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This invention relates to signal receivers and 
more particularly to an alternating current sig 
nali receiver of the type disclosed in Patent No. 
2,332,942, issued on October 26, 1943 to Messrs. 

ceomprises a putrašity of digit keys, the individual 

(CI. 179-17) 
keys of which are connected, on the one hand, 
to suitable sources of signal frequencies and, on 
the one hand, to the line conductors over which, upon the closure of any key; the required nullam 

G. Reeht, A. A. Lundstrom, and E. R. Taylor. A 5 : ber of signal frequencies sources are momentarily 
broad Qbject of the invention is to include in a applied to the line. The receiver in the sender 
receiver of the type mentioned and when utilized connected at the remote end of the line, comº 
for reeeiving alternating current signal impulses pletes the circuit of the several signa? eurrents 
from automatic telephQnes stations, means re- and responds thereto with effects already noted. 
sponsive to the first half cycle of succeeding in- 10 : The transmitting keys: are not, ordinarily, ex 
coming pulses to discriminate between noise-in- posed to moise and, therefore, are protected only 
duced pulses and pulses generated at the station against such noise as might occur, fer instance, 
and, also, to identify each of two party stations at the contact of the switch train over which, the 
bridged across the same pair of line conductors, connection is established or at the contacts of 
The receiver to which the present invention is 15 the keys themselves, i . . . . . --. .-- - . . . - -- 

adapted as an improvement thereon comprises a In seeking to apply such a receiver to a sender 
plurality of signal channels, eaeh responsive to a for use in a telephone system in which the: al 
particular frequency in the signal frequency ternating current pulses of a wanted designatiean 
band and a “signal present” channel, which is e are generated by a device at a subscriber's station 
responsive to all frequencies within the band as 20 rather than at one operator’s position, great 
well as those outside of the band. The latter care must be exercised to guard the receiver 
channel, when - activated, conditions for opera- against responding to noise generated currents 
tion a register, which is settable in response to inasmuch as the transmitter of the telephone set, 
the operation of two of the various signak chan- being connected to the line at the same time as 
nels when the same respond to pulses made up 25 the receiver, and being exposed to the immedi 
of two signal frequencies according to a code, ate surroundings, will pick up whatever, sounds 
the register ignoring any pulse of one frequency are present, which sounds, in affecting its dia 
as having been produced by noise rather than phragm, will produce noise currents within the 
by the manipulation of the signal producing in- frequencies to which the reeeiver is adapted-re 
strument, and closing the circuit of a suitable *º spond. Tsafeguards against such false operations 
alarm for a received pulse of more than two fre- are usually provided for either through a man 
quencies, the alarm, in the tatter case, being in- ually operated key which disconnects the trans 
tended to caff attention to the fact that the sig- mitter from the line during , pulsing operations 
nad producing instrument probably has been in- or through a rectifying device in series With the 
correctly manipulated as, for instance, by press- 35 transmitter which offers a very high loss to the 
ing two keys at one time, since the production of noise generated currents. . . 
more than two frequencies is more likely to arise Where the centrali office must be arranged for 
from this cause rather than from any other. duplex operation, that is, for using Common 
The receiver, as disclosed in the above-men- equipment to serve new lines equipped with, de 

tioned patent, is part of a complex circuit or- 40 vices for producing alternating current pulses 
ganization called the sender used in telephone and old lines equipped with a dial for producing 
switching systems for registering wanted desig- direct current pulses, the problem of discrimi 
nations and for selectively positioning switching nating against noise currents becomes greater. 
apparatus in response thereto. The sender, in 4 while the lines equipped for keying alternating turn, is part of an automatic telephone system *º current pulses are protected by rectifying de 
wherein a calling line is extended to an opera- vices against the generation and transmission of 
torºs position from which it is further extended noise currents, the older dial lines, having mo such 
to a wanted line in other effices through the or equivalent devices, have no such protection. 
utilization thereat of a free sender which is set Since the sender must serve both types of lines 
by the coded plural frequency pulses designat- 50 indiscriminately, the receiver part of the sender 
irig the wanted member and, in response to the may be exposed to false operation when the 
Setting, selectively positions a selector train to sender becomes connected to a dial equipped Hine 
reach that line. - The device for generating these since the sender, at the time of such eonnection, 
ptilises, which is leðicated at the operator’s position, 55 has no way of determining whether the line to 

