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Patented Nov. 17, 1942 2,302,071 

UNITED STATES PATENT OFFICE 
2,302,07. 

SIGNALING SYSTEM 

Edmund R. Taylor, Mount Wernon, N. Y., assign 
or to Bell Telephone Laboratories, incorpo 
rated, New York, N. Y., a corporation of New 
York 

Application April 23, 1941, Serial No. 389,836 
(C. 79-2) 30 Ciains. 

This invention relates to signaling systems and 
particularly to telephone systems in which voice 
frequency currents are used for transmitting 
signals. 

Objects of the invention are the provision of 
more reliable signal transmitting and receiving 
means in systems employing voice frequency 
Signaling, the provision of a voice frequency sig 
nal receiver adapted to quickly respond to seizure 
of the toll line with which the receiver is asso 
ciated, and the prevention of false operations in 
response to voice currents or other interfering 
currents. 
This invention is an improved signaling sys 

ten comprising means for transmitting signals 
comprising current of a first frequency followed 
by current of a second frequency and signals 
comprising current of the second frequency foll 
lowed by current of the first frequency, and ar 
ranged to respond to Such signals Without re 
sponding to voice currents or other interfering 
currents. imilar signal transmitting and re 
ceiving means are connected to each end of a 
toll telephone line, different pairs of frequencies 
being used for signaling in each direction there 
OWer. 

According to one feature of the invention, the 
Signal receiver is arranged to recognize cur 
rent of one of two signaling frequencies as a 
seizure signal to effect a bisy marking of the 
toll line without waiting for current of the 
other of the two frequencies and thereafter to 
effect a signal response in response to current 
of either of the two frequencies only when imme 
diately preceded by current of the other of the 
two frequencies. 
According to another feature of the invention, 

a disconnect signal comprises current of the sec 
Ond of the signaling frequencies followed by cur 
rent of the first of the two frequencies, the sig 
nal transmitter being arranged to repeat this 
signal to make certain that release of an estab 
lished connection is effected. The signal re 
ceiver is arranged to effect release in response 
to the first of the two disconnect signals re 
caived over the line with which the receiver is 
associated. If the signal receiver fails to recog 
nize the first disconnect signal, due for instance 
to interference currents in the line, it may recog 
nize the second of the two disconnect signals. 
In either case, the busy marking of the toll line 
with which the signal transmitter and receiver 
are associated is maintained at both ends of the 
toll line until the second disconnect signal is 
ended. 
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A further feature of the invention is the pro 
vision of means in a signal receiver adapted to 
respond to signals consisting of a sequence of cur 
rents of two different frequencies for preventing 
a signal response until the current of the second 
of the two frequencies has continued for a pre 
determined interval of time, thereby preventing 
a signal operation in response to signaling cur 
rents transmitted through the talking connection 
in a tandem office on connections between tWO 
lines arranged for transmitting voice frequency 
Signals of similar character. 
A further feature of the invention is the pro 

Vision of separate Volume limiting amplifiers in a 
signal receiver adapted to respond to signals con 
sisting of a sequence of currents of two different 
frequencies, cine fer each frequency, to limit the 
current applied to each of the signaling relays 
independent of variations of the signaling cur 
rent over the line, thereby reducing signal dis 
tortion. Band-pass filters are inserted between 
the amplifiers and the line, one for each fre 
quency, so as to reduce the possibility of opera 
tion of the signal relays by voice and noise cur 
rents; and the limiters are of the slow recovery 
type so as to prevent echoes of the first fre 
quency from interfering With the release of the 
relay responsive to the first current impulse of 
a signal and operation of the relay responsive 
to the second current impulse of the signal. 
A clear and complete understanding of the 

invention will be facilitated by considering a 
Systein embodying the invention and its various 
features, One such system being represented 
schematically in the drawings which form a part 
cf this specification. The invention is not lim 
ited in its application to the particular system 
and circuit arrangements shown in the drawings 
but is applicable, generally, to any voice fre 
quency signaling or telephone system. 

Referring to the drawings: 
tigs. 1 to 3, inclusive, show in a first toll office 

an outgoing trunk circuit CT, a two-way trunk 
circuit TWT2, an incoming trunk circuit IT, . 
a toll line circuit TLC, a signal transmitter ST, 
and a signal receiver SR all associated with a 
toll line T2; 

Figs. 4 to 6, inclusive, show in a tandem toll 
office a toll line circuit TLC2, signal receiver SR2, 
signal trains: nitter ST2, two-way trunk circuit 
TWT2, outgoing trunk circuit OT2, and a selector 
TS2, all associated with toll line T2, and show an 
inconing trunk circuit IT2; - 

Figs. 7 to 9, inclusive, show a toll line circuit 
TLC3, signal receiver SR3, signal transmitter ST3, 



2 
two-way trunk circuit TWT3, outgoing trunk cir 
cuit, OT3 and selector TS3 all associated with a 
toll line T34; 

Fig. 10 shows signal receivers SR' and SR2' 
connected to the ends of toll line T2, each of 
the signal receivers SR ' and SR2' being mcdi 
fications of the signal receiver's SRE and SR2 Cf 
Figs, 3 and 4; and 

Fig. 11 shows the relative position in which 
Figs. 1 to 9, inclusive, are to be placed to for in an 
operative arrangement. 

Reference may be had to the patent to R. E. 
King et al. No. 2,209,777, granted July 30, 1940, 
for a detailed disclosure of the cord and Opera 
tor's position circuits provided in each of the 
toll offices for interconnecting and controlling 
the completion of toll calls. The outgoing trunk 
circuits OT, OT2 and OT3, incoming trunk 
circuits IT and IT2, two-way trunk circuits 
TWT, TWT2 and TWT3 and the toll route se 
lector circuits TS2 and TS3 are all similar to 
corresponding circuits in the aforementioned 
King et al. patent and also to corresponding Cir 
cuits of the copending application of J. G. Walsh, 
Ser, No. 389,835, filed April 23, 1941. The toll 
line - circuits TLC, TLC2 and TLC3 and the as 
Sociated signal transmitting and receiving cir 
cuits ST, ST2, ST3, SRf, SR2 and SR3 are ar 
ranged for voice frequency signaling over the 
associated toll lines; whereas in the aforemen 
tioned King et al. patent composite signaling 
circuits are associated with the toll lines. 
The toll line circuit TTC comprises a repeat 

ing coil 30, a directionally selective coil 393, a 
sending cut-off relay 240 for disconnecting the 
talking conductors f S and 62 of the associated 
trunk circuits from coil 30 when signals are 
being transmitted over line T2 to the tandem 
office, a repeater termination consisting of con 
denser 25, and resistor 252 for connection across 
the talking conductors. While signals are being 
transmitted to or received from the tanden of 
fice, a transformer 239 for impressing the sig 
naling potentials across conductors 24 and 242, 
and a receiving cut-off relay 250 for disconnect 
ing the talking conductors 6 and 32 from 
coil 300 while Signals are incoming OVer line T2 
from the tandem office. Signaling currents in 
coming over toll line T2 pass through the di 
rectionally Selective coil 3e3. to the signal re 
ceiver SR . Signaling currents outgoing over 
toll line T2 from transmitter ST also pass 
through. coil 303, the coil and associated resistors 
30- and 322 preventing any substantial portion 
of the signaling currents outgoing from trans 
mitter ST from passing into the signal receiver 
SR. Each of the toll line circuits TLC2 and 
TLC3 is similar to the line circuit TLC, the 
reference characters of like elements having the 
Sane tens and units digits. 
The Signal transmitter ST comprises a relay 

200 which receives direct-current signals which 
are to..be converted into voice frequency signals 
for transmission over line T2, relays 29; 203, 
27, 299, 23, 25, 26 and 28 for effecting the 
transmission of signals consisting of an impulse 
of current of frequency f. followed by current of 
frequency f2 and signals consisting of current 
frequency f2 followed by current of frequency f. 
The transmitter ST further comprises sources 
of Signaling current 23 and 232, a transformer 
or repeating coil 239, busy relays 229 and 22 , 
and Various resistors and condensers. A seizure 
Signal Sent by transmitter ST on an outgoing 
call and an answering supervisory or OFF-HOOK 
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signal sent by transmitter ST on an incoming 
call consist of current of frequency f: for about 
.020 second followed by current of frequency f2 
for about .100 second; dial impulses consist of 
current of frequency f2 for about .030 Second 
followed by current of frequency f. for the dura 
tion of the impulse; an ON-HOOK signal and 
a rering signal are each similar to a single dial 
impulse; and a disconnect signal sent by trans 
mitter S consists of current of frequency f2 
for about .320 second followed Successively by 
current of frequency f. for about .600 Second, 
current of frequency f2 for about .100 SecCrd, 
and current of frequency f. for about 1.3 Sec 
onds. Each of the signal transmitterS ST2 and 
ST3 is similar to the transmitter ST, the refer 
ence characters of like elements having the same 
tens and units digits. Since different frequen 
cies are used for signaling in opposite directions, 
the sources 23 and 232 of transmitter ST gen 
erate frequencies f and f2, respectively, and the 
Sources. 53 and - 532 of transmitter ST2 generate 
frequencies f3 and f4, respectively. For instance, 
frequencies 680 cycles and 1615 cycles may be 
used for transmitting signals Over toll line T2 
to the tarden Office and frequencies 850 cycles 
and 1870 cycles may be used for transmitting 
signals outgoing over toll line TE2 from the tan 
dem office. i he frequencies used for signaling 
over toll line T34 may be similar to or different 
from the frequencies used for signaling over 
line T2. As shown in Fig. 8, the sources 83 
and 832 of transmitter ST3 also generate poten 
tials of frequencies ff and f2, respectively. 
The signal receiver SR comprises an amplifier 

304, a filter 35 for attenuating noise, local plant 
tones and the signaling frequencies f and f2 
used for transmitting signals outgoing over toll 
line T2, a volume limiting amplifier 396, a filter 
30 tuned to pass current of frequency f3, a filter 
38 tuned to pass current of frequency f4, ampli 
fier detectors 339 and 33 and signal relays 3 if 
and 3 2 for responding to signaling current of 
frequencies f3 and f4, respectively. The output 
Of the Volume limiter 36 is somewhat in excess 
of the current needed for operating each of relays 
3- and 3 2 but is insufficient to effect the opera 
tion of either of these relays unless Substantially 
all of the current is of frequency f3 or Substan 
tially all of frequency f4. Although the direc 
tionally Selective coil 303 allows only a small por 
tion of the Signal energy from transmitter STI 
to reach the signal receiver SR , further protec 
tion against response to outgoing signaling cur 
rentS is provided by elements of filter 35 tuned 
to attenuate the energy of frequencies fi and f2. 
Relays 344, 3:5, 3 3, 324, 325, 326, 327, 23 , 332, 
333, 335, 335, 337 and 333 are controlled by relays 
3 and 3:2 to effect desired closures and open 
ings of a direct current signaling circuit over 
conductor ii) in response to incorning signals 
consisting of current of frequency f3 followed by 
current of frequency f4 or consisting of current 
of frequency f. followed by current of frequency 
f3. Each of the signal receiving circuits SR4 
and SR3 is similar to the receiver SR, the refer 
ence characters of like elements having the same 
teins and units digits. The receiver SR2 is ar 
ranged to respond only to signals consisting of 
Current of frequency fi followed by current of 
requency f2 or to signals consisting of current 
of frequency f2 followed by current of frequency 
f. The signal receiver SR3 is arranged to re 
Spond Only to signals consisting of current of 
frequency f3 followed by current of frequency f. 
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or to signals consisting of current of frequency 
f4 followed by current of frequency f3. 

