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The présent-invention relates to: telephone SyS-
tems -and’ is more particularly ‘ concerned - with
setting’ up connectlons between dlfferent _ex-
changes over junctions,

1In-urban area$:it-is-common to have 2 ‘Imain

- ‘gentral ‘exchange linked by junctions to a num-

1o

‘ber of subexchanges which in turn may bé linked
by junctions to’ satellite-exchanges, the junction
Jayout being -determined “by the traffic require-
ments of the'area. Inrural areas a diffetent prob-
Temis often’ encountered “in: ‘that' a number of

'“exchangesare frequently fouhd lying miore ‘or

20

less’along a. line ‘as in the-case of small towns,

or: villages along the “banks of 'a  river.. It.is
then ‘uneconomical to provide junctions between
each exchange ‘and every ‘other exchange in the
area’or between & central point and every other

exchange, and-as the Junctions between two ad-

jacent exchanges follow the same route-as junc-
tions-to' more distant exchanges in the same - di-
rection; arn, obvious method of llnkmg upi-the

several exchanzes of ‘such an area is to connect'

- eachexchange with the ‘adjacent exchanges on

-
&

30

either side of it by means of junctions and to
extend connections  to ‘more distant’ exchanges
over-a number of serially~connected junections.

The problem “that ‘then presents itself “‘whete

automatlc switching arrangements‘are concerned.-

is the most satisfactory way of:setting up a con-

nection betwéen any two exchanges in' the-area.:

Several:methods: are: available but some “have ‘se-

“ riousg, drawbacks 40 their: adoption: -To ‘mention

one such method; a first digit dialled may deter-
mine in which’ direction ‘the ‘connection is to be

5 extendéd and further digits would then take ef-

fect i settmg switches I the serially-connectéd
exchanges until the 1equ1red subscriber’s line is
reached, "It will' be. seen  at once that such a
method involves different; digits being dialled" at

differ ent exchanges to call.a particular exchange:’

and-if there are a numbet - of ‘exchanges m the
area, 4 ‘Jarge number- of dxglts would in 'some
cases be required’ to sét up a connevtlon ‘Digit
translating arrangements .could " of course be
provided in order-‘that a  stibseriber may be

“called by: dialling the same digits irfespective of

the exchange -at whlch the eall originates, but
th]s would ‘prove costly, ‘particularly’ where spe~
cial fapilities such as fural party lines’ 1nqu1r1ng
Can. e‘itra digit have t0 ‘be catered to: -
According t6 one feature of this 1nventlon each

- ‘exchange” of -the system “is- connected with' the

Jt

o1

-adjacent exchanges - on edch: 51de of it by junc-
txons ‘and provision is made for associatirie free

Junctwns between adJacent exchan"es to‘the.

(cL 179—-18)

end that as far as may be poss1b1e havm»r 1eﬂard'

10 junction. occupation there is always a waiting
-free routeé between the exchanges aL each end of
8 chain of’ exchanges
The junctions may be. assoc1ated 50 that there
‘s’ a’ chain of free  junctions in ‘readiness Tor a
connection but no actual connection between one
junetionand the next adjacent junction -exists
unwl g juriction call is made!” As many serially

connected junctions may then be taken into use.

$ are’requisite to extend the route: to a desired
exchange and the-other. waiting junctions are

‘free.'to be ueed in" the preparatlon of another :

through route.

For the preparation of 2 route junctions’ in-
coriing at an'exchange may terminate in segreh-
ing switches Which ‘are maintained in’ connec-
tion-with free outgoihe junctions for the exten-
sion -of 'a roiite so far as there are free outgoing
junctione No: seigure -of a Junctlon “however
rieéd ‘he rm,de andin. ong- arransement accords
‘ing tothe mventlon 1it+is arranged that an elfec-
‘tive connectionof ‘adjacent Jjunctions'is made de-
pending-on an opex atlon at the e‘ichanae at whrch
a, call originates;’

Accmdmg tor'a fuzther feature of the invern=
tion it is armnged that successive Juncuono are
taken into'use- consequent on: the receint at’ an

69
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exchanze gt the’ 1Pc0mmg end of a-jundtion of.

4 single current nnpulse F01 the conhection -of
serially’ related Junctlons a train of impulses may

85

be tranemlttcd from. the. ez»fchange at which the -~
call originates, each impulse of’ the train effect~-

ing the connection o a further junction' to the
_route.” When a’ junetion:is:taken into:use no

20

circuit-is closod theteover umtil an 1mpulse of a..

Toute “setting - digit is” travsmitted’ and it may
‘be-arranged. that the “make” penod of an’ im-=
pulse energizes a hne relay at the 1ncom1ng enfi
of the junction; the de-energmatlon of"the line
relay. consequent:-on’ the ‘trang mission ~of Vthe
“break” of ‘the next implilse eﬂectm:r the switch=
ing through’ of ‘the juriction. to the next adJacent
“exchange, In the case of {He desired: ezchange
the operation of the litié' relay at this exchange
ftakes place ‘conssguent upon “‘thé prolonged clo-
surs -of ‘the ¢ir ‘cuit-over the jitnction on.tHe ‘ces-
sation of 1mpulse transmission: Uhereon and tiime
is. given' for-a:. slow ‘operating relay to. operate’
and’ prevent ¢onnection  of ‘s furtter junction
seetton This: relay may close.a circuit, for the
°earchmg switeh ab the mcommg end 'of'the
junction whereby it is caused to adyance'in search
of ‘afree outlet to local switclies:

The slow oper- .
ating relay-at intermediate exchanges would he
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2

rendered unoperative when an extension cf the
junction route is made. .

In order to obviate, for the calling of a particu~
lar exchange, the dxalhng by a subscriber of
trains comprising different numbers of ‘impulses
according to the position of the calling and called
exchanges in the chain it is arranged that a cer-
tain maximum number of impulses is always
dialled for the route setting train and certain-of

these impulses are suppressed at the originating

exchange, the number of impulses transmitied
being determined by the number of junctions to
be connected in series.

According to another feature of the .invention
novel and simple means for translating a dialled
digit into a rouiing digit and transmitting the
latter are p10V1d d.

