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1

(CL 17 9—-—16)

This mvention relates. ta szﬂnalmg s:;rstems and

.more particularly to a signaling system in -which
~means are provided for transmitting and receiv-

Ing, over a sultable trazsmitting medivm, alter-

nating current pulses composed of ‘a cambmatmn
-0f fregquencies prefembly W1+h1"1 the voice. fre
guency. range.

'The main object ef thﬂ mventmn 15 the pm—'

| -:_5

"_,3;151011 in a receiving circuit adapted to receive

- posed of a combination of . frequencies lying
| within a cumparatlvely narmw
.0f means for reducing the quantluy of amplified

signaling band"'

and amplify alternating current impulses com-_ff‘"lol

energy .at the beginning of each pulse helow a

predetermined value, and to increase this energy

~automatically after a predeimrmmed interval to
- .the desired level for c}per‘atmg tlle responsive de-
- vices.of the receiver, . =

15

In alternating cur‘r‘ent rece Vers partlcularly .

" those employing volume limiters to control the

| energy applied t0 the responsive devices of the

~receiver, it has been found that where the pulses

are generated ai the tvansmwtmg end of the

line by keying devices, the chatter of the con-

‘tacts often causes the pmductmn of transwnts
| Whmb are abnormally. large.

Ordmarﬂy the

20

25 .

‘ceiling” of the volume limiter js fized at 4 value
quﬂimently hlﬂ'h for the receiver to accept pulses.

~coming over the line with radher Jlarge loss fre- .
~quency distortion. The intensity of the transient |
~currents produced by contact chatter, on the
~other hand, is s¢ high that, althaugh the fre- -

“duencies composmg the disturban nee are similarly

‘attenuated curing their transmission, the value
~_cf some. freauﬂncy i;herﬂm even if leveled off by
“the ceiling of the limiter at its established value,

s still sufficiently high to cause false operation

.;Gf one.or nmre Gf the recewers respﬁnswe de~-

| 'V1ces

- ceiver utilizing a velume limiter, and by means

. of which the ceiling. of the limiter is normally
- held. below the ]evel at which trans1ent disturb-
___--_-_;i';a,:n(*:ﬂs prodvced by contact chatter a,nd ampli-
- “fied to said leve]l can cause any false operation

“-of “the receiver. "The network is’ orovided with

~ plification of the limite rois then automatmally

- raised to the level anpmnﬂate tr_:- the massage of 5
_..-"j'ithe remainder of the pulse. - -
- ‘Another object of the invention whmh is ac- -

o _'z-comphqhed by my proposed. network is the con- :
11m1t==rs tha,t use

tml 111 recewers W.L‘rﬂ volum

To mrercome thls undeswabla -_ condltmn my._40

B mventm-n provides a contrellable Yzetwork which
‘i1s-easily adaptable to any alternatmg curs ent re-:

30

“an electrical timing device which may. be suit-
ably adjusted to cause the limiter to be held at 45 1
‘the protective low level for the duration of the =~
“ransient disturbance which forms the advance

- sportion of the pulse, subsequent to which the am-

5.551 N

| ..known

35

_.sereen erid tubﬂs of the ampllﬁca,tlon fa.ctor of
‘the tubes so that maximum effectiveness is ob-.
 fained. frem their aperatmn at the initial pro-
tective low level of ampii

for emmnle that for the

ication and.at the ulti-
mate high level of amplification. It is well
maximum
- effectiveness at any .level of amphmcatmn there
15 .an optlmum 1e1at10nsh1p between the plate
voltage and the screen. potentlal of a screen grid
tube, and. that if the. level of- amphﬁmatmn is
'_changed and maximum e..kectw-ﬂness is desired.

ot the new level, the plate and screen Voltages o

which it acmmphshes by lowering and raasmg,
respeculvelj, the available potential across the

cathode-anode electrodes of the limiter tubes,
automatically .and simultaneously readjusts the
screen’ potentials. to values precalculated- to be
‘those required for the partlcular potential dif-
~ ferences then apphed across the cathodes a,ndf;_-;.__-_

&nodes of thm tubes. -

selecting appara,tus by ‘means

'11,_011].:...-.:,

-appara,tws by Wbmh parfs of the telepho"le con- L
..._'----:-*1&%1013'5 shown in Fig. I maybesetup; |
- Fig. 5 shows an’ altematlve arrangement 01’ R
 settableregisters; while - . S
Fig. 6 shows the manner in Whlch l'“lgs 1 to 5 R
~inclusive, are to be disposed relative to each other._ .
“in erder to disclose the invention completely. -~
It will be readily understood by those. skﬂled':-;z_,_-_"_:___'f_'-.’-__
~in the sagnalmg arts bhat a swnalmg system ar-,—__l-:_'_

By means

These and other ob1ects of the mVentmn Wlll.'-_'_;
" be more readily ascertained from the following
description and appended claims, taken in con-
Tection with the following drawings, in which: =
~ Fig. 1 shows the transmitting station, a trunk:_; o
line to which such station may be connected,
‘of ‘which the re-=
. ceiving cireuit of the. invention may be connect-
‘ed to the trunk - and to the transmlttmg station;
“and a skeletonized shwzmg of two telephone
‘connections which may ‘be established by.set- -~
table apparatus responswe to the operatmn of
- the receiver; - o
- Fig. 2 shows the amphﬁer and detector mrcmt o
of the receiver 1ncorp0ratmg the netwm*k of m:v' e
'*mventlt}n L SR
 Fig. 3 shows the “check_” mrcult for checkmg R
the accuracy of the received impulses and the - . .
"fmrcult which 1esp0nds to fhe condltmnmg or. R
. HKPH o e o
- Tig. 4 shows g, gmun of conventmna,l regls--_:_-_;i_
ters settable in’ r....s;mn*se to the received impulses, =~ -
and g conventional showing of 'a circuit known =
as a “‘marker” which is adapted to operate in -
resmnse to the qﬁtfmg of some of the reglsters CLoL

‘must be readjusted with respect to each other
to the valuss indicated for that level. i
of my invention, the network which controls the =~
lowering and the raising -of the limiter. cellmg,
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ranged for transmlttmg and receivmg alternat-
- ing current impulses is adeptable to a wide vari-

ety of uses, especmlly 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-
nafting 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 t0

G. Hecht, A. A. Lundstrom, and E. R. Taylor on
. October 26, 1943, in which a calling subscriber,
-:desnnng a connectlon with a distant station which

“can only be reached by trunking facilities avail-

10 g

.4 _
- undesignated resistances connected to the sta-
tmnary springs of the keys

Key Frequencies =
0 e cammmmmmeme———mmamm e ————— a,b
B UL U SNV U a, d
D e e e b,d
B e e m i — e ma—————————— d, e
S SOV U b, e
D e e e e MM m Mo amo e mmamam— oo ¢, d
B e e mmmm e m———a—aa—— N A
7 i e iemmmm e m e amemm————————— b, e
B e e e m et e c, €
D e e aaam e —m a, e
R P e e e e,
O D e e e e e, f
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At office X, the trunk selected by the operetor |

‘automatically causes the connection thereto of

- an idle “reglster sender” over sulte,ble selecting -

‘able at an operator’s position in an office within

~ the dialing area of the calling subscriber, dials
“the operator who, upon receiving from the call-

“ing subscriber the office and line number of the

._'desn'ed 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-
o a,ted by those skilled in the signaling art. '

20
“the control thereof. Into this register sender is

incorporated the receiving circuit to which my

equlpment for example a sender selector device
SS compmsmg a cross bar switch and circuits for

invention is applied;: that is, the circuit Wthh re-

- ceives the alternatlng current impulses that will .

be transmitted by the operator through the

- manipulation of the key-set KS, and this reoew-._f o
~ ing circuit, upon receiving the 1mpulses fArst

" checks them for accuracy and then causes them

30

‘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 reglstratlon

~ operation of g cross bar trunk selector TS by

35

Referrlng, 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

40

f.j__-_end at said position herein referred to as the -

';;“trensmlttmg station,” informs the operator
thereat that he desires to esta,bh.sh a connection

.,,_-to subscriber B whose station termmates 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 fe,ozhtles between off
,_'_end office Y which are selectwe]y connectable to

“the trunk therebetween by equipment at office

ce X

which the trunk T, R, between the trensmlttlng

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. termlna.ls of o
:_the called line. | |

X which operates in response to the receiving cir- -

cvit 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-

OtilCe X
"and, by suitable equipment disclosed in said co-

o . pending application causes conductors SCT, and

_ 55
. .ing station A, selects an available trunk. say the

~ trunk which terminates in jack JA having the
| - ..conductors T and R extending to the o

In view of the fact thet the sender and marker "

'_ are well- known equipment elements now exten— e
sively utilized in automatic telephony, and since ..
~ the present invention is confined to a SIgnehne- o
~system the receiving porticn of which is incor-

porated in such a sender only by way of dis=-

'_olosmg the parts, principles and operatmn of the
_receiving .
- marker is dlsolosed except by conventional indi- =

 cations, the disclosure of the sender being con- . -

ed to the incorporated signal-receiving circuit =
in its entirety and to a schematic showing of

typleal settable reg1sters operatmg 1n response o

circuit, neither the sender nor the -'

~ thereto.

60

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

;1 -tlvely, of the trunk thus taken into use. .
- The key-set KS at the operator’s position com-

- prises a series of digit keys 0-9, a key ST and a
key KP, and all of said keys are suitably wired to
. - 8IX separate souroes of alternating current fre-

quencies a . .. f within the voice frequency

~ _range, in a manner such that the depression of

- each of the keys will cause two of the frequencies

e “to be applied across conductors T and R of the

. trunk via conductors SCT and SCR in the follow-
“Ing combinations through circuits completed

e connected through the right-hand plug of the
~cord and jack JA to conductors T and R, respec-_

65

- The recelvmg elromt to Whmh my mventton ls_f .

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 dn'ect o

current indications suitable for registration in an.

- associated settable register which -comprising a =

| oert of the sender operates in response to the

egistration to complete the call in the nsuali

- _-ma,nner

- from the sources of frequencies involved and the 7 5

The receiver compnses a volume 11m1ter VL
e fa, “signal present” channel including. the hlgh- S
* pass filter HPF, transformer SPT, a vacuum tube -
. S, a polarized relay SPR and assoola,ted circuit; = -
a. plurality of receiving channels, one for each - -
'frequency in the entlre s1gna1 band a

then controls the._'__.”“' ',

f, E&Ch;{- . s



of which comprises g band-pass filter BPF—, a
vacuum. tube T—-ahd:a polarized relay R—such

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

quency -q. which-is. made up: of. band-pass. ﬁlter: |
The
| networ_k_ of my invention by which the __a:npnﬁca- |

- BPFa., 2 vacuum tube Tg and a relay Ra.