Further explanation of the invention Will be 
facilitated by describing in detail the circuit 
operations involved in calls in both directions 
over toll line T2. Assume first that an Operator 
in the first toll office inserts the plug P2 of a cord 
CD in jack J2 on a call outgoing over toll line 
T2. Relay 4 is operated by the connection 
of battery to the sleeve conductor of jack J2 and 
relay 49 is operated, as described in the afore 
mentioned patent of R. E. King et al. The opera 
tion of relay 40 closes a circuit from battery 
through resistor 42 and conductor 64 for oper 
ating relay 29 of the signal transmitter STi. 
Relay 200 opens the normally closed short circuit, 
around relay 28, closes a circuit for operating 
busy relay 28, closes a short circuit around the 
Winding of relay 23, and closes circuits including 
the inner front contact of relay 20 and windings 
of relays 283 and 245). Relay 28 is slow in oper 
atting, closing its contacts within .050 second after 
relay 29 operates. Relay 2) is slow in releasing 
and remains operated for about .00 second dur 
ing which interval relays 23 and 24 operate. 
The operation of relay 22 connects ground to 
conductor 247 to operate a busy indicator 249 
assCciated with line T2 and closes a circuit for 
operating relay 229 in series with relay 335 of 
the signal receiver SR?. Relay 335 also operates 
and closes a locking circuit which is independent 
of relay 33f. Relay 220 disconnects the Winding 
of relay 28 from the back contact of relay 23 
and connects this contact to the winding of the 
normally operated relay 225. The Operation of 
relay 24 disconnects the talking conductors 6 
and 62 of trunk circuit, OT from conductors 
24? and 242 and coil 30, bridges the repeater 
termination comprising condenser 23; and re 
sistor 252 across conductoi's 3 and 62, and 
connects the right winding of transformer 239 
to and through conductors 24 and 242 to coil 
300. The Signaling Sources 23 and 232 are nor 
mally connected through conductors 235 and 235 
and back contacts of relays 27 and 23, to 
ground at the back contacts of relays 23 and 
209, thereby short-circuiting the left, winding of 
coil 239. When relay 23 operates, it disconnects 
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ground from conductor 235 thereby initiating 
current of frequency f. through the left winding 
of coil 239 and closes a circuit for energizing the 
Winding of relay 2. Relay 23 is slow in oper 
atting; and, during an interval of about .020 sec 
ond before relay 2 operates, the first part of a 
seizure signal is transmitted over toll line Tl2: 
When relay 257 operates, it connects ground to 
conductor 235 to end the signaling current of 
frequency f. and disconnects ground from con 
ductor 33 thereby initiating current of frequency 
f2 through coils. 232 and 3 and line T2. When 
relay 23 closes its contacts, within .050 second 
after relay 25 operates, it connects the Winding 
of relay 289 to the back contact of relay 29 and 
connects ground at the outer frent contact of 
relay 25, through front contacts of relays 2 
and 2 3, and through both back contacts of relay 
23 to conductor 235, in parallel with the path 
to ground at the back contact of relay 339. When 
relay 20 releases, about .1 second after relay 23) 
operates, the operating circuits of relays 293 and 
24) are opened. The release of relay 293 opens 
the operating circuit cf relay 23 and connects 
ground through its back contact and inner back 
contact of relay 23 to conductor 235 to prevent 

50 
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207 releases. Relay 27 is held operated, for an 
interval of about .020 second after relay 203 re 
leases, by current charging condenser 205. Relay 
240 being slow in releasing, its contacts are not 
restored to normal for about .020 Second after 
relay 28 releases. The release of relay 207 re 
ConnectS conductor 236 to ground at the back 
contact of relay 29; and the release of relay 240 
disconnects coil 239 from, and reconnects talking 
conductors 8 and 62 to, coil 35 and line T2. 
Thus the current of frequency f2 in coil 300 and 
line T2 continues for about .1 second, that is, 
until relay 207 releases, or until relay 24 ) releases 
if relay 249 releases before relay 29, releases. 
The seizure signal, thus transmitted over line 

T2 to the signal receiver SR2 in the tandem 
office, is passed through coil 4G0, the left wind 
ings of directionally selective coil 433, amplifier 
494, and filter 495 to volume limiting amplifier 
438. The energy of frequency f is further trans 
mitted through filter 467 and amplifier detector 
499 to energize the winding of relay 4 ; and the 
energy of frequency f2 is transmitted through 
filter 4.3 and amplifier detector 4 to energize 
the left, operating Winding of relay 42. The 
amplitude of the output of amplifier 495 is lim 
ited to a value sufficient for operating relay 4 
only when substantially all of the current is of 
frequency f. and for operating relay 412 only 
when substantially all of the current is of fre 
ql:ency f2. Thus relays 4f and 42 will be oper 
ated in succession in response to a seizure signal; 
but these relays will seldom or never operate in 
response to noise, voice or other interfering cur 
rents having a component of frequency for fire 
quency f2. The operation of relay 4 closes cir 
cuits including the lower winding of relay 44, 
back contact of relay 4: 2 and front contact of 
relay 4 for operating relays 4 4, 4 5 and 432. 
Relay 432 locks under control of relay 433, closes 
a circuit from ground at the front contact of 
relay 43, through the right front contact of re 
lay 32, for operatively energizing the right wind 
ing of relay 435, and connects the ground at the 
front contact of relay 43 to conductor 6 as a 
Seizure signal. The operation of relay 43S dis. 
connects battery from the winding of relay 435. 
to prevent the operation of battery 435 in series 
With relay 52) of transmitter ST2, and connects 
ground to conductor 547 to operate a busy indi 
cator 589 associated with the line T2. The clos 
ing of the outer left-hand contact of relay 415 
renders the continued operation of this relay in 
dependent of relay 4 2; and the opening of the 
back contact of relay 4: 5 prevents the operation 
of relays 42 and 425 while relay 4, 5 is operated. 
Relay 5 closes a circuit for operating the slow 
to-release relay 4:9. Relay 49 short-circuits re 
sistor A3 to increase the current through the 
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for operatively energizing each of these 

biasing winding of relay 4 2. Relays A 65 and 
4:9 release in succession when the signaling cur 
rent of frequency ff ends, but relay 49 is held 
Operated by current charging condenser is for 
a predetermined interval of time, for instance 
.020 second, after relay 4, 5 releases. The opera 
tion of relay 42, in response to the signaling cur 
rent of frequency f2, closes circuits including the 
Ipper winding of relay 44, back contact, of relay 
4?!, front contact of relay 442, back contact of 
relay 35 and the windings of relays ; 25 and 2 

windings; 
aid, Since relay 42 operates before relay is has 
released, relay 2 also closes circuits ircraig is 4...R.S. 
the upper winding of relay 414, back contact of 

current of frequency fi in coil 239 after relay 75 !'elay 45 and right front contact of relay 49 for 

  



4. 
operatively energizing the Winding of relay 26 
and the upper winding of cut-off relay 55 of the 
associated toll line circuit LC2. At its left COI 
tact, relay 32 short-circuits resistor 3; and, at 
its right, contact, relay 42 connects the Winding 
of relay 42 and the lower winding of relay 55) 
in parallel with the winding of relay 5. Relay 
25 closes a circuit for operatively energizing the 

left winding of relay 2. Felay 25 closes a 
holding circuit for its Winding in parallel With 
the upper winding of relay 559 So that these re 
lays remain operated, after relay 4:9 releases, 
until relay A2 releases. Relay 55 disconnects 
the talking conductors. 668 and 662 from coil is 
and bridges the repeater terrinaticia CCSisting 
of condenser 55 and resistor 52 across these 
Conductors. When the signaling current of fre 
quency f2 ends, relay A2 releases, causing the 
release of relays 425, 26, 2 and 558. Relays 
42 and 55 are slow in releasing, the left wind 
ing of relay 32 being operatively energized for 
about .020 Second by current charging condenser 
423, after relay 425 releases. The release of relay 
A2 disconnects the Winding of relay 32 and 
lower Winding of relay 355 fron the front con 
tact of relay 4: ; and the release of relay 553 re 
connects line T2 and coil is 2 to taking coin 
ductors 65 and 52. 
The aforementioned operation of relay 332, in 

response to the first part of the seizure signal, 
that is, upon Operation of relay in response 
to the inpulse of current of frequency f, con 
nects ground at the front contact of the normally 
operated relay A3 , through conductor 65, a back 
contact of relay of outgoing trunk circuit 
OT2, back contacts of relays 64 and 6 of the 
two-way trunk circuit TWT2 to the winding of 
relay 3. Relay 63. Operates, connecting ground 
to conductor 623 to mark the line T2 busy in 
the banks of selectors having access thereto. 
Thus the operation of relays, A. , 432 and 53 in 
response to the current of frequency f. is effec 
tive to mark the toll line T. 2 busy in the tanden 
office. Without, Waiting for the current of fre 
quency f2, thereby reducing the time interval 
after seizure at one end before it is protected 
against Seizure at the other end. Relay 63 
closes a circuit for Operating relay 35 in Series 
With lie relay 588 of the associated to Selector 
TS2; this circuit is traced from ground at the 
back contact of relay 43 of signal receiver SR3, 
right front contact of relay 432, conductor SE, 
back Cotacts of relays 6: and 6:4, winding of 
relay 655, inner upper front contact of relay 63, 
thence in simplex through the Windings of retard 
coil 855 of outgoing trunk circuit OT2, outer back 
contacts of relay 633, Outer front contacts of re 
lay 63, conductors 634 and 682, back contacts of 
relay 693 of selector circuit TS2, through resistors 
685 and 68 to resistors 687, thence through a 
back contact of relay 630 to the winding of relay 
688. Relay 65 closes a circuit through resistor 
58 for hglding relay St 3 and closes a circuit, for 
Operating the slow-to-release relay G. Relay 

closes a holding circuit for relay 63 and con 
nectS ground to conductor 683 to hold the suc 
ceeding circuit units through which the desired 
COInnection is extended in the tanden office until 
release is effected as hereinafter described. 
When the calling operator operates the dial 

key (not shown) and dials the toll route number, 
and also the called local office and subscriber's 
number in case the called line is located in an 
office in which dial controlled selectors are pro 
Vided for completing desired connections, relay 
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4 is alternately released and reoperated under 

control of the dial (not shown), the dialing cir 
cuit, including conductor 2 and the upper Wind 
ing cf relay it. The release and reoperation 
of relay 3 in response to each dial impulse 
causes a like release and reoperation of relay 
2. The release of relay 2 in response to the 
first impulse of each digit dialed, causes the op 
eration of relay 29, shirt-circuits the winding 
of normally operated relay 25 and opens the 
short circuit across the Winding of relay 2). 
Since relay 25 is slow in releasing, it does not 
release during the response of relay 20 to dial 
inpulses. Relay 22 is held operated by its 
right Winding and relay 249 is operated by its 
upper Winding, both of which windings are in 
parallel with the Winding of relay 29. The op 
eration of relay 24, connects coil 239 to coil 30 
aid the cperation of relay 29 disconnects 
ground fron conductor 236 thereby starting cur 
rent of frequency f2 through coils 239 and 3e), 
the Conductors of line T2 and through coil 4. 
Relay 2 is slow in operating taking longer to 
Operate than the sum of the intervals of time 
required for Operating relayS 29 and 23 but 
less than the minimum dial impulse. Relay 2 
reinainS Operated while all of the impulses in 
he trail are being received and until 1 second 