For this purpose it may be alranged that the
first digit dialled by a subscriber defermines the
exchange with which connection is desired and
the numbper of impiulses required for the inter-
connection. - The first digit is received at a se-

Jecting switch which in accordance with the value

of the digit searches for a free outlet in the direc-
tion of the required exchange, i. e. to the leif or
right or over local switches, and marks a count-
'The second digit is pre-
determined and comprises at least the mazimum
number of impulses that will be required fsr the
interconnection of the extreme exchanges, this
may he for example the digit “4”. The impulses
of this digit cause the counting device to operate
and count the impulses and at the same time the
impulses are transmitted over the selected outlet.
When the counting device reaches the position
marked by the first dialled digit further impulse
repetition over the selected. outlet is suppressed.
In the case of a local call all the impulses: of
the route setting train may be suppressed.

In the preferred form the counting device con-
sists of a simple stepring switch which may be
embodied in the first selector at an exzchange.
Contacts in a bank of the switch are cross con-
nected to a set of contacts corresponding to groups
of selector outlets, the group in which an outlet
is selected being marked, and .a test relay con-
nected to the .wiper of the counting switch co-
acting with the cross connected contacts is ar-
ranged to operate -when a marked contact is

-reached and short circuit the impulse receiving

contact in the outgoing wires. This short circuit
is removed at the end of the digit by suitable
means to enable further impulse trains to be
transmitted without translation f or the setting
of switches in the desired exchange.

In a system in which a simple connecting cir-
cuit is employed and connections are completed
over. a connector operated under the control of
or in conjunction with a.controlling device, the
connector may - be. stepped attomatically when

the controlling device is taken into use to a gr
g X group

of contacts over-which.it may search for a free
junction in one direction in response to the first

digit received. If however the first digit received-

determines that the connection is to be completed
over a junction in the other direction the con-
nector may be stepped to a further group of con-
tacts associated with ‘junctions in the required

direction .over which it searches automatically.

In the case of a local call the connector would
be released from the position to which it was
stepped automatically and the succeeding digit
would be absorbed.

In a system of this kind when a controlhng '

device is taken into use at each exchange in-

Ang- unnecessary.

1,022,232

volved in a connection it may be arranged that
a junction is only marked available for use when
a controlling device is associated with the search-
ing switch (preselector) at its incoming end.
Alternatively to this arrangement search for a
free controlling device may take place when the
demand arises and a second dialling signal is
given after -the second digit has keen dialled.
-The above described sarrangements contem-
plate the use of one-way junctions but we may
provide for both-way junction working by ar-
ranging changeover contacts of a relay at each
end of a section so that the junction is-always
connected to incoming preselectors at each end.
When such a junction is taken into use the
relay controliing the change over contacts at the
cutgoing end of a desired junction is operated to
change over the contacts to extend the connec-
tion- to the next junction section. Incoming
preselectors at the originating exchange, as re-
gards the direction of the call considered, which
may be resting in contact with the junction taken
into use, would then step in search of another
free junction and preselectors at the end of g

Jjunction incoming from the opposite direction at

the distant exchange, would act in a similar
manner,

If an incoming pre.;elector is unable to find a
free junction section, it may come to rest on con-
acts associated with a busy signal circuit so that
when it is taken into use the calling subscriber
will receive a busy signal.

The arrangements of the invention lend them-

-selves to the adoption of multi-metering, i. e.

metering -of calls according to the exchange to
which the call is made. A convenient method
of determining the fee to be charged for a call
is to prepare the metering circuit over contacts
operated as determined by the first digit dialled.

The arrangements lend themsclves to mixed
automatic and manual exchanges in an area.
In the case of a terminal manual exchange, the
operator thereat may dial the required number
of impulses to extend fthe junction sections to
the wanted exchange, instead of the exchange
determining digit, a controlling device then be-
At an intermediate manual
exchange, the incoming presslectors terminating
junction sections, which preselectors would still
be provided, may have access to the answering

equipment for the purpose of dealing with local

calls. The multiple jacks would take the place
of levels in the selecting switches in an suto-
matic exchange and would he multipled to the
junction outlets from the incoming preselectors.

Reference will now he had to the sccompany-
ing drawings which show hy way of example
a method of carrying out the invention. Fig. 1
shows in diagrammatic. form the arrancement of

switches and connections at an exchange having

junctions outgoing te the left and the vight of
the figure; the junctions heing used for traffic
in bhoth directions.. Fig. 2 shows g first selector
at an exchange, the selector having combined
with it a counting switch which is marked by
the exchange defermining digit and confrols the
transmission .of impulses for the connecting up
of junction sections until the desired exchange
is reached. Fig. 3 shows & preselector connected
to the incoming end of a junction which preselects

& junction to the next exchange and when the
Junction to which it is connected is

taken into
use it extends the connection either to the next
junction section or to local switches. Fig. 4
shows an equipment for connection between the
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~‘and. the right

. level.a ofithe first selectors

0.
[=8

‘30

35
40

fromitlett to! right are

‘the - upper par

‘working to the-junction ‘preselector J -
of the banks of which are multipled and connes t-

ini 4 similar manner ‘to those of JPS

~when taken .into use.
‘the 1‘1ghL such as JR and preselector «

‘Iectors and the' firgt. oekctorﬂ‘

‘selector.

1,922,232

cend o al Junctlon and thc Junctlon plebelpctor
when the’ ,)unctlon lu to be used for traﬁif‘ 1n both

b dlrectxons

Peferung now to Fig, 1 the switches indicated
dlagrammaucal v at thé ‘foot of the drawings
sancrlher’s prese’eﬂtor 23
connected to the line: from-a  subscriber SUR,
becond preseiecwr PSS, fivat selector: IS, mt;cr :
mediate selnctor GS; and final selector 'FE.In
t ‘of the "draw ings are indicated
‘junctions ouwmnrr ‘to or: incoming Irom the lef}

‘the 1t of the figure is connected over'sn equin.
ment BWEL when-it is to be used: for both

ed 1o the equipment BWER and to ‘contacts in
siichias IS, “Another
part; “of the banks of the’ preselector JPSLiis
‘coninected to-incomi ng selectors such-as ICH ,the

