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1
This.mvention relates to.signaling systems and

‘more particularly toa signaling system in which

means are provided for transmitting and receiv-

ing, over. a suitable transmitting medium, alter-

nating current pulses composed of a combination 5

~0f frequencies preferably.within the voice.fre-~ -

quency. range.

Fhe main object of the invention is the pro-

-Vision,, in .a receiving circuit adapted ‘to. receive

and amplify alternating current impulses com-.

posed of .a combination of. frequencies lying

within .a comparatively narrow signaling band,

of means for reducing the quantity of amplified

energy .at the beginning cf each pulse below .a

upredetermined value,.and to increase this energy

automatically after a predetermined interval to
the desired level for operating the responsive de-

vices .of the receiver.

In .alternating current receivers, particularly

those employing volume limiters to control the
energy.applied to the responsive devices of the

receiver, it has been found that where the pulses

are generated af the. transmitting .end of. the

line by .keying devices, the chatter of the con-

tacts often causes the preduction. of transients

which. are abnormally. large. Ordinarily the
“ceiling” of the volume limiter is fixed at a value
sufficiently high for the receiver to accept pulses

coming.over the line with rather. large loss fre-

quency distortion. ‘The intensity of the transient

currents produced by contact chatter, on the
other hand, is se high that;. although the fre-
quencies composing the disturbance are similarly

attenuated during their transmission, the value
of some frequency therein, even if leveled off by
“the ceiling of the limiter at its establisheq value,
is still sufficiently high to. cause false operation
of one.or “more of the receiver’s responsive de-
vices.

‘To overcome this undesirable condition, my
invention provides a contrcllable network which
is easily adaptable to any alternating current re-
ceiver. utilizing a volume limiter, and by means
of which the ceiling. of the ‘limiter’ is normally

“held. below the level at which trarisient disturb-
vances produced ‘by contact’ chatter and ampli-
fied to said level can cause any false operation
“of the receiver. "The network is provided with
‘an electrical timing device which may be suit-
‘ably adjusted ‘to cause the limiter to. be held at
the ‘protective low: level for the duration of the
“transient disturbance which forms. the advance
portion of the pulse, subsequent'to which the am-
plification of the Hmiter is then automatically
“raised to the level appropriate to the passage of
_ the remainder of thepulse.

_,, AMother object of the invention which is ac-
complished by my proposed network is the con-
‘trol, in receivers with. volume limiters that use.
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2
screen grid tubes, .of.the amplification factor.of

the tubes ‘so that maximum effectiveness is ob-

tained. frem their cperation.at the initia] .pro-

tective lew level of amplification and.at.the ulti-

mate high level of amplification. It is well

known, for example, that for the maximum

effectiveness at.any.level of..amplification there

is .an optimum. relationship between the. plate

voltage and the screen.potential of a screen grid

tube, and. that if the level of amplification . is

changed and maximum effectiveness is desired

at. the new. level; the plate and screen voltages

must: be readjusted with respect to. each. other

to the values indicated for that level. By means

of my invention, the network which controls the

lowering and the raising of the limiter. ceiling,

which it accomplishes by’ lowering. and raising,

respectively, the available potential across the

cathode-anode electrodes of the limiter tubes,

automatically .and simultaneously readiusts ‘the

screen potentials.to values. precalculated: to “be

those required forthe particular potential dif-

ferences. then. applied: across the cathodes and

anodes of the tubes...

These and other objects. of the invention. will

be more readily ascertained from the following

description and appended claims, ‘taken in «con-

nection with the following drawings, in which:

Fig. 1 shows the transmitting station, a. trunk

line to which such station may be connected,

selecting apparatus by means of which the re-

ceiving circuit of the. invention may be :connect-

ed to the trunk and to the transmitting ‘station;

and a skeletonized. showing ‘of two .telephone

connections which may ‘be established. by..set-

table apparatus resporisive ‘to the operation ‘of

the receiver;

Fig. 2 shows the amplifier and detector circuit
of the receiver incorporating ‘the network.of my

invention;:

Fig. 3-shows the “check” circuit for checking
the accuracy of the received impulses andthe

circuit’ which responds to the conditioning ‘or

“KP” impulse;

Fig. 4. shows: a. group of conventional régis-
ters settable in response: to the received impulses,

and -a conventional: showing ofa circuit Known

as a ““marker”.which is adapted to operate “in .

response to the setting of some of the registers

to aid in the selective positioning of switching
apparatus by which parts of-the telephone con-

nections shown in Fig..1 maybe set up;

Fig. 5 shows an ‘alternative ‘arrangement of

settable registers; while

Fig. 6 shows the manner in ‘which Figs. 1 to 5,

inclusive, are to be disposed ‘relative to each other

in order to disclose the invention completely.

It will be readily .mderstood: by: those. skilled

in the signaling arts thai a-signaling system ar-
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3
ranged for transmitting and receiving alternat-

. ing current impulses is adaptable to a wide vari-

ety of uses, especially indicated by the application

to be' made of the intelligence conveyed by the

impulses transmitted over the system. My in-

vention may, of course, be utilized in any alter-

nating current receiver in which it is desired to

automatically lower and raise the level of am-

plification for the purposes mentioned or for any

other purpose, and in order to describe the ele-

ments of the invention, its operation and its flexi-

bility, I have chosen to disclose it in connection

with its adaptation to a telephone system of the

kind described in Patent No. 2,232,912, issued to

G. Hecht, A. A. Lundstrom, and E. R. Taylor on

. October 26, 1943, in which a calling subscriber,

“desiring a connection with a distant station which

can only be reached by trunking facilities avail-

“able at.an operator’s position in an office within

the dialing area of the calling subscriber, dials

‘ing subscriber the office and line number of the

desired station, selects a trunk extending in the

desired direction and causes a group of alternat-

ing ‘current impulses indicative of the called

office and station designations to be transmitted

thereover into settable apparatus at the office in

“which the trunk terminates, wherefrom this ap-

paratus then controls the selective positioning of

a suitable number of switches by means of which

“the. trunk connection is further extended to the

“desired station. It is obvious, however, that while

‘this application of the invention will illustrate its

purpose, scope and operation, the invention it-

‘self is susceptible of other. uses readily appreci-

ated by those skilled in the signaling art.

’. .Referring, now, to the drawings, the subscriber

; A establishes a connection to the operator’s po-

‘sition within his dialing area by the well known

- means referred to in said above mentioned patent

20
the operator who, upon receiving from the calli- '
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and, at said position herein referred to as the

“transmitting station,” informs the operator

thereat that he desires to establish a connection

_to subscriber B whose station terminates in of-

“fice Y, which can be reached from the transmit-

_ting station over a trunk line that. interconnects —

said transmitting station with office. X and by

. automatic trunking facilities between office X

_and_ office Y which are selectively connectable to

_the trunk therebetween by equipment at office

-X which operates in response to the receiving cir-

evit subsequent to the latter’s. response to the

- impulses transmitted over the trunk from the

_ transmitting station. The operator, upon learn-

ing of the desired office and station from the call-

ing station A, selects an available trunk. say the

trunk which. terminates in. jack JA having the

. conductors T and R extending to the office X,

“and, by suitable equipment disclosed in said. co-

. pending. application causes conductors SCT, and

SCR. of the key-set KS at her position to become

connected through the. right-hand plug of the

cord. and jack JA to conductors T and R, respec-

_ tively,.of the trunk thus taken into use. — .

The key-set KS at the operator’s position com-

. brises a series of digit keys 0-9,.a key ST and a-

key KP, and.all of said keys are suitably wired to

~ Six separate: sources of alternating current fre-
quencies a@....f within the voice frequency

range, ina manner such that the depression of
.. each of the:keys will cause two of the frequencies

to be applied across conductors T and R of the

. trunk via conductors SCT and SCR in the follow-

“ing combinations through circuits completed

from the sources of frequencies involved. and the

4
undesignated resistances connected to the sta-

tionary springs of the keys:

Key Frequencies

OFROE SRR A Sahm BAG AO AASSeek
At office X, the trunk selected by the operator

automatically causes the connection thereto of

an idle “register.sender” over suitable selecting

equipment, for example, a sender selector device

SS comprising a cross bar switch and circuits for

the control thereof. Into this register. sender is

incorporated the receiving circuit to which my

invention is applied; that is, the circuit which re-

ceives the alternating current impulses that. will

be transmitted by the operator. through the
manipulation of the key-set KS, and this receiv-

ing circuit, upon receiving the impulses,. first

checks them for accuracy and then causes them

to become set up on groups of settable registers

connected to the receiver. From the registers, the

registration therein is then transferred to’ a

“marker” circuit and the marker, in response to

the transferred registration, then controls the

operation of a cross bar trunk selector TS by

which the trunk T, R, between the transmitting

station and office X, is selectively positioned into

connection with another trunk that extends: be-

tween office X.and office Y, at which latter office

the sender at office X then transmits over. the

‘trunk to a.sender in office Y pulses that designate

the called number, whereupon said sender at of-

fice Y then initiates operations by which the con-

nection is further extended to the terminals of
the called line.

In view of the fact that the sender and marker

_are well-known equipment elements now exten-

sively utilized in automatic telephony, and since

the present invention is confined to a signaling

system the receiving portion of which is incor-

porated in such a sender only. by way of’ dis-

closing the parts, principles and operation cf. the

receiving circuit, neither the sender nor the

‘marker is disclosed except by conventional indi-
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cations, the disclosure of the sender being con-

fined to the incorporated signal-receiving circuit

in its entirety and to a schematic showing of

typical settable registers operating in response

thereto.

The receiving circuit to which my invention. is.
applied by way of illustration, is shown. in Figs,

2 and 3, and is essentially a circuit for translating. .

alternating current signal impulses -consisting.of: .

various combinations of frequencies sent out from:

the transmitting station two at a time, into direct

current indications suitable for registration in an

associated settable register which -comprising -a

part of the sender, operates in response to the

registration to complete the call. in the usual

manner.

The receiver. comprises a volume limiter Vi;
a “signal present” channel including the high-

pass filter HPF, transformer SPT, a vacuum tube

S, a polarized relay SPR and associated circuit;

a plurality of receiving channels, one for’ each

frequency in the entire signalbanda.... f, each
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of which comprises-g band-pass ‘filter BPF—,. a

vacuum, tube T—-and:-a:polarized relay R— ‘such

as; for..instance, the: channel. reserved’ for .fre-

_ quency a. which-is. made-up. of, band-pass ‘filter

_BPFa, a. vacuum. tube: Ta and a relay Ra.

network of my invention by-which the ampilifica-

tion level of the limiter VL is automatically raised

from its. initially low. protective level to its. nor-

-mally. -high . receiving. level and. by: which. the

screen potentials for the tubes Lf and: L2 of the.

limiter are automatically adjusted:to appropriate

‘values for each case, comprises: the resistances

L3,; L4; L5,.L6. LT, 18, .L9,-Ps, and. condenser:CC,

all -wired.in the interrelated manner shown. in

Fig. 2; the. “key~pulse” signal circuit comprises

relays. KP! ...KP8 and associated circuits

which operate in response to the :initial. opera-

tions of relays Re and. Rf of the channels re-

-served. for frequencies-c'and’f, respectively, when

the key KP is operated at the transmitting. sta-

tion: as-hereinaiter set forth; and the check cir-

cuits comprise relays CKI.. ... CK3 and -asso-

ciated networks. which operate in the manner

hereinafter set forth to check the pulses as they

are :-received by the various. channels :affected by

the frequencies in the impulses.