after relay 25 reoperates at the end of the last 
impulse Cf the train. Relay 293 also closes the 
Circuit for Operating the slow-to-operate relay 
2.É3. The operation of Irelay 2 3, about 020 
SecCnd after the operation of relay 23, discon 
nectS ground from conductor 235 and connects 
gi'Olid to coinductor 236 thereby ending the cur. 
rent of frequency f2 and causing current of fre 
quency f in coils 239 and 339, the conductors of 
line T2, and coil 428. When relay 239 reop 
erates at the end of the first dial impulse of a 
train, relay 29 releases and relay 23 operates. 
The Cperation of relay 23 closes the circuit for 
Cperating relay 27 and disconnects ground at 
its back contact from conductor 235; but until 
relay 29 Operates, this conductor is connected 
through both back contacts of relay 27, front 
contacts of relays 2, 23 and 2 3 to ground at 
a front Contact of relay 25. The release of 
relay 29 also connects ground to conductor 236 
and Opens the operating circuit of relay 23. 
The Winding of relay 283 remains energized for 
about .020 to .030 second after relay 299 releases, 
While Condenser 2 if is charging, thereby prevent 
ing the release of relay 2.3 before relay 23: 
Operates. When relay 28 operates, it discon 
nectS ground from conductor 236 and connects 
ground to conductor 235. The connection of 
ground to CCinductor 235 ends the current of fre 
quency f. and starts current of frequency f2 in 
coils 237, 396 and 4:9. When relay 26, again 
releaseS at the beginning of the second dial in 
pulse of the train, relay 299 reoperates relay 283 
releases. When relay 2 E3 reoperates, about .020 
Second after relay 263 reoperates, ground is dis 
Conflected from conductor 235, and conductor 
233 is connected to ground at the back contact 
of relay 23; and, when relay 237 releases, ccn 
ductor 233 is also connected through both back 
contacts of relay 28, and front contacts of relays 
23A and 248 to ground at a front contact of relay 
25, thereby again initiating current of fre 
81&ncy f2 and terminating current of frequency 
f2 through coils 233,333 and 432. When relay 
25 resperates at the end of the second impulse, 
relayS 23 and 23 operate in succession and re 
layS 29 and 23 release in succession thereby 
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terminating the current of frequency f2 and 
starting current of frequency f through coils 
239, 300 and 400. Each succeeding impulse in 
the train effects a like operation of relays 205, 
209, 2 3, 203 and 213 and the transmission of 
impulse signals consisting of Current of frequency 
f2 followed by current of frequency f. When 
relay 28 remains operated at the end of the last 
impulse of the train, relay 2 again releases, 
and relays 293 and 29 release to terminate the 
current of frequency f2 which is transmitted at 
the end of the last impulse. The release ci 
relay 20 causes the release of relay 24 to re 
connect taking conductors 6 and 62 to the 
line T2. The Outer contacts of relays 20 , 
27, 23 and 28 are provided to prevent a short 
false impulse of frequency fi in case relay 299 
opens is back contact before relay 23 closes 
its back contact in response to the release of 
relay 209 and to prevent a short false inpuise : 
of frequency f2 in case relay 203 opens its back 
contact before relay 299 closes its back contact; 
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that is to place control of digit impulses after 
the first impulse of frequency f2 in relays 287 
and 23 alone. 
In the signal receiver SR2, the impulse of cur 

rent of frequency f2 of each dial impulse effects 
the operation and release of relay 4, 2 and theim 
pulse of current of frequency f effects the opera 
tion and release of relay 4. 
relay 412 closes circuits, including the upper wind 
ing of relay 44 and back contacts of relays 4 
and 45, for operating relays 42 and 425; but, 
since relay 49 is normal, relay 426 does not op 
erate. 
winding of relay 42 f. Relay 42 short-circuits 
resistor 43 and Connects the Winding of relay 
427 and lower Winding of relay 550 in parallel 
with the Winding of relay 45. When relay 42 
releases and relay 4 Operates, a circuit is closed 
through the lower Winding of relay 44, back con 
tact of relay 42 and front contact of relay 4, 
for operating relay 45. The release of relay 42 
causes the release of relay 425 but relay A2 is 
held operated for about .020 Second after relay 
425 releases by current charging condenser 423. 
Since relay 4 operates before relay 421 releases, 
relays 427 and 550 are operated in parallel With 
relay 45. Relay 45 closes a circuit for operating 
relay 49 and connects the lower winding of relay 5 
4.4 to the front contact of relay 4 independent 
of the back contact of relay 42. Relay 49 
short-circuits resistor. 43 and connects the Wind 
ing of relay 426 to the back contact of relay 45. 
Relay 427 short-circuits the right front contact of 
relay 42 so as to be held operated after relay 42 
releases as long as relay 4 remains operated. 
Relay 427 opens the normally closed circuit 
through the winding of relay 43, closes a circuit 
for operatively energizing the left winding of re 
lay 436, and short-circuits the winding of relay 
433. Relay 433 is slow in releasing and remains 
operated while relay 427 is responding to dial 
impulses. Relay 43 is held operated for about 
.020 second, after relay 427 operates, by current 
charging condenser 429. When relay 43 re 
leases, it disconnects ground from conductor 60. 
When relay 4 releases at the end of the current 
of frequency ff, which is the end of the dial 
impulse signal, relays 45 and 427 release and the 
lower winding of relay 550 is deenergized. The 
release of relay 427 opens the short circuit acroSS 
the winding of relay 433, deemergizes the left 
winding of relay 436 and closes the circuit for 
operating relay 43. The operation of relay 43 
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about .020 Second after its operating circuit is 
closed, reconnectS ground to Conductor 670. Re 
lay 42 is reoperated by the current of frequency 
f2 and relay 4 is reoperated by the current of 
frequency f of each Succeeding dial impulse Sig 
na, incoming Over line T2 from the transmitter 
ST, thereby effecting the alternate disconnection 
of ground from conductor 60 and reconnection 
of ground to this conductor in response to each 
dial impulse. The current of frequency f2 follow 
ing the last impulse of a train, effects the re 
operation of relays 4? 2, 42, 425 and 426 and holds 
relays 44 and 550 operated. When the current 
of frequency f2 ends, relays 42, 44, 42, 425, 426 
and 550 release and no further operation of the 
Signal receiver occurs until the next signal is re 
ceived. 
The disconnection of ground from and recon 

nection of ground to conductor 670 by the re 
Sponse of relay 43 to each dial impulse signal of 
the first train incoming over line T2, causes the 
release and reoperation of relay 675 of two-way 
trunk circuit TWT2 and the release and reopera 
tion of relay 688 of selector TS2. Being slow in 
releasing, relay 677 remains operated during the 
response of relay 675 to dial impulses. The re 
Sponse of relay 688 to dial impulses effects the 
Operation of selector TS2 to select a corresponding 
level; and the brushes of selector TS2 are there 
upon automatically advanced in the selected level 
to hunt for an idle set of terminals. When an 
idle Set of terminals are engaged by the brushes, 
relay 690 is operated to disconnect relay 688 from 
conductor 670 and connect this conductor 
through brushes 69, 692 to the line conductors 
of the trunk or selector connected to the seized 
Set of terminals. Reference may be had to the 
aforementioned King et al. patent for a complete 
Olsva Usui. ui seativu. Isa aid ius Opeia, L.O.. 
ASSuming the call to be one which is routed 

through an Operator's position in the tandem 
Office, the Selector TS2 selects an idle set of ter 
minalis Such as the set 696 thereby.gonnecting 
Conductor 60 through brushes 69; andle;2, con 
ductors of and Jü2, and windings of retard 
coil ) of incoming trunk circuit IT2 to the 
Winding of line relay G5. The operation of re 
lay its 5, in Series With relay 645 of the two-way 
trunk circuit TWiz, lights an answering lamp 
(not Shown) to Signal the operator. When the 
Call is anSWered by insertion of a plug P3 in jack 
J 0, the lanp is extinguished and relay 34 op 
erated in the mainier described in the afore 
nentioned King et al. patent. i he operation of 
relay 34 connects ground to conductor 004, 
thence through brush 694 a front contact of relay 
690, normally closed contact of the eleventh ro 
tary Step Springs 689, and through conductor 684, 
to the Winding of relay 6 of two-way trunk 
circuit TWT2. Relay Gif operates, connecting 
battery through the back contact of relay 670, 
back contact of relay 640 of outgoing trunk cir 
cuit OT2 and through conductor. 664 to operate 
relay 50 of the signal transmitting circuit ST2. 
At its back contact, relay 50 opens a normally 
closed short circuit across the winding of relay 
5 fa; and relay 5.8 operates within .050 second, 
connecting the upper winding of relay 548, left 
Winding of relay 52f and winding of relay 509, 
allin parallel, to the back contact of relay 500. At 
its front contact, relay 500 closes a circuit for opera 
tively energizing the right winding of relay 52, 
closes a circuitfor operating relay 503, closes a cir 
cuit for Operatively energizing the lower winding 
of relay 540, and short-circuits the winding of the 
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normally operated relay 561. Relay 2 connects 
ground to conductor 537 to maintain the Opera 
tion of the busy indicator 549; but, Since the 
relay 436 of the signal receiving circuit SR2 is Op 
erated, the operation of relay 52 is ineffective to 
cause the operation of relay 529 in Series. With 
relay 435 of the receiver circuit. Relay A dis 
connects line T2 and coil 400 from the talking 
conductors 63 and 632, connects the repeater 
termination comprising condenser 53 and re 
sistor 552 across the talking conductors, and con 
nects the left winding of coil 539 to and through 
conductors 544 and 562 to coil 488. Relay 53 is 
slow in releasing and remains operated for about 
1 second after relay 568 operates. Relay 663 
closes a circuit for operating relay 667 and dis 
connects ground from conductor 885 to start 
current of frequency f3 through coils 589 and 
4G0, the conductors of line Tl2, and coil 3 of 
line circuit TLC: in the calling toil office. Re 
lay. 507 is slow in operating, the actuation of its 
contacts, about .020 Second after its op3rating 
circuit is closed, being effective to connect con 
ductor 535 to ground at the back contact of relay 
569 and to disconnect ground fron conductor 
538. When relay 5 8 operates, conductor 333 is 
also connected through both back contacts of re 
lay 53, front contacts of relays 5, 3 and 55 , to 
ground at a front contact of relay . The con 
nection of ground to conductor 535 ends the cur 
rent of frequency f3 and the disconinection of 
ground from conductor 536 starts current of fire 
quency fi through coils 639 and 38, the con 
ductors of line T2 and coil 360. When relay 
50 releases, .1 second after relay 688 operates, 
relay 53 releases and the lower Wiriding of re 
lay 54) is deemergized. Relay 533 opens the Op. 
erating circuit of relay 582 but relay 3 is held 
for from .020 to .030 second by current charging 
condenser 535. The release of relay 66, about 
020 second after the release of relay 69i, discon 
nects coil 539 from coil 488 and reconnects line 
T2 through coil 430 to the taiking conductors 
66 and G62. The release of relay 58 reconnects 
conductor 536 to ground at the back contact of 
relay 599. The release of relay Eg, or the re 
lease of relay 5A9, whichever occul's first, ends 
the current of frequency f. in coils 639 and 30, 
the conductors of line Ti2 and coil 888. Thus an 
answering supervisory or "Off-hook' Signal is 
transmitted over line is 2 by an impulse of cur 
rent of frequency f3 for about .020 Second foll 
lowed by current of frequency f. for about . 
second. 