‘bank contacts of which are muliipled to uho.:e of

1nte"med1ate selectors such as GS and Connected

to. ﬁnal selectors such as' FS. ‘The jir Ihfcmn IR

on ‘the right of the figureis connecfe'{ over the

eampment BWER' to the ' june “tion: pre selechor -

JPSR, the bank conta,cus of which are connecwj
Tf onie
way' mnctwn working: only “is

connected. directly to JPSL, the bank mntacto of

‘which. “concerned with junction connections
would-be connecLed dn‘ecbly to” junctions sich a8 ”
the June-

JR outzoing to t‘1° right of the fisure.
tion’ being marked eﬂgaged at its outfromg end
Incomms Jdunctions fiom
PSR wsui“
then be connécted in'a 8 similay msnner, the zmul-
tipled connef‘tlons between the ineo ming ot e“m
rep;. esnmed

IS and the connectionsto xrcem.mg gelect
resented by ICS belng mdde ag beiore :

THe ystem as shown ia. this figure s, ar ia‘lgec;‘
;- for,
first digit denotmcr the, re

ubucrxbers numbers on a5 ﬁgu e ?xawl_,, the
quncd exchange step-

ping a:frst uelﬁctor tr

40 the digit
The  secord. . di isdlways 0 and a
number of 1mpu} ses.0f this dxglt are cotimted off
rmmnd by the fixst: digit dialled:ite effect
grcompletion of the mnctmn oonnectmn to ‘thie
reqmred exchanwe 1f the call i is.one to be corm~
pxeteri OVer. . iLlI]CulOD 'T’he ard,. 4th :nd afh
d1g1t ef"cct the setsing of the intermeadiate. or, m~
commg ,selnctor as:the c%c may beand the finzl
Selevtor $ICS, GS a"ad FSiare of & kind

'uu.aually emmoved for :the purposes- Lmy serve

‘ 60

"navmg regard to the system; of 1m‘)ulsmg testing

and supetvision at the’ exchange where. they are

As1tuated and the L-leoolect,cvs 8- and PSSrmay

e sw1tches of; anyv suitable known type.

Irig.. 2 shows a ﬁrst ‘selector of the" two mohfm.‘

type in whxch impulses are. received: on &n im-
pulse 1'elay A connected in-the inconiing side.of a

- feeding bnd e -and are; mpeawd over contact. al

o

to. the ve1t10a1 magnet VM of. the selector and.aff-

er seizure of:a 'free outlet'in the level to which the’
selector -is set by impulses, the 1mpulues are re=.
. peated over:contdct a2 and the outgoing b wire

The fest for.a free selector:and free outlet is bw
tery: potertial on: the test-wire :
Yris the.answering- supervis 01y relay operﬁtﬂd

© when' the called subscriber rep plies by the appliz-

‘cati
‘Teta

and T

“direct drive type
The jinction JT: inceming From..
‘seb b Barthed conbacts By a wiper

Tector,

10 he e*rm*oyw,‘
junction JL if ;ncommh from the left would be-

et
it

&%

: and
! rep—

ken into use over. P an gle g
PSS to alevel: gzvmg ‘aceéss o junehions:] eadxng
Jinithe \11rect1o*1 of the: required encna')ge or’ ‘,o‘
goutlet to Tocal. switches according
- dialled:.

‘the switeh 'the vertical of _
operated; "0‘1t'7m, kl-opening the OLeratlng cir-’
for,its &
the back of contact

on:-of hattery-to.the ¢ wire either over:the
rd coil BRC and the stibstriber’s loop ot from
a, connewwn made “at & subseguent feeding

1Jge Voisthe release’velay, D o diallinig velay

'magnets are desinriated RM and:ZM respectively.
Veltm 1> off- normal conta ts are denoted By’
Wlm 3 i werical suflix. rAsSociated with the first
delector iy v sthile motion counting switch of the
aving 2.winers-designated:AS,
Wmer AS do-sets with aitare of cgiltacts
s redfuired, 106 debof

byt
J,:nO
wmch 21€ £ross- a,o_me tad.a
contacts vs which are nride

artakes only inithe vertical v mmn of the ‘ge-
the contacts vs u,nes;powh‘} 40 levels in
he. seléchor. 'Wiper BS wipes over an Sff-nor-

mal s muw ina humfn'f cireuit-for the coui
ing s ,-Ja Relay 8is bhae Lest relay “for the
‘ccumuﬁ ‘switch and relay. E prévents current

flow. over the ‘o‘utgo ing U wire un
puiseof the second ‘{rain ‘is réceived: " Relays
which' are slow to reiéase have their Wl 14!‘1g
enclosed Wi*(; 1, reciangles.

T h’" 36 \J

4o
2505

Lover mmung (FITY of relay A, con-
b‘lcim AZ, Y4159 {o the inddmirig test wire ¢ Re-
iav yciatel in thisieivenit toesrth cunnectﬂd

scmhu"s preseleetor and at dontact dl
the “siow - releaging release 'relay V.
‘c‘o:q‘nection is:switched through’ at the
dings (1 and (XY of relay A
78 Onthe opsration of . 1ehy

ca
€7

-

c*o cd over-a.i eqts’mnce to the
iard.against the suLuequenu
g sf Ccﬂlﬂbtu d ‘and k2.
‘t inthe circuit.of the relegse. magnst ZV
10s2s’ o, point in the cn’m-lL of ‘the rotary
ma,gneb E AL
1“01111113 curcmt for the sinegle motion switeh.. Re-
iay D oper abing. prepares & holding citeuit for it-
self at roubamt dl and opens a point m the test
in ecircuit at ‘contast d2- de- ~energl izing Wi
(ILI) of relay. A.- Contact d3 prepares the ver:
tical. Tnagnet, "“iﬁL A further contact of 1e‘~
lay 12 v connﬂc ) dmlhnz szgnoﬂ tmmf mmer
to the line if desired.

The callin ’suh criber v dials
>f the wanted number and 1elay A 1‘e%ponds to
tha impulges of the digit.

These impulses: are: repeated at. conts

Lal m

‘o, ‘cireuit including winding. VM..of the vertie al

d3-and .17, and the; switeh' is

n

Y

magnet, cohtacts
stepped vertic aLv"
of irapulses received.

