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This invention relates to signaling Systems and 
particularly to telephone systems arranged for 
voice frequency signaling. 

Objects of the invention are the improvement 
of signaling systems in which signals consist of 
current impulses of each of a plurality of fre 

, quencies in succession and the provision of a 
simple, efficient and dependable signal transmit 
ting arrangement for such systems. .. . 
The invention is a signaling System in which 

signals consist of a plurality of alternating cur 
rent impulses in succession, each impulse of a 
different frequency, and in which an enablement 
orgate-opener signal consisting of an impulse of 
current of one frequency followed by an impulse 
of current of another frequency is transmitted 
to enable response to selective or supervisory 
signals consisting of current of a third frequency. 
A feature of the invention is the provision of two 
delay networks in the signal transmitter of such 
a System to control the transmission of the two 
impulses of current which constitute an enable 
ment of signal, one of the networks being effec 
tive to measure the interval for the first impulse 
of the enablement signal and the other network 
being effective to measure the interval for the 
Second impulse of the enablement signal. 
A clear and complete description of the inven 

tion will be facilitated by considering a System 
arranged in accordance with the invention and 
its various features, one such system being shown 
in the drawings which forms a part of this speci 
fication. The invention is, however, not limited 
in its application to the system shown in the 
drawings but is generally applicable to signaling 
systems in which signals are transmitted by cur 
rent of each of a plurality of frequencies in suc 
cession. 

Referring to the drawings: 
Figs. 1 and 2 represent in a toll office of a tele 

phone System, an operator's position OP, an out 
going trunk circuit OT, a two-way trunk circuit 
TWT, a toll route selector TS, a toll line circuit 
TLC, a signal transmitter circuit. ST and a sig 
nal receiver circuit SR all associated with an 
intertoll trunk line L. Fig. further shows 
an incoming trunk circuit Ti; and 

Fig. 3 shows a second toll line circuit TLC2, a 
signal transmitter ST2 and a signal receiver SR2 
associated with an intertoll trunk line TL2. 
The system represented in the drawings in 

cludes a plurality of toll offices, each of which 
comprises operators' positions with cords, for an 
swering calls incoming from local manual or dial 

offices, from toll subscribers' lines, from com 
munity dial offices, and from other toll offices; 
and for extending incoming calls to switching 
trunks leading to called manual and dial local 
offices, to trunks to community dial offices, to 
intertoll trunks, and to toll subscribers' lines. 
Answering jacks are directly connected to re 
cording trunks, toll subscribers lines, trunks from 
community dial offices and intertoll trunks. 
Outgoing jacks are connected to switching trunks, 
toll lines, trunks to community dial offices and 
intertoll trunks. Toll route Selectors and auxil 
iary toll route selectors are provided in one or 
more of the offices for use on calls incoming over 
intertoll trunks to establish connections with 
called toll, local, or community dial offices. --The 
operators' positions are provided with dials for 
use in controlling the operation of incoming and 
auxiliary toll route selectors in other toll offices 
and for controlling the operation of selector and 
connector switches in local or community dial 
offices. Reference may be had to the patent to 
R. E. King et al., No. 2,209,777, granted July 30, 
1940, for a disclosure of such a system in which 
composite signaling circuits are provided for the 
transmission of signals over the intertoll trunks 
between the various toll offices. 
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The operators' position equipment including 
the telephone, dial and cords, the outgoing trunk 
circuit OTf, two-way circuit TWT, toll route 
selector TS, and incoming trunk circuit IT may 
be similar to like circuits disclosed in the afore 
mentioned patents to R. E. King etal. The sig 
nal receiver SR may be similar to that disclosed 
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in the copending application of N. D. Newby et al., 
Ser. No. 499,186, filed Aug. 19, 1943. v 
The toll line circuit TLC comprises a repeat 

ing coil 22, a directionally selective coil 2, and 
a cut-off relay 20 for disconnecting the talking 
conductors of the outgoing trunk circuit OT 
from, and connecting the associated signal trans 
mitter ST to, the intertoll trunk line TL. The 
directionally selective coils 2f transmit signal 
ing current incoming over toll line TL through 

45 

50 

conductors 2 fa and 24 to the signal receiver SRf 
without substantial attenuation and transmit 
voice currents and signaling current from signal 
transmitter ST? to the repeating coil 22 without 
substantial attenuation. But the coils 2 pre 
vent any substantial portion of the signal energy 
transmitted by the transmitter ST from passing 
into the signal receiver SR, thereby to prevent 
false operations and to prevent interference with 
the response of the signal receiver SR to incom 
ing signals, 



2 
The signal transmitter ST comprises signal re 

lays 230 and 23f operatively controlled by relay 
O of the outgoing trunk circuit OT?, relays 232 

and 234 controlled by relay 23, relays 240, 24 f, 
250 and 25f controlled by relay 230, relay 260 
jointly controlled by relays 234, 24 and 25A, two 
delay networks N and N2, and a transformer 236 
through which impulses of current of each of three 
signaling frequencies are transmitted under the 
direct control of relays 232, 240,250 and 26C. The 
upper winding of relay 232 is normally connected 
in series with condenser 233; and, when relay 23 
operates, condenser 233 charges through the lower 
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winding of relay 232 to effect the operation of 
relay 232 for a desired interval of time. The net 
Work N delays the response of relays 240 and 24 
to each operation and each release of relay 230 
for a predetermined desired interval of time, and 
the network N2 further delays the response of 
relays 250 and 25 for a desired predetermined in 
terval of time, thereby to measure the intervals 
during which impulses of current of each of the 
Various frequencies are transmitted. The value 
of such delay networks is in the independence of 
the delay interval from variations of battery po 
tentials and variations in pulsing speed. These 
are low pass filters and the pulsing frequency is 
less than the cut-off frequencies of the filters. 
With this type of delay circuit the delay may be 
greater than the time between pulses if required. 
Relays 230, 240 and 250 are polarized relays each 
having a biasing winding and one or two operat 
ing Windings. The contacts are shown in normal 
position, and each of these relays is referred to 
herein as being released when the contacts are in 
this position. Relays 232 and 260 control the cir 
cuit for operating the cutoff relay 20 of the toll 
line circuit. Each of the sources of signaling 
current G, G2 and G3 may be a vacuum tube 
oscillator or other known source of current of de 
sired frequency. _ ??????""" 