In signal receiver SR , the signaling currents 
are passed through coils 300 and 333, amplifier 
334, filter 365, to the volume limiting amplifier 
306. The signaling energy of frequency f8 is 
passed through filter 337 and amplifier detector 
399 to energize the winding of relay 3: ; and 
the energy of frequency fä is passed through fl 
ter 38 and amplifier detector 3 to energize 
the right winding of relay 3 2. The output of 
amplifier 306 is limited to a value Sufficient for 
operating relay 3 only When substantially. all 
of the current is of frequency f3 and Sufficient 
for operating relay 32 only when substantially 
all of the current is of frequency ji, thereby 
preventing the false operation of either of these 
relays in response to noise, voice or other inte 
fering currents having components of one or 
both of the signaling frequencies f3 and f4. 
The operation of relay 3: , in response to the 
current impulse of frequency f$ of the answering 
supervisory signal, closes a circuit including the 
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lower Winding of relay 3 A, back contact of relay 
3:2 and front contact of relay 3 for Cperating 
relays 3:6 and 3 5. Since relay 335 is operated, 
the operation of Irelay 3 does not cause the 
Operation of relay S32. The closing of the outer 
right front contact of relay 35 renders the con 
tinued operation of this relay independent of 
relay 32; and the opening of the back contact 
of relay 35 prevents the operation of relays 
32 and 325 While relay 35 remains operated. 
Relay 3 A5 closes a circuit for operating relay 
349. Relay 3, 9 short-circuits resistor 33 to in 
Crease the current through the biasing winding 
of relay 32. Relays 3, 35 and 3:3 release 
in succession. When the signaling current of fre 
quency f3 ends, but relay 39 is held operated 
by current charging condenser 3 for about .020 
second after relay 3:5 releases. The operation 
of relay 32, in response to signaling current 
of frequency fi closes circuits including the upper 
Winding of relay 3, 3, back contact of relay 3 , 
front contact of relay 32, back contact of relay 
35, and the windings of relays 325 and 32 for 
Operatively energizing each of these windings: 
and, since relay 39 has not released, relay 3:2 
also closes circuits including the upper winding 
of relay 3:4, back contact of relay 3: , front 
contact of 1'elay 32, back contact of relay 35 
and left front contact of relay 39 for operatively 
energizing the winding of relay 325 and the 
upper winding of cut-off relay 25. At its right 
contact, relay 32 short-circuits resistor 3 3; and, 
at its left contact, relay 33 connects the wind 
ing of relay 32; and the lower winding of relay 
256 in parallel with the winding of relay 35. 
Relay 325 closes a circuit for operatively ener 

Relay 326 
closes a holding circuit for its winding in parallel 
With the upper Winding of relay 25, so that these 
relays remain operated, after relay 3 9 releases, 
until relay 3:2 releases. At its left front contact, 
relay 326 closes a circuit including the right 
front contact of relay 335 for operating relay 
3.32. Relay 332 locks under control of relay 333 
and closes a circuit including the back contact 
of relay 33 and left front contact of relay 332 
for operatively energizing the left winding of 
relay 333. Relay 333 does not disconnect battery 
from the winding of relay 335, since relay 335 
Was Operated upon seizure of outgoing trunk 
circuit OT as hereinbefore described. Relay 
250 disconnects the talking conductors 6 and 
62 from coil 358 and bridges condenser 25 and 

resistor 252 across these conductors. When the 
signaling current of frequency fÉ ceases, relay 
32 releases, causing the release of relays 32, 
325, 323 and 25). Relays 324 and 253 are slow 
in releasing, the energization of the right wind 
ing of relay 32 being maintained for about 
.020 second after relay 325 releases by current 
charging condenser 323. The release of relay 
32 disconnects the winding of relay 327 from 
the front contact of relay 3; and the release 
of relay 25 reconnects line TE2 and coil 3) to 
talking conductors 5 and $2. 
The aforementioned operation of relay 332, in 

response to signaling current of frequency ft. 
following signaling current of frequency f3, 
closes a circuit from ground at the front contact 
Of normally operated relay 33, through con 
ductor it, a front contact of relay of out 
going trunk circuit OT, and winding of relay 
f85, to battery. Relay 25 operates, disconnect 
ing ground fronn the lower winding of relay f(4 
to increase the resistance of the circuit through 
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conductor G3 and thereby effect the extinguish 
ing of the Supervisory lamp (not shown) associ 
ated with plug P2 of cord Ci), in the manner 
set forth in detail in the aforeinentioned King 
et al. patent. 
When dialing is completed, relay 3G is op 

erated in the manner described in the aforemen 
tioned King et al. patent. The talking connec 
tion between outgoing trunk circuit OTi and 
incoming trunk circuit IT2 includes conductors 
O and 02, front contacts of relay 3), coin 

ductors 6 and 62, back contacts of relays 253 
and 240 of toll line circuit TLCI, conductors 24 
and 242, left windings of coil 393 and resistors 
30 and 302, repeating coil 30, line Tl2, repeat 
ing coil 400 of toll line circuit TLC2, right Wind 
ings of coil 403 and resistors 43 and 432, con 
ductors 54 and 542, back contacts cf relays 
540 and 559, conductors 66 and 662, back con 
tacts of relay 630 of trunk circuit OT2, front 
contacts of relay 63 of trunk circuit TWT2, coin 
ductors 68 and 682, front contacts of relay 6S 
of selector TS2, brushes 69 and 693, conductoi's 
OG and 002, condensers 350, and conductors 
04 and 242 of incoming trunk circuit IT2. 
If the answering operator disconinects cord 

CD2 from jack J2, relay 34 is released in the 
manner described in the aforementioned applica 
tion of J. G. Walsh to effect the sending of an 
on-hook signal to the calling operator. The re 
lease of relay C34 disconnects ground from con 
ductor 94 and effects the release of relays 67 
and 509. The release of relay 500 opens the short 
circuit across the winding of relay 53, closes a 
short circuit across the winding of Irelay 58, 
closes circuits for operating relay 509, for holding 
relay 52 operated and for Operatively energizing 
the upper winding of relay 540. Relay 540 con 
nects coil. 539 to coil. 4) and connects condensel 
55 and resistor 552 in series across conductors 
66 and 682. The operation of relay 599 closes 
the circuit through the winding of relay 53 and 
disconnects ground from conductor 536 thereby 
starting current of frequency f4 through coils 539 
and 400, line T2, and coil 30). About .020 sec 
ond after relay 599 operates, relay 53 operates, 
disconnecting ground from conductor 535 to start 
current of frequency f3 through coils 539, 405) 
and 3CO and connecting ground to conductor 535 
to terminate the current of frequency f. Relay 
50 operates within .050 second after relay 598 re 
leases thereby connecting ground at the inner 
right front contact of relay 5 5, through front 
contacts of relays 5,3,518 and 50, and through 
back contacts of relay 507, to conductor 536. 
When relay 518 releases, about 1.3 second after 
relay 500 releases, it causes the release of relays 
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509, 52 and 540. The release of relay 539 opens 
the circuit of relay 5 3 and connects ground to 
conductor 536. Relay 53 is held operated for 
about .020 second while condenser 5 is being 
charged, the release of relay 5:3 being effective to 
reconnect ground to conductor 535 thus termi 
nating current of frequency f3 through coil. 539. 
The release of relay 549, about .020 second after 
relay 518 releases, disconnects coil. 539 from coil 
400 and reconnects line Tl2 through coil AG) to 
conductors 66 and 662. Thus a signal consist 
ing of current of frequency f1 followed by cur 
rent of frequency f3 is transmitted over line T2 
to the receiver SR in response to the discon 
nection of cord CD2 from jack J. In receiver 
SRI, relay 312 operates in response to the current 
of frequency f4 thereby effecting the operation 

GO 

of relays 314, 32 and 325. The release of relay 75 
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32 at the end of the current of frequency f4 
causes the release of relays 32 and 325. The op 
eration of relay 3, in response to the current of 
frequency f3, effects the operation of relays 34, 
35, and also the operation of relayS 32 and 250, 
since relay 32 is held operated for about .020 
second after relay 325 releases by current charg 
ing condenser 323. Relay 327 connects its wind 
ing in parallel with relay 3:5 so as to remain op 
erated after relay 32 releases until relay 3 
releases. The operation of relay 35 causes the 
operation of relay 319; and the operation of re 
lay 327 short-circuits the winding of relay 333 
and causes the release of relay 33, the release 
cf relay 33 being delayed by current charging 
condenser 328. Relay 33 disconnects ground 
from conductor 0 to release relay 65 of trunk 
circuit OT. Since the current of frequency f3 
continues for about 1.5 seconds, the operation 
of relay 32 causes the release of relay 333; and 
the release of relay 333 causes the release of relay 
332. When relay 3 releases, at the end of 
the current of frequency f3, relays 34, 35 and 
327 release. The release of relay 3.5 causes the 
release of relay 39; and the release of relay 327 
causes the release of relay 250 and reoperation of 
relay 33. Since relay 332 has released, the 
reoperation of relay 33 is ineffective to reoperate 
relay 95; and, therefore, the supervisory lamp 
associated with plug P2 is permanently lighted. 

If the calling operator wishes to recall the an 
swering operator, operation of the ringing key, 
which is not shown but is associated with cord 
CD, causes a momentary release of relay 40 
in the manner described in the aforementioned 
King et al. patent. The release and reoperation 
of relay 40 causes a release and reoperation of 
relay 290, whereby the signal transmitter STI 
Operates to send a signal consisting of Current of 

is frequency f2 followed by current of frequency ff 
followed by current of frequency f2 over toll line 
Ti 2, the same as for a single dial impulse. The 
signal receiver SRf responds to the rering signal 
in the manner hereinbefore described for re 
sponding to a dial impulse thereby effecting a mo 
mentary opening and reclosure of the circuit 
through conductor 679, causing the release and 
reoperation of relay 675 of two-way trunk circuit 
TWT2 and relay O5 of incoming trunk circuit 
IT2. The release and reoperation of relay 005 
causes the flashing of the Supervisory lamp (not 
shown) associated with cord CD2 until the an 
Swering operator answers the recall signal, all as 
described in the aforementioned application of 
J. G. Walsh and patent to King et al. 

If the answering operator Wishes to signal the 
calling operator, operation of the ringing key 
(not shown) of cord CD2 causes the opening of 
the circuit through conductor 1994 in the man 
ner described in the aforementioned application 
of J. G. Walsh, to cause the release and reoper 
ation of relay 67 f of two-way trunk circuit TWT2 
and a corresponding release and reoperation of 
relay 500 of signal transmitter ST2. The signal 
transmitter ST2 is thereupon operated to trans 
mit a ringing signal consisting of current of fre 
quency f4 followed by current of frequency f3 
followed by current of frequency f, in a similar 
manner to that in which the signal transmitter 
ST effects the transmission of a single dial in 
pulse signal as hereinbefore described. The sig 
nal receiver SR responds to the ringing signal 
in similar manner to that in Which the signal re 
ceiver SR2 responds to a dial impulse signal, as 
hereinbefore described, thereby opening and clos 
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ing the circuit through conductor to effect a 
momentary release of relay 5. The release of 
relay 5 connects ground to the lower winding 
of relay. G4 to decrease the resistance in the cir 
cuit through conductor E3 and thereby effect the 
lighting of the Supervisory lamp aSSociated with 
plug P2 of cord C) as described in the afore 
mentioned Eing et al. patent. 

