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UNITED STATES PATENT of FICE 
2,237,42 

TELEPHONE SYSTEM 

Alexis A. Lundstrom, East orange, N.J., assignor 
to Be Telephone Laboratories, incorporated, 
New York, N.Y., a corporation of New York 

Application November 28, 1939, Serial No. 306,466 
(C. 19-18) 25 Claims, 

Riy invention relates to telephone systems and 
more particularly to one in which the designa 
tion of a wanted subscriber is transmitted by cur 
rents of different frequencies generated at the 
calling station by a device Operatively responsive 
to the manipulation of a key-set. In certain 
automatic telephone systems the subscriber sta 
tion is provided With a rotary dial, and when the 
establishment of a connection is desired, this dial 
is operated a number of times to produce trains 
of impulses which are transmitted to the ex 
change over the line wires and there received 
either on a succession of step-by-step selectors 
which are directively operated in response to the 
impulses to reach the called Subscriber's line or 
upon so-called 'senders' which function to direc 
tively set the selectors under the control of its 
own pulses, produced in response to those pro 
duced at the calling station but recorded in the 
seder. 

Both of these methods of establishing auto 
matic connections, while satisfactory from an op 
erating standpoint, are, nevertheless, susceptible 
of distinct improvements, on the one hand from 
the calling subscriber's viewpoint who, in dialing 
as many as nine different trains of impulses for 
certain types of connections, may, in waiting for 
the dial to return home during the production of 
each train of impulses, forget how many digits 
have already been dialled and, therefore, make e. 
it necessary for him to start the establishment 
of the connection all over again thus incurring 
loss of time; and on the other hand also from 
the operating company's viewpoint which, in 
dial-operated Systems and because the quantity 
of central office equipment is, among other 
things, a function of the time taken to dial a 
number, must provide more equipment than 
would otherwise be necessary if the time taken 
to transmit a wanted designation could be ap 
preciably reduced below that required by the use 
of the dia. 
According to my invention a calling Subscriber 

communicates the office and number of a wanted 
subscriber by means which control the produc 
tion of alternating or pulsating currents of war 
ious frequencies, said means preferably compris 
ing a set of depressible keys any one of which, 
when depressed, causes alternating currents of 
particular frequency or frequencies to be pro 
duced for transmission over the line wires. These 
alternating current may be generated at the 
caller's instrument as, for example, by means of 
a number of reeds which, in response to the de 
pression of a key, are set into vibration within a 

O 

magnetic field in the combination required to 
produce the frequencies corresponding to the key 
depressed. 
According to One feature of my invention the 

subscriber's station is arranged, with respect to 
the receiving equipment at the central office to 
which the line extends, to avoid the production 
of currents other than the signal frequencies pro 
duced by the current generating instrument at 
the Subscriber's station. In operating with signal 
frequency transmission it has been found de 
sirable to use alternating currents having fre 
quencies lying within the voice range, and in the 
embodiment of the present invention in which 
the current generating device is located at the 
subscriber's station and is equipped with reeds 
that have natural periods within this range, the 
equipment at the central office which responds to 
the currents produced by these reeds cannot dis 
tinguish between these currents and, say, other 
currents within the voice range which may be 
produced by Sounds that impinge upon the tele 
phone transmitter during the act of operating 
the caller's sending instrument. To avoid the 
production of these false currents it is necessary 
to so dispose the reed generator across the line 
during the transmission of the signals that prac 
tically no line current passes through the trans 
Initter during the generation of the signal fre 
quencies. According to this feature of my inven 
tion a rectifier network is provided for the trans 
mitter and the reed generator whereby, on sig 
naling, the network presents a high loss to any 
line current that would flow to or from the trans 
mitter but little or no impedance to the flow 
of the alternating lim? current; through the coi! 
of the instrument that produces the signal fre 
quencies. On the other hand, when the connec 
tion has been set up, the direction of the line cur 

46 rent is reversed so that, in this case, the rectifier 
network presents little or no impedance to the 
flow of direct or alternating line current through 
the transmitter and a high impedance to the flow 
of alternating current through the coil of the 

5 sending instrument. 
According to another feature of my invention 

a sender is provided at the central office in which 
the alternating currents produced by the reed 
generator and transmitted over the line wires 
control the operation of as many channel de 
tectors as there are signal frequencies, each de 
tector being responsive Substantially to a single 
frequency, to cause the operation of a relay. The 
combination of two relays operated for a single 
digit is then employed to record on settable regis 



2 
ters the digit represented by the relays operated. 
The setting of the registers is then utilized in the 
known manner to cause the operation of switches 
for selectively reaching the Wanted line. 

2,287,742 
Fig. 4 is the outgoing part of the line-finder 

switch including the sender connector; 
Flg. 6 shows the private branch exchange se 

lector PBX, a final connector C and vanted sta Yet according to another feature of my in- 5 ton B; while 
vention the intensity of the dial tone transmitted 
to the calling station is controlled by the distance 
of the station from the home office in order that 
the intensity of the tone to the several stations plucking current generating device 2. 

Figs. 6 to 13, inclusive disclose the sender. 
Considering first Fig. 1, it will be seen that 

the subscriber's station A is equipped with a reed 
A typ 

at different distances from the office shall be 10, ical instrumentality of this kind is that shown uniform. 
According to another feature of my invention a 

delay circuit is provided whereby the channel 
detectors are not made responsive to the incon 
ing signals for a short interval subsequent to 
their arrival, in order that a portion of the 
energy delivered to them may be dissipated be 
fore the detectors are made available for respon 
sive operations. The reason for this is to make 

6 

in Patent 2,147,710, issued to R. F. Millina on 
February 21, 1939. Briefly, this instrument com 
prises five reeds, tuned, respectively, to as many 
different frequencies and mounted to modulate 
the field of a permanent magnet which, in turn, 
causes a voltage to be induced in a common 
pick-up winding connect to the line. Any two 
of the reeds are plucked simultaneously by the 
depression of one of the ten key buttons and 

sure that relays which will be operated by the 20 are thus caused to vibrate at their natural pe activation of the individual detectors will not be 
so by a false response of any detector to the 
transient disturbance set up in all the channel 
filters by any sudden arrival of the signals at 
their inputs due to the depression of a key at the 
calling instrument. In this way the relays will 
not be subject to false operations from transients 
of durations shorter than a predetermined in 
terval. 
Yet according to another feature of my in 

vention this delay circuit is adapted to paralyze 
or otherwise render inactive any of the detector 
channels if the input signal is of greater inten 
sity than a predetermined value, and, also, to 
keep the detectors paralyzed until the disturb 
ance has passed below the just operate level of 
the delay circuits for a predetermined interval 
of time. If the disturbance then goes above this 
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level it must, of course, persist for longer than 
another predetermined interval to render the 
detector channel effective. 
Yet another feature of my invention is the use 

of a special tuned feedback arrangement in the 
detector channel which renders the operation of 
the relay controlled thereby more sensitive to the 
incoming frequency and renders the release of 
the relay more quickly than otherwise when the 
signal current is removed. This makes for post 
tive relay action which expedites and renders 
reliable those functions of the Sender that de 
pend upon the operation and release of the chan 
nel relayS. 
These and other features of my invention Will 

be readily ascertained from the following de 
tailed description of the invention, appended 
claims and attached drawings in which: 

Fig. 1 is a schematic representation of the in 
vention as embodied in a connection between 
the calling subscriber's station A and the called 
subscriber's station B over a train of switches 
selectively positioned by a sender responsive to 
the signaling frequencies generated at the calling 
station; 

Fig. 1A shows the arrangement of Figs, 2 to 
13, inclusive to disclose the complete invention; 

Fig. 2 shows a subscriber's station circuit 
equipped with a reed current generating device 
and rectifier network for controlling current 
through the station transmitter and effectively 
switching from talking to reed generator circuit 
and vice-versa for conversation or signaling re 
Spectively; 

Fig. 3 is a combined line circuit and the line 
connecting side of a line-finder Switch of a pri 
vate branch exchange; 
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riod to produce alternating currents determined 
by their different and respective periodicities. It 
is understood, however, that the alternating cur 
rent generating device located at the subscriber's 
premises is not limited to the one above-men 
tioned and briefly described but may be any 
suitable instrument for producing signal frequen 
cies either singly or combined with means re 
sponsive to the operation of a key or similar 
device. 
In order to disclose the invention in its broad 

est aspects and thus bring out its flexibility with 
respect to its adaptation to telephone systems 
employing different types of equipment and used 
for establishing different kinds of connections, 
said invention is applied by Way of illustration 
to the establishment of telephone connections 
over a system involving a calling subscriber's line 
located in a private branch exchange which is 
provided with mechanical switching facilities that 
are selectively operated to connect with trunks 
radiating in the several directions through 
which desired connections may be established in 
accordance with the number transmitted from 
the calling station. The switching structures 
herein used for illustrating the operation of the 
invention are of the well known step-by-step or 
Strowger type and reference may be had to pages 
53 to 67, inclusive, of the second edition of "Auto 
matic Telephony' by Smith and Campbell for a 
detailed description of the operation of the cir 
cuits associated with these switches. Only those 
portions of the circuits of the selector and con 
nector switches are shown as are required for 
a clear and complete description of this inven 
tion, the Omitted portions of these circuits being 
indicated by broken lines. It should be under 
stood, however, and the description of the oper 
ation of the invention will amply show, that 
the invention may just as readily be applied to 
any other type of switching structure as, for 
instance, the so-called panel or cross-bar type, 
and the modification of the controlling circuits 
for adapting the invention to these or any other 
type of switches may be easily made by anyone 
skilled in the art. 

Referring now more particularly to Fig. 1, 
there are shown a calling subscriber's station A 
equipped, as said before, with a reed current 
generating device 20 f, the associated line finder 
L.F which includes the line circuit LC, omitted 
from Fig. 1 but shown in detail in Fig. 3, a sender 
connector SC, a private branch exchange se 
lector switch PBX, intermediate selector switches, 
indicated but not shown, a connector switch C 
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and a called subscriber's station B. Directly 
below the sender connector are a plurality of 
Senders designated by the first sender and last 
sender. In brief, the invention functions as 
follows: 
When the subscriber. A lifts the receiver from 

the cradle, the line finder IF is operated to move 
its brushes to the terminals of the line, after 
which an idle Sender is connected to the line 
finder by the operation of a relay 405 of what 
ever sender happens to be free, the senders being 
disposed in a preferred order for distributive con 
nections annong the several groups of line finders 
serving the different groups of lines. The line 
finder switch LF, however, is one connecting 
element of a Switch structure which comprises 
the line-finder switch proper having access to 
calling line terminals, the sender connector elle 
ment 405 by which an idle sender is connected 
to the calling line via the brushes of the line 
finder switch and a selector switch structure that 
has access, through its brushes, to the different 
trun: groups leading to the several points of 
destination. 
Ncw when the sender becomes connected to : 

the line, the private branch exchange switch 
becomes operatively associated with the sender 
and it transmits "dial tone' thereto just as it 
would transmit it to the calling subscriber to 
notify him that he may proceed to dial if it were 
connected directly to the subscriber's line. In 
my invention, however, the switch PBX, instead 
of being selectively positioned by impulses pro 
duced at the calling station as it would be in 
a dial operated system, will be selectively posi 
tioned by impulses produced by the sender, and 
since the sender can produce these switch-step 
ping impulses only in response to the call desig 
nation as keyed by the subscriber and recorded 
in the sender, dial tone cannot be transmitted 
from the selector directly to the calling station, 
but from the sender to the station after the 
sender has become operatively connected to the 
selector. The tone which is transmitted by the 
selector PBX to the sender operates equipment 
therein which produces another tone that is then 
transmitted over the line to the calling station. 
In response to this tone, the subscriber oper 

ates device 20 to transmit the wanted designa 
tion by depressing a key for each letter or digit 
representing the wanted number, and the de 
pression of each of the keys will cause two of 
the reeds to vibrate at a definite frequency, each 
thereby producing a current of that frequency. 
These currents are transmitted over the line into 
the sender which is provided with a frequency 
detector channel for each signal frequency. The 
particular channels tuned to the transmitted fre 
quencies are operated, after a small time inter 
wal to allow for the dissipation of transients, and 
cause the operation of a relay in each of the 
responding channels. Obviously the successive 
depression of different keys will produce a suc 
cessive combination of different frequencies 
which will cause the operation of á different com 
bination of detector channels and relays oper 
ated in response thereto. Šis 

In combination with the five detector channels 
there is affiliated a special delay system network, 
This system has the function of connecting the 
channel filters to the input side of the line after 
a part of the signal energy has dissipated itself 
and, some time later, to sensitize the channel de 
tector units. The purpose of this is, as said be 
fore, to avoid in the signal frequency the effect 
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3 
of components of other frequencies present 
which, unless kept out of a particular signal . . 
band, will tend to decrease the frequency dis 
criminating qualities of the channel filters by 
Setting up an additional frequency spectrum. 
The additional delay thereafter, before the chan 
nel detectors are sensitized, is necessary in or 
der to allow the spectrum resulting from sud 
denly applying the signals to the filters at the 
end of the first delay to subside. This permits 
the filters to realize a good portion of their steady . 
state frequency discriminating characteristics 
and thus enable the detectors to respond to 
larger variations in loss due to loop differences 
and other causes without obtaining false oper 
ations in adjoining channels. 
The delay circuit serves three other functions 

in addition to those mentioned. The first is to 
block any signal of less than a predetermined 
duration; the second is to block any signal which 
has an intensity of a certain predetermined value 
above the just operate level of the channels and 
the third is to block the operation of the chan 
nels until the signal passes below the just oper 
ate level of the delay network to a predeter 
mined lower level. If the signal then goes above 
the just operate level after dropping below the 
predetermined lower level, it must persist for a 
period longer than the interval of time control 
ling the second function mentioned above be 
fore the channels will be activated. 
The combination of relays operated in response 

to the incoming combination of two frequencies 
that corresponds to the depression of a key is 
recorded in a group of register relays which are 
locked to preserve the record, and every time the 
channel relays operate in response to succeeding 
combinations of frequencies, a corresponding rec 
ord is locked in another and succeeding regis 
ter, each digit of the called line designation thus 
being recorded on a separate register, there be 
ing provided in the sender as many registers as 
the maximum number of digits that may be re 
quired to set up a connection to any part of the 
telephone area. 
Once the called number is recorded on the sev 

eral registers, the sender proceeds to use the 
registrations successively to produce the num 
ber of impulse trains required to directively po 
sition all the selectors necessary to reach the 
wanted line. According to Fig. 1 the subscriber 
will have to key one digit for setting the private 
branch exchange selector PBX, and the number 
of levels to which the brushes of this selector 
will be caused to step by the sender will depend 
upon the direction of the call; the destination 
from the private branch exchange outlet coni 
trolling, in any case, the number of additional 
digits required. If, for instance, the call is to 
terminate before the manual board of another 
private branch exchange, one digit will suffice 
to directively set the private branch exchange 
Switch PBX on the bank level containing the 
trunks that lead to this board. On the other 
hand, if the connection is for a called subscriber 
B, reached through an automatic central office, 
a maximum of nine digits may be required, that 
is, one digit for directively setting the private 
branch exchange switch PBX to the outlet level 
for reaching the office selectors, three digits 
for the designation of the wanted office in order 
that the Office selectors may be positioned for 
Connection, to a trunk extending to the wanted 
office, four digits for the directive setting of the 
selectors in the office for reaching the terminals 



4 
of the wanted line and an additional digit for a 
o:sible party line or ten thousand digit desig 
nation for the wanted line. When the appropri 
ate number of selectors has been positioned by 
the corresponding number of pulse trains pro 
duced by the sender, the sender provides a suit 
able signal, in the form of a circuit for operating 
relay 408, for closing the connection through, 
after which the called line B is rung in the 
known manner and the sender is disconnected 
from the line by the release of relay 405, in read 
iness to set up another call. 
Referring now more particularly to Figs. 2 to 

