's in 
coinection with the contacts correspinding to 
to desired numbel'. The prelinistry in 
3 (S3 for energizing the tip nag sat 53 oc 
cities wien the substation line conductors are 
inded to the trunk-line conductors and 
sprimary circuit is bridged across the line. 
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When the primary circuit is thus bridged 
across the line, the enorgizing circuit for the 

Jnagnet, 53 is completed and extends fron 
di G (Fig. 3) through the trip magnet 

- . 
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ductor 52, through the sleeve of the jack i 
and plug p’, springs 39 and 28, winding 29 
of the supervisory relay 21, sleeve of the 
plug in and iack i to the line conductor 20, 
Eihrough the springs 17 and 18, impulse 
springs 5 and 14, primary winding 5, trans 
mitte 7 to the line conductor i9, tip of the 
jack i and piug p, winding 30 of the relay 
21, springs 33 and 44, tip of the plug p' and 
jack 4 to the trunk-line conductor 51 (Fig. 
2), spring; 36 and 57, through the resistance 
coil 58 to the battery lead 59, thence through 
basiery B to ground G. As soon as the trip 

agret, 53 energizes, the armature is at s 
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trac 
thrust, into the loank terminal. When the 
plunger engages the bank terminal an ener 
gizing, circuit is established through the 

60 motor magnet relay 60, which in turn oper 
ates to case an energizing circuit through 
the motor magnet 61 of the master switch. 
E. The notor magnet then Operates to ad 
vance alli idle pilligers that are in locking 

35 engagement, with the shaft (32 to a point op 

, Liough the springs 54 and 55, trunk con 

is aid the plunger is liberated and . 

posite the next idle bank terminal similar 
to the terminal just engaged. The circuit 
through the relay extends from ground G'. 
through the winding 63 of the relay 60 to the 
common segment 64, thence through the 
wiper 65, through the segment 66, conductor 
67, bank terminal springs 68 and 69, through 
the winding of the release magnet 70 to the 
battery lead 59, thence through battery B" to 
ground G. Although this circuit includes 
the release magnet 70, the said magnet does 
not operatively energize, since the winding 
of the relay 60 is of a high resistance, while. 
the winding of the release magnet 70 is cogn 
paratively low. The relay 60, upon energiz 
ing, operates to place the springs 72 and 73 
into contact, whereby a circuit is completed 
through the motor magnet 61 extending 
from ground G' through the springs 72 and 
73, motor magnet springs 74 and 71, through 
the winding of the motor magnet. 61 to the 
battery lead 59, thence through battery B" to 
ground G. The motor magnet 61, upon en 
ergizing, attracts its armature 75, whereby 
the pawl 76 engages the ratchet wheel 7, 
advancing the latter one step. 
armature 75 is attracted against the magnet 
cores the springs 1 and 74 disengage, there 
by breaking the energizing circuit through 
the motor magnet 61 and permitting the 
armature 75 to return to normal position. 
The cam 78, being in engagement with the 
pin 79 upon the ratchet, wheel 77, is operated 
to advance the plunger shaft 62, and conse 
quently all idie plungers that may be in nor 
mal locked position with the shaft 62, oppo 
site another terminal similar to the terminal 
engaged, assuming that the next succeeding. 
trunk is idle. Consequently, the wiper arm 
65 is carried from the contact point 66, which 
corresponds to the engaged terminal, to the 
contact point,80, which latter corresponds to 
the terminai before which the advanced idle 
plungers are now resting. Suppose that 
nine subscribers have called, and that the master switch has thus operated nine steps, 
carrying the wiper 65 to the last contact 
point 81. Now, when the motor magnet (31 
operates for the next step, when the tenth 
subscriber calls, the wiper 65 passes back and 
drops into engagement with the contact 
point 66. If the first trunk is still busy the 
wiper 65 finds a battery potential on the con 
tact 66, and an energizing circuit is estab 
lished through the differential relay 60, 
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which in turn operates to close an energizing 
circuit through the motor magnet 61. The 
current through the said relay 60 flows from 
the said contact 66 through the wiper 65 to 
the common segment 64, and through the 
winding 63 of the differential relay 60 to 
ground G.8. When this relay energizes it 
operates to close the circuit through the 
motor magnet 61, and the motor magnet 
then operates, as previously explained to 
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rotate the 'atchet wheel 77 one step, and the 
lastel switch bank wipe (55 one step also 
and into engagement with the second seg 
ment S0, When this advanced one step the 
plunger shaft (32 carries all idle plungers 
that are in locking engagement with said 
shaft to a position opposite the first idle 
bank terminal, as previously explained. If 
there should be a guarding potential at the 
bank segment 80 the differential relay (30 
will remain energized, whereby the energiz 
ing circuit through the motor magnet (31 is 
again completed when the motoi magnet 
springs 7-4 and 71 again engage, and as a re 
sult the motor magnet 61 is again operated, 
whereby the plunger shaft (52 and the mas 
te' switch wiper 65 are advanced another 
step. This process continues as long as the 
wiper 65 continues to find segments with 
guarding potentials. As soon as an idle seg 
ment is found, however, the energizing cir 
cuit, through the relay 60 is broken, at which 
time the said relay in turn breaks the ener 
gizing circuit for the notor magnet 61 until 
the next subscriber makes a call. At the in 
stant that the plunger enter's the bank ter 
minal the following springs are pressed into 
contact: 68 and 69, 82 and S3, S4 and S5, and 
S6 and S7. The engagement of the springs 
S4 and 85 closes a circuit through the cut-off 
relay S9 extending from ground G through 
the springs 84 and S5, relay S9 to the battery 
leid 59, thence through battery B" to ground 
G. The said relay, upon energizing. oper 
ates to carry the springs 55 and 56 out of 
engagement with the springs 57 and 54. 
When these springs disengage, the resist 
ance coil 5S is disconnected from the trunk 
line conductor 51, and the trip magnet 53 is 
disconnected from the tink-line conductor 
52. The engagement of the bank springs S4 
and S5 also establishes a guarding potential 
by way of the normal conductor 90 to the 
connector private bank contacts correspond 
ing to the trunk-line that terminates in the 
line switch. D to prevent any subscriber 
from calling th said line after the trunk 
iine has been engaged at the private branch 
exchange, as explained. Also, the closure of 
connection between the springs (3S and (39 
establishes a guarding potential at the mas 
t{:} switch bank contact. (56 over the follow 
ing circuit: from battery B to the battery 
lead 59, thence through the winding of the 
release magnet 7 (), through the springs 69 
and 68, conductor 91 to the said contact 
point 66. It will be understood that the en 
gaged bank terminal (being the first bank 
terminal of the line switch bank) corre 
sponds to the first segment (56 of the master 
switch bank and therefore, to the tink-line 
the conductor's 92.93 and 9-1 of which tel'ni 
nate in the first-selector switch F. This 
guarding potential pi'otects the seized trunk 

1,295,229 

conductor's 92, 93 and 94 from being seized by other plunge's, as already explained. 
The closure of connection betwee), the 
springs S2 and S3 extends the calling sub 
scriber's line conductor 19 to the trunk coln 
ductor 92 and the side switch wiper 95 of the 
first-selector switch F. The closure of con 
tact between the springs SG and 87, in a 
similar manner, extends the subscriber's line 

