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DIGIT REGISTERING MEANS RESPONSIVE
TO SELECTIVE FREQUENCIES

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 applidation January 13, 1943, Serial No.
472,202. Divided and this applicatien January
16, 1946, Serial No. 641,592 .

(Cl. 179—18)

7 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 beé registered accurately
on either or both the down stroke and the up
stroke of a key-set key. In receiving clrcuits
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 recelving 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 élements of the call transmitter
would be selected to cause the generation of such
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frequencies, Alternatively, the outside frequen-
cies could be made smaller so that the difference
in attenuation between the highest and lowest
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. '

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 @, b and ¢ which might. for
example, be of 700, 1,100 and 1,500 cycles fre-
quency.

A code may be so selected with respect to the

- standard arrangement of the keys in the key-set
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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

* eall transmitter for each keyed digit requires a
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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 operable.in:response te the.

reception of one or more of. thesthree-frequencies:

transmitted upon the up stioke ofitheioperated:10:
key. Thus upon the termination:of thie twosini+ -

bulses 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 thesaccom--

panying drawing in which:

iBigs:3,;27and 3-takemrtogether, showateles
‘phone:system in:accordanceswith the:present:in-
vention~to: which:thesimprovedicall transmitter
is applicable; Fig. 1 showing:the-substation cirs
cutt-in whichrthescall stransmdttersis-installed, a
diagrammeaticitustration ofra:line:-finder; first

‘selector; :azsender-link-comprising s trunk finder

and a sender selector, and a portion of:the:cir=
cuitsof arcentral-office;sender; Fig: 2:showingrthe
reeeiving rchannels;of :the sender; the:recording
Telay:and other:control relays;:and Fig: 3-show-
ing certain-of:the:sender: registers:and: progress
relays associated therewith; and Fig: 4:is-a
diagrann showing-how Figs: 1, 2;and 3should. be
-axranged:to:fully -disclose:the: invention:

- Therkeyssof:theikeysset; which may; for refers
€nce purposesshecdesignated Kof :foEK:d 05tinclusive,
-are:sordesigned -that they-are~effective storcon-
trol thesgeneration:of .currentiofzthe drequencies
@; branid-cxin-the mammersindicated: inrthe Toltows

ing-table::

Key-. - B [ ccs Bl s 2 B B g B R T
DownsstrokeFiequency._.._____:|a: | B e a
Up-stroke. Frequeney=._..__...___. @iy oo bdbe {8
Key K6 | K7 | K8 |'Rgi|’KI0
Down:-’stx:okéiFrequency;_._.._.--i 0 b il el B e
Up:stroke Frequeney.__ |, a. ed e e bta

The.call.transmitter ofour parent patent.here-
tofore referred to, is applicable to a wide variety
of:types .of . dial:switching,systems.and, :paxticu-
larly.to fhose of ,the-type-in -which register.mech-
anisms..are employed atthe .central: office: for
registering-the- designation . transmitted.and -for
controlling:the: selective -operation of: automatic
switches: to.complete:.connections: Aceordingly,
the:system. chosen-to .illustrate-the -:invention .is
one.in . which the.central office is: equipped-with
automatic. switches -ofthe .panel-type and with
register senders for .registering. the:designations
transmitied.to:the.central office, from-subscribers’
stations.. It.will.be-cbvious that-other forms .of
‘switches..may..be. used :for..establishing :the;con-
nections: suich -as.,switchessof the .cross bar type
and: switehes - of. -the -well-known - step-by=step
type.. :

Referring:to.-Figs. 1,2 and. 3-0of -the. drawings,
in.which.reference-characters-corresponding.to
those-designating;similar -apparatus-elements in
Figs. 12,13 and 14.0f .ourparent patent have-been
applied, -a.subseriber’s-line-is-shown -.appearing
in the contact bank of the line finder LF. The

line-finder.is-joined to.a.first.or district.selector
S’and these:two:switchesitogetheriform a:link for
extending subscribers’ lines to trunks extending
ito other selectors (not shown) by which a con-
nection from a calling subscriber’s line may be

 exténdedito-a wanted subscriber’s line. The line
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findér~and ‘district link have access through a
sender link.SL comprising a trunk finder TF and
#zsenderrselector SS to a plurality of common
register-senders. Pigs. 2 and 3 disclose such parts
iof v serdervas.are:necessary for an understand-
ing-of the-present: invention. The number of
registers:employedin these senders will vary with
the requirements of the exchange areas. In some