13, the complete understanding of the invention 
may be obtained from a consideration of the cir 
cuit operations which follow the initiation of a 
call and the transmission from the subscriber's 
station of the wanted subscriber's number. 
Assuming that line A is located in the second 

level of terminals in the lower bank 320 of the 
two banks of terminals 320 and 330 accessible to 
the brushes of line finder LF and that a call is 
initiated from said line by the removal of the 
handset 200 from its cradle. As a result, off-nor 
normal switchhook contacts 203, 204 and 209 are 
closed and a circuit is completed for the sub 
scriber's line relay 302 which extends from bat 
tery through the right winding of said relay, No. 1 
contacts of cut-off relay 303, line conductor 26, 
switchhook contacts 204, one arm of the rectifier 
bridge consisting of rectifiers 207 and 206, primary 
winding of the induction coil 202, switchhook con 
tacts 209, line conductor 2, No. 3 contacts of 
cut-off relay 303, left winding of line relay 302 
to battery. Relay 302 operates and through its 
No. 2 contacts closes a circuit for operating group 
relay 306 while through its No. 1 contacts and 
conductor 304 it connects the winding of cut-off 
relay 303 to the sleeve terminal of the line in bank 
340. Relay 306 operates and disconnects ground 
from conductor 30 so as to mark the second Con 
mutator segment of all of the line-finders having 
access to the group of lines containing line A, 
and connects ground to start conductor 308. As 
suming the line finder IF to be the first idle 
finder in the group, the ground on conductor 308 
is extended through the normal No. 1 contacts of 
relay 39 to the winding of relay 3 C. Relay 3 
operates, thereby closing a circuit for energizing 
relays 3 and 32, the circuit for the latter relay : 
being traced from battery through its winding, 
through the brush and normal segment of con 
mutator 34, to ground at the No. 2 contacts of 
relay 31 O and the circuit for the former being 
traced from battery through resistance 329, No. 4 : 
contacts of relay 3 f9, through the normally closed 
contacts of rotary magnet 3, winding of relay 
3f , back contact of the vertical magnet 33, and 
through the No. 2 back contacts of relay 32, to 
ground at the No. 2 contacts of relay 30. When 
relay 3 2 operates, the circuit for Operating relay 
3 may be traced through the No. 2 front con 
tact of relay 32 (instead of through the No. 2 
back contact) and thence through the brush and 
normal segment of commutator 34, to ground at 
the left front contact of relay 30. Relay 3 is 
locked Operated through its front contacts to 
ground on the No. 2 contact of relay 3, inde 
pendent of relay 32 and independent of the comi 
mutator 38, while relay 32 is locked operated 
through its No. 2 front contact and the front con 
tacts of relay 3 f to the ground at the No. 2 con 
tacts of relay 30. 
With both relays 3 and 32 operated, a cir 
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33, said circuit being traced from battery through 
its winding, the No. 1 front contacts of relay 32, 
the Outer set of contacts of relay 3, to ground 
at the No. 2 contacts of relay 30. The operation 
of vertical magnet 33 raises the shaft and all 
multiple and commutator brushes up to the first 
level of line terminals and opens the circuit 
through the winding of relay 3 in consequence 
of which said relay releases and opens the cir 
cuit through the winding of magnet 33, which re 
leases. Now if the terminals of the calling line 
were located in the first level of the terminal 
bank, relay 32 would release when its locking cir 
cuit is opened by the release of relay 3 since its 
own operating circuit, opened when the brush of 
commutator 34 was advanced from its normal 
position, would not be closed on the first segment 
of commutator due to the disconnection of ground 
from this segment by the operation of relay 306. 
It has been assumed, however, that the terminals 
of the calling line are not located in the first level. 
Therefore relay 3f2 will be held operated through 
the brush and first segment of commutator 34, 
to ground at the back contact of the group relay 
asSociated with the lines which do connect to ter 
minals in the first level. Relay 3 is then re 
operated through the No. 2 contacts of relay 32, 
to ground on the first off-normal segment of 
commutator 34. When relay 3 reoperates, 
the circuit for energizing the vertical magnet 33 
is closed once more and the reoperation of the 
magnet accordingly steps the shaft and brushes 
up to the second level. With magnet 33 operated, 
however, relay 3 again releases, whereupon the 

5 circuit through the winding of the magnet is again 
Opened and relay 32 is unlocked. Since the 
ground normally connected to the second segment 
of commutator 3í? has been disconnected there 
from by the operation of relay 306, relay 32 re 
leases to prevent the further operation of magnet 
33. The calling line being connected to bank 320 
to which brushes 32 and 322 have access, it is 
not necessary to operate the brush switching re 
lay 324; and since relay 306 was operated through 
its left-hand winding, no ground is connected to 
conductor 369 to cause the operation of relay 326 
over the circuit that would be completed through 
its right contacts and the brush accessible to the 
Segments of commutator 3 5 reserved for the 
lines located in the upper terminal bank 33. 
As soon as the shaft was moved upward from 

its normal position, the vertical off-normal 
Springs 36 were operated to connect ground to 
conductor 327 and to prepare for the operation 
of the rotary magnet 37. The release of relay 
32, after the brushes have been advanced to the 
calling level, again closes a circuit to ground on 
the No. 2 contacts for operating relay 3 , and 
the reoperation of this relay closes a circuit for 
Operating the rotary magnet 3i, said circuit ex 
tending from battery through the winding of 
the magnet, the No. 4 and No. 5 contacts of the 
vertical off-normal springs 36, the No. 1 back 
contact of relay 3:2, the front contacts of relay 
3 to ground at the No. 2 contacts of relay 30. 
Magnet 38 operates and advances the lower 
brushes 324 and 322 to the first set of terminals 
in the selected level, opens the circuit for oper 
ating relay 38 and connects the winding of this 
relay through the front contacts of magnet 37, 
the lower winding of relay 318, and the No. 1 
normal contacts of relay 324 to the test brush 
323. If the calling line is connected to the first 
Set of terminals in the selected level, the circuit 

cuit is closed for operating the vertical magnet 75 through the winding of relay 3 is extended over 
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brush 323, over the sleeve conductor 304 of the 
calling line, through the No. 1 contacts of the 
operated line relay 302, through the winding of 
the cut-off relay 303 to battery, thereby holding 
relay 3 operated to prevent the further ad 
vance of the brushes. If the calling line is con 
nected to some other set of terminals in the 
selected level, then relay 3 f is not held operated 
and its release will cause the release of magnet 
3 T. When this magnet releases, relay 3 re 
operates, causing thereby the reoperation of 
magnet 37. Relay 3 and magnet 3 are, 
in this manner, alternately operated and re 
leased until the test brush 323 engages the sleeve 
terminal to which conductor 304 is connected, 
at which time relay 3 f is held operated in 
series with the winding of cut-off relay 303 over 
the path previously traced. The cut-off relay 
303 operates and relay 38 is sufficiently ener 
gized by the current through its lower winding to 
close a locking circuit from battery through its 
upper winding and No. 2 front contacts, through 
the front contacts of magnet 37, the winding 
of relay 3, the back contact of magnet 33, and 
through the front contacts of relay 3 to ground 
at the No. 2 contacts of relay 30. Relay 38, 
with the aid of the current flowing through its 
locking winding is now completely operated to 
extend a connection from line A through 
brushes 32 and 322, the No. 2 and No. 4 back 
contacts of relay 324, and the No. 1 and No. 4 
contacts of relay 38, over conductors 35 and 
352, No. 3 and No. 4 back contacts of relay 408, 
both windings of relay 40, both windings of relay 
403, the upper windings and the lower windings 
of both relays being serially connected, respec 
tively, with the upper winding of relay 403 
bridged by rectifier, 442 and lower winding 
bridged by rectifier 443, resistance 407 to bat 
tery, and resistance 409 to ground. Relays 40 
and 403 operate to perform functions which will 
be shortly described except to note at this time 
that relay 40 closes an obvious circuit for relay 
402 which, in operating, applies ground over its 
No. 3 contacts to the holding conductor 353 
which functions to hold relay 38 in an oper 
ated condition over, a locking circuit through the 
No. 3 contacts of relay 39, No. 2 contacts of 
relay 38, upper winding of said relay to battery 
and, further, to hold operated the brush trans 
fer relay 324, if operated, over a locking circuit 
extending from ground on said conductor, No. 2 
and 3 contacts of vertical off-normal Springs 
36, No. 3 contacts of relay 324, winding of said 
relay to battery. It further closes a circuit for 
relay 43 over the contacts of relay 42 which 
operates but performs no function at this time. 
Relay 39 operates in a circuit through its left 
winding, the No. 3 front contacts of relay 38 
and the No. 1 and 2 contacts of vertical off-nor 
mal springs 3 f6, locks to ground on conductor 
308 should there be another calling line in the 
same level in either bank to keep the group relay 
306 operated from the contacts of the line relay 
of said other line, extends this prond over its 
No. 1 contacts to conductor 328 which is the 
start conductor in the next line-finder switch of 
the group that will be taken into use and, at its 
No. 4 contacts, disconnects battery through re 
sistance 329 from the winding of relay 3, and 
opens the circuit of relay 30 which releases and 
closes a circuit path for the left winding of relay 
39 through its No. 1 back contacts to off-nor 
mai ground on conductor 327. The purpose of 
this circuit is, of course, to insure that if another 
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call is initiated in the group during the interval 
when the line finder LF is releasing and, there 
fore, when its brushes have not been completely 
reset, the releasing line finder will not be re 
seized by the reclosure of the circuit for relay 
30 and the consequent operation of vertical 
magnet 33; for, in such an event, the brushes 
may be arrested from returning to normal and 
restarted in their upWard movement from some 
position other than normal. Therefore by hold 
ing relay 39 operated to ground on the vertical 
off-normal contacts 3.6 until the brushes reach 
normal, any call initiated prior to this time will 
have the start ground on conductor 308 extended 
to conductor 328 and thence to relay 30 of 
whatever line-finder switch in the group is nor 
mal and Selectable. 
When relay 40 operates, it closes an obvious 

circuit for relay 402 which operates as already 
described. Relay 402 is made slow-release so 
that any momentary accidental depression of 
the switchhook which may cause the release of 
relay 40?, said last mentioned relay being held 
over the line loop will not, at the same time, 
cause the release of relay 402 and thereby dis 
turb the circuits established through its con 
tacts. Relay 402, on operating, connects bat 
tery through its No. 1 contacts to the winding of a 
relay in the group of relays 404 to 404' of the first 
idle sender available to the group of line finders 
serving line A, characterized by the normal posi 
tion of the sender busy relay 406 to 406'. 

Each line finder, depending upon the traffic 
density of the Sender group, has a number of 
sender connectors as an integral part of its cir 
cuit Organization, each Sender connector con 
prising a relay 405, sender busy relay 406 and 
a sender selecting relay 404, each connector giv 
ing accessibility to one sender. The designations 
of the relays just mentioned refer to the first 
connector in Fig. 4 which is also first in the 
Order of selection, while all intermediate connec 
tors have similarly designated relays that are 
primed (those of the last connector being dou 
ble primed) to indicate identity of function in 
the different connectors. 
Now when a sender is made busy through op 

erative association with a line finder in any group 
or through the removal of the sender from Serv 
ice, a circuit is closed for the upper winding of 
relay 406 in every sender connector through which 
the busy sender may be available. Postponing 
for the moment the tracing of the current path 
involved for this relay, it will be observed that 
if relay 406 operates as a result of the sender 
connectable to the first sender connector being 
made busy, said relay will lock in a path ex 
tending from battery through its lower winding 
and lower front contacts, lower back contacts of 
all intermediate sender busy relays 406 to 406' 
which are normal because their associated send 
ers are free, conductor 428 to ground on the No. 2 
contacts of relay 402. Similar locking circuits 
will, of course, be available to the other sender 
busy relays in the event that the associated send 
ers are not free. 

If the senders available to the sender connec 
tors forming an integral part of the line finder 
IF are all free, then, when ground is connected 
to the No. 1 contacts of relay 402, the sender 
accessible through the first sender connector will 
be selected for Operative association with Said 
line finder and this is accomplished by operat 
ing relay 404 over a circuit path which extends 
from battery on the No. 1 contacts of relay 402, 
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conductor 429, upper back contacts of relay 406, 
winding of relay 404, lower back contacts of said 
relay, through the back contacts of other relays 
404', intermediate the first sender-connector and 
the last, to ground on relay 404' of the last send 
er-connector. On the other hand, if all senders 
available to these connectors are busy except the 
intermediate sender and, therefore, all relays 
406 to 406'' are operated and locked except the 
intermediate relay 406”, then the sender acces 
sibe through the intermediate Sender-Connector 
will be selected by the operation of relay 404' 
over a circuit which extends from battery on 
conductor 429, upper front contacts of relay 406, 
upper front contacts of relays 406 of all sender 
connectors between the first and the internedi 
ate connector, upper back contacts of relay 406", 
winding of relay 404, bottom back contacts of 
relays 404, bottom back contacts of relays 404 
of all sender-connectors between the internedi 
ate connectors and the last connector to ground 
on the bottom back contact of relay 404''. In 
the same manner if all senders are busy except 
the one accessible through the last Sender-con 
nector, the above circuit will be traced through 
the top front contacts of all relays 406 to 406, 
top back contacts of the last relay 406', winding 
of relay 404' to ground on the bottom back con 
tacts of Said relay. Thus it is seen that a chain 
preference lock-out circuit is provided whereby 
the line finder LF is caused to be connected to 
the idle sender available through the first sender 
connector which is not busy, a condition which 
is denoted by the non-operated condition of the 
sender busy relay 406 of the Sender available: 
through that channel. 

For the purpose of continuing with the descrip 
tion of the operation of the System, however, 
it may be assumed that the sender connectable 
to the line finder LF through the first sender 
connector is idle and that, therefore, as a result, 
relay 404 operates in the manner above described. 
Upon the operation of relay 404 a circuit is 

completed for relay 405 which extends from 
ground on the top back contact of relay 404'', 
serially through the top back contacts of all other 
relays 404' in each of the connectors, which re 
lays are non-operated by the opening of their 
respective circuit pathis through the top con 
tacts of their corresponding sender-busy relayS 
406 as soon as these relays Operate in response 
to the non-availability of their respective send 
ers, top front contacts of relay 404, winding of 
relay 405 to battery. Relay 405 operates to per 
form functions noted hereinafter. 
With relay 405 operated, ground is connected 

over its No. 1 contacts to conductor 44 and 
thereby completes a circuit for relay 300 which 
operates to perform a number of functions to be 
noted hereinafter. Relay 405 over its No. 2 con 
tacts connects the ring conductor 422 to con 
ductor 45 (via conductor 422’) which, in turn, 
joins conductor 46 through the No. 4 contacts 
of relay 200 when operated; over its No. 3 con 
tacts relay 405 extends the tip conductor 423 to 
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conductor 4 f6 (via conductor 423); over its No. 
4 contacts, it extends ground to conductor 
applied thereto by the contacts of relay 03 
which, through the No. 7 contacts of relay 300, 
applies locking ground to certain control relays 
in the sender and also to the armatures of the 
detector responsive relays 902 to 906; over its 
No. 5 contacts it extends the line conductor 35 
to conductor 48 and thence to one arm of the 
resistance bridge 65 while through its No. 6 
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(contacts it extends the other line conductor 352 
Over conductor 49 to the other side of said re 
Sistance bridge to form the fourth arm thereof; 
Over its No. 7 contacts it connects the winding 
of relay 408 to conductor 420 and thence to con 
ductor 90 via the No. 2 contacts of relay 938 
and Conductor, thence to the No. 2 contacts of 
relay 1309 which, when operated, cause relay 
408 to operate as descrised hereinafter; over its 
No. 8 contacts it opens the operating circuit of 
its associated sender busy relay 406 which, how 
ever, Will not release at this time since it is locked 
Over its lower winding and contacts to ground on 
the No. 2 contacts of relay 402 as already de 
Scribed; while over its No. 9 contacts it connects 
battery through resistance 407 to conductor 430 
Which extends to the grid of vacuum tube 62. 
In the present embodiment of the invention, it 

is assumed that the connection is to be completed 
to Subscriber's line B located in an automatic 
office equipped with step-by-step switches of the 
Strowger type, the A or first digit office selector 
of which can be reached from the terminal banks 
of the PBX selector shown at the left of Fig. 5 
to the windings of whose line relay 515 the tip 
and ring conductors 423 and 422 are respectively 
extended. Now when relay 405 operates and 
these two conductors are joined to conductors 
46 and 45, respectively, as above described, a 
Current path is completed for relay 55 which 
extends from battery, lower winding of relay 
55, No. 5 back contacts of relay 54, conductor 
422, conductor 422, No. 2 contacts of relay 405, 
conductor 45, primary winding of transformer 
628, conductor 627, No. 2 normally made con 
tacts of relay 2', conductor 4 f6, No. 3 contacts 
of relay 405, conductor 423, conductor 423, No. 1 
back contacts of relay 54, upper winding of relay 
55, Nos. 1 and 2 contacts of “10th Rot, step' rol 
tary off-normal Springs 524, secondary winding 
of transformer 522 to ground. Relay 55 operates 
and closes an obvious circuit for relay 56 which 
also operates and, in doing so, applies ground to 
hold conductor 53. 
Inasmuch as the primary winding of trans 

former 522 is connected to a source of dial tone, 
Said tone is induced over the operating circuit of 
relay 55, above traced, including the primary 
winding of transformer 628. This tone, there 
fore, is further induced into the secondary wind 
ing of said transformer, resulting in the opera 
tion of detector-amplifier 63. This detector 
anplifier may be of any suitable type wherein 
an energy Supply is activated to operate relay 600 
upon the induction of the tone current in the 
Secondary winding of transformer 628, and the 
operation of relay 600 closes an obvious circuit 
for relay 6 which operates and connects gen 
erator 603 to the network 620. The current pro 
duced by the generator 603 is transmitted 
through the network 620, and through the filter 
60, but the quantity of energy that gets through 
will depend upon thyrite resistance elements 607 
and 608 bridged across the network, the shunt 
ing effect of which is controlled by the quantity 
of current flowing through the anode circuit of 
Vacuum tube 62 of which said elements form a 
part. . . 