If the selector TS2 encounters an all-truiks 
busy condition in the Selected group, closure of 
the eleventh rotary step springs 39 connects con 
ductor 684 to interrupter 62 thereby causing 
the alternate operation of relay 6, for .5 second 
and release of relay 67 for 5 Second until the 
connection is released by the calling cperator. 
Each operation and release of relay Sii causes 
a COrresponding operation and 'elease of relay 
583, ihe first operation of relay 533 effects the 
transmission over line S2 of a signal consisting 
of current of frequency f3 followed by current 
of frequency f4, similar to the answering Super 
Visory Signal, hereinbefore described; and each 
succeeding release of relay 55 effects the trans 
mission over line T2 of a signal consisting of 
current of frequency f4 followed by current of 
frequency f3, the operations of the various re 
layS Of tranSmitter ST2 being similar to those 
of the corresponding relays of transmitter STE 
to effect the transmission of off-hook and on 
hook signals as hereinbefore described. In re 
ceiver SR , each signal comprising current, Cf 
frequency f3 followed by current of frequency 
f4 effects operations similar to those effected in 
response to an off-hook signal and each signal 
comprising current of frequency f4, followed by 
current of frequency f3, effects operations simi 
lar to those effected in response to an on-hook 
signal as above described. Relay 35 is thereby 
alternately cperated and released to flash the 
supervisory lamp associated with plug P2. 
When the calling operator disconnects plug P2 

from jack J2 to release the connection, relay 04 
releases and causes the release of relays 0, 39 
and 40 as described in the aforementioned ap 
plication of J. G. Walsh. The release of relay 
4) causes the release of relay 22. At its front 

Contact relay 286 opens the short circuit across 
the Winding of relay 2 and causes the deener 
gization of the left winding of relay 22d. At its 
back contact, relay 25 closes circuits for oper- : 
ating relays 289 and 243 and for holding relay 
22 . Relay 280 operates to connect coil 239 to 
toll line T2 and relay 23 operatos to discon 
nect ground from Conductor 236 and thus start 
a current of frequency f2 through coils 239 and 
309, line T2, and coil 408. Relay 299 closes the 
circuit for Operating relay 2:3; and when relay 

- 2 3 operates, about .020 second later, it discon 
nects ground from condulator 235 and connects 
Conductor 238 to ground, thereby ending the cur 
rent of frequency f2 and starting a current of 
frequency fi through coils 239, 380 and 40. 
When relay 28 reoperates, within .050 second 
after relay 20 releases, ground at the inner left 
front contact of relay 245 is connected through 
front contacts of relays 23, 2 8 and 2 and 
back contacts of relay 287 to conductor 236. 
About .6 second after relay 28 releases, relay 
2f 5 releases due to the short-circuiting of its 
winding at the back contact of relay 239. The 
release of relay 25 causes the immediate release 
of relay 23 and closes a short circuit, across the 
winding of relay 2 S. The release of relay 2:5 
disconnects ground from conductor 236 and the 
release of relay 23 connects ground to conductor 

IO 

2 5 

30 

40 

45 

60 

70 

75 

2,302,071 
235 thereby ending the current of frequency f. 
and starting current of frequency f2 through 
coils 239, 33i and 633. About .1 second after 
relay 25 releases, relay 3 8 releases thereby coin 
necting ground at the back contact of relay 253 
through the front contact of relay 22, and outer 
back contact of relay 2:3 to short-circuit the 
winding of relay 2:8. The release of relay 2: 6 
causes the reoperation of relay 225 thereby effect 
ing the reoperation of relay 283. The recpera 
tion of relay 25 does not cause the reoperation 
of relay 25 since the Winding of relay 2 6 is 
short-circuited through its inner back contact 
and the front contact of relay 22) to ground at 
the back contact of relay 223. The reoperation 
of relay 223 connects ground to conductor 236 
and disconnects ground from conductor 235 
thereby ending the current of frequency f2 and 
starting current of frequency f. through coils 
239, 3 and 38. About 1.3 seconds after the 
release of relay 28 closes a short circuit across 
the Winding of relay 28, relay 2 8 releases, there 
by causing the release of relays 29 and 22 and 
the deenergization of the upper Winding of relay 
24). The release of relay 29 opens the circuit 
through the Winding of relay 2:3; and the re 
lease of relay 2:3, about .023 second later, con 
itectS ground to conductor 235 to eid the cur 
rent of frequency f. The release of relay 22 
disconnects ground from conductor 23 leading 
to the busy indicator 249 and causes the release 
of relays 225 and 335. The release of relay 250, 
about .020 second after relay 2:8 releases, discon 
nects coil 239 from coil 3) and reconnects coil 
39 to talking conductors 6 and 62. Thus the 
release of relay 250 effects the transmission of a 
disconnect signal Over line T2 consisting of 
current of frequency f2 for about 020 second, 
followed by current of frequency f2 for about .6 
Second, followed by current of frequency f2 for 
about .l. Second, followed by current of frequency 
fi for about 1.3 second. 
The signal receiver SR2 responds to the dis 

CCI) flect signal in the following manner. The 
first Curent impulse of frequency f2 causes the 
operation of relays & 3, 4 A, 42 and 25. Since 
neither of relays 5:9 or $2 are operated when 
the first in pulse cf the disconnect signal is re 
ceived, relay & 2 is more sensitive than when 
dial impulses are being received so that this relay 
is more certain to respond in case interfering 
currents are present. When the first impulse of 
frequency f2 ends, relay 42 releases and relay 
425 releases but relay 42 remains operated for 
about .020 Second. The first current inpulse of 
frequency f. causes the operation of relays 4 f, 
4 4, 45, 42 and 553. The operation of relay 45 
caises the Operation of relay 4, 9 and the oper 
ation Cf relay 42 causes the release of relay 43. 
Relay 43 disconnects ground from conductor 
6C to release relay Si3 of two-way trunk circuit 
TW' and relay (5 of incoming trunk circuit 
IT2. Since relay 4:2 holds relays 427 operated 
and relay 33 released for about .6 second, relay 
8 of the two-Way trunk circuit TWT2 also re 
leases disconnecting ground from conductor 683 
to cause the release of relay 69 of selector TS2 
and the return of this selector to normal as de 
Scribed in the aforementioned King et al. patent. 
Relay 33 releases about .5 second after its Wind 
iing is short-circuited by the operation of relay 
427, thus causing the release of relay 432. If 
the answering operator has disconnected cord 
CD2 from jack Ji () and relay 521 is normal, 
ground at the back contact of relay 52 is con 
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nected through conductor 545 and the back con 
tact of relay 433 to operate relay 439. Relay 439 
closes a circuit for holding relay 436, maintains 
the short circuit across the winding of relay 433, 
and closes a short circuit around the Winding of 
slow-to-release relay 43. About 4 second later, 
relay 437 releases, causing the release of relay 
439 and preventing its own reoperation as long as 
relays 433 and 52 remain released. When the 
first impulse of current of frequency if ends, 
relays 4, 45, 49 and 427 release. The release 
of relay 427 is ineffective to reoperate relay 433 
while relay 439 is operated. The operation of 
relay 42 responsive to the Second impulse of 
current of frequency f2 holds relays 44 and 558 
and operates relays 42, 425 and 426. Since re 
lay 435 is not operated, the operation of relay 426 
is ineffective to cause the reoperation of relay 432. 
When the second impulse of current of frequency 
f2 ends, relays 42, 42, 425 and 426 release. The 
operation of relay 4, in response to the Second 
impulse of current of frequency f. and before 
relay 42 releases, holds relays 4 4 and 559 and 
operates relays 45 and 427 but is ineffective to 
cause the reoperation of relay 432 because relay 
433 is released. Relay 45 closes the circuit for 
operating relay 49. The operation of relay 42 
causes the release of relay 43 and again connects 
ground to hold relay 435 operated and relay 433 
released. Since the aforementioned release of 
relay 439 does not occur until after relay 43 has 
reoperated, there is no opening of the short cir 
cuit around the winding of relay 433 until the 
second impulse of frequency ff has ended. When 
the second impulse of frequency f ends, the re 
lease of relay 4 causes the release of relayS 44, 
45, 49, 427 and 550. The release of relay 427 
causes the reoperation of relay 43, the release 
of relay 435 and the reoperation of relay 433; 
and the operation of relay 433 causes the reoper 
ation of relay 437. If the first impulses of cur 
rent of frequencies f2 and f of the disconnect 
signal should fail to effect release of relay 433, 
the second impulses will cause the release of re 
lays 432 and 433, the operation of relay 439 and 
release of relay 437. Since the final impulse of 
current of frequency f1 endures for about 1.3 
second relay 437 releases and relay 439 also re 
leases before relay 427 releases. When the final 
impulse ends, the release of relay 4 causes the 
release of relays 4 4, 45, 4:9, 427 and 559; the 
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release of relay 427 causes the reoperation of re 
lay 43, the release of relay 436 and the reopera 
tion of relay 433; and the operation of relay 333 
causes the reoperation of relay 437. 
From the foregoing description, it is to be noted 

that the busy relay 22 of the signal transmitter 
ST at the calling end of toll line T2 is operated 
by the energization of one winding whenever re 
lay 200 is released until relay 28 reoperates after 
sending the disconnect signal; and busy relay 
336 of the signal receiver SR at the calling end 
of toll line T2 is operated whenever a signal is 
being received. At the called end of toll line 1A2, 
the busy relay 436 of signal receiver SR2 oper- 6 
ates as soon as relay 432 operates in response to 
the seizure signal and remains operated until the 
release of relay 427 when the last impulse of cur 
rent of frequency fl of the disconnect signal 
ends; and the busy relay 52 of signal transmitter 
ST2 is operated whenever a signal is being trans 
mitted to the calling operator. 
The signal receiver SR2 may be arranged to 

respond to a prolonged impulse of Current of fre 
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of current of frequency f2 by disconnecting con 
ductor 434 from the right front contact of relay 
427 and connecting this conductor to another 
front contact of relay 43; which contact con 
nects ground to conductor 434 whenever relay 45 
is operated. When so modified, the continued 
operation of relay A5 in response to Current of 
frequency f will short circuit the winding of 
relay 433 to effect the release of relays 433 and 
432 and thereby open the circuit through con 
ductor 67 to cause release as above described. 
When so arranged the receiver SR will respond 
to either a single frequency or a sequence dis 
Connect Signal. 
Assume next that the call initiated by the call 