A5:.0f the:larger:.areas office codes require two or

Athree: .office : code: digit registrations and the
numerical part of the designation usually re-
quiresr four registrations. In the present dis-
closure three office code digit registers A, B and
C.are.shown. in-Fig. 3.and the Amits: mitmerical
register. U:is:also. shown,.it.being:understood-that
the.thousands, hundreds-and-tens wregisters-would
besprovided-and:inserted between-the units regis=
ter ‘U-:and.the :code: digit .register ~C. These

- registers-each.comprise five register-relays:whiech
are selectively operated.under-the-control-of :the
six recording -relays-AD, BD,CD,:AU, BU, and CU,
and.the frequency.receiving channels-Fa,; Fb and
Fe.of Fig. 2.

It .willsbe assumed.that. the.subscriber. at-the
substation illustrated in.Fig..1.removes :the hand-»
set-F.of-the:subset from the cradle-to Anitiate:a
call .whereupon .a. .circuit:is-, established: over-the
substation. line to. the::central. office ~which v.is
instrumental .in..causing-the- line--finder: LR o
hunt. for. and. establish -4 -conneetion with -the
calling. .line, .whereafter- the. line-finder: first
selector -link .becomes -associated.over the :sender
link SL comprising the -trunk-finder TF-and-the
sender- selector. . SS with--an=idle-sender; -‘Upon
the.asseciation .of .the sender: with.the:substation
a.circuit, is established from-battery-over brushes
of the trunk.finder. TF and :sender selector S8,
conducter. .1200. and. -windings-.of. ‘relay. 1300 ‘to
ground. - Relay .-1390..operates.and. closes-an 6b~
vious -operating -circuit, for - relay .1362. Relay
1 302;.,.up_on -operating. conneets-ground. over-its
right .contacts -to.-the -off:normail «conductor-{343
to provide Jocking. ground :for other relays:of:the
sender .and over.its-left- contaets-and -conductor
1304. establishes the -circuit:of :relay. 1291,

With . ground -connected -to.- conductor {3035
circuit.is established.therefrom -over. the:left back
contact of relay i 308-and-conductor:1 340 to bat-
tery, through .the. winding; of ‘progress.irelay {406,
whereupon relay.-1405 operates-and-locks:in-acir-
cuit. from.battery. through -its- winding ~and - the
winding: of i:Progress: relay,-1407; -over: the . inner
left .front contacts:-of: relay- 1406-and over-the
bagk.contact: of .progress -relay 1847 to-ground-on
conductor -£303.. ‘Relay -{407-does not- operate:in
this locking.circuit.since dts i winding:-is: shunted
so.dong as.ground remains.connected:to conductor
A310.. When .relay. 1408 operates a circuit is-also
established . from:ground.on conductor: {393, over
the back contact of .relay 4417, the outer:left-con=
tacts.of relay 1406,-conductor:1311 and-to battery
through :the -right -normal-contacts: and winding
of . relay. 1309 Relay- 1309- thereupon operates,
locks: over 1its:right-alternate.contacts-to: ground
on -conductor 1303: and .at-its. back contact re-
meoves. ground. from conductor 1310 whereupon

relay-1407 operates:in-the: locking: circuit-ofrelay
#406; prepares-operating; cireuits for:-the relays
of the first code digit register A over conductors
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1331, 1332, 1334, 1335 and 1330 and at its right
contact connects ground to conductor 1301 to
shunt the right winding of relay 1300 whereby
the current flowing over the operating circuit
of relay 1300 is increased as a signal to the line-
finder selector link.

