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To all whom it may concern 
Be it known that I, PAUL B. MuRPHY, a 

citizen of the United States of America, re 
siding at Nyack, in the county of Rockland 
and State of New York, have invented cer 
tain new and useful Improvements in Sig 
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naling Systems, of which the following is a 
full, clear, concise, and exact description. 
This invention relates to signaling systems 

and more particularly to improved methods 
and means for signaling over transmission 
lines. . o 

Under the present telephone practice in 
volving the use of telephone.lines inter-con 
necting different exchanges, several differ 
ent methods of extending connections are 
employed, such as manual to manual, man 
ual to automatic or automatic to automatic 
connections. In a manual to manual con 
nection, the subscriber in the originating ex 
change first secures a connection to a toll 
operator's position in his own exchange, who 
then extends the connection over a toll line 

30 

to a distant exchange and rings up the toll 
operator at such an exchange. The toll op 
erator at this exchange requests of the origi 
nating toll operator, the number of the de 
sired line and then proceeds to extend the 
connection to the desired subscriber. In a 
manual to automatic connection the toll op 
erator in the originating exchange dials the 
desired line in the automatic exchange with 
out the aid of the toll operator at a distant 
exchange and in an automatic to automatic 
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connection, no operators are involved but 
the calling subscriber merely dials the num 
ber of the wanted subscriber and the con 
nection is completed over the toll line be-, 
tween the two exchanges. Connections of 
these types may extend through a number 
of manual or automatic exchanges involving 
the use of several toll lines. 

It is the object of this invention to pro 
vide cord circuit and toll line equipments 
suitable for use in the extension cf connec 
tions of the above types. 
Another object is to provide means asso 

ciated with such cord circuits and toll line 
equipments, whereby any one of the well 
known types of toll lines may be employed 
such as, for example, ordinary wire toll lines 
with or without repeaters, a channel of a 
carrier telephone installation, a radio tele 
phone connection, composite lines or phan 

ton lines. That is, the nature of the sig 
nals used for performing the various func 
tions incidental to the extension of a con 
nection is such that the signals may be trans 
mitted over any toll line the same distance 
and at the same efficiency as the ordinary 
voice modulated signals and without in any 
way curtailing the usefulness of these vari 
ous types of toll lines. 
To attain these objects according to one 

feature of the invention sources of alternat 
ing current of a common frequency within 
the voice frequency range are employed for 
the signals transmitted over the toll lines to 
accomplish the various switching and super 
yisory functions, that is, a single frequency 
is used for the signals transmitted in both 
directions over a line, and means is provided 
at each end of the toll line for composing 
distinctive signals by interruptions of this 
common frequency at various rates and for transmitting such signals to the receiving 
end to cause corresponding. Switching and 
signaling functions to be performed. 
Another feature is the provision of means, 

including the use of currents of the common 
frequency, whereby if a supervisory signal 
is being transmitted in one direction over a 

: line, a Supervisory signal transmitted in the 
opposite direction over the line is not inter 
fered with, but on the other hand, causes the 
first signal to be temporarily or permanent 
ly suspended as desired while the second sig 
nal performs its assigned function. This 
means is particularly applied in this system 
to the reringing of a called subscriber when 
a supervisory signal is being transmitted to 
the calling subscriber as an indication that 
the called subscriber has hung up his re 
ceiver. In this case the supervisory signal 
ing is resumed after the reringing signal 
caases and continued until the called sub 
scriber answers a second time. 
Another feature is the provision of means, 

also including the use of currents of the 
conmon frequency, whereby a disconnect 
signal may be transmitted at any time from 
the originating end of the line during the 
establishment of a connection or after a con 
nection has been established, regardless of 
the type of signals that may happen to be 
transmitted in the opposite direction over 
the line at the time, such as for example, 
“all trunks' busy signals, or called subscrib 
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er's line busy signals which of course are 
composed of currents of the common fre 
quency inferrupted at different rates, 
The advantage of using a source of alter 

nating current of a common frequency for 
all signals is apparent as it not only reduces 
the cost of the original equipments for pro 
ducing the currents, but is also more con 
veniently and cheaply maintained and con 
trolled. . . 
The nature of the invention will more 

fully appear from the following specifica 
tion read in connection with the accompany 
ing drawings in which Fig.1 shows the con 
nection from a subscriber's line diagram 
matically with a toll operator's cord circuit 
and associated dialing circuit arranged in ac 
cordance with this invention located at One 
manual exchange. By means of this equip 
ment a toll operator may extend connec: 
tions either to another toll operator located 
at another manual exchange or to a sub 
scriber reached through an automatic or 
machine switching exchange. Fig. 2 repre 
sents the outgoing end of a special toll line 
equipment arranged in accordance with the 
invention, located at the originating sex 
change, and by means of which voice fre 
quency alternating current signals may be 
transmitted to and -received from the dis 
tant exchange over any type of toll line as 
sociated therewith. Fig. 3 represents the in 
coming end of the special toll line equip 
ment arranged in accordance with this in 
vention, located at a distant exchange, and 
by means of which voice frequency, alter 
nating current signals may be received from 
or transmitted to the originating exchange. 
Fig. 4 represents a portion of an automatic 
exchange by means of which automatically 
called subscribers lines may be reached 
from the above mentioned toll line equip 
ments. 

Referring now to the drawings, traffic 
over the system shown and arranged in ac 
cordance with this invention, may be out 
lined as follows: If it is assumed that a 
subscriber at 10 has established a connec 
tion as far as to the toll operator's position 
100 and the toll operator has inserted the 
answering plug 12 of the cord circuit shown 
at 100 into jack 11, and ascertained the nun 
ber of the desired line, the toll operator will 
then insert the calling plug 15 of this cord 
circuit into the jack 210 of the outgoing 
trunk line equipment 200 associated with 
the toll line 220 leading to the incoming toll 
line equipment 300 at a distant exchange. 
The toll operator at 100 then proceeds in 
either one of two manners to extend the con 
nection: 
If the wanted subscriber's number can 

only be reached through the service of a toll 
operator such as the one at position 310 at 
the distant exchange, she proceeds to call 
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this toll operator in the usual manner well 
known in the art except that alternating cur 
rents within the voice range interrupted at 
a certain rate is used for the necessary sig 
nal indications. That is, she causes in 
strumentalites in the cord circuit and the 
outgoing toll line equipment 200 to be oper 
ated to transmit voice frequency alternat 
ing currents of for example, 1000 cycles in 
terrupted at a 20 cycle rate over the toll 
line 220 to the incoming toll line equipment 
300 at the distant exclhange, these signals 
then cond tion the incoming toll line equip 
ment 300 for a manual connection and are 
translated by the receiving circuit equip 
ment,350 into indications that will not only 
call the attention of the toll operator at posi 
tion 310 to the fact that a connection is de 
sired requiring her cooperation, but will 
also serve as supervisory signals during the 
establishment and disestablishment of such 
a connection as well as when the connection 
is established. 

Similar operations of the system take 
place if the toll operator at position 310 de 
s res to call the toll operator at position 100. 
That is, voice frequency alternating currents 
of 1000 cycles interrupted at a 20 cycle rate 
are transmitted over the toll line 220 and 
translated by the receiving circuit equip 
ment 250 at the outgoing toll line equipment 
200 into signal indications for the attention 
of the toll operator at position 100. 
On the other hand, if the wanted sub 

scriber's line is located in an automatic ex 
change such as the one diagrammatically 
disclosed in Fig. 4, the toll operator at posi 
tion 100 proceeds by the operation of a dial 
ing key to connect the common dialing cir 
cuit equipment 150 to the cord circuit shown, 
By means of instrumentalities associated 
with this dialing circuit, the cord circuit 
and the outgoing toll line equipment 200 
now cause voice frequency alternating cur 
rents of 1000 cycles interrupted at different 
rates to be transmitted over the toll line. 
In one instance these currents are inter 
rupted at a 40 cycle rate while in another 
instance, that is, when the dial is operated, 
they are interrupted at the rate of dialing. 
The correspondingly produced signals, when 
received at the incoming toll line equipment 
300, prepare this equipment for the exten 
son of an automatic connection and are al 
so translated by the receiving circuit 350 to 
cause the automatic exchange equipment 
shown in Fig. 4 to extend the connection to 
the wanted subscriber's line as well as to 
cause the various supervisory signaling in 
dications to be given during the establish 
ment and disestablishment of the connec 
tion. w 

The arrangement of the toll line equip 
ments are such that various signals for the 
supervision of the connection are transmit 

SO 

00 

00 

10 

25 

130 



10 

5 

20 

25 

30 

1,578,991 

ted back to the toll operator at position 100 
during the progress of the call as well as in 
the breaking down of the connection. Such 
signals consist of voice frequency alternati ing currents of 1000 cycles interrupted at 
various rates such as at a 40 cycle rate or 
signal indications consisting of the voice fre-. 
quency alternating currents of 1000 cycles interrupted at the 40 cycle rate in the shape 
of impulses of 60 perminute, which latter 
impulses are used when all of the trunks 
within the automatic office are busy or signal 
indications of the voice frequency alternat 
ing currents of 1000 cycles interrupted at 
the 40 cycle rate in the shape of impulses of 
120 per minute which impulses are used 
when the called line is busy. Such signals 
are all translated by the receiving circuit 
equipment 250 at the outgoing toll line 
equipment 200 into the proper supervisory 
signal indications for the operator at the po 
sition 100. 