The alternating current. signals; which are al-

ternating current voltages available across con-

ductors: T and Roof the. trunk. after: the. initial

transients. are: dissipated, -are received and .ap-

plied. to: the input elements: of the receiving cir-

cuit after relay SW. is.operated in. any suitable

manner. The input elements of the -receiving

‘circuit comprise the adjustable pad -AP, which

is a.means for adjusting: the sensitivity of the

receiving circuit. to-the minimum reavired since;

-by-keeping the sensitivity. as: low..as:possible, the

likelihood of false operation on currents which

maybe produced: by speech or noise is materially

reduced; the terminating resistance IN; :the cen-

ter'tap of which. is grounded; and the input trans-

former IT, the input winding of which. is .con-

necied to the terminals of:resistance IN and:the

output.winding of which is connected to:the com-

mon terminal. of resistance RGIand. paralleled

condenser CGi, and the common: termina! of

resistance RG2 and paralleled condenser CG2,

The other common: terminal. of. resistance: RG!

and condenser CGf is, in turn, connected :to grid

G! of vacuum tube L!-while that of: resistance

‘RG?2:.and. condenser CGé2 is connected: to. grid

‘G2 of vacuum. tube L2. .

The volume limiter. VL comprises’ the nentode

vacuum tubes Lf and Li2 and their: associated

input and output: circuits.

‘ated in the well-known “push-pull” relation with

the output-of their respective ancdes connected

together by. means of retardation coil Li.and. de-

Jdivered, through the blocking: condenser :-BC. and

resistance N{,'to resistance NS.

iter provides adequate: amplification ofthe in-

‘coming alternating. current. impulses to’ .cause

‘operation of the:desired: channels hut, however,

limits ‘its. output: signal voltage: to. such-a-:value

that. channels: other than: those intended’ .to: he

‘responsive-to the frequencies in the signal will

not operate on the transient: currents gencrated

at-channel filter outputs of filters BPP. . ... BPFr

by said signals. when they start: and:stop.

The limiting. action of the vol-me. limiter Vi

is obtained by means of. the: control. grid ‘resist-

ances and condensers: RG!, CGl,.and RG2; CG2

connected, respectively, to the grids of :the :tubes

4st. and L2, which resistances -and..condensers

cause. the grid-bias:to-hecome more:negative when

The -

The tubes are oper=

The volumelim=

tort
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rent: during: the positive half waves.

-the effect: of tube: variations,

‘provided to. by-pass’ the alternating current

6
‘the alternating signa]. voltage: on ‘the igrids:-be-

comes: high enough: to‘ cause: them :.to:draw cur-

When this

condition: is: reached, the power output, of -the

limiter: becomes approximately constant :regard-

Jess: of. further: increases: in.the: grid: voltage.

The actual point at. which limiting cecurs:is con-

trolled by. the bias: voltage onthe ‘screen. grids

‘SGfi and SG2; by the bias:voltage on the control

arids:Gi. and: G2, -by the inherent limitation.:on

maximum. plate:.current.-with: zero control. grid

‘potential. and, of course, by the:particular.screen

srid and plate potentials: -'The: desired value of

‘bias _potential for the. screen grids:.is obtained

from :the potentiometer. consisting of: resistances

Pi; Peand.Ps:: The grids. Gland G2-are held

negative:in the normal condition by the voltage

drop across:the.cathode: resistance. L3.

The output .of the limiter VL: is: divided into

two parts-by-the resistances M1 and N5... The:volt-

age across the resistance: Ni is applied: to: the

“sisnal present” ‘circuit. which, as: before stated,

comprises. the high-pass filter HPF, input trans-

former :SPT, vacuum. tube S.and polarized relay

SPR. This circuit responds to the.small voltage

-developed:across resistance. M4 .in:- consequence :of
any, signal transmitted from the.transmitting:sta-

tion, which:signal,. being stepped-up by the input

transformer .SPT,: is-applied to: the. grid: of ‘the

pentode vacuum tube S,..which functions. as a

rectifier by virtue of the normal positive grid bias

and.of:the resistance SP¢ in-its control grid cir-

cuit.. The high-pass filter: HPF is. employed in

the “signal present”: channel toysuppress the un-

wanted: frequencies below ‘the. signal. frequency

band--which. may ‘be present..in the body: of the

signal. Since: the:currents: produced by.:the.line

noise.increase. in intensity.-as they ‘decrease in

‘frequency: the. probability of falsely operating

the signal present channel from. this source: is

reduced. The-signal voltage:across resistance NS

is passed. through the resistance: network..com-

prising: resistance elements N2, N@.and:N4 to:the

dnputs: of. filters BPPa....°-BPFE which: act: to...

separate the signaling frequencies into the bands

corresponding ‘to the mid-band .frequencies..a, 6,

e, dve and f, respectively. .

The. resistance network:N2; N2-and N4:serves.a

three-fold: purpose: (1) it provides: attenuation

to: afford the desired relationship: between chan-

mel sensitivity, and: the output.of. the volume lim-

iter. VIL; (2). it provides a:relatively. constant. im-

‘pedance termination. between the. filters and: the

Widely varying output impedance: of the volume

limiter;..and.(3): it. attenuates: transient: -disturb-

ances reflected back from the-filters toa such an

‘extent.that they donot: cause objectionable chat-

ter of relay SPR. :

The control grid. of the tube: S:is normally held

positive: by-the voltage obtained from the poten-

tiometer:made.up of resistances.P4 and Ps..:'This

‘Positive bias, together withthe reduced. screen

grid voltage. obtained: by the use.of resistance

SPRI connected -to.the'screen grid of tube.S, im-

proves the operation ofthe. circuit-and reduces

Condenser SP2-is

around: resistance SPRI.. Relay. SPR has its‘sec~

ondary. (5), or bias; winding connected..in ‘the

plate. cireiit of the.tube S; whileits primary wind-

‘ing. (©), .or- operate: winding is.connected:to-hat-

tery. through ‘the low “resistance “filtering: retard

coil FLT. When there is no:signal present:on.the

‘trunk.and; therefore, no: signal voltage is being

applied i0..the: grid ofthe: vacuum tube .S;: the
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plate current flowirig through the bias winding

of the relay SPR is sufficiently large to overcome

the effect of the current in the operate winding

and the relay remains normal; that is, with its

armature resting on its lower contact. But when

an alternating current signal is applied to the
grid of the tube, the plate current is reduced due

to the change in the potential of the grid, and

the current through the operate winding (P) of

the relay SPR overcomes the reduced current

through the secondary winding (S) and. causes

the relay to operate and move its armature into

engagement with its upper contact.

-The plate circuit of the tube S includes retard

coil SPi and condenser SPCN. ‘These serve two:

purposes: first, to. reduce modulation. products

that would cause the relay SPR to chatter and,
second, to slow up the operate and release times

of relay SPR by delaying the dying: down -and
building up of the plate current through the sec-

ondary winding of. said relay. These delays com-

pensate somewhat for the fact that there is no

band-pass filter in the signal present chan-
nel,. as compared, for example with filters

‘BPF, . .. BPFr in the signal channels, and aid

in preventing the operation of said signal chan-

nels. by transients since, as subsequently set forth,.

without the operation of relay SPR, signal chan-

nel] relay operation cannot take place.

Referring now to the register of Fig. 4, and
X wiring in the portion of the receiving circuit

shown in Fig. 3, the armatures of relays SPR and

CK2 are multiplied together. and: obtain ground

via the back contacts of relay CK{: The front
‘contacts of relays SPR and CK2 are also multi-
plied and connected to conductor J; which ex-
tends to the armature of the polarized relay TO.
From. this relay, this conductor is extended via

the armature and upper contact of said relay and
the No. 1 contacts of relay CI, which is assumed
to be operated in a manner that will be described
hereinafter, to conductor L, conductor Lt: and
thence to the operate (P) windings of relays
Ra... Rf. Hence when relay SPR operates
in response to a signal: forthcoming over: the
-rtunk, it applies ground serially over conductors
J and Li to the operate windings (P). of all of
the channel relays Ra... .Rj, preparing the
same for operation. when their associated chan-
nels will have responded to the frequencies in the

signal as hereinafter set forth. It may be noted
‘that when relay CK2 operates as describeg later,
it has the same effect.as relay SPR, and also that
when relay CK! operates, it removes a short cir-_
cuit from resistance CH2 and. thus inserts this re-
sistance in the ground being supplied to the arma-
tures of relays SPR and CK2, the purpose of
which will be explained later.
When the register of Fig. 5 is used, however,

and Y wiring is provided in Fig. 3, the armatures
of relays SPR and CK? are grounded and- their
upper. contacts are multipled together and con-~
nected to conductor J which is extended to the
bottom contact of polarized relay PT and to the
No. 2. armature of relay TG. From the former

relay, this conductor is extended via the arma-

ture of said relay to conductor LL, which is con-

nected to resistance CH2 and to the armature

of polarized relay CK!. It will be noted, how-
ever, that the operate windings (P). of the chan-

nel relays Ra. ... Rf are connected to conductor

Li, which is connected to the other end of re-
sistance CH2. and to.the lower contact of relay

‘CKI, so that it joins conductor L either directly

through the armature. and back contact of relay

5
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CKI when said relay is released, or via resistance
CH2 when said relay is operated: ‘Hence when

relay SPR operates in response to a signal forth-

coming over the trunk, or when relay CK2.op-

erates as hereinafter described, ground is ap-
plied serially over conductors J, L and Lf to the
operate windings (P) of all the channel relays

. Rf, preparing the same for: operation

when their associated channels will ‘have re-
sponded to the frequencies in the signal as here-

inafter set forth. — ;
Since the “signal present” circuit is connected

to the volume limiter: VL ahead of the channel
filters BPPa .. . BPF: (by virtue of ‘its connec-

tion across the terminals of resistance Ni), relay
SPR will be operated when any signal of suffi-

cient magnitude is available at the output of

the limiter, whereas the channel relays Ra... R/
Will be operated only when frequencies passable

through their associated channel filters are pres-

ent in the signal. Now in any signaling system

where speed of transmission is essential to insure
the maximum utilization of a minimum. quantity
of apparatus, and the signals are transmitted
under manual control of a Kind that the signals

and the time interval between the signals may

not.be of uniform duration, it is necessary to
register a received signal as quickly as possible

upon appropriate settable register relays con-

nected to the contacts of the channel relays, to
prepare the channels for reception of the next

signal by releasing the operated channel relays
‘immediately. the registration is completed, to
connect the contacts of the channel relays to
the next settable register even though the signal
is still present, and yet prevent a duplicate regis-
tration of the original signal on this next settable
register. The “signal present” circuit, in connec-

tion with a. circuit controlled by the settable
registers as hereinafter set forth, insures the cor-
rect performance of these functions by providing
means that will cause the operate circuits of the

channel relays to remain open once they. are
opened even though the signal is still present,

and will cause them to remain open until the
signal is terminated.