- 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 L and L2 of the.

limiter are automatmally adjusted:to appropriate

2,418,145
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thealternating signal voltage: oh :the-grids be-
comes:high enough' to'cause them to draw cur- .
rent:during: the positive hali waves. e
-condition. is- reached,. the power outpm of .the
- limiter. becomes approx 1mately constant regard-
Jess: of further increases in the: grid. voltage.

" Theactual point 2t which 111111‘5'11 g coours'is con-

trolled by the bias-voltage on the screen. grids

'B8G1{ and SG2, by the bias:voltage on: the: control
10 =

arids: G and G2, by the inherent limitation .on

maximum plate current with zero- control. grid

values for each case, ‘comprises the resistances

L3, L4; 1.5, 1.6 L1, I.8, 1.9, Ps, and condenser -CC,

all wired. in the mterrelated manner shown in

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

;,relay's:KPl- .. . KP3 and

tions of relays Re and Rf of the channels re-

.served for frequencies ¢ and-f, respectively, when
- 20

the key KP is operated at the transmitting sta-

U | €S 115
| ~assoclated clreuits |
‘which operate in response to the initial opera-

1, Pe.oand Ps.

potential -and, of course, by the:particular screen
- grid and plate potentials: |
‘bias potential for the screen grids is. obtained
from the potentiometer consisting of resistances =~
The grids. Gi and G2 are held

negatwe in the normal condition by the volt&ge |

| dmm across:the cathode resistance L3.

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

cuits comprise relays CKI .

. CK3 and ‘aS50-.

ciated netwerks which Operate in: the mam“te:i_ |

hereinafter set forth to check .the pulses as they
are - received by the varicus.channels. af”ecf‘ec'! by
the frequencies in the impulses. -

The alternating current signals; which aie alu-_ R
ternating current voltages available -acress con- -
ductors- T and R of the trunk after the initial

30

transients are dissipated, are received and .ap-
plied to: the input elements of the receiving cir-

cuit after relay SW. is-.operated in any suitakle
~‘The input elements of the receiving -

circuit comprise the adjustable pad AP, which
1s g means for adjusting:the sensitivity of the

manner.

25

3O

Yeceiving circuit to-the minimum reqguired since,

‘by-keeping. the sensitivity as low as poscible, the

likelihood of false .operation on currents which

.may he produced by speech or noise is materially -
___reduced the terminating resistance IN,.the ceNn~

The- output of the :limiter VILi is dlmded 1nt0'

-.two parts by the resistances N{ and N5. The: volt-
.age across the resistance NI is applied: to.the o
“signal present’” ClI'Clllt whmh as before stated,
.comprises the high-pass filter HPF, input trans-
former -SPT, vacuum tube S.and polarlzed relay
SPR.  This circuit: responds to the
_---developed across resistance Ni .in:consequence:of - |
any signal tmnsmltted from the transmitting-sta- =~
~tion, which signal, being stepped-up by the-input

small voltage

transformer. S?T is: apphed 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 SPe in-its control grid cir-
‘cuit.. .
the “signal present” channel to: suppress the un- |
wanted frequencies below ‘the. signal. frequency .
hand which may ‘be present in the body:of the
~signal. )
noise.increase in- intensity ‘as they decrease in

The high-pass ‘filter HPF is:employed in

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

“frequency. the probability of falsely operating

40

tertap of which is grounded; and the input trens-
former IT, the input winding of which is con-

nected to the terminals of resistance IN and the

~output.winding of which is connected tothe com-
- moen terminal of resistance RGI and. paralleled.
. condenser CGH,

and the common terminal of

resistance RG2 and paralleled condenser -CG2. |

The other common terminal of resistance RG!
and condenser CG{ is, in turn, connected-to grid

Gt of vacuum tube. T4 Whﬂe that of resxstance E

!};}

RG2.and condenser CGZ is cannected to n*rld:

-,GE of vacuum tube L2.

The volume limiter VL compr1ses the pen Ode'.
sqoclatﬁd: .
The tubes are oper-
~ rated in the well-known ‘“‘push-pull” relation with
.the output of their respective ancdes connected
.together by means of retardation coil 1. and. de-
- livered, through the blocking condensel BC and
-resistance NI, to resistance NS,
iter provides adegquate amplification of the in-

vacuum tubes Li and L2 and their
input and output circuits.

:coming alternating current. impulses 1o .cause

 ‘operation-of the:desired channels kut, however,
- limits its output: signal voltage: to su eh g value .
that channels: other than: those: mterlded to: he
responsive-to the frequencles in the f:lgxml will

The volume lim=-

not operate on the transient currents generated'

at-channel filter outputs of filters BPF: . .

by sald signals when they start and: stop
The limiting. action of the volme 11m1ter V"’

is obtained by means of the control grid resist-

~ances and condensers RG{, CG{, and RG2, CG2
connected, respectively, to the gnds of the: tubesz.

and L2, which resistances -and. condensers
cause the: grid bias:to-become more negative when

It

PPE‘.E;_ -

. ?.{) |

.

Jinputs . of filters BPFa

e ifj .

thveenfmd ‘PUrpose:.

iter Vi

~the ef

around: 'r'esz_stanr*e SPRI.
ondary (8,

‘the signal present channel from: this source is

reduced. The signal voltage across resistance N9 -

is passed..through the resistance network com-

prising; resistance elerrents N2, N& and'N4 to.the
.. BPF: which act to .~

separate the signaling frequenmes into the bands -

-;corlesparldmg to the mid- hand frequencm.es a, b

‘¢, d.e and f, respectively. o |

The resmt&nce :network N? N and Nr! serves a,:.:._-..

from the-

Fect of mbe varmtlm S,

~When this

The desired value of

()it pmwdﬂ% attenuation- - -
~to:afford the deszred relationship between chan-
hel-sensitivity and the output of the volume lim-
| (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 ilters to such.an
extent that they do nat cause objectmnable chat—' S
ter of relay SPR. e R
- The control erid of the tube S is rlmmally held e
.positive-by:the:valtage obtained from the poten-
tiometer-made up of resistances Ps« and Ps.- o
 positive bias, together with the reduced: sereen - .
. :grid wvoltage obtained: hy the use .
SPR{ connected to the screen grid of tube 8, im- =
proves the operation of-the circuit ang reduces —
Condenser SP2.is =
provided to. by-pass the alternating current
Relay SPR has its'sec-
or bias; winding connected in the =
plate cire 1.Lt of the. tube S; W].’\lle its primary- wmd-,:-_?:__ R
- ing (®), or-opsrate; Wm‘img is.connected to.bat-
~tery: thmugh the low resistance “filtering retard
¢oil FL'T,. When there is no-signal present.on the

rtru.nk and therefore zm mgnal Voltage is bﬂmg

Thls'”-_}:- ey -

-of re515‘rance": -



L of polarized relay CKI.

 nelrelays Ra .

-

plate current flowing 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-
But when

. armature resting on its lower contact
~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 wmdmg (S) angd causes

the relay to operate and move its armature into |

‘engagement with its upper contact.

2,418,145
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- Ra .
When therr associated channels will have re-
10

8

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 0P~
erates as hereinafter described, ground is ap~-
~plied serially over conductors J, Lt and Li to the

opere,te Wmdlngs (P) of all the channel relays
. Rf, preparing the same for- operation

sponded to the frequenoles in the signal as here-
1nafter set forth. -

Since the “signal present” circuit is connected_ o

“to the volume 11m1ter VL ahead of the channel

‘The plate circuit of the tube S includes retard_ -

'_coll SP1 and condenser SPCN. These serve two

~purposes: first, to reduce modulation. products
- that weould cause the relay SPR to ohstter and,

15

- 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-

cndary 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
-'BPFa, . BPFs in the signal channels, and aid

- in preventlng the operatlon of said srgnal chan-
nels by transients since, as subsequently set forth,

‘without the operation of relay SPR, slgnal chon-
nel relay operation cannot take place
Referring now to the register of Fig. 4, and

. X wiring in the portion of the receiving ClI‘Clllt

-shown in ¥ig. 3, the armatures of relays SPR and
CK2 are multiplied together and- obtain ground
via the back contacts of relay CKI.
‘contacts of relays SPR and CK2 are also multi-

plied and connected to conductor J, which ex-

tends to the armature of the polanzed relay TO.
From this relday, this conductor is extended via

- the armature and upper contact of sa1d relay and
~ the No. 1 contacts of relay CI, which is assumed

to be operated- in a manner that will be described

The front
35

filters BPF; .

.Rf

- will be operated only when frequencies passablef

20

25

30

ents in the signal. .
where speed of transmission i1s essential to insure
the maximum utilization of a minimum quantity .

through their associated channel filters are pres- -
Now in any signaling system

of apparatus, and the signals are transmltted'_ :
under manual control of g kind thnt the signals
and the time interval between the srgnals 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 releasmg the operated channel relays.

- Immedi ately 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 B
..;-reglster The “51gno1 present’” ClI'BLllt in connec-

~tion ‘with a circuit controlled by the settable
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hereinafter, to conductor L, conductor Li and

th-enoe to the operate (P) windings of relays
| . Rf. Hence when relay SPR operates
- in response to a signal forthcoming over: the
~rtunk, it applies ground serially over conductors

. Ra .

J and L.{ to the Operate mndmgs (P) of all of
the channel relays Ra. .

. Rf, preparing the
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same for operation when thelr assocmted chan-

nels will have responded to the frequenmes in the

-that when relay CK2 operates as described later,

it has the same effect as relay SPR, and also that

| :oves a short cir-
- cuit from’ resistance CH2 and thus inserts this re-

sistance in the ground being supplied to the arma-

when relay CK{ operates, it re

50
- signal as hereinafter set forth. It may be noted -

tures of relays SPR and CK2, the purpose of ;'

o whrch will be explained later.