65 
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conductor 20 to the trunk conductor 93 and 
to the side switch wiper 96 of the selector F. 
The subscriber has thus established connec 
tion with the selector switch, which is now 
operated by the impulses that are delivered 
when the dial returns to normal position for 
the first digit. When the subscribers line 
conductor's 19 and 20 are thus extended to 
the first-selector switch F an energizing cir 
cuit is established through the line relay 97 
extending from ground G' through the 
winding 9S to the contact point 99, side 
switch wiper 96, trunk conductor 93 through 
the bank springs 87 and 88 to the trunk-line 
conductor 52, then through the substatio) 
and to the trunk conductor 51, as previously 
explained, through the bank springs 82 and 
83, trunk conductor 92, side switch wiper 95, 

75 

80 

9 () 

contact point 100, through the winding 101 
to the battery lead 59, thence through bat 
tery; B' to ground G. The relay 97, upon 
energizing, operates to place the springs 102 
and 103 in contact, whereby an energizing 
circuit is established through the release 
relay 104 extending from ground G through 
the springs 102 and 103, relay 104 to the 
battery lead 59, thence through battery 13 to 
ground G. The release relay 104, upon ener. 
gizing, operates to carry the spring 105 out, 
of engagement with the spring 106 and into 
engagement with the spring 107. This is the 
condition of the first-selector switch F when 
the subscriber operates the dial for the first 
digit. The first digit being 2, the impulse 
spring 14 is twice carried out of engagement 
with the impulse spring 15. As a result the 
energizing circuit through the line relay 97 
is broken twice, and the spring 102 connes 
into contact with the spring 108 twice. 
After the two impulses are thus delivered 
the line relay 97 again energizes and carries 
the spring 102 into contact with the spring 
103. The relay 104 is a slow-acting relay 
that is, slow to deemergize; and when this 
energizing circuit is momentarily broken 
during the ventical impulses just delivered, 
the said relay does not definergize, but re 
mains in an operated position with the 
spring 105 in contact with the spring 107. 
Then when the spring 102 engages the 
Spring 10s two impulses are transmitted 
to the vertical magnet 109 from ground 
G" through the springs 102 and 108, 
to the springs 105 and 107, through 
the private magnet relay 110, through 
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the winding of the vertical magnet 109, 
ontact point 111, side switch wiper 112 to 
the battery lead 59, thence through battery 
IB to ground G. Two impulses being deliv 
ered, the vertical magnet 109 is thereby en 
ergized twice, and the shaft wipers are given 
two vertical steps in the well-known manner. 
It will be seen that the private magnet relay 
110 is included in the energizing circuit of 
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kingage. 

the vertical magnet 109. This relay also en 
ergizes, but being a slow-acting relay it en 
ergizes on the first impulse and remains so 
until all the impulses are transmitted. This 
relay, upon energizing, operates to close the 
springs 113 and 114 in contact, whereby an 
energizing circuit is established through the 
private magnet 115. This circuit extends 
from ground G through the springs 113 
and 114, private magnet 135 to the battery 
lead 59, thence through battery B' to ground 
G. The private magnet relay 110 deener 
gizes after the last vertical impulse, since 
this energizing circuit is no longer main 
tained after the springs 102 and 108 dis 

Hence, the said relay deemergizes, 
permitting the springs 113 and 114 to dis 
engage, whereby the emergizing circuit 
through the private magnet 115 is in turn 
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and through battery B to ground G. The 

broken, which private magnet now deener 
gizes and permits the side switch to pass 
from first to second position, allowing the 
side switch wipers 112 and 116 to engage the 
contact points 117 and 118, spiv; 
The closure of contact between the si 
switch wiper 112 and the contact point 117 
sets up an energizing circuit for the rotary 
magnet 119 from ground G' through the in 
terrupter springs 120, through the winding 
of the rotary magnet 119, contact point 117. 
side switch wiper 112 to the battery lead 59, 
said rotary magnet then operates to rotate 
the shaft wipers 121, 122 and 123 of the se 
lector F into engagement with the first con 
tact of the second level of the selector banks, 
from which contact it is assumed the trunk 
line conductors 124, 125 and 126 lead to the 
connector switch H. If the first trunk-line 
is busy, however, and the wipers have to pass. 
over busy trunk-lines, then as soon as the 
private wiper 128 engages the first private 
bank contact, the private magnet 115 again 
energizes, locking the side switch in second 
position. The energizing circuit for said 
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private magnet extends from the grounded. 
terminal Gof the battery B through an oc 
cupying switch (not shown), through the 
private wiper 123, thence through the con- - - 

from ground G to the side switch wiper ductor 127 to the side switch wiper 116, con 
tact point,118, through the winding of the 
private magnet 115 to the battery lead 59, 
thence through battery B to ground G. 
The private magnet 5, upon thus becom 
ing energized, locks- the side switch-wiper 
112 in engagements with the contact poi oint 

SS 

117, whereby the rotary magnet 119 will be 
energized step by step until the wipers are 
carried beyond the last busy trunk-line. At 
the instant the private wiper leaves the last 
busy contact point the energizing circuit 
through the private magnet 115 is destroyed, 
and as a result the selector side switch passes 
to third position. If, however, there are no 
busy trunk-lines, the private magnet 115 re 
leases the side switch to third position as 
Soon as the wipers are carried into engage 
ment with the first trunk-line. As soon as 
the side switch passes to third position, as 
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stated, the subscribers line conductors 19 and 20 are extended to the conductors 124 
and 125 which, in this case, it is assumed lead 
to the connector switch F. The extending of 
the line occurs, of course, as soon as the side 

80 

switch wipers 95 and 96 engage the contact 
points 128 and 129, respectively. When the 
subscribers’ lines are thus extended to the 

85 

connector Switch H, an energizing circuit is 
established through the line relay 130 in 
the same manner in which the energizing cir 
cuit, was established through the line relay 
97 of the selector F when the subscribers' 
line conductors 19 and 20 were extended 

90 

through the line switch bank to the trunk 
conductors 92 and 93. The energizing cir 
cuit through the line relay 130 extends from 
ground G through the winding 131, trunk 
onductors 125, 93 and 52 to the line conduc 

tor-20 thence through the substation to the 
line conductor 19, trunk conductors 51, 92 
and 124, thence through the winding 132 to 
the battery lead 59, and through battery B' 
to ground G. The line relay 130, upon en 
ergizing, operates to shift the spring 133 
from the spring 134 to the spring 135, where 
by an energizing circuit is established 
ground G' through the springs 133 and 135, 
relay 136 to the battery lead 59, thence 
through battery B to ground G. When the 
relay 136 energizes, the spring 137 is shifted 
out of contact with the spring 138 and into 
contact with the spring 139, and the spring 
140 is shifted into engagement with the 
spring 141. This primary operation of the 
connector relays 130 and 136 occurs at the 
instant that the side switch wipers of the se 
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through the release relay 136 extending from 
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115 

lector F pass to third position and swtend 
the subscribers' line conductors to the con 
nector H. The engagement of the springs 
141 and 140 establishes a guarding potential 20 
for protecting the trunk-line conductors 124, 
125 and 126 against seizure by another line 
and first-selector. This potential extends 
142, springs 140 and 141, eonductor 126 to 
the private bank contact engaged by the 
shaft wiper 123. Furthermore, when the 
third position a new energizing circuit is 
established through the release relay 104, said 
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side switch of the first-selector F passes to . . 
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circuit extending from ground G' at the 
connector switch to the cond Lictor' 126, 
through the shaft wiper 23, side switch. 
wiper 116, conductor 143, thi'ough the re 
lease relay 104 to the battery lead 59, then Ce 
through battery T3 to ground 3. 
The operation of the liai for the last two 