“At.the first step taken by

cuit of 1‘141‘ 7. D W‘ﬂch thaveatter depends
operation ‘on-a.circuit .over
23 and the'front of mmactg dal,. .kl and oL

Con-

3

the test relay. The rotary and releage

to.a cumemmm'nﬂ :
S thcq‘

1'the ﬁrSy ime

free by, reasod of a bat‘(er

ab contaet vl for relay D fmd
~Contact v3 onem'

contact 4 opensia point: in the e

inding- :

the ﬂru‘u J.zglt 4

ar‘nomqncn WlL‘ﬂ the. num“e&:‘

85"

90

05

105

=y

110

130

wrinal CODL&(’!;S are

taet: %2 onens ingthe ‘test-in- circuit dgamst the

relesse of relay D, and contact 13 clome a further
voint m the circuit
relayAre- opegates atthe enid.of the ﬁr t; impulse

“contact a3 closes-in its front pO.alt‘O"l a cirﬂuit

far velay I w‘nch ther ewaon operates and locks
up over-eontacts 1L 93, ki-and vl anda contact
12 prepares t e c;rf’mt of il 16 test relay: T over its
winding. (D and abcantact 13 prépares the uxcan‘,

no funetion gt this stage. At the end of the im:
pulse train relay: A remaing steadily operatsd and

relay-Direleases closing decircuit for magnet RM

of the rotary mt,cpet ‘When i

“of-magneb! RW Other contacts of relay A:have:
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at contact d3. The rotary magnet is operated
from hattery connected to it over an interrupter
and the selector wipers are rotated over the level
in search of a free outlet. When such an outlet
is found relay T operates by means oi its wind-
ing - (I) and locks up over its winding (II) and
contacts t1, dl, k1 and 1. The rotary magnet
circuit is opened at contact ¢7 and contact £4 con~
nects earth directly to the test wiper to mark the
outlet engaged. Contacts {2 and ¢3 close in the
a and b wires and contact 5 prepares a circuif
for magnet DM of the single motion switch. Con-~
tact #6 closes a circuit over contact ¢3. for relay

‘C which thereupon cperates and prepares a hold—

ing circuit for itself at contact cl.

Referring for a moment to the connections be-
tween the contacts vs and the bank of wiper AS,
the contacts corresponding to levels of the selec~
tor are connected to contacts in the bank of wiper
AS, the contact corresponding to the level from
which outlets to a local group selector such as
GS (Fig. 1) are taken heing connected to the
normal contact of the switch on which wiper AS
rests when the switch is not in use. The vertical
wiper VS connects earth to the contact in the
bank of wiper AS corresponding to the level to
which the switch has been stepped and in the case
of calls to be completed locally earth is also con-
nected over the normal contact fo wiper AS.

As regards the outlets from the selector itself,
outlets to a group selector for the completion. of
local calls are connected in one level and outlets
to junctions going out in one direction such as
junctions JI. (Fig. 1) are connected in levels cor-
responding to the digits denoting exchanges in
that direction, contacts in.the several levels con-
cerned being commoned if necessary. Outlets to
junctions going out in the other direction such as
junction JR are connected in levels corresponding
to digits designating exchanges in that direction.

Continuing with the description of the opera-
tions of the first selector it will first be assumed
that the call is one to be completed locally. In
this case earth will be connected by wiper VS to
the normal contact in the bank of wiper AS as
well as to contact 5 it being assumed that the ini-
tial digit of subscribers in the exchange under
consideration is 5, consequently on the operation
of relay T, contact a4 being open relay S operates
and at contact sl opens a point in a short circuit
connected over the front of contact a4 about its
winding. Relay C being operated a short circuit
is closed over contacts s2 and ¢2 about contact a2

‘preventing repetition of the second digit over the

selector b wire and contact s3 opens to prevent
operation of magnet DM of the single motion

- switch. On the commencement of the first im-

pulse of the second train a short circuit is removed
from relay E at contact a6 and this relay operates
and prevents the short circuit being re-imposed
on the termination of the impulse. by opening
contact el; contact e2 closes in the outgoing b
wire and contact e3 opens in the operating. cir-
cuit of relay C leaving this relay dependent on the
back of contact a8 for its continued operation.
This train of impulses is without- any effect on
the circuits shown in this figure if the call is a
local one and at the end ¢f the train relay C re-
leases. The short circuit is now removed from
contact a2 and the impulses of subsequent trains
are repeated by it to complete the setting up of the
connection. When the called subscriber replies
to the call relay Y operates and at contact 2 re-
leases relay L. Relay L is however slow in releas-
ing and during its release period current in the

1,922,232

¢ wire is increased due to the parallel connection

of battery over winding (ITI) of relay A, contacts

¥l and 14 and the subscriber’s meter is operated.

At the end of the conversation and when the
calling subscriber replaces his receiver on its hook
relay A releases and at contact ¢l opens the cir-
cuit of relay V. After a brief interval relay V
releases releasing relay T at contact v1 and con-
tact 14 initiates the release of subsequent switches
and relay Y releases. Contact {6 releases relay
E, and contact 8 releases relay S and contact £7
closes the.circuit of the release magnet ZM. The

‘selector wipers are now restored to their normal

position and the restoring of the vertical off-nor~
mal contacts opens the circuit of magnet ZM at
contact %3.

If 2 call is to be made over a junction the first
digit dialled will be that corresponding to the
exchange to which the wanted subscriber is con-
nected. The selector will be stepped to a level
depending on this digit, the level containing out-
lets to junctions leading in the direction of the
wanted exchange. Accordingly after the end of
the first train of impulses earth will be connected
by wiper VS to the corresponding contact in the
bank of wiper AS (not contact 5) but relay S
will not opsrate at this time as wiper AS is rest-
ing on its normal or home contact. . When a free
outlet has been found relay T operates and closes

a circuit in which relay C operates as before but !

as relay S is unoperated relay A repeats impulses

of the second train over the junction seized at

contact a2, The second digitis 60 and on the first
impulse break taking place relay T operates and
leaves relay C dependent for its continued ener-
gization on the back of contact 6. Contact e2
closes and al the end of the impulse o circuit is
closed over the b wire at contact a2 to cause the
preselector connected to the incoming end of the
junetion at the next exchange to prepare to
switeh the junction through. This operation will
be more fully described later with reference to
Fig. 3. Relay S being unoperated, each time re-
lay A releases a circuit is closed from battery
over contacts s3, t5, ab magnet DM to earth. The
counting swich is in conseguence stepped until
wiper AS is stepped onto the contact earthed
over wiper VS whereupon when relay A reop-
erates a short circuit is removed from relay S and
the relay operates opening the magnet circuit at
contact 3 and short-circuiting contact ¢2 at con-
tact 2.  The remaining impulses of the ten are
not transmitted over the junction but are re-
peated at contact ab for the maintenance of relay
C. After the last impulse of the ten has been
received by relay A relay C releases and opens
the short circuif akout contact ¢2 which is now
closed and impulges of further trains are repeated
at contact a2 for the setting of switches at the
distant exchange for tha completlon of the con-
nection.

