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Patented Jan. 27, 1948 2,434,898 

UNITED STATES PATENT of FICE 
2,434,898 

DGT REGISTERING MEANS RESPONSIVE 
TO SELECTIVE FREQUENCES 

Henry M. Bascom, Maplewood, N.J., and Francis 
A. Hubbard, deceased, late of Maplewood, N.J., 
by Genevieve M. Hubbard, executrix, New York, 
N. Y., assignors to Bell Telephone Laboratories, 
incorporated, New York, N. Y., a corporation 
of New York 

Original application January 13, 943, Serial No. 
472,202. Divided and this application January 
16, 1946, Serial No. 641,592 

(C. 19-18) Claims. 
1. 

This invention relates to telephone systems and 
more particularly to a system employing a call 
transmitter of the type forming the subject-mat 
ter of our application, Serial No. 472.202, filed 
January 13, 1943, which issued July 9, 1946, as 
Patent No. 2,403,475, and of which application 
this application is a division. 
This transmitter is provided with three vibra 

tive elements which may be selectively released 
for vibration either during the down stroke or the 
up stroke of an Operated key-set key. The studies 
which have been made of the time interval re 
quired for the satisfactory registration of signals 
transmitted by a substation transmitter of the 
reed type and observations of the speed with 
which the keys of the key-set are operated indi 
cate that it would be possible to generate a sig 
nal impulse which could be registered accurately 
on either or both the down stroke and the up 
stroke of a key-set key. In receiving circuits 
which have been developed heretofore for use 
with a call transmitter of the type disclosed in 
United States Patent 2,315,344 granted March 
30, 1943, to R. F. Mallina, a signal duration of 
20 to 25 milliseconds is all that is utilized for 
effecting a registration of such signal the major 
portion of the signal being consumed in the func 
tioning of the unit of the receiving circuit, which 
indicates that a signal is present and which acti 
vates the receiving channels of the receiving cir 
cuit for a period of five to eight milliseconds. 
Since it appears to be unusual for a key stroke 
to be completed in less than 100 milliseconds, it 
is therefore entirely possible to receive two sep 
arate Signals on each key stroke. 
The principal advantage which is gained from 

this method of operation is that the number of 
vibrative elements may be reduced from five to 
three, Since the selective release of the three 
members may be made first during the down 
stroke of any key to send one signal impulse and 
again during the up stroke of the key to send a 
Second signal impulse. The reduction of the 
number of vibrative elements enables a corre 
Sponding reduction of the number of receiving 
channels required in the receiving circuit at the 
Central office. This reduction permits the fre 
quency spacing between channels to be doubled 
for the same outside frequency range which would 
reduce the discrimination required between chan 
nel Surface. For example, the channels could be 
designed to be responsive to signals of the three 
frequencies 700, 1,100 and 1,500 and, of course, 
the vibrative elements of the call transmitter 
Would be selected to cause the generation of such 
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2 
frequencies. Alternatively, the outside frequen 
cies could be made Smaller so that the difference 
in attenuation between the highest and lowes 
frequencies would be less. 

It is therefore an object of the present inven 
tion to enable the registration of any digit in re 
Sponse to two Successive impulses of Selected fre 
quencies. 

It is a further object of the invention to reduce 
the number of signal frequency receiving chan 
nels necessary to respond to the signal frequencies 
Selectively transmitted in accordance with any 
keyed digit. 
A further object of the invention is to provide 

a greater discrimination by the receiving chan 
nels of a signal receiver which are responsive to 
Codes of impulses of Selected frequencies, 
These objects are attained by the provision of 

mechanism in a call transmitter of the type dis 
closed in our parent application hereinbefore re 
ferred to, whereby the operation of any one of 
the ten keys of the key-set is effective upon the 
down stroke to selectively release one of three 
vibrative elements or reeds and is effective upon 
its up stroke to selectively release one or more 
of the three vibrative elements. In this transmit 
ter. Only three vibrative elements or reeds are 
required. s 

The Selective releasing of the reeds in response 
to the down strokes and up strokes of the ten 
key-Set keys causes the generation of signals of 
the three frequencies a, b and c which might, for 
example, be of 700, 1,100 and 1,500 cycles fre 
Cuency. 
A code may be so selected with respect to the 

standard arrangement of the keys in the key-set 
as indicated in a table appearing hereinafter 
that every key releases a single reed on the down 
stroke and that no two adjacent keys arranged 
either vertically or horizontally release the same 
reed on the down stroke. Hence, if two keys 
are depressed at once, two reeds will be released 
and the receiving circuit can be arranged to 
recognize this as a false signal. 
The transmission of two signal impulses by the 

call transmitter for each keyed digit requires a 
modification of the receiving circuit associated 
With the central office sender whereby three re 
ceiving channels are provided to receive the three 
different frequencies transmitted by the call 
transmitter with each of which channels two 
groups of recording relays are associated. Each 
of these groups of relays comprises a relay cor 
responding to each of the three frequencies, one 
group being normally associated with the three 
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receiving-channels so that One of such relayS.is. 
selectively; operable in response to the reception 
of one of the three frequencies transmitted upon 
the down stroke of an operated key and the other 
group being associated with the three receiving 
channels following the termination of the-first, 
impulse of a digit signal so that relays" of such 
group are selectively operablein response to the 
reception of One or more of the three-freelencies: 