- which it is connected is a dial equipped line or 

  



2 
a key equipped line. It is possible, of course, to 
provide each dial line with a rectifying network 
for the protection of the receiver, but the mul 
tiplying factor for such a network would make 
the cost prohibitive in comparison with the cost 
of providing adequate safeguards in the receiver 
itself, since there are less receivers than lines. 
One of the objects of the present invention, 

therefore, is an alternating current receiver for 
use in a sender adapted for the selective position 
ing of a train of switches, which shall be capable 
of discriminating between a calling dial line and 
a calling key line through the recognition of the 
polarity of the first half cycle of the pulses pro 
duced by the calling key line. 

It is another object of this invention to produce 
a receiver which shall be capable of discriminat 
ing between each of two party stations equipped 
with keying devices, through the recognition of 
the polarity of the first half cycle of the first pulse 
produced by the station originating the call. 
These and other objects of the invention may 

be more clearly ascertained from the following 
description, appended claims and attached draW 
ings in which: 

Fig. 1 shows two - telephone lines, line A 
equipped with the usual dial and line B with party 
stations C and D connected thereto each having 
alternating current generating devices E. Both 
lines are shown as capable of connection in the 
known manner through crossbar switching facili 
ties to a sender selector through which an idle 
sender becomes connected to the calling line. In 
aSmuch as the eXtension of a calling line to an 
available sender through crossbar switches (or 
other types of switches) is old in the art and 
forms mo part of this invention, the same is only 
conventionally indicated; 

Fig. 2 shows parts of the receiver disclosed in 
the G. Hecht et al. patent as modified to include 
the elements which constitute the present inven 
tion. 
The alternating current generating device E 

with which stations C and D are provided is of the 
type disclosed in Patent 2,147,710 issued to R. F. 
Mallina, on February 21, 1939 but is provided with 
an additional Or Sixth reed. The SiX reeds are 
disposed between the poles of a permanent mag 
net, each of the reeds having a natural period of 
vibration equal to the periodicity of one of the 
six signal frequencies which, for convenience, 
may be designated a-f. Surrounding the reeds 
is a coil which is connected to the line con 
ductors, and a key-set having ten digit keys is so 
mounted with respect to the reeds that the de 
pression of any key will pluck two of the reeds 
and set them - into vibration Within the field of 
the magnet thereby generating in the coil cur 
rents each having a frequency determined by the 
natural period of one of the reeds. The depres 
sion of different keys will, of course, result in the 
plucking of different reeds according to a pre 
arranged code so that each digit will be indicated 
by a pulse of two distinct frequencies. The polar 
ity of the first half cycle of the current produced 
by the depression of any key will be determined, 
of course, by the manner in which the coil of the 
devices E are connected to the line. Where they 
are connected in the same sense, the polarity of . 
the first cycle of the current produced by each 
device will be the same, that is, either both posi 
tive or both negative. Where they are connected 
in the opposite sense, the polarity of the first half 
cycle of each current will be opposite, Sinçe, in 
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the present invention, it is contempleted that the 
receiver shall recognize the identity of each oftWO 
party stations equipped to produce plural fre 
quency pulses by the polarity of the first half 
cycle of the first pulse generated, the coil of 
device E. for Station C is connected across the line 
opposite to that of device E for station D. 

Referring, noW, more - particularly to Fig. 2, 
there is shown the Wolume limiter. WLu Which, On 
the input side is coupled to the preceding high 
pass filter HPF" connected to the manually ad 
justable pad AP and, on the output side, to the 
receiving channels indicated by the Vacuum tubes 
Ta-Tif, each channel being reserved for response 
to the frequency designated by the subscript des 
ignation of the tube of that channel. Tapped 
across the resistance NII is the primary Winding º 
of transformer SPT to the secondary winding of 
which is connected to the grid of the vacuum tube 
S of the “signal present” channel. All of these 
elements of the circuit are the same as those dis 
closed in the above-mentioned patent to G. Hecht 
et al. and have been herein similarly designated 
as, also, have been similarly designated the elle 
ments shown connected to the signal channel 
tubes Ta-Tif except that the connections to the 
contacts of the check polarized relay CK2 and the 
signal present relay SPR have been slightly 
changed for operation with the present inven 
tion. 