In order to understand how these and other
functions are performed, the description of the
remaining elements: of the receiver will be given
in connection with their operation. ;

When a sender is seized via the sender-selector
apparatus SS and ccnnected to the trunk taken
into use by the operator at the transmitting sta-

tion, conductors T and’ R of the trunk are con-
nected to the signaling conductors 'T’ and R’ and
thence via the sender-selector to leads Ti and
Rl, respectively, of the receiver circuit incorpo-
rated in the sender, and eperations are then
initiated in the sender whereby positively ground-
ed battery is connected to conductors BAT! and
BAT®2, it being understood that suitable sources
of current (not shown) have already been or are
continuously connected to the filaments. of all

the electronic tubes of the receiver.. Battery on

conductor BATI completes an’ obvious circuit
through the secondary (S), or bias, windings of
polarized. relays CK{, CK2 and CK3 thereby
causing the energization of these windings.but
not the operation of their respective relays, the

normal condition of each of which may be as-

sumed to be with its armature engaged with the

lower contact as shown. Battery over. conductor

BATI is also connected to resistances AZ... F2
in preparation for changes in the potential ap-

plied to the screen grid electrodes of the chan-
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nel: vacuum tubes Ta ..... Tf. Battery on con-

ductor BAT2 completes an obvious circuit to

the:primary winding (P) of polarized relay KPI,

but this relay remains with its armature engaged

to its left contact because the secondary winding

(S) of the relay is also.energized from battery

D connected directly thereto, completing a cir-

cuit over its left contact and armature, normally

made No. 1 contacts of relays KP2. and KP3,

conductors 5 and-12, and the lower contacts and

armatures of relays Re and Rf to ground. Bat~-

tery. on conductor BAT2 is also connected to

the windings of relays KP2 and KP8 in prepara-

tion for their subsequent operation as described

hereinafter.

When the receiving circuit is thus cut through
to the transmitting station at the beginning of a
call,-there is a brief period during which it may
be exposed to speech or noise currents which, if

the receiving circuit were ready to receive signal
frequency impulses, might cause it to operate

falsely and thereby cause q false setting of the
first settable register ordinarily connected to the
front contacts of the channel relays. To prevent

this, the receiving circuit is normally held in a

condition whereby signal impulses cannot be reg-
istered. until after a definite timed impulse con-
sisting of frequencies c and f is received, which
impulse is.transmitted from the transmitting

station by the operation of key KP thereat which,
- over its left contacts, causes frequency source ¢

to be applied to conductor SCT and, over its right
contacts, causes frequency source f to be applied
to..conductor SCR. These conductors, across
which resistance N$ is bridged to supply a
matched terminating impedance for the trunk

during the time that it.is connected to the key-
set_KS, join with trunk conductors T and R, re-
spectively, and cause circuits to be completed

over the left windings of repeating coil RC. The

currents. of frequency c and f flowing over this

path cause similar currents to be induced in the
path including the right windings of the repeat-
ing coil: RC, the trunk conductors :‘T and R, the

conductors T’ and R’, the contacts SS: and SS2

at the sender selector cross bar switch SS, con-
ductors T: and Ru, the front contacts of relay SW,
which is assumed to have been operated in any

suitable manner, and thence through the pad
AP, the left winding of transformer IT with the
mid-grounded resistances IN bridged thereacross.
The signal voltage thereby developed in the left
winding of transformer IT is induced into the
right winding, amplified through the limiter VL,
and. then. applied, partly across resistance Ni
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and partly across resistance N5, the former being ©
applied to the left winding of transformer SPT
of the “signal present” circuit and the latter,
through resistances N2, N3 and N4, to the input
terminals of the channel filters BPFa .. . BPP:
Since only the filters BPFc and BPF* are each
tuned to pass one of the two frequencies in the
signal ¢ and f, respectively, the voltage thereof
is applied to the grid electrodes of vacuum tubes
Te and Tf through resistances Cg and Fg but not

to any other channel tubes.

Now each of the channel tubes Ta... Tf

(which are pentode tubes) is provided with a

positive grid bias from positive battery through

coil FLT and resistances Ps and Ps, and a control

grid resistance Ag... Fg, respectively, to make

each of said tubes function as detectors. Each

channel is also provided, as before stated, with

its own individual relay Ra .. . Rf,:the. second-

60

65

70

75

19
ary winding (S) of each of which is connected in

the anode circuit of its associated vacuum tube.

The primary windings (P) of these channel

relays are connected in series and obtain battery

through filter coil FLT. The other end of the

Series connection of the primary windings (P) of

relays Ra...Rf is connected to resistance

CHI and thence to conductor Lf whence it traces
back to:the upper contact of relay SPR as already

shown.

It has been stated that the grids G! and G2 of

tubes Lj. and L2, respectively, are held negative

in the normal: condition by the voltage drop

across resistance L3.. The voltage between the

cathodes and anodes of these tubes is also. partly

controlled by the potential drop in resistance: L3

but, -in addition, is also controlled by the drop

in the entire network of resistances L4, L5, L6,

Lt and. L8 connected to resistance L3, said net-

work being connected to ground through resist~

ance L9, normal contacts of relay SPR, direct to
ground (¥-Wiring).or through the normal con-

tacts of relay CKi (X wiring).to ground. Since
the battery source is through coil FLT and said
battery is grounded at its. positive. pole and,
therethrough, is connected to the anodes of the

tubes Li and 12, it is evident-that the available

potential difference between the cathodes and
anodes of these tubes depends upon the condi-

tion of the signal present relay SPR. With this

relay normal,.as would be the case prior to the

transmission.of a signal, resistances L6 and L9

are, serially: connected to the common terminal
of resistances L5 and L1, the latter resistance be-
ing in parallel with resistances L4.and.L5. ‘Con-=

. Sequently before the transmission of a signal, the

circuit. path for. the cathode-anode circuit ‘of
both: tubes: may be. traced from ground and bat-
tery through coil FLT,- resistance. LT. in. parallel
with resistances L4 and L5, resistance L3, through
the, cathode-anode of both tubes:LI and L2 to
ground. through the upper winding of coil L for
tube L!, and through the lower winding of said
coil for-tube LZ... At-the common terminal of re-
sistances L5 and L7 there is a parallel branch of
this circuit. which extends through resistances L6
and L9 to aforetraced ground through the normal
contacts of relay SPR,

With the above circuit arrangement itis evi-
dent..that the potential drop in resistance L3,
together with resistance L7 in parallel with re-
sistances: L4, L5, will be determined in part by
whether or not the parallel branch made. up of
resistances L6 and L9 is electrically a part of the
circuit by the application of ground to resistance
L9 via the normal contacts of relay SPR. ‘When
this relay ig normal, the drop across resistance L3
plus the drop across resistance L7.in parallel with
resistances L4 and L5 is larger than when the
relay is operated because, in the former case, the
parallel network of resistances LT and L4,.L5 will

draw. through itself not only the current which
traverses the path including resistance L3 to
ground through the cathode-anode of the'tubes,
but also the current which traverses the path
through the parallel circuit including resistances
L6.and L$ to ground. When relay SPR operates,

this latter parallel circuit is opened and, there-

fore, the full voltage of the battery is then avail-

able only for the network of resistance L7? in
parallel with resistances L4 and LS serially

through resistance L3. Hence the voltage avail-

able across the cathode-anode of each of the
tubes Li and L2 is less when relay SPR is normal



9,418,148
11

than when it is operated. This means, of course,
that the amplification ceiling of the limiter tubes
Li and L2 is lower when relay SPR is normal and
higher when it is operated.

It will further be noted that the potential ap-

Plied to the screen electrodes SGi and SG2 of

the tubes Li and Ld, respectively, is controlled by

the potentiometer made up of resistances P1, Pz,
and Ps to ground at che end and-to the terminal
of resistance L? ‘on the other, The value of the

resistances Pi, Pe and Ps is so computed that the

potential available at the screen electrodes ‘SGI
and’ SG2 when relay SPR is normal will insure
maximum effectiveness of tube operation for the

potential difference then available across the
éathode- anode electrodes of these tubes. When

relay. SPR. operates, the potential at the upper

terminal of resistance Li? is, of course,’ different

and higher than before, so that, by virtue of the
current now drawn through the potentiometer to

ground, the potential available at the screens is
higher and cf the’ correct correlated. value to in-

sure ; maximum amplification with the cathode-
anode potential difference then available across
the cathode-anode electrodes of tubes L{ and L2,

‘This, by virtue of the control exercised by the
parallél branch L6, L8 of the above circuit net-

work, tiie amplification ceiling of the volume
litniter ‘may be alternately raised and lowered

With the operation and rélédse, réspectively, of

rélay SPR. And by ‘virtue of the potentiometer
Pi, Pz and:Pe, the streen potential applied to the

tubes of the amplifier will also be raiséd and low-

eréd with the operation and release of relay SPR
to ‘the correct values required for the voltage

applied in each case across the cathode-anode

of each tube of the limiter,

... Returning, now, to the operation of the cir-

cuit; the operator will:depress the ‘key. KP before

depressing any of the digit Keys. It may be as-

suméd that the Key contacts will chatter fora

brief interval before making a solid closure and

that, during: the chattering period, the transient

voltage produced ‘by. the application cf signal

frequencies-c and f (or any combination of sig-

nal- frequencies) through the contacts will be

applied to the liné: This voltage will, of course,

be applied to the control grids GI and G2 of the

volume limiter and will be amplified thereby,

Some of the amplified voltage being made. avail-

able ‘across .resistance NI and thence across

transformer SPT to cause the operation of tube

S. and the consequent. operation of relay SPR,

and ‘the rest of the amplified voltage being avail-

able across the network N§,; N2, N3 and N4-for

application to the channels. ‘However, it will

take some time to operate relay SPR after a part

of the transient voltage is applied to transformer

SPT, and this time definitely exceeds the dura-~

tion of. the transient: Consequently, during the

time that: the transient voltage is applied to the
receiver, the amplifying factor of the limiter is
at the lower ceiling fixed by the voltage across
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the cathode- anode electrodes of:its tubes Lf and -
Las determined by the. potential drops in re-
sistancés L8, and L7 in parallel with resistances
LS and Lé, ‘and resistances L§ and L9-in series
with said parallel combination, And although
thé transient voltage is amplified, yet the ampli-
fication level is below that which is necessary. to

Operate afiy of the channel tubes T—. Tub2 S

however, does operate on the portion of the am-
Plifiéd transient voliage made available across
resistance -NI becative its. sensitivity is higher,
dé to thé fact that the voltage across its cath-

65

70

75

12
ode and anode" is made larger by the application 5
to the’ cathode of the full negative potential of
the battery through the comparatively low resist-
ance coil FLT and resistance La.