" Relay 1201 upon operating connects the wind-
ings of battery feed relay 1202 to the calling line
substation over a circuit which may be traced
from battery through the left winding of relay
1202, the left contacts of relay 1201, brush 1203 of
sender selector S8, brush 1204 of the trunk finder
TP, contacts of sequence switch cam {205, brush
1206 of line finder LF, the ring conductor of the
calling line, switchhook contacts 1207, the back
contact of the off-normal switch assembly 9,
through the transmitter 1208, the left winding of
repeating coil 1209, the tip conductor of the call-
ing line, brush 1210 of the line-finder LF, se-
guence switch contacts 121 {, brush 1212 of trunk
finder TF, brush 1213 of sender selector SS, right
contacts of relay 1204, right winding of relay
1202, normal contacts of relay 12(4 to ground
through the secondary winding of the dial tone
coll 1215. Relay 1202 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 1202, upon operating, establishes
an obvious circuit for relay 1216 which also oper-
ates to prepare an operating circuit for relay 1218,
and relay 1202 establishes a circuit from ground
over its left contacts, conductor 1217, over the
upper normal contacts and through the winding
of relay 1305, and through resistance 1307 to bat-
tery and in parallel therewith through the wind-
ing of relay 1306 and resistance 1308 to battery.

Relay 1305 operates and locks over its upper al-

ternate contacts to ground on conductor 1303 but
the winding of relay {306 being shunted so long
as ground is applied to conductor 1211, does not
operate. The closure of the lower front contact
of relay 1305 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-
norma] 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 ¢ 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 8 from its back or
normal contact position disconnects the subset
transmitter 1208 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 218,
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 1202 of the sender releases in turn opening
the circuit of relay {218 and removing ground
from conductor §211. Relay 1216, however, being
slow to release does not release during the inter-
val that the movable contact of the off-normal
switch assembly 9 is disengaged from its back
contact. With relay 1202 released and relay 1216
operated an obvious circuit is established for re-
lay 1214 which operates and at its contacts dis-
connects the secondary winding of the dial tone
coil {215 from the calling line loop to discontinue
{he application of dial tone current thereover and
connects direct ground to the calling line loop.
The removal of ground from conductor 12(7 re-
moves the shunt from the winding of relay {308
which now operates in 2 circuit from ground on .
conductor 1303, over the upper alternate contacts
of relay 1305, through the winding of relay 1306
and resistance 1308 to battery.

When the first impulse of current of the fre-
quency ¢ is transmitted over the line, it passes
over the previously traced circuit through the
sender link, through the broad band-pass filter
1219 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 recelving channels Fa, Fb,
e and V. Associated with each input trans-
former, such as 1313, is a frequency receiving
channel consisting of a secondary winding of such
transformer, a series tuned circuit 1314, a single
vacuum tube such as 1315 with a feedback

‘through the copper-oxide units, such as {3 16, and

a relay, such as (311, Initially, the vacuum tube
is biased nearly to cut-off. A small received sig-
nal is amplified and fed back through the con-
denser 1318 and the copper-oxide units 1316 to
charge up the condenser 1319, This condenser is
poled to reduce the negative bias on the grid of
the tube 315 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 (317, The sensitivity of each individual
channel is adjusted by means of the variable re-
sistance. such as 1320. This method controls the
sensitivity by changing the alternating current
feedback and does not affect the tuning of the
channel.

Trom the preceding description it will be ap-
parent that each relay, such as relay 1317 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
o frequency of 700 cycles; the second channel Fb
is tuned to the b frequency of 1,100 cyc'es; and
the third channel Fe is tuned to the ¢ frequency
of 1,500 cycles.

‘Upon the receipt of the first impulse of fre-
quency ¢ the channel Fc responds resulting in
the operation of channel relay 1317. Relay 1347
upon operating establishes a circuit from ground
over its contacts, the middle right back contact
of transfer relay (321, 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
1322 and at its outer left contacts prepares &
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cirendt<forsrelay. 1824, Upon-the-termination . of
the: signal. impulse: when - the -off-normal ‘switch
assembly 9-reestablishes-the. direet currens bridge.
at-the:substation-threugh the subset-transmitter,
relay-1202:reoperates to:establish the cireuit .of
relay=4246:and to.reconnect.ground to conductor.
241 :whereupon such ground is-extended. over the
upper front-contact of relay -1386-to 4 point be-
tween: the winding:of ‘relay. 1385 and resistance
£307: -Relay. ‘1885 being- now shunted releases.
Relay :#306~is, however, maintained -operated fol-
lowing:the:release~of relay 1385 over a circuit
Irom:ground:on-conductor -1247; over the upper
normailcontacts:of:relay 1305, through the wind-
ingrofrelay- 1306, .and resistance 1308 to batiery.
With relay 1385 released::and: relay. 1306 held
operated:the ;circuit-.of - relay 1321 is now com-
pleted: from: ground -over: the lower back .con-
tact jof relay.-1385,.the.inner lower front eontact
ofirelay 1306, the:outer left-contacts-of relay CD
tozbattery. through the. winding of relay {321.