In parallel with the primary winding of trans 
former SPT is the primary winding of trans 
former NPT. This transformer has two sec 
ondary windings connected in series, and to the 
mid-point thereof is connected the negative pole 
of the battery supply BS, as is also connected the 
common terminal of condensers CN and CN2 
and the potentiometer resistors R, R2 and R3. 
The upper terminal of the series connected trans 
former WindingS is connected over an undesig 
mated resistor to the grid of gas-filled tube TA 
while the lower terminal is similarly connected, 
also through an undesignated resistor, to the 
grid of gas-filled tube TB. 
The anode of tube TA is connected in paral 

lel to the winding of polarized relay A and to 
resistor R5 while the anode of tube TB is con 
nected in parallel to the winding of polarized 
relay B and resistor R6, all of said resistors and . 
relays being joined together and to the common 
terminal of potentiometer resistors R2 and R3 
whence is obtained the positive potential derived 
from battery BS to operate the tubes TA and TB 
and the relays A, and B i as hereinafter, de 
Scribed. :; '' : . 
The armatures of relays A and B f obtain 

ground through the armature and lower contact 
of relay CK2, and this ground is normally con 
nected to the two windings of the relay G Via 
the lower contacts of relays All and Bl. Inas 
much as the common terminal of the two wind 
ings of relay G is grounded via the armature 
and lower contact of the “signal present” relay 
SPR, relay G is normally short-circuited, the 
battery BP for supplying current to the windings 
of said relay G having a path to ground through 
resistors R7 and R8 and the aforesaid lower con 
tacts of a relays Af and B. 

Relays A2 and B2 are - local relays operating 
over the front contacts of relays A and B1, 
respectively, and when either of the latter re 
lays operates, it connects ground to an individ 
ual conductor - which extends to a relay in the 
register. Since, as will be shown shortly, re 
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layº A2 signifies that party C calling and re 
lay · B2 signifies that party : D is calling, it is 
obvious that when either relay: operates to op 
erate its locally controlledt relay: in the register, 
said register is informed of the party identifica 
tion of the calling line. 

Having described the component elements of 
the circuit ef my invention its mode of oper 
ation will now be described. 
Assume, first, that the office is arranged for 

duplex operation and that, therefore, lines typi 
fied by dial line A and party line: B. are both t0 
be serwecit by the same-central, office, equipment. 
Now - let it be assumed that station C of line B 
initiates a call by removing the receiver from 
the hook and that, in consequence, the line is 
extended cover the line finder switches and send 

- er Selector Switches to an idle sender, designated 
at thre selecto by i ceonductors i and i 2 and that 
portion of its equipment shown ir . Fig. 2. By 
means of well-known i operations, the sender 
then proceeds to transmit a tone over the calling 
loop to indicate to the calling, station that the 
wanted number may be keyed (or dialed). 

It will be remembered that, in the case of twor 
party stations, the magnetizing coils of the sig 
nali generating instruments. E are oppositely 
eonnected to the line for eacht station, so that 
the operation of at key in each instrument will 
cause the production of an alternating current of 
opposite polarity to that produced by the other. 
That is, if we assume that the cail of device E. 
at station D. is wired so that the operation of a 
key of the device will generate a euFrent having 
a positive first lobe, then the coi? of device E at 
station C is wired so that the operation of a key 
of the atter device will generate : a current haW 
ing at negative first lobe. We: may now assulme 
for sinplicity that the energizing, coils of both 
devices E are so wired that the depression of a 
key of device E at station C produces a currents 
which consists of two- superimposed frequencies 
(depending upon the code used), within the sig 
na? frequency band eaehr. of which has ar first - 
negative lobe. Since the cirettit is, completed 
over conductors and 2 through the primary 
winding of transformer IT, the signal voltage is 
induced in the secondary winding of Said trans 
former and applied to the grids of the tubes of 
the volume limiter VL, whence, aecording to the 
teáichings of the above-nentioned G. Hecht. et al. 
patent, the signal energy is amplified (or i re 
duced if its intensity is above the ceiling of the 
lirmiter), and applied to the channel filters 
BPF-BEPFF whence it is , directed through the 
filters tuned to the frequencies in the signal 
pulse to cause the operation of the correspond 
ing signal channels. 
The portion of the signal voltage whicht is 