digits affects the connector switch, and when 
the dial is operated for the second digit 2 tile, 
impulse spring 1-4 is twice carried out of el 
gagement with the spring 15, thereby nao 
mentarily definergizing the line relay 139 
twice, whereby the spring 33 { 133 twice engages 
the spling 3-4, thus sending two ill ses to 
the vertical magnet 144 from ground (i. 
through the springs 133 and 134, springs i37 
and 139, though the vertical magnet, 144, 
contact point 145, side switch wipei 146.pii 
wate magnet relay 147 to the battery lead 59, 
thence through battery B" to groind G. The 
private magnet relay i-37 energizes when the 
first impulse is deliveied, and since the said 
relay is slow-acting it remains in an operated 
position until all the vertical innises have 
been sent. The vertical magnet, lipon being 
energized, operates one step at a title to 
carry the shaft wiper's 4S, 45) and i 50 two 
steps to a point opposite the second level. 
The relay 14, lipoi eelgizing, shifts the 
spling 51 (it ()f engagement with the 
spring 52 and into engagement with the 
spring 133: also, the spring 154 is shifted 
out of engagement with the spring 53. 
When the sings 151 and 153 engage, an 
energizing circuit is established through the 
private magnet 55 from groint G'' 
thiro tigh the spirings 153 and 51, rivate 
magnet 15.5 to the battery lead 53, thence 
through battery 3 to go ind G. The relily 
147 being a slow-acting 'elay itemains in an 
operated position while the vertica in uses 
are being sent, but atter all the initiise 
have been delivered, and the line "( ; };}} 
'etins to its operated position, it circuit 
tl) '() gll the relay 1-7 let's nies }}'okei, iii is 
per'anitting the sings 15 : it - it "e 
tlin () ()inal sition, h(n ti: ) is 
151 and 53 listing:ge, the circuit hi'olgi) 
the rivate magnet 55 ecoates; ) joke, 
Whereby the said a ghet definergizes, per 
hitting the site switc. " ; iii's 
t() secoil (sition. It 'aiii!: 
now operates the tailing device for tle ast 
(ligit (), the 'ely transmitting ten in)}) ises 
: it (ei'a is the line 'e;ay 13) : ein ine's, 
laci, tile that the line 'i' s rigs 33 
and 13-i engage, an energizing 'ire it is es 
tallished through the rotay it get i{3 
frol) ground ( ' through the said springs 
133 all 3-4 aid through the sii; ; ; 137 hd 
i:39, locking relay sings 15, and 5S, 
through the irot: 'Y magnet 156 to the coin 
tact point 159, thence through the side switch 

: 

wiper 14(3, through the private agnet re 
lay 14 to the battery lead 59, thence 

229 

through batte; y 3 to ground G. Again 
the private magnet Relay energizes, as 
in the previous case, 'elaining SO until 
all the in pulses a 'e translitted, thei'eiby 'e- 
taining the private magnet einergized also. 
The rotary magnet, 156 then operates to 'o- 
tate the shaft win into ent age ent with 
the desired line H.220. If this line is busy 

r - . . at the tie, the connect(); side switch will 
be jocked in second Osition. It will be as 
suined, however, that the tesia'ed it is let 
litsy and that the connection is est-lished. 
As soon as tie iile ei: 30 ce: Ses () - 
erate for the last digit the rivate 
relay 1-4 definergizes, li; lei to: 
plained, in this instance a 'litti's tie 
switch to trip to third position. The '23 
is that the side switch wire's 'espectively 
engage .- their third-position contact (ints. 
When the side swith vine it:() engages the 
contact point (3; a gri: 'tting potentiai is: 
completed at the private wiper 50 for il'o- 
tecting the seized line f'(; ) it site intej'. 
ference while tie ((i)}i is est: 'isled. 
This guarding extends rol 
groid (it to the cit: ct joint, (ii, titlee 
iy way of the side switch sile (3), it yixin 
!'elay springs (32 and 133 to the ) is at 

ii. wiper 50. Not o! is clot: 
tential levelt (tier : 
ing in on the 
normal contictor's 
also provides eans 
o; 'clay {3 of the line switch i), whereby 
the switch ) is preverted fro: operating 
When the called Sul); (iii.e.: 'ent's his 'e- 
ceive1 (33 from he switch-h(){}i (33, w 
also be see that when ille siles Wi 
to thin's positic tie trul: 
dictor 2(3 that 'u); yet.' 
((t); it t( Olei. 

. . . . . . . . ... : li; is 

{{ 
: 'tii, 
sicle switch 
g a 'tig () enzi: ; 
royited fro; i. 21: 

side switch Wip 
tlis iai, the is it L. : ...'. 

G is tel"; i.e.: y : : iiie rejay 
{{ } is sociating, a hit there is, 3 C3sibility of 

sei: i i" siilai' to the selector 
i ti > si e iii) k-line. After the 

Eli's position, howeve', 
(i:lige!', and the potential is 

provic sectini ( "through the line re 
a spin !ated. Of course, when the 

it 17 engage their 

r I 
... . . . . . . . . . . . . . . . . . . ii t \ic \, g, \, , it ilk? 

::iii. 1 a 

: 
. . . 

3.3, 

side switch wife's () ant 
third-position contact points 172 and 173 the 
ailing subscribe's line is placed in connec. 
tion with the called subscriber's line over the 
heavy condictors shown passing through 
the inger relay spirings 174 and 175 on one 
side, and 176 and 77 on the other side. 

Oot as the connection is thus established, 

if (, 

s 
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the ringer relay 178 is energized over the cir 
cuit established when the side switch wiper 

10 

15 

146 engages the contact point 183, the en 
ergizing current flowing 
through the interrupter \iis, through the 
back-bridge relay springs 180 and 181, 
ringer relay. 178, conductor 182, contact point 
183, side switch wiper 146, private magnet 
relay 147 to the battery lead 59, thence 
through battery B' to ground G. It will be 
seen that as the interrupter 79 revolves, the 
energizing circuit of the ringer relay 178 
will be broken periodically so as not to ring 
the called subscriber continuously. Further 
more, it will be seen that each time that the 
ringer relay is energized the springs 174 
and 176 are separated from the ringer re 
lay springs 175 and 177, thereby breaking 
connection between the calling line and the 

20 called line, and pressing the springs 174 
and 176 onto the springs 184 and 185 which 

... are the terminals of the ringer generator i. 
As a result ringing current is sent over the 

25 called line for energizing the bell 186 while the springs 187 and 188 are in contact. 
However, as soon as the called subscriber 
answers, the back-bridge relay 189, is ener 

80 
gized by a flow of current from ground G, 
contact point 161, side switch wiper 160, 
winding 190 of the back-bridge relay 189, 
ringer relay springs 177 and 16, side Switch 

35 

40 

45 

50 
and 3, and including on one side the con 

After the subscribers are through 
55 

between the springs.17 and 18, thereby ini 

through battery B' to 

wiper 171, contact point 173, rotary line 
wiper 149, normal conductor 165, line con 
ductor 191, switch-hook springs 188 and 192, 
impulse springs 193 and 194, transmitter 195, 
line conductor 196, normal conductor 164, 
shaft wiper 148, contact point 172, side switch wiper 170, ringer relay springs 174 
and 175, winding 197 of the back-bridge relay 
189, thence to the battery lead 59, and 

ground G. Once the 
back-bridge relay 189 is energized, however, 
the energizing circuit for the ringer relay 178 
is interrupted at a point between the springs 
18 and 181, thus making it impossible for 
the ringer relay to energize as long as the 
called subscriber is on the line. fhe sub 
scribers being thus connected they may 
municate over the main talking conductors 
indicated by the heavy lines in Figs. 1, 2 
denser 200 
other side the condenser 201. 