It is to be understood that the frequency 
of the alternative current sources mentioned 
and the rates at which the currints are inter 
rupted are simply illustrative and that the 
invention is not limited to the employment 
of these particular values but that any fre quency within the voice range and any rates 
of interruptions most suitable to particular 
cases in the practice of the invention, unay 
be selected. - 

It is believed that the arrangement shown 
will be more fully understood from the fol 
lowing detailed description of series of calls 
of the types that may be completed thereby. 
The first type of connections to be consid 
ered will be calls extended on the so-called 
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ring down basis, i. e., from a subscriber 10 
through a toll operator's position 100 at the 
originating exchange to the toll operator at 
tending position 310, at the distant exchange 
and vice versa. The circuits beyond the po 
sition 310 have not been shown as they form 
no part of this invention and as it is well 
known and understood in the art how manu 
all connections are attended to by outgoing 
as well as incoming toll operators no further 
explanations will be made in this respect. 
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Assuming then that the toll operator at 100 
has inserted plug 12 into jack 11 and the op 
erator has ascertained the number of the 
wanted subscriber's line by the connection 
of his telephone set to the cord circuit the 
operation of listening key 32, she proceeds 
by inserting plug 15 into jack 210 and as a 
result of this action, relays 24, 23 and 202 are 
operated as follows: battery, winding of re 
lay 24, winding of relay 23, left hand make 
before-break contacts of relay 36, sleeve con 
tacts of plug 15 and jack 210, left hand 
winding of relay 202 outer left hand arma 
ture and back contact of relay 216 to ground. 
The operation of relay 24 performs no use: 
ful function at this time. The operation of 

relay 23, however, closes a circuit for re 
lay 26 as follows: battery, armature and 
front contact of relay 23, outer right 
lhand almature and back contact of re 
lay 42, winding of relay 26, armature 
and back contact of relay 30 to ground. 
It should be noted that a circuit is also 
closed from the battery at relay 23 through 
lamp 25 and winding of relay 27 in par 
allel through armature and back contact 
of relay 26 to a ground at a normal con 
tact of the listening key 32. However, this 
circuit is prevented from lighting the lamp 
25 and operating the relay 27 as relay 27 
is slow to operate in comparison with relay 
26, so that this circuit is almost immediately 
broken. Thc operation of relay 202 closes 
an energizing circuit for relay 203 from bat 
tery, winding of relay 203, inner right hand 
armature and front contact of relay 202 to 
ground. Relay 203 in operating closes a cir 
cuit for the busy signal 2U5 as follows: 
battery and left hand armature and front 
contact of relay 203, winding of busy signal 
205 to ground operating this signal to in 
dicate to other toll operators that the toll 
line 220 connected to this equipment is busy. 
The operator at 100 now proceeds to ring the 
toll operator at the distant exchange by op 
erating ringing key 34. This causes a 20 
cycle alternating current source to be con 
nected to the ring lead and ground to the 
tip lead of the cord circuit and the outgoing 
toll line equipment in which a bridged cir 
cuit containing a condenser 207 and an al 
ternating current relay 208 are located. Re 
lay 208 responds to the 20 cycle current and 
in operating closes a circuit as follows: bat 
tery, winding of relay 209, right hand arma 
ture and back contact of relay 217, left hand 
armature and front contact of relay 208 to 
ground. Relay 209 operates and discon 
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nects the outgoing end of the line from the 
tip and ring leads to the jack 210 and con 
nects the outgoing end to a source of 1,000 cycles alternating current, interrupted at a 
20 cycle rate. This interrupted 1,000 cycle 
current is transmitted over toll line 220 and 
received at the incoming end by the receiv 
ing circuit equipment 350 and is there trans 
mitted through the input transformer 352 to 
the input circuit of vacuum tube 353 where 
it is amplified. An anti-resonant circuit 
354 connected between the plate circuit of 
the tube 353 and the grid or input circuit of 
the vacuum tube 355 makes this latter tube 
responsive to alternating currents which 
do not vary greatly from 1,000 cycles. 
Vacuum tube 355 acts as a rectifier for this 
1000 cycle current and thereby causes di 
rect current impulses, supplied from the 
usual B battery at 1000 per second occur 
rence, to flow in the output circuit, in ac 
cordance with the principles governing the 
functions of rectifiers, as is well-known in 
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the art. Relay 356, which is polarized or before-break contacts the locking circuit es 
biased to normally hold its armature as 
shown in the drawing is included in this, 
output circuit. This relay will now there 
fore respond to the direct current impulses 
and operate its armature in the opposite di 
rection from that shown in the drawing and 
stay operated as long as the impulses are 
transmitted through the output circuit. To 
make certain that the relay does not chatter 
or release between the impulses, it is com 
mon practice to insert a condenser as shown 
in the drawing across the turminals of the 
relay to create as is well-known in the at 
a practically constant direct current through 
the windings of the relay. When now there 
fore the 1000 cycle current received at the 
receiving circuit 350 is interrupted, it foll 
lows that the flow of direct current through 
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visory lamp 306 to ground causing this. 

the output circuit of the rectifier is corre 
spondingly interrupted and consequently 
the relay 356 is alternately operated and 
released at the same rate of interruption. 
That is, the armature of this relay will vi 
brate in this instance at the 20 cycle rai.e. 
Relay 357 which is included in the circuit 
controlled by the armature and contacts of 
relay 356 and which is tuned to respond to 
alternating current impulses of the 20 cycle 
frequency only will therefore operate and 
stay operated as long as the signal incoming 
to the receiving circuit 350 remains applied. 
The operation of relay 357 closes an obvious 
short-circuit at its armature and front con 
tact to ground at right hand armature and 
back contact of relay 362 for the energizing 
circuit for relay 358, causing relay 358 to re 
lease. The release of relay 358 closes the 
circuit for relay 302 as follows: battery, left 
hand winding of relay 302, inner left hand 
armature and back contact of relay 303, in 
ner left hand armature and buck contact of 
relay 323, make-before-break contact of re 
lay 358 to ground. Relay 302 operates in 
this circuit and closes a locking circuit for 
itself from battery, left hand make-before 
break contacts of relay 303, right hand arma 
ture and front contact of relay 302, right hand 
winding of relay 302 to ground and also 
closes a circuit for busy signals 304 and 305 
as follows: battery, left hand armature and 
front contact of relay 302, windings of busy 
signals 304 and 305 in parallel to ground. 
A circuit is also closed by relay 302 from 
battery, left hand make-before-break con 
tacts of relay 303, right hand armature and 
front contact of relay 302 through super 

lamp to light to indicate to the operator at 
310 that a connection is desired. 

In answer to this signal, the operator at 
310 inserts plug 311 into jack 314 and relay 
303 is operated over an obvious circuit. The 
operation of this relay opens at its make 

for relay 302 which in releasing causes the 
supervisory signal 306 to be extinguished. 
flowever, the busy signals 304 and 305 are 
maintained operated by the closing of the 
left hand armature to the corresponding 
front contact and battery at relay 303. The 
operator at 310 now actuates her listening 

70 

key connecting her telephone set in the usual 
manner to the cord circuit and receives the 
details of the call from the operator at 100 
who has also by this time actuated her lis 
tening key 32 and connected her telephone 
set to her cord circuit. The operator at 310 
then proceeds to extend the connection to 
the wanted subscriber's line and call the sub 
scriber in accordance with the well estab 
lished practice in the art of telephony. 
Conversation between the subscriber at 10 
and the called subscriber may then take 
place. 

In case the call extended to the operator 
at 310 is intended for a subscriber that may 
be reached through the assistance of an op 
erator at another distant exchange, i. e., if 
the operator at 310 is merely employed as a 
connecting operator for a so-called through 
connection, it may be necessary to send su 
pervisory signals from the operator at 100 
at the originating exchange over the toll 
lines 220 through the incoming toll line 
equipment 300 to a cord circuit of the oper 
ator at 310 and this may be done by the 
operation of the ringing key 34 whenever 
such supervisory signaling is desired. The 
function of the circuits in this instance is the 
same as that already described when the key 
34 was operated the first time except that 
when relay 358 is released as a result of the 
reception of an impulse of 1,000 cycle alter 
nating current interrupted at a 20 cycle rate, 
the relay 340 is operated in place of relay 
302 over a circuit as follows: battery, wind 
ing of relay 340, inner left hand armature 
and front contact of relay 303, inner left 
hand armature and back contact of relay 
323 to ground at the make-before-break con 
tacts of relay 358. This causes the opera 
tion of relay 340 which disconnects the tip 
and ring leads of the toll line 220 and con 
nects the 20 cycle alternating current source 
and ground to the tip and ring leads of the 
switchboard end of the outgoing toll line 
equipment 300, to the jack 314 to a cord cir 
cuit of the operator at 310 causing super 
visory indications to be displayed in said 
cord circuit at 310 as is Well known in the 
art. 
In case the incoming operator at 310 at 

the distant exchange decides to extend a con 
nection to a subscriber that may be attended 
to by the outgoing operator at 100, i. e., a 
connection in the opposite direction on the 
toll line 220, a procedure similar to that 
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described above is followed. The operator 
at 310 actuates her ringing key (not shown) 
in the same nanner as the operator at 100 
operated her ringing key 34, and 20 cycle 
alternating current and ground are there 
by connected to the tip and ring leads of the incoming toll line equipment 300 causing the 
relay 315 bridged across line to operate 
through the retardation coils 316 and con 
denser 317. The operation of relay 315 
closes an obvious operating circuit for relay 
320 and this relay, after having disconnected 
the portions of the tip and ring leads con 
nected to the jack 314, connects current from the 1,000 cycle alternating current source in 
terrupted at a 20 cycle rate to the tip and 
ring leads of the toll line 220. This impulse 
of interrupted voice frequency current is 
transmitted at the outgoing toll line equip 
ment 200 through the upper and inner lower 
armatures and back contacts of relay, 222 
and upper lower armatures and middleback contacts of relay 209 to the receiving circuit 
250, through the input transformer 252 to 
the input circuit of the vacuum tube 253 
where it is amplified. The anti-resonant cir 
cuit connected hetween the plate circuit of 
this tube and the grid circuit of a second 
tube 255 responds to alternating currents 
which do not vary greatly from 1,000 cycles. 
The second tube 255 receives the 1,000 cycle 
current, acts as a rectifier and causes the re lay 256 connected in its plate circuit to op 
erate and release at a rate which corre 
sponds to the rate of interruptions of the 
1,000 cycles received in the same manner as 
was explained in connection with the opera 
tion and release of relay 356 in the receiv 
ing circuit 350, i. e., in this instance the re 
lay 256 will operate and release at a 20 
cycle rate. Relay 257 which is tuned to re 
spond only to 20 cycle current is included in 
a circuit controlled by the armature of relay 
256 and is consequently operated. The op 
eration of relay 257 causes an obvious short 
circuit to be established for the energizing 
circuit of relay 258 which is thereby re 
leased. The release of this relay closes a 
circuit for relay 240 as follows: battery, light-hand winding of relay 240, left-hand 
armature and back contact of relay 202 to 
ground at the normal make-before-break 
contacts of relay258. Relay 240, in oper 
ating, closes a locking circuit for itself from 
battery, left-hand armature and back con 
tact of relay 203, left-hand armature and 
front contact of relay 240 to ground through 
the left-hand winding of this relay. The 
operation of relay 240 closes an obvious cir 
cuit for the busy signal 205 and also causes 
the illumination of lamp 241 from the bat 
tery at relay 203 through the left-hand 
armature and front contact of relay 240. 