The transieit voltage: generated | by the chat~
tering of the cohtact keys will be followed by the

steady voliage subsequently available ‘through
the key contacts. But subsequent'to the termi-
nation of the transient voltage relay SPR opér:

ates, either as a consequence. of the duration: of

this voltage or as a@ consequence of its duration’

plus the duration of the pure signal voltage that
follows. With the operation of relay SPR, the

ground connection to resistance LY is broken, and

for the reasons previously advanced, the voltage

across the cathode-anode of each of the volume -

limiter tubes L/ and L2 is now raised.and ‘the

potential at the screens thereof is appropriately
altered, both thereby raising the amplification
ceiling of the volume limiter to the full value

required for channel response to the uridistorted

signal voltages,

It will be noted that the serial. network ‘of

condenser CC and resistance L8 is joined at the
common terminal of resistances L6 and 9 and

hat condenser CC is grounded. This. network is

provided to insure that the increase in amplifica-

tion cf the volume limiter. subsequent -to the

operation of relay SPR takes place gradually: in
order to avoid the production of other objection-

able transients by the. suddén rise-in current.

During the time that relay SPR is normal,

ground is apdlied ‘to the right terminal of re-=

sistatice L8 and-since the value of this résistance

L§ is lew compared to that of resistance LS

condensér CC is practically in the uncharged

state. Upén the opération of relay ‘SPR subse-

quent to the dissipation of the transient voltage

appliéd to the line, gtound-is disconnected from

the right terminal of resistance LY and a charg-
ing circuit ‘is established for the condeiser-eéx-- .

tending from battery through ‘the winding of
coil FLT, resistances L4, L5, L§ and L8-in sériés,

condénser CC to ground, ‘During the time that

the condenser is becoming charged, the potential
at the upper. terminal of resistance LT gradually

fises and the difference of potential betwéen the

cathodes and anodes of tubes LI and L2 is grad-
ually increased ‘ until. the condenser. is ‘fully

} charged, at which time said difference of poten-

tial is. increased. to the full value required - for

high ceiling amplification.

‘Returning, now, to the eperation ‘of the ré-

ceiver, when the operator depresses key KP and

the transient voltage developed by ‘the chatter-

ing of the key contacts as above set forth is fully

dissipated, a part of the undistorted ‘signal volt-

age derived from the signal frequencies cand’ s

is applied to transformer SPT to cause the oper-

ation of tube S and that of its andde relay SPR

which, upon operating, applies ground ‘to con-

ductor J and thence to conductors L and/or Ia,

resistance CH! and the primary windings (P) -of

the channel relays Ra... Rf, while the: remain-

ing voltage is applied (through ‘the respective. fil«

ters BPFc and BPI) to the grid electredes- of

tubes Te and Tf, respectively. The -application

of the latter voltage to. the grid electrodes re-

Guces the value of the positive potential between

grid and ‘cathode normally thereon from-battery

through coil FLT and network Ps. and’ Ps. In

consequence, the respective ancde currents flow-

itig through these tubes atid the secondary (S),

of bias, winditig of relays Re and Rf are fe-.

duced, catising these two relays to operate on
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the’current through their operate winding: (P),
the: ‘circuit. of which may. be’'traced from “bat-
tery through the filter FLT. serially through the
primary winding (P) -of-all the relays Ra... Rf,

resistance CH! and thence as already traced to

sround on the contacts of relay SPR. It will be

noted that the current which causes the opera-

tion’ of relays Re and Rf, while flowing ‘through

the operate winding (P) of all the channel re-

lays as -well, yet will only cause the operation
of ‘the two rélays Re ang “Rf. The reason for

this -is\ because the current in the secondary
(S) winding of each of the: other channel relays
has not ‘been diminished by any material /alter-
ation in the control grid potentials of their -re-
spective associated tubes.

With. relays ‘Re-and Rf thus-operated, ground

is disconnected from conductors 5-and ‘12, which

remove ground from the secondary winding -(S)

of relay KPI, the path of the ground’ being -by
way-of the No. I normally made continuity con-

tacts of relays KP2 dna KP3'anq through the

armature and left contact of relay KPI.
Relay KP! now operates: slowly over: an obvi-

ous circuit: through ‘its operate (P) winding, the

slowness of its operation being due to the charg-

ing. current for condenser KPC flowing through

its secondary winding (S) dnd resistance KPRI,

which current opposes. the current flowing

through the primary (P) ‘winding. When the

cGlidetiser KPC is completely charged, the cur-
vent.-fidwing through ‘the windirig (S) of the re-

lay is limited by “the high ‘Yesistance- KPR, and

Sificé: the resulting magnetic-flux is smallér than

that “produced by the curtent Aowing ‘through

the’ptimary (2) winditig, the relay is edtsed to

operate. ;
Resistance KPR is provided to insure that the

armhatire of rélay KP! shall always engage its

left contact when. the circuit ‘is idle. If this re-

sistance were omitted, ‘the removal of battery

from conductor BAT? ‘during the time between

the breaking of the left contact of relay KPI

and ‘the opération of relays-KP2 and KP3 would
leave the circuit blocked since condenser KPC

would ‘bs charged ‘and ‘no current would be flow-

ing .in the secondary ‘winding (S) of relay KPI

to-release it.
Now when the “KP” ‘signal is terminated by

the release of key KP after the required inter-

val.to operate relay KPI, or by any ‘other suit-

able means ‘such as, for instance, a ‘simple tim-

ing ‘circuit.responsive to the depression. of key

EP and adapted to Keep frequencies c and /.on

the trunk conductors :for the required interval,

the ‘release of either:relay Re or relay Rf. will

cause ground tobe connected to conductors §

or 12, respectively. Since these two conductors

are joined at. the No. 1 normally made contacts

of relays ‘KP2 and EP8, and since relay KP! is

now operated, the ground on conductor’s5 or 12

(or both) is ‘applied to the windings of relays

EP? and KP$ via the armatire and right con-

tact of relay EP!.. Since battery is connected

to the othér terminals of the windings of each

of these two:relays by conductor BAT2, both re-

lays will operate and lock to. ground ‘ch the No,

5 contacts of relay KP2, (The No; 1 front con-

tacts of rélays KP2 and KP3 maintain the
ground via the armatire:and contact of relay

KPi ‘as relays KP2 and KP3 operate.) . Relay

KP2,-over its No. 8 front contacts, now reapplies
ground to the secondary winding (S) of relay

EPI, increasing the ctirrent flow therethrough in

consequence ‘thereof and causing relay KP! ‘to

To
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release'and reestablish its-armature into engages.
ment with the left contact.

Relays KP2 and -KP3, upon operating, perform:
the general function. of extending the upper con-

' tacts-of the channel relays Ra’... .Rf'to conduc
tors A... . F, five of which, in the register ‘of:
Fig. 4, exténd through contacts:on a previously:
operated “steering” relay TR! to the lower wind+
ings of the Yélays of the first digit régister:in:
which the first. operations of the relays Ra... RY
in the proper combinations: will be registéred.
In the register of Fig. 5 an extra translating. step
is-required, as explained hereinafter, so the ‘six
registering: conductors A... ,..F are connected:
directly to the windings of six “translatiise” re-
lays; the contacts of which are connected through:
contacts ona previously operated steering relay.

AC to the lower windings of the rélays of the first:
digit register. With either arrangement, subse--
quent operations of relays. Ra... . Rf inthe
proper combination will be registered in the first:
and succeeding groups of register relays. Relays:
KP2 and KP3, upon operating, also remove ground:
from the vacuum ‘tube side ofthe resistances Az,
A3,.. F2, F3 but ground is still maintained on
each pair of resistances (as for example, resist-
ances A2, A3). through the lower contact of’ éach
channel relay to maintain the -screen-siid elec-
trode of the corresponding channel. tube atthe
required potential. As. explained in detail later,
when the circuit is in this condition the screen
grid potential of each channel tube'T—- is changéd
when the corresponding: chatinél relay operates,
whereas in the original condition the ‘operation
of the charinel relays has no such effect. “In ad-
dition, relay KP3, over its No. 7 contacts ‘and
conductor 8, supplies.ground to the serially con-
nected tertiary windings (T) of all the channel:
relays‘Ra ...Rf. These tertiary windings are
poled to oppose the primary windings (P) of said
relays.and, for certain operations described here«
inafter, fimction to release the relays.
As previously indicated, it is necessary that

frequencies cand f ‘be received. for a definite
length of time without frequencies a, b, d ore, if
the circuit is to unlock; that is, if relay KP{ is to
operate and relays KP2 and KP3 are to operate
in consequence of the operation: of relay KPI.
If an impulse containing one or-more of: these
latter frequencies should appear at any time be-
fore relays KP2 and KP3 will-have been orerated,
the corresponding channel relay, or relays, will,
of course, operate and apply. ground .to. the sec-
ondary winding (S) of relay KPi arid to con-

denser KPC via the No. 4.and No. 6 back contacts
of relays KP2 and KP3, or any of them. This
ground restores the full bias current to the ‘sec-
ondary (S) winding of relay KPi, and if this
relay had already started to operate Checause,
say, of the presence of frequencies ec and fin the
extraneous impulse along withthe other. fre-
quencies), it will restore immediately because of

- the full bias current produced by ground on the
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secondary winding (S), and condenser KPC will
discharge to said ground in preparation for a new
timing cycle.. If relay KPi is normal’ when the
extraneous impulse appears, the application. of
ground to the secondary winding (S). of relay
KP! simply causes the relay to remain in its un-
operated position; that is, with its armature en-
gaged with the left-contact.. In either case, the

net result is that.the channel relays Ra... Ri

remain ineffective for the purpose of registering

their operated condition until frequencies ¢ and
f ‘appear concurrently by ‘themselves and ‘by
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themselves only for the necessary length of.