- ‘When the register of Fig. 5 '1s _used however
_-ond Y wiring is provided in Fig. 3, the armatures
of relays SPR and CK2 are grounded and- their
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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

o - No. 2 armature of relay TG. From the former

relay, this conductor is extended via the arma-

', : “ture of sald relay to conductor I,, which is con-

nected to resistance CH2 and to the armature
_-ever, that the operate windings (P) of the chan-

L4, which is connected to the other end of re-

s1stanoe 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

. Rf are connected to conductor

85

‘It will be noted, how-
70
sumed to be with its armature engaged with the o

lower contact as shown. Battery over conductor =~
- BATI is also connected fto resistances A2 . :
~ in preparation for. ohanges in the potentlal ap-_'_*--i |
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~conductor BATI S
through the seooudary (8), or bias, wrndlnes of .
‘CK2 and- CKS thereby
causing the energization of these. wmdlngs but
not the operation of their respective relays, the

- polarized relays CKI,

registers as hereinafter set forth, insures the cor-
rect performance of these funct1ons 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 remam open untﬂ the S

slgnal is terminated. o
- In order to understand how these a,nd other,
functions are performed, the description of the

remaining elements of the receiver will be- crlven_. |

in connection Wlth their operation. |
‘When a sender is seized via the sender-se]ector R

‘apparatus SS and connected 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

R, respectively, of the receiver circuit incorpo-

rated in the sender, and operations are then |
Initiated in the sender whereby positively ground-

ed battery is oonneoted to conductors BATI- and o

BATZ, 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

completes an: obvrous circuit

normal condition of each of which may be as-

. Fe

phed to the screen gnd eleotrodes of the ohan-

. BPFe (by virtue of its connec-
tion across the termlnals 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 .



'nel vacuum tubes To Tf

the primary winding (P) of polarized relay KPI,
but this relay remains with its armature engaged
to its left contact because the secondary Wlndmg

Battery on. con-.l
_ductor BAT? completes an obvious circuit to

5

(3) of the relay is also energized from battery

D connected dlrectly thereto, completing a cir-

cuit over 1ts left contact and armature norme.lly -

made No. 1 contects of relays KP2 and XP3,
conductors 5 and 12, and the lower contacts and
'e,rmatures of relays Re and Rf to ground. Bai-
tery on conductor BAT2 is also connected to
the wmdmgs of relays KP2 and KP3 in prepara-.
tion for their subsequent 0pero,tz.on as descrlbed
herelnafter |

. When the reeelvmg CII‘CU.H: is thus cut
. to the transmitting station at the begmmng of a
call, there is a brief perlod during which it may

brough

10
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a,ry wmdmg (S) of each of uf:_oh is conneoted m; |
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 connectlon of the primary windings (P) of
‘relays Rea ..
"CHI and theo.ee to conductor L whence it treces.

‘back to the U-Dpﬂr contact of relay SPR as arready_* o
'shown - |

. Rf is connected to ‘resistance

It has been stated that the grlds Gl and G2 of

__ tubes Lj and L2 respectively, are held hegative

15

in the
o e:oross resistance L2,

normal condition by the voltage drop
‘The voltage between the.
oetho-des and anodes of theee tubes is also partly

- oontrolled by the potential drop in resistance L3

be eXposed to speech or noise currents which, if

the receiving circuit were ready to receive signal
frequency impulses, nnght ceuse it to operate
falsely and thereby cause a false cetting of the
irst settable register ordinarily connected to the
- front contacts of the channel relays. To prevent
~ this, the receiving circuit is normally held in a

20

25

condition whereby signal impulses cannot be reg-

1stered until a,fter a deﬁmte timed 1mpulee COonn-
sisting of frequencies ¢ and f is received, which

impulse is transmitted from the transmlttmg_:
- station by the operation of key KP thereat which,

30

over. its left contacts, causes frequency source ¢

to be applied to oonductor SCT and, over its right

contacts, causes frequency source f to be applied

 to. conductor SCR. These conductors, 8.Cross
Whlch resistance N5 is TJridged to supply a,
| matched terminating impedance for the trunk
| durmg the time that it is connected to the key-
- set. I:.S join with trunk conductors T and R, re-

'speetlvely, and cause circuits to be completed.

over the left wmdmgs of repeating coil RC. The
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currents- of irequency ¢ and f flowing over this
path oouee similar eurrents to be induced in the

- path including the right windings of the repeat-

ing coil RC, the trunk conductors T and R, the
| oooductors T and R’, the contacts SS1 and S5z
- ab the sender selector cross bar switch SS, con-
ductors T1 and R, the front contacts of relay SW,
which is assumed to have been opereted In any
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tube LI

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

in the entire network of resistances L4, L5, L6,
L7 and 19 connected to resistance. L3, sald net-

work being connected to ground throuﬂ'h res.tst-j o

ance L9, normal contacts of relay SPR, direct to
ground (Y wiring) -or through the normal con-
tacts of relay CKi (X wiring) . to ground. Smee

‘the battery source is through coil FLT and said

battery is grounded at its positive pole a,nd'

therethrough, is connected to the anodes of the S

tubes Ll and L2, it is evident that the available
potential di:

relay normal, as would be ‘the case prlor to the

‘transmission of a signal, resistances 1.6 and L9

are. serially connected to the common termmal

- of resistances L and L1, the latter resistance be-
9 ing in parallel with remstances L4 and L§. Con-
- sequently before the transmission of a, mgnal 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 1.4 and L5, resistance 1.3, through - S
- the cathode-anode of both tubes Ll and L2 to
ground through the upper winding of coil L for - .
and through the lower winding of said
coil for. tube L2. At the common terminal of re-

sistances L5 and LT there is a parallel branch of

thig circuit which extends through resistances 1.6 ”
and L9 to aforetraced ground through the normal_

" contacts of relay SPR.

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

°0 dent that the potential drop in resistance L3,

~ together with resistance L7 in parallel with re-

‘With the above: ClI'CL'llt a,rra,ngement it is eVi-

~sistances L4, L5, will be determined in part by
- whether or not the parallel branch made up of

right winding, amplified through the limiter VI,

- 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 ohannel filters BPFa, .. . BPT:.
Since only the ﬁlters BPF: and BPF: ore each

tuned to pass one of the two frequencies in the -
sigral ¢ and f, respectively, the voltage thereof

is applied to the grid electrodes of vacuum fubes

Tc and Tf through resistances Cg and Fg but not

to any other channel tubes.
Now eaoh of the channel tubes Ta .
(whwh are pentode tubes) is provided Wlth

positive grid bias from positive battery through'

60

65

.Tf"

70

coil FLT and resistanoes P: and Ps, and a control

g’rld resmtanoe Ag |

Fg, respectlveltf, to make

ohannel is a,lso provzded as before stoted Wlth
'its own 1ndmdua1 reley Ra RJ‘ the second-

‘Each =~
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resistances L6 and L9 is electrically a part of the

circuit by the application of ground to remstance
L3 via the normal contacts of relay SPR. When

this relay is normal, the drop across resistance Ii3

- Plus the drop across resistance LT in parallel with
-remsta,nces 14 and L5 is larger than when the

relay is operated because, in the former case, the
parallel network of resmtanees LT and 1.4, 1.5 will

draw through itself not. only the current which
fraverses the poth including resmta,noe L3 to

sround through the cathode-anode of the: tubes, |

but also the current which traverses the path

through the parallel circuit including remstanees |
L6 and L8 to ground. When relay SPR operates,
this la,tter parallel CII'CU.lt is opened a,nd there-

fore, the full voltage of the battery is then avail-
able only for the network of resistance LT in

parallel with re:nstances I4 and L5 serlally
through re51stance 1.3.

fference between the cathodes and -
anodes of these tubes depends upon. the condi- -
) tion of the signal present relay SPR. With this

Hence the voltage avail-
able across the. cathode- anode of each of the_.._-, |
tubes LI and L2 1s less When relay SPR 13 normal o



- with said parellel cotbination.
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| .then when it is opereted Th1s meens of couree,

. that the amphﬁcetlon ceiling of the limiter tubes

. _Ll and 1.2 is'lower when relay ePR 15 normel ehd
higher when it is operated. |

It will further be noted that the potentxel aD-

'phed to the screen electrodes SGi and SG2 of

-the tubes L{ and L2, respeetwely, is controlled by
B the potentiometer mede ‘up of resistances Pi, P2,

“and Ps to ground at one end and to the terminal
10"

of resistance LT on the ofher “The value of the

rerestences P1, P2 end Ps is so computed that the

potentml eveﬂeble at the screen electrodes SGli
and SG2 wheu reley SPR is normal will insure
mammum effectivensass of tube operetlon for the
'poteutlel cllf”erence then available across the
cathode anode electrocles of these tubes.

termmel of resistance LT is, of course different
| _and hlgh

| ground the potential available at the screens is
hlgher and ¢f the' correct correlated value to in-
_sure ‘maximum amplification with the cathode-
agnode potentlel difference then available across
| "the cathode-anode electrodes of tubes L{ and L2,
~ Thus, by virtue of the control exercised by the
perellel branoh 1.6, L8
work, the emphﬁeetmn cellmg of the volume
limiter may be alternately raised and lowered
With the operetlon and release, respeetlvely, of
- relay SPR. And by virtue of the potentiometer
- Py, P2 and Ps, thie screen potential applied to the
tubes of the amplifier will also be raised and low-
ered with the operation and release: of relay SPR
to ‘the correct values required for the voltage

applied in each case across the eethode-enode

~of each tube of the limiter. |
Returning, now, to the operatwn of the cir-

a ou1t the. ope1 ‘ator will-depress the key KP before

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

12

_ oele and enode is made lmger by the em}hea,tmnE ?

to the cathode of the-full negative potential of.
the battery through the eomperetwely low res1st-;--_; |

- @nce coil FLT and resistance Ld.

The tren51eut voltage generated 'ﬂy ‘the chat--: : '.

| bel mﬂ' of the COHt&Cb Keys Wlll be: followed by the_ -

When g
-_reley SPR operetee the potent1e1 at the upper.

than before, so that, by virtue of the

- eurrem now drawn through the potentlometer to o0

05

of the above circuit net-
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the key conta cte |
nation of the treusuent voltage: reley SPR Opér-
ates, elther as a consequence of the duration of
thls voltage or ‘as a consequence of its” duratzon‘

p]LlS tl_l@ dllI’EtthIl Of L-he pure Slgl‘lal VOltage tha,t T -

- follows,
igl ound eonnectlou 7o) resistance: 1.9 is broken;, and

With the operation of relay SPR, the'_':.

for the reasons prewously edveneed the Voltege'-

across the cathode-anode of each of the volume -~
limiter tubes L{ and I.2 is now raised and the

pDoE”ltlal at the screens thereof is epproprle,tely'

altered, both theréby raising the amplification ==
eelllhg of the volume 11m1ter to the full value .
1equlred £ or channel 1esponse to the urldlstorted

signal Voltaﬂ*es

It will be noted thet fhe se:uel network of ' o
eondenser CC and 1e515tence 1.8 15 joined at the o

common terminal of resistances L6 and L9 and;"*
hat condenser CC is grouhded This. network is

provided to insure that the increase in amplifica-
tion of the volume limiter subsequent to the

operation of relay SPR takes place gradually in .
order to avoid the pr oduction of other objedtion-

able tramsients by the eudden rise -in current.