The signal transmitter ST is arranged to 
transmit seizure, Selective, ringing and disconnect 
signals on calls outgoing over trunk line TL, and 
to transmit off-hook, all-trunks busy, called-line 
busy, on-hook and disconnect-acknowledgement 
signals on incoming calls. A seizure signal con 
sists of an impulse of current of frequency f. foll 
lowed by an impulse of current of frequency f2. 
A train of dial impulse signals is preceded by an 
enablement signal consisting of an impulse of 
current of frequency f2 followed by an impulse of 
Current of frequency f. Each dial impulse of 
the train is transmitted by current of frequency 
f3; and current of frequency f is transmitted at 
the end of each dial impulse until the next dial 
impulse begins or for a predetermined interval 
following the last dial impulse of a train. A ring 
ing signal consists of the enablement signal fol 
lowed successively by animpulse of current offre 
quency f. and an impulse of current of frequency 
ff, the same as for a single dial impulse. A dis 
connect signal consists of the enablement signal 
followed by a relatively long impulse of current of 
frequency f. and differs from a single dial im 
pulse signal in that the current of frequency f2 is 
not followed by current of frequency ff. An off 
hook signal, transmitted when an incoming call 
is answered, is similar to a seizure signal on an 
outgoing call. An On-hook signal is similar to a 
disconnect signal. An all-trunks-busy or called 
line-busy condition effects the alternate trans 
mission of off-hook and on-hook signals. 
Assume now that relay f of trunk circuit OT 

has operated responsive to insertion of the calling is 
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plug CP of a cord CD into jack J in the manner 
described in the aforementioned King et al. pat 
ent. The operation of relay O closes a circuit 
through conductor 5 for operating relays 230 
and 23 of signal transmitter ST. The operation 
of relay 23 closes a circuit for charging condenser 
233 and operatively energizing the lower winding 
of relay 232. The operation of relay 232 causes 
the operation of relay 234 and the release of cut 
off relay 20 of line circuit TLC, thereby to con 
nect the transformer 236 to the toll line TL. 
The operation of relay 232 closes a circuit from 
signaling current source Gif, through the left con 
tacts of relays 240 and 250, left winding of trans 
former 236, to ground at a front contact of relay 
232, thereby transmitting current of frequency fi 
through transformer 236 and coils 2 and 22 to 
toll line TL. The operation of relay 239 opens 
the normally closed circuit through the lower 
windings of relays 240 and 250 and closes the 
circuit through the middle winding of relay 24, 
winding of relay 24, middle winding of relay 250 
and winding of relay 25. The delay network Ni 
delays the response of relays 240 and 24 to the 
operation of relay 230 for about .025 second after 
the operation of relay 232, the operation of relay 
240 being effective to connect the signaling cur 
rent source G2 to the lower winding of trans 
former 236 in place of source G. , thus ending the 
transmission of current of frequency ff and 
initiating the transmission of current of fre 
quency f2. The upper winding of relay 250 is 
normally energized under the control of relay 260; 
and as long as this Winding is energized, the con 
tacts of relay 250 are held in normal position. 
The networks N and N2 delay the response of 
relay 25 to the operation of relay 230 by the 
seizure signal and delays the response of both of 
relays 250 and 25 to operations of relay 230 oc 
curring-after the upper winding of relay 250 is 
deenergized as hereinafter described. The opera 
tion of relay 25 connects ground to one side of 
the lower winding of relay 260, but this winding 
is not energized until relay 24 releases as here 
in after described. Relay 232 releases when the 
current charging condenser 233 falls below the 
Operating level, this being about .100 second after 
relay 232 operates. The release of relay 232 opens 
the circuit through the left winding of trans 
former 236 to terminate the transmission of cur 
rent offrequencyf2, the impulse of current offre 
quency f2 being about .050 second in length. Thus 
the seizure of trunk circuit OT? effects the trans 
mission of a seizure signal consisting of current 
of frequency f. for about .025 second followed by 
current of frequency f2 for about .050 second. 
When relay O is alternately released and re 

- Operated responsive to trains of dial impulses 
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created by the dialing of the digits of the toll 
route code and local office code, and also the 
called subscriber's number on calls to subscribers 
in dial offices, relays 230 and 23 are alternately 
released and reoperated. The release of relay 
230 in response to the first dial impulse of each 
train opens the circuit for energizing the middle 
windings of relays 240 and 25 and the windings 
of relays 24 and 25 and closes the circuit for 
energizing the lower windings of relays 24 and 
25, the release of relays 240 and 24? being de 
layed by network Ni and the release of relay 25 
being delayed by both of networks N and N2. 
The release of relay 23 closes a circuit for dis 
charging condenser 233 through the Iower wind 
ing of relay 232, thereby to operate relay 232 for 
about 100 second. The operation of relay 232 



Causes the operation of relay 234, causes the re 
lease of cut-off relay 2 10, and closes a circuit from 
ground at the inner front contact of relay 232, 
through the left winding of transformer 236, back 
contact of relay 250, front contact of relay 240, 
and the source of signaling current G2. The 
transmission of an impulse of current of fre 
quency f2 is thereby initiated. About.025 second 
after relay 232 reoperates, relays 240 and 24, re. 
lease. The release of relay 240 connects the 
source G to the lower winding of transformer 
236 in place of Source G2 thereby to end the 
transmission of current of frequency f2 and initi 
ate the transmission of current of frequency f. 
through transformer 236 and line TL. 
lay 25 is operated at the time that relay 24 
releases, the lower winding of relay 260 is there 