‘Relay- 1321 -now operates; locks:over its inner
right front contact.to ground over the-back con-
tact of relay 1322; at-its-back:contacts discon-
nectsathe: - windings -of recording. relays AD, BD
and:CD from:the:contacts -of -the.channel relays
323,/ 1324 -and 1317, -respectively; connects. the
windings-of reeording relays AU, BU and CU
with-the.contacts. of :the-channel relays, all of
whicl are~at:this time released, and at its-outer
-rightfront-contact .prepares- & cireuit for relay

:Puring:the transmission.of .the -second signal
‘impuise;. assimed to-be also:of the frequency
cythezoff-normal spring assembly 2.being again
operated momentarily, -relay 1202 again releases
to::remove :ground from cenductor {2(7 thereby
releasing relay. 1306, :Channel circuit Fe again
responds-tosthe: receipt.- of the frequency ¢ and
the: channel relay- 1817-upoen -operating. and -with
transfer;relay--132 | roperated-establishes.a circuit
from ground:over-the: contacts. of relay 1317, the
middle-right :front contact. of-relay 132{.to bat-
teryithrough the 'winding.of recording relay CU.
Relay-CU ;uppn-operating. locks over:its left. front
contact to ground over the back.contact. of relay
1322, :

"When-the offrnormal spring.assembly 9.again
releases:to:terminate: the -second frequency im-
pulse-the-reoperation of -relay 1305 over the cir-
cuitspreviously. traeed -is- effected by the reoper-
afion-of -relay-1262. With relay {305 operated
and-relay-13086-unoperated.a.circuit.is established
from-ground -overithe.lower front-contact of relay
1305, the lower back contact of relay {386, the
right:back contactof.-relay AD, the No. 2 right
‘back :contact of: relay; BD, -the. No. 2 .right. front
contact of .operated relay-CD, the.-No. 2 right back
ccontaet~of relay AU the Neo. 3 right. back con-
:taet of ‘relay-BU, -the-No...5.-right front contact
‘of+operated relay CU, conductor-133%; the No. 3
1eff-contacts -of - progress-relay -1467, to battery
through the right winding.of relay 1482 of the
A: code -digit. register: Relay 1482. thereupon
operates and locks over its left winding. and left
-contacts-to-ground-on rconductor 1383 .and .with
the:remaining -relays 1401, 1404, 1405 .and. 1485
«of, the-A-register -unoperated; .serves to register
thefirstoffice codeletter:C. .

“Arcircuit is:alsorestablished :upon the operation
:of "relay: 1305 -over-its-lower front contact, the
-lower back contact-of relay. 1386; over-the-outer
right' front -contact of -relay 432f to battery
through:the winding:of-relay 1322, which oper-

-atesafter: an-dnterval: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 Telays,.in the

case assumed relays CD and CU; which there-:
upon _.release; opens the locking_ circuit. of trans-
fer:--relay. 1821. which  releases .and at .its. front
contact .establishes..an obvious .cireuit .for relay
1325.. ‘Relay. 1325 .operates, locks.over, its. right
contaets :to.off-normal.ground on conductor 1303
and -at. ifs. left .contacts.prepares.a circuit. for
operating -the. progress relay [416. When. relay.
1321 releases, relay.-1322.also releases..