‘During the time thet relay "SPR s ‘normal,

. ground is epohed fo the right terminal of re= __
sistarice L8 and since the value of this resistance
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_state.

sumed that the key contacts will chatter for a

brlef mtervel before mekmg a sohd closure- and

that, during the chattering period, the transient

voltage - produced ‘by. the ‘application of signal
 frequencies-c-and f (or any combination of sig-
hal frequencies) -through the contacts will be
.applled to the line,
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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 fthe consequent operation of relay SPR,

L.§ is low compared to that of resistance: 1.8

condenssr CC is practiéally in the unoherged.__' o
Upon the operation of relay 'SPR subse:
-~ guent to the dissipation of the transient Voltege..
- appl lied to the line, ground is dlseonnected from .
403

the right terminal of resistance L9 and a charg-

ing circuit is established for the condehser-ex- . .
tending frcm battery thfough the winding of
- ¢oil FLT, resistances L4, L5, 1§ and L8 in series, . .-
| oondehser CC to ground Durmg the time that =
the eoucleueer is becoming onerged the potential ~ b
at the upver terminal of resistance LT gradually -

rises and the di

‘erence of potent.rel between the

‘cathodes and enoclee of tubes LI and L2 is grad-— |

- ually incrfeased until the condenser is ‘fully

__eherged at which ‘time said difference of poten-:- -
tial is increased to the full’ velue requlred for

- high ceiling amplification. .

and the rest of the amplified voltage being avails

-able across the network N5, N2, N3 and N4 for
application to the channels. However, it will

take some time {0 operate relay SPR after 2 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 tha,t the transient voltage is applied to the
_recelver the em}ohfymg factor of the limiter is

~ at the lower oelllng fized by the voltage across

‘Returning, now, to the cperation of the re-
ceiver, when the operator débresses 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 sighal frequencies ¢ and’f

60

_the cethode anode electrodes of its tubes Lif and ..

1.2 as determined by the potential drops in re-
31stances L3, and L1 in parallel with remstencee
L5 and L4, and reS1stances L and L9 in series

And although

65 -
~ ters BPFe -and BPF1) to the grid electrodes-of

- thé transient voltage is amplified, yet the ampli-

obetrate a,ny of the chahnel tubes T—. Tubz S
however does operete on the portion of the am-

o pl1ﬁed trans1ent Voltage made eveﬂehle a.Cross

resistance - NI beoeuee its seheltlmty is higher,
dug to the fact thet ‘the 1roltege across 1ts ceth-

fication level is below that which is necessary to 7g.
- through coil FLT and network Ps: and Ps.
| coneequenoe the respéctive ancde currents ﬂow- o

~ ing through these tubes and the secondary (8),
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is applied to transformer SPT to cguse the oper-

ation of tube S and that of its andde relay SPR
which, -upon operating, applies ground ‘to cons '

ductor J and thence to conductors I and/or Lia, |
resistance CH{ and the primezy windings (P) -of -

the channel relays Ra...Rf, while the: remain<
ing Voltege is applied (through the reepectwe fil<

tubes Tec and Tf, respectively: The - -application
of the latter voltage to the grid electrodes re-

duces the value of the positive potential between

giid and cathode normally thereon from. bettery |

or b_es wmdmg of relays Rc -and Rf are fe-.

dueed ceusmﬂ‘ these two relays to Operate on L

But subsequent to- the tern:u-

In
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| the gmrent thr{}‘!?gﬂ thulr operate Wmdmg (P) |
the cn'calt of ‘which may be traced from bat—-{ |
tery through the filter FL.T, serla.lly threugh the

- primary winding (P) of all the relays Ra...Rf,

. Tresistance CH| and thence as alree,dy traced to
| It wﬂl ke
noted that the current which causes the opera-

ground on the contacts of relay SPR.

.....

tion of relays Re and Rf, while ‘lowing through
- the operate winding (P) of all the channel re-

la,ys as. well, yet will enly ce,use the operatmn

10

of the two re1ays Re and ‘Rf. The reason for

this s because -the eurrent in the secondary
¢ )) wmdmg of eech of the: ether channel relays
hss not- been dlmlmshed by any material ‘alter-

ation in the control: grid potentlals ef thelr Te-
spective-associated tubes: =

- With relays ‘Re-and Rf thus eperated ground
is disconnected from conductors 5-and 12, which
remove giround from the secondary Wmdmg ()
of relay KPI, the path of the ground being by
way-of the. Ne 1 nermelly made eontmulty con-

- ous circuit through its operate (B) winding, the

slowness of its operation being die to: the charg-

25

ing current for cendensel KPC flowing through

and resistance KPR/,
current
- When the

its- secende,ry winding (8) -
which - current opposes the
~through the primary (P) winding.

eondeiiger KPC is cefnplete‘iy charged, the cur-

: tacts-of the channel. relays Ra .

“ahd sueeeedmg oroups of reglster relays.

14

release and reestebheh its: arne,ture into engagem}"_ o

ment with the lefticontact.. |

Relays KP2 and KP3, upen opere,tmg, perform::z'-
the general function of extendmg the upper con-
Rf to conduc=
tors A . .. F, five of which, 11:1 the Tegister of
Fig. 4. extend through contacts on a previcusly: -

'-eperated “steering” relay TRI to the lower wind='
- Ings of the relays of the first digit: reglster in
Rf
in the proper combmatmns will be regzstered

which the first operations of the. releys BRua .

In the register of Fig. 5 an extra translating step
is-required, as- explamed hereme,f‘ter 50 the six
registering: conductors A .

‘With either arrangement subse-:
quent operations of relays Ra . Rf ih the
proper combination will be reglsternd in the first

Reldys
KP2'and KP3, upon operating, alsc remove ground

. from the vacuum tube side of the resistances A2,
A%,

. F'2, F3 but ground is still maintained on -
ee.._,h pelr of resistances (as for example, Tesist~
ances A2, A3) through the lower eontact of each

~ channel rela,y to maintain the screen-grid elec-

flowing

30

rent flowing through the winding (8) of the re- -
lay is- lindited by the high resistance KPR, and

op erate.

Resistance KPR 15 prevldeﬁ to insure thet thp: :
armature of relay KPI shall always engage its
If this re-
sistance were omitted, ‘the removal of battery

- left contact when. the circuit ‘is idle.

from conductor BAT?

leave the c¢ircuit blocked since ‘condenser KPC
would ‘be charged and wo cur rent would be flow-

o sifice tHe reswtmg magnetic- ﬂux is smallér than
- that pmduced by the curtent ﬂowmﬂ' through
the primary By mndmg, the reley is eaused to __

‘trode of the corresponding channel tube at 'the
required potential,

As explained in detail later,
when the circuit is in this condition the- screen-

grid petentla,l ef each channe] tube T—- i is chenged; - B
when the cerrespendmg channel relay operates,
whereas in the original® condition the - ‘operation -

of the channel relays has no sich effect. ‘In ad= "

_ dition, relay KP3, over its No. 7 contacts and
_' cenductor 18, supplies ground to the serially con- -
" nected tertlely windings (T) of all the channel =
relays Ra .
- noled to eppese the primary windings (P) of said -

- relays and, for certain cperations described here-i U
uring the time between .

~ the breaKing of the left contact of relay KPIj_':. |
and the eperatmn of relays KP? and KP3 would

. Rf. These tertiary windings are

inafter, functmn to release the relays. C
- As previously: indicated, it 1S necesse,ry that

~ frequencies ¢ and 7 be received. for a definite

 jrig in the secendery wmdme (5) eF relay KPI__

to release it.
Now when the “K_P” s1gna1 is termmated by

- | the relegse of key KP after the required inter-

5 length of time without frequencies @, b, d or e, if
‘the circuit is to uniock: that is, if rele,y KPlisto

operste and relays KP2 and KP38 are to- reperate

in consequence of the operation of relay KPI.

- If an impulse containing one or more af these
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val to operate relay KP, or by any other suit-

- able means ‘such as, for mstance a simple tim-
ing circuit responsive to the depression of key

- KP and adapted to keep frequencies ¢ and f on
. the ftrunk conductors for the required interval,

- the release of either relay Re or relay Rf will

or {2, respectively. Since these two conductors
are joined at the No, 1 nerme,lly made contacts

of relays ‘KP2 and KPJ, and since relay KPi is 60

now operated, the ground on conductor 5 or: {2

Jatter frequencies should appear -at any time be- |
- fore relays KP2 and KP3 will have been operated

the corresponding channel relay, or relays, Wlll
of course, operate and- apply ground to the sec-

- ondary winding (S) of relay KP1 ahd to con-

(or both) is applied to the windings of relays

- KP? and KP3 via the armatiure and right con-
- tact of relay KPH.
to the other terminals of the windings of egch
of these two relays by conductor BATZ, both re-
lays. will operate aind lock to- ground ‘on the No,
5 eentaets of relay KFP2. (The No, 1 front con-

- Since battery is connected
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tacts of 1elays KP2 and KP:% ‘maintain the_. B

ground vla the almature and contect of Telay

- KP{ as relays KP2 and KP3 operate.) Relay
- KP2, over'its No 8 front contacts, now reapphes
ground - te the secondary Wmdmg (8S) of relay

- KPH, increasing the ciirrént flow therethrough in.
R ‘_consequence thereof a,nd causing relay KPE t0
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‘denser KPC via the No. 4 and No. 6 back centaets
- of relays KP2 and KP3, or any of them. This

. 'cau'se.igmund)te"i:be"c'oﬂ'ﬂect}e“_d to conductors § = ground restores the full biss current to the sec-

ondary (8) winding of relay KPi, and 'if this )

relay had alre ady ste,rted to operate (because,
say, of the presence of frequencies ¢ and f in the
extraneous impulse along with the other fre-
quencies), it will restore 1mmed1&tely because of:

- the full bias current produced by ground on the

seeendery winding (8), and condenser - KPC Wlll
discharge to sald gmund in preparatlon fora new

timing cycle. If relay KPi is normal when the

extranecus impulse appears, the application of

ground to the secondary wmdmg (3) of relay
KPI| simply causes-the relay to remain in its un=

operated position; that is, with its armature en-
gaged with the left-contact.
- net result is that the chennel relays Ra . -
- remain ineffective for the purpose ‘of reglstermg T
. thelr eperated condition until Irequencs.es
75

.Rf

. -F are connected: -
directly to the Wmdmgs ef s*x “tremlatmg” re-
1ays; the contacts of which are connected through
contacts on-a previously operated steering relay =

AC to the lower windings of the rélays of the first
- digit register.