In answering this signal, the operator at 
100 inserts plug 15 into jack 210 and relays 

24, 23 and 202 are operated and lamp 25 is 
not lighted, as is hereinbefore described. 
The operation of relay 202 causes the op 
eration of relay 203 which in turn opens the 
locking circuits for relay 240 thereby re- 70 leasing this relay and extinguishing lamp 
241 but the circuit for the busy signal 205 
ls maintained from the battery supplied at 
the left-hand armature and front contact of 
relay 203. The operator at 100 now actuates 75 
her listening key 32 connecting her tele 
phone set in the usual manner to the cord. 
circuit and receives the details of the call 
from the operator at 310 who has also by 
this time actuated her listening key corre. 80 
Stig to key 32 and connected her tele 
phone set to her cord circuit. The operator 
at 100 then proceeds to extend the connec 
tion to the wanted subscriber's line and calls 
the subscriber, in accordance with the well 85 
stablished practice in the art of telephony. 
Conversation between the subscriberat the 
distant exchange and the subscriber at 10 
may now take place. 
In case the call extended to the operator 90 

at 100 is intended for a subscriber that may be reached through the assistance of an op 
erator at another exchange in this direction, i.e., if the operator at 100 is merely em 
ployed as a connecting operator for a 95 
through-connection, it may be necessary to 
Send supervisory signals from the operator 
at 810 at the distant exchange over the toll line 220 through the outgoingtoll line equip 
ment:2009, the cord circuit of the operator 100 at 109. This may be done by the operator at 310 actuating her ringing key whenever 
Such superyisory signaling is desired. The 
function of the circuits in this instance is 
the same as that already described when this 105 
ringing key was first operated except that 
when Clay258 is released as a result of the 
reception of impulses of 1,000 cycle alternat. 
E. current interrupted at a 20 cycle rate, the relay 218 is operated in place of relay 240 0 
over a circuit as follows: battery, winding of 
relay 218, left-hand armature and fronto 
tact of relay 202 to ground at the make-be 
fore-break contacts of relay258. This causes the 9peration of relay 213 which disconnects ll 
the tip of ring leads of the toll line 220 and 
connects the 20 cycle alternating current 
Source and ground to the tip and ring con 
tacts of the jack 210 and plug 15 to the 
cord circuit of the operator at 00 causing 20 
Spervisory indications to be displayed 
thereat asis well known in the art, i.e., re 
lay 80 is operated causing relay 26 to re 
lease and lamp 25 to light. - 
These various connections may be released 

when the conversations cease by merely re mgying the plugs and the various relays 
will consequently return to normal positions 
asis well known in the manual telephone art. 30 
The Second type of connections to be con 
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sidered is a call-extended on the so-called 
automatic basis, i. e., from a subscriber at 
10 thruugh the toll operator's position at 
100 at the originating exchange over the 
same toll line 220 to the incoming toll line 
equipment 300 which will, in this instance, 
be prepared to extend the call through an 
automatic equipment such as is shown in 
Fig. 4 and through the associated switches 
to a subscriber such as 410. As the auto 
matic exchange equipment does not form any 
part of this invention, only a small portion 
has been shown to sufficiently illustrate how 
it is affected by and how it reacts upon the 
toll line equipments in accordance with this. 
invention. In fact any well known type of 
as the proper signal indications may be sent 
or received to perform the proper functions 
in response to dialing and supervisory signal 
indications through the toll line equipments. 

Let it now be assumed, as hereinbefore 
described in connection with calls extended 
on the ring-down basis, that the toll operator 
at 100 has inserted the plug 15 into the jack 
210 and relays 202 and 203, signal 205, re 
lays 23, 24 and 26 have all been operated 
and that supervisory lamp 25 is not lighted 
due to the combination of the slow releas 
ing and slow operating relays 26 and 27. 
The toll operator at 100 will in this instance, 
instead of operating the ringing key 34, 
operate the dialing key 35. The operation 
of this key closes an obvious circuit for the 
operation of relays, 36 and 37. The opera 
tion of relay 36 closes an obvious circuit 
for relay 43 which in operating closes, at its 
inner right-hand armature and make-before 
break contacts, a circuit to ground for lamp 
25, while relay 36 opens at its outer left 
hand armature and make-before-break con 
tacts, the circuit for relays 23 and 24 and 
extends at the outer armature and front 
contact the sleeve circuit to the marginal 
relay 152 associated with the dialing circuit. 
Relay 152 operates in this circuit and closes 
a circuit for relay 153 as follows: battery, 
winding of relay 153, armature and back 
contact of relay 154, armature and front 
contact of relay 152 to ground. Relay 153 
in operating closes a locking circuit for it 
self as follows: battery, winding of relay 
153, winding of relay 154, right-hand arma 
ture and front contact of relay 153 to ground 
at a set of closed contacts of dialing key 35, 
which, it will be remembered, was operated 
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65 

to initiate the call on an automatic basis. 
Relay 37 in energizing on the operation of 
key 35 disconnects at its upper and inner 
lower armature the incoming end of the tip 
and ring leads of the cord circuit and ex 
tends the outgoing end of the tip and ring 
leads to leads 41 and 42, respectively, which 
are connected through the armatures and 
outer contacts of relay 160 to a 1000 cycle 

causes the polarized rela 

152 at the dialing circuit. 

1,578,99. 

source, the current from which is inter 
rupted at a 40 cycle rate. Current from 
this source is, therefore, sent out to the out 
going toil equipment 200 and over the toll 
line 220 to the incoming toll line equipment 
300. It should be observed that relay 37 
also closes an obvious short-circuit for relay 
151, which in releasing closes an energizing 
circuit for relay 160. Relay 160 is slow to 
operate so that the current from the 1000 
cycle source interrupted at the 40 cycle rate 
will remain on the line for a short interval 
only, but sufficiently long to cause certain 
functions to take place in the toll line equip 
ments preparatory to the reception of dial 
ing impulses. 
This short impulse, received through the 

5 

70 

80 

receiving equipment 250 in the same manner . 
as here described in connection with signals 
received during the ring-down connection, 

256 to vibrate at 
the 40 cycle rate and relay 260 to operate. 
This latter relay is tuned to respond only 
to alternating current of the 40 cycle fre 
quency. Relay 260 in operating short cir 
cuits relay 261 which, in turn, closes a cir 
cuit for relay 216 as follows: battery, wind 
ing of relay 216, outer left-hand armature 
and back contact of relay 217 to ground at 
the make-before-break contact of relay 261. Relay 216, in operating, provides a locking 
circuit for itself as follows: battery, wind. 
ing of relays 216 and 217 in series, right 
hand armature and front contact of relay 
216 to ground at the armature and front 
contact of relay 223. Relay 216, in operat 
ing, also removes at its left-hand armature 
and back contact a short-circuiting ground 
for the right-hand winding of relay 202. 
The removal of this short-circuit increases 
the resistance in the sleeve circuit and there 
by causes the release of the marginal relay 

The release of 
relay 152 permits relay 154 to become ener 
gized in series with relay 152 which relays 
are now held up by the ground at the dialing 
key 35 preparatory to the reception of super 
visory signals in the cord circuit indicating 
that the transmission of dialing impulses 
may begin. When the above mentioned im 
pulse of current from the 1000 cycle source 
interrupted at the 40 cycle rate ceases and 
the ground at relay 261 is removed, relay 
217 operates and locks up in series with re 

00 

(O 

105 

5 

lay 216 to the ground at relay 223, thus pre- 120 
paring. this circuit for further functions in 
response to impulses received at the equip 
ment 250. 
The immediate effect of this short im 

pulse of current from the 1000 cycle source 125 
interrupted at the 40 cycle rate in the in 
coming toll line equipment 300 is to cause 
operations to take place as will hereinafter be 
described. The complete circuit for this in 
pulse to the incoming equipment 300 mav be l80 
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traced as follows: from the source of 1000 
cycle durrent interrupted at the 40 cycle 
rate, through the armatures and back con 
tacts of relay 160, the upper and inner lower 
armatures and front contacts of relay 37, 
tip and ring contacts of plug 15 and jack 
210, armatures and back contacts of relay 
213, armatures and back contacts of relay 
209, upper armature and inner lower arma 
ture and back contacts of relay 222, toll line 
220, armatures and inner back contacts of 
relay 320 to the input transformer 352 of 
the receiving equipment 350, which acts, in 
a manner as hereinbefore described, to cause tur at the make-before-break contacts of the operation of relay 360, that in turn 
short-circuits the energizing circuit for re 
lay 361 causing it to release and connect a 
ground to a circuit for the energization of 
relay 323. This circuit for relay 323 may 
be traced as follows: battery, winding of 
relay 323, inner right-hand armature and 
back contact of relay 323, to ground at relay 
361. Relay 323, in operating, provides a 
locking circuit for itself as follows: battery, 
winding of relay 323, make-before-break 
contacts of this relay, inner left-hand arma 
ture and back contact of relay 324 to ground. 
The operation of relay 323 also connects bat 
tery to the winding of relay 303, causing 
this relay to operate as follows: battery, 
outer right-hand armature and front con 
tact of relay 323, winding of relay 303 to 
ground. The operation of relay 303 causes 
the operation of signals 304 and 305 from 
battery supplied at the outer left-hand arma 
ture and front contact of this relay, over 
an obvious circuit. The operation of relay 
323 also transfers the lead from ground at 
relay 361 to a circuit which is later used 
for the control of the functions of relay 
322 as will be presently described. It should 
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be noted that relay 323 in operating also 
establishes a busy potential on the sleeve 
of jack 314 from battery at its outer right 
hand armature and front contacts. In addi 
tion the operation of relay 323 closes at its 
outer left-hand armature and front contact. 
a circuit from ground at the make-before 
break contacts of relay 362 to the automatic 
exchange equipment for the conditioning of 
this equipment for extension of a call as 
follows: battery to the slow-to-release relay 
406, winding of this relay, armature and 
back contact of relay 407 lead 450, inner 
left-hand armature and back contact of relay 
325, outer left-hand armature and front con 
tact of relay 323 to ground at the make-be 
fore-break contacts of relay 362. This 
causes the operation of relay 406 which in 

