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PRE5^ACE

The May in issuing the second part ot iniytircm& is i^grettea.

This has been caused by the very intrictf^nature of the work, on which only draug^lrto*

men of the highest qualifications could be employed. The delay is also partly jlue^td somb

of the important systems not being sufficiently advanced for publication.

This, with the gr^t accumulation of interesting matter on large multi-offioe systems,

h^ made it necessary to issue the remaining matter in two volumes. It is heped^that

Vds in. will follow Vol. II. with only a very brief inteiwal. •

•

One firm uses an arrangement of diagrams edSentially different from all the otl^era..

In Vol. I. these were converted to the generally accepted form. This lias not found favour.

In the case of diagrams, Figs. 86 to 90, both forms are shown on the same shgst, so that

readers can form their own opinion regarding their respective merits. ^In one or two oases

no conversion has been made. “ Bus-routing*’ of cir0uits is appljoable in»botli cases.

The author desires to express his indebtedness and thante \o Col. T^ . Purves^

O.B.E., M.I.E.E., Engineer-intChief, G.P.O., and the officials of the^fferent <;^n)q>a^es

whose work is described, for valuable assistance rendered.

LomoN, June 1923.

W. AITKEN.
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ySecdori i

! EQUIPMENT IN ^TUBSibftlBllRS** (^FICeI

^I%e0e lure sometivies spoken of sub-station equipments. • Impulse-dials are ^escribed

'in Sikitions 4 to 7, VSl. I.* inclusive, and instruineiits and tiieir circuits are described in

Section 8/ in the latter these (Mic» however, sboWn in cbnmection wfth direct lines only.*
^

' Exteaeibn^ Instruments*—^DifiFef'ent types of service may be given to extension in-<

stiruinents. Jwo instrumenfig be in paraUe^ on the same Jj^ne ; one only, howe^es,

, sho^dAbe fitted with a bell to receive calls, the second instrument being called on a separate

bell and push circuit. A fe^ circuits of standard arrangements foUow. #
Wall.Sockets .and Plugs.—^Fig. 1 show^aq arrangement for use on the A. T. M. Cb.’s

system* A plurality of wall sockets can be fitted, three being shown in the diagram. Each
socket has one break contact, shown at e, and this contact is opened when a plu^is inserted.

A bell and condenser may be fitted at each socket, or at one socket only if alj^dalls, when
tim plug is not in a socket, are to be feceived at one ppjpt only. of one station, must
ibSve the strap connection, c, jombd across to putsthe bell in.circuit. A plug is associated

one instrument whicji caifbe carried from^oint^jo poiiffc as required. It will be noticed

the contacts of the s,witob8s aredn series, th^wtre then connecting to a cemmon circuit



2 '.^atJUPMENT IN'

^
0

_

,

to all the bell|. The aocket next the exchange line 1;^ two tenninalB strapped

by a wir^d, to complete the series circuit. If we assunle ^l^t socket h oi)^y has tj^eca^ied^ ^

tion e made, then a c^U will %e leceifed fr&m thb exchange on bell 6' over ciroi^ If

the plug P is inserted in the socket A, then £u call will be received on bell B'V^nd t^ oi^euit/

will be e;pened to the dbher bell. Circuit 3 is the speaking circuif. • A call ma^ be ipade

from any one of the sockets by the impulse-dial.
^ ^

f
^ Fig. 2 shows a corresponding^rrangement on the Sieimns System^ A bell-ijpt* including

Fiq. 2.—Exteksion Lines (Siemens). Table Telephones with Wall Sockets and ITlog.

c « •

an iijducti^S3oil, is fitted at each socket. The point which is to receive calls when the plug

iVnpt ifiiterted njust h«(jve the {Ubrap comection, c, across. The bell circuits ijsre again throf^h

sefies contacts e. The circuits a^e numbered as before, 3 being the microphone circmt

and 4 the receiver circuit. At B is shown an explanatory circuit.