‘When the nonneebon is released by the calling
subscriber the counting switeh is rotated to nor-

‘mal by the energization of its magnet DM in a

homing circuit over wiper BS and the off-normal
segment, contact v4 and an interrupter.

It will be noted that the counting switch per-
mits a definite number of impulses to be trans-
mitted over the junction as the second digit, the
number being determined by the first digit
dialled. "As the second digit is always “0” any
number of impulses from 1 to 10 can be trans-
mitted and each impulse effects the connection
of a further junction section until a route to the
wanted exchange is built up.
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Ab the d1g1t tor detemn*ung the wanted ex-

‘ change is fixed it will, be clear that a different.

numper. of-impulses. of: the second train will:-have
to be. cut off &t different ‘ealling. eychanges and
this is readﬂy effected by suitably cross connect=

~ing;the contacts vs. to. the contacts in the bank‘

of ' wiper AS

It ‘has beco stated. tha\L tne test f01 a Er e out~
leti-is battery potential bn-the teot wire-and in
the' case of one way: JU‘ICthrl working: the test:

contact i the mu1t1p1e will be'connected o bat-.
téry .qver a sultable resrstﬂnce the Junctlon being.

" marked: engaged ny the COJuE\,Lth of ‘earth. o

20

sooel the test wiper by a oontact of,.the teet relay.”
=18

b earl

The-incoming ‘ends of Jun

Each preselector normally stands with-its wipers

on; contacts associated with a f]:ee Junftvon but: .
‘the junction .is not. seized until the. preselector
Such a preselector:is shown in’

is taken.into use.
Fig. 3. which switch corresponds: to the switches
desighated JPSL and JPSR.in Fig. 1. The banks
of -xhe -switch ‘are . divided mto two parts the
ler- centacts. in . the banks heing as sonxated
with: outlets to outgomCr junctions and the later

contacts with :outlets to.-an., 111com1n¢f selector‘

‘ such. as ICS in Fig. 1 for-the: compretlon of local

RHLR

calls, The pr e'selector is provided with.a. feedlng
bridge. with: 8 dine 1elay PL -connected :to: the

. 111(:03.’1’1111‘Jr b Wlle -and. an answering euperv1soxy

. receipt of the first impulse, PQis aslow operatmg ;
. relay-which does nof-operate onan impulse be-

PY connected 0 the outvoxng a wire. " PT is the
test Jelay and. PR is & relay Whlch operates on

ing rccewed by PL and-only: operates if the latter
1elay is operated for ‘a period longer than the

oy make peuod duung 1mpul°1ng of.relay A in the
‘ ﬁrst u@‘GCtO‘, At therefore only .operates when

40

‘ COorT espondmg 1o outlets to 1ncom1ng selectors are.
‘commoned and ear thecl in the'bank of wxper JC.

the 3unct10n ClI‘CU_Jt 1s closed For a prolonged
peuod. at the -end of -a train. of impulses Wthh
effects a'pr olon@ou Chnerg 173,11011 of relay PL.. The

switch- magnet  is ‘desig nated PDM.. 'Two test

wipers: deswnated Jc and. LC and’ correspondm;r

T contact banks are provrded The ‘contacts cor=
.résponding to outlets to. Junctzons are commoned‘

and.earthed in the bank.of. w1per LC and contacts

In the normal Dosition of the swrtch the wipers
rest.on one of’ the earlier, bank contacts connected

. 'to’an outlet to a free Junctxon .If the Junctlon

itils]

is QEIZLd an’ engaging: earth js connected. to-'the
test contact in the bank of wiper JC.and Inagnet

- PDM operatés and steps the sw1tch until.contacts

i/ connected with' ah; outlét £o,.a free junction -are

60 <07, and dspending on the position of the junction

o

5

reached, the magnet mterluptmg its own cireuit
ab contact pdm. The incoming. Junotron can only,

be selved When a subscxmer dials the second digit

with 1egard to the originating exchange it is
seized - consequenu on: thé' transmission of ‘thée

first or & subseduent impulse of this digit before :

relay S'in ‘the first selector at the or 1g1natmg ex=

' change opera es. and cuts. off further impulses

of the ten.

AR outcrolntT Junctlon in the quuned du‘ec-»
~tion having been: pzcl«.ed up.by the first selector
! the second digit compmsmcr ten impulses is-re-

ceived by the selector.and . at; ‘the first break of

the dial contacts 1e1ay A releases .and: relay .|
Contact a2 opens bef01e .contact .e2"
closes “but, relay PL .in"the’ 1ncom1ng Junctlon,

opérates:

preselector hag not been operated prevzously 50
the J.mpulse break s w1thout effect

‘When the

5
dial* contacts re-close gt the end of the xmpulse
relay - A re-operates ‘and- contact g2 closes in
the b wire and:battery over-the retard coil .con=
nected thereto is fed over ‘wiper B, the junction
b .wire and relay PL to earth: relay PL operates
and contact pll changing over ‘a circuit is

80
closed:

for the slow releasing but guick operating relay.
‘PR, . Contact pr2-closes dand on the release of:

relay PL due to:the next-impulse break relay PT:
operates by means of its-winding (II) - and locks.
up ‘over contacts pr2 and ptl; relay PR-holding

85

Cibs ‘armatiure attracted dmlnur the ‘hreak period

ofan impulse.. Relay PQ: does not operate as the :

"+ ~make period.of an impulse: is' not . long. enough.
ns termmate in-
junction ‘preselectors the tunctlon of whichis to
-preselect free junctlons to the adjacent exchange.