time, since, with relays KP2 ang KP3 normal,

the front contacts of the channe] relays are not

cut through to the register, and the channel re-

lays themselves which were operated by the im-

pulse will restore when the impulse is terminated

since, with the removal of the grid potential from

the associated tube by the termination of the im-

pulse, the full plate current is restored which,

flowing through the secondary winding (S) of the

associated channel relay will cattse the latter to

restore. It will be noted that during these op-

erations, the screen erid electrode of each tube

remains grounded through appropriate contacts

of relays KP2 and KP3 and, therefore, will have

no. effect upon the intensity of the plate current

when the signal potential is removed from the

grid. That is, prior to the reception. of the “KP”

signal, the channel relays Ra ...Rf are free to

operate and release in acccordance with the ap-

plication and removal of the incoming alternat-

ing current signals. The reason for this is be-

cause the screen grids of the several channel

tubes, being grounded at the contacts of relays

KP2. ‘and/or KP8, are powerless to change the
- intensity of the associated plate currents when

the latter increase to their norma} strength upon

the removal of impulse potential, in consequence

of which the several channel relays restore to

normal in response to the preponderating bias

current flowing through their respective second-

ary (S) windings. After’ the “KP” signal has

been received, however, and relays KP2.and KP3

have been operated in consequence thereof, the

direct ground formerly supplied via some of their

back contacts to the screen grid electrodes of all

the channel tubes is removed and these electrodes

are then connected to ground only as long as their

respective channel] relays remain on their. back

contacts. .The result is that, when .a- channel

relay operates, the screen grid potential of its

associated vacuum tube is changed in such & way

that the relay is locked up. This locking. action

is caused by the fact that when a channel relay

operates, after the anode current flowing through
its bias winding (S) has been reduced sufficiently

by the incoming signal, the operated relay; by

causing its grounded armature to break with its

associated back contact, removes ground from the

screen grid of its associated vacuum tube and

causes the latter to be connected to a potenti-

ometer which supplies a much lower voltage than

normal between screen grid and cathode, in con-

sequence of which the plate current of the tube

remains reduced after the signal has terminated

and the control grid electrode has been restored

to its normal potential. ‘

Thus if we assume that a signal made up of fre-

quencies a and b is transmitted before the “KP”

signal of frequencies ec and f and, therefore, be-

fore relays KP2 and KP? are operated in con-

sequence of the latter signal, the signal. voltage

due to the signal composed of frequencies a and b

is applied to the control grids of channel tubes

Ta and Tb, respectively, and the current through

their respective anode circuits (including the sec-

ondary (S) windings of relays Ra and Rb) is re-

duced and relays Ra and Rb operate on the cur-

rent flowing serially through their primary wind-

ing. When operated, relay Ra opens one of the

two paths by which ground reaches conductor 19,

and relay Rb opens one of the two paths by which

ground reaches conductor {4 However, since

relays KP2 and KP3 are normal, ground is still

‘applied to the screen grid electrode of tubes Ta
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and Tb via. conductors {9 and 14, respectively,:

over contacts 8 and 5, respectively, of relay KP3.

The presence of ground on these electrodes. will

cause the reduction of the anode current to be de-

termined exclusively by the potential of the signal

applied to the control grids of the respective tubes.

so that, when the signal ceases, the anode current

is restored to its original value and relays Ra and

Rb release. . When, however, a signal comprising

any two of the frequenciesa.. . /, say frequen--

cies a and c, is transmitted after the operation

of relays KP2 and KP3 and the consequent re-

moval of ground supplied over their back con-

tacts to leads 8, 10, 14, 15 and #9, the corre-
sponding channel relays Ra. and Re operate .as

before but, in so doing, remove ground from the

_ sereen electrodes of their respective tubes Ta and
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5 the No..5 contacts of relay KP2.

‘With ground removed these electrodes are

connected to a potentiometer made up of resist-

ances A2 and C2, A3... F8, and the (P) wind-

ings of relays CK{... . CK3, as follows: Resist-

ances A2 and C2 extending. to battery. over con-

ductor BATI, while resistances A$ and. C3. ex-

tend to ground via:a circuit consisting of the se-

rially. connected primary windings (P) of relays

CKI, CK2 and CK$ shunted-by the four resist-

ances B3, D3, E3.and F3 in parallel... The po-

tential applied by this network. to each. of. the

screen grid electrodes of the tubes Ta and Te is

lower than that available thereto by the previous

ground connection and this will cause a-further

reduction in the anode current. When the signal

voltage ceases, the control grids are restored to

their normal positively biased state, but since

a low potential is still available at the screen

grid electrodes from the potentiometer network,

the anode current is still reduced in spite of the

restoration of the control grid electrodes to their

normal state, thereby causing relays Ra and Re to

remain. in.an operated condition: until. their. op-

erate (P) windings are opened.

It will be noted that when relay KP2 operates,

it applies ground over its No. 8 contacts:to the

secondary winding (S) of relay KPi and to con-

denser KPC in the same way as. the channel re-

lays Ra, Rb, Rd, and Re: when and if they, or any

of. them, operate on. an alternating current im-

pulse prior to the appearance of the timed “KP”

impulse composed of frequencies c and f. This

ground causes relay KPI to release and_.con-

denser. KPC to discharge as above described, but

the release of this relay does not interfere. with '

the operated condition of relays KP2 and KP3

since these relays are now locked to ground. on

The purpose

of this arrangement is to make sure that the tim-

ing circuit, comprising relay KP{ and condenser

EPC, is normal and ready to give a complete tim-

ing cycle on the next call. A sequence adjust-

ment of the No. 5 contacts of relay KP2 insures

that these contacts close ahead of the No. 8 front

contacts which release relay KPI.

As already stated, the alternating current sig-

nal code impulses consist of various combina-

tions of two frequencies a... . f transmitted simul-

taneously according to the code previously given,

In the receiving circuit, each frequency | (after

the transient. voltage is dissipated and the ceil-

ing of the volume limiter VL is raised. as: previ-

ously described) finds a path through its corre-

sponding filter to the grid of one of the vacuum

tubes.Ta ... Tb and causes the operation of
the.associated relays Ra... Rf. After the oper-

ation of relays KP2 and KP3 by the “KP” im-

pulse signal which, as above noted, is transmitted
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‘ahead.of the digital. impulse codes, the operation
-Of one or.more of relays Ra... Rf causes:ground

‘tobe applied, to the corresponding conductors
A... F which connect :with the. settable regis-
ters. or. the translating relays associated -there-
‘with, causes ground-to be removed from, the. cor-
‘Yesponding resistances .A2.. . F2. to-reduce the
voltage on the -screen.:grids of the -associated
vacuum tubes, causes the operated channel -re-
lays -to lock in. consequence thereof -as. already
described .and, further, allows current :to’ flow
Ahrough the primary windings (P). of relays CK1,
-CK2 and CK3 in an amount almost dir ectly pro-
portional to the number of relays Ra . oRf
-which are operated. It-will:be noted that, prior
to the reception of the “KP” ..signal, relays CK1,
-CK2,.CK8, cannot function because ‘they. are, in
effect, short- circuited by ground supplied to. leads
-@,:8, io, 14, {5-and 19 from the back contacts. of
relays KP2 and KP3.

Relays CKi, CK2 and-CK8 -are all -polarized
relays. The operate current through the respec-
tive primary windings. (P).and-the bias-currents
through the respective secondary. windings (8)
-are:so-proportioned that none of them will oper-

ate when a single channel relay Ra .. Ry is
operated. Relays CK! and CE2 -will “operate,
however, when two of said. channel relays operate
because .of. the: increase in current. through.the
primary winding (P),-and relays.CK!, CK2.and
(CK: will. operate..when.three or more -of said
channel relays operate because of a: still higher
increase‘in the current through their respective
~primary windings (P).. Thus, :for example, if,
after the transmission.of the “KP” signal and,
therefore, after the operation and locking of re-
lays: KP2 and KP3, the operator were to depress
the ‘digit. key.1. to.put.forth upon the trunk an
-impulse. consisting of. frequencies a@ and d, said
-impulse would. cause the operation of relays Ra~
and Rd,-in consequence of .which ground would
ibe: removed from .the, screen grid electrodes -of
channel tubes:Ta and..Td-and, also, from. con-
ductors:f8:and 18. ‘Now. while the current flow-
ing through the secondary windings (S) of relays
CK, CK2. and CK8 is fixed.and determined by
the ohmic resistance of each of said.windings and
the .ohmic ‘resistance “of resistors .CKRi -and
CKR3,-the current that will-now flow through
ithe primary ‘windings: (P)..is determined by the
ohmic resistance of said separate windings and
by the-number of-parallel paths-to battery BAT
which-will -be formed: through - resistances. A2,
A’... F2,F3-by the operation of the number
“of ‘channel ‘relays. In the-case-assumed, relays
Ra and Rd-are operated;.consequently, the: cur-
rent through the primary: windings (P)- of-relays
CKi, CK2 and CK3 is determined by-resistances
A2and D2, and A’ .. . F3, the-actual path trac-
“ing from ground, serially through the primary

’ windings (P) of relays CKi, CK2 and CK3, with
resistances B3, C3, H3 and F3 in shunt therewith

te ground, resistances A3 and A2'to battery BAT!
and, ‘in’ parallel therewith, through ‘resistances
D3 and ‘D2 to battery BAT!. The. quantity: of
-current flowing through this circuit will produce

sufficient magnetic flux in the relays to overcome
the, flux due to the current: flowing through the

Secondary. windings (S) of relays CK{ and CK2
and. will cause said relays.to operate, but this

current will not produce sufficient flux to over-
.come the current through the secondary winding

’ (8). of relay.CK3 which, on this account, remains
unaffected. Relays .CK! and /CK2 :will remain
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"operated until.ground is: reaprlied to conductors
49.and. {0 :on the release of relays ‘Ra. and: Rd,
which will -be described later.
Should there -be three frequencies in -a; digital

impulse,.say frequencies a, d and c; then relay ‘Te

‘will operate along. with relays Ta and Td;-and
ground: will be removed: from: one side. :of-resist-
ances.C2,C8 whereupon the circuit of.relays CK,
CK2 and.CKé will:take-on-an additional parallel
‘ranch through: resistances: C2,-G3 to: battery
‘BATI,-resistance :63 being removed as.a-shunt
‘around -relays CKi |. ..CK3, and -the current
flowing. through the primary -windings. .(P) «of
relays, CK!, CK@ -and CK3. will be increased.:so
that,.this. time, the flux: will-be sufficient.to over-

-come. ‘the flux: due.to.the current flowing through

the secondary winding -(S) of relay. CK3, :-which
will new. operate along with relays CKI and:CK2,
Relays. CKi, CK2 and. CK3, therefore,. serveTM:to
check each, of the incoming signals and, as. will‘be
shown, will advise. the sender whether. or -not.it
-should. register.these signals.