90

tacts of relays KP2 dnd KP3 and through tbef-
ermature and left contact of relay KPI. o
Relay KP| now operates elewly over-an ebm-'

In either: ease the '

f mppeer concurrently by themselves and by;:
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- themselves only for the necessary length 0f~
time, since, with relays KP2 and 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 aesocmted tube by the termination of the im-

pulse,. the full plate current is restored which,
flowing through the secondary winding (35) of the
‘associated channel relay will cause the latter to.

restore. It will be noted that during these ob-

erations, the screen grid 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 plete current

16

,and Tb via, conductors 19 and {4, respeet1ve1y,~.
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 bede- -
- termined exclusively by the potential of the signal S
applied to the control grids of the respective tubes.

' so that, when the 31gnel ceases, the anode current

'1_0 any two of the frequencies a -

is restored to its original value and relays Ra and

Rb release. When, however, a szgnel comprising

cies @ and c, is transmitted after the operetlon |

of relays KP2 and KP3 and the consequent re- '

'- moval of ground supphed over their back con-

15

when the sighal potential is removed from the

erid. That is, prior to the reception of the “KP”
51gne1 the channel relays Ra .
- operate and release in acccerda,nce with the ap-

. Rf are free to

20

- plication and removal of the incoming alternat-

- ing current signals.

~ 'mtenslty of the associated plate currents when

the latter increase to their normal 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” sighal has
been received, however, and relays KP2 and KP3
have been operated in consequence thereof, the
direct gr ound fermerly supplied via some cf their

~ its bias wmdmg (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 essocmted -vacuum tube and
causes the latter to be connected to a potenti-
ometer which supplies a much lower voltage than
normal hetween screen grid and cathode, in con-
sequence of which the plate current of the tube
remains reduced after the signal has terminated

to its normal potential.

Thus if we assume that a signal mede up of fre- '
o QL'tenmes a and b is transmitted before the “KP”

signal of frequencies ¢ and f and, therefore, be-
fore relays KP2 and KP2 are operated in con-
sequence of the latter signal, the signal. Veltege

due to the signal composed of frequenczes aandb
~is ‘applied to the control grids of channel tubes

Tg and Th, respectively, and the current through
their respective anode circuits (including the sec-
~ondary (8) windings of relays Ra and Rb) is re-
“duced and relays Ra and Rb operate on the cur-
r_eht 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
‘However, since

cround reaches conductor (4.
relays KP2 and KP3 are normal, ground is still

~ applied to the screen grid electrode of tubes Ta

The reason for this is be-

~ cause the screen grids of the several channel
 tubes, being grounded at the contacts of relays
KP2 end/er KP3, are powerless to change the

 ductor BATI,

25
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‘ances A2 and C2, A3 .

35
 back contacts to the screen grid electrodes of all
" the ehennel tubes is removed and these electrodes
 are then connected to ground only as long as their
| ?respeetwe channel relays remain on their back
| __-eentaets 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
a operates after the anode current flowing through

tacts to leads 8, 10, 14, 15 and 19, the corre-
sponding che,nnel relays Ra and Re operate as

‘before but, in so doing, remove ground from the
screen electrodes of their respective tubes Ta and =~
“With ground removed these electrodes are
cennected to a petentmmeter made up of reSISt- -

. F3, and the (P) wind~
Resist- -

Te.

ings of relays CKI . CK3 as follows: |
ances A2 and C2 extendmg to battery. over con-'

CK2 and CK3 shunted by the four resist- -

secreen 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 grl_ds_. are restored to-
their normal positively biased state, but since &

o low potential is still available af the screen
grid electrodes from the potentiometer network,

‘the anode current is stlll reduced in spite of the

resteretlon of the control grid electrodes to: ‘their

- normal state, thereby causing relaysRa and Reto
remain. in an operated condition: untﬂ the1r ep--_' SR
~ erate (P) windings are opened, |

It will be noted that when reley KPZ operates

it applies ground over its No. 8 contacts to the -
‘secondary winding (S) of relay KPI and to con-

5 denser KPC in the same way as the channel re- =
-lays Ra, Rb, Rd, and Re when and if they, or any

~ of them, opere;te on an alternating current im-

50

. since these relays are now lecked to ground on o

5 the No. 5 contacts of relay KP2.
and the centrel erid electrede nas been restored .

v
i

pulse prior to the appearance of the timed “KP”
impulse composed of frequencies ¢ 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

of this arrangement is to make sure that the tim- -
ing circuilt, comprising relay KP{ and condenser .

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

ing cycle on the next call. |
ment of the No. b contacts of relay KP2 insures -

60
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2 tions of two frequencies ¢ .

A seduence adjust- -

that these contacts close ahead of the No. 8 frent' .
contacts which release relay KPI. | |

As already stated, the alternating’ eurrent 51g-
nal code impulses consist of various combing-

taneously according to the code previously given.

In the receiving circuit,” each frequency . (after

the transient voltage is dlssmeted and the ceil- -

ing of the volume limiter VL is raised as previ-

ousily described) finds a path through its corre-

sponding filter. to the grid of one of the vacuum =

tubes Ta . . . Th and causes the operatlon of '
the. assometed releys Ra ...Rf.  After the oper-

ation of relays KP2 and KP3 by the “KP” im-
pulse s1gnal which, as above noted, is transm1tted.__; S

. [, say frequen-- |

| while resistances A3 and C3 ex-
- tend to ground via a circuit consisting of the se- -
‘rially connected primary windings (P) of relays
CKI, |
~ances B3, D3, E3 and F3 in parallel. |
tential applied by this network to each of the

‘The po-.

‘The purpose .

. f transmitted simul- o
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3?_ehead of the dlgltal impulse- codes ‘the: operatlon )

- .of one or more of relays Ra .
“to be applied. to the correspondmg oonduotors
A ... P which connect with the settable regis-
-.ters or the. trenslatmg relays. assoemted .there-

" with, causes ground-to be removed: from the cor-
F2 to reduce the

g--respondlng resmtonoes A“

., Rf causes ground

_:;'Vacuum tubes causes the operated ohannel re-

lays to lock -in. consequence thereof -as elrea,dy .-
further, -allows current to idow

described - end

' through the primary windings (P) of relays CKI,
- .CK2 and CK3 in an amount almost dir eotly Pro-

portional to the number of relays Ra .
‘which are operated. It will be noted thot prlor
10 the reception of the “KP” signal, rela,ys CK!,

- -CK2, CK3, cannot function because they are, in

effect, short circuited by ground supphed to leads

-

18

!9 and lﬂ on the release ot 1eloys Ra and Rd o B

whmh Wlll be desorlbed later | |
- Should-there - ‘be: three freguencies m a, dlgltel .
1mpulse say frequeholes a, d and ¢, then relay Te

will operate along with releys Ta and Td, and
ground wiil be removed from: one side -of resist- |

anees C2, C3 whereupon the circuit of relays CKI,
CK2 and CK3 will-take -onan additional perallel |

10

.Rf
13

':G 8, 10, 14, {5 and 19 from the back contacts of

'.--.1ela,ys KPZ and KP3. | -

Relays CKi, CK2 and CKa are - ell polmmed_

. rela,ys

520 -

The oper&te current thr ough the respec-

‘tive primary windings. (P) and the bias currents

- - through the resrective secondary windings (S)
- .are:so-proportioned.that none of them Wll]. Oper-

~Rf is

~ate when .a single channel relay Rag .
.operated. Relays CKI and CEK?2 will opele.te

~25

- however, when two of smd ohannel relays operate
-pbecause .of the increase in current through-the -

~brimary winding (P), and relays. CK1, CK2 and .

L CKe: will operate . When three or more of said

.channel relays operate because of a still hicher

~primary . windings (P).

" therefore, after the operatlon and locking of re-
-lays KP2 and KP3, the operator -were to depress

- increase-in the current through their respective

~Thus, for example, if, ¢

after the transmission of -the “RP” signal and, 85 ECOHt&CtS of 131&3«' PT

. the .digit key 1 to: put forth upon the trunk gn

~lmpulse. consisting of frequencies ¢ and d, said
-impulse would cause the operation of relays Ra

sand Rd,in congeguence. of ‘which ground would-_

~be: removed -irom-the screen grid electrodes -of -

.:r.--_ohe,hnel tubes:Ta and Td and, also, from. con-.

~ductors-i8:and 10. Now while the current flow-

- CKI1, CK2 and CKS is fixed and determined by

,b“aneh through 1e51stanoes C2,
_hB_e._Tﬂ
caround relays CKI{
flowing  through the prlmery windings- (P) ~of -
relays CR!, CK9Y .and CK3 will be increased. so .

(P)-of releys Ra .
ance CHI to. ground -the ‘circuit-has its full-sen-

1eeletenoe 23 bemg 1emoved as.
. €K3. and the current

thot thls tlme t*'h.. Tux Wm be suiﬁolent to over-

..... Lhe seoondery wmdmg (S) of relay CKS WhICh- |
- will now operate along with relays CKI and- CK2.,
CK?Z and CK3, therefore serveto
check each. of the incoming signals and, as will'be
shown, will . advise the :sender whether. or not. SIS
snould. regieter these signals. - -

-Considering ‘the . ‘operation: of the leoewer 111' |
i,__cormeotlon with the settable. registers-of . Fig.. 5
SLand- Y- wiring in Fig. 3), the. operatlon of relay

Relays CKI,

-CK2 -removes: ground from conductor M :and
-applies it::to- oonduotor J _in paralle] mth the
ground applied to. this oonduotor by. relay SPR.
‘Relay CKI{, when operated, removes.a short eir="
cuit. around resistance CIi2-and. effeotwely adds
this resistance in:series with the prlmery windings
A(P)..of the-channel relays Ra . |
;;._sald reszstenoe between oonduouor LI end con-

. Rf,:by inserting

R oonneeted through resist-

'.._s1t1V1ty, but.after. relay CKI. operates and- resist-

ance: CI—I2 is mserted in series: W1th resmtanoe cCHI,

.....

.....

f::fthe proteetlonuagamst false opera,tlons on tran—

-sients.and.cross-modulations: which may-appear

ing through the secondary windings (8) of rele,ysf“- 45

- the ohmlo resistance of each of said windings and

-~ the ohinic resistance of resistors . CKRIi and
CKES3,the current that will now flow through

“the primary ‘windings (P) is determined by the -

650

- ohmic resistance of ‘said separate. windings and

by the -number of parallel paths-to-battery BAT
‘which - Wlll be formed: through - resistances A2,
A3 . . B2, F3 by the: operation of the number
—of ghanne; relays. In the-case gssumed, relays

- CKt{, CK2 and CK32 is determined by resistances
. F3, the actual path trac-
~ing from ground semally through the prlmary"-"

- windings (P) of relays CKI, CK2 and CK3, with
~ resistances B3, C3, E8 and F3 in shunt therewith

- and D2, and A3 .

to ground resmtances A3 and A2 to battery BAT!