It will be remembered that the operation of the 
Sender-connectorrelay 405 extended the line con 
ductors 35 and 352 to conductors 48 and if 9, 
respectively, and that these, in turn, are con 
nected to the fourth arm of the resistance bridge 
65. Now the two vertical terminals of this 
bridge are connected to the primary Winding of 
transformer 62, while its two horizontal points 
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are connected to the primary winding of trans 
former 69. 

Referring again to relay 403 which, it will be 
recalled, operated over the line loop, the flow 
of current through resistance 407 causes a po 
tential drop measured by this resistance, and the 
current flowing therethrough, that is applied to 
conductor 430 which, as said before, is connected 
to the grid or control element of vacuum tube 
62. This tube is of the "heater' type having a 
thyrite resistance element 606 in series with its 
cathode, Prior to the application of the poten 
tial drop through resistance 40 to the grid of 
the tube, there is a slight current flowing through 
its anode circuit which extends from battery, 
thyrite 606, the cathode (the filament of the tube 
being heated through a series battery connection 
with the filament of vacuum tube 6), anode 
of tube 62, the two thyrite elements 60 and 608 
to ground. Thyrite is selected to supply the fixed 
negative bias on tube 62 because it has the elec 
trical characteristic that potential drop across 
itself increases very slowly With increase in cur 
rent through itself. Therefore, Variation in an 
ode current of tube 612 will not materially affect 
the negative potential drop across thyrite 606 
and it will remain almost fixed. If there is no 
potential drop or a Very slight potential drop in 
resistance 40 due to the fact that, for instance, 
the line loop is long, the grid bias is strongly neg- : 
ative because of the application to the cathode of 
the negative potential drop through the thyrite 
element 606. The current flowing through the 
anode circuit is, under these circumstances, very 
small. Conversely, if the potential drop from re- : 
sistance 407 applied to the grid is large as would 
be the case, for instance, when the loop is small, 
the resulting grid bias due to the sum of the posi 
tive potential drop across resistance 407 and 
the negative potential drop across thyrite 606 
would be less negative. In consequence, the an 
ode current would be large. In other words, the 
voltage drop across thyrite element 606 Works in 
opposition to the Voltage applied to the grid from 
the loop so that, on long loops, the total grid bias 
will be highly negative to permit very little cur 
rent to flow through the anode circuit of the tube 
while on a short loops the total negative grid bias 
will be small to permit a very large current to 
flow through the anode circuit. 
the potential drop applied to the grid of tube 
62 and the quantity of current which then flows 
through its anode circuit, above traced, depends 
upon the length of the loop, including the re 
sistance of conductors 20 and 2 that extend ; 
between the Subscriber's station A and the ter 
minals on the line-finder bank 320 at the tele 
phone office. Whence it follows that the current 
flowing through the anode circuit of vacuum tube 
62, being dependent upon the value of the posi 
tive potential on the grid of the tube, is a maxi 
mum for zero line loop and a minimum for the 
longest line loop. The anode current, however, 
circulates through the thyrite elements 60 and 
608, which have the property of decreasing in 
resistance with an increase in current flowing 
therethrough. For the small current through 
the anode circuit produced by a long line loop, 
the current through the thyrite elements is slight, 
the resistance thereof remains comparatively 
high and the shunting effect of these elements, 
bridged across the network 620 is very small. 
Hence for a long line loop, by which is meant the 
ohmic distance of the calling subscriber's station 
A from the office in which the line terminates, 
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most of the energy from the generator 603 will 
be transmitted directly into the filter 60, with 
out any appreciable quantity of it passing 
through the shunting thyrite bridge. On the 
other hand, when the loop is small or of negligi 
ble resistance, the current through the anode cir 
cuit is large, the thyrite elements decrease their 
resistance in response to the passage of the cur 
rent and the effect is to produce a shunt path 
across the network 620 that will cause most of 
the energy from the generator 603 to flow 
through the shunt circuit with little of it passing 
into the filter 60. 
The reason for the above arrangement is to 

regulate the quantity of dial or keying tone cur 
rent transmitted back to the calling station in 
accordance with the length of the loop so that 
the intensity of the tone will be practically uni 
form for all stations regardless of their distance 
from the office. In dial telephone systems in 
which the designation of the wanted line is 
transmitted by means of direct current impulses, 
no such case need be exercised about the tone in 
tensity at the station because the tone used is 
usually of low frequency, preferably within the 
Voice range, Say around 500 to 600 cycles. Since 
the line loss increases with the frequency used, 
the loss in the intensity of the tone at this fre 
quency (500 to 600 cycles per second) is small 
for different loops and the same energy level, 
therefore, may be applied to all lines regardless 
of their distance from the office. But in the pres 
ent telephone system in which the designation 
of the Wanted line is transmitted by means of 
combination of frequencies within the voice 
range, the frequency of the dial or keying tone 
uS2d cannot be within the same range as the sig 
nal frequencies because the keying tone trans 
mission network is coupled to the channel de 
tectors responsive to these signal frequencies and 
such detectors therefore, may be falsely oper 
ated in response to the dial current. To avoid 
any such false operations, the keying tone fre 
quency is chosen Well above the range used for 
signaling from the calling station. Since the 
line loss is greater with the higher frequency 
than it is with the frequency used in dial sys 
tems, it is evident that if the tone level is suit 
able for the most remote station it will be too 
loud for the nearest station which fact makes 
it necessary to make the quantity of tone trans 
mitted over the line depend upon the length of 
the loop as above described. Thus when the line 
is long the quantity of keying tone current trans 
mitted thereover will have to be sufficient to pro 
vide for ohmic and attenuation losses over it 
Whereas, When the line is short and the electrica 
constants making for Such losses are not pres 
ent, the quantity of tone current is reduced in 
proportion to allow for the production of the 
Same intensity of Sound at the station receiver. 
The keying tone is produced by the generator 

603 which generates the odd harmonics of some 
base frequency say, for example, 20 cycles, and 
the pass-band filter 60 has an upper and lower 
frequency cut-off which defines the harmonics 
to be produced by the generator 603. Thus if 
the filter is designed to pass all frequencies be 
tween an upper limit of 1480 cycles and a lower 
limit of 1400 cycles, the generator should be 
adapted to produce the 71st or 73rd harmonic 
of the 20 cycles and either or both of these har 
monics Would be transmitted through the filter 
and transformer 69 to the horizontal terminals 
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of the resistance bridge 6f 5, whence they will 
flow through the line loop as described below. 
Arms 2 and 3 of the bridge 65 are of equal 

resistance while arm f is a network "in' whose 
impedance is equal approximately to that of the 
line loop which comprises the fourth arm of the 
bridge. Inasmuch as the loop Will vary in ac 
cordance with the remoteness of the station from 
the central office, the impedance network 'in'' 
may be composed of elements that will give an 
average impedance for all lines. Now when key 
ing tone voltage is induced in the secondary 
winding of transformer 69, the voltage is im 
pressed upon the horizontal terminals of the 
bridge 65 and the current will circulate through 
the four arms of the bridge including the line 
loop and the station A at the extremity thereof, 
causing a tone to be heard by the subscriber 
who will understand it as a signal to transmit 
the designation of the wanted station by ma 
nipulating the key-set 20 t. For the average loop 
in which the impedance "in' of the fourth arm 
of the bridge equals that of the loop, the poten 
tial drops across the resistance of arm 2 and in 
pedance “in” of arm will equal that across 
resistance of arm 3 and the impedance of the 
loop making up arm 4. As a result, there will 
be no difference of potential across the vertical 
terminals of bridge 65 and no keying tone cur 
rent will flow through the primary winding of 
transformer 62 . For other cases besides the 
average loop, however, the bridge will, of course, 
be unbalanced and some keying tone current 
will flow through the primary winding of trans 
former 62 to cause a voltage to be induced in 
the secondary thereof included in the network of 
filter 630. This filter 630, however, is a low 
pass filter whose constants are designed to block 
the passage therethrough of any of the keying 
tone frequencies so that the amplifier 640 and 
the receiving detector channels connected there 
to via the bridge 625 will be immune to Opera 
tion from keying tone current. 
Upon hearing keying tone the Subscriber is 

thus informed that the circuit is ready for him 
to transmit the wanted designation. However, 
before considering the operation of device 20 
for this purpose, it should be observed, first that 
the frequencies of the transmitted signals to be 
produced by device 20 are all within the voice 
frequency range and second, that the production 
of currents of the same frequencies or within the 
same frequency range by sounds inpinging upon 
the transmitter during the sending of the Want 
ed designation, must be prevented in Order to 
avoid false operation of the detector channels in 
Fig. 7 which are normally responsive to the cur 
rents produced by the device 20. In order to 
provide the channels with practical immunity 
from noise currents, advantage is taken of the 
well-known relationship in a telephone trans 
mitter, between its efficiency in producing vari 
able currents consequent to the impingement of 
Sound waves upon it and the quantity direct cur 
rent flowing through it at the tine. According 
to the feature of my invention, practically no 
current flows through the transmitter 2 dur 
ing the time when the subscriber manipulates 
the key-set 20 but current will flow through it 
during talking. This is accomplished by the use 
of a rectifier bridge 205-206-207-208 and by 
reversing the direction of current flow through 
the line when the called subscriber B answers the 
call. Further, the rectifier bridge above men 
tioned places an alternating current loss on the 
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transmitter 27 to attenuate any speech currents 
that may be set up due to the incomplete re 
moval of direct current through the transmitter 
by the bridge during the first condition and fur 
ther acts to Switch Out of circuit the reed set it 
self during talking inasmuch as talking current, 
flowing through rectifiers 205 and 208, cannot 
flow through rectifiers 206 or 207 and, therefore, 
through the coil of the generator set. This 
avoids a transmission loss which otherwise would 
be present if talking current were allowed to flow 
through the generator coil. 

It will be recalled that when the calling sta 
tion A is cut through to the sender-connector by 
the operation of relay 38 a line current is estab 
lished by battery fed through relays 403 and 40?, 
no circuit being established into the Sender be 
cause of blocking condensers 426 and 42. The 
direction of current flow is from ground (the 
positive pole of the battery), resistance 409, lower 
winding of relay 403, paralleled rectifier 443, 
lower winding of relay 40, No. 4 back contacts 
of relay 408, thence as traced to conductor 20, 
Switchhook contacts 204, to the lower vertical 
terminal 28 of the rectifier bridge. Since recti 
fier 208 is in Series with transmitter 2 and is 
disposed SO as to be in the high resistance direc 
tion for currents flowing into the transmitter via 
terminal 28, most of the current from this ter 
minal will flow through rectifier 207, rectifier 206, 
upper ( primary) winding of transformer 202, 
switchhook contacts 209, conductor 2, thence 
as traced to the No. 3 back contacts of relay 408, 
upper Winding of relay 40, upper winding of re 
lay 403, paralleled rectifier 442, resistance 407 to 
the negative pole of the battery. Thus practi 
cally no current flows through the transmitter 
27 SO long as the current is in the direction in 
dicated. Since the efficiency of the telephone 
transmitter is very low when a small direct cur 
rent flows through it, any sounds impinging 
thereupon will produce very little pulsating cur 
rent that will be of an order to affect the de 
tectors in Fig. 7. On the other hand, when the 
connection to station B is established and the 
receiver is removed from its cradle thereat it 
will be shown that under these circumstances re 
lay 408 will be operated and talking battery for 
the calling station will then be supplied from 
ground through the right filament of ballast lamp 
43, upper winding of relay 4f , upper left wind 
ing of repeat coil 44, No. 1 back contacts of re 
lay 40, No. 3 front contacts of relay 408, thence 
as traced to line conductor 2. The negative 
pole of the battery will be applied through the 
left filament of ballast lamp 43, lower winding 
of relay 4, left lower winding of repeat coil 
44, No. 2 back contacts of relay 410, No. 4 front 
contacts of relay 408 thence as traced to line 
conductor 20, whereupon the current will then 
flow via conductor 2 f, switchhook contacts 209, 
primary winding of transformer 202, to terminal 
29 of the rectifier bridge, thence through rec 
tifier 25, rectifier 208, transmitter 27, terminal 
288 of the bridge, switchhook contacts 204, to 
negative battery on conductor 2). Current now 
flowing through the transmitter will cause it to 
operate at high efficiency to produce pulsating 
currents in response to sound waves impinging 
upon the diaphragm, thereby permitting conver 
sation to flow over the established connection. 
Going back, now, to the transmission of the 

wanted designation, the subscriber manipulates 
the key device 20? to depress in succession each of 
the keys corresponding to the character or num 
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ber of the wanted line. The depression of a key 
in the key-set 20 li causes any two of the five reeds 
22, 2 3, 2 4, 215, and 2 f6, to be plucked in the 
appropriate combination required to generate, 
by their respective vibration in the magnetic 
field of the permanent magnet of the key-set, 
an alternating current having a frequency char 
acteristic determined by the natural periods of 
each of the reeds. Thus the longest reed 22 
will, when plucked, vibrate with a natural period 
that will produce a current having a frequency 
of a cycles per second while the shortest reed 26 
will vibrate with a period that will produce a 
current having a frequency of e cycles per Sec 
ond. Each of the other three reeds are propor 
tioned to produce frequencies intermediate these 
two limiting frequencies; that is, reed 23 will 
produce a current having frequency b, reed 24 
will produce current having a frequency c and 
reed 25 will produce a current having a fre 
quency d. In actual practice, the frequencies 
thus designated by letters will be represented by 
frequencies within the voice range. Thus one 
such range may be as follows: a=500 cycles; 
b-615 cycles; c=775 cycles; d=995 cycles; and 
e-1225 cycles. Other ranges are possible and 
these may be fixed by the physical constants of 
the reeds used in the key-set. 
The code combination of two frequencies for 

each of the digits designated by the several keys 
will be discussed further on in connection with 
the registration of the various digits transmitted. 
For the present, however, it will suffice to note 
that the depression of any key in the key-set 
will cause the plucking of the two reeds required 
to produce the two frequencies individual to the 
digit designated by the key depressed, and these 
two frequencies are transmitted over the line loop 
as already traced down to conductors 48 and 
49, the circuit being completed through the pri 
mary winding of transformer 62 which is con 
nected to the two vertical terminals of resistance 
bridge 65. 
The signal frequencies passing through the 

primary winding of transformer 62 cause the 
induction of currents of identical frequencies in 
its secondary winding, thence they pass through 
the low-pass filter 630 into the amplifier 640 
coupled to the filter 630 by transformer 622. The 
secondary winding of transformer 623 forms the 
fourth arm 4 of the resistance bridge 625 and 
the amplified signals repeated into it from am 
plifier 640 are applied to the four cross-points of 
the bridge whence the energy divides, part of it 
circulating through the primary winding of trans 
former 624 connected to the vertical terminals 
of the bridge and part of it entering the re 
sistance pad 635 to circulate through the circuit 
completed by the primary winding of coupling 
transformer 68. 
The portion of the energy which passes 

through transformer 624 into the resistance pad 
660 is short-circuited to ground, on the one side 
through the resistance pad and on the other side 
through the normally closed contacts of polarized 
relay 817 the armature of which is connected to 
conductor 703 via conductor 802. The circuit of 
relay 8 T is normally completed from ground 
through its middle winding, resistance 82, back 
contacts of relay 8 6 to positive battery 84. Re 
lay 8 T also has a biasing circuit through its up 
per winding extending from ground therethrough, 
resistance 93 to battery 84 so that, if the cir 
cuit through its middle winding is opened, the 
relay will be immediately forced to its unop 
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9 
erated position and thereby break the ground 
connection to conductor 802. Further, it may be 
noted at this point that relay 88 also has a bias 
ing circuit through its upper winding, extending 
from ground therethrough, resistance 832 to bat 
tery 84. In the case of this relay, however, it 
is held in a non-Operated position so long as the 
circuit through its lower winding is effective, 
which circuit extends from ground through its 
lower winding, resistances 823 and 822 to battery 
84 via the back contacts of relay 86. But when 
this circuit is opened in the manner hereinafter 
described, the circuit through its upper winding 
will immediately force the relay to its operated 
position and thereby apply ground to conductor 
83 which extends to the cathodes of the tubes 
in the several detector channels 70 to 750. This 
means that any signaling energy which is trans 
mitted over the line loop and gets through the 
resistance pad 660 will have no effect in actuat 
ing any of the five signal detectors fo to 750 so 
long as relay 87 remains operated to maintain 
ground on conductor 703, thus preventing any of 
the energy from getting into the filter elements 
of the detector channels. Even after relay 8 T 
has released, in the manner to be described here 
inafter, and the signal energy does get through, 
it will be ineffective to actuate any of the detec 
tors until ground is placed on conductor 83 by 
the operation of relay 88. Hence by properly 
timing the release of relay 87 and the operation 
of relay 88 in relation to each other, the detec 
tor channels may be made to respond to any part 
Of the Signal energy spectrum. 