Since re 
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by operatively energized. Relay 260 closes a lock 
ing circuit through its upper winding under the 
control of relay 234, opens the circuit through 
the upper winding of relay 250 to render this re 
lay responsive to each release and reoperation 
of relay 230, and closes a circuit for energizing 
the upper winding of relay 240 thereby to prevent 
the reoperation of relay 240 while relay. 230 is re 
sponding to the succeeding dial impulses of a 
train. The cut-off relay 20 cannot reoperate 
until both of relays 232 and 260 releases; and the 
signal transmitting circuit through the left wind 
ing of transformer 236 remains closed as long as 
either of relays 232 and 260 remains operated. 
About .025 second after relays 240 and 24 re 
lease, relay 250 operates due to the deemergization 
of its middle winding and energization of its 
lower winding, At the same time relay 25 re 
leases opening the operating circuit through the 
lower winding of relay 260, relay 260 being held: 
operated under the control of relay 234. The 
operation of relay 250 connects the signaling cur 
rent source G3 to the lower winding of trans 
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allowable dial impulse plus the delay introduced 
by both of the delay circuits N and N2, thereby 
insuring that an impulse of frequency f. follows 
the current of frequency f3 representing the last 
dial impulse of the train. The release of relay 
260 closes the circuit for operating the cut-off 
relay 2, opens the circuit energizing the upper 
winding of relay 240 and closes the circuit 
through the upper winding of relay 250. At this 
time, relays 239 and 23 are operated, relays 232, 
234 and 260 are released, relays 240, 241 and 25 
are operated, relay 250 is released and relay 20 
is operated. Thus the two networks N f and N2 
are effective to delay the response of relays 240 
and 250 to each release and reoperation of relay 
230 for an interval sufficient to permit the send 
ing of an enablement orgate-opener signa con 
sisting of current of frequency f2 for about .025 
second followed by current of frequency f. for 
about .025 second preceding the current of fre 
quency f3 which represents the first dial impulse 
of a train. " - . 

To transmit a ringing or rering signal, relay 
O of outgoing trunk circuit is momentarily re 

leased due to the operation of a ringing key by 
the calling operator in the manner set forth in 
the aforementioned King et al. patent, thereby 
effecting the momentary release and reoperation 
of relays 230 and 23f. Tr 
ST is thus rendered effective to transmit a ring 
ing signal which consists of the enablement signal 
followed by current of frequency f. for the dura 
tion of the release of relay 230 followed by cur 
rent of frequency if until relay 260 releases. It is, 
apparent that the transmission of a ringing signal 
is effected in the same manner as that of a dial 
impulse train consisting of a single dial impulse. , 
When the calling operator removes the plug 

CP from jack J, relay flo is released in the 
40 

former. 236 in place of source G thereby termi- . 
nating the transmission of current of frequency 
f and initiating the transmission of current of 
frequency f3 through transformer 236 and toll 
line TL. Since the charging and discharging 
of condenser 233 is effective to maintain the oper 
ative energization of the One or the other of the 

manner set forth in the aforementioned King et 
al, patent, thereby causing the release of relays 
230 and 23i. The release of relays 230 and 23 
causes the transmission of the enablement signal 
consisting of current of frequency f2 for about 
.025 second followed by current of frequency ff 
for about .025 second and causes the transmis 
sion of current of frequency f3 immediately fol 

windings of relay 232 while relay 23 f is respond 
ing to a train of dial impulses, relay 232 remains . 
operated during the transmission of a train of 
dial impulses and does not release until an in 
terval of .100 second has elapsed following the 
reoperation of relay 23 at the end of the last 
dial impulse of the train. The operating winding 
of relay 260 is reenergized for about .025 second 
in response to each release of relay 230. When 
relay 250 releases, about .050 second after the 
reoperation of relay 232 at the end of each dial 
impulse, it ends the transmission of current of 
frequency f3 and initiates the transmission of 
current of frequency.f. 
ates, about .050 second after the reoperation of 
relay 230 at the beginning of each succeeding dial 
impulse of the train, it ends the transmission of 
current of frequency f. and initiates the trans 
mission of current of frequency f3. When relay 
20 releases, due to the continued operation of 
relays 230 and 23 | át the end of the last dial im-. 
pulse of a train, the current of frequency f is 
ended by the opening of the circuit through the 
lower winding of transformer 236. Relays 234 
and 260 are slow in releasing so that the interval 
elapsing between the reoperation of relay 23 and 
the release of relay 20, at the end of the last 
impulse of a train, is greater than the longest 

When relay 250 reoper 
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lowing the enablement signal. The current of 
frequency f3 is not followed by current of fre 
quency ff, as in the case of the transmission of a 
single dial impulse, because relays 230 and 23 
do not reoperate; and when relay 260 releases, it 
ends the transmission of current of frequency f. 
While the signal transmitter ST is not so ar 
ranged, it may readily be modified to effect the 

... repeated transmission of the disconnect signal 
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until a disconnect-acknowledgment signal is re 
ceived by the signal receiver SRf, in which case 
the signal transmitter is also arranged to trans 
mit a disconnect-acknowledgment signal On in 
coming calls responsive to a disconnect signal be 

65 

ing received by the signal receiver SR. 
: On an incoming call, the relay 220 of signal re 
ceiver SR is operated by a seizure signal trans 
mitted over line TL? from a signal transmitter at 
its distant end. Reference may be had to the 
aforementioned copending application of N. D. 
Newby et al. for a description of the manner in 

70 
which relay 220 is operated responsive to an in 
coming seizure signal. The operation of relay 220. 
connects ground to conductor f4 thereby causing 
the operation of relays 20, 2 and 22 of two 
way trunk circuit TWT in the manner described 
in the aforementioned King et al. patent. Relay 
22 connects ground to conductor 33 to hold the 

The signal transmitter 

??? ? ???? > 0 :?? ????? ?? 