‘When-the subscriber. depresses: the key K#.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-sub-
station .and-to-connect the generator .G to.the
substation .line. - During. the -interval .that -the
switch is thus operated the-reed.Re.is released to
transmit- an impulse. of the frequency. e ‘which,
upon :being received:in the receiving channel Fe
of the sender results.in.the operation of.channél
relay. 1317 and; with -transfer relays 1324 now
released, in.the operation.of recording relay CD
over--the circuit previous'y .traced. Relay. CD
upon- operating locks under -the control of relay
1822 and. prepares ‘the circuit of relay. 1321 as
previously deseribed. When. the line loop. is
opened at the substation by the off-normal switch
assembly, relay. 1202. releases -and by. .removing
ground.from.conductor. 1217. permits. relay, 1306
to-operate:in. the -manner. previously. described.
With relays-1805.and 1306.now.both operated and
relay. 1325 operated,.a circuit. is.established from
ground-over-the lower front.contact,of .relay 1385,
the lower .front. contact..of relay. 1305, the left
contacts-of relay. 1325, conductor -1312, .the. right
front. contact of progress relay. 1406: to. battery
through the winding.of.progress relay.-1416 .which
operates .and -locks through. its. winding and. the
winding. of .prégress :relay 1417 over the left con-
tacts. of relay. 1418 and. the. back. contact. of
brogress.relay 1421.to ground on.conductor 1303,
Relay 1417 being shunted so. long . as ground re-
mains -connected to. conductor 1312, does .not
operate.

At the-end .of the first. impulse for. the.second
code digit, with . the off-normal switch assembly
9 restored, the transmissiop of the frequency. ¢
ceases; channel relay 4317 releases, and the .di-
rect.current loop is reestablished at the substa-
tion resulting in the reoperation .of _relay 1202
and the reconnection .of ground to..conductor
1217, As.before described relay 13686.is now held
operated to this ground and relay.1305 .is.shunt-
ed and-releases. With relay. 1365 released and
relay. 1306 operated, the circuit.for- tranzfer re-
lay .1321; previously prepared through the opera-
tion .of recording relay CD, is.completed and Ie-
lay. 1321 operates ang locks. as. previously. de-
scribed under the control of relay, 1322. Relay
1385.-upon releasing .alse removes ground from
conductor 1812, whereupon .progress .relay (411
operates-in-the locking circuit-of relay 1446; con-
nects the windings-of the relays. of.the B_cpde
digit register to conductors. 1331, 1332, 1334, .1335
and 1380, -extending to-contacts -of the.record-
ing relays-and at.its right.back contacts opens.the
locking circuit-of relays 1406.and 1497 which now
release sinee their -operating..circuit was. opened

Zipon-the previous operation of relay -1308. .

- Upon the:up.stroke: of .the:-depressed key, K4é
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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
1324 and, with transfer reiay 1321 now operat-
ed, in the operation of the recording relay BU
over s circuit extending from ground over the
contacts of relay 1324, the inner left front con-
tact of relay 1321 to battery through the wind-
ing of relay BU. Relay BU upon operating locks
over its left contacts under the control of re-
lay 1322, With the direct current loop now open
at the substation, relay 1202 releases followed by
the release of relay 1306 as previously described.
When the off-normal switch assembly 9 again
releases to terminate the second frequency im-

pulse, relay 1202 again operates thereby causing -

the reoperation of relay 1305 over the circuit
previcu:ly traced. With relay 1305 operated and
relay 1306 unoperated, a circuit is established
. from ground over the lower front contact of re-
lay 1305, the lower back contact of relay 1306,
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 1334,
the No. 4 front contacts of progress relay 1417
to battery through the right winding of relay
1818 of the office code register B. Relay 1414
upon operating in this circuit locks over its left
winding and left contacts tc ground on conduc-
tor 1303 and with the remaining relays of the
B register unoperated serves to register the sec-
ond office code letter H.

The operation of relay 1305 with relay 1308

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 1321. When relay 1821 releases,
relay 1322 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 RD 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 1324 and, with transfer relay 1321
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 1321 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 1321 as previously de-
scribed. When the line loop is opened at the
‘substation by the off-normal switch, assembly
relay 1202 releases and by removing ground from
conductor 1217 permits relay {306 to operate in
the manner previously described. With relays
1205 and 1306 now both operated and relay 1325
operated, a circuit is established from  ground
over the lower front contact of relay 1305, the
lower front contact of relay 1306, the left con-
tacts of relay 1325, conductor 1312, the right back
contact of relay (408, the right front contact of
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relay 1416, to battery through the winding of
progress relay 1426, Relay (426 operates and
locks through its winding and the winding of
progress relay 1421, over the left contacts of re-
lay 1426 and over the back contact of the prog-
ress relay (not shown) associated with the
thousands digit register and corresponding to
progress relay 1427 to ground on conductor 13383,
Progress relay 1427 being shunted does not op-
erate so long as ground remains connected to
conductor 1312,