60 turn causes the slow-to-release, relay 408 to 
operate over an obvious circuit and this re 
lay establishes an obvious energizing cir 
cuit for relay 411. At its inner right hand 
armature, relay 411 establishes a circuit for 
relay 407 which may be traced frein battery, 
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winding of relay 407, conductor 462 to 
ground over the front contact and inner 
light hand armature of relay 411. Relay 
407 in attracting its armature opens the 
original energizing circuit for relay 406 
which relay thereupon releases, removing the 
original ground from the winding of relay 
408 which, however, now remains operated 
in a circuit extending from battery through 
the winding of relay 408, armature and front 
contact of relay 407 to ground over lead 
450, outer left hand armature and back 
contact of relay 325, outer left hand arma 
ture and front contact of relay 322 to ground 

relay 
362. At its outer left hand armature, relay 
411 prepares a circuit for relay 414 and at 
its inner left hand armature prepares a cir 
cuit for relays 422 and 416. At its outer 
right hand armature, relay 411 prepares a 
circuit causing the start magnet 412 to op 
erate. This circuit extends from battery 
through winding of magnet 412, outer right 
hand armature and back contact of relay 
414, armature and back contact of relay 416 
to ground at outer right hand airmature and 
front contact of relay 411. Magnet 412 
causes the rotary magnet 418 to operate in 
an obvious circuit. The rotary magnet 418 
in operating causes the line switch F to 
start hunting for an idle district switch in 
a manner well known in the art. 
When an idle district switch such as is 

diagrammatically indicated at G is reached, 
the idle condition thereof being designated 
by the presence of battery on the test termi 
nal thereof, relay 422 operates in a circuit ex 
tending from battery, contacts of sequence. 
Switch spring 440, armature and back con 
tact of relay 425, terminal 420 and wiper 
421 of line switch F, front contact and in 
ner left hand armature of relay 411, both 
windings of relay 422 to ground through 
the winding of relay 416. Relay 422 in at 
tracting its armature short-circuits its own 
right hand winding thereby reducing the re 
sistance in the circuit just traced, sufficiently 
to permit marginal relav 416 to operate in 
series with relay 422. Relay 416 upon en 
ergizing causes cut-off relay 414 to energize 
in a circuit extending from battery winding 
of cut-off relay 414, front contact and arma 
ture of relay 416 to ground at the outer 
right hand armature and front contact of 
relay 411. Relay 414 in attracting its outer 
right hand armature opens the energizing 
circuit for magnet 412 whereupon this mag 
net restores, causing the rotary magnet 418 
to release. At its inner right hand armature 
relay 414 prepares a circuit for relay 427 for 
supervisory purposes which will hereinafter 
appear. In attracting its outer left hand 
armature, relay 414 locks up under the con 
trol of relay 411, and at its two inner arma 
tures 423 and 424 closes through the tip and 
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ring leads to corresponding terminals of 
with F for purposes hereinafter to be set 

forth. At its inner left hand armature, re 
lay 414 closes an energizing circuit for relay 
423 from battery, winding of relay 425, 
terminal 475 and wiper 441 of line switch 
F to ground at this inner left hand armature 
and front contact of relay 414. Relay 425 
in attracting its armature removes battery 
from the test terminal 420 of line switch F, 
whereupon relays 416 and 422 release, the former opening the original energizing cir 
cuit for relay 414 which, however, remains 
locked. . 

The operation of the control relay 425 of 
the selected district switch causes an idle 
sender to be selected in the well-known man 
ner whereupon relay 500 operates causing 
relay 501 to operate through intermediary 
relays (not shown) to cause a dialing signal 
to be given to the operator at 100 in the fol 

40 

lowing manner. Relay. 501 in operating 
places a ground on the tip conductor of the 
line switch F. This ground causes relay 
427 to operate in a circuit extending from 
batterythrough the winding of relay 427, 
inner right-hand armature and back con 
tact of relay 428, contacts 423 of relay 414, 
wiper 498 and contact 431 of switch F, low 
er left-hand contacts of sequence switch 
spring 480 (1-1-16), upper right-hand con 
tacts of said spring (234--10) to ground at 
the contacts of relay 501. Relay 427 in 
operating causes the ground at relay 411 to 
be connected to lead 451 which causes the 
operation of relay 326 as follows: battery, 
at outer right-hand armature and back con 
tact of relay 324, winding of relay 326, left 
hand armature and back contact of relay 
327, lead 451, armature and front contact of 
relay 427, inner right-hand armature and 
front contact of relay 411 to ground. This 
relay in operating provides a locking cir 
cuit for itself from battery at the relay 324 
in series with the winding of relay 327 and 
inner left hand armature and front contact 
of relay 326 to the ground at the inner left 
hand armature and back contact of relay 
324. Relay 327 does not, however, operate 
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at this time as it is short-circuited by ground 
on lead 451. The operation of relay 326 
causes the release of relay 328 by opening at 
its outer left-hand armature and back con 
tact an obvious energizing circuit for this 
relay. Relay 328, in releasing, causes the 
operation of relay 362 from battery, wind 
ing of relay 362, right-hand armature and 
back contact of relay 327, right-hand arma 
ture and back contact of relay 328 to ground. 
The operation of relay 362 removes the 
ground for the lead 450 at its make-before 
break contacts and connects this lead to 
ground at the armature and back contact of 
relay 329. Relay 329 is controlled from the 
receiving circuit equipment 350 which now 
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is in condition to control the automatic 
equipment for the reception of dialing im 
pulses. . . . . 

It should be noted also that relay 326 
causes a short impulse of current from the 
1000 cycle alternating current source inter 
rupted at the 40 cycle rate to be connected to 
the toll line 220, the outgoing toll line equip 
ment 200 and the cord circuit at 100 to 
cause the lamp 25 to become illuminated to 
indicate to the operator at 100 that the dial 
ing may begin. Before relay 328 which is 
slow to release has time to open its normal 
ly closed inner contact to ground, a circuit 
is completed from this ground to the right 
hand armature and front contact of relay 
326 for the operation of relay 345, causing 
this relay to be momentarily operated. The 
operation of relay 345 causes current from 
the 1000 cycle source interrupted at the 40 
cycle rate, to be connected to the line 220 
through its left-hand armatures and front 
contacts. A signal from this source is, there 
fore, received at the receiving circuit equip 
ment 250 over the following circuit: from 
the 1000 cycle current interrupted at the 40, 
cycle rate through the left-hand armatures 
and back contacts of relay 346, left-hand 
armatures and front contacts of relay 345, 
upper and lower armatures and inner back 
contacts of relay 320, toll line 220, upper 
and inner lower armatures and back con 
tacts of relay 222, upper and lower arma 
tures and inner back contact of relay 209 
to the primary winding of the input trans 
former 252. This impulse is effected 
through the receiving equipment 250, in 
the manner as heretofore described to cause 
the operation of relay 260, which in turn, 
causes the short-circuiting of relay 261. As 
relays 216 and 217 are locked up, a path is 
provided for the circuit from the ground 
at relay 261 to the mid-point of the wind 
ing of relay 202 and relay 261 will, there 
fore, in releasing apply a short-circuiting 
ground for the right-hand winding of relay 
202 and thereby cause the resistance in the 
sleeve circuit to be decreased. The marginal relay 152 is consequently operated to cause 
lamp 25 to be lighted in the following man 
ner: It will be remembered that relays 153 
and 154 are operated and the operation of 
relay 152 will, therefore, at this time cause 
the operation of relay 155 over the follow 
ing circuit: battery, right-hand winding of 
relay 155, armature and front contact of 
relay 154, almature and front contact of 
relay 152 to ground. Relay 155, in operat 
ing, provides a locking circuit for itself as 
follows:... battery, left-hand winding of re 
lay 155, left hand armature and front con 
tact of relay 155, armature and back contact 
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of relay 158, left-hand armature and front 
contact of relay 153, off-normal contacts 156 
of the operator's dial. 157 to ground. Re 30 
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lay 155 also completes the circuit for lam 
25 from battery, right-hand armature an 
front contact of relay 155, inner left-hand 
armature and front contact of relay 36, lamp 
25, make-before-break contacts of relay 42 
to ground. The lighting of lamp. 25 serves 
as an indication to the operator at 100 that 
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the dialing operations may begin. Another 
effect of the operation of relay 152 is the 
operation of relay 161 over the following 
circuit: battery, winding of relay 161, arma 
ture and back contact of relay 162, armature 
and front contact of relay 154, armature and 
front contact of relay 152 to ground. Relay 
161 now provides a locking circuit for itself 
in series with the winding of relay 162 as 
follows: battery, windings of relays 161 and 
162 in series, armature and front contact 
of relay 161, left-hand armature and front 
contact of relay 153 to the ground at the 
off-normal contact of relay 156. Relay 162, 
however, does not operate immediately, that 
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is, not as long as it is short circuited by the 
ground at the armature and front contact 
of relay 152. However, it will be remem 
bered that the impulse of 1000 cycle current 
interrupted at the 40 cycle rate is of short 
duration so that when it ceases and relay 
152 is released, this relay 162 operates and 
is locked up in series with relay 162 to 
ground at the off-normal contact 156. During the momentary operation of relay 
345 as described above, the signal current 
from the 1000 cycle source interrupted at 
the 40 cycle rate transmitted over the toll line to give the dialing signal is also trans 
mitted to the receiving circuit 350, causing 
the momentary release of relay 361. Al 
though the ground applied to the leads from 
the make-before-break of this relay is de 
layed as compared with the operation of 
relay 345, this ground, nevertheless, will be 
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applied in time to hold relay 322 operated, 
while relay 345 is operated as relay 322 is 
slow in releasing and consequently will be 
kept from releasing on the operation of re 
lay 345. The circuit for holding relay 322 
operated during the operation of relay 345 
is as follows: battery winding of relay 322, 
inner right-hand armature and front con 
tact of relay 323 to ground at the inner 
right-hand make-before-break contacts of re 
lay 361. The function of relay 322 in the subsequent operations of the circuit will be 
described later. 
Current from the 1000 cycle source in the 