' ~and, "in- porallel theremth through resistances

‘D2 and D2 to battery Bth

.Sm
the flux due tc the current flowing through the

rseoorldery wmdmgs (S) of relays CKf and CK2
and will cause said relays to operate, but ‘this

' 55

~Ra and Rd are operated; consequently, the cur-
-rent through the primary windings (P) of relays

The que,ntlty of
current ﬂowme through this circuit will produoe |
Gcient. magnetic flux in the relays to overcome

60

in. the unoperated- channels, -

;of 1e1ey PT

Relay -CK{ - 2180

applies:ground from relays:SPR. and/or, CKZ via
-;.conduotors Jand:Lras traoed a.bove 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: operafe and
lock.-over its: No 2 dront .contacts to ground-on
-conductor. J.
':r:whlch will-be: shortly desombed

Relay TG /performs -a, funotlon

-As previously indicated, the path between. con-_ "

a.ductor J..and. conductor: Li-is, closed in-the.sender
at :the-start .of each:digit and: remains closed
until:the sender opens.it, after. the- reglstretzon "
.of ‘eachdigit, by -the -operation: of relay PT;-as
----heremef ter dESCIIbEd ‘whereupon - the channel -
relays are released- by: wrtue of the fact that the -
-circuis-of the primary windings (P) of the.chan-
nel relays:is opened at.the: contacts of ‘relay- Pr.,
~ :Once this has occurred, the path :to-the- -primary

-l

windings:(P) of the-channel relays remains-open
.and-the, channel relays-remain: released-until-re-
Jays::SPR .and CK2- ‘both ~release -angd remove” R
| :ground from oonduotor dJ,.since; untﬂ thls oceurs,

_.tion of reley KP3 has. epphed ...crround over its

current will not produce sufficient flux to over-
- come the current through the secondory wmdmg |

- (8) of 1ele,y CK3 which, on this account, remains
'__-:._,unaffeoued - Relays CKI .and.-CK2 Wlll remain

No. 7 oontaots to .conductor
_.neoted serially to the tertlary Wmdme" (T) of

.....

18 which is. con- |

. the channel relays, the circuit thereof: bemg com- '

__.}.75

pleted to battery through retard. coil FLT. Nowi". -

C3 to ‘battery o
a-shunt

Wlth the przmary Wlndmgs o

It Wlll be noted however that
although .the path:to-the-: primary Wmdmes @)

%0 is opened at the contacts of relay PT, the opera-



~on short pulses.
- that relay CK2 is held up by the locking circuit

latter being- located in office Y.
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'-_the tertiary winding (T) of' each channel relay '

is connected so that the current flowing thr ough
it as a result of the clrcmt closed by the opera-
tion of relay KPu, isin a dlI‘ECt‘f on to release the

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

-aid the bias or secondary (8) winding and to

- oppose the current flowing through the primaiy
(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 termmated or in consequence of
the resultant effect of the current flowing

15

through their respective tertiary windings (T)
and the current flowing through their respec-
tive secondary windings (8) 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: gq

ﬂowmg 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 Wmd--éi'§5

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

current- flowing 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- "gg

nel relays which do not have a signal voltage ap-
. plied to the grid of their respectively associated
channel ‘tubes will have full current fiowing
through their respective secondary windings (S)

'so that these relays will remain in a released "35 ¢

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

of relays Ra ... RJf, as prevmusly 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 tlme than it takes relay PT to

. operate

-The registratmn in the se:nder 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 .
these registers are to be set in response 1o the

 operation of the register relays in the combina-
tion of twos required by the frequency pulse
code.

:=omce X for the. completion of a connection to a
‘Jocal station C, or to a telephone station B, the
If these sta-
tions are also to be reached from a call originat-
ing in of

The reason for this is the fact® g

“plementary holding path over 'its No. 6 front

Pig. 5 schematically shows the portion of

a sender which, for instance, may be located in 60

ce X through an operator’s position

 be con51dered heremafter
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Fig. 4, on the othe“l" B

“hand, shows schematmally the portlon of a send~

10

~ --'phed with a full complempnt of digit szgnals and'_
that, having received them, it tells the' sender

er, which, for instance, might be used at-office X
" for completing calls to a subscriber in that omce S
~only, such as 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 o |
geberistics of this register circuit, as compared |
with that of Fig. b, is that it must always be sup-

~ to proceed with the call without awaltmg for an

ST or “start” signal to be transmitted or regis- R
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 has been re-

ceived, in which case a ‘‘reorder’” md1ca,t10n will
be given. These and other diff

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 conduciors T{, Ri will be connected

directly to the input telmmals of pad AP), the

~ geizure of the sender at the sender selector sw1tch

SS and the connecticn of the sender with the

trunk  will - initiate circuit operations among
which are, as said before, the connection of bat-
aery to cc}nducuorc BATY and BAT2, and the op-

"eratmn of the steering relays TRi and TRA by
the momentary application. of . ground to con-

ductor- 26, whereupon both of these: relays lock

gerially to ground on the left contacts of relay.

TRA while relay TRi is furnished with & sup-

:_'---contacts and conductor H to ground on the upper

55

contacts of relay CKi when the latier operates .

on the regular digit pulse. At the same time

5 the other pairs of steering relays, TRB and. TR2,

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

CI, of which only relays TRB, TR2, TRN and CI .
“are shown, for the second and succeedmg reg-
 isters, are operated, one from the other in suc-

50 |
up. - With the operation of relay TRI, the five -
. B (conductor F has

cession until all'of them are operated and locked

signaling conductors- A . . .|
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-
laysf...® constituting the register for the first
- digit. After IEI&YS KP2 and KP3 ‘have been .

- provided with facilities for keying a series of di~

rect current pulses representative of the called
-statmn designation, then the sender must be pro-
Vlded with- correspondmg facilities to register al-

‘ternating current pulses when the call originates -
current key-pulsing station

from an alternating
and to register direct current impulses when the
call orlgmates at a direct current key-pulsing sta-

| hoth types of calls is iYlustrated 111 Rig. 5 and will

~ tion. The register for a.sender adapted to handle
.

70

second digit register. |
erated relays in the first digit register are locked

operated by- a “KP” signal, cbvious mrcults are
completed from .ground on. the upper contacts
of the channel relays Ra ... Re operated in com-
binations of two accordmg 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 o
corresponding relays of the five register relayss - |
I ...5 of the first digit register. When the first =~

d1g1t is registered and relay CKI{ is released,
relay j.Ri is released and the agnalmg conduc- |
tors A ... B are advanced over back contacts of

relay TRI and front contacts of relay TR2 to the
.5 of the

operating wmdmgs of the relays |
At the same tlme the op-

up to ground on the No. 7 normally made con-
tacts of relay TR, and conductor H is extended

fices, such as office Y. One of the char- :

erences permit =
certain simplifications to be made in this- case, -
which will be apparent frcm the more complete
descrlptlons of the two arrangements that follow.




‘*";dlglt reg 1ster ‘the
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to rela,ys TRE snd TRB.
second chglt is" reglstered and relay CKI is-re-

.....

‘Teased; relay TRZ releases and the ﬁve s1gnalmg_

conduotors A ... B and- conductor are. extended
1o the thlrd group of steermg and reg1ster relays,

“‘and 5o on until the last digit is registered, ‘where-
‘upon relsy CI: releases and opens oonductor L to

Slmllarly, _When the -

"“supphed to conductor:J *thlough resistance CH2
“and the upper contact of relay CK2 wuntil relay

‘TO -operates -to ‘signify that the registrationof "
-the-digit has taken place.

‘on longer 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 ‘has

stop the reoepuon of any further: dlglt mdlca-f_'

tions, thus preventing the' reoeptlon -of the ST
If this signal.

signal, ‘as’ previously indicated.

should appear before the last digit is'registered,

however it w1

connected to the reorder olromt furthel regls-

tratlon will be stopped and & reorder slgnal will 1

‘be-sent ‘back to the transmlttmg ststmn as anin-

‘dication of an-error which- must be- oorrectedfi :

by retransmlttmg the whole nu: mber,

ill cause the application of groundﬁ
‘to -conductors E and .. “Since oonduotor P is

“With this reglster arrangement the reglstrs-_

tlon of each d1g1t is indicated by the operatron:

of two 1elays 1r1 a partloular reglster and 1t 1s !

reglstrataon is oompleted Whlch may be accom-f_ |

“plished by means of polarized marginal relay
TO ‘which operates over its primary winding (P) :9:

as 'sSoon as two reglster relays of the- connected
‘register close their locking circuits, as ‘shown

heremafter but Wthh wﬂl not operste_ When

’“‘“‘hus when a dl”‘le srgnal oomes m say the

- of the oh annel relays Ra ,

veies in the: s:.gnal and relays CK{ and CK2 also

10

been-locked up as’ previously descrlbed remains .
‘operated until lelay SPR releases at the end of

the signal pulse. R |
‘When the channel rersYs Ra and Re release ,

relays CKIl and CK2 release:also, the former: dis-
connecting: ground  from’ conduotor H-to:cause -

“the release of relay TR which; in: oonsequenoe ‘
advances the slgne,lmcr conduotors A .
-its” Nos. 1 .
- the. ermstures of the Nos. 1.

LJHsover
. 5. bsok conta,ots respeotlvely ‘to-

5 conbacts;ire-

‘spectively, of the next tronsfer relay TR2: from -

-which they are extended: via the front contacts
120

-of that relay to the register relays.of the:second

-digit register.

“vances :conductor H over its No; 6-back contacts

-and the No. 6 front contacts .of relay TR2 to:the o

‘winding of that relay, and relay TRB;. ‘and,.in:ad-

-dition, relay TRl .at its No. 7: oonte,ots opensithe |

“connection from. the winding :(P). of relay TO: 10

“the fi

locking the two:operated register: relays 1 and:b

.30
mgnsl of d.lgrt 9, the pulse code of Wthh is ' fre-
‘quencies ¢ and e, relay ‘SPR operates. to supply.