4. 
connection thereafter established. Relay 220 re 
peats dial impulses over conductor 4 to Operate 
selector TS in the manner set forth in the afore 
mentioned King et al. patent. Assuming the call 
is completed through selector TS to an incoming 
trunk circuit IT?, relay 6 is operated, in Series 
with relay 2 of two-way trunk circuit TWT, to 
light the answering lamp AL. When an operator 
answers the call by inserting the answering plug 
of a cord in jack AJ, relay 64 is operated in the 
manner described in the aforementioned King et 
al. patent to connect ground to conductor 54, 
thence through brush f44 of selector TS, and 
conductor 34, to operate relay 24 of two-way 
trunk circuit TWT. The operation of relay 24 
closes a circuit for operating relays 230 and 23 
of signal transmitter ST thereby to effect the 
transmission of an off-hook supervisory signal 
over line TL in the same manner that a Seizure 
signal is transmitted on an outgoing call as here 
inbefore described. If the answering operator dis 
connects, relay 64 releases and an on-hook super 
visory signal is transmitted by Signal transmitter 
ST in the same manner that a disconnect signal 
is transmitted on an outgoing call as hereinbefore ; 
described. If the selector TS encounters an all 
trunks-busy condition, or if the called Subscriber's 
line is busy on a call to a subscriber in a dial 
office, relay 24 is alternately operated and re 
leased in the manner set forth in the aforemen 
tioned King et al. patent, thereby to cause the 
transmitter ST? to send a succession of off-hook 
and on-hook signals over line TL. 
Assume now that the toll line circuit TLC2. 

signal transmitter ST2 and signal receiver SR2, 
shown in Fig. 3, are associated with the trunk 
circuit OT of Fig. 1 in place of the corresponding 
circuits shown in Fig. 2. The Signa transmitter 
ST2 uses rectifier arrangements in place of relay 
contacts for initiating and ending the transmis 
sion of impulses of current of each of the three 
signal frequencies. The Sources G, G2 and G3 
of frequencies f, f2, and f3 are connected by 
transformers 340, 350 and 360, pairs of rectifiers 
343 and 344, 355 and 356, and 365 and 366, and 
transformers 349, 359 and 369 to contacts of the 
cut-off relay 30 of line circuit TLC2. The trans 
mission of current from each of these Sources to 
toll line TT2 depends upon whether the asso 
ciated pair of rectifiers has a high or a low im 
pedance, the impedance of each pair of rectifiers 
being high when there is substantially no direct 
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current therethrough and low when the direct 
current therethrough is sufficiently large to effect 
such a result. The impedance of the three pairs 
of rectifiers is controlled by relays 335, 336 and 
337 as hereinafter described. The lowest wind 
ings of relays 335 and 337 are not required unless 
it is necessary to bias the dial impulse signals to 
correct for distortion. 
When relay 10 operates responsive to seizure 

of Outgoing trunk circuit OT, it closes a circuit 
for operating relays 330 and 33 of signal trans 
mitter ST2. The operation of relay 330 opens 
the normally closed circuit through the midde 
windings of relays 335 and 337 and closes a circuit 
for energizing the upper windings of these relays, 
the response of relay 335 to each operation and 
release of relay 33 being delayed by network N 
and the response of relay 337 being delayed by 
both of networks N and N2. The operation of 
relay 33 connects condenser 33 to the lower 
winding of relay 332 whereby relay 332 is op 
erated by the current charging condenser 333 for 
about .100 second. The operation of relay 332 
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causes the operation of slow-to-release relay 334 
and the release of cut-off relay 30 of line cir 
cuit TLC2. With relay 334 operated and relay 
3 O released, the transformers 349, 359 and 369 
are connected through coils 3 and 32 to toll 
line TL2. At this time a direct current circuit 
exists from ground through the back contact of 
relay 335, conductor 338, resistors 34 and 342, 
rectifiers 343 and 344, resistors 347 and 348, and 
through resistor 345 to negative battery. The 
current in this circuit is of sufficient amplitude 
and has the proper polarity to reduce the in 
pedance of rectifiers 343 and 344 whereby cur 
rent of frequency f2 is transmitted from Source 
Gí, through transformer 340, rectifiers 343 and 
344 and transformer 349 to toll line TTL2. At this 
time there is a direct current circuit through re 
sistor 353 and rectifier 354 and the current there 
in reduces the impedance of rectifier 354. So that 
it constitutes a substantial short circuit across the 
rectifiers 355 and 356; and the high impedance 
of rectifiers 355 and 356 prevents the transmis 
sion of current of frequency f2 from Source G2 
through transformer 359 to line TL2. At this 
same time, negative battery is connected through 
resistors 363, 362 and 36 to one side of these 
rectifiers and a like potential is applied through 
resistor 345, rectifier 346 and resistors 367 and 
368 to the other side of these rectifiers; and since 
there is no direct current through rectifier 365 
and 366, the high impedance of rectifiers 365 and 
366 prevents the transmission of current of fre 
quency f3 through transformer 369 to line TL2. 
When relay 335 operates, about .025 second after 
332 operates, it opens the direct current circuit 
through rectifiers 343 and 344 and the impedance 
of these rectifiers increases to end the transmis 
sion of current of frequency f. to line TL. The 
operation of relay 335 also opens the direct cur 
rent circuit through rectifier 354, whereby the 
impedance of rectifiers 355 and 358 is reduced by 
direct current in a circuit from battery through 
resistors 353, 352 and 35, rectifiers 355 and 356, 
and resistors 357 and 358 to ground. The re 
duction of the impedance of rectifiers 355 and 356 
effects the transmission of current of frequency 
f2 from source G2 through transformers 350 and 
359 to toll line TL2. When relay 332 releases, 
about .100 second after its operation, it closes 
the circuit for reoperating the cut-off relay 30, 
thereby ending the transmission of current of 
frequency f2 to line TTL2. The release of relay 
332 also causes the release of relay 334. The op 
eration of relay 337 about .025 second after the 
operation of relay 335 is ineffective to cause the 
operation of relay 336 while relay 335 remains 
operated. Thus a seizure signal, consisting of an 
impulse of current of frequency f. for .025 second 
followed by an impulse of current of frequency 
f2 for about .050 second, is transmitted over line 
TL2. 
When a train of dial impulses is repeated by 

relay of outgoing trunk circuit OT, relays 
330 and 33 are alternately released and reop 
erated. Each release and reoperation of relay 
330 causes a delayed release and reoperation of 
relays 335 and 337. The first release of relay 
33 causes the operation of relay 332 and each 
succeeding reoperation and release of relay 33 
causes the alternate energization of the two wind 
ings of relay 2 so that relay 32 remains op 
erated during the response of relay 33 to dial 
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impulses. The operation of relay 332 causes the 
operation of relay 34 and the release of cut-off 
relay 30; and relay 4 connects the right wind 