available across resistor NII is applied to the pri 
mary winding of transformer SPTE of the “Sig 
nal present” channel and to the primary wind 
ing of transformer NPT. The former results in 
the operation of the tube S and relay. SPR, while 
the latter results in the operation of either tube 
TA or tube TB depending upon the polarity of 
the first half cycle of the incoming pulse. If 
the polarity of the first half cycle is negative : Gas 
assumed), the voltage induced in the Secondary 
of transformer NPT will be of opposite polarity 
so that the voltage thereof will be positive at the 
upper terminal of the secondary windings and 
negative at the lower terminal. This positive 
voltage is applied to the grid of tube TPA, over* 
comes the negative bias thereat from battery:BS 
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over the „upper winding of the transformer, and 
renders the voltage on the grid sufficiently posit 
tiwe" to: fire the tube. In consequence, a flow of 
currentis, then established over the path ex 
tending from the positive pole of battery. BS, 
resistor i R3, winding of relasy Af and paralleled 
resister R5, the cathode-anode space: path with 
in. tube TFA, resistor R4, resistor. R? to the mega 
tive pole of battery BS. TFhe firing of tube TA 
and the current. flowing. in consequence thereof 
throughi the above-traced circuit immediately. 
causes a high. negative bias to be applied to 
the: grids of bCitha tUbeS TA and TB over the rela 
tively high resistance R4 which is located in 
the cornirnion anode and grid circuit path. The 
establishment of this, high negative bias: locks 
out tube. TPB since: any positive: potential which 
may be thereafter applied to the grid - thereof 
Will not be sufficient to, overcome the bias so that, 
for any particular -- Signal pulse, one and is only 
Cine of the two: tubes . TA and B. can be fred. 
The current flowing through the winding of: 

relay. A f will cause its operation, the parallel 
path through resistor R5 being provided merely 
to insure: the fast establishment of the above 
mentioned lock-out negative- bias. 

In the same manner, when station, D. initiates 
a call and a. key of the device. Ethereat is, de 
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pressed, then, since. the magnetizing coil of this 
device is conneeted to the , line oppositely from 
that of the device at station C, the first half cycle 
of the generated current will be positive, in con 
Sifºqllence. : 0f which a s positive potential is in 
duced at the lower terminal i ef the secondary 
Winding of transformer NPT and tube TB is; 
Caused to fire in the sarine manner. as already 
described for ttbe, T.A. ' 

Up to this point any signal of a frequency 
above the cut-off frequency of band-pass filter 
HPE’ and of sufficient magnitude will cause the 
operation of either relay Al or B depending 
upon the initial polarity of the first received 
pulse. From hereon, however, the operation eof 
the circuit depends largely on the reaetions of 
the receiver as determined by the operation of 
relayS. SEPR, CK2 and i CK3, : relay. SPR operat 
ing lupon any frequency passing through the lim 
iter VIL, relay CK2 operating when any reeceived 
pulse contains two signal, frequencies, and relay 
CEK3, operating when any received. pulse contains 
three or more signal frequencies. With these re 
lay operations in mind four circuit, reactions are 
possible. , ! 

* The first reaetion is that the received pulse 
naay be of such a short duration that none of the 
above relays will operate. The pulse, however, 
ca El newer be short enough to prevent the firing of 
tube. TA or TB and the operation of their respec 
tively associated relays Af and B 4 since the 
pulse need be only a fractional part of a half 
cycle to alter the potential on the grid of either 
tube. . . It will be: observed that with relay SPR 
normal and relays A i and B also normal, relay 
G is maintained short-circuited. However, upon 
the operation of either relay. A or B, short-cir 
cuiting ground removed from resistor RT or IR8, 
Eau Ses relay ni G to operate on the winding in 
series with the resistor R- from which the short 
circuit has been renneved. For example, if re 
lay. Al is operated, ground is diseonnected from 
resistor RT and a circuit is completed for Eelay 
G: extending from battery BP, resistear R1, right 
winding of relay G, armature and lower contact 
of relay. SPR to ground. On the other hand, 
if relay B is operated, ground is disconnected 
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from resistor R8 and relay G will then operate 
through its left winding over an easily traceable 
circuit. The operation of relay, G short-circuitS 
the potential applied between the anode and 
cathode of both tubes . TA and TB, caultSing 
whichever one is conducting to become extin 
guished, in turn causing the release of its locally 
operated relay A or B. Thus, if the pulse is too 
short to operate relay SPR, the circuit is re 
turned to normal without registering any party 
designation. In other words, a signal which does 
not operate the “signal present” channel Of the 
receiver but does fire either tube TA or TB of 
the polarity i detector is ignored. 
The second condition to be noted is that which 