ceiver he opens up the line circuit at a point 
tiating the release of all of the switches. 
This release is brought about as follows: 
At the instant that the circuit is broken be 
tween the said springs 1 and 18, the double 
wound line relay, 130 and the release, relay 136 of the connect H deemergize. At the 
instint that the slow-acting relay. 136 and 

from ground G. 

the connector is also restored. 

rupted by both of these relays. 

the connector H, and on he 
fibers are through talking, 

if the calling subscriber hangs up his re 

7 

circuit for the release magnet 202 is closed 
at a point between the springs 137 and 138 
and at another point between the springs 133 
and 134. A flow of currentis, therefore, set up 
from ground G' through the springs 133 and 
134, through the springs 13 and 138 to the re 
lease magnet 202, thence through said mag 
net and to the off-normal spring 204, to the 
contact point 203 and to the battery lead 59, 
thence through battery B' to ground G. 
The release magnet instantly releases the 
connector switch shaft and side switch, 
thereby breaking the energizing circuit 
through the back-bridge relay 189 if the 
called subscriber has not in the meantime 
restored his receiver, and also the energiz 
ing circuit through the bridge-cut-off relay 
167 of the called line switch D'. As soon 
as the connector switch shaft reaches its 
lowest position it breaks the circuit for the 
release magnet 202 by separating the off 
normal spring 204 from the contact point 
203, at which instant the release magnet of 

The oper 
ation of the line relay 130 and of the slow 
acting relay 136 not only causes the release 
of the connector, as described, but also the 
release of the preceding switches, because 
the ground connection from ground G' to 
the trunk-release conductor 126 is inter 

Since the 
release relay 104 is dependent upon this 
ground for its energized condition, as al 
ready explained, it follows that they will 
fall back, with the following results: As 
soon as the release relay 104 of the selector 
F deenergizes, the springs 105 and 106 are 
brought into contact, and as a result the en 
ergizing circuit for the release magnet 205 
is closed. The energizing current for this 
release magnet 205 then flows from ground 
G" through the springs 102 and 108 and 
through the said springs 105 and 66 to 
the release magnet 205, thence through said 
magnet to the contact point 206, off-normal 
spring 207 to the battery lead 59, thence 
through battery B to ground G. The 
release magnet, upon energizing, then re 
stores the first-selector side switch and 
switch shaft, which switch shaft, upon 
reaching its lowest position, opens the en 
ergizing circuit for the release magnet 205 
at-apoint between the off-normal spring 207 
and the contact point 206. Furthermore, 
when the release magnet 205 energizes and 
closes the springs 208 and 209 in contact 
an energizing circuit is established through 
the release magnet 70 of the line switch i. 
This circuit extends from ground G1 
through the springs 208 and 209 onductor 
94 to the bank springs 68 and 69, thence 
through the release magnet 70 of the line 
switch.D to the battery lead 59, and through 
battery B to ground G. It will be seen 65 the line relay 130 deénergize, the energizing that the release magnet will then energize 
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and attract its armati tre, remaining in readi 
ress to restore the switch. As the release 
magnet 205 deemergizes and separates the 
spirings 208 and 209, the release circuit is 
broken, which permits the release Imagnet 
79 of the line switch. D to definergize, there 
by withdrawing the plunger from the bank 
terminal. As a result the bank springs (3S 
and (39, as well as the other bank springs of 
the line switch D, are separated, this pre 
venting any otlier action from the trunk. 
After the switches are thus restored, of 
course, the calling subscriber can then pro 
ceed to nake another call. 

Furthermore, when the subscriber at sub 
station A. 'estoires his receive', the energiz 
ig circuit through the windings 29 and 30 
of the supervisory relay 21 (Fig. 1) becomes 
broken, and the relay armature 33 returns 
to normal position in contact with the point 
34, thereby closing a circuit through the su 
pervisory, lamp 23. - 
lamp indicates to the operatol’ that the sub 
scribe' at substation A. has restored his re 
ceiver and no longer desires the trunk-line 
coni)ection. The plugs p and p' are removed 
from the jacks i and if and the key K' is 
restored to nolina. 
Had the subscriber at the manual substa 

tion A. desired connection with the auto 
natic station A, the connection would have 
been made by the operator. The plug p is 
inserted in the jack f* and the plug p' in 
the truk-line jack i'. The key IX is oper 
ated to place the springs 46 and 40, and 47 
and 210 in contact, thereby bridging the op 
lator's set and calling device O across the 
tink-line concluetors 51 and 52. The op 
erator then operates the calling device once, 
in the usual nanner, for each digit of the 
desired hullbel' to complete the connection. 
After the desire connection is established 
the key K is thrown in the opposite direc 
tion, and the line conductor's of the substa 
tion. A are extended to the trunk condic 
fol's 51 and 52. When the subscribe' at sub 
station A restoires his receiver ol; the ter'- 
initiation of the connection, the circuit 
through the connector line relay is broken, 
as explained in connection with substatio: 
A, and the central office switching apari 
tils is restored in the tsai mannel'. Also, 
when this occul's the circ lit through the si 
ervisory 'elay 21 is broken and the opera 

for is give disconnect signal. It sold 
also be pointed out that the substation A. ly 
nat: }s of the cord C, may econe : regital' 
substation of the main automatic exch: ge. 
This is sometimes desirabie, as it iight. 
} or instance, the trunk-line lay be iliiggest 
in on the Sibstation. A and all incoiling 
calis are received at the Suisstation A : : Est) 
from the substation A. lay be a de 
to the main exchange, t!'se, when the 

The glowing of this 
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line is not in use the supervisory relay 21 65 
would be in a deinergized position, and the 
signal lan. 23 would glow continuously. 
but to meet this condition the night switch 
M is provided, wine'ely the ground at the 
jack may be cut off from the superivsory 
rel: y :ii'nature 33. When a rall connes in 
Over the trunk-line for a subscriber it, the 
l'inch exchange an energizing circuit is 
closed through the trunk-line relay 212 in 
cit dig in Series the ringing current gener'- 
ato!" of the calling connector. The line re 
lay 212, upon energizing, closes a circuit 
through the signal lamp 213. The operator 
i"esponds by inserting the plug p' into the 
titlink-line jack i', and upon learning that 
stylistation A", for example, is Waited in 
serts the plug p into the jack f", and irow's 
the key is to the position shown. This op 
eration extends the t'unk-line conductors 51 
and 52 to the line conductors of the substa 
tion A. The substation A* then receives 
ringing current direct from the connector 
of the automatic exchange. When the su 
scriber at substation A' answers, the back 
}}]idge relay of the connecto' energizes and 
breaks the energizing circuit for the ringer' 
relay in the same manner as when an auto 
natic Substation is called. 
The cord circuit C may also be used to coll 

plete connection between the lines of two 
local private branch exchange sibscribe's. 
Suppose that a local subscriber. A desires 
connection with another local subscriber at 
substation A". The plug p is inserted in the 
jack i' and the plug p' in the jack f. The 
keys K and X remain in normal position 
during conversation; the subst:ution A' is pro 
vided with talking pattery current through 
the windlings of the supervisory relay 21, and 
through the Wilding of the supervisory 'e- 
lay 22 the substation A* receives siliar cur 
'ent. These two relays energize and attract 
their respective a 'natures, but when either 
st sci’iber restores his receiver the corre 
sponsing supervisory relay deinergizes and 
pei'i its its a 'nature to engage its contact 
joint, the reby closing a circuit through the 
slipei' \isory lili. This circuit extents 
fr}}}} gi'eltic at the jack ove: the third ("on 
clict () to the relay arnature and contact 
poil É, thi'() is ill the slie I'visory in to the 
battery 13 a di to grott) it (). The operator 
is the reiy given the disconeet signal aid 
(''): 'dingly ren: Yes the lily's fron the 
('ks. 
All tie foregoing it has been show in low 

a: y : Inroyed (''): 'ti i}'' it may be set in 
extel) (ding a collection from : ) ( (litic 
st list; fi() : inct froni : )at it substition of 
(i) { i \ate 1: (i) exchange to a si scrile 
Of the lain at Etoliatic exchange: iso how 
a still sci’ibe' of the titomatic exchange lay 
'all : ; 'eceive coiletion with a sis' rifle 