dialing circuit 150 is now in position to be 

60 

connected to the receiving circuit 350 as a 
pulsing circuit. When therefore, the 
operator at 100 operates the dial 157 in ac 
cordance with the number of the desired 
line, the first action which takes place is 
the removal of ground at the off-normal 
contacts 156 from the locking circuit of re lay 155. As the original energizing circuit 
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for this relay was broken at the release of 
relay 152, this relay releases and thus causes 
the lamp 25 to be extinguished and it is ob 
vious that this lamp cannot be again operat 
ed by any operations on the part of the dial 
as relay 155 in releasing opens at its left 
hand armature and front contact the circuit 
leading from this relay to the ground at 
contacts 156. Relays 161 and 162 are also 
released at the operation of the dial from 
normal and cannot again be locked up ex 
cept through operations initiated by relay 
152 as will be hereinafter described. The 
second effect of the actuation of the dial 157 
in accordance with the number of the de 
sired line is that ground is connected to 
the winding of relay 163 from the off-nor 
mal contact 156 of the dial, causing the re 
lay 163 to operate over an obvious circuit. 
Relay 163 connects at its armature and front 
contact one lead from the 1000 cycle source 
to lead 42, which, as hereinbefore described, 
extends with lead 41 through the armatures 
and front contacts of relay 160 to the arma 
tures of relays 163 and 164. 
The pulsing contacts 157 of the dial open 

for each pulse during the return movement 
of the dial to normal and thereby cause 
the relay 164 to release over an obvious cir 
cuit and connect the other lead from the 1000 
cycle source to lead 42. In this manner 
pulses are transmitted to the distant end 
over the outgoing toll line equipment 200 
and the toll line 220 into the receiving cir 
cuit 350. Each pulse transmitted is equal 
in time to the open period of the pulse con 
tacts 157 of the dial. When, therefore, the 
1000 cycle pulses are received over the line 
from the outgoing end they are transmitted 
through the input transformer 352 to relay 
356 as hereinbefore described and cause this 
relay to operate and release at a rate cor 
responding to the rate of interruptions of 
the 1000 cycle current, thus connecting and 
disconnecting the ground at its armature to 
the circuit for relay 329 which in operating 
causes selecting operations to be performed 
by the automatic exchange equipment shown 
in Fig. 4. That is, the operation of relay 329 
disconnects the ground from lead 450 and 
relay 500 responds to the impulses. The cir 
cuit for this relay is as follows: battery, 
winding of pulsing relay 500, lower right 
hand contact of sequence switch spring 493 
(3-10%), upper left-hand contact of this 
sequence switch spring (1-1-16), contact 432 
and ring wiper 445 of line switch F, con 
tacts 424 of relay 414; back contact and outer 
right-hand armature of relay 428, armature 
and front contact of relay 407, lead 450, 
inner left-hand armature and back contact 
of relay 325, outer left-hand armature and 
front contact of relay 323, armature and 
front contact of relay 362, to ground at the 
armature of relay 329. When ground is 
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removed from relay,329 inaccordance with the interruptions of the dial contact, the 
round is also removed from the relay 408, E. this y remains operated during 

the dialing period owing to its slow releas 
ing characteristics. It should also be noted 
that due to the slow releasing characteris 
tics of relay 322 this relay will not be re 
leased on the repeated operation of relay 829 
during the dialing period as the time this 
relay operates for each impulse is governed 
by the speed of the dial in returning to nor: 
mal, and this speed is such that relay 164 
will only be released for periods suitable 
for accomplishing this result. 
To turn now to the operation of the auto 

matic exchange equipment when all the 
pulses are registered in the sender, ground 
is removed from the tip lead at relay 501, 
thereby causing relay 427 to release which 
in turn opens the circuit to ground over 
lead 451. This permits the operation of 
relay 327 in series with relay 326 from 
ground applied at the inner left-hand arma 
ture and back contact of relay 324. The 
operation of relay. 327 causes the relase of 
relay 362 which thereby causes the dialing 
lead 450 connected to ground at relay 329 to 
be broken at its left-hand armature and 
front contact and the ground at its make 
before-break contact is substituted therefor 
to maintain the sender relay 500 energized 
for the time being. 
When the wanted subscriber's line at 410 

is reached, a ground is connected at the con 
tact 429 from sequence switch contact 485 
to wiper 438 of the line finder switch F, whereupon relay 428 is operated in a circuit 
which may be traced from battery, winding 
of relay 428, contacts 437, contacts 439 of 
relay 414, wiper 438 and terminal 429, con 
tacts 485 to ground. Relay 428 locks up 
through its contacts 447 to ground under 
control of relay 414. At its inner right 
hand armature, relay 428 disconnects relay 
427 from the tip lead and at its inner left 
hand armature and front contact, connects 
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relay 427 to the wiper 438 of the line finder 
switch F to ground at 485. At its outer 
left-hand armature, relay 428 establishes a 
circuit for relay 330 which may be traced 
from battery, winding of relay 330, lead 
452, outer left-hand armature and front con 
tact of relay 428, conductor 462, and inner 
right-hand armature and front contact of 
relay 411 to ground. Relay 330 locks up 
over its inner lower armature and front con 
tact through lead 453 as it should be noted 
that this lead also received ground from the 
inner armature and front contact of relay 
411 over lead 462. The operation of relay 
330 performs no useful function at this time. 
The ground on lead 452 from relay 411 
causes the operation of relay 331 from bat 
tery, winding of relay 331 to ground on 
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conductor 452. The operation of relay 331 
connects the 1000 cycle source, interrupted 
at a 40 cycle rate, to the armatures of relay 
332 causing a short impulse to be sent out 
on the tip and ring leads but this impulse 
is not used on this type of connection and is therefore of no significance. The use in 
another type of connection will be described 
later. Relay 332 which is slow to release 
determines the length of this impulse and 
is released by the operation of the lower 
armature and back contact of relay 331 
The relays 330 and 332 therefore connect 
the tip and ring conductors from the auto 
matic equipment through to the toll line 
220 in a manner which it is considered re 
quires no further explanation. The ground 
on lead 452 also causes the operation of re 
lay 471 from battery, winding of relay 471 
make-before-break contacts of relay 471 to 
ground on lead 452. Relay 471 then locks 
up to ground on lead 453 and prepares a cir 
cuit for future ring or rering operations. 

If the wanted subscriber's line is idle, the 
ground connected at 429 now due to the 
operation of relay 428 causes the operation 
of relay 427 over the following circuit: 
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battery, winding of relay 427, inner left 
hand armature and front contact of relay 
428, contacts 439 of relay 414, wiper 438, 95 
contact 429 to ground at 485. The energiza 
tion of relay 427 again connects lead 451 
to ground causing the operation of relay 
845. Relay 345, in operating, again con 
nects the 1000 cycle current source, current 
from which is interrupted at the 40 cycle 
rate, to the toll line 220. The receiving cir 
cuit corresponding to this impulse again 
causes the release of relay 261 which ap 
plies a short-circuiting ground to the right 
hand winding of relay202. If this opera 
tion occurs before the dialing key is released, 
relays 153 and 154 are still operated so that 
when relay 152 responds, due to the decrease 
in resistance of the sleeve, the circuit for 
relay 155 is completed and lamp 25 is there 
fore lighted to indicate to the operator at 100 
that the called Subscriber is idle and that 
ringing operations may begin. 
When all the digits corresponding to the 

number of the desired line have been dialed, 
the operator at 100 ordinarily restores the 
dialing key 35 immediately and thereby re 
leases relays 36 and 37 but leaves relay 43 
energized for the time being. The release 
of relay 37 disconnects the dialing circuit 
150 from the operator's cord circuit by caus 
ing the release of relays 153 and 154. The 
release of relay 36 breaks the energizing cir 
cuit for relay 43, but this relay, being slow 
releasing, is provided with a holding cir 
cuit from the armature and front contact 
of relay 24 which operates in series with 
marginal relay 23 over the sleeve circuit as 
soon as relay 36 is deemergized and lamp 25 
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is, therefore, maintained energized as it re 
ceives battery from the armature and front 
contact of relay 23. 
As the operator at 100 is now connected 

through the automatic equipment to the 
wanted subscriber's line, she may signal the 
subscriber by the operation of key 34 and 
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the circuit functions in a manner similar to 
that described in connection with calls ex 
tended on the ring-down basis except as 
follows: . . . . . . . . . 
In this case, the automatic equipment at 

200 operates in response to the 20 cycle cur 
rent and ground from the source at the key 
34 to transmit over the line 220 a short im 
pulse of current from a 1000 cycle source 
followed by current from a 1000 cycle 
SOUce TE at the 20 cycle rate. The 
operation in this respect is as follows:- 
Upon the operation of relay. 208 an ener 

gang circuit is established for relay 226 
ir ombattery, winding of relay 226, right 
hand armature and front contact of relay 
217, left-hand armature and front contact of relay 208 to ground. Relay 226 in operating 
closes an obvious circuit for relay 209 and 
an impulse from the 1,000 cycle source is 
therefore transmitted over the line as fol 
lows: the 1,000 cycle source to the right 
hand armatures and back contacts of relay 
225, inner left-hand armature and front con 
tact and right-hand armature and front cont 
tact of relay 226 through the armatures and 
front contacts of relay 209 to the line 220. 
The operation of relay 226 also opens the 
obvious energized circuit for slow-to-release 
relay 227 which in releasing closes an ob 
vious energizing circuit for relay 225. Re 
lay 225 in operating removes at its right 
hand armatures and back contacts the cur 
rent from the 1,000 cycle source and con 
nects at these armatures and the correspond 
ing front contacts a 1,000 cycle source cur 
rent, which is interrupted at a 20 cycle 
rate, over a circuit that is considered as 
obvious. Current from this source will now 
remain on the line until the ringing key is 
released and relay 208 returns to normal 
causing the relays 226,227 and 225 to return 
to their normal positions. 
pulse of 1,000 cycle current transmitted over 
line 220 has the effect in the equipment at 
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300 of discontinuing the transmission of 
current from the 1,000 cycle source inter 
rupted at the 40 cycle rate which, it will be 
remembered, is transmitted to the line. 
through relay 345 that operated when the 
called subscriber's line was found idle; i.e., 
relay 356 is operated through the receiving 
equipment 350 as hereinbefore stated to 
cause the operation of relay 329 over an 
obvious circuit. The operation of relay 329 
closes a short circuit to ground for relay 822. 
which in releasing closes an obvious energiz 