results in the operation of relay SEPR, but not 
of relays CK2 or CK3. This results from a Sig 
nal impulse which, though of sufficient duration, 
has but one frequency. For this condition, the 
operation of relay SPR merely i delays, for the 
duration of the signal pulse, the operation of 
relay G, at which time the operation of the latter 
relay causes the conducting tube TA or TB to be 
restored as above described. This delay is de 
sirable because it keeps the Operated tube in a 
conducting state for the duration of the particu 
lar signal pulse pending, the possibility of an 
operation of two or more signal channels Ta—Tf. 
However, should two or more of these channels 
fail to operate, relay G will operate upon the re 
lease of relay SFPR, and restore the ignited tube 
to normal. 
The third i condition to be noted is that which 

results in the operation of relay SPR and relay 
CK2. This is the normal condition responsive 
to a pulse of sufficient duration and composed 
of two frequencies since each digit or character 
transmitted from the calling station is assumed to 
be represented by a combination of two out of the 
Six signal frequencies a-f to which the Signal 
channels Ta-Tf are respectively adapted to re 
spond. If two of the channels Ta-Tf are oper 
ated, then, according to the teaching of the above 
mentioned G. Hecht et al., patent, relay CK2 is 
operated. Remembering that relay Al is oper 
ated (or relay B if the call is initiated by Sta 
tion D), then, since the operation of relay CK2 
disconnects ground from its lower contact, a cir 
cuit is completed for relay A2 which extends from 
ground through the right winding of relay A2, 
upper contact and armature of relay Al, re 
sistor R9, to battery BP. Relay A2 operates, eX 
tends grounid over its No. 2 contacts and con 
ductor A3 to a relay“ (not shown) in the register 
which operates to record the fact that party C 
is making the call, and completes a locking cir 
cuit for itself from battery BL, through resistor 
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R 0, No. 1 contacts, conductor 4 to off-normal 
ground in the register, said off-normal ground 
being applied to said conductor by the register 
when the latter has registered the character Or 
digit designation indicated by the two operated 
signal channels Ta-Tf. 
When the first signal pulse has terminated, re 

lays SPR and CK2 release and since relay Al is 
still - operated, relay G is now operated in the 
manner described to cause the extinguishing of 
tube "TA. Relay A2, however, remains locked for 
the duration of the signaling period, that is, 
during the transmission of the remaining Signal 
pulses from station C. These signal pulses Will, 
of course, cause tube TA to be refired and eX 
tinguished with each pulse, cause relay Ali alter 
nating to operate and release and thereby CaSe 
battery BP alternately to be applied to and dis- 7 
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connected from the right winding of relay A2. 
However, since this relay is locked up under 
the control of the register, no further action takes 
place since the register has noted the party reg 
istration as party C by virtue of the ground ap 
plied to conductor A3. 
The condition above noted for operating two 

signal channels and the “signali present” chan 
nel may be equally satisfied by speech or noise 
currents if the latter contain any two of the 
signal frequencies. The circuit, however, dis 
criminates between noise and actual Signal op 
eration by the fact that the signals, originating 
at station C, comprise a series of alternating cur 
rent pulses all of whose first half cycles have 
identical polarity. Since the probability of the 
noise or speech pulses of just two frequencies 
having identical polarity is extremely Small while 
that of having some of the pulses of one polarity 
and other pulses of opposite polarity is extremely 
high, the noise pulses will cause the operation of 
both tubes TA and TB (after ea,eh tube is eX 
tinguished by relay G subsequent to its operation) 
and the consequent operation of relays A2 and 
B2 in the manner described. The operated con 
dition of relays A2 and B2 causes ground to be 
applied to conductor Y which extends to a cir 
cuit (not i shown) in the register to inform the 
latter that the receiver has operated on speech or 
noise currents. Since no speech or noise cur 
rents are possible from stations transmitting 
alternating current impulses because their trans 
mitters are appropriately guarded by rectifiers or 
other circuit or mechanical means, the elements 
which operated both branches of the polarity 
detector could only have come from a telephone 
line using a dial such as station A Since the 
transmitter of such a line is not guarded against 
noise or speech pick-up. Under these circum 
stances, ground on conductor Y informs the reg 
ister that the calling line is a dial rather than 
a key line and proceeds in a manner not herein 
shown to remove the alternating current receiver 
portion of the sender from conductors --2 and 
to replace it by the direct current pulsing relay 
for response to the forthcoming dial pulses. 
The fourth condition to be noted is that which 