Contact pi2 -closes during.:the make ‘period of
an Impulse but ab the first impuise. relay. PT has
not operated, consequently. it “is without effect.
‘When relay PT operales the- outgomg junction is
mar iavJ engaged by the connection of earth over
contact pt4 to. the test wipsr JC, the ‘jimction:is..
switched: through at contaet ts. pt2 and pt3,. and
the circuit of relay PQ is opened at contact pib.
If further impulses-are received by relay PL:sub-
sequent break: periods ‘are ‘without efféct but at: )
he mext make period- contact pl2-closes’a cirs 100:

95

cuit-for the relay connected to the d wire at the

preselector connected to the incoming end of ‘the

Sjunetion taken into:use over the preselector  of

Fig. 3 and the further preselector is-operated

in a similar manner. - Aiter ‘the requisite-numper. 105

. of impulses Have been  transmitted relay. -Soin

the first-selector operates and short: cireuits the
impulse repeating contact a2 -thereby causing
relay PL and. like relays‘in succeeding-inconting

preselectors to remain operated. At an interme- 110

-diate -exchange this-is. witholit effect as . relay
PT has already opsrated thereby. pr eventing op~.-

eration: of relay PQ.. At the wanted exchange no
impuises.are received but.the operation of . -relay:
S atb-the first selector icloses the b wire circuit and 115
all the relays PL connected to.the junction circuit

:50:-far: built up: are. energized for a . prolonged
period.: At the wanted .exchange the opération

of relay PL effects the operation of relay PR as .-
hefore and - die to the former relay’s ‘prolonged 120 .
energization: relay. PQ ‘operates;-locks ‘up -over
contact’ pel and at contact pg2 opens.a point

in‘the-eircuit of winding (I1)..of relay PT.. Con~:

tact pg3 disconnects. wiper JC and connects the

switch magnet PDM to earth: over wiper:LC and 125 o

the commoned contacts. in the early part of ‘the

“bank.  The switch is - tliereupon : stepped. -until

the first.of ‘the later contacts is reached; winding’
(I of relay PT being:. short-circuited by theé
earth-over:wiper LC, and icontinues stepping un- 130
til an-outlet to.a free incoming selector is:met: .
denoted by. absence. of .earth.on- the test wire,
The magneét-PDM is of the ‘kind in which: step-
ping-of the wipers oceurs en:the retraction of: the:
ragriet’ ‘armature . and When the wipers:-are
steppeéd -on’ to: contac v of - a -free outlet relay
T 1s no-longer: short cir cuited.and on the. closure
of ‘contact pdm the relay operates in series with
mmagnet PDM, ‘the resistance of this circuit being 140
too high to permit of re-oper ation of the ‘magnet.
Contact: pt] closes a:locking cireuit for relay PT -
over: 1ts Wmdmg (II) and:contact .pt4 connects
earth over contact :oq'% to wiper LC to' mark the ‘
outlet engaged.  The junction'is switched through 145
to the incoming - selector-and: further .trains ot
1mpu1ces are repeated bv relay PL.in the-ordinary
marner The reply of the called subscriber causes
relay: PY to he operated-and contact Pyl connects

135

battery over the incoming junction a wire to op- 150
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6
erate the answering superv1sory relays at preced-
ing exchanges.

When the calling subscriber clears relay PL re-
leases releasing relays PR, PQ and PT and PY
and the release of succeeding switches is ini~
tiated: 7 If the test connection is a local one the

release of relays PQ and PT connects magnet

- PDM over wiper JC to the earthed contacts and

poi?
[

20

those on the

e

the switch is' stepped until the first contacts

connected to. an outlet to a free junction is met
and the switch comes to rest with its- w1pels on
suich contacts.

If the junctions are worked in both directions
then a 'special equipment such as that denoted by
BWEL or BWER (Fig. 1) is connected between

the incoming end of ‘a junction and the junction -

preselector. - The equipments BWEL and BWER
are identical and one of them is shown in Fig. 4;
for convenience this will be assumed tc.be the
equipment desighated BWER in Fig. 1 and the
junction wires on the right of Fig. 4 (upper part)
will be assumed te be the junction JR. The wires
on the left will be connected tc JPSL and IS and
right (Jower) to JPSR. In the case
of a call incoming over the junction JR the opera-
tion of the test relay in the preceding circuil con-
nects earth over relay’¥ or PY as the case may be
to the junction ¢ wire and this connection extends

over contacts corl and sr2 and relay ETR Go bat-
3 tery. Relay ETR is of high resistance and oper-

ates but the answering supervisory relay in series
with it does not. Contact etrl disconnects relay
COR and connects eartih to the junction multi-

_pled in the banks of JPSL and IS (Fig. 1) to mark
-the junction engaged and to cause JPSL to step

on and preselect another free junction.  Tie con-

" .nection of battery to the incoming junction b wire

&7

operates relay PL in JPSR as previously de-

_scribed. When the junction is worked as a both

“way. junction a third incoming wire is connected

_to the incoming preselector this wire being con-

nected to battery over relay SR in the equipment
BWER and on the cperation of relay PR earth

_is connected to this wire at contact prl to oper-

15 gte relay SR.

Relay SR operating contact srl
opens a further peint in the circuit of relay COR
and prepares an alternative earth. connection to

‘the junction in the multiple which circuit is com-
- pleted on the release of relay BETR-at contact sr2.
al) -

The setting up of the connection now proceeds as
before described. ’

If a call is incoming from junction Ji,.over the
equipment BWEL and preselector JPSIL: or over a

_first selector in the exchange in which the equip-

> ment under consideration is situated earth will

be connected to the wire ¢ on the left of the Fig.
4 by the operation of the test relay in the preced-
ing switch and relay COR operates.  The earth

_connection to wire ¢ marks the junction engaged
~and contacts corl and, cor2 switch the connection

through over junction JR to the next exchange.
“On the release of a connection relay SR or
COR as the case may be are released and the

equipment is restored to its normal condition.

- What I claim as new and desire to secure by
Letters Patent is: - )

1. In a telephone system, a plurality of ex-
changes, junctions connecting the exchanges in

_tandem or serial relationship, and means in each
-intermediate exchange for associating free junc-

tions incoming from the adjacent exchanges on
each side to mamwm a free route through the
exchange.