5 

4. 
line-finder.isjoined to a first, or district, selector 
Sand these two Switchestogetherform a link for 
extending subscribers' lines to trunks extending 
to other selectors (not shown) by which a con 
nection from a calling Subscriber's line may be 
extended to a wanted subscriber's line. The line 
finders and district link have access through a 
Sender link. S. comprising a trunk finder TF and 
assender;"selector SS to a plurality of common 

transmitted upon the up stroke of the:operated 02:registerssenders. Figs. 2 and 3 disclose such parts 
key. Thus upon the termination of the two: in 
pulses of the digit signal a relay of the first group 
and one or two relays of the second group will 
remain operated to control the:Setting-of a digit. 
register of the Sender. 
For a clearer understanding of the invention, 

reference may be had to the following detailed 
description taken in connection with the accorn 
panying drawing in which: 

iFigs; 31, 2:and 3-takear together, showra-tele, 
phoneSystem in accordance:With thespresent:in 
Vention to which the improvedical transmitter 
is applicable; Fig. 1 showing:the Sibstation cir: 
cuttin Which the call:transmitteriss-installed, a 
diagrarirratic illustrationi Ofailine:finder; first 
selector, assenderalinks comprising a trunksfinder 
and a sender selector, and a portion of the cir. 
city of a central;office sender, Eig. 2; showgirlg:the 
receiving channels, of the Sender, the: recording 
relay; and other; control relays; ; and Fig. 3 show. 
ing certain rof the sendert registers: and progress 
relays associated therewith; and Fig. 4: is a 
.diagram showing how Figs...i.2-, and 3.5should be 
arranged to fully disclose their vention. 
The:keys; of theikeyaset, which may, for refers 

ence purposes begdesignated Katoikos inclusive, 
are so-designed that they are effective to con 
trol the generation of current of the frequencies 
a, band Cin the manner:indicated in the follow 
ing table: 

Downstroke Frequency-------...a... : : Up-stroke, Frequency------------- 

Downstroke Frequency....... s 
Up-stroke-Frequency-------------. 

The-call, transmitter of tour parent patent.here 
tofore referred to, is applicable to a wide variety 
of types of dial Switching, Systems...and, particul 
larly to those of threatype-in-which register mech 
anisms are employed at the central; office: for 
registering-the-designation transmitted and for 
Controlling the selective-operation of: automatic 
SWitches to complete: connections: Accordingly, 
the System. chosen to illustrate, the invention is 
one in Which the. central office is equipped with 
automatic, switches. -of, the panel-type and with 
register senders for registering the designations 
transmitted to:the-central office, from-subscribers' 
stations. It Will.be...obvious that other forms of 
Switches...may be used;for, establishing:the icon 
nections: Sichsas, Switchess of the cross bar type 
and switches, of, the well-known step-by-step 
type. 

Referring to FigS. 1, 2 and 3-of-the-drawings, 
in which reference characters: corresporading to 
those designating;similar rapparatus-elements in 
Eigs...12,13 and 14 of our parent patent, have-been 
applied, a subseriber's line is shown-appearing 
in the contact bank of the line finder IF. The 
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; of a Sender:ais. are:necessary for an understand 
ing: of the present invention. The number of 
registerstermployed in these senders will vary with 
the requirements of the exchange areas. In some 

5.of the larger: areas office codes require two or 
threes - office; code: digit registrations and the 
numerical part of the designation usually re 
quires four registrations. In the present dis 
closure three office code digit registers A, B and 
C-are-shown...in Fig. 3... and the units.numerical 
register, U is also, shown,it being understood that 
the thousands, hundreds-and-tens-registers-would 
be; provided and inserted between the units regis 
ter U" and the code: digit...register C. These 
registers-each comprise five register relays which 
are Selectively operated...under-the-control of the 
six recording relays. AE, BD, CD, AU, BU, and CU, 
and the frequency-receiving channels-Fa, Fb and 
Fe of Eig.2. 

It will be assumed that, the subscriber, at the 
Substation illustrated in Fig.1-removes the hand, 
Set.H.of-the-subset from the cradle-to initiate:a 
call whereupon a circuit is", established: over-the 
Substation, line to the::central office, which is 
instrumental in...causing:the line-finder. L.F. to 
hunt. for and establish a connection with the 
calling. line, whereafter the: -line-finder, first 
Selector link becomes associated over the sender 
liak. SL comprising the trunk, finder TF-and the 
Sender. Selector, SS with an idle-sender; Upon 
the association of the sender with the substation 
a circuit, is established from battery-over brushes 
of the trunk.finder, TF and sender selector SS, 
conductor, 200 and windingss of, relay, 30 to 
ground. - Relay.f390-operates and closes an ob 
Yious operating-circuit for relay 1302. Relay 
302 upon operating- connects ground, over its 

right contacts to the -off-normal conductor 363 
to provide locking-ground for other relays: of the 
Sender and over its left; contacts-and-conductor 
304 establishes the circuit of trelay-f2). 
With ground-connected-to-conductor, 383 a 

circuit.is established therefrom over the left back 
contact of relay 1309-and-conductor:f30 to bat 
tery, through the winding of progress relay: 406, 
whereupon relay. 406;operates andlocks-in-a-cir. 
cuit...from battery, through its winding and the 
Winding of progress relay, f407; ; over the inner 
left front contacts: of relay, 406-rand over the 
back contact of progress: relay 4-7 to ground-on 
conductor. 303. Relay-40 does not operate 'in 
this locking-circuit since its; winding-is: shunted 
Solong as ground remains connected to conductor 
30. When relay, 406. operates: a circuit is also 

established from ground on conductor. 393, over 
the back contact of relay. All the outer-left con 
tacts of relay 406, conductor-3 and to battery 
through the right normal contacts and winding 
of...relay. , 309. Relay, 309 thereupon operates, 
locks over its:right, alternate contacts to ground 
on conductor .303 and "...at its back contact re 
moveS. ground from conductor 30 whereupon 
relay. 407 operates in the locking, circuit of relay 
406; prepares. operating: circuits for the relays 

of the first code digit register A. Over conductors 
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33, 332, 334, 335 and 330 and at its right 
contact connects ground to conductor 30 to 
shunt the right winding of relay 300 whereby 
the current flowing over the operating circuit 
of relay 300 is increased as a signal to the line 
finder Selector link. 