"... "...iii.3.xiii.; 
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of the branch exchange. Furthermore, any 
two subscribers stations of the branch 
change may be connected by the cord C in 
the usual way. When the cold is used it : 
trunk-line connection the trunk key K is 
thrown to the position indicated, ani; the 
relay 21 controls the circuit of the super 
visory lamp 23, he supervisory relay 22 
being disconnected from the circuit wheir 
the key K is thus thrown. The key K' is 
used only when the cord is used in a tini: 
connection, the key is being the tisual ring 
ing and listening key. This it will be seen 
that the cord circuit C is not inited to 
service in one class of connections, but is a 
combination cord, and admits of use both 
in local connections and in trunk connec 
tions, which latter may, moreover, be either incoming or outgoing. 
The cord circuit C is, therefore, of ini 

Versal utility, being adapted for use in 
trunking either from or to the naaii ex 
change, and being also adapted for conne 
ing any, two subscribers of the branch ex 

25 change. There is ample supervision at all 
times, regardless of the character of the coil 

30 

3. 

s: 

5 

60 

line-that is to say, one aciate 

lection ovel' ii 

nection. The Supervision is dotille in ti 
local connections-that is to say, there is 
both front and back supervision-white in 
calis from the main to the branch exchange, 
o' from the brainch to the main exchange, 
there is single supervision only. Moreover. 
it will be seen that this cord circuit is adapted to operate in conjuncti{}} with a 
two-wire telephone systein-that is to say, a 
system of the kind shown in which n() op 
erating grounds are employed at the silo 
stations, and in which the autoiatic switches 
of the exchange are, therefore, cott's led is 
the subscribers over complete metallic 
circuits. Again, it will be see: that, 
tl'unk-line extending between | 
and main exchanges is a tw{}-w 
in eithet' direction. The coi' (i 
plained, is attaited io serve in cent incti; a 
with the two-way ti'unk-iine for oxtelling 
calling c(ninections, in eiile!" dire' 
What claii is is is (‘iati) is:- 
1. it a telepit: it sysi 'il, a two-way frk 

line, a spring jack: " : ye end if shiti I'll k 
line, an operatoi's l'd :'' is teel wiii. 
plug for inscriion in -i ilik to exicici (; ; 

the till: k-ie in one (iiirt-t'it}}, 
an automatic switch for seizing the tile ! 
end of said irik-iii) e i () (ex: 'ln ('), i.ection 
over the same in the opp: site direction, 
means in said cot'd cil'c' it f i' servisii 
the connections, at ther a ():l it: 
switch coat (let { i \''' { {: t w () siles, if s: i: 
co's cile; it is series fi (i.e. lig filine: - 
tion irol (line eln: }; 

is 

: it 

is tis-i: 13. 
2, in a teel (ini systein. : : W - '': y : : - 

line, a sing jack for (he find of sail rink 

in opei'atoi's Circi provided with a plug 
it insertion in said jack to extend connec 

tion over the trun; in one direction, an 
autoliatic SW izing to the end 
of said fittink-line to extend connection over 
the sale in the oposite direction, another 
al;ioinatic switch for extending coinection 
fi'on the eit () ( said trunk-line, and means 
by which a calling sibscriber may controi 
Saii is st-leitioned automatic switch after 
the stic plug has been inserted in said jack. 

8. In a telephone systein, telephones, a 
two-ceild tictor line individual to each tele 
phone, a FW3-way trulink - line, a non 
inline'it'ai talkiing switch for extending 
collection f: 2 one set of said trunk-line, 
le: is fol' . . ing cenilection to or from 
the othe' ex) of saici i "ink-line, and means 
by which a calling subscriber controls said 
switch ove' i'v () sities of the line circuit in 
series. 4. a telehi, he systein, telephones, a 
two-condictor line iii dividual to each tele 
phone, a two-way trial:-line, an automatic 
switch alloited to oie, end of said trunk-line 
for extendin lec{i : the refroii, ineans 
by which a suscribe controls said 
switch over try () sides of the line circuit in 
series, and leans to extending connection 
to or f'on tie of its eit of said trunk-line. 

5. in a telepii (re - stetl, elephones, a 
two-c{ndict () line in civicii: to eiich telcy 
ple tone, a Yo-way iiii:k-line, an automatic 
switch for seizing and thereby extending a 
call over said trunk-line in one direction. al 
at her it:}}}}}} tie switch for extending a call 
{} \, : " the tini:-ji: ite direc 
tion. ; it is tails y which calling sibscribers 
coiti' -: , ; : It (natic switches over two 
sites of the inc circuits in series. 

fi, in it telephone systein), subscribe's line 
(ii'i'i its i) { litting a pair of talking conduc 
to's, a two-way trink line, altonatic 
swicks, it is by whici calling subscribers 
c's at 'i' s: it sivitches ove' said talking con 

ties is exiled calls over said 

ii) he oppos 
is 

(a i ; 

iri is line is liposite directions, and a two 
way ci' (ii'i it a dailed for iise is calling 

: eiti' i' (iii) { yer sink line. 
7. is a filt it; ) ( syste!). Subscribe's lic: 

't! is it (it: i: ; ; ; it of talking contine 
{}'s, a iw' - ': v iii.; k ink, a nail it switch 

'it (): ei'ai circuit which is ty. - 
f : " : x i: ;ine (iii) is tai ()} for 

(i.e. enci (; link line, an automatic 
switc. for 
() tier ent (i saici 'I air line, and means by 
which a siscriber' (a ling over said cord 
circlit and fl'iik line ('inti'ois said a toanatic 
switc) over : ): it' of said talking condaic 
43's is series. - 

8. in a teleil: a system, a two-way trunk 
lite, ; it (; ; ; ; it's Wii ches f; extering con 
lection to (); frol); it end of skid frilak 

t 

{*m; iiing a conjection from the 
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line, a jack for the other end of said trunk 
line. Subscribers' lines, and a two-strand cord 
circuit for extending connection from a sub 
scriber's line to said trunk-line, or vice versil, 
depending upon the direction of the call, 
one of said switches controlled over the two 
sides of said cord circuit in series. 

9. In a telephone system, a two-Way 
trunk-line, automatic devices for extending 
connection to or from one end of said trunk 
line, a spring jack for the other end of said 
trunk-line, subscribers' lines, a cord circuit adapted for connecting together any two of 
said subscribers lines, means for adapting 
the said cord circuit for use in connecting 
a subscriber's line with the said trunk-line, 
and a supervisory signal for the cord circuit 
controlled by the calling subscriber. 