ing operator in the first toll office is one which is 
routed through the tandem office to a third toll 
office, the first digit dialed effecting the operation 
Of Selector S2 to Select a level giving acceSS to 
the called toll office. The terminals 695 represent 
such a level in the bank of selector TS2; and, 
upon selection of these terminals and operation. 
of relay 693, the holding ground connected to 
conductor 683 is further connected through a 
rent contact of relay 693, brush 633, conductor 
923, and through the inner lower back contact 
of relay 973 of two-way trunk circuit TWT3, to 
the Winding of relay 94. Relay 94 operates and 
locks to conductor 923 independent of relay 573. 
The aforementioned operation of relay 699 also 
closes a circuit for holding relay 675 of two-way 
trunk circuit TWT2 and for operating relay 90 
of two-way trunk circuit TWT3. This circuit is 
traced from ground at the front contact of relay 
43 of signal receiver SR2, front contact of relay 
432, conductor 670, back contact of relay 60 of 
outgoing trunk circuit OT2, back contact of relay 
674 of two-way trunk circuit TWT2, winding of 
elay 675, front contact of relay 673, windings of 
retard coil 639, outer back contacts of relay 639, 
outer front contacts of relay 673, conductors 68 
and 682, front contacts of relay 698, brushes C9 | 
and 692, conductors 32; and 922, outer back con 
tacts of relay 93, outer back contacts of relay 
939, windings of retard coil 969, inner upper back 
contact of relay 93, through the upper operating 
winding of relay 99 to battery. Relay 973 closes 
a circuit for operating relay 833 of signal trans 
mitter ST3 associated with toll line T34 leading 
to the called toll office. The signal transmitter 
ST3 is thereupon operated to send over toll line 
T34 a seizure signal consisting of current of fre 
quency f. for about .020 second followed by cur 
rent of frequency f2 for about .1 second. When 
the calling operator dials the remaining digits 
of the called toll route and called subscriber's line, 
the signal transmitter ST3 will be operated under 
the control of relay A3 of signal receiver SR2 
and relay 99 of two-way trunk circuit iWT3 
to Send dial inpulse signals over line '34 in sim 
ilar manner to that in which the signal transmit 
tei ST operates to transimit these impulses over 
trunk T2 as hereinbefore described. The re 
ceiving cut-off relay 55 of toll line circuit TLC2 
and the sending cut-off relay 340 of toll line TLC3 
are Operated to prevent the transmission of the 
dial impulse signals consisting of currents of fre 
Cuencies f2 and if through the talking connec 
tion between toll lines T2 and T34. 
When an answering supervisory signal con 

Sisting of current of frequency f3 followed by 
Current of frequency f2 is received over toll line 
T34, the signal receiver SR3 responds in like 
nanner to that in which the signal receiver SR 
'esponds to Such a signal as hereinbefore de 
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scribed. The receiving cut-off relay 859 is op 
erated to prevent the transmission of the answer 
ing signal through the talking connection be 
tween toll lines T33 and T2. The operation of 
relay 732 of signal receiver SR3 in response to the 
answering Supervisory signal connects ground to 
conductor 9: , thence through a back contact of 
relay 90 of outgoing trunk circuit OT3, the lower 
front contact of relay 9.f4, conductor 924, brush 
694 of selector TS2, front contact of relay 699, 
back contact of springs 689, conductor 633, to the 
winding of relay 6 Cf two-way trunk circuit 
TWT2. Relay 6. closes a circuit through con 
ductor 664 for operating relay 58 of the signal 
transmitter S2 and an anSWering Signal is there 
upon transmitted through toll line T2 to the 
signal receiver SR in the manner hereinbefore 
described. 
When the answering operator in the third toll 

office or called subscriber releases the connection, 
the signal receiver SR3 receives an “on-hook' 
Signal consisting of current of frequency fig foll 
lowed by current of frequency f3, whereby relay 
73 is momentarily operated to disconnect ground 
from conductor 9 and thus cause the release 
and reoperation of relays 67 ? and 500 in Succes 
Sion. The release and reoperation of relay 53 
causes the signal tranSinitter ST2 to send over 
toll line TE2 a signal consisting of current of fre 
quency f2 followed by current of frequency f3. 
The operation of receiving cut-off relay 850 of 
toll line circuit TTC3 prevents the “on-hook' Sig 
nal from being transmitted through the talking 
Connection betWeen lines T34 and T2. 
Ringing Signals received over toll line i34 by 

receiver SR3 are repeated over toll line Tf 2 to 
the signal receiver SR in similar manner to that 
in which "on-hook' signals are repeated as above 
described; and recall signals sent over toll line 
T2 by the signal transmitter ST are received 
by Signal receiver SR2 and repeated by relays 
43, 9 and 8e0 to effect the operation of the 
Signal transmitter ST3 to send a like signal over 
toll line T34. 
When the calling operator disconnects, a dis 

connect Signal is sent by the transmitter ST 
OVer toll line T2 to the receiver SR2. The re 
ceiving cut-off relay 550 operates to prevent the 
transmission of this signal through the talking 
Connection betWeen lines T 2 and T34. The dis 
connect Signal effects the release of relays 65 
and 67 of two-way trunk circuit TWT2 and re 
turn of Selector TS2 to normal, as hereinbefore 
described, and causes the release of relays 97) 
and 94 of two-way trunk circuit TWT3 and the 
release of relay 89 of signal transmitter ST3. 
The release of relay 800 causes the signal trans 
mitter ST3 to operate to send a disconnect signal 
Over toll line T34 to the signal receiver associated 
With toll line T34 in the third toll office. 

It should here be noted that on calls routed 
through the tandem office, all of the first fre 
quency and a part of the second frequency of a 
Signal in either direction is passed through the 
talking connection between lines TS 2 and T34 be 
fore the cut-off relays operate to open the talking 
connection. Referring to the signal receiver SR, 
a false signal Operation in response to the part of 
a Signal passed through the tandem office from 
toll line T34 to toll line T2 before the taking 
connection is opened, is prevented by making 
the signal relay 331 slow in releasing. Relay 34 
Operates, whenever either one of relays 3 or 3 2 
operates, to disconnect the ground at its back 
contact from the direct current signal receiving 
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circuit through conductor 7 leaving this cir 
cuit Under the control of relay 33. But, since 
relay 33 does not release until about .020 second 
after relay 32: operates, relay 34 will have re 
leased due to the current of frequency f. being 
ended by the opening of the talking connection 
in the tanden office, and the connection of 
ground through the back contact of relay 34 to 
conductor :) prevents a false signal operation. 
To prevent impulse distortion during the receipt 
of dial impulses on an incoming call, relay 33 is 
also Slow in operating So that the closing of the 
direct current Signaling circuit through conduc 
tor is delayed for the same interval that the 
opening of this circuit is delayed. In case there 
is sufficient distortion of the impulses in the voice 
frequency signaling circuits to require impulse 
correction, an impulse connecting repeater may 
be substituted for relay 33, the delay inherent 
in such a repeater being effective to prevent false 
Operation in response to partial signals passed 
through the talking connection in a tandem office 
before this connection is opened. 

Calls incoming over toll line T34 to the tandem 
office are completed to an answering operator in 
the tandern office or to a toll line T2 to the first 
toll Cffice in Similar manner to that in which like 
calls originating in the first toll office are com 
pleted, as hereinbefore described. The lines T2 
and T34 may also be seized by an operator in 
the tandem office on outgoing calls in which case 
the aSSociated outgoing trunk, two-way trunk, 
Signal transmitter and signal receiver circuits 
function in Similar manner to that of the corre 
Sponding circuits on calls from an operator in the 
first toll office as hereinbefore described. 
When a common volume limiting amplifier is 

used for both signaling frequencies, as in signal 
receiver SR and SR2 above described, the 
limiter aids in preventing a signal operation in 
response to voice and noise currents and is also 
effective at the time the signaling current is 
changed from one signaling frequency to the 
other to aid the release of the relay operated by 
the first frequency. If, however, echoes of the 
first frequency are received at a relatively high 
level With respect to the signaling current of the 
Second frequency, the relay responsive to the 
first frequency may be held operated and the op 
eration of the relay responsive to the second fre 
Quency may be delayed long enough to prevent a 
Signal response. A high level of noise may also 
callse failure to respond to either or both of the 
currents which constitute a signal. One method 
of avoiding these difficulties is to provide sep 
arate volume limiting amplifiers for each fre 
quency as shown in Fig. 10. In this figure the 
toll line TA2 is shown with signal receiver SR" 
and SR2" connected thereto, these receivers be 
ing similar to the signal receivers SR and SR2 
of FigS. 3 and 4 except that separate volume lim 
iting amplifiers 399, 3 3, 409 and 4 9 are pro 
vided. The band-pass filters 36 and 308 and 40 
and 468 are the same as those of like designation 
in receivers SR and SR2; and the signal relays 
3, 3:2, 6 and 4.2 and the other relays (not 
shown) are identical with corresponding relays 
in receivers SR and SR2. Each of the ampli 
fiers 309, 3 o', 433 and 4 O’ may be of the type 
disclosed in the patent to N. Bishop No. 1863,895 
of June 21, 1932, and in the patent to G. T. 
LOrance No. 1,654,085 of December 27, 1927, or of 
the type disclosed in the patent to E. Peterson 
No. 1,830,240 of November 3, 1931. 

Referring to the receiver SR', the band-pass 
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filter 307 passes only current of frequency f3 
and the band-pass filter 308 passes only current 
of frequency f4. Each of the amplifiers 309" and 
3f O' limits the current input to the associated 
signal relay to a constant value irrespective of 
variation in the level of the signaling current in 
coming over the line, thereby reducing signal dis 
tortion. The limiters are of the slow recovery 
type so that the gain of the amplifier increases 
slowly, thereby preventing the holding of the sig 
naling relay 3 or 3 2, after the signaling Cur 
rent ends. The band-pass filters 307 and 308 are 
located between the line and the individual lim 
iters in Order that line noises, oppositely directed 
signals and local plant tones will not affect the 
volume control or relay action. 
While not shown in the drawings, Selectors 

may be provided in the first toll office; and addi 
tional Selectors may be provided in the tandem 
office to route incoming calls to incoming trunks, 
Switching trunks to local offices, and toll lines 
to other offices, as required. 
What is claimed is: 
1. In combination, a line, a signal transmitter 

connected to One end of Said line, a signal re 
ceiver connected to the other end of said line, 
said transmitter adapted to transmit Signals, 
each of said signals consisting of current of one 
of two signaling frequencies followed by current 
of the other of said frequencies, said receiver 
comprising a first relay, means responsive only 
to current of one of said frequencies for Operat 
ing said relay, a second relay, means responsive 
Only to Current of the other of Said frequencies 
for operating said second relay, a signal circuit, 3 
means responsive to an Operation of said first 
relay for closing said signaling circuit, and means 
thereafter responsive to the operation of Said 
first relay Only within a predetermined interval 
of time subsequent to the operation of said Sec 
ond relay for controlling said signaling circuit. 

2. In combination, a line, a signal transmitter 
connected to one end of Said line, a signal re 
ceiver connected to the other end of said line, 
said transmitter adapted to transmit signals con 
sisting of current of One of two signaling fre 
quencies followed by current of the other of said 
frequencies, said receiver comprising a first relay, 
means responsive only to current of one of said 
frequencies for operating said relay, a second 
relay, means responsive only to current of the 
other of Said frequencies for Operating Said Sec 
Ond relay, a signal circuit, means for marking 
said line busy, and means responsive to an op 
eration of said first relay for closing said signal 
ing circuit and for operating said busy marking 
means, and means thereafter responsive to the 
Operation of said first relay only within a pre 
determined interval of time Subsequent to the 
operation of said second relay for controlling said 
signaling circuit. . . . . 