ings of transformers 349, 359 and 369 to the line 
T.2, whereby current of frequency f2 is trans 

mitted from source G2 through transformer 350, 
rectifiers 355 and 356 and transformer 359 to toll 
line T2. When relay 335 releases in response to 
the first dial impulse about .025 second after re 
lay 332 operates, ground is reconnected to con 
ductor 338 thereby ending the transmission of 
current of frequency f2 and initiating the trans 
mission of current of frequency f. through recti 
flers 33 and 34 ånd transformer 349 to line 
TL2. Since relay 337 remains operated for about 
.025 second after relay 335 releases, the release 
of relay 335 opens the short circuit across the 
lower winding of relay 336 thereby effecting the 
operation of relay 336. Relay 336 locks through 
its upper winding under control of relay 334, con 
nects ground to conductor 338 and connects con 
ductor 339 to the back contact of relay 33. 
When relay 33 releases, .025 second after relay 
335 releases in "response to the first dia impulse, 
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nals on outgoing calls until a disconnect-acknowl 
edgment signal is received by the associated sig 
nal receiver and to transmit a disconnect 
acknowledgment signal on incoming calls in re 
Sponse to a disconnect signal incoming to the as 
Sociated signal receiver. These and other modi 
fications are within the scope of the invention. 
What is claimedis: 
1. In a voice frequency signaling system, a sig 

nal transmitter for converting direct current sig 
nals into alternating current signals, said trans 
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ground is connected to conductor 339; whereby 
direct current through rectifier 346 reduces the 
impedance of rectifier 346 so that rectifiers 343 
and 344 are short-circuited and their impedance 
becomes high to end the transmission of current 
of frequency f. The connection of ground to 
conductor 339 also results in a direct current 
through rectifiers 365 and 366; whereby the in 
pedance of these rectifiers is reduced to initiate 
the transmission of current of frequency f. from 
source G3 through transformer 360, rectifiers 365 
and 366 and transformer 369 to toll line TL2. The 
current of frequency f3 continues until relay 337 
reoperates responsive to the reoperation of relay 
330 at the end of the first dial impulse. Since 
relay 336 maintains the connection of ground to 
conductor 338 until all the dial impulses in the 
train have been received by relays 330 and 33 
and transmitted over toll line TL2, the operation 
and release of relay 335 in response to succeed 
ing dial impulses of the train are without effect. 
When relay 337 reoperates responsive to the re 
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lease of relay 330 at the end of the first dial 
impulse, conductor 339 is disconnected from 
ground so that transmission of current of fre 
quency f3 is ended and transmission of current 
of frequency f. is initiated. The release and re 
operation of relay 33 responsive to each succeed 
ing dial impulse of the train effects the connec 
tion of ground to, and disconnection of ground 
from, conductor 339 thereby effecting the trans 
mission of current of frequency f. for the dura 
tion of each dial impulse and the transmission of 
current of "frequency fl during the interval be 
tween successive dial impulses of the train. After 
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the last impulse of the train, relay 337 remains 
operated so that the current of frequency f. con 
tinues until relay 334 releases about .150 second 
after the reoperation of relay 337. The release 
of relay 334 causes the release of relay 336 and 
the reoperation of relay 30. s . 
A ringing signal is transmitted in the same 

manner that the transmission of one dial impulse 
is effected responsive to the dialing of the digit 1. 
A disconnect signal is transmitted in the same 
manner that the transmission of one dial impulse 
representing the digit 1 is effected, except that 
the current of frequency f3 is not followed by 
current of frequency f.; since relay S3 remains 
released, the current of frequency f. continues 
until relay 334 releases. 
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While the signal transmitter shown in Fig. 3 
is not so arranged, it may readily be modified to 
repeat the transmission of the disconnect sig 75 

mitter comprising first and second relays respon 
sive to the closing and opening of a direct current 
signaling circuit, three sources of alternating cur 
rent, each source-of a different frequency, means 
including third and fourth relays controlled by 
said second relay, a battery for use in operating 
said third and foürth relays, adelay network con 
nected in series with said battery and the con 
tacts of Said second relay and the windings of said 
third and fourth relays to delay for a prede 
termined interval of time the response of said 
third and fourth relays to operations of said sec 
Ond relay, another delay network connected in . 
Series with said battery and the windings of said 
third and fourth relays to further delay for a 
predetermined interval of time the response of 
said fourth relay to operations of said second re 
lay, means including said first relay for transmit 
ting, an impulse of current of a first one of the 
three frequencies, means comprising said third 
relay for terminating the impulse of current of 
said first frequency and for transmitting an im 
pulse of current of a secondone of the three free 
quencies, and means comprising said fourth relay 
for terminating the impulse of current of saidsec.- . . . 
ond frequency and for transmitting an impulse of 
current of the third frequency. 

2. In a voice frequency signaling system, a sig 
mal transmitter comprising relay means respon 
sive to trains of impulses corresponding to nu 
merical digits, first and second relays controlled 
by said relay means, a first delay network delay 
ing the response of said first relay to the operation 
of said relay means in response to the first in 
pulse of a numerical train a second delay nets 
work, said first and second delay networks delay 
ing the response of said second relay to the opera 
tion of said relay means in response to the first 
impulse of a numerical train, means controlled 
by the Operation of Said relay means in response 
to the first impulse of a numerical train for in 
itiating the transmission of an impulse of current 
of a first one of three signaling frequencies, means 
effective upon operation of said first relay to ter 
minate the impulse of current of said first fre 
quency and to initiate an impulse of current of a 
second one of said three frequencies, means effec 
tive upon operation of said second relay to ter 
minate the impulse of current of said second fre 
quency and to initiate an impulse of current of the 
third of said frequencies, means comprising said 
Second relay for terminating the transmission of 
the impulse of said third frequency after an in 
terval of time equal to the length of the first 
numerical impulse of the train received by said 
relay means and for thereafter alternately effect-, 
ing the transmission of impulses of current of said : 
second and third frequencies for intervals of time 
respectively equal to the duration of the intervals . 
between numerical impulses in a train and the 
duration of the numerical impulses and for trans 
mitting an impulse of current of said second fre 
quency of predetermined duration following the 
impulse of current of said third frequency core 
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responding to the last numerical impulse of a 
train received by said relay means. 