‘Considering -the . operation: of the receiver -in
connection with the settable--registers-of -Fig..5
(and Y «wiring in Fig. 3), the operation of relay
‘CK2 -removes:. ground .from conductor .M wand
‘applies: it:-to.conductor Jin. parallel with: the
‘ground applied to. this conductor by. relay ‘SPR.
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of -relay..PT.

although the path ;to- the: primary windings. €P)

‘Relay. CK1,. when operated, removes.a short: cir-
cuit: around resistance CH2-and, effectively. adds
-this-resistance in-series: with the primary windings
-(P).,of the-channel relays: Ra . oRs,:by. inserting
said resistance. between : conductor -Li-and..con-
‘ductor .L, the -iatter ,joining,: conductor. J -at. the
‘contacts of relay PT. With-the-primary windings
(P)-of relays: Re . ...Rf, connected through:resist-
-ance.CHI ‘to. ground;:the circuit-has: its-full-sen-
-Sitivity, but.after velay.CK I: operates and:-resist~
\ahce:CH2 is inserted.in series with resistance-CHI,
the sensitivity. is. somewhat reduced. ‘The: reason
for this:slight decrease-in sensitivity is to:increase
-the. protectien , against..false operations; on: tran-
‘sients .and.cross-modulations which may;appear
in. the: unoperated:. channels, Relay -CK{ “also
applies:ground from -relays:SPR:and/or;, CK2- via
-conductors J and'Lras:traced above;-to. conductor
‘H,'in consequence of which.-a cireuit-is, completed
for relay TG over.its No. 2 normally made-con-
tinuity contacts,-causing said relay:to-cperate and
lock.-ever its: No.:2..front-contacts.to:ground- on
conductor: J. Relay TG.:performs --a :function
:which :will-be-shortly described:

“As previously indicated,-the -path-between-con-

-ductor: J..and conductor: L: is, closed -in-the sender
at the. start.of each: digit. .and: remains. closed
until the sender. opens.:it,.after, the registration
-of each.:digit,. by .the -operation:.of relay: PT, ‘BS
hereinaft ter described, whereupon -.the channel
‘relays:are released: by: virtue of the fact that the
‘circuit of the primary windings (P)- of. the. chan-
nel relays. is opened at:the contacts of: relay; PT.
-Once:this has occurred; the. path :to-the ‘primary
windings: (P) of the-channel relays remains: open.
-and the, channel relays-remain:released-until-re-
Jays. -SPR and..CK2.both »release ..and remove
_ground-from-conductor J,.since, until this. occurs,
relay TG remains ‘locked.-to -prevent.: the. release

‘It. will -be noted, -however,, that,

is,opened at the contacts of.relay:- PT, the opera-
tion of relay. KP3 has applied. ground over its
No..7..contacts .to .conductor 12 which is. con-
nected serially to the tertiary .winding (T) ..0f
the channel relays, the circuit thereof being com-
pleted.to battery. through retard. coil’ FLT. “Now
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the tertiary winding (T) of each channel relay

is connected so that the current flowing through

it as a result of the circuit closed by the opera-

tion of relay KP3, is in a direction to release the

relay; that. is, the current is in a direction to

aid the bias or secondary (S) winding and to

oppose the current flowing through the primary

(P) winding. Consequently, when the primary

circuit is opened at the contacts of relay PT, the

operated channel relays will release, either in

‘consequence. of the current flowing through their

respective. tertiary windings (T) if the signal

impulse is not. terminated, or in consequence of

the resultant effect of the current flowing

through their respective tertiary windings (T)

and the current flowing through. their respec-

tive secondary windings (S) if the signal im-

pulse is terminated. Although current will, of

course, flow through the tertiary windings (T)

of the channel relays when current is also:

flowing through their primary windings (P),

the combined effect of the reduced current

in the secondary winding (S) of the relays af-

fected by a. signal frequency and the current

flowing through their respective tertiary wind~°<

ings (T), will not be sufficient to overcome the

current: fiowing through their respective primary -

windings (P). Consequently said relays will re-

main operated until the primary circuit is

opened at the contacts of relay PT. Those chan-

nel relays which do not have a signal voltage ap-

plied to the grid of their respectively associated

channel tubes will have full current flowing

through their respective secondary windings (S)

so that these relays will remain in a released

condition. Prior to the operation of relay PT as

described hereinafter, the ground applied to con-

ductor J over the upper contacts of relay CK2 in-

sures that the digit will be registered correctly

on short pulses.

that relay CK2 is held up by the locking circust

of relays Ra... Rf, as previously described, while

the ground through the upper contacts of relay

SPR insures that there is no double registration

in ease the incoming signal persists for a longer

time than actually required for registration; that

is, for a longer time than it takes relay PT to

operate.

‘The registration in the sender of the succes-

sion of signal impulses transmitted from the-

transmitting station by the depression thereat of.

the digit keys of the key-set KS subsequent to the

depression of key KP, depends upon the con-

struction of the sender, the character of the set-

table registers therein and the manner in which
thesé registers are to be set in response. to the

operation of the register relays in the combina-

tion: of twos. reduired by the frequency pulse

code. Fig. 5 schematically shows the portion of

‘a sender which, for instance, may be located in

office X for the completion of a connection to a

‘Joeal: station C, or to a telephone station. B, the

latter being.located in office Y. If these sta-

tions are also to be reached from a call originat-

ing in office K through an operator’s.. position

provided with facilities for keying a series of di-

rect current pulses representative of the called

station designation, then the sender must be pro-

vided with corresponding facilities to. register al-

ternating current. pulses when the call originates

from an alternating current key-pulsing station

and to register direct current impulses when the

call originates at a direct current key-pulsing sta-

tion. The register for a.sender adapted to handle

both types of calls is illustrated in Fig. 5 and will

The reason for this is the fact:

10
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be consideréd-hereinafter. Fig.4, on the other
hand, shows schematically the portion of a send-

er, which, for instance, might be used at-office X

for completing calls to’a subs¢riber in- that office

only, suchas subscriber C, when it is not neces-

sary to accept calls from operators equipped with

direct. current key-sets or. to complete. calls to

other offices, such as office Y. One of the char-

acteristics of this register circuit, as compared

with that of Fig. 5, is that it must always be sup-

. plied with a full complement of digit signals and
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that, having received them, it tells the sender

to proceed with the call without awaiting for an

ST or “start” signal to be transmitted or regis-

tered. Since such a signal may be received in-

advertently, however, the register has been ar-

ranged to ignore it unless it should appear be-

fore the full quota of digit signals hasbeen re-

ceived, in which case a “reorder” indication will
be given. These and other differences permit

certain simplifications to be made in this. case,

which will be apparent from the more complete
descriptions of the two arrangements that follow.

Considering first the registers of Fig. 4 (X wir-

ing in Fig, 3) and assuming the same to be in-

corporated in a sender adapted to register only

alternating current impulses of the character de-

scribed (in which event relay SW will not be

provided and conductors TI, Ri will be connected
directly to the input terminals of pad AP), the

seizure of the sender at the sender selector switch

SS and the connection of the sender with. the

trunk will initiate circuit operations among

which are, as said before, the connection of bat-

tery to conductors BAT and BAT2, and the op-

eration of the steering relays TRi. and TRA by

the momentary application. of. ground to con-

ductor: 26, whereupon both of these relays lock

serially to ground on the left contacts of relay
TRA while relay TRi-.is furnished with @ sup-

plementary holding path. over ‘its No. 6 front

contacts and conductor H te ground-on the upper

contacts of relay CKi when the latter operates

on the regular digit pulse. At the same time

the other pairs of steering relays, TRB and TR2,

TRC and TR3, etc., up to the final pair TRN and

Cl,.of. which only relays TRB, TR2, TRN and CI .

are shown, for the second and succeeding reg-

isters, are operated, one from the other in suc-

cession until all‘of them are operated and.locked

up. - With the operation of relay .TRI, the five

signaling conductors A’... E (conductor F has

a different connection in a settable register of

the kind shown in Fig. 4) are connected, respec-

tively; to the operating windings of the five re-

lays... 5 constituting the register: for the first

digit. -After relays KP2 and KP3 have been

operated by: a “KP” signal, obvious circuits are

completed from ground on the upper contacts

of the channel relays Ra... Re operated in com-

binations of two according to the code given,

over the appropriate two of the five conductors

A...E, two armatures and right front contacts

of relay TRi to the lower windings of the two

corresponding relays of the five register relays

{...5 of the first digit register. When the first

digit is registered and relay CK1 is released,

relay TRi is released and the signaling conduc-

tors A... E are advanced over back contacts of

relay TR! and front contacts of relay TR2 to the

operating windings of the relays |... 5 of the

second digit register. At the same time, the op-

erated relays in the first digit register are locked

up to ground on the No. 7 normally made. con-

tacts of relay TR1, and conductor H is extended
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to rélays 'TR2 and“ TRE, -Similarly,when: ‘the
‘second ‘digit is registered ‘and’ relay CK] ‘is*re-
‘leased; relay TR2. releases and the five signaling
‘conductors A... EH and-conductor H are-extended

to the third group of steering and register relays, °
‘and:so: on until the last’ digit is registered, where-
‘upon relay CI'releases and opens conductor L ‘to
‘stop the reception: of any further. digit; indica-

tions, ‘thus’ preventing the reception'-of the ST
signal, as previously indicated. If ‘this ‘signal
should appear before the Jast-digit is régistered,
however, it will cause the application ‘of- ground
‘to conductors EH and F.. ‘Since “conductor ‘F- is
‘connected to the ‘reorder ‘circuit, further. regis-
‘tration will be stopped and a reorder signal will «

‘be'sent back to the transmitting station as.an‘in-
‘dication of an-error which- must'-be corrected
by retransmitting the whole number,

With ‘this register arrangement, the registra-

‘tion of each digit is indicated by the ‘operation
of ‘two -relays‘in-a particular register ‘and ‘it: is

‘possible to give a definite’-indication’ thatthe
registration is completed, which may be .accom-
“plished ‘by means of :polarized marginal ‘relay
TO ‘which operates over its primary winding (P) <9¢

as“soon -as two register ‘relays of the connected
register close their Jocking circuits, as ‘shown
hereinafter, but’ which. will not operate when
-only one relay. of ‘said register operates.

Thus. when a digit signal comes in,..say ‘the:
‘signal of ‘digit 9, the ptilse code of which is fre-
quencies ad and e, relay ‘SPR operates to supply
operating ‘ground to the “operate ‘windings ‘(P)
ofthe channel relays Ra . Rf... Relays Ra‘and
“Re‘operate and lock in response to the frequen-
“cies in the signal,-and relays CK! and CK2 also
operate for the reasons already given. Ground
“applied to conductor H by relay CK1. short-cir-
cuits relay TRA which 'releaces and thereby re-

-maoves the ground it was: supplying * to ‘the wind-..
ing ofrélay TRI, but the‘latter remains locked
to’ ground ‘on conductor ‘EH ‘over its No, 6 front
contacts until relay CK4 ‘releases.
“now closed for register‘ relays. 4 and 5 6f the first
digit register, ‘the circuit of the former being
‘traced from ground’ ‘on ‘the upper contacts of
‘relay Ra, conductor’24, No.6 front contacts ‘of
‘Yelay KP8, conductor A, No. 1 front contacts of
relay TR!, lower winding of relay { to battery:
the circuit: of relay ‘5 being traced from ground
‘on: the upper contacts of relay Re, conductor 1,
“No. 4°front contacts of relay KP2, conductor E,
‘No. 5 front contacts of relay’ TRI; lower winding
of relay 5 to’battery. Relays { and 5, upon op-
“erating, close a path from. battery through their:
‘respective upper windings and locking contacts,
“No, 7 front contacts of relay TRI, right contacts
of relay TRA, winding (P)-of relay TO, ‘contacts
of «relay CKA, conductor K, lower. contacis..of
relay CKS, which is normal since only two fre-
quencies are present.in the ‘signal, to: ground.
“Relay 'TO- operates, disconnects: the resistance
‘ground ‘being supplied over conductor J-from re-

“sistance CH2 via the front contacts -of relay
“SPR and/or relay ‘CK2, to theoperate Windings
(P) ofthe channel relays, and locks -itself to
“said-ground on- conductor J-via its armature’ and
front contacts; secondary “windings “(S) ‘to “bat-
tery via contacts No.2 of relay CI. -(Since“both
‘the (P) and ‘the (S) windings of ‘relay ‘TO cause:
‘said-relay to operate, a biasing spring -or other
‘suitable means ‘must be provided to release it.)
‘If the’ signal is short’and ‘relay SPR’ releases -be-
fore: registration is‘completed, relays ‘Ra and ‘Re
“are, nevertheless, held-operated “by the ‘ground’

Circuits. are.
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‘supplied to conductor’J “through vesistatice CH2
‘and the upper contact of relay ‘CK2 “until: relay
TO -operates to. signify thatthe registration: :6f
the digit has-taken place. If the’signal remains
on Jonger than the time ‘required ‘for ‘the ‘register

relays. and ‘relay TO -to ‘operate; ‘the:channel:re-
lays Ra’ and. Re-release but ‘relay: TO;-which thas
been: locked. up ‘as ‘previously described, remains
operated ‘until relay. ;SPR releases: at’ the ‘end: of
the ‘signal pulse.