Relay 20 upon operating connects the wind 
ings of battery feed relay 202 to the calling line 
substation over a circuit which may be traced 
from battery through the left winding of relay 
202, the left contacts of relay 20, brush 203 of 

sender selector SS, brush. 204 of the trunk finder 
TF, contacts of sequence switch cam 205, brush 
206 of line finder LF, the ring conductor of the 

calling line, switchhook contacts 207, the back 
contact of the off-normal switch assembly 9, 
through the transmitter 208, the left winding of 
repeating coil 209, the tip conductor of the call 
ing line, brush 20 of the line-finder LF, se 
quence switch contacts f2, brush f22 of trunk 
finder TF, brush 23 of sender selector SS, right 
contacts of relay 20t, right winding of relay 
202, normal contacts of relay 24 to ground 
through the secondary winding of the dial tone 
coil 25. Relay 202 operates over this circuit 
and dialing tone current is applied thereover to 
apprise the calling Subscriber that he may pro 
ceed to key up the digits of the desired telephone 
number. Relay 202, upon operating, establishes 
an obvious circuit for relay 26 which also oper 
ates to prepare an operating circuit for relay 24, 
and relay 202 establishes a circuit from ground 
over its left contacts, conductor f2ll, over the 
upper normal contacts and through the Winding 
of relay 305, and through resistance 307 to bat 
tery and in parallel therewith through the wind 
ing of relay 306 and resistance 308 to battery. 
Relay 305 operates and locks over its upper al 
ternate contacts to ground on conductor 303 but 
the winding of relay 306 being shunted so long 
as ground is applied to conductor 27, does not 
operate. The closure of the lower front contact 
of relay 305 is without function at this time. 

In response to the reception of dial tone the 
calling subscriber proceeds to key up the digits 
of the Wanted line number, which number it will 
be assumed is CH3-1067. When the key K2 
which, in addition to the digit value 2 has the 
letter designations ABC, is depressed to transmit 
signal impulses for the first code letter C. the off 
normal switch assembly 9 is momentarily oper 
ated and then released during the down stroke of 
the key and in the interval that the movable con 
tact of such switch assembly is in engagement 
with the front contact thereof a reed of the gen 
erator G is caused to vibrate to generate a cur 
rent impulse of a predetermined frequency. 
Again when the depressed key is released, the off 
normal switch assembly 9 is momentarily oper 
ated and released and during the interval that 
the movable contact thereof is in engagement 
with its front contact, a reed will be vibrated to 
generate a second current impulse of a predeter 
mined frequency. By referring to the preceding. 
table, it will be noted that when key K2 is de 
pressed, the frequency c is generated both upon 
the down and up strokes thereof. This frequency 
might, for example, be of 1,100 cycles. 
The movement of the movable contact of the 

off-normal Switch assembly 9 from its back or 
normal contact position disconnects the subset 
transmitter 208 from its bridged connection 
across the Substation line and the engagement of 
the movable contact with the front contact con 
nects the coil 35 of the call transmitter generator 
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6 
G across the line through the condenser 28. 
There being no direct current bridge across the 
Substation line at the substation so long as the 
movable contact of the Off-normal switch assem 
bly 9 is out of engagement with its back contact, 
relay 202 of the sender releases in turn opening 
the circuit of relay 26 and removing ground 
from conductor 27. Relay 26, however, being 
slow to release does not release during the inter 
Va that the movable contact of the off-normal 
switch assembly 9 is disengaged from its back 
contact. With relay f 202 released and relay 216 
operated an obvious circuit is established for re 
lay f24 which operates and at its contacts dis 
connects the secondary winding of the dial tone 
coil 215 from the calling line loop to discontinue 
the application of dial tone current thereover and 
connects direct ground to the calling line loop. 
The removal of ground from conductor 27 re 
moves the shunt from the winding of relay 306 
which now operates in a circuit from ground on 
conductor 303, over the upper alternate contacts 
of relay f305, through the winding of relay 306 
and resistance 308 to battery. 
When the first impulse of current of the fre 

quency C is transmitted Over the line, it passes 
Over the previously traced circuit through the 
sender link, through the broad band-pass filter 
f29 and the primary winding of the transformer 
220 and is impressed through the circuit X and 
the primary windings of the input transformers 
associated with the receiving channels Fa, Fb, 
Fe and W. ASSOciated with each input trans 
former, such as 33, is a frequency receiving 
channel consisting of a secondary winding of such 
transformer, a series tuned circuit 3 f4, a single 
vacuum tube such as 35 with a feedback 
through the copper-oxide units, such as 36, and 
a relay, such as 37. Initially, the vacuum tube 
is biased nearly to cut-off. A small received sig 
nal is amplified and fed back through the con 
denser 38 and the copper-oxide units 36 to 
charge up the condenser 39. This condenser is 
poled to reduce the negative bias on the grid of 
the tube 35 with the result that the gain of 
the tube is increased and the amount of voltage 
on the grid is increased further. The final result 
is that a relatively Small signal is sufficient to 
produce a sharp rise in plate current through the 
relay 3 ft. The sensitivity of each individual 
channel is adjusted by means of the variable re 
sistance. Such as 320. This method controls the 
sensitivity by changing the alternating current 
feedback and does not affect the tuning of the 
channel. 
From the preceding description it will be ap 