At the end of the first impulse for the third
code digit with the off-normal switch assembly
§ restored, the transmission of the frequency b
ceases, channel relay 1324 releases and the direct
current loop is reestablished af the substation
resulting in the reoperation of relay 1202 and re-
connection of ground to conductor 1217. As be-
fore described, relay 1306 is now held operated
to this ground and relay 1305 is shunted and
releases. With relay 1305 released and relay 13066
operated a circuit for transfer relay 1321, pre-
viously prepared through the operation of re-
cording relay BD, is completed and relay 1321
operates and locks as previously described under
the control of relay 1322. Relay 1305 upon re-
leasing also removes ground from conductor 1312
whereupon progress relay 1427 operates in the
locking circuit of relay 1426; connects the wind-
ings of the relays of the C code digit register to
conductors 133{, 1332, 1334, 1335 and 1330 ex-
tending to contacts of the recording relays and
at its right back contact opens the locking cir-
cuit of relays 1416 and #4171 which now release
since their operating circuit was opened upon .
the removal of ground from conductor 1312.

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 1324 and, with transfer relay 1321 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 1202 again operates thereby causing
the reoperation of relay 1385 over the circuit
previously traced. With relay 1385 operated and
relay 1306 unoperated, a first circuit is estab-
Jished from ground over the lower front contact
of relay 1305, 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
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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 1331, the No. 2 left contacts
of progress relay 14271 to battery through the
right winding of relay 1421 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 1332,
the No. 3 left contacts of progress relay 1427 to
battery through the right winding of relay 1422
of the code digit register C. Relays 1421 and
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1822° upon opérating lock over thetr left windirigs
‘and ‘left- coritacts {o-ground on conductor+f3es
and ‘with the other relays of the<C-code - digit
‘registér unoperated serve “to ‘registér- the ‘third
office code digit 3. ) ]

The ‘operation of rélay “1395 with relay ‘(306
‘unoperated also establishes the .previously traced
“circuit of rélay 1372 which operates after gn in-
‘tetval to- cause 'the ‘release of the ‘operated re-

cording reldys ‘BD @nd ‘BU "and.the “relegse of -

transfer relay 132{ followed by “the Telease of
reldy 1322,

In’a similar-manrer in Fesponse to the keying
‘of“the thousands numerical digit 1 two. impulses
of frequency g are sérit resulting in the operation
of récording telays AD and AU. ‘In response to
‘the keying of the hundreds digit 0 an impulse of
fréquency ¢ followed by sn impulse of Irequericies
a and’‘d are senf resulting in the “operation of
Tecording relays CD, AU and BU. 'In response
to the keying of ‘the tens digit 6 an impulse of
frequency. ¢ followed by an impulse of frequéncy
o are 'sént resulting in the operation of recording
reldys CD and AU and in résponse to the keying
of the units digit 7 an impulse ‘of “frequency b
followed by an'impulse 6f frequency @ are .sent
resulting in’the. opération of Tecording reldys
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 civeuit is
establishied over the right front contact of relay
AD, the No. 1 right back contaét of relay BD,
the No. 1'right back contact of relay €D; the No.
1 right front contact-of reldy AU, tHe No.2 right
back contact of relay BU, the 'No. 6 right back
contact of relay CU to ¢onductor 1331 and thence
over the No. 2 1éft contacts of 'an 6pérated. prog-
ress relay, similar to relay [407 but .associdgted
with the thousands digit’ ‘I—'ég'istér, “to. battery
through the winding of a'relay of that register
corresponding’ to relay 401 whereby such relay
operates and locks and with the other relays of
such register unioperated . régisters the thousands
digit 1. ‘

With the récording felays CD; AU and BU op-
erated to record the receipt of signal impiilses for
the hundreds digit 0"thén when ground is. gpplied
to the right armatire of relay- AD,. a circnit is
established 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 contdact of relay AU; the No. 2
right front contact of relay BU, the No.-3-right
back contact of relay. CU to- conduéter (3398.and
therice over the No. 1 left contacts. of -8n-op-
erated progress relay, similar to. relay, 14871 but
assoclated with the hundreds. digit. register, to
battery through’the winding of a-rélay of that
register corresponding to-relay 1400, whereupon
such relgy. operates and locks.to register-the hun-
dreds digit 0.