- operating ‘ground to the- ‘operate ‘windings (B)
.Rf. Reldys Ra and
“Re operate and lock in response to the frequen-

o ¥

‘operate for the reasons already given. Ground
“applied to conductor H. by relay CK{ short-cir-

“cuits relay TRA which releases and thereby re-
moves the ground it was su'oplylng to 'the wind--
but the’latter remains locked

mg of- relay TRI,

“to' g.:ound on- conduotor H over 1ts No. 6 front
oontaets until relay- CRY relesses

40

Circuits are-
‘now closed for register relays 1 and § of the first

ouomt of the former being 4;

'f:'-traoed from ground on the upper contacts of
-relay Ra, conduotor 24, No., ‘6 front contacts of

relay KP3 conductor. A No. 1 front contacts of

‘relay TRI, lower erldlnﬂ‘ of relay | to battery;

“the csrcmt of relay ‘5 ‘being traced from ground ¢

~“on- the upper contacts of relay Re, conductor 1,

“No. 4 front contacts of relay KpP2, _conductor. E |

“‘No. 5 front contacts of relay TRI, lower Wmdlng_z;_ |
“of relay 5 to battery. .Relays | e,nd 9, upon op-
eratmg, close a path from battery through their
respectlve upper windings and locking contacts,:
I\To 7 front contacts of relay TRI, right contacts

“of - rera,y TRA, ‘winding (P) of rele,y TO, contacts

~of ‘relay CKA conductor K, lower oontscts .of
- relay CK3, Wthh is normal since only two “fre-.
quenoles are - present in the Eﬂgnsl to ground
Rele,yr TO operstes dlsconneots the resmtance

~ground being sup}ahed over conductor J from re-

vgistance "CH2 -via the “front contacts “of “relay
“8PR'and/or relay CX2, to the operate ‘Wmdmgs___.

¢PY of: the channel relsys and locks ‘itself to
rsaid-ground on- oonduotor J-via its srmature and
~front-contacts, secondary Wmdmgs (S) “to“bat-
“tery via. co*ltacts No. 2 of relay CI.

“the (P) and the S) Wmdmgs of relay TO cause

su1tab1e mesns ‘must be provided to releose it.)

If the'signal is short: and Telay SPR-releases be- |
fme registration is-completed, relays Ra and- Re
“are, ‘nevertheless, held operated -by the ground'

60
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- CRa2.
(Smoe both

70
ssaid Telay to operate, g biasing sprmg or other

&N
o

-for the second digit signal, after the reception:of -
‘which it advances to the third:digit registersand

in that register. The register circuit ISnow rea,dy

so on untﬂ all of the d1g1ts have been reglstered. .

'the end of the final chglt s1gnel relay CI isire-

leased, and since it:opens:lead Ii at-its No..Ivcon~
“tacts: a,nd therefore lead L,
~of relays - o
- prevented. Relay CI, through its:No. 2 contacts, SR
~also opens the! locking: battery for relay TO.and

‘by means of oonte,cts not: shown ca,uses the sender: |

Ra . Rf in" the receiving :cireuit: ds -

to advance the: call.

~ Should-only one oho,nnel relsy operate: due’ to -
thé presence of one frequency.in the :impulse -

produced, say, by some gbnormal .condition; the

corresponding register relay would operate zalso,

‘but the latter would not lock up-since, with:relay
CKI released, no ground would:be applied:to: con-

ductor H.and relay TRA Would not'release.inicon-

‘sequence -thereof ‘and-no ‘locking -circuit ‘for the

register relay would be available. through 'the T
primary winding (P) of relay TO. “Should more

‘than two channel relays operate; then relay CK3

would operate in addition to relays CKlrand CK2
~for the reason already advanced and relay CK3, |
upon operating, would apply ground‘to conductor
- RO, completing thereby ‘" circuit to g sU1table:” o

“reorder’ olroult Wmoh Would funotlon to cause

‘the reorder signal to be sent back to. the trans-

mitting station, in meaning of which, to the oper-

rator ‘thereat, would be to retransmit the entire
| -number

Relay CK3, by breaking its lower con-

tact, chsoonneots ground from- cooduotor K to
- breventrelay TO from operating.

Relay CKA, which'is of the.slow- relesse type, o
normally operated by ground.on: conductor M ap-
plied thereto throogh the back contacts of relay |
It is released when relay: CK2 operates,

- and serves to delay the closing of the registerlock-
ing circuit and hence the operation of 1ela,y TO,
for a short interval in order to allow ample tlme S

for rela,y CK3 to functlorl in C&Su one.or more in-
terfermg frequencies. should cause the ‘aperation

-of more than the two' channel relsys Whleh would . .
'~'be oper&ted by a normal dlglt Impulse, o |

If 'the signal remsing

The: release: of xelay TR{:also ad- k

rst digit register: and ‘provides a ‘ground;for -: |

f orther operatlon R
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g, 5 schemetically shows the regwtering 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 connectlon from the distant transmitting

_station where alternating current keying is used,

station as, for instance, the position typified by

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

. 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 R

10 . |

- two, are always operated per digit and a relay o
_TO is made to respond to this operatlon As 2h

‘loeal trunk designated by the jack LJ." - The im-

pulses produced by the key-set DA are direct
current impulses which are I‘EETStEI'E:d in what is
- essentially a four-unit code as compared with

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

| ,conseqnenoe it is not possible to use a ma.rglnal- g
relay TO, as in the register of Fig. 4

15

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.
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 comprlses the six relays
TA ., . . TF shown in the lower part of ¥ig. 5 but
" only a portion of their respective contact equip-

Coment and interconnecting ermg is shown. The

-six translator relays TA .
| the channel relays Rao .
A .

. TF are operated by
..Rf over conductors
. P, respectively, when the latter relays op-

: erate after the “KP” signal has been received and

- For practical reasons the latter, or .

20
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lays.

24

_.varles from none for the digit “0” to three for
~ the digit “8” when relays i,

2 and 5 are oper-
ated. If the relays are given appropriate numeri-
cal demgnatlons this system has the advantage
tha,t the digit itself may be 1dent1ﬁed by adding

up the designations of the operated register re-
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

i, to mdlcate
that the reglster is satisfied, but a t1m1ng c1rcu1t

must be used to insure that the channel relay |

circuits to the seéveral register relays are main-
tained long enough for the slowest relay of the

register to operate. The timing interval ig ob-
tained. from polarlzed relay PT which is made

slow-operate by means of the condenser PTC

and resistance PTR associated with the right '
winding (R) of the rela.y, to the joint terminal

~of both windings of which battery is connected,
“through the left contacts of "rele_,y ACP which,

along with relay ON, ig 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,

35

‘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 15 operated by
-~ relay Rf. |
- In order to slmphfy the understa,ndlng oi the
“ operatlon 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 alfernating 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 dlrect cur-

o rent key-pulcmg c1rcu1t DCP e

 Dieit | Translator D1g1t Peglster (rounded For
g ~ Relays: Releys | Direct Current
B | ~ 1| - Operation
O TA, TD_____. ) T TM.
S S TB, TD...___ y S TP, - =
3 e TD, TE_._._.. 1, 2 .. TM™, TP,
BRY - TSSO TB, TE....._. : T RP.
5.; e o . ——— e W TO, TD ______ 5 ............... RM.
K TR ST TA, TC cana- B O O TM, RM.,
e e e TB,TC_ ...} 2, 5. .. TP, RM.
. SR TC,TE____.__{ 1,2, 5___...__.. ™M, TP, RM.
R TA TE_ ______ 4.5 .. .| RP, RM.
| TA, TB__..... None_.._.____:| None. -
B A TE, TEF...__.. 1,4 . ..._.....| TM, RP.

It will thus be s:een from the ebore teble that,
- with the four-relay digit register, the number of
relays operated to indicate the differenf digits

55
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~ registers are opera,ted by grounds on conductors
T™, TP, RP and RM, respectively, while the

- ~ steering relays AC and AL, corresponding, re-

65 -
‘register of Flg 4, are controlled by ground on

short-circuited. But when ground is removed
from conductor M by the operation of relay CKa2,

~a charging circuit for condenser PTC is estab-
- lished from ground through remstance 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 orrcmt

'_completed by ground on conductor M so that, -
during the time that the flux produced by the

charging current predominates over that. of the

curtent 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 ohannel
50

relays via conductor L, 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, s2id relay operates and discon- =~

nects ground from the operate . Wlndmg (P) of

‘ the channel relays with consequences already not- = E
- ed in- conneotlon ‘with the reglster shown in -

Fig. 4.
The relays f, 2 q and 5 of the mdw:rdual d1g1t

Spectwely, to the relays TRI and TRA of the’

conductor TS. Relays AL and AC are operated

in series by momentary ground on conductor 20’

70

‘and locked up to ground-over the left contact of

relay AL, and at the same {ime the other pairs
of steering relays (not shown) between AL and

“AC and the steering relays NI,-and NC for the
~ final register are operated, one from the other in" -

- succession, until they are all operated and locked

75

up. Wiih relay AC Operated the conductors ™ 3



B oﬂice in ‘such cases -the

| 25 lllll |
o TP RP ‘and: RM- are connected: 10 the Operate
‘windings of the relays-in-the: first' digit register;

- When: direct, current pulsing-is-involved as, for

instance, in'establishing:a call from:a subscriber-; |

in office X vig-a-loccal position thereat to anot ther
ice - or another:
sender “is-connected to

SHbSCI‘leI e1ther in- +he same. Of

the local trunk terminating -in jack LJ in-re-
sponse to:the operator having seized said {runk

by plugging cord CD'therein. Cord' CD has the

10

~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 crosse
points LSSt and 1882 gt the ‘sender - selector
switch 88 through conductors TT and RR. Since;
~In this-case, relay SW'is. normal, the trunk-con- -

15

ductors, 1netead of being connecied 1o the alter---‘--':
nating current pulse- receiver are:connected to'g

direct current key-pulsing circuit DCP which re- -
spondg to the key pulses and; in response to the
~operation. of each digit key causes ground to be-
applied to conductors TM, TP, RP and: RM ~in-
accordance with the digit keyed. The grounds
~on these leads then complete circuits tc relays
1,.2,°8;:and: 5iof - one-ofithe. digit re-‘“Tetr"‘s (which -
one depending upon the number of: pairs-of-steer-
ing:relays which have heen released as the-call
. has-progressed): causiig the operation of caid-re-

laysin accordance WI’rh the code given: said relaye

- locking. over. their upper. windingg and- contacts

to ground on relay ON which is operated at this
time..

ered neecessary.. -

As. hefore : mdmeted re1e,f,:, TA . TH ep-

erate .on the two-at-g-time basis in- eeemdeneej_y
- with the alternating curr ent pulse ee e, and the
connections throm ugh their eentae’cs are such that

20).-.

25

30

| -Since this part of the sender equipment -
- and: 11;5 operation form no par’f of this invention,

no further de scription of 1ts Opemhen is eons:u.d--ii;;;,.,
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_eeeh pajr that corresponds to a digit code wﬂl set

~ up-a-path to the proper conductors TM; TP, RM
and:REB.. For mmphe:lt‘y, only the- peth for the
transletlen ang registration of the-digit-1 in the
first, gigit- register is- shown, ceneermng which;
-~ when relays TA and TD epere*e in  response- te |
-~ the.alternating current signal pulse of the digit'1, |
- a.cireuit is completed-for relay ! of the ﬁrst d1g1t"i. S
- register,. extendine  from - ‘battery through the

- lower: Wmdmg of said relay, No: 1 front contgets
No. 5 co-ntects of
- relay TD, No: 4. contacts ‘of ;.ela,y TA; to ground. -
 Digit relayf eperetes gver its lower: Wmdlng and

- of+relay "AC, conductor: T

then locks-over itgupper Wmdmg and uz:per con-- o

- facts to eff-normal ground on-relay ON,
REI&Y@ TA .