parent that each relay, such as relay 3 ft in 
each channel, will respond to a single frequency 
with a relatively high discrimination against the 
others. In the present description it has been 
assumed that the first channel Fa is tuned to the 
a frequency of 700 cycles; the second channel Fb 
is tuned to the b frequency of 1,100 cycles; and 
the third channel FC is tuned to the c frequency 
of 1,500 cycles. 
Upon the receipt of the first impulse of fre 

quency c the channel FC responds resulting in 
the operation of channel relay 37. Relay 37 
upon Operating establishes a circuit from ground 
over its contacts, the middle right back contact 
of transfer relay 32, through the winding of 
recording relay CD to battery. Relay CD there 
upon operates, locks over its inner left contacts 
to ground over the back contact of release relay 
322 and at its outer left contacts prepares a 
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circuit fortrelay 32. Upon the termination of 
the signaliraptise: When the -off-normal SWitch 
assembly, 9treestablishes the direct current bridge. 
at the substation-through the subset transmitter, 
relays; 202:reoperates to establish the circuit of 
relay: 26 and to reconnect ground to conductor. 
27 wherettpon such ground is extended over the 
upper front contact of relay 366-to a point be 
tween the winding of relay, 305 and resistance. 
30 Relay 305 being- now shunted releases. 
Relay 30s-is, however, maintained operated foll 
lewing the releases of relay 395 over a circuit 
from groundi on conductor 27, over the upper 
normal contacts: of relay 305, through the wind 
ing:of relay: 306 and resistance.f308 to battery. 
With relay 395 released; and relay. 306 held 
operated: the circuit...of relay 32t is now com 
pleted from grounds over the lower back con 
tact of relay, 305, the inner lower front contact 
of relay: 306, the otter left contacts of relay. CD 
to battery, through they winding of relay 32. 
:Relay 32 now operates; locks: over its inner 

right front contact to ground over the back con 
tact of relay 322; at , its back contacts discon 
nectssthe... windings of recording relays AD, BD 
and CD from the contacts of the channel relays 
323,324 and f.3 ft, respectively; connects the 
windings-of-recording relays AU, BU and CU 
with the contacts of the channel relays, all of 
whichi. are at this time released, and at itS-Outer 
right front contact prepares - a circuit for relay 

:Eouring the transmission of the second signal 
impulse, assumed to be also of the frequency 
c) thes off-normal spring assembly 9, being again 
operated momentarily, relay f202 again releases 
to remove ground from conductor 2f thereby 
releasing relay. 306. Channel circuit FC again 
responds to the receipt of the frequency c and 
the channel relay. 37 upon-operating- and with 
transferrelay-32 : operated-establishes a circuit 
from grounds overs the contacts of-relay 37, the 
middle right front contact of-relay 32.f. to bat 
tery through the winding of recording relay CU. 
RelaysCU-upon operating.locks over its left. front 
contact to ground over the back contact of relay 
322 
When the offi-normal spring assembly 9-again 

releases sto: terminate: the Second frequency im 
pulse the reoperation of relay 305 over the cir 
cuits previously traeed is effected by the reoper 
action of , relay-202. With relay 305 Operated 
and relay,306; unoperated a circuit.is established 
from ground-overthe-lower front contact of relay 
1305, the lower back contact of relay 306, the 
rights back contact-of-relay AD, the No. 2...right 
:back contact of relay, BP, the No. 2-right front 
contact of operated relay-CD, the No. 2 right back 
contact of relay, AU, the No. 3 right back con 
tact of relay. BU, the No.5-right front contact 
soft operated relay CU, conductor 332; the No. 3 
left; contacts of progress-relay 40, to battery 
through the right, winding of relay 402 of the 
A code digit register. Relay 402, thereupon 
operates and locks over its left winding and left 
contacts to ground on conductor 33 and with 
the remaining-relays fA off 404, 495, and 400 
of, the A-register unoperated, serves: to register 
the:first:office code: letter: C., 

Acircuit is also established upon the operation 
(of relay. 305, over its lower front contact, the 
-lower back contact of relay: 306, over-the-Outer 
right. front contact of relay. 32 to battery 
through the windings of:relay 322, which, oper 
ates -after an interval:Sufficient to insure that 
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8 
the digit signals recorded through the operation 
of recording, relays have been effective, to cause 
the registration, thereof in a digit register. Of...the 
Sender; at its back: contact, opens the locking 
circuits of the operated recording relays, in the 
case assumed relays CD and CU, which there 
upon release; opens the locking circuit of trans 
fer: relay, 32; which releases and at its front 
contact, establishes an obvious circuit for relay 
f325. Relay. 325 operates, locks. Over, its right 
contacts to...off-normal ground on conductor .303 
and at its left contacts prepares... a circuit...for 
operating the progress relay 46. When relay. 
132 releases, relay. 322; also releases. 
When the subscriber, depresses the key K4, to 

transmit impulses for the second office code letter 
H which has a numerical value of 4, the off 
normal switch. assembly. 9. is operated momen 
tarily to open the direct current loop. at the subs 
station and, to connect the generator. G to the 
substation line. During, the interval that the 
switch is thus. Operated the-reed.R.C. is released to 
transmit an impulse... of the frequency. C. which, 
upon being received in the receiving channel Ec 
of the sender results. in the operation of channel 
relay. 3 and, with transfer relays 32, now 
released, in the operation of recording-relay. CD 
over the circuit, previously traced. Relay; CD 
upon operating locks under the control of relay 
A322 and, prepares the circuit of relay. 32 as 
previously described. When the line loop is 
opened at the substation by the off-normal Switch 
assembly, relay. 202. releases - and by removing 
ground from conductor. 2fT permits...relay, 306 
to operate in the manner, previously, described. 
With relays 305 and 306, now-both operated and 
relay. 325 operated, a circuit, is established from 
ground-over-the lower front, contact, of relay.f305, 
the lower front, contact...of relay, 306, the left 
contacts of relay. 325, conductor -32, the right 
front, contact of progress relay. 406. to..battery 
through the winding.of progress...relay-46 which 
operates and locks through its Winding and the 
windings of progress relay.f4 over the left con 
tacts of relay. 48 and the back contact of 
progress, relay 427. to ground on conductor. 303. 
Relay 4 being shunted So long as ground re 
mains. Connected to conductor 32, does not operate. 
At the end of the first impulse for the Second 