2.In a telenhom system, a plumhty of ex-

- changes, junctions connecting the exchanges in

1,922,232 .

tandem or serial relationship, and pre-selecting
switching devices in each intermediate exchange
for automatically associating each free junction
with a free junction leading to an adjacent ex-
change.

3. In a telephone system, a plurality of ex-
changes connected by junctions in tandem or
serial relationship, means in each. intermediate
exchange automatically operated for associat-
ing free junctions from one of the adjacent ex-
changes with free junctions from the other of
the adjacent exchanges to maintain a free route
through the series of exchanges, and subscriber-
controlled means for effectively interconnecting
associated junctions.

- 4.In a telephone system, a plurality of ex-

~changes connected by junctions in tandem or

serial relationship, means in each tandem ex-
change for automatically associating free junc-
tions from one of the adjacent exchanges with
free junctions from the other of the adjacent
exchanges to maintain a free route through the
chain of exchanges, subscriber confrolled means
for seizing a . junction and for fransmitting a
series of impulses thereto, and means controlled
by the impulses for effectively interconnecting
associated junctions. _ ,

5. In a telephone system, a plurality of seri-
ally related free junctions, means for taking
the first junction of the series into use and for
transmitting a series of impulses thereto, and
means responsive to said series of impulses for
progressively interconnecting adjacent junc-
tions.

6. In a telephone system; a plurality of free
junctions, automatic switches for associating
said junctions in tandem or serial relationship,
means for transmitting a series of impulses to
the first junction in the chain, and means. Te-
sponsive to said impulse series for progressively
connecting the junctions, said means comprising
means in each switch operated responsive to a
single one of the impulses of the series.

7.In a telephone system, a plurality of ex-
changes connected by junctions in tandem or
serial relationship, means in each tandem ex-
change for associating together free junctions
extending to the respective adjacent exchanges,
means controlled by a calling party in an inter-
mediate exchange for selecting a free junction
extending to one of the adjacent exchanges, and
means controlled by the calling party for effec-
tively ‘connecting the selected junction with the
associated junction in said adjacent exchange.

‘8. In a telephone system, a plurality of auto-
matic exchanges connected by junctions in tan-
dem or serial relationship, means in each ex-
change for associating free junctions extending
to adjacent exchanges, subscribers’ lines termi-
nating in the exchanges, subscriber-controlled
means for transmitting series of impulses over the
line, means responsive to the first series of im-
pulses transmitted over a line for selecting a free
junction extending from the exchange terminat-
ing the line, and means responsive to the second
series of impulses transmitted over the line for
progressively connecting a plurality of associated
junctions to extend a connection from the line
to a wanted exchange. :

9. In a_ telephone system, a plurality of auto-
matic exchanges connected by junctions in tan-
dem or serial 1e1at10nsh1p, means in each ex-

: ch@nge for automatically .associating free junc-.
tions extending to adjacent exchanges, a sub- |

scriber’s line terminating in one exchange, means
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- the junctions; and means .,pousxve Lo th
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“for 1ansmxttmg serxes of impulses over the line,

means 1espons1ve to the ﬁlSt series-of impulses
transmxtted over -the 11ne for selecting . a free
junction to an adjacent’ exchange ‘and, fov‘des—
ignating a partmul'u' one’ of . .the' plurality. of

‘exchanges as_a wanted-exchange, and means. TR

sponsive: to . 'the secona series. of 1mpulse<; and
dependent:on the value of the fireh series ‘
pulses for - pr ogresazvely connectmg aesomated‘
Junctlons in-various exchanges to extedd a. conr~

nection from the lineto the demgnateo exchangs: ™

10.:In:a; telephone  system, g plu ality ofex-

changea connected - by Junctzono m Landero 01

‘gserial’ 1elat10nsh1p, a hunum switch for each

junction; ‘said sw1tehes bem9 avxanger Bits Al
select. a flee ,unctlon exte ing to an adjs
exchange, means for mane itting 4

3¢

ceipt’ of“an impulse over a Jurietion for operating
the a.ssoolated switch ‘ro .seize Lpe pre- ,e]ecw'i

.Junctlon

11.'In a telephone sySUem n Wi ﬂuh exchanam
are: connected by Junetions:in’ tandem oriserial

: 1e1at10nehlp, means for zeizing a Janction in any

exchange means.for ira ul]ﬁ]‘lltull’\g a series of im-~
pulses over the seiz zed junction, and’means re-
sponsive; to' said ‘impulses’ for progress sively: con-

.nectmg ‘other junctions to the ssized junetion,.

one-junction being connected for ezwh impulse
of ‘the:series.

©127In a telephone svswm ‘a plumhty of ek
changes connected by junctions in 2 chain, means

necting the seized  junction to & junction extend-
ing. to- an. adjacent exchange,  ahd. nieans re-
sponsive to each succeeding-irmipulse of the series

.for connecting the juhction last connectsd With
; to.a junction -extending to:an e: (Chanw Ioomtod
. farther along in the chain,

13. In 3 telephone system, & sw1tc‘1 meano for:
transmitting series of impulses to’the switch,
means.in:the' switch.operated:responsiveto the

r first series of impulses for setting the switeh, gad
‘meéans-in the switch for repeating a porticn of

the second  series of received ‘impulses; the:re-

,peated portion dependlng ol the initial sefting:

of the $witch.
14.:In. a telephone system, 2 ‘selector 1e"w'm,

‘switeh, means for transmitting series of itipulses

to.the switch, means responsive to.the first: se=

ries of impulses ‘for setting the switch in, selec-

tive relation to a group. of junctions, means in

~the' switch™ for automatically gelecting. an’ idie-
- one; of -said . junctions, and means in the switch

for ‘repeating a portion of the :second series of
impulses over the selected junction, the number
of -impulses repeated. depending on the mmal

~setting of the switch.