Considering that portion of the signal energy 
which passes through the resistance pad 635, the 
signal is amplified through amplifier 650 and 
transmitted via the secondary winding of trans 
former 626 and conductors 70 and 702 into the 
three detector circuits 800, 80 and 820 connected 
to said conductors 70? and 702 by coupling trans 
formers 803, 804 and 805, respectively. These 
three detectors with their respective networks 
constitute the delay circuit. 
The delay circuit contains gas-filled detector 

tubes 806, 807 and 808 which have as their duty 
the quick conversion of any alternating current 
signals to a relay operation and, further, the 
quick release of the relay upon the removal of 
the signal. Tubes 806 and 807 and their respec 
tive relays 86 and 85 are wired so as to accom 
plish this requirement with but a few milliseconds 
delay either in Operation or release. As is well 
known, a gas-filled tube is adapted to start a 

5 space current discharge between its cathode and 
anode whenever the grid control element has a 
sufficiently small negative potential with respect 
to the cathode. The grids of the above tubes 
have a normal negative bias supplied by nega 
tive battery 809 which also supplies flament cur 
rent to each of the tube filaments via conductors 
8ff and 82 and resistances 833 and 834 to 
ground on conductor 83. The sensitivities of the 
detector tubes 806 and 808 to Operation are de 
termined by the magnitude of the fixed negative 
potential between the grid and the cathode. A 
higher bias causes a lower Sensitivity thus re 
quiring more signal potential from the trans 
former to operate the particular tube, Tube 806 
is the most sensitive with a negative grid to cath 
ode bias constituted by the sum of the potential 
drop across resistances 833 and 834. Tube 808 is 
the least sensitive, it having a grid to cathode 
bias determined by the potential from resistances 
833, 834 and the filament of tubes 806 and 807. 





2,287,742 
The release of relay 86 now removes positive 
battery from the anode of tube 807 which is in 
series with the lower winding of relay 87, there 
by causing tubes 807 and 808 to restore. 

Relays 85 and 86 are given fast operate and 
release characteristics by virtue of the biasing 
circuis through their respective upper windings 
and by virtue of the circuits through their re 
spective lower windings which are in the anode 
circuits of tubes 806 and 80, respectively. Gas 
filled tubes discharge rapidly and quench rap 
idly hereby causing rapid rise and rapid decay 
of currents. The fast qualities of the circuit of 
relay 8 6 and of relay 85 insure that if a signal, 
say, of less than 25 milliseconds duration ap 
rears at the input of the delay detectors 800, 
si o and 82O, relays 81 ad 88 Will not be per 
mitted to release because relay 86 will quickly 
reclose battery 84 on them and prevent relays 
87 and 88 from moving from normal so that 
short duration noises cannot get through to the 
detectors TO to 750. 

It will be seen from the above that the pur 
pose of operating the delay detectors in the Or 
der given is to prevent the operation of the Sig 
maling detectors 7 10 to 750 for an interval after 
the signal energy has penetrated the input side 
of resistance bridge 625 So as to avoid any poS 
sible operation of said signal detectors from tran 
sients which may be present in the initial portion 
of the incoming energy and thereby produce false 
number registration. A further purpose in op 
erating the delay detectors in the order given is 
to prevent the operation of the signaling de 
tectors by currents produced by extraneous 
noises. Both purposes are achieved by keeping 
the signaling detectors short-circuited by means 
of relay 87 which is released to remove the short 
circuit when a sampled portion of the energy has 
been analyzed through the delay detector 820 
to operate relay 87 after an interval measured 
by the release times of relays 87 and 88, and 
to maintain it energized if the Sampled energy 
is within the noise level to cause the operation 
of tube 808 as above described. 
When relay 88 operates it connects ground to 

conductor 83 which extends to the cathode of 
each of the five detector tubes of the detectors 
to to 750 to sensitize the same to the incoming 
signals. This means that the detectors become 
receptive to the incoming signals some 25 milli 
seconds after they have been applied to the line. 
The reason for this is to protect the detectors 
which are not responsive to the particular fre 
quencies making up the signal from operating on ; 
the 'spectrum' of frequencies produced by the 
sudden arrival of the applied signal frequencies. 
When relay 87 releases and disconnects 

ground from conductor 802 to remove the short 
circuit from the five detector channels 70 to 750 
thereby making these detectors receptive to the 
remainder of the incoming signal energy which 
passes through the resistance pad 660, said en 
ergy now passes into two of the five signal de 
tectors via conductor 703, resistances 704 and 705 
and conductor T06. 

It will be observed that the reed sending in 
strument 20 at the calling station is equipped 
with five reeds, each having a natural period 
which, when set into vibration in the magnetic 
field of the magnet by the depression of the ap 
propriate numerical key, will produce an alter 
nating current of a definite frequency. For con 
venience these frequencies have been designated 
a, b, c, d, and e and the construction of the send 
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ing instrument is such that the depression of 
each of the ten numerical keys will set two of 
the reeds into vibration so that the digit repre 
sented by the key depressed will be signalized by 
two currents of specific frequencies according to 
a code of which the following is an example: 

Frequencies 
produced Key depressed 

The depression of any key, therefore, will gen 
erate two frequencies which are transmitted over 
the line into two of the five signaling detector 
channels 70 to 750. 
Each channel detector comprises a pass-band 

filter having an upper and lower cut-off fre 
quency a little higher and a little lower, respec 
tively, than the frequency for which the channel 
is tuned, a variable resistance pad for adjusting 
the sensitivity of each channel with respect to 
every other channel, and a detector coupled to 
the paid by a coupling transformer. The detector 
comprises a Screen grid vacuum tube whose grid 
is connected to a terminal of the secondary wind 
ing of the coupling transformer, the other ter 
minal of which is connected to a terminal of a 
tuned feedback network. The remaining ter 
minal of each of the feedback networks is con 
nected to conductor 708 which extends to the 
grounded positive side of filament battery 7 07 
through resistance 709. The plate of each tube 
in each of the conductors is connected serially 
with a thyrite element, with the winding of a 
relay and with the Screen grid of the tube into a 
complete path. Thus if we consider channel 7 O, 
for illustration, the tuned feedback network is 

5 designated 7 f, the tube 72, and the plate there 
of is connected to thyrite element 73, the other 
side of which is connected to conductor 75 which 
extends to one side of relay 902. The other side 
of Said relay is connected to conductor 76 which 
extends to the screen of tube 72 and to thyrite 
element T4 one terminal of which is grounded. 
Between the plate and the screen grid there is a 
bridged resistance 77 while from the plate on 
the left side of...thyrite element 3, a connection 
extends through resistance 24 and condenser 725 
to the common joining point of rectifiers 722 and 
23 of the tuned feedback network . . . 
In the same manner and through identical cir 

cuit networks, relay 903 is connected to channel 
720, relay 904 to channel 30, relay 905 to chan 
nel 740 and relay 906 to channel 750. 
Now let it be assumed that channel 7 O is re 

ceptive to frequency a which lies mid-way be 
tween the upper and lower frequency cut-off of 
its associated pass-band filter; channel 720 to 
frequency b, channel 730 to frequency c; chan 
nel T40 to frequency d and channel 750 to fre 
quency e and that, further, each of the chan 
nels is adjusted through its associated variable 
resistance pad to a loss that makes the incoming 
signal in each channel the same. In order to 
describe how an incoming signal effects the op 
eration of a signal relay in the anode circuit of 
a channel detector, let it be further assumed that 
the subscriber at station. A depresses the key 2 
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which is productive of frequencies a and e the 
former of which passes through channel 0 and 
the latter through channel 5. Confining our 
attention to channel 70, it will be observed that 
the grid of detector tube 2 has a normal nega 
tive bias to filament battery C over 8, path 
which extends through the secondary winding of 
transformer 733, resistance 78, conductor 708, 
negative potential drop across resistance 709 to 
ground due to current flow through itself via re 
sistance 726, filament of detector tube 34, to the 
negative pole of the battery 7. However, while 
the grid is thus negatively biased, the value of 
this bias, due to the resistance of the bias path is 
such that current does flow through the cathode 
anode circuit even though no signal is coming 
through the channel, which circuit may be traced 
from the positive pole of battery 2, resistance 
729, conductor 7-6, winding of relay 802, con 
ductor il 5, thyrite element 3, the space current 
path between the anode and cathode of tube 2, 
conductor 835, to ground on the contacts of re 
lay 88. This current, however, is insufficient to 
operate relay 902. 
When the current of frequency a passes through 

the channel, it is amplified somewhat through 
the detector tube f2, and the positive component 
thereof is fed back from the anode circuit through 
resistance 24 and condenser 25 to the common 
juncture of rectifiers 722 and 723 whence it passes 
through rectifier 722 to set up a positive com 
ponent through condenser 72 and inductance 

9 to ground via conductor 08 and resistance 
709 in shunt with by-pass condenser 732, charg 
ing condenser 2 in the meanwhile. This posi 
tive component now offsets the normal negative 
bias of the grid which, in being thus rendered 
less negative, causes an increase in the quantity 
of current to pass through the anode circuit. As 
a result of this increase in current, relay 92 op 
erates to cause the registration of the a frequency 
component of the digit 2 as explained hereinafter. 
On the other hand, the negative component of 
the incoming signal causes current to circulate 
in the opposite direction to that of the positive 
component so that the current flow is now from 
ground through by-pass condenser 32, conductor 
708, rectifier 723, condenser 725, resistance 24, 
through the space path in the tube 2, cathode 
of the tube, conductor 835 to ground through the 
contacts of relay 88. Thus the negative com 
ponent of the incoming signal does not Operate to 
increase the negative bias on the tube which, if 
it did, would have the effect of decreasing the 
current through the relay 962 and thereby pro 
duce a vibration thereof. Furthermore, during 
the passage of the negative component of the sig 
nal over the path above traced, condenser 2 
which was charged during the passage of the posi 
tive component, discharges very slowly through 
high resistance 28 so as to maintain practically 
the same bias on the grid as was applied thereto 
during the time when the positive cycle of the 
signal was passing through the feedback net 
work. This has the tendency of producing prac 
tically a steady state current through the anode 
circuit, and therefore through the winding of re 
lay 92. 
Mention has been made of the fact that the 

feedback network G is a "tuned' feedback. The 
tuned portion comprises condenser 72 and in 
ductance 9 and the electrical constants of these 
two elements are designed to short circuit the 
fundamental frequency present in the incoming 
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If these frequencies were not short-circuited by 
the tuned network, the negative components 
thereof would otherwise appear and tend to can 
cel the effect of the positive half cycle of the en 
ergy applied to the grid in the manner above 
described. 

In the same manner, the transmission of the 
Current of frequency e through channel 50 causes 
Operations identical with those described above 
which result in the operation of relay 906. Refer 
ring, now, to the table of frequencies in relation 
to keys depressed at device 209, it will be seen 
that the depression of the various keys and the 
production of the currents of the different re 
quencies enumerated will cause the operation of 
the relays 902 to 906 in the following order. 

Frequencies Relays 
produced operated Key depressed 

903,905 
902,906 
902,905 
902,904 
902,903 
905,906 
904,905 
904,906 
903,904 
903,908 

When the signal energy has completely come 
through, there will no longer be positive com 
ponents of it to reduce the negative bias on the 
grid of the detector tubes and the current in the 
anode circuit thereof decreases to the value pre 
vailing with the normal negative bias on the grid 
of the tube and relay 902 releases in consequence. 
Resistance 24 aids in causing the detector circuit, 
and relay 992 to have a small operate to release 
ratio for the signal into the transformer 33. 

Referring, now, to the operation of that part of 
the Sender which responds to the operation of the 
frequency responding relays 902 to 906, inclusive, 
it will be recalled that when relay 30 operated, 
conductor 3 was joined to conductor 4 ; which 
was grounded by relay 403. The ground on con 
ductor 38 serves to control locking circuits to 
Various relays of the Sender, is connected to the 
arnature contacts of the frequency responding 
relays 902 to 906 so as to make these relays effec 
tive when operating in response to incoming sig 
nals in the manner to be shortly described, to op 
erate relays 967 to 9 , inclusive, over the back 
contacts of the frequency responding relays 
through obvious circuits completed therethrough, 
and to cause the operation of relay 925 over a 
circuit which extends from battery through the 
Winding of said relay, No. 4 back contacts of relay 
92 to ground on conductor 38. Relay 925, on 
operating, connects the winding of each of the 
relays 926 to 926, inclusive, to each of the front 
contacts, respectively, of relays 802 to 966, while 
the Operation of relays 98 to 94 causes a circuit 
to be completed for relay 92 from battery 
through the winding of said relay serially through 
the bottom contacts of said relays se to 9 4 g to 
ground on conductor 3:8. Relay 9 2 operates 
and locks to ground on said conductor. 
When two of the relays in the group of fre 

quency responding relays 902 to s06 operate in 
response to the subscriber depressing one of the 
numerical keys and producing thereby the com 
bination of two frequencies that results in the 
Operation of any two relays in said group of fre 
Oltency responding relays, the circuit of the co 
responding relay in the group of relays 9 to 

series of positive components of incoming energy. 75 9 becomes opened and the relay releases in 
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consequence. if, for example, the key depressed 
happens to be that of the digit 2, relays 902 and 
996 operate. Since relays 907 and 9 f have their 
circuits closed over the respective back contacts 
of these relays, then when they operate, the cir 
cuits of relays 907 and 9 ? are opened and these 
relays release. The operation of relays 902 and 
906, on the other hand, closes circuits which cause 
the registration of the digit 2 on the relays of 
register 900 which is reserved for the first or PBX 
digit. In the case of relay 902 a circuit is com 
pleted from ground on conductor 138, front con 
tacts of relay 902, No. 1 contacts of relay 925, 
winding of relay 920 to battery. . Relay 920 oper 
ates and locks over its No. 2 contacts to ground 
on conductor 38. Another circuit path is com 
pleted from ground on conductor 1318, front con 
tacts of relays 906, No. 5 contacts of relay 925, 
winding of relay 924 to battery. Relay 924 oper 
ates and locks over its No. 2 contacts to ground 
on 38. 
The release of any of the relays in the group of 

relays 907 to 9 as, for example, relays 907 and 
9 , is effective in closing a circuit for relay 93 
which extends from battery through the winding 
of said relay, No. 1 contacts of relay 915, back 
contacts of relay 9 or 907, top contacts of relay 
982 to ground on conductor 38. Relay 93 
operates and extends ground on conductor 38 to 
the lower Winding of relay 95 via the top con 
tacts of relays 92 and 93 and also the back con 
tacts of relay 94, but relay 95 remains short 
circuited by the same ground through its No. 1 
contacts as above described. When the incoming 
signal has been completely transmitted and, as a 
consequence, the frequency responding relays 902 
and 906 release, the previously described circuit 
paths for relays 907 and 9 are again closed 
through the back contacts of said relays 902 and 
906, causing relays 907 and 9 l l to reoperate, 
whereupon the short circuit around the lower 
winding of relay 95 is removed and this relay 
now operates to battery in Series with the wind 
ing of relay 93. 