code digit, with, the off-normal Switch assembly 
9 restored, the transmission of the frequency, c 
ceaS2s, channel relay 37 releases, and the dis 
rect. current loop is reestablished at the substair 
tion resulting in the reoperation of relay 202 
and the reconnection of ground to... conductor 
24. As before described relay 306 is now held 
operated to this ground and relay. 305 isshunt 
ed and releases. With relay, 305 released, and 
relay: 306. operated, the circuit. for. transfer re 
lay. 32, previously prepared through the opera 
tion of recording relay. CD, is completed and re 
lay f32 operates and locks, as... previously-de 
scribed under the control of relay, 322. Relay 
305 upon releasing also removes ground from 
conductor 32 whereupon progress relay 47 
operates in the locking circuit of relay.f46; con 
nects the windings: of the relays of the B code 
digit register to conductors. 33, 332, 334, 335 
and .330, extending to contacts of the record 
ing relays and at its right back contacts opens, the 
locking circuit of relays 406 and 497, which now 
release since their operating circuit was opened 
upon the previous operation of relay 309. 
Upon the up stroke of the depressed key K 
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the off-normal switch assembly 9 is again operat 
ed momentarily to open the direct current loop 
at the Substation and to connect the generator 
G to the substation line. During the interval that 
the Switch is thus operated the reed Rb is released 
to transmit the frequency b which upon being 
received in the receiving channel Fb of the 
sender results in the operation of channel relay 
324 and, with transfer reiay 32 now operat 
ed, in the operation of the recording relay BU 
over a circuit extending from ground over the 
contacts of relay 324, the inner left front con 
tact of relay 32 to battery through the wind 
ing of relay BU. Relay BU upon operating locks 
OVer its left contacts under the control of re 
lay 322. With the direct current loop now open 
at the substation, relay 202 releases followed by 
the release of relay 306 as previously described. 
When the off-normal switch assembly 9 again 

releases to terminate the second frequency im 
pulse, relay 202 again operates thereby causing 
the reoperation of relay 305 over the circuit 
previously traced. With relay 305 operated and 
relay 306 unoperated, a circuit is established 
from ground over the lower front contact of re 
lay 305, the lower back contact of relay 306, 
the right back contact of relay AD, the No. 2 
back contact of relay BD, the No. 2 front con 
tact of relay CD, the No. 2 back contact of re 
lay AU, the No. 3 front contact of relay BU, the 
No. 4 back contact of relay CU, conductor 334, 
the No. 4 front contacts of progress relay 47 
to battery through the right winding of relay 
414 of the office code register B. Relay 4 f4 
upon operating in this circuit locks over its left 
winding and left contacts to ground on conduc 
tor 303 and with the remaining relays of the 
B register unoperated serves to register the sec 
Ond office code letter H. 
The operation of relay 305 with relay 306 

unoperated also establishes the previously traced 
circuit for relay 1322 which operates after an in 
terval to cause the release of the operated re 
cording relays CD and BU and the release of the 
transfer relay 32. When relay 32 releases, 
relay 322 also releases. 
When the subscriber depresses the key K3 to 

transmit impulses for the third code digit 3, the 
off-normal switch assembly 9 is operated mo 
mentarily to Open the direct current loop at the 
Substation and to connect the generator G to 
the substation line. During the interval that the 
switch is thus operated the reed Rb is released to 
transmit an impulse of the frequency b which 
upon being received in the receiving channel Fb 
of the Sender results in the operation of the 
channel relay 324 and, with transfer relay 32 
not operated, in the operation of recording relay 
BD over a circuit extending from ground over 
the contacts of relay 1324, the inner left back 
contact of relay 32 to battery through the 
Winding of relay BD. Relay BD upon operating 
locks under the control of relay 1322 and pre 
pares the circuit of relay 32 as previously de 
Scribed. When the line loop is opened at the 
substation by the off-normal switch, assembly 
relay 202 releases and by removing ground from 
conductor 27 permits relay 306 to operate in 
the manner previously described. With relays 
305 and 306 now both operated and relay 325 

Operated, a circuit is established from ground 
Over the lower front contact of relay 1305, the 
lower front contact of relay 306, the left con 
tacts of relay 325, conductor 32, the right back 
contact of relay 406, the right front contact of 
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10 
relay 46, to battery through the winding of 
progress relay 426. Relay 426 operates and 
locks through its winding and the winding of 
progress relay 427, over the left contacts of re 
lay 426 and over the back contact of the prog 
reSS relay (not shown) associated with the 
thousands digit register and corresponding to 
progress relay 427 to ground on conductor 303. 
Progress relay 427 being shunted does not op 
erate So long as ground remains connected to 
conductor 32. 
At the end of the first impulse for the third 