results from the operation of relays SPR, CK2 
and CK3, which occurs when three or more Sig 
nal channels are operated as a result of the 
inadvertent displacement of two keys of the key 
set associated with the device E or if transmitter 
currents due to speech or noise are on the line. 
The operation of relay CK3 indicates the ab 
normal condition of three or more simultaneous 
channel operations. As described in the above 
mentioned patent, the operation of relay CK3 
immediately causes “recorder” tone to be fur 
nished to calling subscriber. Since these Oper 
ations and the means for carrying them out 
form no part of this invention, the same are 
neither shown nor described herein. 

In the duplex area, if dial pulses appear first 
at the Sender, it is recognized immediately by 
virtue of the operation of the pulsing relay as a 
dial phone and the alternating current receiver 
equipment is then immediately removed and in 
formation received wia, the pulsing relay is used 
for switching operations. X 
What is claimed iS: M 
1. A polarity detector for the first half cycle of 

an alternating current wave comprising two gas 
filled electronic devices, each of said devices in 
cluding a grid, a cathode and an anode, a source 
of potential connected in parallel between the 
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cathode and anode of each device, a power trans 
fer device serially connected betWeen the grids of 
said two devices, means responsive to an alter 
nating current wave applied to said power trans 
fer device for rendering the grid of one of said 
devices positive with respect to the potential of 
the cathode thereof whereby said device is ren 
dered conducting, means responsive to the con 
ductivity of said device for applying a high neg 
ative bias to the grid of said other device where 
by the resultant potential on said grid due to 
the application of a positive half cycle to the 
power transfer device remains relatively nega 
tive so as to render said other device unrespon 
sive to said positive half cycle, and a relay in 
the anode circuit of each, device responsive to 
the flow of current therethrough for short-cir 
cuiting the anode potential to Said device Where 
by the latter is restored to its original respon 
sive condition. 

2. A circuit for response to plural frequency al 
ternating current pulses comprising in combi 
nation a channel adapted for response to each 
frequency in the pulse, and a channel adapted 
for response to the first half cycle of each pulse, 
a register settable in response to the operation of 
said frequency-responding channels, and means 
responsive to the operation of said last-men 
tioned channel in response to two pulses each of 
whose first half cycles are of opposite polarity for 
transmitting a signal to said register. 

3. In a telephone system, the combination With 
a plurality of lines, some of which are equipped 
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with a dial device to transmit direct current 
pulses when calling and others are equipped 
with alternating current generators for produc 
ing plural frequency pulses indicative of wanted 
line designations when calling, of a sender com 
prising an alternating current receiver having a 
channel adapted for response to each frequency 
in a pulse and a channel adapted for response 
to the first half cycle of each pulse, and means 
responsive to the operation of Said last-men 
tioned channel in response to two pulses each of 
whose first half cycle is of opposite polarity for 
indicating to the sender that the calling line is 
equipped with a dial and not with an alternat 
ing current generator. 

4. In a telephone system, the combination of a 
tWO-party Station line, each of the stations on 
Said line being equipped with an alternating cur 
rent generator for producing plural frequency 

20 

25 

330 

pulses indicative of wanted line designations 
when calling, the field winding of each of said 
generators being oppositely connected to said lime, 
of a sender comprising an alternating current 
receiver having a channel adapted for response 
to each frequency in a pulse, and a channel 
adapted for response to the first positive or neg 
ative half cycle of a pulse, whereby the opera 
tion of said last-mentioned channel in response 
to either a positive or negative first half cycle 
indicates the station on said line from which the 
call has originated. V 
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