3. In combination, signal receiving means Com 
prising a first relay and a second relay controlled 
by direct current signals, three sources of alter 
nating current, each source of a different fre 
quency, means comprising a third relay and a 
fourth relay for transmitting alternating current 
signals, a battery, a first plurality of retard coils 
and condensers, one winding of each of said retard 
coils being connected in series with Said battery 
and a front contact of said first relay and One 
winding of said third relay, another winding of 
each of said retard coils being connected in Series 
with said battery and a back contact of Said first 
relay and another winding of Said third relay, and 
each of said condensers being connected across 
the windings of said retard coils to form with 
said retard coils a delay network for delaying for 
a predetermined interval of time the response of 
said third and fourth relays to each operation 
and release of said first relay, a second plurality 
of retard coils and condensers, one winding of 
each of said second plurality of retard coils being 
connected in series between said one winding of 
said third relay and one winding of said fourth 
relay, another winding of each of said second plu 
rality of retard coils being connected in series 
between said other winding of said first relay and 
another winding of said fourth relay, and each of 
said second plurality of condensers being con 
nected across the windings of said Second plu 
rality of retard coils to form with said retard coils 
a second delay network for delaying the response 
of said fourth relay to each operation and release 
of said first relay for a predetermined interval 
of time after the response of said third relay, 
means rendered effective by the release of said 
second relay to initiate the transmission of cur 
rent from a first one of said sources, means ren 
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dered effective by the response of said third relay 
to the release of said first relay to end the trans 
mission of current from said first source and to 
initiate the transmission of current from a second 
one of said sources, and means rendered effective 
by the response of said fourth relay to the re 
lease of said first relay to end the transmission 
of current from said second source and to trans 
mit current from the third one of said Sources. 

4. In combination, signal receiving means con 
prising a first relay and a second relay con 
trolled by direct current signals, three sources 
of alternating current, each source of a different 
frequency, means comprising a third relay and 
a fourth relay for transmitting alternating cur 
rent signals, a first plurality of retard coils and 
condensers, one winding of each of said retard 
coils being connected in series between a front 
contact of said first relay and one winding of said 
third relay, another winding of each of Said re 
tard coils being connected in series between a 
back contact of said first relay and another wind 
ing of said third relay, and each of said con 
densers being connected across the Windings of 
said retard coils to form with said retard coils 
a delay network for delaying for a predeter 
mined interval of time the response of said third 
and fourth relays to each operation and release 
of said first relay, a second plurality of retard 
coils and condensers, one winding of each of said 
second plurailty of retard coils being connected 
in series between said one winding of Said third 
relay and one winding of said fourth relay, an 
other winding of each of said second plurality of 
retard coils being connected in series between 

y 

45 

50 

55 

80 

85 

75 

said other winding of said first relay and ar 
other winding of said fourth relay, and each of 
said second plurality of condensers being con 
nected across the windings of said Second plu 
rality of retard coils to form with said retard coils 
a second delay network for delaying the re 
sponse of Said fourth relay to each Operation 
and release of Said first relay for a predeter 
mined interval of time after the response of said 
third relay, means rendered effective by the re 
lease of said second relay to initiate the trans 
mission of current from a first One of Said sources, 
means rendered effective by the response of Said 
third relay to the release of said first relay to 
end the transmission of current from said first 
Source and to initiate the transmission of current 
from a second One of Said sources, means ren 
dered effective by the response of said fourth 
relay to the release of said first relay to end 
the transmission of current from said second 
source and initiate the transmission of current 
from the third one of said sources, and means 
rendered effective by the continued release of said 
second relay to end the transmission of current 
from said third source. 

5. In combination, signal receiving means com 
prising a first relay and a second relay con 
trolled by direct current signals, three sources of 
alternating current, each source of a different 
frequency, means comprising a third relay and 
a fourth relay for transmitting alternating cur 
rent signals, a first plurality of retard coils and 
condensers, one winding of each of said retard 
coils being connected in series between a front 
contact of said first relay and one winding of 
said third relay, another winding of each of 
said retard coils being connected in series be 
tween a back contact of said first relay and an 
other winding of said third relay, and each of said 
condensers being connected across the windings 
of said retard coils to form with retard coils a 
delay network for delaying for a predetermined 
interval of time the response of said third relay 
to each operation arid release of said first re 
lay, a Second plurality of retard coils and con 
densers, one winding of each of said second plu 
rality of retard coils being connected in series 
between said one winding of said third relay and 
One winding of said fourth relay, another wind 
ing of each of said second plurality of retard coils 
being connected in series between said other 
winding of said first relay and another winding 
of said fourth relay, and each of said second 
plurality of condensers being connected across 
the windings of said second plurality of retard 
coils to form with said retard cols a second 
delay network for delaying the response of said 
fourth relay to each operation and release of 
Said first relay for a predetermined interval of 
time after the response of said third relay, means 
responsive to the operation of said second relay 
for initiating the transmission of current from a 
first One of said sources, means rendered ef 
fective by the response of said third relay to the 
operation of said first relay to end the trans 
mission of current from said first source and 
initiate the transmission of current from a sec 
Ond one of said sources, means effective a pre 
determined interval of time after the operation 
of said second relay for ending the transmission 
of current from said second source, means re 
Sponsive to the release of said second relay for 
initiating the transmission of current from said 
second source, means rendered effective by the 
response of said third relay to the release of said 
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first relay to end the transmission of current 
from said second source and initiate the trans 
mission of current from said first source, means 
rendered effective by the response of said fourth 
relay to the release of Said first relay to end the 
transmission of current from said Second source 
and initiate the transmission of current from the 
third of said sources, and /means responsive to 
the continued release of Said Second relay for 
ending the transmission of current from said 
third Source, 