With recording relays CD and AU operatéd.to
record the receipt of signal impulses for the tens
digit 6, then when ground is applied to.the right
armature of relay AD. g first cireuit is conipleted
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 -

cohtact of relay AU, No. 2 right back contact. of
relay ‘BU, the No."6'right back contact of rélay
CU; conductor 1331-and thence over the No. 2 lett
contaets of -an operated- progress relay, similar
to-relay 1487 but associated ‘with the’tens-gdigit
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‘register; to'battery through thewinding 6f ‘a-relay
“of -such--régister- corresponding ito- :relay 1401

‘whereupon‘such'relay operatesrand:loeks. A’ sec-
ond:eircuit- is also-established from ground-ap-

‘plied-over the'rightiback: contact of relay AD;-the
‘No. -2-right ‘baék’ contact of ‘rélay BD, the No. 6

right front contaet 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
10

of rélay-CU, conductor 335-and thenece over .the
No. 5'left-contacts-of‘an-operated- progress relay,
similar-to relay! (407 but assoéidgted with the' tens
digit’ register; to-battery-through the-winding of

‘& -relay of “that register ‘corresponding-to ‘relay
" 1405 which ‘thereupon-operates-and locks. With
‘these two ‘register: rélays’ operated-and the other

relays of'the’tens: digit register' unoperated, the
tens digit 6 is‘registered.
“With ‘recording- relays ‘BDand AU operated

‘to'record-the receipt of ‘signal impulses for-the

units-digit'7; then when ground-is applied to:the

‘right-armature-of‘relayAD; a first-cirenit is com-

‘pleted-over the“right*back’ contact: of relay AD,

‘the No. 4‘right'front’ contact of relay BD, the'No.
4 right' baek: conta._ét’ of relay’!CD, the No, 4:right
‘front. contaet of relay -AU; the No. 6" right back

contact- of ‘rélay-BU, 'the’No, '5 right back con-
‘tact of'rélay CU, over-conductor (332:and-thence
‘over the No. 3 ‘contacts of ‘the .operated: progress
relay f461, to battery through ‘the right winding
of relay 1462°0f the units digit regiSter V. A sec-
'ond ciréuit: iy also compléted-over-the right back
contact of ‘relay“AD; the No. 3 right! front contact

‘of relay BD, the No.*3"right-back contact 6f rélay

€D, the!No. 3-right'front contact. of-rélay-AU, the
No.-4'right back’eontact of relay BU; the ' No. 1
right’baeck contact of relay €U, coriductor 1335
‘and thence over the'No.'5 ‘conitacts of relay- (461
to. battery through the right winding of “relay
‘1485 of the-units digit-register-U; ‘Relays 1462
‘and 1465 upon- operating - 1oek over their “Ift
‘windings -axnd 'léft contacts to ground on ‘con-
ductor 1803-arid with the other relays of-this reg-
ister unoperatedserve toregister the units digit 7.

‘All'of the digits of the wanted® litte’ number
keyed by the subscriber. are now registered” in the
‘serider “angd” the-serfder” may "procesd” to- control
selector~swit¢hes” to’ exténd" a - connection  over
the district*selector S and “over otherselectors,
not shown, in-dccordarice therewith; after-which
the sender Hink“SL s released to release the sender
to'make it available’ for other calls.