‘When the channel ‘rélays ‘Ra: and “Re “release,
relays. CK1.and CK2 ‘reléase'also;-the ‘former :dis-
connecting: ground’ from’ conductor. Hto::cause
the release of relay TR1. which,:in consequence,

«Hover
its’ Nos. 1... 5. back contacts, respectively: ‘to
the armatures. of the Nos. 10.5.5 contacts;ire-
‘spectively, -of the next transfer pelay TR2: from
-which: they are extended: vig: the’ ‘front: contacts
of that relay: to. the register relays.:.of-the:second
digit register. The release: of relay “Rd: also a@d-
vances conductor Hover. its:.No: 6:back: contacts

-and the No. 6 front contacts ‘of relay TR2-to:the
winding of that relay,:and relay. TRB;:and;incad-
dition, relay TRi:at its No. contacts; opens ithe
connection from the. winding.(P).of relay.:TO:to
the first ‘digit register :and ‘provides:a ‘ground: for
locking the two operated ‘register relays’ {:and?5
in that register. The register circuit-isinow ready
for the second digit signal; after the reception:of
which ‘it-advances tothe third digit registersvand
so on until all of the digits have been-registered.
‘When ground is removed :from::conductor ‘Hat
the end of the final digit signal,‘relay CI is‘1e-
leased, and :since it:opens:lead Li atcits:No;,con-
tacts and, ‘therefore, lead Lt, further: operation
of relays-Ra .. Ry in’. the receiving :circuit'is
prevented. Relay’ ‘CI, through:its:No. 2: contacts,
also opens the’ locking battery for relay. TO :and
by means of:contacts not:shown causes:the sender
to advance. the call,

Should only one ‘channel relay operatedue’to
the. presence of one’ frequency.:in: the ‘impulse
produced, say, by some abnormal: ‘condition;: the
corresponding register relay would operate also,
but the latter would not lock:up:since,:with: relay
CK released, no ground would:be applied:to: con-
ductor Hand relay TRA would not‘release inwcon-
sequence thereof :and:no locking ‘circuit “for*the
register. relay would: be ‘available through: the
primary winding: (P) -of relay TO. “Should more
than two channel relays operate; then relay ‘CK3
‘would operate in addition to relays CK l-and'CK2
for the ‘reason ‘already. advanced and ‘relay CK3,
upon operating, would ‘apply ground ‘to conduétor
RO, ‘completing - thereby ‘a circuit to a ‘suitable
“reorder” circuit which would function: to cause
the reorder. signal to be sent back to the trans-
mnitting station, in meaning of which, to the oper-
ator ‘thereat, would‘ be to retransmit the: entire
number. Relay’ CK3, by breaking its lower con-
tact, -disconnects ground from--conductor.-K- to
prevent relay TO from operating.
Relay CKA, which is of the slow-release tybe,vis

normally operated by ground:on“conductor M ap-
plied thereto through the back contacts of relay
CK2. It is released. when: relay; CK2 operates,
and-serves to delay the closing of the register lock~
ing circuit and hence the operation of relay: FO,
for a short interval in order to allow ample time
for relay CK3 to function in case. one.or more in-
terfering frequencies. should cause the: operation
‘of more than the two ‘channel relays ‘which, would
“be operated by a normal‘digit impulse.
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~ Fig, 5 schematically shows the registering ele~

ments of a sender in which each of the digit reg-

isters comprises four relays instead of five. A

-sender: of this type is available not only to the

trunked connection from the distant transmitting

station where alternating current keying is used,

but also to a local operator at office X whose posi-

tion is equipped for direct current keying of im-

pulses by which to obtain the number of the called

station as, for instance, the position typified by

the cord CD equipped with a key-set. DA, and the

‘local trunk designated by the jack LJ. .The im-

pulses produced by the key-sei DA are direct

current. impulses which are registered in what is

essentially a four-unit. code as compared with

the: direct five-unit code of the alternating cur-

rent signals for the registers of Fig. 4 and, for

a sender which must handle digits transmitted

into it by either’ code, either a different set. of

registers must be provided for each code or one

set of registers for both and a translating ar-

rangement by which one code is changed into

the other. For practical reasons the latter, or

translating arrangement, is shown,.and since the

direct current pulse code is the basic one, the al-

ternating current signal indications are converted

into equivalent direct current pulse indications,

‘the digit registers taking the direct current pulse

code setting for the same digit whether the digit

is transmitted by direct current pulses from the

key-set DA or by alternating current pulses from

the key-set KS.

The translator comprises the six relays

TA ... TF shown in the lower part of Fig. 5 but

only.a. portion of their respective contact equip-

ment and interconnecting wiring is shown. The

six translator relays TA ... TF are operated by

the channel relays Ra...Rf over conductors

A... . F, respectively, when the latter relays op-

erate after the “KP” signal has been received and

relays KP2 and KP3 have been operated-in con-

sequence thereof, relay TA being operated by re-

lay Ra, relay TB by relay Rb and so on up to

and including relay TF which is operated by

relay Rf.

In order to simplify the understanding of the

operation of the translator, the table below is

furnished to show, for each digit, what combina-

tion of translator relays is operated in accordance

with the alternating current signal code and

what register relay or combination of relays is

operated thereby, these register relays being the

same for signals in accordance with the direct

current pulse code, which cause their operation.

by means of: suitable indications placed on con-

ductors TP, TM, RP and RM by the direct cur-

rent key-pulsing circuit DCP.

"Leads
Digit Translator Digit Register | Grounded For

S Relays Relays Direct Current

It will thus be seen from the above table that,
with the four-relay digit register, the number of

relays operated to indicate the different digits
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varies from-none for the digit “0” to three for

the digit “8”. when relays 1, 2 and 5 are oper-

ated. If the relays are given appropriate numeri-

cal designations, this system has the advantage

that the digit itself may be identified by adding

up the designations of the operated register re-

lays. It lacks, however, the positive indication

that the registration of a digit. has been com~-

pleted, which is obtained with the five-relay digit

register of Fig. 4 wherein two relays, and only
two, are always operated per digit. and a relay

TO is: made to respond to this operation. As a

consequence, it is not possible to use a marginal

relay TO, as in the register of Fig. 4, to indicate

that the register is satisfied, but a timing circuit

must be used to insure that. the. channel relay

circuits to the several register relays are.main-

tained long enough for the slowest relay of the

register to operate. The timing interval is ob-

tained from polarized relay PT which is. made

slow-operate-by means of the condenser PTC

and resistance PTR associated with the right
winding (R) of the relay, to the joint terminal

of both windings of which battery is connected,

through the left contacts of relay ACP which,

along with relay ON, is operated in any suitable

manner when. the sender is seized for use on

calls using alternating current key pulsing.” As

long aS ground is supplied to the right winding

(R) over conductor M via the No. 1 contacts of

relay TG from the lower contacts of relay CK2,

relay PT is held in the released position by the

current flowing through said right winding (R),

during which time condenser PTC is, of course,

short-circuited. But when. ground is. removed

from conductor M by the operation of relay CK2,

a charging circuit for condenser PTC is estab-

lished from ground through resistance PTR, con-

denser PTC, right winding (R) of relay PT-to

battery on the left contacts of relay ACP. The

charging current of the condenser is in the same

direction. as the current produced by the circuit

completed by ground on conductor M so that,

during the time that the flux produced by the

charging current predominates over that. of the

current flowing through the left or operate wind-
ing (O) of the relay, the armature of said relay

remains engaged to its contact to maintain

ground to the operate windings of the channel

relays via conductor LI, resistance CH2, con-

ductor L, contacts. of relay PT, conductor J: to
ground on the upper contacts of relay SPR

and/or the upper contacts of relay CK2. When,

however, the resulting flux drops below that due

to. the current flowing through the left winding

(O) of relay PT, said relay operates and discon-
nects ground from the operate. winding (P) of

the channel relays with consequences already not-

ed in- connection with the register shown in

Fig. 4.

The relays t, 2, 4.and. § of the individual digit
registers are operated by grounds on conductors
TM, TP, RP and RM,. respectively, while the

steering relays AC and AL, -corresponding, re-

spectively, to the relays TRi{ and TRA of the

register of. Fig..4, are controlled by ground on

conductor TS. Relays AL and. AC are operated

in series by momentary ground on-conductor 20’

and locked up to ground:over the left contact of

relay AL, and at the same time the other pairs

of steering relays (not. shown) between. AL and

AC and the steering relays NLand NC for the

final register are operated, one from the other in

succession, until they are all operated and locked

up. -With relay AC operated the conductors TM,
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TP; RP and: RM’ are: connectéd:-to' the: operate:
‘windings of the relays-in“the -first: digit: register:
When direct current’ pulsing -is-involved as, for

instance, in establishing -a-call froma: subscriber
in: office X'via-a‘lecal position thereat to another
subscriber: either -in- the same-office- or another:
office; in ‘sucli cases the sender «is» connected: ‘to
the: local'trunk termiriating -in jack LJ. in: re-
sponse to: the operator having ‘seized said: trunk
by: plugging cord CD' therein. Cord’ CD has the
usual facilities for connecting the key-set DA
across. the tip and ring of the trunk; for initiating
the operation. of circuits, by which the: selected:
sender is connected to the trunk LJ via the-cross-
points LSS! and. LSS2' at. the sender. selector
switch SS through ‘conductors TT’ and BR. Since;
in this-case; relay SW"is normal; thé trunk:con-
ductors, instead of being connected to the alter-
nating current pulse. receiver: are: connected to'a
direct.current key-pulsixg circuit DCP which re-
spondg:to the key pulses and,-in response to the
operation ofeach digit key-causes ground ‘to ‘be
appliedto conductors TM, TP, RP and’ RM-in
accordance with the digit keyed. The grounds
on these leads then complete circuits tc relays:
1,:2;-4;:and: 5-of-one-of the digit registers: (which
one depending upon the number of pairs of steer-
ing: relays which have been released as the call
has-progressed): causifi¢ the operation of said-re-
lays'in accordance with the codé given: said relays
locking: over: their: upper. windiigs and- contacts
to. ground on relay ON which is operated at’ this
time... Since this part'‘of the sender equipment
and: its‘operation form no part of this: invention,
no‘further: description of its operation is consid-
ered necessary:

As... before ‘indicated, relays TA... TF op.
erate on the two-at-a-time “basis -in--accordance
with the: alternating current ‘pulse code; and the
connections through their contacts are'such that
each pair that corresponds to a digit code-will set
up.a-path ‘to the proper conductors ‘TM: TP, RM
and' RP.’ For simplicity, only the- path for the
translation. and ‘registration’ of: the ‘digit 1 in the
first: digit: register<is. shown, concerning: which;
when relays TA-and. TD operate in response to
the alternating current signal pulse of the digit’ 1;
a circuit is completed-for relay {of the ‘first digit
register,. extending - from battery through the
lower ‘winding of said: relay, No: 1 front contacts
of relay “AC, conductor’ TM: No: -5-‘contacts of
relay TD,;.No: 4-contacts of relay TA; to ground:
Digit relay! operates over its: lower winding ‘and
then locks:over its: upper winding and upper con-
tacts to off-normal ground 'on relay ON: .