6. In combination, signal receiving means com 
prising a first relay and a second relay controlled 
by direct current signals, three sources of alter 
nating current, each source of a different fre 
quency, means comprising a third relay and a 
fourth relay for transmitting alternating current 
signals, a first plurality of retard coils and Con 
densers, one winding of each of said retard coils 
being connected in Series between a front cone 
tact of said first relay and one Winding of said 
third relay, another winding of each of said re 
tard coils being connected in series between a back 
contact of said first relay and another Winding 
of said third relay, and each of said condensers 
being connected across the windings of said rea, 
tard coils to form with said retard coils a delay 
network for delaying for a predetermined inter 
val of time the response of said third relay to each 

. operation and release of said first relay, a second 
plurality of retard coils and condensers, one wind 
ing of each of Said second plurality of retard Coils 
being connected in series between said one wind 
ing of said third relay and one. Winding of Said 
fourth relay, another winding of each of said Sec 
ond plurality of retard coils being connected in se 
ries between said other winding of said first relay 
and another winding of said fourth relay, and 
each of said second plurality of condensers being 
connected across the windings of said second plu 
rality of retard coils to form with said retard 
coils a second delay network for delaying the re 
sponse of said fourth relay to each operation and 
release of said first relay for a predetermined in 
terval of time after the response of said third re 
lay, means responsive to the operation of said sec 
Ond relay for initiating the transmission of Cur 
rent from a first one of said sources, means ren 
dered effective by the response of said third relay 
to the operation of said first relay to end the 
transmission of current from said first source and 
initiate the transmission of current from a second 
one of said sources, means effective a predeter 
mined interval of time after the operation of Said 
second relay for ending the transmission of cur 
rent from said second source, means responsive 
to the release of Said second relay for initiating 
the transmission of current from said Second 
source, means rendered effective by the response 
of said third relay to the release of Said first re 
lay to end the transmission of current from said 
second source and initiate the transmission of 
current from said first source, means rendered 
effective by the response of said fourth relay to 
the release of said first relay to end the trans 
mission of current from said second source and 
initiate the transmission of current from the third 
of said sources, means responsive to the reopera 
tion of said fourth relay within a predetermined 
interval of time after its release for ending the 
transmission of current from said third source 
and for initiating the transmission of current 
from said first source, and means responsive tos 
the continued operation of said second relay for 
ending the transmission of current from said first 
SOce, w 
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7. In combination, signal receiving means com 

prising a first relay and a second relay controlled 
by direct current signals, three sources of alter 
nating current, each source of a different fre 
quency, means comprising a third relay and a 
fourth relay controlled by said first and second 
relays for transmitting alternating Current sig 
nails, a first plurality of retard coils and con 
densers, one winding of each of said retard coils 
being connected in Series between a front contact 
of said first relay and one winding of said third 
relay, another winding of each of said retard coils 
being connected in Series between a back con 
tact of said first relay and another winding of 
said third relay, and each of said condensers be 
ing connected across the windings of said retard 
coils to form with said retard coils a delay net 
work for delaying for a predetermined interval 
of time the response of said third relay to each 
operation and release of said first relay, a second 
plurality of retard coils and condensers, one wind 
ing of each of said second plurality of retard · 
coils being connected in series between said one 
winding of said third relay and one winding of 
said fourth relay, another winding of each of Said 
second plurality of retard coils being connected 
in series between said other winding of said first 
relay and another winding of said fourth relay, 
and each of said second plurality of condensers . 
being connected across the winding of said second 
plurality of retard coils to form with said retard 
coils a second delay network for delaying the ree 
sponse of said fourth relay to each operation and 
release of said first relay for a predetermined 
interval of time after the response of Said third 
relay, means responsive to the operation of said 
second relay for initiating the transmission of 
current from a first one of said sources, means 
rendered effective by the response of said third 
relay to the operation of said first relay to end the 
transmission of current from said first source and 
initiate the transmission of current from a sec 
ond one of said sources, means effective a pre-, 
determined interval of time after the operation 
of said Second relay for ending the transmission 
of current from said second source, means re 
sponsive to the release of said second relay for 
initiating the transmission of current from said 
second source, means rendered effective by the 
response of said third relay to the release of said 
first relay to end the transmission of current from 
said second source and initiate the transmission 
of current from said first source, means rendered 
effective by the response of said fourth relay to 
the release of said first relay to end the trans- . 

itiate the transmission of current from the third 
of said sources, means responsive to the reoper 
ation of said fourth relay within a predetermined 
interval of time after its release for ending the 
transmission of current from said third source 
and for initiating the transmission of current 
from said first source, means responsive to the 
continued operation of said second relay for end 
ing the transmission of current from said first 
source, and means responsive to the continued re 
lease of said second relay, for ending the trans 
mission of current from said third source. 

8. In a voice frequency signaling system, a sig 
nal transmitter for converting direct current sig 
nals into alternating current signals, said trans 
mitter comprising first and second relays re 
sponsive to the closing and opening of a direct 
current signaling circuit, three sources of alter 
nating current, each source of a different fre 
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quency, means including third and fourth relays 
controlled by said second relay, a battery for use 
in operating said third and fourth relays, a de 
lay network connected in series with said battery 
and the contacts of Said Second relay and the 
windings of said third and fourth relays to delay 
for a predetermined interval of time the response. 
of said third and fourth relays to operations of 
said second relay, another delay network con 
nected in series with said battery and the wind-- 
ings of said third and fourth relays to further 
delay for a predetermined interval of time the re 
sponse of said fourth relay to operations of Said 
second relay, said network being so arranged and 
connected that said delay intervals are independ 
ent of variations in the voltage of said battery. 