10. In a telephone system, a two-way 
trunk-line, an automatic switch for extend 
ing connection from one end of said trunk 
line, another automatic switch for extending 
connection to the same end of said trunk 
line, a spring jack for the other end of said 
trunk-line, a line signal associated with said 
spring jack, subscribers' lines terminating at 
a manual switchboard, an impulse sender or 
calling device for the substation of at least 
one of said subscribers' lines, an operator's 
cord circuit for connecting together any two 
of said subscribers lines, means by which 
the operator adapts the said cord circuit for 
use in extending connection from the line. 
having the calling device to the trunk-line, 
said cord circuit being two-way to extend 
connection either to or from the trunk-line, 
and means whereby both front and back 
supervision is given the operator at the said 
cord circuit. 

11. In a telephone system, a subscriber's 
line including a pair of talking conductors, 
an operator's cord circuit, an automatic 
switch, means for connecting said cord cir 
cuit with said switch, and means by which 
a calling subscriber controls the said auto 
matic switch over said talking conductors 
and the two talking strands of said cord 
circuit in series. - 

12. In a telephone system, a subscriber's 
line circuit including a pair of talking con 
ductors, a trunk line extending from one ex 
change to another, means for establishing a 
connection between said line circuit and said 
trunk line, an automatic switch at one end 

5 of said trunk line, and means by which a 
calling subscribe) controls said switch over 
a 'i'cuit including the two talking conduc 
to's of both the subscriber's line and said 
trial line in series. 

13. In a telephone system, a metallic line 
(ii'c' it. : rink-line extending from one ex 
ch; age to another, means for establishing a 
- ion setween said line circuit and said 

j-i} , ; in it tonatic switch at one end 
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of said trunk-line, and means for controlling 
said switch over the metallic circuit includ 
ing the two sides of said trunk-line in series. 

14. In a telephone system, a metallic line 
circuit, an automatic switch, a manual 
switchboard operator's cord circuit provided 
with two parallel talking strands, and means 
for controlling said automatic switch over 
the metallic circuit including said talking 
strands in series. ' 

15. In a telephone system, a line circuit 
having two individual talking conductors, 
a trunk-line, another trunk-line, a non-nul 
merical trunking switch for automatically 
connecting one trunk-line with the other, 
and means comprising a relay individual to 
the switch for controlling said switch over 
the talking conductors in series. 

6b. 
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16. In a telephone system, line circuits 
each including a pair of talking conductors, 
a trunk-line, an automatic switch for seiz 
ing said trunk-line, another trunk-line, a 
non-numerical trunking switch for auto 
matically connecting the first trunk-line 
with the second trunk-line, and means for 
controlling said switches over line circuits 
each including a pair of said talking con 
ductors in series. 

17. The combination, in a semi-automatic 
telephone exchange trunking system, of se 
lectors and connectors responsive to a call 
ing subscriber, and means by which an op 
erator connects a selector with the line of 
the calling subscriber. before the call can be 
extended in the direction of the called sub 
scriber, a line relay for each selector and 
connector, each line relay being energized 
over two sides of the calling line in series. 

18. The combination, in a telephone ex 
change system, of a plurality of subscriber's 
lines, a number of first selector switches less 
than the number of subscribers’ lines, a 
trunk, means manually controlled for con 
necting said trunk to any of said selectors 
and to any calling line, whereby such said 
first selector switch is brought into connec 
tion with any calling line, together with 
means whereby the said selector switch may 
then be controlled by the subscribers to select 
the line wanted whereby a talking circuit 
may be set up between the calling and the 
wanted lines, said talking circuit including 
conductors in both sides of the calling line, 
and to restore the switches after use, and 
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signal devices connected with the manual 
portion of the apparatus to indicate to the 
operators the necessity for connection and 
disconnection, each selector having a line 
relay energized over said talking conductors 
in said both sides of the calling line in series, 
substantially as described. 

19. The combination, in a telephone ex 
change system, of a plurality of subscril: 'is' 
lines, a number of first selector switches less 

20 

125 

  



1,298,229 : ; 

than the number of subscribers' lines, means 
including operators cord circuits for con 
necting said first selector Switches with the 
calling lines, each of said cord circuits com 
mon to said selector's for connecting any 
with any selector together with sending, de 
vices at the substations, and responsive de 

O 

vices at the central station whereby the said 
selector switches may then be controlled by 
the subscribers to select the lines wanted to 
establish a taking circuit that includes a 
conductor in each side of the calling line, 
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and to restore the switches after use, line 
annunciator's and clearing-out annunciators 
connected with the lines and cords, respec 
tively, to indicate to the operators the desire 
of the respective subscribers for connection 
and disconnection, each selector having a line 
relay energized over said taking conductors 
in said both sides of the calling line in series, 
substantially as described. 

20. In a telephone system, an automatic 
switch for finding the called line, means in 
cluding operator controlled connections for 
connecting said switch, and a line relay for 
said switch energized over the two sides of 
the calling line in series to control the opera 
tion of said switch to set up a talking circuit 
over said two sides, said operator's connec 
tion normally disconnected from said relay. 

21. In a telephone system, trunks divided 
into groups, a switch for automatically se 
lecting an idle trunk in a predetermined 
group, means whereby an operator connects 
the said switch with a caling line, and a line 
relay individual to each switch whereby the 
calling subscriber then controls the said 
switch, said relay energized over said two 
sides of the calling line in series, said line 
relay normally disconnected from said opera 
tor's means. 

22. In a telephone system, subscriber's 
lines divided into groups, an automatic 
switch for enabling a calling subscriber to 
find any certain line in any predetermined 
group, means including operator-controlled 
connections for extending connections from 
the calling line to said switch, and a line re 
lay individual to said switch to set up a talk 
ing circuit over two sides of the calling line 
whereby said calling subscriber controls the 
said switch, said relay energized over the two 
sides of the calling line in series, said line 
relay normaily disconnected from said opera 
ter's controlled connection. 

23. In a telephone system, an automatic 
switch for finding the called line, means in 
cluding operator-controlled connections for 
extending connections from the cailing line 
to said switch, a line relay individual to said 
switch whereby the caiig sitbscriber then 
controls the said switch to set up a talking 
circuit, over two sides of the calling line, 

line 

seasy 

said relay energized over said two sides of 
the calling line in series, and means where by the calling subscriber signals the operator 
for disconnection, said line relay normally 
disconnected from said operator's controlled 
connection. 

24. In a telephone system, trunks divided 
into groups, a switch for automatically Se 
lecting an idle trunk in a predetermined 
group, a line leading to said switch, means 
whereby an operator connects the said line 
with a calling line, means whereby the call 
ing subscriber then controls the said switch 
over the two sides of said first line in series 
to set up a talking circuit over the said two 
sides of the calling line, said relay normally 
disconnected from said operator's means, and 
means whereby the calling subscriber signals 
the operator for disconnection. 

25. In a telephone system, subscribers' 
lines divided into groups, an automatic 
switch for enabling a calling Subscriber to 
find any certain line in any predetermined 
group, means including operator-controlled 
connections for extending connections from 
the calling line to said switch, a line relay 
whereby the calling subscriber controls the 
said switch to set up a talking circuit over 
two sides of the calling line, said relay ener 
gized over the said two sides of the calling 
line in series, said relay being normally dis 
connected from said operator-controlled con 
nections, and means whereby the calling sub 
scriber signais the operator for disconnec 
tion. 

26. In a telephone system, an automatic 
switch for finding the called line, means in 
cluding operator-controllect connections for 
extending connections from the calling line 
to said switch, means whereby the calling 
subscriber then controls the said switch over 
the two sides of the calling line in series, and 
supervisory relay mechanism whereby the 
called subscriber signals the operator for 
disconnection. w 

27. In a telephone system, trunks divided 
into groups, a switch for automatically se 
lecting an idle trunk in a predetermined 
group. means whereby an operator connects 
the said switch with a calling line, means 
whereby the calling subscriber then controls 
the said switch over the two sides of the call 
ing line in series, and pervisory relay 
mechanism whereby the called subscriber 
signals the operator for disconnection. 