The short im 

ing circuit for relay 346. Relay 346 in oper 
acing provides a locking circuit for itself 
through its inner right-hand armature and 
front contact, outer left-hand armature and 
back contact of relay 324 and make-before 
break contacts of relay 347 to ground. Re 
lay 346 also removes at its left-hand arma 
ture and back contact, current from the 
1,000 cycle source interrupted at the 40 cycle 
rate. This impulse of 1,000 cycle current is 
now followed by current from the 1,000 
cycle source which is interrupted at the 20 
cycle rate. This current is effective through 
the receiving circuit at 350 to cause the oper 
ation of relay 357 which in turn closes at its 
armature and contact a short circuit for 
relay 358 which in releasing closes at its 
make-before-break contact a circuit for relay 
347 as follows: battery, winding of relay 
347, inner left-hand armature and front 
contact of relay 326, make-before-break con 
tacts of relay 358 to ground. Relay 347 in 
operating transfers the locking circuit for 
relay 346 from the ground at its make 
before-break contacts to the ground at the 
make-before-break contacts of relay 358 so 
that relay 346 is maintained operated as long 
as the ringing key 34 is operated. Relay 347 
also closes at its right hand armature and 
front contact a circuit for relay 499 in the 
automatic equipment as follows: battery, 
winding of relay 499, sequence switch con 
tacts 494, terminal 496, wiper 497, right 
hand armature and front contact of relay 
471, lead 454, right-hand armature and front 
contact of relay 347 to ground. The opera 
tion of relay 499 causes the application of 
ringing current from the source 492 over 
this established connection to actuate the 
called subscriber's bell. 
When the called subscriber answers in re 
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sponse to the ringing signal by removing his 
receiver from the switchhook, ground is re 
moved from the contact 485 at the switch F, 
thereby opening the circuit for relay 427. 
Relay 427 in releasing, opens the circuit for 
relay 345 causing lamp 25 at the operator's 
position at 100 to be extinguished by the 
release of the marginal relay 23 as herein 
before described to indicate to the operator 
that the subscriber has answered. Conver 
sation may now begin between the subscriber 
at 10 and the subscriber at 410. 
At the termination of the conversation, 

the subscriber at 410 upon replacing the re 
ceiver on the switchhook again causes 
ground to be placed on the terminal 429 of 
switch F from contact. 485, thereby causing 
the energization of relay 427. Relay 427, in 
operating, causes ground from relay 411 to 
be connected to lead 451 causing the reener 
gization of relay 345 and the consequent ap 
plication of current to the toll line from the 
1,000 cycle source interrupted at the 40 cycle 
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rate. This, in turn, as hereinbefore de 
scribed, causes the Egg of lamp 25 by 
the energization of relay 23, . . . . 
The illumination of lamp 25 at this time 

serves as a disconnect signal to the operator 
at 100 and she proceeds to take down the 
connection by Willy plug 15 from is action, relays 
24, 23 and 202 are immediately released. 
The release of relay 24 causes the release 
of relay, 43 and the extinguishing of lamp 
25. The release of relay 202 causes a short 
signal from the 1,000 cycle source followed 
by a short signal from the 1,000 cycle source 
interrupted at the 40 cycle rate, to be sent 
to the incoming toll line equipment 300 and 
the restoration of the outgoing toll line 
equipment 200 to normal. 
is as follows: a circuit is closed for relay 
224 from battery, winding of relay 224, 
outer right-hand armature and front contact 
of relay 203, inner right-hand armature and 
back contact of relay 202 to ground. The 
operation of relay 224 connects the 1000 cy 
cle source, current from which is interrupted 
at the 40 cycle rate, to the front contacts 
associated with the right-hand armatures of 
relay 225. It also closes an obvious energiz 
ing circuit for relay 226. Relay 226, in op 
erating, connects at its inner left-hand arma 
ture and right-hand armature and front con 
tacts the 1,000 cycle current source normally 
connected at the right-hand armatures and 
back contacts of relay 225 to the front con 
tact associated with the armatures of relay 
209. This relay 226 also closes at its middle 
left-hand armature and front contact an ob 
vious energizing circuit for relay 209 and 
opens at its outer left-hand armature and 
back contact the obvious energizing circuit 
for relay 227. The operation of relay 209 
opens the tip and ring leads of the toll line 
and connects them through the armatures 
and front contacts to the 1,000 cycle source. 
Relay 227 which is slow in releasing closes 
after a short period the obvious energizing 
circuit for relay 225 which in operating 
transfers the leads to the outgoing toll line 
220 from the 1,000 cycle source to the 1,000 
cycle source, current from which is inter 
rupted at the 40 cycle rate. The operation 
of relay 225 also opens the energizing circuit 
for relay 223. Relay 223 which is slow to 
release opens after a short period the locking 
circuit for relays 216 and 217. These relays 
then release and cause the release of relay 

60 

203 which restores the busy signal 205 to nor 
mal and opens the energizing circuit for re 
lay 224. Relay 224 in relasing causes the re 
lease of relays 226 and 209, the reoperation of 
relay 227, the release of relay 225 and the 
reoperation of relay 223. This series of op 
erations cause as stated an impulse of 1,000 
cycle current followed by an impulse of 1000 

This procedure. 
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cycle current interrupted at the 40 cycle rate as 
to be sent out over the toll line 220 to the in 
coming equipment 300. The impulse of 1000 
cycle current causes the operation of relay 
356 in the receiving equipment 350 and the 
consequent operation of relay 329, which in 70 
turn, short-circuits, the winding of relay 322 
by closing a circuit to ground at its armature 
and front contact. Relay 322, in releasing 
closes an energizing circuit for relay 346 
which operates and locks up to ground at 75 
the make-before-break contacts of relay 347 
over the following circuit: battery, wind 
ing of relay 346, inner right-hand armature 
and front contact of relay 346, outer left 
hand armature and back contact of rela 
324, make-before-break contact of relay 34 
to ground. The operation of relay 346 opens 
at its left-hand armature and back contact 
the leads from the 1000 E. Source current 
from which is interrupted at the 40 cycle 
rate, and thus discontinues the application 
of current from this source to the line. In 
other words, a signal of a steady current 
from the 1000 cycle source incoming over 
the toll line prepares the receiving equip 
ment 300 for the reception of a distinctive 
disconnect signal of the same character as 
the outgoing disconnect signal present on 
the line. The impulse of 1000 cycle current 
interrupted at the 40 cycle rate that immedi 
ately follows causes the release of relay 261, 
which in releasing, closes a circuit for relay 348 as follows: Ey. winding of relay 
348, outer right-hand armature and front 
contact of relay 346, outer right-hand make 
before-break contacts of relay 361 to ground. 
Relay 348 operates and locks up in series 
with the left-hand winding of relay 324 to 
the ground at the outer left-hand armature 
and front contact of relay 323. Relay 324 
does not operate immediately due to the 
short circuiting ground at the make-before 
break contact of relay 361, but as soon as the 
impulse of 1,000 cycle current interrupted 
at the 40 cycle rate ceases relay 361 operates 
and relay 324 is operated first on its left 
hand winding in series with relay 348 and 
then locked up on its right-hand winding to 
the ground on lead 451. The locking circuit 
for relay 324 may be traced as follows: bat 
tery, right-handwinding of relay 324, inner 
right-hand armature and front contact of 
this relay, lead 451, armature and front con 
tact of relay 427, inner right-hand armature 
and front contact of relay 411 to ground. 
Relay 324 in operating opens at its inner 
left-hand armature and front contact, lock 
ing circuit for relay 323 and in addition at 
its outer right-hand armature and back con 
tact the circuit for relays 327 and 326. Re 
lay 327 in releasing opens the circuit of re 
lay 345 while relay 326 in releasing causes 
the reoperation of relay 328 which thus pre 
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vents the operation of relay 362. Relay, 323 
in operating releases relay 348 by breaking 
its energizing circuit in series with the left 
hand winding of relay 324, through its outer 
left-hand armature and front contact. Re lay 323 in releasing also opens at its middle 
left-hand armature and front contact a 
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ground connection for lead 450 so that relay 
408 releases after an interval and opens the 
energizing circuit for relay 411. Relay 411 
in retracting its outer left-hand armature, 
opens the locking circuit for relay 414 which 
relay thereupon releases. At its inner right. 
hand armature relay 411 disconnects ground 
from the windings of relays 407 and 41 
whereupon these relays release. Relay. 471, 
in releasing, opens the normal energizing 
circuit for relay 499. The restoration of the 
automatic equipment now takes place in the 
manner well known in the art. 