9. In combination, signal receiving means com 
prising a first relay and a second relay controlled 
by direct current signals, three sources of alter 
nating current, each source of a different fre 
quency, means comprising a third relay and a 
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for a predetermined interval of time responsive 
to the Operation and responsive to the release of 
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fourth relay for transmitting alternating current 
signals, a battery, a first plurality of retard coils 
and condensers, one winding of each of said re 
tard coils being connected in series with said bat 
tery and a front contact of said first relay and 
one winding of said third relay, another winding 
of each of Said retard Coils being connected in 
series with said battery and a back contact of 
said first relay and another winding of Said third 
relay, and each of Said condensers being con 
nected across the windings of said retard coils to 
form with said retard coils a delay network for 
delaying for a predetermined interval of time the 
response of said third and fourth relays to each 
Operation and release of said first relay, a second 
plurality of retard coils and condensers, One wind 
ing of each of said second plurality of retard 
coils being connected in series between said one 
winding of said third relay and one winding: of 
said fourth relay, another winding of each of said 
second plurality of retard coils being connected 
in series between said other winding of said first 
relay and another winding of said fourth relay, 
and each of Said Second plurality of condensers 
being connected across the windings of said sec 
ond plurality of retard coils to form with said re 
tard coils a second delay network for delaying 
the response of Said fourth relay to each opera 
tion and release of Said first relay for a predeter 
mined interval of time after the response of said 
third relay, said network being so arranged and 
connected that said delay intervals are inde 
pendent of variations in the voltage of said bat 
tery. 

10. In combination, signal receiving means 
comprising a first relay and a second relay, both 
controlled by direct current signals, third and 
fourth relays controlled by said second relay, first 
and second delay networks, each consisting of a 
plurality of retard coils and condensers bridged 
across the windings of the retard coils, said first 
delay network connected between the contacts of 
said second relay and the windings of said third 
relay and said second delay network connected 
between said windings of said third relay and 
windings of said fourth relay, whereby the re 
sponse of said third relay to the operation, and 
release of said second relay is delayed for a pre 
determined interval of time and the response of 
said fourth relay to the operation and release 
of said second relay is delayed for a further pre 

- determined interval of time, a fifth relay, means 
including a condenser and contacts of said first 
relay for operatively energizing said fifth relay 
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said first relay, a line, means including a sixth 
relay operated responsive to the operation of said 
fifth relay for initiating the transmission of cur 
rent of a first one of three signaling frequencies 
over said line, means responsive to the operation 
of Said third relay for terminating the transmis 
sion of current of said first frequency and for 
initiating the transmission over said line of cur 
rent of a Second One of Said signaling frequencies, 
means controlled by said fifth relay for ending 

... the transmission of current of said second fre 
quency a predetermined interval of time after 
the operation of said first relay and for initiating 
the transmission of current of said second fre 
quency reSpOn,Sive to the release of Said first re 
lay, means including a Seventh relay operated re 
Sponsive to the release of Said third relay while 
said fourth relay is operated, the release of said 
third relay a predetermined interval of time after 
the release of said second relay being effective 
to end the transmission of current of said second 
frequency and initiate the transmission of cur 
rent of Said first frequency, means including said 
sixth relay for holding said seventh relay inde 
pendent of said third and fourth relays, and 
means responsive to each release of said fourth 
relay while said seventh relay is operated for 
ending the transmission of current of said first 
frequency and for initiating the transmission of 
Current of said third frequency and responsive 
to each operation of said fourth relay while said 
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seventh relay is operated for ending the trans 
mission of said third frequency and initiating the 
transmission of said first frequency, the release 
of said fifth relay being effective to end the trans 
mission of said first frequency. 

11. In combination, signal receiving means 
comprising a first relay and a second relay, both 
controlled by direct current signals, third and 
fourth relays controlled by said second relay, first 
and second delay networks, each consisting of a 
plurality of retard coils and condensers bridged 
across the windings of the retard coils, said first 
delay network connected between the contacts of 
Said second relay and the Windings of said third 
relay and Said Second delay network connected 
between said windings of said third relay and 
windings of said fourth relay, whereby the re 
sponse of Said third relay to the operation and 
release of said second relay is delayed for a pre 
determined interval of time and the response of 
Said fourth relay to the operation and release of 
said second relay is delayed for a further prede 
termined interval of time, a fifth relay, means 
including a condenser and contacts of said first 
relay for operatively energizing said fifth relay 
for a predetermined interval of time responsive 
to the Operation and responsive to the release of 
Said first relay, a line, a source of current of a 
first frequency, a Source of current of a second 
frequency, a source of current of a third fre 
quency, means including variable impedance rec 
tifiers individual to each of said sources for con 
necting said sources to said line, means including. 
a sixth relay operatively controlled by said fifth 
relay for completing the connection between said 
Sources and said line, means for reducing the 
impedance of the rectifiers associated with said 
first source to effect the transmission of current 
of Said first frequency over said line when said 
sixth relay is operated until said third relay oper 
ates, means for increasing the impedance of the 
rectifiers associated with said first source and de 
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creasing the impedance of the rectifiers associ 
ated with said second source when said third re 
lay operates to end the transmission of current 
of said first frequency and initiate the transmis 
sion of current of said second frequency over Said 
line, a seventh relay, means rendered effective by 
the release of said fifth relay while Said seventh 
realy is normal for ending the transmission of 
current of said second frequency Without chang 
ing the impedance of the rectifiers associated with 
said second source and rendered effective by the 
reoperation of said fifth relay responsive to the 
release of said first relay for again initiating the 
transmission over said line of current of Said 
second frequency, the release of said third relay 
being effective to increase the impedance of the 
rectifiers associated with said second source to 
end the transmission of current of said Second 
frequency and to decrease the impedance of the 
rectifiers associated with said first Source to initi 
ate the transmission of current of said first fre 
quency over said line, means for operating said 
seventh relay when said third relay releases while 
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said fourth relay is operated, means for locking 
Said Seventh relay under control of said sixth re 
lay, and means effective while said seventh relay 
is operated to prevent the reducing of the im 
pedance of the rectifiers associated with said sec 
ond frequency, to increase the impedance of the 
rectifiers associated with said first source and re 
duce the impedance of the rectifiers associated 
with said third source each time said fourth relay 
releases to end the transmission of current of the 
first frequency and initiate the transmission of 
current of the third frequency, and to increase 
the impedance of the rectifiers associated with 
said third source and decrease the impedance of 
the rectifiers associated with said first source each 
time Said fourth relay operates to end the trans 
mission of current of the third frequency and 
initiate the transmission of current of the first 
frequency, the release of said sixth relay being 
effective to end the transmission of current of 
either said first or said third frequencies. 
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