In the*two systems mentioned two bells must not be in parallel the line, and m the

circuits stawn^tthe necessary precautions are takeij to prevent this. This prevents the

possibili^ of prei&atur^ ^/ripping of 4;he exchange ringing^hen a. subscriber is being called/,

or interference*with the diaUing impulsesfowing to condenser bridges on the line.

A cdrresponding arrangem^t forcthe W. E. Co.’s system is shown in Fig. 3. In this
.

'system the ol^ectidn to bell and condeihtei; bridges is not so ^eat,end this Simpler cireiiit iiS'



Fig. 3,—Extension Lines (W. E. Co.). Table Telephones with Wall Sockets and Plug.

between terminals 2 and 3. The diagram cifcuits are numbered, to agree with the previous

diagrams, and the explanatory circuit at B will make the arrangement clear.



^
j j

MamStt Bxi9n»1* Ext9HtZ»

• Explanatory ClrcMiJt*
* c .

•

Fig. 4.—^Extension Lines (A. T. M. Co.). Subscribeb*s Tab^ anj> Wi^Sars with SmFts
Extensions. *

. ^

B a wall instruitfent is fitted at the main offioe. At C is an explanatory cirouit. A push-

button switoh is fitted at the niain ofiSoe for each extension instrument, and a trembler bell

is fit^^t*«a!bh extension, current for ringing these being drawn from the central batte^

cxoha^e line.f Whep^ a c|tll is received for an extension office the switch is pressed,

and* when the extension receiver is lifted t^e instrument is connected ih paralld across the

exchange line. When the main or first extension telephone is in use the polarised bdl is

cut out of pirouit, but when the second extension is in use, the bell and wondenser are a shunt

across the mrcu|t. * The extension instl^iiments are wiirMl according to diagram (Fig. 5).

^eprinci]plecircuitsto{Fig.4%reniimbereda8folloi^s«:

—

t. Einging circuit for inward calls. ^
^

'

2. OaOhig or imorophone cuouit M maVn station. Di^ii^^*from the main statimv

opens drbuit if*





3. Short-^rouit about receiver and,transmitter du^ impulsing.

4. ]^inging cir^u^ to call ex^nsitiiii Noi 1.

5. Binging circuit to call extension Ko. S.
'

Kg, 6 shows a Siarpana oircuit for a main instrument and two extensions. Apolafised

bpll andVn induction coil are at the main station only. A dial is fitted at each station so

that outward calls carf be originated iroip |^ny point, ^ivward cWft are recdv^ at the

,
station, and any extension can be oalled by pressing a switch, cu^t then toeing drawn

pver the exchange line t(^ ring a trembley bell. At A i^sjiown a wiring diagram, and at B

Exten&ion. 1
Main Set. X

Aa, 7.—E*xtbn8ion Lmas {SncMBNS). SniM.B Extbnsions (Wau, lNSTB<rjtBin!).r

• 0

An exj^anatory one. The oirouits are numbered in a manner corresponding to the previous

dij.gram, btit^in the case of ourcuit 3 the receiver oircuit is opened instead of being short-

cifoi£tea. *•

. • . .

•Ii/fig. showh anotlfer simple oircuit with a bell at the maip station for inward

calls, that at the extensions being short-circuited. Wall instruments are used throughout

There is an ijiduction coil at each instrument. Again, there is a push-button switch at the

main instwftnent for each extension and a trembler bell at each extensira operated by ourreni

drawn ovei?^ the*exchange line. • Outward calls can Ife originated from any instrument bj

the TtwOvided. Th^ birouits are^nunjJjered as describ^ for Fig. 4, the recover oitouil

being 6p^ed whilst dialling.

. In Fig. 8iis shown a rimilar circuit ananged fof tablesinsi^ments throughout, bul

fesembliug Fig. 7 in that tbete is
j

bell an# induction coil alythe main instrument only.