Code digit with the off-normal switch assembly 
9 restored, the transmission of the frequency b 
Ceases, Channel relay 324 releases and the direct 
Current loop is reestablished at the substation 
resulting in the reoperation of relay 202 and re 
Connection of ground to conductor 27. As be 
fore described, relay 306 is now held operated 
to this ground and relay 305 is shunted and 
releases. With relay 305 released and relay 306 
Operated a circuit for transfer relay 32, pre 
Viously prepared through the operation of re 
COrding relay BD, is completed and relay 32 
Operates and locks as previously described under 
the control of relay 322. Relay 305 upon re 
leasing also removes ground from conductor 32 
Whereupon progress relay 427 operates in the 
locking circuit of relay 426; connects the wind 
ings of the relays of the C code digit register to 
conductors 33?, 332, 334, 335 and 330 ex 
tending to contacts of the recording relays and 
at its right back contact opens the locking cir 
cuit of relays 46 and 47 which now release 
Since their Operating circuit was opened upon 
the removal of ground from conductor 32. 
Upon the up stroke of the depressed key K3 

the off-normal switch assembly 9 is again op 
erated momentarily to open the direct current 
loop at the Substation and to connect the gen 
erator G to the substation line. During the in 
terval that the Switch is thus operated the reed 
Rb is released to transmit the frequency b which 
upon being received in the receiving channel Fb. 
of the Sender results in the operation of the chan 
nel relay 324 and, with transfer relay 32 op 
erated, in the operation of recording relay BU. 
Relay BU upon operating locks over its left con 
tacts under the control of relay 322. 
When the off-normal switch assembly 9 again 

releases to terminate the second frequency im 
pulse, relay 202 again operates thereby causing 
the reoperation of relay 35 over the circuit 
previously traced. With relay 395 operated and 
relay 306 unoperated, a first circuit is estab 
lished from ground over the lower front contact 
of relay 305, the lower back contact of relay 
306, the right back contact of relay AD, the No. 
3 right front contact of relay BD, the No. 3 right 
back contact of relay CD, the No. 3 right back 
contact of relay AU, the No. 5 right front con 
tact of relay BU, the No. 6 right back contact of 
relay CU, conductor 33, the No. 2 left contacts 
of progress relay 427 to battery through the 
right winding of relay 42 of the code digit 
register C, and a second circuit is established 
from ground applied over the right back contact 
of relay AD, the No. 4 right front contact of 
relay BD, the No. 4 right back contact of relay 
CD, the No. 4 right back contact of relay AU, the 
No. 7 right front contact of relay BU, the No. 
5 right back contact of relay CU, conductor (332, 
the No. 3 left contacts of progress relay 427 to 
battery through the right winding of relay 422 
of the code digit register C, Relays 42 and 
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f422 upon operating lock over their left windings 
and left contacts to ground on conductor f303 
and with the other relays of the C code digit 
register unoperated serve to register the third 
office code digit 3. 
The operation of relay 395 with relay f306 

unoperated also establishes the previously traced 
circuit of relay f322 which operates after an in 
terval to cause "the release of the operated re 
cording relays BD and BU and the release of . 
transfer relay 32 f followed by the release of 
relay 322. 
In a similar manner in response to the keying 

of the thousands numerical digit 1 two impulses 
of frequency at are sent resulting in the operation . 
of recording relays AD and AU. In response to 
the keying of the hundreds digit 0 an impulse of 
frequency c followed by an impulse of frequencies 
d and b are sent resulting in the operation of 
recording relays CD, AU and BU. In response 
to the keying of the tens digit 6 an impulse of 
frequency c followed by an impulse of frequency 
C. are sent resulting in the operation of recording 
relays CD and AU and in response to the keying 
of the units digit 7 an impulse of frequency... b 
followed by an impulse of frequency a are sent 
resulting in the operation of recording relays 
BD. and AU. 
With recording relays AD. and AU operated to 

record the receipt of signal impulses for the 
thousands digit 1, then when ground is applied 
to the right armature of relay AD, a circuit is 
established over the right front contact of relay 
AD, the No. 1 right back contact of relay BD, 
the No. 1 right back contact of relay CD, the No. 
1 right front contact. of relay. AU, the No. 2 right 
back contact of relay BU, the No. 6 right back 
contact of relay. CU to conductor 33 and thence 
over the No. 2 left contacts of an operated prog 
ress relay, similar to relay 407 but associated 
with the thousands digit register, to battery 
through the winding of a relay of that register 
corresponding to relay f40 whereby such relay 
operates and locks and with the other relays of 
such register unoperated registers the thousands 
digit 1. 
With the recording relays CD, AU. and BU op 

erated to record the receipt of signal impulses for 
the hundreds digit 0 then-when ground is applied 
to the right armature of relay AD, a circuit is 
established over the right back contact of relay 
AD, the No. 2 right back contacts of relay BD, 
the No. 2 right front contact of relay CD, the 
No. 2 right front contact of relay AU, the No. 2 
right front contact of relay BU, the No.3.right 
back contact of relay. CU to conductor f339. and 
thence over the No. 1 left contacts of an op 
erated progress relay, similar to relay, 4GT but 
associated with the hundreds, digit register, to 
battery through the winding of a relay of that 
register corresponding to relay 400, whereupon 
such relay operates and locks to register the hun 
dreds digit 0. 
With recording relays CD and AU operated to 

record the receipt of signal impulses for the tens 
digit 6, then when ground is applied to the right 
armature of relay AD a first circuit is completed 
over the right back contact of relay AD, the No. 2 
right back contact of relay BD, the No. 2 . right 
front contact of relay CD, the No. 2. right-front 
contact of relay AU, No. 2 right back contact of 
relay BU, the No. 6 right back contact of relay 
CU, conductor 33 and thence over the No. 2 left 
contacts of an operated-progress relay, similar 
to relay 47; but associated with the tens-digit 
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register, to batterythrough therwinding of a relay 
of such register corresponding to relay 140t 
whereupon such relay operates andlocks. A sec 
ond circuit is also established from grounds ap 
plied over the rightibaek contact of relay AD, the 
No. 2 right back contact of relay BD, the No. 6 
right front contact of relay-CD, the No. 6:right 
front contact of relay AU, the No. 4 right back 
contact of relay BU, the No. 1 right back contact 