Relay 95 operates and, over its No. 4 contacts, 
completes a circuit extending from ground on 
conductor 38, conductor 929, No. 1 back contacts 
of relay 027, conductor 93, winding of relay 927 
to battery. Relay 927 operates, locks over its 
No. 2 contacts to ground on conductor 38 and, 
by breaking its No. 4 back contacts, opens the 
circuit of relay 925 which thereby releases. Up 
on closure of its No. 4 front contacts, relay 927 
completes a circuit for relay 025 over a path 
which extends from battery through the winding 
of said relay, No. 4 back contacts of relay 027, 
conductor Oof, No. 4 front contacts of relay 927 
to ground on conductor 38. Relay 025 oper 
ates and connects the front contacts of the five 
frequency responding relays 902 to 906 to the 
windings of relays 020 to 024, respectively. 
Upon the operation of another or possibly the 

same set of two frequency responding relays, in 
response to the depression of another or the 
same key for the second digit at the sending de 
vice 20, two of the relays 902 and 906 will oper 
ate in the manner already described and, by their 
operation, cause the release of the associated 
respective relays in the group of relays 907 to 9 
and, further, the operation of the two relays in 
the group 020 to 024 whose circuits are con 
pleted through the front contacts of the operated 
frequency responsive relays. Thus, if the second 
digit happens to be a '9' then, according to the 
above chart, relays 903 and 904 will be operated 
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and relays 908 and 909 will be released. A cir 
cuit is now closed for relay 94 which extends 
from battery through the upper Windings of re 
lays 94 and 95, No. 2 contacts of relay 95, back 
contacts of relay 908 or 909, top contacts of relay 
9f2, to ground on conductor 1318. Relay 94 
operates, locks Over its lower winding and con 
tacts to ground on conductor 38 via the lower 
contacts of relay 93 and the top contacts of 
relay 92 and, by breaking its upper contacts, 
opens the operating winding of relay 95 which 
will now hold over its locking circuit only so long 
as relays 909 and 908 remain unoperated, after 
which (when relays 903 and 904 release) it will 
release and restore to normal. . 
The operation of relay 903 closes a path from 

ground on conductor 38, front contacts of relay 
903, conductor 933, No. 2 contacts of relay 025, 
winding of relay 02 to battery. Relay O2 
operates and locks over its No. 2 contacts to 
ground applied to conductor 323 over the No. 6 
contacts of relay 300. The operation of relay 
904 closes a circuit extending from ground on 
conductor 1318, front contacts of relay 904, con 
ductor 934, No. 3 contacts of relay O25, winding 
of relay 022 to battery. Relay 022 operates and 
locks over its No. 2 contacts to ground on con 
ductor 323. In the operation of relays O2 and 
022 of the register f000 the digit 9, comprising 
the first digit of the office code, has been recorded 
in response to the operation of the two frequency 
responding relays 903 and 904. When these re 
lays release at the termination of the incoming 
signal, relays 908 and 909 reoperate over previ 
ously described paths in consequence of which 
the holding circuits for relays 94 and 95 are 
opened whereupon said relays release, relay 95 
closing a path for relay 027 which extends from 
ground on conductor f38, No. 3 contacts of said 
relay, conductor 932, No. 1 contacts of relay 927, 
conductor 002, No. 1 back contacts of relay 037, 
winding of relay 027 to battery. This relay 
operates, locks over its No. 2 contacts to ground 
on conductor f323, opens the circuit of relay 025 
at its No. 4 back contacts causing said relay to 
release and breaks the operating paths between 
the relays of register 1000 and the front con 
tacts of the frequency responding relays 902 to 
906 and, upon the closure of its No. 4 front con 
tacts, closes a path for relay O35 which extends 
from ground on conductor 138, No. 4 front con 
tacts of relay 927, conductor OO, No. 4 front 
contacts of relay 02, No. 4 back contacts of re 
lay 037, winding of relay 035 to battery. Relay 
1035 operates and connects the windings of a 
group of relays 030 to 1034 of the register O?o 
to the front contacts of the frequency respond 
ing relays 902 to 906. The relays of register 100 
are used to record the third digit of the wanted 
designation; that is to say, the second digit of 
the called office. 

In the same way, as above described for regis 
tering the first and second digits, successive 
digits are registered on the succeeding registers 
00, O60, for 0, 00, 0, 60, 70. It is 

not believed necessary to trace out illustrative 
current paths by which the relays in each regis 
ter Operate in response to the operation of the 
corresponding relays in the frequency IeSpond 
ing relays 902 to 906 except to note the fact that 
as each digit is registered, relay 9 5 either oper 
ates or releases to operate a relay in the chain 
927 to 57 depending upon the register last Sed 
for recording a digit and so releasing the relay 
in the chain of 925 to 55 of that register and 





lays to 9' in accordance with the following 
code: 

Count 
ing 

relays 

Register 
relays 

operated 
Pulse 
relays 

92-923 
920-924 
920-923 
920-922 
920-921 
923-924 
922-923 
922-924 
921-922 
92-924 

122-1223 
1220-1224 
1220-1223 
1220-1222 
1220-221 
1223-1224 
1222-1224 :/ 
1222-224 
1221-1222 
1221-1224 

The operation of relays 220 and 224 for the 
digit 2, for example and in accordance with the 
above table, causes a circuit to be completed for 
prime counting relay 8' extending from battery 
through the lower winding of relay 225, No. 
contacts of relay 224, No. 5 contacts of relay 
220, winding of relay 8, bottom contacts of 
relay 9, No. 4 contacts of relay O' to ground 
on conductor 3f 9 applied thereto over the No. 
1 contacts of relay 300. Relay 8' operates as 
well as relay 225 which, over its upper contacts, 
locks to ground on conductor 39 through the 
No. 2 contacts of relay f 226. With relay 8 op 
erated, the sender is prepared to transmit pulses 
to the PBX selector in response to which the 
brush shaft of said selector will be raised a cor 
responding number of levels to the trunk route 
over which access is desired. 

Returning, now, to the operation of the pulse 
producing relays 30, 302 and 303, the first 
closure of the contacts of relay 302 completes 
a circuit extending from ground through the 
contacts of said relay, conductor 328, normally 
made contacts of the No. 1 Spring combination 
of relay 204, No. 3 back contacts of relay if', 
No. 3 back contacts of relay O', bottom contacts 
of relay 225, No. 1 back contacts of relay 2', 
winding of relay 12 to battery. Relay 12 op 
erates and completes a short circuit around re 
lay 2', which is thus held unoperated by ground 
on one side of its windings through its own No. 

back contact and ground on the other side 
of its contact through the operated contacts of 
relay 2. When, however, relay 302 breaks its 
contacts at the end of the pulse, the short cir 
cuit around relay 2' is removed and this relay 
now operates and holds in series with relay 2. 
Relay 2', on operating, disconnects the primary 
winding of dial tone transformer 628 from con 
ductors 46 and 4 f5 and connects these conduc 
tors together through the contacts of relay 303 
which, of course, are closed at this time, thereby 
maintaining the continuity of the loop circuit for 
relay 5, 5 in the PBX selector. 
On the next cycle of the pulse-producing re 

lays, when relay 303 breaks its contact, the 
loop around conductors 45 and 416 is opened, 
causing thereby the release of relay 55 in the 
selector which, in the manner to be described 
shortly, causes said selector to take as many steps 6 
as the number of times relay 303 makes and 
breaks its contacts. 
While relay 303 breaks and makes its con 

tacts to function the selector as above mentioned 
and as will be subsequently described, relay 302 
makes and breaks its contacts correspondingly 
to operate the pair of counting relays immedi 
ately following the prime counting relay which 
operated in series with relay 225. Thus it will 
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operated. Hence for this digit and upon the op 
eration of relay 302, a circuit path is corn 
pleted for relay 9 which extends from ground 
on the contacts of relay 302, conductor 328 
to the No. 1 armature of relay 2' as traced, 
front contact making with said armature, top 
back contacts of relay 9', top front contacts of 
relay 8, winding of relay 9 to battery. Relay 
9 operates and completes a locking path over its 
contacts in series with the winding of relay 9' 
which is short-circuited at this time by ground 
on one side of its winding applied thereto over 
the No. 4 back contacts of relay O' and ground 
on the other side of its winding extended there 
to over the contacts of relay 9. When, at the 
end of the pulse, relay 302 releases, this short, 
circuit is removed, relay 9' then operates in the 
locking circuit of relay 9 and releases relay 8". 
Upon the beginning of the second pulse, in the 
transmission of the pulses for the digit 2, the 
operated relay 9' closes the previously traced 
ground path through the winding of relay to 
which now operates and locks in the same way 
as did relay 9 and further holds relay f O' short 
circuited until the end of the pulse, at which time 
relay O' operates, locks in series with relay fo, 
opens the locking circuit of relays 9 and 9 at 
its No. 4 contacts thereby causing them to re 
lease, and further opens the locking circuit of 
relays 2 and 2' at its No. 1 contacts causing 
these relays to release also. 
In the same way, different pairs of counting 

relay combinations are operated for the differ 
ent digits. Thus, relays O and 0' operate if 
the first digit is 1, relays 9 and 9’ if it is 2, relays 
2 and 2' if it is 9, relays and f' if it is zero. If 
the first digit is anything but 1, successive cycles 
of the pulse-producing relays f302 and 303 
send additional pulses to the selector, and, of 
course, relay 302 causes the operation of suc 
cessive pairs of counting relays until, with the 
last pulse to the selector, relays í 0 and 0' op 
erate. That is to say, the prime relay of the 
first pair of counting relays operated releases 
the prime relay which was Operated in series with 
relay 225, and the prime relay of each suc 
cessive pair that operates releases the pair op 
erated just prior to it so that, when the last 
pulse has been sent to the first selector, relays 
O and O' are the only two counting relays left 

operated. 
When relay O' operates, relays 2 and 2' are 

unlocked the effect of which is to reconnect the 
primary winding of dial tone transformer 626 
across conductors 45 and 46 thus holding the 
selector relay 55 operated and unresponsive to 
the further opening of these conductors at the 
contacts of relay 303. A circuit is further com 
pleted for relay 226 extending from ground on 
conductor 39, No. 2 front contacts of relay 
O', winding of relay 226 to battery, causing 

this relay to operate and release relays 225 and 
926, the last, when it releases, breaking the 
connection between the operated relays of reg 
ister 900 and the relays operated thereby in the 
group of relays 220 to 224, causing the relays 
in the last-mentioned group to release in con 
sequence. Relay 226, however, connects ground 
to its No. 3 contacts and closes thereby an ob 
vious circuit for relay 20 which operates and 
locks Over its No. 3 contacts to ground on con 
ductor 1319, at the same time causing relay 202 
to remain short-circuited by ground on one side 
of its winding through the No. 3 contacts of 
relay 20 and on the other side of its winding 
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through its own back contacts to ground on the 
No. 3 contacts of relay 226. Also, upon the 
operation of relay 20, a circuit is completed 
for relay 928 extending from ground on con 
ductor 39, No. 2 contacts of relay 20, con 
ciuctor a 203, No. 1 back contacts of relay 028, 
conductor 2003, winding of relay 928 to battery, 
causing said relay to operate and lock over its 
No. 2 contacts to ground on conductor 38. 

In the meanwhile, on the third cycle of the 
pulse-producing relays, the operation of relay 
g302 connects ground to the No. 3 back contact 
of relay over a path already traced, No. 3 
front contact of relay O' which is operated, No. 2 
back contact of relay 4, top back contacts se 
rially of all the prime relays from 9 to A', in 
clusive, winding of relay to battery. Relay 
operates and locks to ground over the No. 2 
contacts of relay serially through the wind 
ing of relay ', No. 2 front contacts of relay 
g226 to ground on conductor 39, which ground 
at the same time keeps relay ' short-circuited 
until the end of the pulse when the removal of 
said ground causes relay G' to operate and lock 
in series with relay . 
of pulses, relay 302 operates in succession re 
lays 2 and 2’, 3 and 3, 4 and 6' and and 
for the purpose of measuring a period of time 
during which the PBX selector, on having had 
its brushes vertically lifted to the desired trunk 
level, now causes these brushes to rotatively hunt 
over that level for an idle trunk. It will be ob 
served that the locking circuit of Counting relay 
pair and S is controlled through the No. 2 
contacts of relay '. 
of the pulse-producing relays, counting relay 
pairs 2 and 2', 3 and 3' and 3 and 4' operate, 
each succeeding pair releasing the previous 
pair. On the next pulse cycle after the operation 
of relay 3 and A', the ground on conductor 328 
is applied to the path which extends over the 
No. 2 contacts of relay 4, No. 2 contacts of relay 
a', winding of relay to battery, causing said 
relay to operate and lock in series with relay 
to operating ground, relay f' remaining short 
circuited by ground on conductor 39 being 
applied to the other side of its winding through 
the No. 2 normally made contacts of relay 204. 
At the end of this pulse cycle, relay A operates 
and, in doing so, releases counting relay pairs : 
9 and , 4 and 4' and 0 and 0'. When relay 

releases, the circuit of relay 226 is opened, 
causing said relay to release which, in turn, 
removes the short circuit around the winding 
of relay 202 which now operates and holds to 
ground over the No. 3 contacts of relay 20 to 
ground on conductor 39. 
On the next pulse cycle, the closure of the 

contacts of relay 302 completes a circuit for 
relay 24 extending from battery through the 
winding of Said relay, No. 3 contacts of relay 

', No. 1 normally made contacts of relay 204, 
conductor 328 to ground on the contacts of 
relay 302, causing said relay to operate and lock 
to ground on said conductor over its No. 1 op 
erated contacts. The operation of relay 204 re 
leases counting relays and 8 ' and, when the 
contacts of relay 302 open, relay 204 releases, 
thereby completing the functioning of the in 
terrupter for the transmission of the series of 
pulses that correspond to the first digit includ 
ing the delay interval measured by operating 
counting relay pairs and f', 2 and 2’, 3 and 3', 
4 and 4' and and to allow for trunk 
hunting. 

On the succeeding train : 

On the next three cycles : 
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with the operation óf reiay Š?? as above 
described a path is closed for relay 026 which 
extends from battery through the winding of 
said relay, No. 3 contacts of relay 927, No. 4 
back contacts of relay 628, conductor 004, No. 
4 front contacts of relay 928, conductor 24 
to ground on the No. 1 contacts of relay 226. 
Relay 026, in operating, connects the No. 2 
contacts of the relays of the second register 00 
with the windings of relays 220 to 224. The 
two relays in the register 800 which were op 
erated in response to the transmission of the 
second digit have their No. 2 contacts closed 
to ground on conductor 38 and these now ap 
ply ground over the contacts of relay 26 to 
the winding of corresponding relays in the group 
of relays 22 to 22 causing them to operate in 
the same manner as previously described for the 
relays of register 900. 
The operation of a pair of relays in the group of 

relays 220 to 228 causes, as in the case of the first 
digit, the operation of the particular prime relay 
as determined by the above table, the consequent 
transmission of a group of impulses determined 
by the relay combination operated thereafter to 
move the brushes of the next selector which, 
in this case, would be the first or A selector of 
the office code, to the level determined by the 
number of impulses in the group, and the meas 
urement of an interval after the impulses are 
transmitted to permit the selector sufficient time 
to hunt for an idle path in the level chosen. 
The operations involved are the same as those 
already described for the first or PBX digit ex 
cept that, at the end when the operation of 
relay 226 causes the release of relay 20 which 
is locked up in series with relay 22 to ground 
On conductor 39, the ground applied to re 
sistance 205 has the effect of causing relay 292 
to hold locally to this ground over the No. 3 
normal contacts of relay 20. When relay 226 
releases, in response to the release of relay a ', 
relay 202 releases also. The release of relay 
A2 completes an operating path for relay AO28 
extending from battery through the winding of 
said relay, No. 1 back contacts of relay 38, 
conductor 1006, No. 2 contacts of relay 928, con 
ductor 005, No. 1 contacts of relay 20 to 
ground on conductor 39. Relay 028 operates 
and locks over its No. 3 contacts to off-nomal 
ground on conductor 3 8. The release of relay 
f226, on the other hand, closes an operating path 
for relay 036 extending from battery through 
the winding of relay a 936, No. 3 contacts of relay 
203, No. 4 back contacts of relay 038, No. 4 
front contacts of relay 028, conductor 304, No. 
5 front contacts of relay 928, conductor a 24 
to ground at the No. 1 contacts of relay 226. 
This process continues, relay 20 operating on 
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One digit and releasing on the next to cut in the 
relays of the various registers to the group of 
relays 220 to 224 and the impulses correspond 
ing to the digits are sent out in succession, each 
one following the preceding one as soon as a 
Selector hunting time has been measured as de 
Scribed above. 
The signal which is given to the trunk that 

the sender has completed its pulsing functions 
So that the trunk may close through the sub 
Scriber’s line to the selector train is given by 
the connection of ground to conductor 420 which 
is connected over the No. 7 contacts of relay 405 
to the Winding of relay 308. Since the connec 
tion may be completed in a number of WayS, die 
pending upon the character of the Switching 
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train and the destination of the call, such a 
ground is controlled by the transmission into 
the Sender of a certain predetermined digit or 
number of digits which tells the sender the num 
ber of digits that it will need for pulsing opera 
tions to establish the connection. In the present 
embodiment of the invention it is assumed that 
the Subscriber's station A is located in a PBX 
exchange from the terminal banks of whose se 
lector access may be had, for instance, to a dis 
tant central automatic Office, or to another line 
in the same PBX exchange, or to an operator at 
said PBX exchange or to another PBX exchange 
altogether. These various outlets are located 
On the different levels of the PBX Selector which 
are ordinarily reached by dialing a digit corre 
sponding to the wanted level and the selector 
is directly responsive to the impulses produced 
by the dial in reaching that level, after which 
other selectors in the train are similarly re 
sponsive to the impulses of the digits that follow 
in being directly set upon desired outlets in 
cluding the terminals of the wanted subscriber's 
line. In my invention, the selectors are direc 
tively set by the sender which thus must know 
how many trains of pulses must be transmitted 
to reach a Wanted line whose location, of course, 
may be on one of the outlets of the PBX se 
lector Or On One of the Outlets of a final con 
nector, reached from one of the PBX outlet 
levels by a train of intervening selectors each of 
which requires a train of pulses for directive 
setting. Hence the first PBX digit, designating 
a corresponding outlet level in the PBX selector, 
informs the Sender of the total number of se- i. 
lectors required to reach the Wanted line and, 
therefore, the time when the line can be cut 
through by the operation of relay 408. Thus, 
if the trunks for the automatic exchange through 
which the called line B can be reached are locat 
ed on the ninth trunk level of the PBX selector, 
the registration of the digit 9 in register 900 
indicates that a maximum of nine digits may 
be recorded in the Sender for which a corre 
sponding number of trains of impulses will have 
to be transmitted before the sender can close 
the circuit of relay 408 by grounding conductor 
420. On the other hand, if the first digit is a 
7 it indicates a long distance call for which no 
more digits will be necessary inasmuch as the 
trunks direct to the long distance office come 
off the seventh level of the PBX selector. Sin 
ilarly if the first digit is a 2, 3, 5 or 6 it indicates 
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First Second Third 
digit digit 