If, in the course of completion of the con 
nection by the automatic exchange equip 
ment all trunks for extending the connection 
are found busy, intermittent ground is con 
nected to the terminal 429, from an inter 
rupter such as 483 or any other suitable 
means, at a certain rate, for example, 60 in 
terruptions per minute. The first impulse 
to ground will operate relay 428 and the 

3U following ground operate relay 427 which 

AO 

thereafter will be interrupted at the corre 
sponding rate to alternately close and open 
the circuit for relay 345. This relay will 
consequently alternately connect and discon 
nect the source of 1000 cycles interrupted at 
a 40 cycle rate to the toll line 220 and the 
lamp 25 will therefore be intermittently 
lighted at 60 interruptions per minute in a 
manner which is believed to be obvious. The 
flashing of this lamp indicates to the op 
erator that all trunks are busy. However, 
there is a slight difference in the operation 
of the relays in the dialing circuit 150 in 
this case from previous operations in that 

5 when the first impulse is received to cause 
the operation of relay 152, ground at this 
relay causes the operation of relays 155 and 
161 and when this impulse ceases, relay 155 
is locked up to ground at the off-normal con 
tacts 156 of dial 157, while relay 162 oper 
ates and locks up in series with relay 161 to 
the off-normal contacts 156. In order to free 
relay 155 from this locking circuit and cause 
it to respond to succeeding impulses and 
thus cause the flashing of lamp. 25, relay 158 
is provided. It will be noted that on the 
second impulse, causing the operation of 

- relay 152, the relay 158 is operated through 
60 

the armature and front contact of relay 162 
and as it is slow to release as compared with 
relay 155, the locking circuit for relay 155 
will not be closed when the second impulse 
ceases and relay 152 is released. Consequent 
ly, relays 155 and 158 will respond each time 

an impulse is received and thus cause lamp 
25 to be flashed accordingly. 
In the same manner if the called sub 

scriber is found busy, ground will be con 
nected to the terminal 429 at a different rate, such as will produce, for example, 120 im 
pulses per minute from an interrupter such 
as 484 and the flashing of the lamp at this 
rate will indicate to the operator that the 
wanted subscriber's line is busy. 

It should also be noted that lamp 25 may 
be flashed by the called subscriber at the 
rate at which his switchhook is moved up 
and down during the talking period. Relay. 
345 is operated when the switchhook is down 
and released when the switchhook is up. 

If the operator at 100 desires to rerin 
the called subscriber after he has replace 
his receiver on the switchhook, she operates 
the ringing key 34 and the circuits function 
in exactly the same manner as when the 
wanted subscriber was first called, that is, 
the impulse of steady current from the 1000 
cycle source causes the operation of relay 
329, the release of relay 322 and operation 
of relay 346 which disconnects the sending 
of current from the 1000 cycle source, inter 
rupted at the 40 cycle rate, to the outgoing 
equipment and the cord circuit at 100 where 
such current, as has hereinbefore been de 
scribed, maintains the lamp 25 lighted as a 
disconnect signal. Should the 1000 cycle 
impulse be of such short duration that relay 
322 which is slow-to-release not release as 
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described above its release is insured by 
same incoming 1000 cycle impulse upsetting 
the operation of relay 360. This will permit 
relay (361) to operate and in this way re 
lease relay (322) by removing ground from 
its winding. The impulse of 1000 cycle cur 
rent interrupted at the 20 cycle rate that foll 
lows the steady impulse of 1000 cycle cur 
rent is now received through the equipment 
350 and causes the release of relay 358. A 
ground from this relay causes the operation 
of relay 347, which in turn, applies ground 
to the lead 454 and the circuit for relay 499. 
The operation of relay 499 causes the appli 
cation of ringing current from the source 
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492 to the established connection to resignal 
the wanted subscriber. Relay 347 in operat 
ing also removes the holding ground for re 
lay 346 at its make-before-break contact and 
transfers this holding circuit for relay 346 
to the ground at relay 358. When therefore 
relay 358 is again released as the impulse of 
1000 cycle current interrupted at the 20 
cycle rate ceases, the holding circuit for re 
lays 346 and 347 is opened causing these 
relays to release as relay 346 is faster in re 
leasing than relay 347. It will be seen there 
fore that 1000 cycle current, interrupted at 
40 cycles will be again transmitted over 
the line to light lamp 25 when the reringing 
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signal ceases and this signal will remain on 
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the line until the called subscriber answers 
the second time when it is extinguished as 
hereinbefore described. 
In case an automatic call extended from 

the automatic equipment is not intended for 
a subscriber, such as the one connected at 
410, but for a subscriber that may be 
reached through the medium of another toll 
line, i. e. if a terminal bank, for example, 
the one represented by terminals 510, is 
reached by the brushes of the switch 511 and 
these terminals are connected to a toll line 
leading to another distant exchange and a 
subscriber in another exchange is the one de 
sired, the automatic equipment at Fig. 4 
will then merely serve for a so-called 
through connection. The equipments asso 
ciated with this second toll line may be 
identical with that shown in Figs. 2 and 3 
which may also serve for a through con 
nection and would in that case be reached 
from a switch such as 275 making contact 
with terminals 276 of this toll line. 
The operator at 100 will, in the case of 

a through connection not only dial a number 
that will bring the connection up to the ter 
minals 510, but also an additional number 
for the desired subscriber in the second au 
tomatic exchange. The first function after 
the connection has been extended to termi 
nals 510 in response to the first number, 
will then be the transmission over the second 
toll line for a short period of current from 
the 1000 cycle alternating current source in 
terrupted at a 40 cycle rate as has herein 
before been described at the operation of 
relay 331. This short application of current 
conditions the second distant exchange for 
receiving impulses from the operator at 100 
representing the second number and it can 
be seen that as previously described when 
relay 332 operated the talking leads 455 
and 456 will be extended to the toll line 220 
at the upp 

are then also, of course, connected over the 
second toll line to a second distant exchange 
upon receipt of a signal indication from the 
distant toll line equipment to indicate that 
the second number may be sent in the same 
manner as hereinbefore described in connec 
tion with the extension of a callets an auto matic subscriber through the equipment at 
300 and Fig. 4. The operator at 100 may 
now therefore proceed in dialing the second 
number and the procedure will be the same 
as has already been described in connection 
with the extension of a call to the subscriber 
at 410. It should be stated that a relay 
similar to relay 222 is operated to discon 
nect the corresponding outgoing toll line 
equipment such as that shown at 200 from 
the second toll line. No further description 

er and lower make-before-break 
contacts of relay 332. Leads 455 and 456 
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need be made as the following functions are 
exactly the same at the second distant ex 
change as has been previously described in 
connection with a call over the toll line 220. 
It is, therefore, seen that the toll line equip ment as arranged in accordance with this 
invention may be utilized for through auto 
matic connections as well as terminatin 
automatic terminating manual or throug 
manual connections. -- 

It now only remains to consider one more 
type of connections that may be extended by 
the use of this toll line equipment, namely 
a call intended for what is commonly known 
as an "out-delayed' operator, i.e., an op 
erator having equipment arranged in a man 
ner similar to the operator at 310 only that 
this operator is reached by having the op 
erator at 100 dial a certain number of spe 
cial code. In this case the operator at 100 
proceeds in the same manner as when dial 
ing for an automatic subscriber such as the 
one located at 410 only instead of reaching 
subscribers' line terminals she will be con 
nected to terminals such as 515, connected durectly to a ground and battery. This bat 
tery and ground is transmitted back over the 
line and will cause the operation of relay 
516. Relay 516 in operating causes ground 
to be connected to lead 457 resulting in the 
operation of relays 325 and 341 over the fol 
lowing circuit: battery, left-hand winding 
of relay 325, lead 457 to ground at relay 
516 for the energization of relay 325 and 
battery to the left-hand winding of relay 
341, lead 457 to the ground at relay 516 for 
the energization of relay 341. Relay 341 
provides a locking circuit for itself from 
battery, through the right-hand winding of 
this relay and its right-hand armature and 
front contact to ground at the inner upper 
arnature and back contact of relay 342. 
This relay 341 at its left-hand armature and 
front contact closes an obvious circuit for 
the signal 343 which is thereby operated and 
indicates to the “out-delayed' operator that 
a connection is desired by the line associated 
with jack 344. Relay 325 provides a lock 
ing circuit for itself from battery, through 
its right-hand winding and inner right-hand 
armature and front contact to ground at the 
inner left-hand armature and back contact 
of relay 324. This relay 325 also prepares 
a locking circuit for relay 349, the purpose 
of which will be hereinafter described and 
at its iner left-hand armature and back con 
tact removes the ground connection at relay 
362 for lead 450 which causes the automatic 
equipment in Fig. 4 to be released to normal 
as hereinbefore described. When the “out 
delayed' operator in answer to the lighting 
of lamp 343 inserts the plug of her cord cir 
cuit into jack 344, relay 342 is operated in 
the Well known manner and the operation 
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of this relay opens the locking circuit for 
relay 341 which is thereby released and 
causes the lamp 343 to be extinguished. Re 
lay 342 in operating also closes an obvious 
circuit for relay 349 which now operates and 
locks to the ground at relay 324 over its 
inner left-hand armature and front contact 
and outer right-hand armature and front 

O 
contact of relay 325 winding of relay 349 
to battery. Relay 342 also disconnects, the 
tip and ring leads to jack 314 from the line, 
whereas relay 849 causes the operation of 

... relay 303 over an obvious circuit. The op 
15 

described. The connection between the op 
is now completed and conversation may take 

20 
connection the operator at 100 ma 

eration of relay 303 causes the operation of 
busy signals 304 and 305 as hereinbefore 
erator at 100 and the “out-delayed' operator 

place. . . . . - . . . . . . . . . . 
. It should be noted that in the event the 

send 
supervisory signals to this operator's cord 

25 circuit by virtue of the operation of relay 303 or through the connection completed at 
... the outer left-handarmature and front con 

tact of relay 325 by operations as herein 
before described that will result in the re 
lease of relay. 358, that is, relay 340 will be 

30 operated over a circuit as follows: battery, 
winding of relay 340, outer left-hand arma 

. ture and front contact of relay 325, right 
... hand armature and front contact of relay 

40 

: 3 to ground if relay 323 is operated when 
relay 358 is released as relay 347 is then 
energized, or from battery at relay 340 
through the inner left-hand armature and 
front contact of relay 303 inner, left-hand 
armature and back contact of relay 323 if 
released at this time to ground at relay 358. 
The operation of relay 340 as hereinbefore 
described, connected current from the 20 

45 

cycle source and ground to the tip and ring 
the supervisory lamp in the operator's cord 

... circuit at 311 to light. . . 