0. of relay. CU, conductor 335-and-thence over the 
No. 5 left contacts of an operated progress relay, 
similar to relay?407 but associated with the tens 
digit register; to batterythrough the winding of 
a relay of that register corresponding to relay 

15 f405-which thereupon operates and :locks. With 
these two register rehays' operated and the other 
relays of the tens' digit register unoperated, the 
tens digit 6 is registered. 
With recording relays BD and AU operated 

to record the receipt of signal impulses for the 
rightarmature of relay Ab; a first circuit is com 
units: digit 7; then when ground is applied to the 

pleted over the right back contact of relay AD, 
the No.4:right front contact of relay BD, the No. 
4 right back contact of relay CD, the No. 4 right 
'front contact of relay AU, the No. 6' right back 
contact of relay BU, the No. 5 right back con 
tact of relay CU, over conductor (332 and thence 
over the No. 3 contacts of the operated progress 
relay f4 67, to battery through the right winding 
of relay f462 of the units digit register-U. A sec 
Ond circuit is also completed over the right back 
contact of reiay'AE), the No. 3 right front contact 
of relay BD, the No.3"right back contact of relay 
CD, the No. 3right front contact of relay AU, the 
No. 4 right back contact of relay BU, the No. 1 
rightback contact of relay CU, conductor (335 
and thence over the No.5 contacts of relay i? 467 to battery through the right-winding of relay 
465 of the units digit register U. Relays 462 
and 465 upon operating lock over their left 
windings and left contacts to ground on con 
ductor. 303'and with the other relays of this.reg 
ister unoperated serve to register the units digit 7. 
'All of the digits of the wanted line. number 

keyed by the subscriber are now registered in the 
sender and the sender may proceed to control 
Selector switches to extend a connection over 
the district selector Sandrover' other selectors, 
not shown, in accordance therewith, after which 
the SenderlinkSI is released to release the sender 
to make it available for other calls. 

In the preceding discussion the keying and reg 
istration of letters or digits having the digit 
values 1,2,3,4,6,7, and O. have been described. If the digit 5iskeyed by the operation of key K5 
then an impulse of frequency a would be sent fol 
lowed by an impulse of frequency-b resulting in 
the operation of recording relays AD and BU. 
With these relays operated then when ground is 
applied to the rightarmature-of-relay AD, a cir 
cuit is completed over the right' front contact of 
relay AD, the No. 1-right back, contact of relay 
BD, the No. 1 right back-contact of. relay CD, 
the No.1 right back contact of relay. AU, the No. 
1 right front contact of relay BU, the No.1 right 
back contact of relay CU to conductor 335 to 
'cause the operation of a relay.of a register, such 
as relay fo5 of the first code digit register A. 

If the digit 8 is keyed by the operation of key 
K8, then an impulseoffrequency a is sent fol 
lowed by an impulseoffrequencyc resulting in 
the operation of recording relays AD and CU. 
With these relays operated then when ground is 
applied to the rightarmature of relay AD, a first 
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circuit is completed over the right front contact 
of relay AD, the No. 1 right back contact of relay 
3D, the No. 5 right back contact of relay CD, the 
No. 5 right back contact of relay AU, the No. 8 
right back contact of relay BU and the No. 6 
right front contact of relay CU to conductor 
33 ; a second circuit is completed over the right 
front contact of relay AD, the No. right back 
contact of relay BD, the No. 1 right back con 
tact of relay CD, the No. 1 right back contact of 
relay AU, the No. 1 right back contact of relay 
BU and the No. 2 right front contact of relay CU 
to conductor 332 and a third circuit is estab 
lished over the right back contact of relay AD, 
the No. 1 right back contact of relay BD, the No. 
1 right back contact of relay CP, the No. 1 right 
back contact of relay AU, the No. 1 right back 
contact of relay BU and the No. 1 right front 
contact of relay CU to conductor 335. With 
ground applied to conductors 33, 332 and 335 
relays of a digit register, such as relays 40, 
402, 405 of the first code digit register A are 
operated to register the digit 8. 

If the digit 9 is keyed by the cperation of key 
K9, then an impulse of frequency b is sent fol 
lowed by an impulse of frequency resulting in 
the operation of recording relays BD and CU. 
With these relays operated, then when ground is 
supplied to the right armature of relay AD, a first 
circuit is completed over the right back contact 
of relay AD, the No. 3 right front contact of relay 
BD, the No. 3 right back contact of relay CD, the 
No. 3 right back contact of relay AU, the No. 5 
right back contact of relay BU and the No. 4 right 
front contact of relay CU to conductor 334 and 
a second circuit is established from ground over 
the right back contact of relay AD, the No. 4 
right front contact of relay BD, the No. 4 right 
back contact of relay CD, the No. 4 right back 
contact of relay AU, the No. 7 right back contact 
of elay BU and the No. 7 right front contact of 
relay CU to conductor 335. With ground ap 
plied to conductors 334 and 335, relays of a digit 
register such as relays 404 and 405 of the first 
code digit register A are operated to register the 
digit 9. 
What is claimed is: 

In a telephone system, a central office, a line 
incoming thereto, means for generating current 
of a plurality of different frequencies, means for 
transmitting over said line two impulses of 
selected frequencies in accordance With any of a 
plurality of signal values, means at said central 
office responsive respectively to said different fre 
quencies, two groups of relays, each group con 
prising as many relays as there are frequency 
responsive means, means for rendering one of 
said groups of relays responsive to said responsive 
means to register the first impulse of a taS 
mitted signal, and means controlled Over said line 
for rendering the other of Said groups of relays 
responsive to said responsive means to register 
the other impulse of the same signal. 