15: 'In. 3’ telephone ‘system, a selector 1epee,1 er
switch,; means for transmitting series of impulses
to'the switch, means responsive o the first series
of:impulses for- setting the switch and for. deter:

‘mining the portion of the second series of im-

pulses.to he repeated, and means responsive o
the second series: of ‘impulses. for repeating. the
portion: determined by said first means and for
disabling ‘said determining means to permit the

‘repeating -of all impulses of subsequent series

transmitteéd to the: switch:

16.In & telephone:system, ‘a selectmg switch
and an’ associated -auxiliary switch, ‘means in
the first switch for’ responding -to. a-plurality of
series of impulses, means responsive to'the first

:series. of 1mpulses for setting the. ﬁrst svntch in

selectxve 1e1at10n to.a group of Juncmo‘ls and for:
marking g contact accessible to the second switch, g
means in. the: firgt switch. for automatxca,uy se-

lecting and seizing an idle junchion in the selected 80

group, and meam responswe to the cond serles
of impulses. for operwtlnc said second sw1tch and
for s1mu1taneou Ty ‘repeating. the impulses over
the seized junction until the second switch con- .
neets with-said marked contact. 85
17, In'a telephone system, a selecting sw1tch
and an 'gssociated auxiliary. ‘switch, -means for
vies.of impulses to the fvst switch,
mcang 1e,3pon51ve to-the first series .of- nnpulses
for sefting. the first switch in selective relation 90
to g group < of junctions. and for malkmg
a:contach aocessmle to the second switch, means
in the switch for aufomatlcally conneetmg with

o .an idlesone of said, junctions, means résponsive .

to the gecond series of xmpulses for operating 95
the oecond owmcn one: . step’ for eachimpulse of

“the 'series ‘and. for slmult‘meovsly repeating uhe

1mpuloee over said one Junctmn a relay oper-

ated responsive to the second switch connectmg

with said marked contact, and means controiled 100
Ly sai d relay for disabling the Tast said means.
18, A telep‘lonﬂ system ‘as clalmed in‘claim 17
in whzch the auxiliary switch is not operated and
0o imipulses. of e socond seviss are reveated i

_case_the contact malkui by ‘the first” switch is 105
~the. contact nohﬁally cngaved hy the second
~switch.

for:seizing a junction -and for tral‘lumlbtﬂlg a°
series of ‘current impulses:therecver, means ré«-
- sponsive to the first impulse of the series for'con-

19, In:combination, a junction telmmatmg in’
a - hunting. switch, two groups. ‘of  junctions ac-
cessible to said switch, iieans for closing & cir--110
cuit-over the first junction, and means controlled
by the duration of said eircuit closure for .de-
termining the group in which ‘the switch will
seize & junction,

20.” A-switch having access to two groups:.of 115
outlets; “a"line relay for the switch; means for
transmitting “impulses- of ‘different Iength to the

“switch -to .operate said relay, and .means con<’

trolied by the duration. of the -operation of said
relay for determining the group-of outlets over 120

which a connection will e extended.

"91. A switeh having. access: to two gloupe of
outlets, two -test wipers for testing the  outlet

. roups, respectively, means for transmitting im- .
pulses of different lengths to the switeh, and 125

means dependent on e length of the 1mpulse
for-rendering. one or the .cther of. sald Wlpers
effective. :
22.A switch havm agcess to two groups of
utlets, 'means for operating the switeh to select 130
an outlet-in one: group, means for tlaogmlttmg
a Jong or a:short. impulse o the switch, means
responsive to 4 -short impulse for operating the
switch to. seize the selected  outlet; and means
responsive to:a long impulse: for opelatmg the 135'
switeh to select and seize an outlet in. the other
group;
23.°A switch havmg acceus 10 two groups of
outlets means for transmitting 4 single impulse -
or a series-of -impulses to the ‘switch, means in 140
the switch responsive to the receipt of a single
impulse for operating the switch to connect with

‘an idle outlet in one grotip,. and means in the -

switch responsive $0'the receipt of the first im-
puise of ‘a series for opersting the switch to seize 145
an- outlet in the other group.and for rendering
the - switch effective to repeat subsequent. im-
pulses of the series over the seized outlet, .

24, In" a hunting switeh, a line relay and-a 150
tesi, relay, means Ior energl/mg the- line 1e1ay
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8
for either a short interval or a long interval,
means controlled by the line relay for preparing
4 circuit for the test relay upon energizing and
for completing said circuit upon releasing pro-
vided the line relay has been energized for a
short -interval, and means including a relay en-
ergized provided the line relay has been en-
ergized for a long interval for preventing the com-
pletion of said circuit.

25. In a telephone system comprising a plu-~
rality of exchanges, two-way junctions connect-
ing the exchanges in tandem or serial relation-
ship, hunting switches associated with both ends
of -the junctions, means for maintaining said
switches in selective relation with idle junctions
extending to adjacent exchanges, means for
seizing a junction at one end, means responsive to
said seizure for disconnecting the. associated
switch at said one end, means for transmitting a
current impulse over the seized junction, and
means controlled by said impulse for causing the
associated switch at the other end of the junction
to seize the pre-selected junction extending to

. the adjacent exchange.

26. In a telephone system, a plurality of un-

connected serially related junctions, means for

taking the first junction of fthe series into use,
means for transmitting a series of evenly spaced

~impulses over the first junction, and means re-

spensive directly to the impulses for progressively
connecting the. associated junctions.

1,922,232

27. In a telephone system, a plul ality of serially
related junctions, a switch terminating each junc-
tion and associating it with the next adjacent
junction of the series; means for taking the first
junction of the series into use, means for trans-
nnttmg a series of 1mpulses over the first junction,
and means responsive to said impulses for pro-
gressivuy operating said switches to connect as-
sociated junctions while the impulses are being
transmitted.

28. In an automatic switch adapted to respond
to two series of impulses, means for positioning
the switch responsive ‘to the first series of im-
pulses, and means for repeating a variable num-
ber of the impulses of the second series dependent
upon the positicning reuultmfJr {from the first
series of impuises.

29. In a switching device, means for respond-
ing to two series of impulses, means for repeating
a variable number of impulses of one series, and
means controlled by the other 1mpul.se series for
centrolling said first means.

30. In a switching device, means for responding
to a plurality of series of impulses, means for
setting the device responsive to the first series of
impulses, means for repeating a variable number
of impulses of the second series of impulses, and

‘means for repeating all impulses of subsequent

impulse series.
DAVID ADAM CHRISTIAN.
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