sires to recall the operator at 100 she may 
50 

do so by moving her plugin and out of jack 
344, thus causing the momentary release of 
relay 342 which will then complete a circuit : for relay 326 from battery, winding of relay 
345, inner left-hand armature and front con 
tact of relay 345, inner right-hand armature 

55 and front contact of relay 349 inner lower 
armature and back contact of relay 342 to ground. The operation of relay. 345 will 

60 

then, as hereinbefore described, connect cur rent from the 1000 cycle source, interrupted 
at the 40 cycle rate and cause the flashing of 
lamp 25 at 100 at the rate at which the “out-delayed' operator plugs in and out of 
jack 344. If the “out-delayed operator de 
sires to break the connection she removes her 
plug from jack 344. This causes lamp 25 

of subscribers 

station, si 
end of the line responsive to said alternating 
currents to indicate that the subscribers 

I end. . . . 
3. In 

to be maintained lighted to serve as a desig 
nation for the operator 100 to disconnect 
which she proceeds to do as hereinbefore 
described. 
What is claimed is: 
1. In a telephone system, the combination 

of subscribers’ stations with a toll line termi 
nating in means for extending the line auto 
matically to a subscriber's station, means at 
the terminating end of said line for trans 
mitting back over the line high frequency 
alternating currents periodically at a certain 
rate actuated when an automatic connection 
has been extended to a subscriber's station, signaling means at the originating end of the 
line responsive to said alternating currents 
to indicate that the subscriber's station has 
been reached, means at the originating end for transmitting over said line a call signal, 
signaling means at the terminating end for “out-delayed operator is used in through calling the connected subscriber's station, means at the terminating end responsive to 
said call signal for discontinuing the trans 
mission of alternating currents to the origi nating end and thenactuating the signaling 
means at this end of the line, and means for continuing the transmission of alternating 
currents to the originating end when the cail signal ceases. 

2. In a telephone system, the combination 
stations with a toll line termi 

nating in means for extending the line auto 
matically to a subscriber's station, means at 
the terminating end of said line for trans 
mitting back over the line high frequency 
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100 
alternating currents periodically at a cer. 
tain, rate actuated when in automatic con 
nection has been extended to a subscriber's aling means at the originating 

station has been reached, means at the origi nating end for transmitting over said linea leads connected through jack 344 to cause call signal, signaling means at the terminat 
ing end for ciling the connected subscriber's 

. . . . . . . . . . . station, means at the terminating end re In case the “out-delayed' operator de sponsive to said call signal for discontinu 
ing the transmission of alternating currents 
to the originating end and then actuating 
the signaling means at this end of the line 
means for continuing the transmission of 
alternating currents to the originating end 
when the call signal ceases, and means actu 
ated when the subscriber at the called station 
answers for discontinuing the transmission 
of alternating currents to the originating 
- a telephone syster, the combination 
of subscribers' stations with a toll line ter 
minating in means for extending the line 
automatically to a subscriber's station, 
means: at the terminating end of said line 
for transmitting back over the line high 
frequency alternating currents periodically 
at a certain rate actuated when an automatic 
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connection has been extended to a subscrib 
er's station, signaling means at the originat: 
ing end of the line responsive to said alter 
nating currents to indicate that the Sub 
scriber's station has been reached, means at 
the originating end for transmitting over 
said line a call signal comprising alternat: 
ing currents of the same frequency applied 
periodically at different rates, signaling 
means at the terminating end for calling the 
connected subscriber's station, means at the 
terminating end responsive to said call sig 
nal for discontinuing the transmission of al 
ternating currents to the originating end 
and then actuating the signaling means at 
this end of the line, means for continuing 
the transmission of alternating currents to 
the originating end when the call sign 
ceases, and means actuated when the sub 
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scriber at the called station answers for dis 
continuing the transmission of alternating 
currents to the originating end. 

4. In a telephone system, the combina 
tion of subscribers' stations with a toll line 
terminating in means for extending the line 
automatically to a subscriber's station, means 
at the terminating end of said line for 
transmitting back over the line high fre 
quency alternating currents periodically at 
a certain rate actuated when an automatic 
connection has been extended to a subscrib 
er's station, signaling means at the originat 
ing end of the line responsive to said al 
ternating current to indicate that the sub 
scriber's station has been reached, means at 
the originating end for transmitting over 
said line a callsignal comprising an impulse 
of alternating current of the same fre 
quency followed by impulses of the same fre 
quency applied at a different rate, means at 
the terminating end responsive to the sig 
nal impulse of the callsignal for discon 
tinuing the transmission of the alternating 
current to the originating end, signaling 
means at the terminating end responsive to 
the remainder of the call signal for calling 
the subscriber at the connected substation, 
means for continuing the transmission of 
alternating currents to the originating end 
when the call signal ceases, and means 
actuated when the subscriber at the called 
station answers for discontinuing the trans 
mission of alternating current to the origi 
nating end. 

5. In a telephone system, the combination 
of substations with a toll line terminating 
in means for extending it automatically to a 
subscriber's station, means at the terminat 
ing end of said line for transmitting back 
over the line high frequency alternating 
currents periodically at a certain rate actu 
ated when an automatically connected sub 
scriber hangs up his receiver, signaling 
means at the originating end responsive to 
said alternating currents, means at the orig 

al 
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inating end for transmitting over said line 
a disconnect signal, means at the terminat 
ing end responsive to said signal for dis 
continuing the transmission of alternating 
currents to the originating end and then re 
storing the automatic means to normal. 

6. In a telephone system, the combination 
of substations with a toll line terminating in 
means for extending it automatically to a 
subscriber's station, means at the terminat 
ing end of said line for transmitting back 
Over the line high frequency alternating cur 
lents periodically at a certain rate actuated 
when an automatically connected subscriber 
hangs up his receiver, signaling means at 
the originating end responsive to said al 
ternating currents, means at the originating 
end for transmitting over the line a signal 
comprising an impulse of alternating cur 
rent of the same frequency followed by im 
pulses of the same frequency applied at the 
Same rate, means at the terminating end 
responsive to the single impulse for dis 
continuing the transmission of the alternat 
ing current to the originating end, and 
means at the terminating end responsive to 
the remainder of the signal for restoring the 
automatic means to normal. 

7. In a telephone system, the combination 
of substations with a toll line terminating in 
means for extending it automatically to a 
subscriber's station, means at the terminat 
ring end of the toll line for transmitting 
back over the line high frequency alternating 
currents interrupted at a certain rate in 
groups of such impulses at various inter 
vals actuated when an automatic connection 
cannot be completed either due to a busy 
condition of the chosen path to the wanted 
subscriber's station at which time the groups 
of impulses are transmitted at certain inter 
vals or due to the busy condition of the 
wanted subscriber's station itself at which 
time the groups of impulses are transmitted 
at certain other intervals, signaling means 
at the originating end responsive to said 
alternating current in a distinctive manner 
to either of said busy conditions, means at 
the originating end for transmitting over 
said line a signal, and means at the terminat 
ing end responsive to said signal for dis 
continuing the transmission of alternating 
current to the originating end and then re 
storing the automatic means to normal. 

8. In a telephone system, the combination 
of substations with a toll line terminating 
in means for extending it automatically to 
a subscriber's station, means at the terminat 
ing end of said line for transmitting back 
over the line high frequency alternating cur 
rents interrupted at a certain rate in groups 
of such impulses at various intervals actuat 
ed when an automatic connection cannot be 
completed either due to a busy condition 
of the chosen path to the wanted subscriber's 
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station at which time the groups of impulses 
are transmitted at certain intervals or due 
to the busy condition of the wanted sub 
scriber's station itself at which time the 
groups, of impulses are transmitted at cer 
tain other intervals, signaling means at the 
terminating end responsive to said alter 
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nating currents in a distinctive manner to 
either of said busy conditions, means at the 
originating end for transmitting over the 
line a signal comprising an impulse of alter 
nating currents of the same frequency fol 
lowed by alternating currents the same 
frequency interrupted at the same rate, 
means at the terminating end responsive to 
the single impulse for discontinuing the 
transmission of the alternating end, and 
means at the terminating end responsive to 
the remainder of the signal for restoring the 
automatic means to normal. 

9. In a telephone system, the combination 
of subscribers' stations, a toll line terminat 
ing in means for extending the line auto 
matically to a substation, means at the ter 
minating end of said line for transmitting 
back over the line high frequency alternat 
ing currents periodically at a certain rate 
actuated when a subscriber at an automati 
cally connected station hangs up his receiver, signaling means at the originating end re 
sponsive to said alternating currents, means 
at the originating end for transmitting over 
said linea call signal, signaling means at 
the terminating end for calling said sub 
scriber's station, means at the terminating 
end of the line responsive to said call sig 
mal for discontinuing the transmission of al 
ternating current and then actuating the 
signaling means at this end of the line, means 

7 

for continuing the transmission of alternat 
ing current to the originating end when the 

40 

call signal ceases, and means actuated when 
the subscriber answers the second time for 
discontinuing the transmission of alternating 
current to the originating end. 

10. In a telephone system, the combination 
of subscribers stations, a toll line terminat 
ing in means for extending the line auto 
matically to a substation, means at the ter 
minating end of said line for transmitting : 
back over the line high frequency alternating 
currents periodically at a certain rate ac 
tuated when a subscriber at an automatically 
connected station hangs up his receiver, sig 
naling means at the originating end respon 
sive to said alternating current, means at 
the originating end for transmitting over 
said line a call signal comprising an impulse 
of alternating current of the same frequency 
followed by impulses of the same frequency 
applied at a different rate, means at the ter 
minating end of said line responsive to the 
single impulse of the called signal for dis 
continuing the transmission of the alternat 
ing currents to the originating end, signal 
ing means at the terminating end responsive 
to the remainder of the call signal for call 
ing the subscriber at the connected station, 
means for continuing the transmission of 
alternating current to the originating end 
when the call signal ceases, and means actu 
ated when the subscriber answers a second 
time for discontinuing the transmission of 
alternating currents to the originating end. 
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In witness whereof, I hereunto subscribe 75 
my name this 9th day of December, A. D. 
1924. 

PAUL B. MURPHY. 