2. In a telephone System, a central office, a line 
incoming thereto, means for generating current 
of a plurality of different frequencies, means for 
transmitting over said line two impulses of 
selected frequencies in accordance With any Of a 
plurality of signal values, means at said central 
office responsive respectively to said different fre 
quencies, two groups of relays, each group com 
prising as many relays as there are frequency 
responsive means, means for rendering one of 
said groups of relays responsive to Said respon 
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4. 
sive means to register the first impulse of a trans 
mitted signal, and a transfer relay operable fol. 
lowing the operation of any relay of said first 
group for rendering the other of said groups Of 
relays. responsive to Said responsive means to 
register the other impulse of the same signal. 

3. In a telephone system, a central office, a line 
incoming thereto, means for generating current 
of a plurality of different frequencies, means for 
transmitting over said line two impulses of 
selected frequencies in accordances With any of a 
plurality of signal values, means at said central 
office responsive respectively to said different fre 
quencies, two groups of relayS, each group COn 
prising as many relays as there are frequency 
responsive means, means for rendering One of said 
groups of relays responsive to said responsive 
means to register the first impulse of a trans 
mitted signal, a transfer relay for rendering said 
one group of relays unresponsive to said respon 
sive means and for rendering the other of said 
groups of relays responsive to said responsive 
means to register the other impulse of the same 
signal, and relay means operative upon the ter 
mination of the transmission of the first impulse 
of a signal to cause the operation of said transfer 
relayS. 

4. In a telephone system, a calling line, a cent 
tral office, means for extending a connection from 
said line to said office, means at the Substation 
of said calling line for generating current of a 
plurality of different frequencies, means for 
transmitting over said line two impulses of 
selected frequencies in accordance with any of 
the ten digit values, means at said central office 
responsive respectively to said different fre 
quencies, two groups of relays, each group Com 
prising as many relays as there are frequency 
responsive means, means for rendering One Of 
said groups of relays responsive to said respon 
sive means to register the first impulse of a trans 
mitted digit signal, and means controlled Over 
said calling line for thereafter rendering the 
other of said groups of relays responsive to said 
responsive means to register the other impulse of 
the same digit signal. 

5. In a telephone system, a calling line, a Cen 
tral office, means for extending a connection from 
said line to said office, means at the substation 
of said calling line for generating current of a 
plurality of different frequencies, a plurality of 
digit keys associated with said generating means, 
means selectively responsive to the operation of 
said keys in accordance with the ten digit Values 
to transmit an impulse of selected frequency dur 
ing the down stroke of the operated key and to 
transmit a second impulse of one or more of Said 
frequencies during the up stroke of the Operated 
key, means at said central office responsive 
respectively to said different frequencies, two 
groups of relays, each group comprising as many 
relays as there are responsive means, means for 
rendering one of said groups of relays responsive 
to said responsive means to register the first in 
pulse of a transmitted digit signal, and means 
controlled over said calling line for thereafter 
rendering the other of said groups of relays 
responsive to said responsive means to register 
the other impulse of the same digit signal. 

6. In a telephone system, a calling line, a cen 
tral office, means for extending a connection from 
said line to said office, means at the substation of 
the calling line for generating current of a plu 
rality of different frequencies, means for trans 
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mitting: overisaid:linestwo impulses of selected 
frequency inaccordance;with any gofthe-ten digit, 
values, means 'sats said centrals office, responsive 
respectively: to said:differents;frequencies; two 
groups of relays; each group;comprisings as inary. 
relayStas: there are:frequency:gresponsive means. 
means, fortrendering one of said groups of relays 
responsive to said: responsive means to register 
the first impulset of a transmitted-digit: signal; 
meanscontrolled tower: said callingines for there. 
after rendering the otherspf, said groups of relays 
responsive: to said:responsive means to gregister 
the other impulse of the same;-digitisignal, a plus 
rality of registers for:registering; digits of Wanted 
line numbers, and means: for successively setting 

10, line:sands,operative upon-the-termination of the 

15. 
Said registers; in accordance. With successive joint 
setting::pf, the:groups;of-relays responsive to the 
Successive transmission; of digit impulses insac 
cordance:with, the digits of a wanted;lineaumber: 

16 
respassive means; means...for rendering one of 
SaidigEpups; of relays-responsive to said responsive 
means to register:the first impulse; of a trans. 
mitted signal; a transfer-relay for rendering said 

... One:group of relays ura responsiveto, said-respon 
siVe?ineans and for readering the other...of said 
g:Qups isoft relays' responsives to said responsive 
means to register the other impulse of said signal; 
a register; and relay; means controlled: over said 

transmission; of thes first impulse: of: a signal: to 
causes:the:Operation it of said transferrelay...and 
Operative upon thiei termination of the transmis 
Siola ofithe, Second impulse of a signal to render 
Saids register:Selectively: operable; under theisjoint; 
control of Said groups of relayS;5, 

HENRY MiBASCOM; 
GENEVIEWE.M.HUBBARD, 

Easeoutria of the Estate of Francis. At Hibbard, 7. In a telephone systema pentral: office; a line. 20:5 Deceased, i. 
incoming:thereto, means: for-generatingspurrent 
of a plurality of different frequencies, means;for 
transmitting gover: said:line; two impulses:sof 
selected frequenciesinaccordance; With anytpfia. 
plurality of signal values;(nearES:at said:certrail. 
office responsive respectively to said different fres 
quencies, two groups of relays, each group; cons 
prising as...many relays; as there; are:frequency 

25. 

REFERENCESCTED 
The following references are of record in the 

file of this patent: 
UNITEO STATESPATENTS 

Ninodes Name, s. Date 
2,31f9 Holbrooki--------- Apr.s20, 1943 

  