In' the preceding discussion’ the keyitg-and reg-
istration of “létters “or ‘digits’ having the - digit
values'1,"2, 3,°4,°6, 7. and"0. have been described.
If:the’ digit 5-iskeyed by the-operation-of kKey K5
then animpulse of fréquenicy a would e sent fol-
lowed by an’impuise of* frequency b resulting in
the operation-of‘ recording “relays "AD and BU,
‘With ‘tHese relays operated: titen “when ground-is
‘apblied to the right armatire-of* relay AD, a ¢ir-
cult is” compléeted over the right' front contact of
relay “AD, the No.’L.yight back. contact .of Telay
BD, "the ‘No. ‘1" right " back."contaet “of. relay CD,
the No.'I'right back contact of relay. AU, the No.
L right’ front “contaet 6f relay BU, the No.'1 ‘Tight
back ‘contatt: of: relay ‘CU to “coriductor : 1335 o
‘cause’ the' operation 6f a relay.of a register, such
asrelay 1405 of the first code digit register'A.
I the digit’ 8" is"keyed by the operation of kKey
K3, therran ithpilse”of* frequency o’ is sent’ ol-
lowed”by an' impulseof frequericy ¢ resulting in
thie” operationof recofding. r&lays ‘AD and " CU.
‘With' these rélays operatéd then when. ground. is
applied to the iight armature 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
BD, 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
1331; a second circuit is completed over the right

front contact of relay AD, the No. 1 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 1332 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 CD, 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 1335. With
ground applied to conductors 1331, 1332 and 13335
relays of a digit register, such as relays 1801,
1402, 1405 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.
right back contact of relay BU and the No. 4 right
front contact of relay CU to conductor 1334 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 relay BU and the No. 7 right front contact of
relay CU to conductor {235. With ground ap-
plied to conductors 1334 and 1335, relays of a digit
register such as relays 1404 and 1495 of the first
code digit register A are operated to register the
digit 9.

What is claimed is:

1. In a telephone system, a central office, 2 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 &
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 responsive
means to register the first impulse of 2 trans-
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 cutrrent
of a plurality of different frequencies, means for
transmitting over said line two impulses of
selected frequencies in accordance with any of &
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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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 g 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 com-
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 trg,ns-
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 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, 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 g 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 im-
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: over:said:linetwo Jdmpulses.;ofselected

frequency:inzaceordance:with any.of:the. ten digit .
-central-office, -respensive -

values;:. means:at: sai

respectively:: to :said.: differentfrequencies;: two -

groubs.-of relays;.eaeh group/comprising.as many. -
relays-as:there are:frequency-responsive -means; -

means. for;rendering:one:ofsaid-groups of-relays
responsive: 1o ;said: responsive means:to. register

the first-impulse..of.a Aransmitted-digit- signal;
means; controlled-over:said.calling:line:for.there<.

after-rendering the:other:of: said-groupsiof-relays

responsive-to: said:responsive means Hosregigter -

thesother: impuylse. of the;same;digit signalk.a plus
rality of:.registers for:registering: digits.of - wanted
lin_e:‘numbelfs.’:and;:means,zfomsuc_eassively setting
said regigters:in :aceordance-with suceessivejoint
setting::of. the-groups:of-relays responsive 4o the
suceessive: dransmission: of ~digit: impulses inrace
cordance:with, the digits of-a wanted:line:pumber:

15.

16

respansive::means;. means. ~for..rendering.. one..of
sai&gz;gupsmf;relays»’-reszagnsivefEo.sa;id-responsiVe
means:io register: the.first-impnlse: of 4 .trans-.
mittedssignaly a-transfer rel ay.for.rendering: said:

--one:group of.relays unresponsive: o said.respon-

siveameans candi:for-rendering. the-other.of :said
groupssiof: relays:responsive-:to «8aid..responsive

. means:to.register the-other impulse of said.signal;

10.

acregister; and:relay.;means.controlled: over-said
‘linexand-operative: :upgn-~the -termination -of -the
transmissiom:ofs thé-first impulser of:a signal.to
causestheroperationof «said: iransfer- relay .and
operative upon:the:termination of theitransmis-
sioli ofithe;secondiimpuylse of &rsignal-to. rendex
,saidsregisterz,selective‘lyaopera:ble.tiunder the:joint
cantrol of $aid groups.of-relays;:.

HENRY M::BASCOM::.

GENEVIEVE:M: HUEBARD;..
Efecutriziof theEstate of Fiancis:AsHubburd,

7..In: a telephone; system:a central:office;:a line :20¢ Deceused.:.

incoming:thereto; means;for-generating:.current

of:a plurality of different,frequencies, means.for -

transmitting - over.-saidixline;: two :impulses:sof
selected frequencies-in aceordance:with an f.ia

office responsive:respectively to.said different fre-
quencies, two groups of relays, each group::coms

prising .as.. many:relays:as. there: ;are- frequency
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