17 
a four-digit call in the home private branch ex 
change for which the remaining three digits are 
used to directively position the first and second 
Selectors and the connector at said private branch 
exchange So that ground to conductor 420 is not 
applied until four trains of impulses are trans 
mitted in response to four digits received. Yet 
again if the first digit is an 8 it indicates a call 
for divers other private branch exchanges, the 
discrimination between which is made by the 
Second and third digit following the digit 8. 
To provide for these different call classes, one 

arrangement is to cause the connection of ground 
to conductor 420 to be controlled by relays 938, 
96, 9, 98 and 99 in combination with the 
various relays of the registers involved. Thus, if 
the first digit dialed is 9, indicating thereby that 
the call is to be completed through an automatic 
central office, relays 92 and 922 will have been 
operated in register 900 and, accordingly, a path 
is closed for relay 938 extending from battery 
through the winding of said relay, No. 3 contacts 
of relay 922, No. 1 contacts of relay 92 to ground; 
if the first digit is 8, relays 922 and 924 will have 
been operated in register 900 and an operating 
path is completed from relay 96 extending from 
battery through the winding of such relay, No. 3 
contacts of relay 924, No. 1 contacts of relay 922 
to ground; if the third digit is a zero, relays O3 
and í03á will have been operated in register 1010 
and an Operating path is completed for relay 97 
which extends from battery through the wind 
ing of Said relay, conductor 94, No. 4 contacts 
of relay f O3, No. 1 contacts of relay 034 to 
ground; if the third digit happens to be a 2, 
relays 030 and 1034 will have been operated in 
register 00 and an operating path is completed 
for relay 98 extending from battery through the 
Winding of Said relay, conductor 942, No. 3 con 
tacts of relay 030, No. 1 contacts of relay 34 
to ground; finally, if the third digit happens to be 
a 5, relays 030 and 03 are operated in regis 
ter 00 and an operating path is completed for 
relay 99 extending from battery through the 
winding of said relay, conductor 943, No. 3 con 
tacts of relay 03, No. 1 contacts of relay 030 to 
ground. It is obvious, of course, that the control 
of ground on conductor 420 may be varied to suit 
different conditions by circuit expedients similar 
to those just indicated. The following table 
shows One arrangement based upon 1, 2, 3 to 9 
digit calls for which one of the relays 938, 96, 
97, 98 and 99 are operated. 

Total 
digit ? Charact cro?cal Relay operated 

call 

4 
4. 
4. 
4 - 

li | Vacant level- ---------------- Do. 
1 Long distance...------- 938. 
2 Operator at PHX (1) 916. 
3 Operator at PF3X (2). ..|| 916,917, 
6 Subscriber at PBX (2) - 916,917. 
2 Manual PBX 3-------------- 916. 
2 Manual PBX 4. 916. 
2 Manual PBX5. - || 936, 
3 Operator at PBX 6. - ! 916. 
6 Subscriber at PBX 6. ... 916,918,919. 
3 Operator at PBX ---------- 916. 
5 Subscriberat PBX 7. - 916,918,919. 
3 Operator at PBX 8---- - 916. 
6 Subscriber at PBX 8. -- 916,918. 
3 Operator at PBX 9- 916. 
5 Subscriber at PBX 9. 916,918. 
2 Manual PBX 10. ---------- 916. 
9 Automatic central office.---- 938, 

  

  

  

  



It is not believed necessary to trace out all the 
circuits involved for the different classes of calls 
by Which groud is COllected to conductor 42 
eXcept to give an illustrative example with a call 
for the central office for which the first digit is 
9 and relay 938 is operated. 

It will be observed that if relay 938 operates, 
the lead extending from conductor 420 to the 
No. 2 back contacts of said relay is broken, where 
upon ground is connected to said conductor only 
upon the operation of the chain of relays 304 
to 30, inclusive. These relays operate when 
all digits except station digits have been pulsed 
over the train of selectors and measure off time 
to determine whether, if the call is completed 
through a central office, the Subscriber's number 
Will or Will not contain a ninth digit to designate 
a station. Most connections which are completed 
via the originating private branch exchange and 
the central office through which the connection 
Will clear, Will necessitate only eight digits name 
ly, the initial digit 9, three other digits for the 
office code registered on registers 000, C ( and 
2060, and four digits for the thousands, hundreds, 
tens and units designation of the called subscrib 
er's number. Calls to manual offices for Naum 
bers over 10,000, or for party lines with station 
letters, require an additional digit for station des. 
ignation and there is no Way of determining 
whether eight or nine digits Will be keyed. When 
the first digit is a 9. Hence when the trains of 
pulses corresponding to eight digits have been 
transmitted, a period of two or three seconds will 
be measured by the operation of relays A36 to 
30, inclusive. If a ninth digit has not been 

received by the time relay 30 operates as de 
Scribed hereinafter, ground Will be connected 
to conductor 42 over a serial path extending 
from ground on the top contacts of relay 304, 
top contacts of relays 305, 306 and 3 to 
operate relay 408. In other Words, the signal to 
the trunk will not be given to connect the sub 
scriber’s line through to the selector train until, 
in response to the first digit 9 which indicates to 
the Sender that the call is an eight or a nine 
digit call that is to be completed through a cense 
tral office, said signal will not be transmitted to 
the trunk until the sender has completely and 
selectively operated the selector train through 
the pulse trains determined by the digit keys. 
If the first digit happens to be an 8, thereby in 
dicating a local or distant private branch ex 
change call, the sender will have no other funce 
tion beyond that of selectively positioning the 
switches to reach the private branch exchange 
and the number of such switches will be indi 
cated by the character of the second or second 
and third digits. In this manner ground on Cons 
ductor 42 G is applied when One, two, three, four, 
five, six or nine digits have been sent, as the case 
may require, and, with the exception of a, call 
whose first digit is 4 or 7, said ground is corn 
trolled by one or more of relays $3?, 8}{6, 9 iT?, 
98 and 39 is combination with one of the opera 
ated relays $28, 28, 38, etc. Subsequent to 
the transmission of the last train of pulses for the 
last digit of the call. 
The result of grounding conductor $26 is to 

operate relay 48, which connects the line 
through in the manner shortly to be described 
and breaks all connections to the sender. When 
relay 38 operates, relays 486 and 493 release, in 
turn releasing relay (302 followed by the release 
of relay 33 and that of relay (35. The release 
of relay 435 disconnects ground from conductor 
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9, causing the release of relay A300. Upon the 

release of said relay, a Self-interrupting circuit is 
furnished for the off-normal stepping magnet 
f38 of Switch A330 extending from grOlulind on 
the No. 2 back contacts of relay 300, brush 3 
and commoned terminals to interrupter contacts 
Bnd Winding of magnet 30 to battery. This 
nagnet Operates on Self-interruptions and drives 
the brushes of the switch to normal. The release 
of relay 300 disconnects ground from all off 
??????? ??????????'s thereby restoring to IOTImal 3. e relayS in the Sen locked thereto. der which have been 

In case of a faulty manipulation Of , 
20, at the substation and, as a ? ?? 
more reeds are plucked for any one digit, the 
three corresponding relays in the group of relays 
962 to 936 will, of Course, operate causing, in turn 
the registration of such false Operation in the ap" 
propriate register concerned. However, when 
the pulses corresponding to the digit Supposed to 
have been recorded in this register are to be 
transmitted, three instead of two relays in the 
group of relays 220 to 224 will be Operated from 
said register as above described, in which event 
3. circuit is completed for relay 200 extending 
from battery through the Winding of said relay 
the No. 4 or 3 contacts of any two relays in the 
group of relays A206 to 224 which Operate for 
any particular digit plus any other relay ?? 
ground. For instance, the false operation of F6 
lays 1222, f223 and 224 will complete the path 
for said relay over the No. 3 contacts of relay 224 
the No. 2 contacts of relay 223, the No. c??ntact?? 
of relay $222 to ground on Conductor 33, caus 
r8 Said relay to operate and lock over its No. 3 
? "????? on conductor 39. Closes its No. 6 and No. 7 contact former closing a path over conductors ??? ???? 
207 through the anplifier 63 and Condensers 
633 and 636 to the fourth arm of the bridge 65 
and thence over the Subscriber's loop as already 
traced and the latter Serially Connecting together 
the two primary Windings of transformer 
over conductors á 208 and 209. The other two 
terminals of the primary Windings of this trans. 
former are connected to a source of “reorder” 
tone 629 and the alternating current generated 
thereby, which is above the voice frequency 

nge, is induced through the Secondary windings 
of ?????gsformer 632, amplified through a suita 
amplifier 633 and transmitted over the line loop 

its cradle and initi 
call Over again. Over its No. 4 ? 
206 short circuits conductors 6 5 and 46 

prevent the transmission of pulses to the selector 
&nd, oWer its No. 5 contacts, it opens the CO 
ductor to the “stuck Sender' register 3 g6 to pre 
Vent the registration of a stuck sender condition 
as will be shortly described. If the handset in 
response to the reorder tone, is not restored 
promptly, the timing circuit 336 may be easily 
???? y Well-known means to extend the line 

S ????????????ding Sender connector and the send 
If the substation SWitchhoolk is f 

pressed while the sender is éffi???????? 'i'. 
& Surge on the line which is apt to Operate several 
rall of the channel responding relays g62 to 

906. If this should occur as the result of a fum 
bling action in removing the handset from the 
SWitchhook, the sender will Overlook this en 
tirely because if, at any time the switchhook ls 



depressed for too short a time to release the 
sender, relay 4 will release and renove ground 

: from conductor 47. This conductor is joined 
to conductor 3 which extends to the armature 
of the channel responding relays over the No. 7 
contacts of relay to which, of course, ground 
is applied. Now if the first digit has not yet 
been recorded when the fumbling of the switch 
hook occurs, the operation of relays of any of the 
channel responding relays 2 to consequent 
to the surge resulting therefron will not cause a 
registration inas muchas ground will notbe con 
nected to their armatures by virtue of the release 
of relay 40. If the first digit has been recorded 
and the pulses corresponding to it for the PBK 
selector have been transmitted and in conse 
quence, relay 92 is operated, no further protec 
tion is provided against fumbling because ground 
on the No. 1 contact of this relay is connected to 
conductor 38, thereby maintaining ground to 
the armatures of the channel responding relays 
notwithstanding the removal of ground by the 
release of relay 3. 

Relay 03 is made slow-operate by the con 
nection of rectifers 40 and 622 in shunt of both 
its windings so as to prevent the relay, on the 
reclosure of the loop after switchhook fumbling. 
from Operating too quickly to reapply ground to 
conductor 42 and thence to conductor 3 be 
fore the Surge is terminated. 

If a Sender is held beyond a reasonable time 
... because the subscriber keys no digits or an in 
Sufficient number of digits, or because some reed 
signal is given as a single tone instead of two 
tones, or because of trouble in any of the cir 
cuits of the sender, a tone will be transmitted 
to the subscriber station for an interval of time, 
and if at the end of this interval the receiver is 
not restored, conductor 2 will be grounded to 
cut the line through to the PBX selector, where, 
as is well known, the usual alarms will be given 
and the sender will be dismissed. In order to 
accomplish these functions, switch 38 is used 
to measure the holding time of the sender and 
to control circuits to cause its dismissal under 
the conditions assumed. When the brushes of 
this switch step of their respective normal ter 
minals as the result of magnet O taking its 
first step and interrupter 32 makes its first 
conducting segment after relay 30 has oper 
ated, an obvious circuit is closed for relay 38 
over the brush 3. Relay 1808 operates and 
locks to off-normal ground on conductor 2 
over its No. 3 contacts and connects ground 
over its No. 1 and No. 2 contacts to conductors 
33 and 882, respectively. At the same time, 
over its No. 4 contacts, it closes a partial path 
for relay 39, which relay operates only when 
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office, relay 3 being operated, ground will be 
connected to the filter circuit when relay 
operates and to conductor 42 ten seconds after 
that. At the same time tone is started Over 
brush 4 of the switch and operates the stuck 
sender register 8. w 

Returning now to the operation of the vari 
ous selectors in response to the pulse trains pro 
duced by the sender in the manner already de 
scribed, it will be recalled that conductors 422 
and 423 are looped in the sender through the 
No. 2 front contacts of relay 2' and the front 
contact of the pulsing relay 3, in consequence 
of which relays of the PBX selector operates, 
in turn operating relay as already noted. 
Relay connects ground through its No. 1 
contacts to conductor to hold the line-finder 
switch and the cut-off relay in operated po- . 
sitions. 
When relay 3 opens and closes the loop of 

relay 55 in producing the pulses corresponding 
to the first digit recorded in register and 
later stored in the group of relays 22 to 24, 
relay is alternately released and reoperated 
as many times as relay releases and re 
operates prior to the reclosure of the loop by the 
release of relay 2'. 
The first release of relay SS closes a circuit 

- from battery through the winding of the ver 
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the switch has taken ten steps and brush 3 
connects with the tenth terminal of its cooper 
atting arc. This occurs when the sender has 
been held approximately twenty-one seconds, at 
which time relay f operates and connects 
ground over its No. 2 contacts to conductor 2 
which, over the No. 2 back contacts of relay 938 
connects with conductor 2D that traces back 
to the winding of relay B, causing said relay 
to operate, cut the line through to the PBX se 
lector and dismiss the sender as already de 
scribed. On any call not through the central 
office which means that relay is normal, 
conductors 33 and 2 will be joined over the 
No. 5 front contacts of relay to the filter 
circuit to send a tone to the station when relay 

tical stepping magnet 26, winding of relay 525, 
No. 2 front contacts of relay S, back contacts 
of relay , No. 4 back contacts of relay Sito 
ground. The current in this circuit operates 
magnet 2 and relay 2, the former stepping 
the shaft (not shown) and brushes of selector . 
PBX up to the first level of the terminal bank, 
The reoperation of relay opens the above 
traced circuit through the windings of magnet 
2 and relay 2, but these windings are held 

energized through the No. 2 contacts of relay 
25 and contacts , actuated by the movement 
of the vertical holding pawl 2 of double dog 

while the shaft and brushes are being ele 
wated, and through the back contact of release 
magnet 2, conductor S to ground on the No. 
4 contacts of relay 4. By holding the mag 
net 2 operated while the shaft is moving be 
tween levels, the vertical driving pawl (not 
shown) is held in engagement with the vertical 
ratchet to prevent the shaft from being carried 
up by its nomentum more than one step in re 
sponse to one impulse. When the holding paw 
2 engales the ratchet to hold the shaft in 

its first vertical off-normal position, contacts 53 
are opened and the magnet 52 releases. Relay 
SB is slow in releasing and remains operated 
during the receiving of the impulses by relay 
St. Relay 2 is also slow in releasing and re 
mains operated until all of the impulses, cor 

60 responding to the first digit, have been received. 