Relays ‘TA... TF, when: operated in ‘groups
of twos according to the alternating current im-
pulse: code- above given;also connect ground to
the steering conductor TS, the path being traced
from the right contacts of relay ACP, through a
set: of: operated contacts-on: each: of-the:two op-
erated relays and a set of normalcovitacts-on the.
unoperated..relays. of the-translator-:;

Ground..on’ conductor TS 'short-citcuits relay:
AL, which'releases, but it holds relay AC operated:
until the. two operated relays of. the translator re~
lease in-response to the release of their associated:
channel. relays; at which time relay AC will: re=-
lease.and advance conductors TS,-TM, TP, RM
and RP. tothe next set of steering relays Cnot
shown)... Ta.addition, and:over obvicus paths;the:
relays. of: the translator apply ground to the “rez
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order: circuit” whenever relay.-TF operates: with: |
any of the other relays except relay TE. The
purpose of this is to operate the “reorder circuit”? 76

26°
and hence to cause’ a -reordér’ signal to: be ‘sent:
back tothe operator at the transmitting: station
under these-circumstances, since the combination:
of frequency f with ‘any other frequency: except:
e (after the KP- signal) is-not an assigned code;
and the reception of such a signal-is therefore
an error, which can be rectified only-by retrans-
mitting' the whole number: The: combination ‘of
relays TH and TY ‘is the code. of the “start” sig.
nal which is. accepted in the same way as the digit:
signals. It is transmitted from the transmitting’
station by the: depression of key ST thereat after
all the digits are sent and; inthe consequent op--
eration of’ relays TH and’ TF. ‘circuits are com-
‘pleted through the-contacts of said relays to op=-
erate digit. register relays 4: and 4 which'in turn’
provide.a signal: for the: sender:to proceed: with
the.setting: up of the: connecticn: : ms

The‘ circuit is made inoperative: to-the opera:-
tion' of a single translator relay’ by arranging-the«
connections in such a-manner: that: ‘two -trans=

later relays must be operated’ in oder to apply
ground tc-conductors-TS, TP; TM:-RP?and: RMé
and ‘also. by preventing the operation ‘of relay PL;
which-ig held released by ‘ground -supplied“to: its:
right winding (R) through normal ¢ontacts:on®
relay -CK2 and relay TG; neither. of which: will’
operate unless two-channels-have been ‘energized:
(relay TG being under the control’ of relay CEK4,
which also requires: that two-channels bé: ener:
gized). ;
Considering; now, the operation of the register-

shown -in Fig.-5, relay: SPR; the. channel: relays’:
Re... Rf and relays-CK fand. CK2operatein:-
‘the same. manner. as: with the register ‘of. Fig.-4:
In addition, the corresponding* translator :relays
TA’... . TH operate as: previously ‘described: and}:
when two relays aré“ up}: clese ground: ‘to: the”
proper conductors TP; TM, TS, RP‘ and ‘RM. of
the digit. register relays, causing the: release ‘of:
relay AL and ‘the operation of the required’ relay,”
or relays, in: the fitst digit register while holding:
relay.AC operated: At-the same ‘time; relay -TGS.
operates over the following path? ground throveh:
the make contacts of relay SPRiand/or relay‘CK2,
conductor J; normal contacts.-of irélay PT.con-
ductor L, make‘contacts of'relay CK4,condtctor
H, No. 2.normally made contacts and ‘winding of°
relay. TG:to battery. When‘ operated; ‘relay ‘TG?’
locks’ through ‘its No. 2. front contacts ‘to ground”
on conductor. J. from ‘relay’'SPR ‘and/or-CK2; and:
through its No. 1 contacts: opens ‘the: path be-:
tween’ the winding (R). of ‘relay-PT-and-con-
ductor M, from which ground’ has: alvéady--been®
removed by the operation ‘of relay. CK2. Remov=

ing ground from-conductor M starts the timing’
cycle for the operation. of relay PT: which; op=-
erating after: condenser: PTC: is: charged; breaks:

the connection between ‘conductors J-and-L.: Tf"
relay -SP* has ‘already ‘released, the: two-channel
relays insthe: group’ of relays Ra. i°. Rf which

were operated by the incoming signal release-andTM
cause. the release -cf all-cther ‘above-mentioned: :

relays except thé register: relays: locked'to-ground

‘on the contacts -of relay. ON! If relay: SP-is:hela-
up by a long incoming signal, all of the-rélays re---

lease except-relays TG and' PT, which wait until
relay SP‘ relsases; due to the locking of ‘relay'T@
to conductor. J‘as-described ‘above: ‘When. relay:
AC’ releases, following - the: removal ‘of: ground

from conductor TS, conductors: TM,:TP, RM;-RP:

and: TS" are transferred::from . the first:. digit::

register“ and: steering. relays:-to: the:-second,: and

when the second and succeeding digits are Te-

ceived, the. registration continues. in a similar
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manner until-the incoming “start” signal trans-.

mitted from the transmitting station by the de-

pression of key ST thereat indicates that the last

digit has been transmitted. The “ST” signal op-

erates translator relays TE and TF, in turn op-

erating relays 1 and 4 of a register succeeding the

register which has taken the registration of the

last digit transmitted (the number of digits which

may: be transmitted may vary depending upon

the route and the called office). and a circuit

closed through a pair of operated contacts on

relays Ito 4 of any register will operate a “start”

circuit (not shown) which advises the sender that

no more digits will be forthcoming and ‘that,

therefore, it may proceed with the necessary steps

to complete the connection.

With either type of register sender, the regis-

tration of the: required number of digits therein

indicative.of the route. of the call (as. for ex-

ample, the name or number of the terminating

exchange and/or the called number), causes the

sender to become connected to a control circuit

known as a “marker” in which, over contacts not.
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shown on the digit registers, the necessary digits —
registration is transferred therein. In response

to this registration, the marker then operates

over certain control circuits to cause the selected

trunk to become connected with another trunk to

the terminating office or to the called line, where-

upon the marker then disconnects and the sender

proceeds to complete the connection at the ter-

minating cffice or drops off if its work. has. been

completed. Since these operations form no part

-ofmy invention, the same being well-known

marker operations, they are not described herein.

While I have describeq my invention in con-~

nection with its specific application to two rep-

resentative types of register senders for.estab-
lishing automatic telephone connections, it is to

be understood that various other applications and

embodiments thereof may be made by those

skilled. in the art without departing from the

spirit of the invention as defined within the scope

of the appended claims,

Whait-is claimed is:

.In an-alternating current signal receiver,

the combination with means for amplifying re-

ceived signals, of means responsive to each s:gnal

for altering the amplification factor of said first-

mentioned means a predetermined interval after :

the beginning of each received signal regardless

of the instensity of the signal.
.2, In an alternating current signal receiver, the

combination with means for amplifying received

signals; of means responsive to each signal for

raising the amplification factor of said first-

mentioned means a, predetermined interval after

the beginning of each received signal regardless

of the intensity of the signal,

3. In an alternating current signal receiver,

the combination with means for amplifying re-

ceived signals, of means responsive to each signal

for raising the amplification factor of said first-

mentioned means a predetermined interval after

the beginning of each received signal regardless

of the intensity of the signal.

4, In an alternating current signal receiver, the
combination with means for amplifying received
signals, of means responsive to each signal for.

altering: the amplification factor of said first-

mentioned means a predetermined interval after

the beginning of the received signal regardless

Of the intensity of the signal, and for restoring
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‘the amplification factor to its original value upon

the termination of each signal,

5. In an alternating current signal receiver,

the combination with means for amplifying re-

ceived signals, of means responsive to each signal

for raising the amplification factor of said first-

mentioned means a predetermined interval after

the beginning of each received signal regardless

of the intensity of the signal,.and for restoring

said amplification factor to its original value upon

the termination of each signal.

‘6. In an alternating current signal receiver, the

combination with a thermionic amplifier, of

means responsive to a signal for altering the po-

tential applied across the cathode-anode elec-

trodes of the tubes of said amplifier a predeter~

mined interval after the beginning of the received

signal. :
7. In an alternating current signal receiver,

the combination with a thermionic amplifier, of

Means responsive to a signal for increasing the

potential appl’ed across the cathode-anode elec-

trodes of the tubes of said amplifier a predeter-

mined interval after the beginning of the received -

signal,

8. In an alternating current signal receiver,

' the combination with a thermionic amplifier; of.
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means respons:ve to each signal for: increasing

the potential applied across the cathode-anode

electrodes. of the tubes of said amplifier a .pre+

determined interval after the beginning of each
received signal. : ;

9, In an. alternating current signal receiver,

the combination with a thermionic amplifier com-

prising screen-grid tubes and a source of po- -

tential for the electrodes of said tubes, of a net-

work responsive to a received signal for simul-

taneously raising the potential applied across the

cathode-anode electrodes and to the screen elec-

tredes of sa‘d tubes a predetermined: interval

after the beginning of the received signal,. said

network comprising a main circuit in series. with,

the cathodes of said tubes, a first branch circuit

connected to the screens of said tubes and second

branch circuits connected to-said main circuit,

said second branch circuit including means re~-:

sponsive. to a received signal for disconnecting: '

said second branch circuit from said main circuit.
10. In an alternating current signal.receiver, :

the combination with means for amplifying. re-

ceived signals, of means responsive to each s‘gnal

for altering the amplification factor of said first-

Mentioned means a predetermined interval after
the beginning of each received signal, storage de-

vices, and means responsive to each of said am~

plified signals for operating said storage devices

to register said signals. ..

EDMUND R. TAYLOR.
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