. 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

| . TF when- operated in greups .
~of twos aecerdmg to the alternating current im-

- the connection between conductors J-and L o
relay. SP-has already releesed the two cha,nnel_;. B
. Rfsswhich - -

60

‘set-‘of operated contacts on:each of-thetwo op-

erated relays and a set of normalcon ects on L.he--"'

unoperet d.relays..cf the translator.

Ground. on ‘conductor TS’ short- elrcults relayr;.:i |

55;_;{'(}?1 the een’rectu ef rele,y ON I reley SP is: held?;??":

|||||

_' AL which releases, but it bnlde relay AC operated
until t;he twe operated relays of the translator re~ -

- lease in response to the release of their ascociated:
- channel relays; at which time relay AC will re=
leese and ‘advance con wductors TS, TM, TP, RM

and. RP to the next set of steering rela,ys (not,.

I addifion, and. over obmous paths the.
rela,ys of.the. treneieter apply ground to the “re-

shown),

- were-operated by the incoming sugnal releese andﬁ'}__'f - :
| ceese the releeee m. all other above-mentmnedf-‘:

to conductor J- es described ‘above.
AC releases, following -the removal ‘of ground* . -
- from ce.ldecter TS, conductors'TM, TP, RM; RP; -~
,'e,nd TS E;la_.. treesferred from the - ret dlgltf--'i* |

)

order mrcmt” WheneVﬂl relay.-TH- operates: with:

any of the other re lays except relay TE. The

purpose of this is to ep rate the “reorder czrcmt’*

‘and hence to cause - reerder 31gne-]---- to- be sent?'-f?
back to-the operator at the transmlttmg station .
under these circumstances. since the combination: =
of frequency f with: any other frequency- except.;?-
e (after the KP-signal) is net an- assigned code;

- and the reception of such a signal is therefore . -

an error, wiich can be rectified only by retrans-
mitting’ the whole number: The: combination of = .
relays TE and TP is‘the code of the “start” Siga:

nal Whlch is accepted in the same way as the-digit~
It is transmitted from the transmitting

signgls.

station by the'depression of key ST thereat after
all the digits are sent and in: the eonsequent op--

eration- of relays TE and TF, circuits are com-
pleted Lhreugh the contaets of se.ld relays-to- op~- -
erate digit register relays 1 and 4, which'in turn';_- :
provide g -signal for the sender-to preeeed Wlth-'. o
the settmg up of the connection. . S
“The circuit is made inoperative:to-the epera-f---f;
‘tion' of a single trenslater relay’ by arranging-the-
_eeqnectlms in such a-manner- that two -transs-
~ lator relays must be operated in order to apply
- ground ‘to conductors-TS, TP, THL, RP and RM::
~andialsc by preventing: the operation of‘relay: PT |
Wthh i held released by ‘ground -supplied-to'its- - |
right winding -(R) ‘through normal contacts-on o
relay ‘CKZ2 and relay TG, neither of which- will>
operate unless two- ehannels have been: energlzedf.-f’ |
 (relay TG being under the control of- relay CKf, .
~which. alse requll ~~..*S the,t twe chemlels be ener-f.--? o
'glzed) R s S
Cenmd rmg :ﬂew the opere,tmn of- the regleter-i---f_
-8, relay SPR; the channel: relaye'-i. o
. Rf: arsd relays-CKland. CK2" operete i
‘the- ee;me menner. as with the: register :of- Pig.-4i: -
In addmon ‘the - corresponding translator -relays
'TE operate as prev1eusly described:and;’ -

ehewn m g,
Ra .

TA",

when twe ‘relays areup; close ground ‘to- the"f‘*' .

or: relays, in:the fi

- proper conductors TP; TM, TS, RP and RM- of . -
the - digit. register reley‘e causing - the release of
relay AL ‘and the: ope ration of the required: relay;” - |
st digit register while: holding -
- relay.AC operated. At-the: same time, relay- TG
. -operates over the following path® ground through = -
5. the make contacts of relay SPR: and/ or relay: CK2,
~ conductor J; normal contacts of reley P con~-
ductor L, make: contacts of rela,y CKA, conductor:i
~H, No. 2. normally made contacts and wmdmg of”
-'1’81&3’ TG to battery, = When! ‘gperated, relay TG

locks through its No. 2 front contacts tg. ground "

releys in‘the group’ of- relays-Ra .

on conductor J. from relay’ SPR and/er CR2and~ - - .

- through ifts No. 1 contacts: opens “the: peth be-~-----=-_ S
tween the winding (R). of relay- PT and’ con- .
ductor M, from which ground has: already been'??ff
-__remeved by the operation of relay CK2. Remov< .

. Ing ground from conductor M starts the tithihg - R
-« cycle for-the operation- of: relay PT !which; op~- -
erating ' affer  condenser PTC is. charged; breeI;sz-}:: o
£

. up by a long incoming °~1gne1 all’ of the- releys re-- -

relay SP° relee Ses

- lease except: I’Plays TG and PT, which wait; untll--f_;ﬁ“:]- —
| -due'to the locking of relay TG~
When. relay:ﬂf‘-l T

| 'When 1;11e Seeond end eucceedmg d1g1ts are re-_:_f .
75 cewed the regmtretmn centmues m a smular
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| menner untll the incoming “start” 31gna1 trans-
- mitted from the transmlttlng station by the de-
" pression of key ST thereat indicates that the last

digit has been transmltted The “ST?” signal op-

erates translator relays TE and TF, in turn op-

erating relays 1 and 4 of a register succeeding the
reglster which has taken the registration of the
last digit trensm1tted (the number of digits which
may: be trenemltted may vary depending upon

the route and the called office). and a circuit
closed through 3 pair of operated contacts on

relays | to 4 of any register will operate a, “start’

circuit (net shewn) 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-
- _tretlen of the required number of digits therein

'1nd1(:at1ve of the route. of the call (es for ex-
ample the name or number of the termmetmg
‘exchange and/or the called number), causes the

:2,_4,18, 145
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-the amphficatlen factor to its orlgmal va,Iue upon-'- o

- the termination of each signal.

10

5. In an alternating current 51gnal recewer

“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 errglnel velue upen o

~ the termination of each signal.

6. In an glternating current 51gnel recewer the :,' AP

- combination with a thermionic amplifier, of

15

“sender to become connected to & control circuit
| knewn as o “marker” in whlch over contacts not -
- shown on the digit registers, the necessary digits .

reglstretlen is transferred therein. In response
to this registration, the marker then operates
. over certam control circuits to cause the selected

| trunk to become connected with ancther trunk to

.~ the terminating office or to the called line, where-

upon the marker then disconnects and the sender
proceeds to cemplete the connection at the ter-
mrnatmg cffice or drops off if its work has been
completed. Since thece eperet ons form no part

o of rmy invention, the same bemg well-kKnown
- marker operations, they are not described herein.

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 mterve,l after the hegmnmg of the recelved -
‘signal. | L

7. In an . alternatmg current s1gt1al recewer

2'0'_:the_ combination with a thermionic amplifier, of

means responsive to a signal for increasing the
potential applied across the cathode-anode elec-

trodes of the tubes of said amplifier a predeter-
‘mined interval e,fter the bee'mnmg of the recewed; |

95 signal.

8. In an altemetmg current SIgna,l recewer

 the combination with 2, thermionic amplifier; of

30

While I have described 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 applicaticns and

- embodiments thereof may be made by those
~ skilled: in the art without departing from the
- 8pirit of the invention as defined within the scope
~ of the appended claims,

‘What is clalmed is: - |

1. In an- a,lternatmg current signal | recewer

the combination with means for amplifying re-.
celved 51gnals ef means responsive to each signal

40
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for e.ltermg the amplification factor of said first-

“mentioned means a predetermined interval after .
the ‘beginning of each received signal -regerdless "

of the instensity of the signal.
2. In an alternating current 51gnel recewer the
embrnetmn 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 mgnel reeewer :
‘the .combination with means for amphfymg re-
ceived signals, of means responsive to each signal
for raising the amplification factor of said first-

‘Means responsive to each signal for 1ncreemngl?-;'_
the potential applied across the cethode-anedefi__:
electrodes of the tubes of said amplifier a pre~

determined interval after the begmnmg ef ea,ch'--‘
received signal. IR .
9. In an elternetmg current sagnel recelver

the combination with a thermionic amplifier com-

a5 Drising 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- -
trcdes of sald tubes a predetermined interval =~ =
after the beginning of the received signal, said

network comprising a mem circuit in series with

the cathodes of said tubes a first breneh circuit
connected to the screens ef said tubes and second = .
branch circuits connected to said main c1remt .

~ said second branch eircuit including means re-
sponsive to a received signal for drseennectmg; | o
- sald second branch circuit from said main circuit.

10. In an alternating current signal- receijver,

the combination with means for ampllfyme re~ '
ceived signals, of means responsive to each s’ ‘gnal
- for altering the amplification factor of said first=

- mentioned means a predetermined interval after

B
n
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- to reg ister seld sig mls

the begmmng of each received signal, storage de-
vices, and means responsive to each of said am-~ |

plified signals for operating said storege demees

EDMUND R. TAYLOR
REFERENCES CITED
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- ﬁle of this patent:

menticned means a predetermined interval after. :-

~ the beginning of each received signal regard]_ess. A
~of the intensity of the signal. .
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-4, In an alternating current signal rece ver the B

. combmetlon 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
©oof the 1nten51ty of the signal, and for restermg'

70

N umber

"UNITED STATES PATENTS

~~ Name Da.te
2,324,816  BOMM oo July 20, 1943- e
1,724,082  Green o _______ ~ Aug. 13,1929 -
2,286,106 Ritzman —.__.._______June9, 1942 . .
2,158,198 Prescott e ‘May 16,1939 -
1,859,565  Keith —o oo _____ ‘May 24, 1932
‘2,143,056 - Curtis —-———m——. Jan. 10, 1939
12,276,037  Hechtetal. ._______Mar. 10,1942
2,316,354  Moritz, Jr. . _.______ Apr. 13,1943
2,237,742 S

: Lundstrem

Apr 8 1941?._;_-- o



	Drawings
	Front Page
	Specification
	Claims