,



« 11^V* Aows 8^ aaiother Sien!^ circuit, but having a secrecy switcl^ so that wh«B

tl^AMi^^iId fh!
“““ ““t^rnent for the,ex!ei^on, thg push apdtoh is preamd to call

th«exiw»sion.^andlhe secrecy switch operates when th« extension ‘calfi converse over the
wrthqpt being overheard at the main instrument. The switch should.be

? i“^T f??*® conversatipn. Jt opens •circuits 1 and f. There

tostruaen^*”***^
“““ instrument only, but an induction coil is fitted at ertsh

Kg. 10 a W. E. Ck). sirgple extension using table instrument only. A polarised'

Extension.
^

Main Set*

fn^ “T *.“**^™®“* only- for inward callm A dial is at each instnSment
induction coU at the main instrument is*cpmmon to it^ the extension. At the main instrument is fitted a push^itch for calling th^^t^on

bell,*opOTated.by current drawn over the exchange line. Atl is showfftheWiring dia^am and at B an explanatory diagram.

»8 foIWs*'^'”**
numbered simUarly to the p^receding simple extension ciilaiits, and are

^

!• Binging circuits for inward calls.

xwoirit
microphone cJcuit of main stiftion. Dialling from the m4in statioifopens

8, Short-circuit*about r^Seiver during impukiilg.





Citt^efon 2.

SarH^mSxt^f,

Extensi^ 1.

|r;x2jr^“
“1K.JJ

Cablefinam. B flame-^proof

Explanatory.

MainSet.

Dm/SwkcH

a^2•4^f

TfTOTT-/

I ^ --
Fio. 11.—Extension Lines (W. E. Co.). Simple Extensions. Wall Instbdmbnt at Main,

Table at E^ktensions.* - •

• «>

Extension. :

Cabk,enam, A fkune'^proofy'fsDMknii
ir

explanatory.

^ ^ ^
^ F~ I

,
b;

‘ ^ Hfl'CMNBlON liDraS C0(f, SUKiB ^J^CCTNSIONB. TaBU TwaramniniBfi aip HI.nr
.* Wall Jnbtbttkbhts A^ExKBNSioift.
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' MATES' T^/lTa

«

4. Bin^ng oirouit to call extension 1.

Ilg. <11 shows a (limilar ^cuit f<;»r fwo^extei^on instraments, tha(^ at the mAhi heb^

i wall set and at ea6h extension actable set,
^

» The circuits are numbered as in the previous diagram. Circuity6 is tha£ of thjB sedend

^xtensioh bell. c •
'

" Pig. 12 shows a W.cE. Co. arrangement with a table set at the*i]^n office^ and a wajl

set at the extension. The polarise*d bell at tbe^extensipn is 16ft disconnected. The extension

is called by a trembler beU operated from the main office. r There is an induction coil at each

iiullrument. The princip&l circuits are numbered as for tfife previous diagrams.
c



Section *3

Itxf&NStlON P>T«aR WORKING WITH'IKfrERMEDIATE THROUGH SWITCH
Post OfBce Bd|B.Set, No. 4.—There is a main ofiSoffand an extension on aii>*exohang6

Vtrtioal SeeUoii

Hftfifontal

Fig. 13.—Four-way Key
(A. T. M. Co.).

Fig. 13a.—Intermediate Switohino Set as
USED BY Post Opfioe (^. M. Co.),

line. ^ The main instrument is equipped witli a dial so that outward calls may be originated.
The switih is pim^^rily designed to give secret service when the main or extension is tnlfrir^g

(a)

Normal Fmitira (Section). Drum or Morlng Part.

Fio* 14.—Dbxtm Imdioaiob (A, T. M. C<^^.
'

to ^e exchange, but it oanJbe adapted for non-secret w(yking. This bell-set was ofiginally
designed by the apth<5r, thf 4-way switch^own*in Fig. 13 being used, and irvm battery
indicator (Fig. 14).

* * • tt- . ,3



Fitt.

16

.—

Post

OmoK

Bbu:.-S®t

No.

4a

fob

Autoii£tic

Wobking.