O 

Each succeeding release and reoperation of re 
lay US is effective in a similar manner to ad 
vance the shaft and brushes of the PBX switch 
one step, overstepping being prevented by the 
closing of contacts 50 while each vertical step 
is being taken. 
As soon as the shaft is moved out of its normal 

position, the vertical off-normal springs VON 23 
are actuated thereby disconnecting the battery 
potential through resistance 52 from the test 
conductor si. Were the PBXK selector an inter 
mediate selector instead of the first selector in 
the train, the disconnection of this battery po 
tential from conductor US would render the se 

i3O8 operates. On a call through the central 75 lector non-selectable, by a preceding selector, 
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for use on another call. The actuation of the 
vertical off-normal springs WON 2 also closes a 
circuit for operating relay 52, which circuit ex 
tends from battery through resistance S, nor 
mally made contacts of the rotary stepping mag 
net S2O, winding of relay 52, Nos. 4 and 5 con 
tacts of the "10th rotary step' springs 24, Nos. 
3 and 4 contacts of the vertical off-normal 
springs 528, conductor S to ground through the 
No. 4 contacts of relay S4. The release of relay 
525, after the last impulse in the train of in 
pulses for the first digit has been received, closes 
a circuit for operating the rotary stepping nag 
net 520; this circuit extending from battery 
through the winding of magnet 20, No. I con 
tacts of relay 2, No. 1 contacts of relay 2, 
front contact of relay SS to ground through the 
No. 4 contacts of relay 4. The operation of 
magnet 2D rotates the brushes 4, 42 and 
into engagement with the first set of terminals 
in the level of the bank selected in response to 
the number of impulses transmitted by the ends 
er as above described. The Operation of magnet 
520 also opens the operating circuit for relay 2 
and connects the winding of relay 2 in series 
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with the lower winding of relay 4 to the test 
brush S43. If the terminal with which test brush 
543 is in contact is not connected to an idle-in 
dicating potential, elither because the test con 
ductor of the trunk is open or because the switch 
to which the trunk connects is oft-normal or in 
use, relay 52 releases thereby causing the re 
lease of magnet 52. The release of magnet 2 
disconnects the winding of relay 2 from the 

30 

test brush 543 and again closes the operating cir- 35 
cuit of relay 521. The reoperation of relay 521 
causes the reoperation of magnet 2 thereby ad 
vancing the brushes of the private branch ex 
change selector PBX to the next set of terminals 
in the selected level. Relay 2 and magnet 2 
continue their cycle of operations until brush 
543 encounters a test terminal which is con 
nected to the idle-indicating potential, or until 
the tenth and last set of terminals in the level 
is reached, at which time the actuation of the 
“10th rotary step' springs 24 prevents the reop 
eration of relay 52. These operations take place 
during the interval when the sender, between the 
first train of impulses and the second, measures 
of time to allow for trunk hunting by the opera 
tion of counting relay pairs and l', 2 and 2', 
3 and 8', 4 and 4' and f and ' and relay 
284 as already described. If the switch is ro 

tated to the 10th rotary position and the test 
terminal of the tenth set of terminals is not con 
nected to the idle-indicating potential when 
brush 43 engages this terminal, the busy tone 
source 323 is connected through Nos. i and 3 
contacts of springs 24, the upper winding of re 
lay SS, the No. 1 back contacts of relay 4, 
thence as already traced to the primary wind 
ing of transformer 28. If a portion of the in 
terval measured by the sender for trunk hunting 
between trains of impulses is available, relay 2' 
will be down and the busy tone will induce a cur 
rent in the secondary winding of said trans 
former that will activate the amplifier detector 
B3 to operate relay it as already described, 
whereupon the dial tone circuit is activated in 
the manner already described to transmit tone 
to the subscriber. The interval, however, will 
not be long enough for him to appreciate its sig 
nificance and if, in consequence, he maintains 
the connection, the sender will continue to trans 
mit the remaining train of pulses which, hows 
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extended through the No. 3 contacts of 
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ever, will result only in an ineffective pulsing : 
relay S. When the sender causes the operate 
tion of relay B, the line loop is closed rough 
in the manner described hereinafter so that the 
relay S is held over the right windings of 
transformer 43 and the busy tone is induced 
into the left winding which includes the line loop 
and the station instrument through which the 
subscriber hears it, restores and then endeavors 
to reestablish the connection. 
When the test brush 48 encounters a terminal 

which is connected to the idle-indicating po 
tential, relay 2 is held operated and the lower 
winding of relay f is energed over the circuit 
already traced. Assuming the call to be a three 
digit call, that is, for a subscriber 3 located with 
in the same private branch exchange, the ter 
minal level to which the brushes S4, S2 and 
48 have been raised gives access to a group of 

, connectors, and the particular terminals to 
which these brushes have become connected have 
their conductors extending to an idle connector 
C which is to be selectively positioned by the two 
trains of impulses that are produced by the 
sender in response to the registration of the 
second and third digit of the wanted designa 
tion. The circuit for holding relay 2 operated, 
to prevent further advance of the brushes of the 
private branch exchange switch PBX is, then, 
traced from battery through resistance ST, No. 
6 and 7 contacts of the vertical off-normal 
springs VON EB, conductor through the test . 
terminal and brush 48, lower winding of relay 
64, front contacts of magnet 20, vinding and 
No. 2 contacts of relay 52, Nos. 3 and 4 contacts 
of the vertical of-normal springs S2, over con 
ductor 5 to ground through the No. 4 contacts 
of relay 510. Relay îl is suficiently energized 
by the current through its lower winding to close 
its No. 3 contacts and thus cause the complete 
operation of this relay by energizing its upper 
winding. If the brush of more than one hunting 
selector should engage terminals connected to 
the same connector, the drop in potential, due 
to the resistance through which the idle-indi 
cating battery potential is connected to the test 
terminals, prevents the operation of the test 
relay in any of these selectors, thereby prevent 
ing a double connection. Should the test con 
ductor connected to any aset of terminals to which 
the brushes of the PBX switch are advanced be 
Open, relay i? would not be operated and the 
release of relay 2 would cause the advance of 
the switch to the next set of terminals. With relay 4 operated, a temporary busy indicating 
ground potential is connected from the No. 1 
contacts of relay if, over conductor S, 
through the No. 2 front contacts of relay is 4 
and brush to the test terminal of the seized 
connector. The operation of relay S 4 also 
causes the release of relays U2, USUS and SS and 
the release of magnet U2. Conductors 422 and 

are now connected through brushes 42 and 
, respectively, to the windings of line relay 
of connector C. Relay SU operates over the 

sender loop thereby causing the operation of re 
lay it. Relay SD connects a busy-indicating 
and holding ground potential through its No. 1 
contacts over conductor U7 to the test terminal 
with which brush 4 of the private branch e. 
change selector PBX is in contact to hold relay 

operated. This holding potential further 
relay S. to hold the relay looked and to brush of 



line finder to hold operated the cut-off relay 
30. Of line A. 
The next train of pulses transmitted by the 

sender will be that corresponding to the second 
digit of the wanted designation and relay S is 
alternately released and reoperated in response 
to each of these impulses. The first release of 
relay 559 closes a circuit from ground at its top 
back contact, No. 2 front contacts of relay D, 
Nos. 5 and 3 contacts of the vertical off-normal 
springs WON 58, through the winding of relay 
564, winding of the vertical stepping magnet 565 
to battery. Relay 564 and magnet SBS both op 
erate, the operation of the latter being effective 
to step the shaft (not shown) and brushes of the 
connector switch C up to the first level of the 
terminal bank. The vertical off-normal springs 
WON 5 are actuated as soon as the shaft is 
moved out of normal position, the circuit for op 
erating magnet 565 and relay it being thereby 
changed to include the No. 4 front contacts of 
relay 564 and the Nos. 4 and 5 contacts of the 
vertical off-normal springs VON G. The actu 
ation of the Vertical off-normal springs VON 
also disconnects the idle-indicating battery poten 
tial from test conductor its to prevent seizure of 
the connector C by any other hunting PBX se 
lector until after the switch C has been restored 
to normal. The reoperation of relay at the 
end of the first impulse of the train causes the 
release of magnet St unless the first impulse is 
not suficiently long to insure proper switch op 
eration, in which case the magnet B and relay 
564 are held operated by the current in a circuit 
traced through No. 1 front contacts of relay it, 
Nos. 4 and 5 contacts of the vertical off-normal 
springs WON 568, No. 2 front contacts of relay 
560, No. 2 front contacts of relay Bl, contacts 
570 closed by the actuation of the double dog 5. 
while the shaft is moving between normal and 
the first level, to ground at the back contact of 
release magnet 57. Each succeeding release and 
reoperation of relay 550 in response to the im 
pulses transmitted by the Sender, causes the op 
eration and release of magnet 55, the brushes 
58, 582 and 588 being stepped up to the corre 
sponding level of the terminal bank. The clos 
ing of the contacts. 570 by the actuation of the 
double dog 57, while the shaft is being stepped 
from each terminal level to the next, maintains 
the energization of magnet 56 in response to 
each release of relay 559 for a sufficient length 
of time to prevent overstepping. Relay 5 is 
slow in releasing and remains operated during 
the receipt of the sender impulses by relay 9. 
Relay 56 is also slow in releasing and does not 
release until all of the impulses of the train 
have been received by relay 59. 
During the interval between the second and 

third train of pulses during which the sender 
measures of time to allow for selector trunk 
hunting, nothing occurs in the connector, relay 
559 being held alternately over the loop and 
through the primary winding of the dial tone de 
tecting transformer 2 in the same manner that 
relay 55 was held. When the hunting time in 
terval is over and the sender transmits the last 
pulse train corresponding to the third and last 
digit of the number, relay 559 again alternately 
releases and reoperates by virtue of each of the 
impulses in the train. The release of relay 559, 
in response to the first of these impulses, closes 
circuits for operating relay 56 and the rotary 
stepping magnet 59; these circuits being traced 
from ground at the back contact of relay 559, 
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contacts of the vertical off-normal springs WON 
l, No. 1 back contacts of relay 54, No. 3 con 

tacts of relay 2, thence through the winding of 
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relay 3 to battery, and, through the No. 4 con 
tacts of relay Uji, winding of magnet SBD to bat 
tery. The operation of magnet is steps the 
brushes 8, 82 and 88 into engagement with 
the first set of terminals in the selected level. 
The operation of relay, 3 connects the winding 
of relay 2 in series with the No. 6 contacts 
of relay , through the No. 1 front contacts of 
relay to the test brush SES.. The reopera 
tion of relay is at the end of the first impulse 
Open the operating circuit for magnet B, but 
this magnet is held operated while the shaft is 
moving from one rotary position to the next by 
the closing of a holding circuit through contacts 
T due to the actuation by the double dog 57; 

this holding circuit being traced from ground at 
the back contact of release magnet SBT, through 
contacts TO, No. 3 contacts of relay 53, to the 
No. 2 front contacts of relay U, and thence to 
the windings of relay US and magnet SB9 as 
hereinbefore described. The continued operation 
of magnet it by the circuit through contacts 

insures against rotary overstepping. Relay 
it is slow in releasing and remains operated 
until all of the impulses corresponding to the last 
digit of the called number have been received by 
relay . . Since the No. 2 front contacts of re 
lay US are in parallel with the No. 3 contacts of 
relay 2, a temporary operation of test relay 

2, upon passing over a busy terminal, does not 
interfere with the operation of magnet SBS in 
response to succeeding impulses received by relay 

. Each release and reoperation of relay S59 
is, therefore, effective in causing the operation 
and release of magnet 9 and thus advance the 
brushes of the connector into engagement with 
the set of terminals to which the called line is 
connected. 
When the pulse train is transmitted, relay 408 

is operated from the sender by the application of 
5 ground to conductor 420 as already, described. 
Relay 4, in operating, extends the line conduc 
tor U over the No. 3 front contacts of said relay, 
No. 1 back contacts of relay 40, upper left wind 
ing of transformer 44, upper winding of relay 
l, right flament of ballast lamp 43 to ground. 

The line conductor 2 is extended over the No. 4 
front contacts of relay 408, No. 2 back contacts 
of relay 4, left lower winding of transformer 
44f, lower winding of relay 4, left flament of 
lamp 3, to battery. Relay 4f operates to per 
form functions noted hereinafter. Over its No. 1 
contacts, relay 408 further applies ground to the 
armature of relay 43 to complete a circuit to the 
winding of relay 40. Relay 43, however, is op 
erated at this time by ground on the holding con 
ductor 5 as already described so that the cir 
cult for relay 40 is not closed. Over its No. 2 
and No. 5 contacts relay D8 connects the right 
windings of transformer 44 to conductors 423 
and 422, while over its No. 6 contacts it locks it 
self into ground on the holding conductor 53. 

If the Wanted line B to whose terminals brushes 
5, 582 and S8 are connected is busy, test relay 
SB2 is operated due to the energization of its 
winding when brush 58 comes to rest on the 
grounded (not shown) test terminal of the line. 
When relay S3 releases, relay Si2 is held oper 
ated through the No. 6 contacts of relay 553, No. 
1 normally made contacts of relay 588, the No. 3 
front contacts of relay 562 over conductor 557 to 



ground at relay U, and a busy tone is thereupon 
transmitted from tone source 74 through the No. 
1 contacts of relay U2 through the lower con 
denser SSD to the calling subscriber. If the 
called line is idle, test relay 2 does not operate 
and when relay 3 releases, a circuit is closed 
from ground through the No. 1 contact of relay 

, conductor SS7, No. 2 back contacts of relay 
U2, upper winding of relay, No. 1 back con 
tacts of relay SBS, brush S3 and test terminal, 
and through the winding of the cut-of relay (not 
shown) of the called line to battery. Relay 
is suficiently energized by the current through 
its upper winding to close its No. 5 contacts and 
thus cause the complete Operation of this relay 
by the energization of its lower winding. Relay 
S3 closes the ringing circuit from the generator 
S2, No. 2 contacts of relay 3, lower winding 
and No. 4 back contacts of relay 5, No. 8 con 
tacts of relay 553, brush U2, over the lower con 
ductor of the called line through the ringer at 
station B, back over the other conductor of line 
B, the brush S8, No. 1 contact of relay 58 to 
ground at the No. 1 back contacts of relay it. 
Ringing tone is transmitted through condenser 
SSS to the calling station. 
When the receiver is removed at station B, re 

lay SS is sufficiently energized by the current 
through its lower winding to close its No. 2 con 
tacts and thus cause the complete operation of 
this relay due to the energization of its upper 
winding. Relay 55i completes the talking con 
nection through its Nos. 1 and 4 front contacts 
and through condensers 550, talking current be 
ing supplied to the called station through the 
windings of relay 558. The operation of relay 
55 while the line is closed at station B inter 
changes the connection between the calling line 
and the windings of relay 559, the resulting re 
versal of current being useful for supervision. 
When the calling subscriber at station. A re 

places the receiver on the receiver hook, relay 
US releases followed by the release of relay 
5. The release of relay 559 causes a momen 
tary operation of relay 563 before relay 560 re 
leases, The release of relay 560 is followed by 
the release of relay 563 and the connection of 
conductor 55 through the No. 2 back contacts 
of relay SB2, upper winding of relay 558, No. 1 
back contacts of relay 56, to ground at the No. 
3 contacts of relay 553 as a guarding potential in 
place of the ground previously furnished through 
the No. 1 contacts of relay 560. While relay 563 
is operated after magnet 569 releases, the sleeve 
conductor 557 is momentarily freed of any ground 
potential, thereby causing the release of relay 
S4 of the PBX selector and the release and re 
turn to normal of the line finder LF through the 
release of relay if, and the consequent opera 
tion of release magnet 2 over a circuit which 
extends from battery through the winding of 
said magnet, Nos. 6 and 7 contacts of vertical 
off-normal springs WON 36, No. 3 back contacts 
of relay 3, No. 1 back contacts of relay 30, Nos. 
1 and 2 contacts of vertical off-normal springs 
WON 3 to ground. The release of relay S4 
closes a circuit for operating the release magnet 
529, which extends from ground on the No. 4 
contacts of said relay, back contacts of relay 
SS, No. 2 back contacts of relay 56, Nos. 5 and 6 
contacts of vertical off-normal springs VON 520, 
winding of release magnet 529 to battery, and 
the brushes of switch PBX are restored to nor 
mal. The release magnet 529 is held operated 
until the vertical off-normal springs are restored 
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to their normal position, the holding circuit be 
ing traced from the winding of magnet 29, 
through the No. 5 and No. 6 contacts of WON 28, 
front contact of magnet 29, conductor, to 
ground through the No. 4 contacts of relay 4. 
When the shaft reaches normal and springs 28 
are in normal position, magnet 29, releases and 
the idle-indicating battery potential is there 
upon reconnected through resistance 2 to the 
sleeve conductor . If the called subscriber 
delays in replacing the receiver on the receiver 
hook, relays SS and 8 are held operated under 
control of relay 58, and ground is connected 
through the upper back contacts of relays Uji 
and SBD and the No. 3 contacts of relay 8 to 
cause the operation of a trouble alarm it. 
When the handset is replaced on its cradle at 
the called station, relay 58 releases followed 
by the release of relays SS and 553. With re 
lays 559, it and 58 all released, the release 
magnet B is operated. Magnet SS locks 
through the upper front contact of the vertical 
off-normal springs WON B. When the shaft 
reaches normal, magnet 57 releases and the idle 
indicating battery potential is again connected 
through resistance SS to the sleeve conductor 
557 thereby rendering the connector C selectable 
for use on another call. 
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In the event of a one-digit call (digit 7) through 
the long distance of ice from which it is desirable 
to recall the subscriber when the connection is 
established, ringing current is applied from the 
long distance positions to conductors 428 and 
422 which is effective in operating relay 42 in 
a circuit extending from One terminal of the 
ringing source (not shown) on conductor 28, 
No. 2 contacts of relay 408, right upper winding 
of transformer 44, condenser 435, winding of 
relay 42, right lower winding of transformer 
3, No. 5 contacts of relay 4, conductor 422 to 

other terminal of ringing source. Relay 42 
operates, releases relay 43 which thereupon 
completes the circuit of relay 4 previously 
traced. Relay 4 operates and connects local 
ringing source through lamp 437, No. 2 front 
contacts of relay 4, No. 4 front contacts of 
relay 408, line conductor 352, over the loop in 
cluding the calling station ringer on the other 
side of the line to conductor 35, No. 3 front 
contacts of relay B, No. 1 front contacts of re 
lay 4 to ground. The call is answered at the 
calling station and connection is thereafter es 
tablished with the calling station in the well 
known manner. . 
While this embodiment of the invention has 

been described with reference to a step-by-step 
automatic telephone system, it is evident that it 
may be readily applied by any one skilled in the 
art to any other type of system wherein other 
switching media are utilized as, for instance, 
panel and cross-bar switches, 
What is claimed is: 
1. In a telephone system, the combination with 

a calling line, of a source of tone, means for ap 
plying a potential from said source to said line, 
and means responsive to the impedance of said 
line for controlling the amount of potential ap 
pled to said line, 

2. In a telephone system, the combination with 
a calling line, of a source of tone, a network in 
termediate said line and said source through 
which current is transmitted from said source 
to said line, a variable impedance shunt con 
nected across said network to by-pass a part of 
the current applied to said line, and means re 
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sponsive to the impedance of said line for vary 
ing the impedance of said shunt whereby the 
current passing through said network from said 
source is divided between said shunt and said 
line in proportion to their respective impedances. 