28. in a telephone system, subscriber's 
lies divided into groups, an automatic 
switch for enabling a calling subscribe to 
find any certain line in any predetermined 
group, means including operator-controlled 
connections for extending connections from 
the calling line to said switch, imeans where 
by the calling subscriber controls the said 
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switch over the two sides of the calling line. 
in series, and supervisory relay echii is 
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whereby the called subscriber sigia is the 
operato' for disconnection. 

29. In a telephone system, a l'ality of 
first selectors, each adapted to operate in 
accordance with the first digit of the callel 
number, a switch for automatically select is 
idle first selector's, a manual switchboart 
whereby an operator connects the said 
switch and the automatically selected idle 
first selector with the line of the calling 
subscriber, and means whereby the calling 
subscriber controls he said selector over the 
two sides of the calling line in series. 

30. In a telephone system, an operator's 
cort circuit, an automatic' switch, a line relay 
normally disconnected from said cord circuit 
individual to said switch for controlling the 
switch whereby a talking circuit may be set 
up therethrough and over conductor's in the 
two sides of the cord circuit, and an ener 
gizing circuit for said relay which includes 
the said two sides of a cord circuit in series, 

31. In a telephone system, a main ex 
change and a branch exchange, a cord circuit 
at said branch exchange or use in extending 
a connection between subscribers of Said 
branch exchange, or between said branch 
eXchange and said main exchange, front and 
back supervisory signals for said cord, and 
means for rendering said back supervisory 
signal inoperative when a call goes in from 
the branch exchange to the main exchange. 

32. In a telephone system, a nain ex 
change and a branch exchange, a cord circuit. 
at said branch exchange for use in extend 
ing connection between subscribers of sail 
branch exchange, or between said branch 
exchange and said main exchange, means for 
giving double supervision of calls when said 
cord is used for establishing a connection 
between subscribers of said branch exchange, 
or for extending connection from said main 
exchange to said branch exclhange, and 
eas for giving single speivision when 

sail cord is sect for extending a connection 
frolin said branch (exchange to said main ex 
change. 

33. In a telephone system, a main ex 
change and a branch exchange, a cord circuit, 
for use in estallishing a collection between 
subscribers of said branch exchange, or for 
xtending a connection between said branch 
exchange and said main exchange, front and 
back supervisory signals for said cord cir 
cuit, an impulse-transmitting device, auto 
matic switches at the central office controlled 
thereby, an operator's key, and means con 
trolled by said key for connecting the oper 
ator's impulse-transmitting device with said 
cord, and for disconnecting one of said sul 
pervisory signals from said cord. 

line circuit in series, and means for 
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34. In a telephone system, a branch ex 
change and a main exchange, a cold circuit 
at said branch exchulge. a spervisory relay 
normally bridged across said cord, a super 
visory signal controlled by said relay, an 
(operator's key, an impulse-transmitting de 
vice, means controlled by said key for dis 
innecting said relay from said cord and for 
connecting said impulse-transmitting device 
with said cord to transmit impulses, and an 
a to :atic switch controlled by said im 
) ses. 
35. In a telephone system, a calling and 

a called subscribel's line, means including 
an operator's cord circuit and an automatic 
switch for extending a connection between 
said lines, uneans for connecting one end of 
said cord with said calling subscriber's line 
and the other end with said automatic 
Switch, a pair of condensers in to two sides 
of said cord, thereby preventing direct con - 
nection between said subscribers lines and 
said automatic switch, a key for short-cir 
cuiting said condensers so as to establish a 
direct connection between said subscriber's 
line and said switch. a supervisory relay, 
and means controlled by said key switch 
for rendering said supervisory relay inoper 
ative. 

36. In a telephone system, telephones, a 
two-conductor line individual to each tele 
phone, a two-way trunk-line, an automatic 
switch allotted to one end of said trunk line 
for extending connection therefrom compris 
ing a central battery common to the lines, 
means by which a calling subscribe' initially 
controls said switch ovel two siles of the 

ing connection to or from the other end if 
said trunk line. 

37. In a telephone system, telephoi s. a. 
two-conductor line individual to each (i.e- 
phone, a two-way titlank line. an: folitic 
switch allotted to one end of said trilk line 
for extending connection there from come 
prising a central battery coil on 
lines, means by which a calling stubscriber 
initially controls said swit 
of the line circuit in series, and means for 
extending connection to or from the other 
end of said trunk line, said switch l'espon 
sive to the closure of a bridge circuit across 
the trunk. line. 

3S. In a telephone syten, a trunk line 
terminating at one clid in a manual con 
lective terminal and provided at the other 
end with two b ReC. erminating, re 
spectively, in fixed and movable contacts in 
numerical and non-numerical automatic 
trunking switches, means including said 
termial and the said non-numerical switch 
for extending calls over said trunk line in 
one direction, and means including said 
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numerical switch and said termial for ex 
tending calls over said trunk line it, the op 
posite direction. 39. In a telephone systein, a trunk line 
terminating at one end in a spring jack, 
means including said jack and an automatic 
switch at the other end of said trunk line 
controllable thereover for extending cats 
over said trun line in one direction, and 
means including a second automatic switc. 
operable to seize said trunk line at Gine end 
and the said jack'at the other end of said 
trunk line for extending calls thereover in 
the opposite direction, other automatic 
switches associated with said first automatic 
switch in a group, trunk lines accessile to 
said group of switches, and a master switch 
common to the Switches of said group for Se 
lecting an idle trunk ior calis in said first 
direction. 

40. In a telephone system, a titlili line 
and 

provided at the other end with two branches, 
terminating, respectively, in fixed and inty 
able contacts in nutelical and non-initieri 
cal automatic trunking switches, means in 
cluding said jack and the said non-nuinerical 
switch for extending calls over said tiunk 
line in one direction, and a leans including 
said numerical switch and siid jack for ex 

C 

tending calls over said trunk line in the op 
posite direction. - 4i. In a telephone system, a trunk line 
terminating at one end in a mainila connec 
tive terminal and provided at the other end 
with two branches, tei'ainating, respec 
tively, in fixed and movable contacts in 
numerical and non-numerical automatic 
trunking switches, means including said 
terminal and the said not-numerical switch 
for extending calls over said trunk line in one 
direction, means including said interical 
switch and said ter)linai for exte:ding calls 
over said trunk line in the opposite direction, 
and a circuit, for making said ii'ilk line 
busy to said numerical switch whenever the 
said non-inunnerical switch is operated. s. 

42. In a telephone system, : trus is line 
terminating at one end in a finantial collec: 
tive terminal and provided at the othes end 
with two branches, terminating, "espectively. 
in fixed and no 'aile contacts in nuinerical 
and non-int Limerical automatic ti’t linking 
switches, means including said fertiinal at 
the said non-numerical switch for extending 
calls over said trunk line in one direction, 
means including said numerical Switch all ci 
said terminal for extending calls over sail 
trunk line in the opposite direction, and 
means including a relay for rendering said 
non-numerical switch inoperative whenever 
said trunk line is seized by said multierical 
switch. 