3. A signal receiver connected to a line for re 
sponding to signals consisting of current of either 
One of two signaling frequencies followed by cur 
rent of the other of said frequencies, said re 
ceiver comprising a first relay, means responsive 
only to current of one of said frequencies for 
operating said first relay, a second relay, means 
responsive only to current of the other of said 
frequencies for operating said second relay, a 
signaling circuit, means responsive to an opera 
tion of Said first relay for closing said signaling 
circuit, and means responsive to a succeeding op 
eration of said first relay within a predetermined ; 
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interval of time after the operation of said sec 
ond relay for opening said signaling circuit. 

4. In a signaling system, a line, a signal re 
lay, means including relays responsive to each 
operation of said signal relay for transmitting 
a signal consisting of current of one frequency 
for a predetermined interval of time followed by 
current of another frequency over said line, 
means including relays responsive to each release 
of said signal relay for transmitting a signal con 
sisting of current of said other frequency for a 
predetermined interval of time followed by cur 
rent of said one frequency, and means including 
relays responsive to the continued release of Said 
signal relay for more than a predetermined in 
terval of time for ending the current of said 
One frequency and for repeating the signal. 

5. In a signaling system, a line, a signal re 
lay, means including relays responsive to each 
operation of said signal relay for transmitting a 
signal consisting of current of one frequency for 
a predetermined interval of time followed by 
current of another frequency over said line, 
means for ending the current of said other fre 
quency at the end of a predetermined interval 
of time, means including relays responsive to 
each release of said signal relay for tranSnitting 
a signal consisting of current of said other fre 
quency for a predetermined interval of time foll 
lowed by current of said one frequency, and 
means including relays responsive to the con 
tinued release of said signal relay for more than 
a predetermined interval of time for ending the 
current of said one frequency and for repeating 
the signal. 

6. In a signaling System, a line, a signal relay, 
means including relays responsive to each op 
eration of Said signal relay for transmitting a 
signal consisting of current of one frequency for 
a predetermined interval of time followed by cur 
rent of another frequency over said line, means 
for ending the current of said other frequency 
at the end of a predetermined interval of time, 
means including relays responsive to each release 
of Said signal relay for transmitting a signal Con 
sisting of current of said other frequency for a 
predetermined interval of time followed by cur 
rent of Said one frequency, and means including 
relays responsive to the continued release of said 
signal relay for more than a predetermined in 
terval of time for ending the current of said one 
frequency for thereupon initiating a current of 
Said other frequency, for ending the current of 
said other frequency after a predetermined in 
terval of time, for thereupon starting a current 
of said one frequency, and for ending the cur 
rent of Said one frequency at the end of a pre 
determined interval of time. 

7. In a signaling System, a line, a signal re 
lay, means including relays responsive to each 
Operation of said signal relay for transmitting a 
signal consisting of current of one frequency for 
a predetermined interval of time followed by cur 
rent of another frequency over said line, means 
for ending the current of said other frequency 
at the end of a predetermined interval of time, 
means including relays responsive to each release 
of Said signal relay for transmitting a signal con 
sisting of current of said other frequency for a 
predetermined interval of time followed by cur 
rent of said one frequency, and means including 
relays responsive to the continued release of Said 
signal relay for more than a predetermined in 
terval of time for ending the current of said one 
frequency for thereupon initiating a current of 
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said other frequency, for ending the current of 
said other frequency after a predetermined in 
terval of time, for thereupon starting a current 
of said one frequency, and for ending the Cur 
rent of Said one frequency at the end of a prer 
determined interval of time, each of the two last 
mentioned predetermined intervals of tile being 
greater than the first two inentioned predeter 
mined intervals of tine relating to the signal 
transmitted in response to the release of Said 
Signal relay. 

8. A signal receiver connected to a line for re 
sponding to signals consisting of current of either 
one of two signaling frequencies followed by cur 
rent of the other of said frequencies, said receiv 
er comprising a first relay, means responsive Only 
to current of one of Said frequencies for Operat 
ing said first relay, a Second relay, ineans re 
sponsive only to current of the other of said fre 
quencies for operating said second relay, a sig 
naling circuit, means responsive to an Operatioli 
of said second relay within a predeterinined in 
terval of time after the release of said first relay 
for closing said signaling circuit, means respon 
sive to an operation of said first relay within a 
predetermined interval of time after the release 
of said second relay for opening Said Signaling 
circuit, and means effective a predetermined in 
terval of time after the opening of said circuit 
for preventing the closing of Said circuit respon 
sive to an operation of said second relay follow 
ing an operation of said first relay. 

9. A signal receiver connected to a line for re 
sponding to signals consisting of current of 
either one of two signaling frequencies followed 
by current of the other of said frequencies, said 
receiver comprising a first relay, means respon 
sive only to current of one of said frequencies for 
operating said first relay, a second relay, means 
responsive only to current of the other of Said 
frequencies for operating said second relay, a 
signaling circuit, means repsonsive to an Opera 
tion of said first relay for closing said signaling 
circuit, means responsive to each succeeding no 
mentary operation of Said first relay Within a 
predetermined interval of time after an opera 
tion of said second relay for opening and closing 
said signaling circuit, and means responsive to 
the operation of said first relay Within a prede 
termined interval of time after the Operaticn of 
said second relay and the continued operation of 
said first relay for more than a predetermined 
interval of time for preventing for a predeter 
mined interval of time the closing of said Circuit 
responsive to an operation of said second relay 
following the operation of said first relay. 

10. In a signaling system, a line, a signal trans 
mitter connected to Gne end of Said line, a signal 
receiver connected to the other end of Said line, 
a signal relay controlling the operation of Said 
transmitter, a signaling circuit controlled by said 
receiver, said transmitter comprising means in 
cluding relays responsive to each operation of 
said signal relay for transmitting over said line 
a seizure signal consisting of current of a first 
one of two signaling frequencies for a predeter 
mined interval of time followed by current of the 
Second of Said frequencies, means for terminat 
ing the current of said first frequency after said 
signal relay has remained operated for a prede 
termined interval, nears including relays re 
sponsive to each momentary release of said sig 
nal relay for transmitting a signal consisting of 
current of said second frequency for a prede 
termined interval of time followed by current of 
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said first frequency until said signal relay reop 
erates, means including relays responsive to the 
continued release of said signal relay for trans 
mitting a disconnect signal consisting of current 
of Said second frequency for a predeteriained in 
terval of time followed by current of said first 
frequency for a longer predetermined interval of 
time, followed by current cf said second fre 
quency for a predetermined interval of time 
longer than the first impulse of current of Said 
second frequency, followed by current of said 
first frequency for a predetermined interval of 
time longer thain the first inpulse of Said first 
frequency, said receiver comprising a first relay, 
means responsive only to current of Said first 
frequiency for operating said first relay, a second 
relay, means responsive only to current of Said 
Second frequency for operating Said Secoid re 
lay, means responsive to the operation of Said 
first relay in response to the current of said first 
frequency of said seizure signal for closing Said 
Signaling circuit Without Waiting for the Opera 
tion of said second relay in response to the cur 
rent of said second frequency, means responsive 
to the ceration of Said first relay Within a pre 
determined interval following a release of said 
second relay for opening said signaling circuit 
until Said first relay releases, means responsive 
to the operation of said first relay within a pre 
determined interval of time after an Operation of 
Said Second relay in response to the first impulse 
of current of said first frequency of said discon 
nect signal for opening Said signaling circuit and 
for holding said circuit open while said first im 
pulse of current of said first frequency continues, 
means rendered effective before said first relay 
releases for preventing the closing of said signal 
ing circuit upon operation of said second relay 
in response to the Second inpulse of Said second 
frequency of said disconnect signal, and means 
effective a predetermined interval of time after 
the release of Said first relay at the end of the 
secozad impulse of current of said first frequency 
of the disconnect signal for rendering a succeed 
ing cperation of said first relay effective to close 
said signaling circuit. 

11. In a telephone System, a two-way trunk 
line, a signal receiver and a signal transmitter 
individually associated with each end of said line, 
the signal receiver at one end of said line adapted 
to respond to signals consisting of current of a 
first voice frequency followed by current of a 
Second Voice frequency and to signals consisting 
of current of said second frequency followed by 
current of Said first frequency, the signal trans 
mitter at said one end adapted to transmit sig 
nals consisting of current of a third voice fre 
quency followed by current of a fourth voice 
frequency and signals consisting of current of 
said fourth frequency followed by current of said 
third frequency, the signal receiver at the other 
end of said line adapted to respond to signals 
consisting of current of said third frequency 
followed by current of said fourth frequency and 
to signals consisting of current of said fourth 
frequency followed by current of said third fre 
quency, the signal transmitter at Said other end 
of said line adapted to transmit signals consist 
ing of current of said first frequency followed by 
current of said second frequency and signals 
consisting of current of Said Second frequency 
followed by current of said first frequency, an 
other trunk line having like signal receivers and 
transmitters associated therewith, means con 
necting said lines for conversation, means at each 
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end of each of Said lines for opening the talking 
connection over the associated line While a sig 
nal is being transmitted or received thereover, 
means responsive to a signal received over one 
of said lines for transmitting a corresponding 
signal over the other of said lines, and means in 
each of said receivers for preventing a signal re 
sponse until the current of the second frequency 
of a signal has continued for a predetermined 
interval of time. 

12. In a telephone System, a two-Way trunk 
line, a signal receiver and a signal transmitter 
individually aSSociated with each end of Said 
line, the signal receiver at one end of said line 
adapted to respond to signals consisting of cur 
rent of a first voice frequency followed by cur 
rent of a second voice frequency and to signals 
consisting of current of said Second frequency 
followed by current of said first frequency, the 
signal transmitter at said one end adapted to 
transmit signals consisting of current of a third 
Voice frequency followed by current of a fourth 
voice frequency and signals consisting of current 
of said fourth frequency followed by current of 
said third frequency, the signal receiver at the 
other end of said line adapted to respond to 
signals consisting of current of said third fre 
quency followed by current of said fourth fre 
quency and to signals consisting of current of 
said fourth frequency followed by current of said 
third frequency, the signal transmitter at Said 
other end of said line adapted to transmit signals 
consisting of current of said first frequency fol 
lowed by current of said second frequency and 
signals consisting of current of said second fre 
quency followed by current of said first frequency, 
another trunk line having like signal receivers 
and transmitters associated thereWith, means 
connecting said lines for conversation, means at 
each end of each of said lines for opening the 
talking connection over the associated line while 
a signal is being transmitted or received there 
over, means responsive to a signal received over 
one of said lines for transmitting a correspond 
ing signal over the other of said lines, and means 
in each of said receivers for delaying the signal 
response for a predetermined interval after the 
beginning of current of the second frequency of 
an incoming signal. 

13. A signal receiver adapted to respond to 
signals, each of said signals consisting of current 
of either one of two frequencies followed by Cur 
rent of the other of said two frequencies, Said 
receiver comprising a first relay, means respon 
sive only to current of a first One of Said fre 
quencies for operating said first relay, a Second 
relay, means responsive only to current of the 
second of said frequencies for Operating Said 
second relay, a signal circuit, means responsive 
to an operation of said first relay for closing said 
circuit, a third relay, the operation of Said third 
relay being effective to open said circuit, and 
means for operating said third relay only in re 
sponse to the successive operation of Said Second 
and first relays in the order named. 