3. In a telephone system, the combination with 
a calling line and a signaling battery for said 
line that includes a resistance in series with said 
battery, of a source of tone, a network interme 
diate said line and said source through which 
current is transmitted from said source to said 
line, a variable impedance shunt connected across 
said network having the property of decreasing 
in impedance with an increase in current there 
through, and a vacuum tube having its grid con 
nected to said resistance and its anode connected 
in a path that includes said shunt whereby the 
potential applied to the grid is a function of the 
line current from said signaling battery, to effect 
a variation in the impedance of said shunt in 
accordance with the potential applied to said grid 
and whereby the current passing through said 
network from said source of tone is divided be 
tween said shunt and said line in proportion to 
their respective impedances. 

4. In a telephone system, a calling line, a se 
lector switch, means for extending said line to 
said selector switch, a control device, means re 
sponsive to the extensinon of said line to said 
switch for connecting said control device to said 
line and to said switch, a first source of tone in 
said switch, a tone detecting device, a relay con 
trolled thereby, means responsive to the connec 
tion of said control device to said switch for con 
necting said first source of tone to said tone de- : 
tecting device whereby said relay is operated 
thereby, a second source of tone, means respon 
sive to the operation of said relay for applying 
said second source of tone to said line, and means 
responsive to the impedance of said line for con 
trolling the quantity of tone from said second 
source applied to said line. 

5. In a telephone system, a calling line, a se 
lector switch, means for extending said line to 
said selector switch, a signaling battery for said 
line that includes a resistance in series with said 
battery, a control device, means responsive to the 
extension of said line to said switch for connect 
ing said control device to said line and to said 
switch, a first source of tone in said Switch, a 
tone detecting device, a relay controlled thereby, 
means responsive to the connection of said con 
trol device to said switch for connecting said first 
source of tone to said torie detecting device 
whereby said relay is operated thereby, a second 
source of tone, a network intermediate said line 
and said source of tone, a variable impedance 
shunt connected across said network, said shunt 
having the property of decreasing its impedance 
with an increase in current therethrough, means 
responsive to the operation of said relay for ap 
plying said second source of tone to said network, 
and a vacuum tube having its grid connected to 
said resistance and its anode connected in a path 
that includes said shunt whereby the potential 
applied to the grid is a function of the line cur 
rent from said signaling battery, to effect a varia 
tion in the impedance of said shunt in accord 
ance with the potential applied to said grid and 
whereby the current passing through said net 
work from said second source of tone is divided 
between said shunt and said line in proportion 
to their respective impedances. 

6. In a telephone system, a subscriber's line, 
a telephone instrument and a device on said line 
for generating alternating currents to set up a 
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wanted designation, means responsive to said 
currents for automatically establishing a con 
nection from said line, means for rendering the 
transmitter of said telephone instrument rela 
tively ineffective to produce pulsating currents 
during the generation of said alternating cur 
rents and means responsive to the establishment 
of said connection for rendering said transmitter 
effective to produce pulsating currents. 

7. The combination with a transmission line of 
a register sender comprising a plurality of selec 
tive receivers, each of said receivers being adapt 
ed to respond to a signal current of a particular 
frequency, a delay circuit, means for coupling 
said receivers and said delay circuit to said trans 
mission line, normally operated means in said 
delay circuit for rendering said receivers nor 
nally unresponsive to currents inconing over 
said transmission line, and means in said delay 
circuit responsive to a portion of a signal current 
incoming over said transmission line for releasing 
said normally operated means whereby said re 
ceivers are made responsive to said signal cur 
rent after a predetermined interval. 

8. In a telephone system in which signals are 
transmitted by currents within the voice fre 
quency range over the talking path, selective re 
ceivers each responsive to a signal current of a 
particular frequency within said range, and 
means responsive to the transmission of sald sig 
nal currents over said talking path for rendering 
said selective receiver unresponsive for a prede 
termined interval. 

9. A delay network for the selective receivers of 
a register sender, each of said receivers being re 
sponsive to a signal current of a particular fre 
quency within the voice frequency range, com 
prising a first relay, means controlled by said first 
relay in an operated position for short-circuiting 
signal currents away from said receivers, a sec 
ond relay controlling an operating circuit of said 
first relay, means responsive to a signal current 
for operating said second relay to open said oper 
ating circuit of said first relay and other means 
responsive upon the opening of said operating 
circuit for delaying the release of said first relay 
whereby said selective receivers are made re 
sponsive to signal currents after a predetermined 
interval subsequent to the opening of said oper 
ating circuit. 

10. A delay network for the selective receivers 
of a register sender, each of Said receivers being 
responsive to a signal current of a particular fre 
quency within the voice frequency range, com 
prising a thermionic device operative in response 
to a signal current, a relay adapted to keep said 
receivers normally short-circuited and means re 
sponsive to the operation of said thermionic de 
vice for causing said relay to remove the short 
circuit from Said selective receivers. 

11. A delay network for the selective receivers 
of a register sender, each of said receivers being 
responsive to a signal current of a particular fre 
quency within the voice frequency range, com 
prising a thermionic device responsive to a signal 
current, a first relay normally operated to keep 
said receivers unresponsive to signal currents, a 
second relay in the circuit of said thermionic de 
vice and responsive to the operation thereof, said 
second relay controlling the operation of said 
first relay whereby the operation of said second 
relay causes the release of said first relay, and an 
impedance network in the circuit of said first re 
lay adapted to delay the release of said first relay 
for a predetermined interval after said second re 
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lay operates whereby said selective receivers are 
made responsive to signal currents after said pre 
determined interval. 

12. A delay network for the selective receivers 
of a register sender, each of said receivers being 
responsive to a signal current of a particular fre 
quency and including an electronic device, con 
prising a thermionic device operatively responsive 
to a signal current, a relay adapted to keep said 
receivers normally short-circuited, means respon 
sive to the operation of said thermionic device 
for causing said relay to remove the short cir 
cuit from said selective receivers and other means 
also responsive to the operation of said ther 
inionic device for rendering effective said elec 
tronic devices in each of said selective receivers, 

3. A delay network for the selective receivers 
of a register sender, each of said receivers being 
responsive to a signal current of a particular fre 
quency and including an electronic device, con 
prising a thermionic device operatively responsive 
to a signal current, a first relay normally oper 
ated to keep Said receivers unresponsive to sig 
inal currents, a second relay in the circuit of said 
thermionic device and responsive to the operation 
thereof, said second relay controlling the opera 
tion of said first relay whereby the operation of 
said second relay causes the release of Said first 
relay, a third relay for controlling the Operation 
of said electronic device in each of said receivers, 
said third relay being in the circuit of said first 
relay, and an impedance network in the circuit of 
said first and third relays adapted to delay the 
release of said first relay for a predetermined in 
terval after said second relay operates, whereby 
Said selective receivers are made responsive to 
signal currents after said predetermined interva 
and further adapted to operate said third relay 
another predetermined interval after said first 
relay releases whereby said electronic devices are 
made effective after said other predetermined 
interval. 

14. A delay circuit for the selective receivers of 
a register sender, each of said receivers being 
adapted to respond to a current of a particular 
frequency, and each of said receivers including 
an electronic amplifying device, comprising means 
responsive to an incoming current for keeping 
said receivers short-circuited for a predetermined 
interval and other means for keeping said elec 
tronic amplifying devices insensitive for another 
predetermined interval after said short circuit is 
rem0ved. 

15. In a register sender, a plurality of selective 
receivers, each of said receivers being adapted to 
respond to a current of a particular frequency, 
an electronic amplifying device in each of said 
receivers, a delay circuit, means for coupling said 
receivers and said delay circuit to a transmission 
line, means in said delay circuit for shunting cur 
rents incoming over said line away from said re 
ceivers for a predetermined interval and other 
means in said delay circuit for keeping said elec 
tronic amplifying devices unresponsive to the 
energy transmitted through said receivers for a 
predetermined interval after said shunt is re 
moved. 

16. A delay circuit for the selective receivers of 
a register Sender, each of said receivers being 
adapted to respond to a current of a particular 
frequency and each of said receivers including an 
electronic amplifying device, comprising a first re 
lay, a circuit for said first relay to bias it in an un 
operated position, a second relay, a circuit for said 
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Second relay to bias it in an operated position, a 
third relay, a common impedahce circuit for said 
3rst and second relays controlled through the 
contacts of said third relay, said common imped 
ance circuit overcoming the bias. Of the circuits 
of said first and second relays, respectively, to 
hold said first relay operated to short-circuit said 
Ireceivers and said second relay unoperated, means 
responsive to an incoming current for operating 
said third relay whereby said common impedance 
circuit is opened to release said first relay after a 
predetermined interval to remove the short cir 
cuit from said receivers and to operate said sec 
ond relay a predetermined interval after the re 
lease of said first relay to sensitize said electronic 
amplifying devices. 

7. A delay circuit for the selective receivers 
of a register sender, each of said receivers be 
ing adapted to respond to a current of a par 
&lcular frequency, comprising means responsive 
to an incoming current for keeping said receivers 
short-circuited for a predetermined interval and 
other means responsive to said current of a 
particular intensity for keeping said receivers 
short-circuited beyond said predetermined in 
terval. 

i8. A delay circuit for the selective receivers 
of a register sender, each of said receivers be 
ing adapted to respond to a current of a par 
ticular frequency, comprising a first detector 
channel adapted to operate on a current of any 
frequency, a second detector channel adapted 
to operate on & current of any frequency but 
of a particular intensity, means responsive to 
the operation of said first detector channel for 
keeping said receivers short-circuited for a pre 
determined interval and means responsive to the 
operation of said second channel for keeping 
said receivers short-circuited beyond said pre 
determined interval. 

9. A delay circuit for the selective receivers 
of a register sender, each of said receivers be 
ing adapted to respond to a current of a par 
ticular frequency, comprising a first detector 
ghannel adapted to operate on a current of any 
frequency, a second detector channel adapted to 
Operate om a current of any frequency but of 
minimum intensity, a relay normally Operated 
to keep said receivers Short-circuited, a first 
operating circuit for said relay controlled by said 
first detector channel, and a second Operating 
circuit for said relay controlled by said second 
detector channel whereby the leSponse of Said 
first detector channel to an incoming current 
opens said first operating circuit for said relay 
to remove said short circuit from said receivers 
after a time interval and whereby the response 
of said second detector channel to an incoming 
Current closes said second Operating circuit to 
keep said relay operated to maintain Said short 
circuit. 

20. A delay circuit for the selective receivers 
of a register sender, each of said receivers be 
ing adapted to respond to a current of a par 
ticular frequency, comprising a first detector 
channel including a thermionic device adapted 
to become conducting on a current of any fre 
3uency, a first relay in the anode circuit Of Said 
thermionic device, a second relay, an operating 
circuit for said second relay controlled through 
the normal contacts of said first relay, said sec 
Ond relay in its operated condition maintaining 
A short circuit on saidi receivers, a second de 
tector channel including a thermionic device 
formally biased to become conducting on a cur 



rent of any frequency but of minimum intensity 
and another operating circuit for said second 
relay in the anode path of the thermionic device 
of said second detector channel and controlled 
through the operated contacts of said first re 
lay, whereby the conductive state of the ther 
mionic device of the first detector channel in 
response to an incoming current operates said 
first relay to open the circuit of said second re 
lay and whereby the conductive state of the ther 
mionic device of the second detector channel in 
response to an incoming current of minimum 
intensity closes said other operating circuit of 
said second relay in conjunction with the oper 
ated contacts of said first relay. 

21. A delay circuit for the selective receivers 
of a register sender, each of said receivers be 

O 

ing adapted to respond to a current of a pars 
ticular frequency, comprising means responsive 
to an incoming current for keeping said receivers : 
short-circuited for a predetermined interval, 
means responsive to an incoming current of more 
than a predetermined minimum intensity for 
keeping said receivers short-circuited beyond 
said predetermined interval, and means respon 
sive to said incoming current when reduced be 
low a predetermined minimum intensity for re 
moving the short circuit from said receivers. 

22. A delay circuit for the selective receivers of 
a register sender, each of said receivers being 
adapted to respond to a current of a particular 
frequency, comprising means for normally keep 
ing said receivers unresponsive to an incoming 
current, means responsive to an incoming current 
for operating said first-mentioned means to ren 
der said receivers responsive after a predeter 
mined interval, means responsive to an incoming 
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current of more than a predetermined minimum • 
Value for preventing the operation of said first 
mentioned means by said second-mentioned 
means, and means responsive to said incoming 
current when reduced below the predetermined 
minimum value for rendering ineffective said 
second-mentioned means in operating said first 
mentioned means to render said receivers respon-* 
sive after a predetermined interval. 

23. The combination with a transmission line 
and a register sender comprising a plurality of 
selective receivers, each of said receivers being 
adapted to respond to a current of a particular : 
frequency, of a delay circuit for said Selective 
receivers, means for coupling said receivers and 
said delay circuit to said transmission line where 
by a current incoming over said transmission line 
divides between said receivers and said delay cir 
cuit, means in said delay circuit responsive to the 
portion of the current received over said trans 
mission line for shunting the remainder of said 
current away from said receivers for a predeter 
mined interval, means in said delay circuit re 
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sponsive to said current if above a minimum in 
tensity for preventing the operation of Said means 
to remove said shunt, and means in said delay 
circuit responsive to said current when reduced 
below said minimum intensity for restoring said 
delay circuit to normal whereby said first-men 
tioned means is again responsive to a portion 
of the current received over said transmission 
line for shunting the remainder of said current 
away from said receivers for a predetermined 
interWaal. 

24. A delay circuit for the selective receivers of 
a register sender, each of said receivers being 
adapted to respond to a current of a particular 
frequency, comprising means for normally keep 
ing said receivers short-circuited, comprising a 
first detector channel including a first thermionic 
device, a second detector channel including a sec 
ond thermionic device, and a third detector chan 
nel including a third thermionic device, means 
for applying a normal grid bias to the grids of 
each of said thermionic devices, said means in 
cluding other means for giving the grid of said 
third thermionic device a higher bias than the 
other two, means for applying an incoming cur 
rent of any frequency to the grids of said thermi 
onic devices, a rectifying network for the grid of 
said second thermionic device whereby said in 
coming current is rectified into negative compo 
nents to increase the grid bias of said second 
thermionic device, means responsive to the con 
ductivity of said first thermionic device for oper 
ating said means to remove the short circuit fron 
said receivers after a predetermined interval, 
means responsive to the conductivity of said third 
thermionic device if the incoming current is of 
sufficient intensity to overcome the grid bias of 
said device to prevent the operation of said 
means for removing said short circuit, and means 
responsive to the conductivity of said second 
thermionic device when said incoming current ds 
reduced in intensity so as to lower the negative 
bias of said device to restore all of said devices to 
normal whereby said first thermionic device in 
said first detector channel is again rendered Cons 
ducting in response to a persistent incoming cur 
rent for operating said means to remove said 
short circuit from said receivers after a prede 
termined interval. 

25. A selective amplifier-rectifier comprising a 
frequency band filter, a stage of amplification 
including an electronic element, an electromag 
netic device in the output of said amplifier-rect 
fier, and a tumed feedback intermediate the out 
put and input, said tuned feedback being adapted 
to rectify negative alternating current compo 
nents of the output current for reducing the neg 
ative grid blas of said electronic element. 
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