43. In a telephone system, a tillni: line 

E8 

terminating at One end in a spring jack, 
i) leans including said jack and an automatic 
switch at the other end of said trunk line 
controllable thereover for extending calls 
Over said trunk line in one direction, means 
including a second automatic switch to seize 
said trunk line at one end and the said jack 
at the othe' end of said trunk line for ex 
tending calis thereover in the opposite direc 
tioI), and a circuit for making said trunk line 
it isy té saici second switch whenever the said 

i Switch is operated, other automatic first, 
Switches associated with said first automatic 
Switch in a group, trunk lines accessible to 
Said grollip of switches, and a master switch 
£onal) on to the Switches of said group for 
Selecting an idle trunk for calls in said first 
direction. 

44. in a telephone system, a trunk line 
iélaiiating at one end in a Spring jack, means 
in&ilding said jack and an automatic switch 
at the other end of said trunk line con 
irollable tiereover for extending calls over 
Said trunk line in one direction, means in cluding a second automatic switch operable 
to seize said trunk line at one end and the 
Said jack at the other end of said trunk line 
for extending calls thereover in the opposite 
direction, and means for rendering said first 
switch inoperative whenever said trunk line 
is seized by said second switch, other auto 
natic switches associated with said first 
automatic Switch in a group, trunk lines 
accessible to Said group of switches and a 
a laster switch common to the Switches of 
Said group for selecting an idle trunk for 
calls in said first direction. 

45. in a telephone system, a trunk line 
terminating at one end in a spring jack and 
provided at the other end with two branches, 
terminating, respectively, in fixed and mov. 
able contacts in numerical and non-numeri 
cal automatic rinking Switches, means in 
citing said jack and the said non-numerical 
switch for extending calls over said trunk 
line in One direction, means including said 
numerica Switch and said jack for extend 
ing sals () vei" said trunk line in the oppo 
site direction, and a circuit for making said 
trunk line busy to said intinerical switch 
when ever the said non-animeiricai swich is 
operated. 

46. in a telephone system, a trunk line 
terminating at one end in a spring jack and 
provided at the other end with two branches, 
terminatiing, respectively, in fixed and mov 
aile contacts in numerical and non-numeri 
:al automatic trunking switches, means in 
cluding said jack and the said non-numeri 
cal switch for extending calls over said 
ti-tank line in One direction, means including 
said intainerical switch and said jack for 
extending calls over said trunk line in the 
opposite irection, and means including a 
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relay for rendering said non-numerical 
switch inoperative whenever said trunk line 
is seized by said numerical switch. 

47. In a telephone system, a line circuit, 
a link circuit to connect there with, a pair 
of condensers in said link circuit, a relay 
having a winding bridged around each of 
said condensers, a supervisory signal, means 
for displaying said signal when said link 
and line circuits are connected, and means 
for rendering said signal inoperative when 
said relay is energized. 

4S. In a telephone system), a trunk line, 
an operator's call signal at one end thereof, 
means at the other end of said trunk for 
supplying ringing current, means whereby 
said signal is responsive to the flow (Af 
ringing current over the trunk, and elec 
trically controlled means for calling and 
releasing automatically over circuits each of 
which includes a portion of one side of the 
trunk line in series with a portion of the 
other side thereof. 

49. In a telephone system, lines, nunner 
cal trunk selecting switches, impulse send 
ing means for said lines, and an operator's 
trunk circuit in combination with non-nu 
merical trunk selecting switching means for 
connecting any one of said lines with any 
one of saic nullerical trunk selector's, 
whereby the connected selector may be oper 
ated from the connected line. 

50. In a telephone system, lines, numeri 
cal trunk selecting switches, an operator's 
trunk circuit in combination with non-ni 
merical trunk selecting switching means for 
connecting any one of said lines. With any 
one of said numerical trunk selector's, and 
means controlled from the line for releasing 
the nunnerical switch after it has been oper 
ated. 

51. In a telephone system, lines, numeri 
cal trunk selecting switches, impulse send 
ing means for said lines, an operator's trunk 
circuit in combination with ion-numerical 
trunk selecting switching means for con 
necting any one of said lines with any one 
of said numerical trunk selectors, whereby 
the connected selector lay be operated from 
the connected lines, and means controlled 
from the line for releasing the numerical 
switch after it has been operated. 

5:3. In a telephone system, lines, numeri 
'a trunk selecting switches, impulse send 
ing means for said lines, an operator's trunk 
circuit in combination With non-numerical 
trunk selecting switching means for connect 
ing any one of said lines with any one of 
said numerical trunk selectors, whereby the 
connected selector may be operated f'(in the 
connected line, and signal devices connected 
with the manual portion of the aparat is to 
indicate to an operator the necessity for con 
nection and disconnection. 

53. In a telephone system, lines, numeri- 65 
cal trunk selecting switches, an operator's 
trunk circuit in combination with non-in 
merical trunk selecting switching means for 
connecting any one of said lines with any 
one of said numerical trunk selector's, neals 70 
controlled from the line for releasing the 
numerical switch after it has been operated, 
and signal devices connected with the man 
tlal portion of the appa'atus to indicate to 
an operator the necessity for connection and 75 
(lisconnection. 

54. In a telephone system, lines, nulineri 
:al trunk selecting switches, in pulse sent 
ing means for said lines, an operato's trunk 
circuit in combination with non-nillerical 80 
trunk selecting switching means for connect 
ing any one of said lies with any olie of 
said numerical trunk selectors, whe'ely the 
connected selector may be operated from the 
connected line, means controlled from the 85 
line for releasing the numerica switch after 
it has been operated, and sign: li e \ices 
connected With the mal) till pition i? the 
apparatus to indicate to it in opei'atoi' the le. 
cessity for connection and disconnection. 9. 

55. In a telephone system, limes, numeri 
cal trunk selecting switches, inpulse send 
ing means for said lines, and an operator's 
trunk circuit in combination with non-nu 
merical trunk selecting switching means for 95 
connecting any one of said lines with any 
one of said numerical trunk selectors, where 
by the connected selector may be operated 
from the connected line to establish a talk 
ing circuit from the connected line to an- 100 
other line. 

56. In a telephone system, lines, nunneri 
cal trunk selecting switches, impulse sending 
In eans for said lines, an operator's trunk cir 
cuit in combination with lyon - numerical 105 
trunk selecting switching means for con 
necting any one of Said lines With any one 
of said numerical trunk selector's, whereby 
the connected selector may be operated from 
the connected line to establish a talking cir- lo 
cit from the connected ille to another line, 
and means controlled frol. the connected 
line for releasing the numerical switch after it has been 6perated. 

57. In a telephone system, linics. Interi- 115 
cal trunk selecting switches, implilse send 
ing means for said lines, u, operator's trunk 
circuit in combination with non-numerical 
trunk selecting switching means for con 
meeting any one of said lines with any one 120 
of said numerical trunk selectors, whereby 
the connected selector may be operated from 
the connected line to establish a talking cir 
cuit from the connected line to another line, 
the connected selector being controlled over 125 
two sides of the talking circuit in series. 

58. In a telephone system, lines, numeri 
cal trunk selecting switches, impulse send 
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ing means for said lines, an operator's trunk 
circuit in combination with non-numerical 
trunk selecting switching means for connect 
ing any one of said lines with any one of 
said numerical trunk selectors, whereby the 
connected selector may be operated from the 
connected line to establish a talking circuit 
from the connected line to another line, and 
means controlled from the connected line for 

10 releasing the numerical switch after it has 

5 

been operated, the connected selector being 
controlled over the two sides of the talking 
circuit in series. - 
Signed by me at Chicago, Cook county, 

Illinois, this 20 day of July, 1908. 
ARTHURB. SPERRY. 

Witnesses: - 

ETHEL. A. EDGELL, 
Edward D. FALEs. 

  