14. A signal receiver adapted to respond to 
signals consisting of current of either one of two 
frequencies followed by current of the other of 
the two frequencies, said receiver comprising a 
first relay, means responsive only to current of 
a first one of said frequencies for operating Said 
first relay, a second relay, means responsive only 
to current of the second of said frequencies for 
operating said second relay, a signal circuit, 
means including a third relay responsive to the 
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operation of Said Second relay followed by the 
operation of Said first relay for opening said 
circuit, and means for delaying the opening of 
said circuit for a predetermined interval of time 
after the operation of said third relay. 

15. A signal receiver adapted to respond to sig 
nals consisting of current of either one of two 
frequencies followed by current of the other of 
the two frequencies, said receiver comprising a 
first relay, means responsive only to current of a 
first One of Said frequencies for operating said 
first relay, a Second relay, means responsive only 
to current of the second of said frequencies for 
Operating Said Second relay, a signal circuit, 
means including a third relay responsive to the 
operation of said second relay followed by the 
operation of Said first relay for opening said cir 
cuit, and means comprising a slow-to-release re 
lay for delaying the opening of said circuit for a 
predetermined interval of time after the opera 
tion of Said third relay. 

16. In a signaling system, a signal receiver 
adapted to respond to signals consisting of cur 
rent of a first voice frequency followed by current 
of a Second voice frequency and to signals con 
sisting of current of said second frequency fol 
lowed by current of said first frequency, a first 
relay, means responsive only to current of said 
first frequency for Operating said first relay, a 
Second relay, means responsive only to current 
of Said Second frequency for operating said sec 
Ond relay, a signal circuit, means responsive to 
the Operation of said second relay following the 
Operation of Said first relay for closing said cir 
cuit, means responsive to the operation of said 
first relay following the operation of said second 
relay for Opening said circuit, and means effec 
tive in response to the operation of either of said 
first and Second relays for decreasing the sensi 
tivity of Said second relay. W. 

17. In a Signaling System, a signal receiver 
adapted to respond to signals consisting of cur 
rent of a first voice frequency followed by cur 
rent of a Second voice frequency and to signals 
consisting of current of said second frequency 
followed by current of said first frequency, a first 
relay, means responsive only to current of said 
first frequency for operating said first relay, a 
Second relay, means responsive only to current 
of Said Second frequency for operating said sec 
ond relay, a signal circuit, means responsive to 
the Operation of said second relay following the 
Operation of Said first relay for closing said cir 
cuit, means responsive to the operation of said 
first relay following the operation of said second 
relay for Opening Said circuit, and means effec 
tive in response to the operation of said first re 
lay for decreasing the sensitivity of said second 
relay and maintaining said decreased sensitivity 
for a predetermined interval after said first relay 
releases. 

18. In a signaling System, a signal receiver 
adapted to respond to signals consisting of cur 
rent of a first voice frequency followed by current 
of a Second voice frequency and to signals con 
sisting of current of said second frequency fol 
lowed by current of said first frequency, a first 
relay, means responsive only to current of said 
first frequency for operating said first relay, a 
Second relay, means responsive only to current of 
Said Second frequency for operating said second 
relay, a signal circuit, means responsive to the 
Operation of Said second relay following the Op 
eration of Said first relay for closing said circuit, 
means responsive to the operation of said first 
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relay following the operation of said Second relay 
for opening said circuit, and means effective in 
response to the operation of said second relay for 
decreasing the Sensitivity of said second relay and 
maintaining said decreased sensitivity for a pre 
determined interval after said second relay re 
leases: 

19. In a signaling System, a two-Way trunk 
line, means at each end of said line for seizing 
the line on an out-going call, a signal receiver 
and signal transmitter individually associated 
With each end of said line, the transmitter at 
one end of said line adapted to transmit and the 
receiver at the other end adapted to respond to 
signals consisting of current of a first voice fre 
quency followed by current of a second voice 
frequency and signals consisting of current of 
said second frequency followed by current of said 
first frequency, the transmitter at said other end 
of said line adapted to transmit and the receiver 
at said one end adapted to respond to signals con 
sisting of current of a third voice frequency fol 
lowed by current of a fourth voice frequency and 
signals consisting of current of said fourth fre 
quency followed by current of said third fre 
quency, each of said receivers comprising a first 
relay, means responsive only to current of one 
of the two frequencies used for signals incoming 
to the receiver for operating said first relay, a 
Second relay, means responsive only to current of 
the other of the two frequencies used for signals 
incoming to the receiver for operating said sec 
ond relay, a first signal circuit at each end of 
said line, a Second signal circuit at each end of 
said line, means at each end of Said line for con 
trolling the associated transmitter to send seizure, 
dial impulse, ringing, and disconnect signals over 
said line on outgoing calls, means at each end 
of said line for controlling the associated trans 
mitter to send answering supervisory, ringing and 
busy - signals over said line cn incoming calls, 
means in each of said receivers for marking said 
trunk busy and for closing said first one of the 
associated signal circuits in response to the initial 
operation of said first relay of the receiver on an 
incoming call without waiting for the Operation 
of the second relay of the receiver, means in each 
of said receivers effective after the closing of the 
associated first one of Said signal circuits on an 
incoming call to open said first signal circuit only 
in response to the operation of said first relay of 
the receiver within a predetermined interval of 
time following an operation of Said Second relay 
of the receiver. 

20. In a signaling System according to claim. 19, 
means at each end of Said line for marking said 
line busy upon seizure Cn an outgoing call and 
for rendering the receiver at the seized end effec 
tive to close the second of the associated signal 
circuits only in response to an operation of said 
second relay of the receiver following an Oper 
ation of said first relay. 

21. In a signaling System, a two-way trunk 
line, a Signal receiver a SSociated With One end of 
Said line and adapted to respond to signals in 
coming over Said line on calls in either direction, 
said signals consisting of current of either One of 
two signaling frequencies followed by current of 
the other of the Signaling frequencies, means at 
said end of Said line for Seizing Said line On an 
outgoing call, a signal transmitter at Said line of 
said line for transmitting Signals over Said line 
on calls in either direction, Said receiver Cornpris 
ing a first relay, means for operating Said first 
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said frequencies, a second relay, and means for 
operating Said Second relay only in response to 
Current of the Second of Said frequencies, a signal 
circuit COIatroiled by Said receiver on an incoming 
Call, a Signal circuit controlled by said receiver on 
an outgoing call, means for closing the first-men 
tioned signal circuit in response to an initial 
operation of Said first relay on an incoming call 
Without Waiting for an operation of said Second 
irelay, means rendered effective upon operation of 
said transmitter to send a seizure signal over said 
line to enable the closure of Said Second signal 
circuit only in response to the operation of said 
second 'eiay within a predetermined interval of 
time after an operation of said first relay. 

22. In a Siginaling System, a two-way trunk 
line, a Sigal receiver aSSociated With one end of 
Said lin2 and adapted to respond to Signals in 
coming over Said line on calls in either direction, 
Said signals consisting of current of either one of 
two signaling frequencies followed by current of 
the other of the Signaling frequencies, means at 
Said end of Said line for Seizing Said line on an 
outgoing call, a signal transmitter at said end of 
Said line for transnitting Signals over Said line 
on C3, Sii) either direction, Said receiver compris 
ing a first relay, leans for operating Said first 
relay only in response to current of a first one 
of Said frequencies, a Second relay, and means for 
operating said Second relay only in response to 
current of the Second of Said frequencies, a signal 
conductor, neans for closing a circuit over Said 
conductor in response to the initial operation of 
Said first relay Oinain incoming call Without Wait 
ing for an operation of Said Second relay, and 
ineans for preventing the closure of a circuit over 
Said conductor in response to the initial operation 
of Said first relay on an outgoing call. 

23. In a Signaling System, a two-Way trunk 
ine, a Sigria receiver aSSociated With one end of 
said line and adapted to respond to signals in 
coming over said line on calls in either direction, 
Said Signalis coinsisting of current of either one of 
two signaling frequencies followed by current of 
the other of the Signaling frequencies, means at 
said end of said line for seizing said line on an 
outgoing call, a Signal tranSimitter at Said end of 
said line for transmitting signals over said line 
on calls in either direction, said receiver compris 
ing a first relay, means for operating Said first 
relay only in response to current of a first one of 
said frequencies, a Second relay, and means for 
operating Said Second relay Only in response to 
current of the second of said frequencies, a signal 
conductor, means for closing a circuit over Said 
conductor in response to the initial operation of 
said first relay on an incoming call Without Wait 
ing for can operation of Said Second relay, means 
for preventing the closure of a circuit over Said 
conductor in response to the initial operation of 
said first relay on an outgoing call, and means 
for closing a circuit over Said conductor on an 
outgoing call in response to the operation of Said 
second relay within a predetermined interval of 
ine after the operation of Said first relay. 
24. In a Signal receiver according to claim 13, 

means for maintaining the cloSUie of Said circuit 
while neither of Said first and Second relayS is 
operated. - 

25. In a Signal receiver according to claim 14, 
means for maintaining the closure of Said circuit 
while both of Said first and Second relays are nor 
mal. - 

26. In a signal receiver according to claim 14, 
relay only in response to current of a first one of 75 a fourth relay, Said fourth relay having a cons 
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tact for maintaining the closure of said circuit 
while neither of said first and Second relays is 
operated, and means for Operating Said fourth 
relay whenever either one of said first and sec ond relays is operated. 

27. A signal receiver adapted to respond to Sig 
nals consisting of current of either One of tWO 
signaling frequencies followed by current of the 
other of the two frequencies, means responsive 
only to current of a first one of said frequencies 
for operating Said first relay, a Second relay, 
means responsive only to current of the Second 
of said frequencies for operating Said Second re 
lay, a signal circuit, means comprising a third 
relay responsive to an operation of Said first re 
lay for closing said circuit and for maintaining 
the closure of said circuit after Said first relay 
releases, means responsive to an operation of Said 
second relay followed by an operation of said first 
relay for opening said circuit, and means effective 
while neither one of Said first and Second relays 
is operated for maintaining the closure of said 
circuit. 

28. The method of preventing signal distortion 
and signal failures in a communication System in 
which signals are transmitted by a sequence of 
impulses of current of different frequencies by 
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passing to each of two signaling branches cur 
rent of only one of the Signaling frequencies, and 
limiting the current in each branch to a prede 
termined value independent of variations in the 
level of the current impulses. 

29. A signal receiver adapted to respond to 
Signals consisting of current of either one of tWO 
signaling frequencies followed by current of the 
other of Said frequencies, a first signal relay, said 
first relay for responding only to current of a 
first one of Said frequencies, a second signal relay, 
Said Second relay for responding only to current 
of the second of said frequencies, means compris 
ing a band-paSS filter tuned to Said first fre 
quency and a volume limiting amplifier in series 
in the order named for applying Signaling energy 
of said first frequency to said first relay, and a 
band-pass filter tuned to Said Second frequency 
and a volume limiting amplifier in series in the 
Order named for applying Signaling energy of Said 
second frequency to said second relay. 

30. A signal receiver according to claim. 29, 
said volume limiting amplifiers being of the slow 
recovery type, so as to prevent echoes of the first 
Signaling frequency from interfering with re 
sponse to the signal. 

EDMUND R. TAYLOR. 