Johobd

tip

fob



' Slg. cibows a Post OfEioe lasing a 3-pofiltioa key, aad Vig, ^ a Pd«^

Office eiioiiit iisiqg a 4-po6itio{i ,8\!fftoh. Fig. 17 is jm e}q>lanatoFy^irouii lor koth these

diagrai^, ^ three living the circuits siniilarly^np^ *
I

'

^•In^g! lil^the (&rctlits completed in the difiprent positions of the switch ar^ as follows ;—
'^Normal .— cojinected the exchange, extension line dn bell.

Position l.-^l^ain connected to extension, exchange on be]}.

Potion 2.-*^Exchange4)o extension,•circuit to mStin cut.

Positim 3 (dpriihga^ 1 and 3 hctuated).—^Main to extension, exchange on extension*

bell. Exchange held.

Poinisr to position 1 sti springs normsi Msm is Exchange, Extens/^n on Extension BeM,
• * • 2 springs 2and 3 actuated Main to Extension, Exchange on Extension Belt,

• • *3 • 1,Z 3 3 mm m
^

m hotdt
• *^•• 4*4 • Exchange to Extension,

Fig. *16.—Post Office Bell-Set No. 4. Joined up for Secrecy.
• •

•

In Fig. 16 these are as follows :

—

Normal,—^Main to exchange, extension on extension bell.
^

Position 2 {spring sets 2 and 3 o/ctnated ),—Main to extension, exchange on Jbel^.

Positim 3 (spring sets 1, 2, and 3 admited),—Exchange to extension, exchfij^ge h^d«
Position ^ispring set 4 at^mted),—Exchange to 'extension.

The circuits are numbered as follows :

—

1. Binging circuit of exchange line on bell at main.

2 (over 1 ). Talking circuit to main.

3. Extension line on extension bell.

4. Glenerator circuit for calling extension.

5. Exchange on e:!(tensi(>n bell.

6. Extension on main MU.



14 '

A.-* Switch Lever NormaK - MBin Tehphone on £icfjfin^t Extension on
^ Exteipston Ml* •

^ Uutonwtkf^kphoneiktManrSet ^ T ^nenator
'

^ '
’ ''*, A line

From
Exchan^

. 5 line

a clp
To

,

Extension*^
0-Jk 1

1

Indicator

^ Extension

^3 Ball
4

Bline

B.- Switch Lever in Extensiqn Pp^it^irfn. — Ato/n on Extension, Exchan^ on
Extension ML

Automatic Telephone
.
A Ime

^^rom c

Exchange

* Extension
• Bell,

*, 1000
*^

^
. B hne s

A hne
6-7’B

C." Switch Lever !n " Main Set to Extension, Exchange Held ” Position.

^ A line

i-r-

From
Exchange

Btine

,

' Automatic Telephone

^ at Main Setm A line

s

Extension
Mh 1000

^

%,

Generator
Contacts

S7-6

Generator
Winding

2mf. • •

Local Battery

I'l

Extension

!•
*

B Bline
6>7>B

.-Switch Lever in *Extension to Exct^nge** Position. fht»:^E^ay smadeshw^acting
^ A )k

*by shortdrcuitlngone wmding, This ffevente the dignallirg tmpuhes actuatmg the

, 10 j ^ ExtensionML—T»jr——

—

m •

Indicator

From ,

ExcEangt

,
B line *

Man

I
^ Aline

Generator
Contacts

To
,

Extension

B line
,

n

^

r-r

Ficr. 17^-^Post Ovwi^ BfeL^SsT ^o. 4» fjsED #r.B A^matio Woeking. ExelanatO&y
c riTOnxiTpa. • * e



7. Sxtmision talking to maii^
^Oeneratgr circuit to call^extension (same as 4).

^ Exchange line holding* circuit. *

la Exobange\o extension line, talking circuit.

11.

* Condenser sh^nt across SO-^fhm coU ot relay.
12. bndgetj across loop (i.e. across circuit 10, by Release of relay when the^extension

receiver isj«placed)f*

^e vol^e of the battery for tblking between the main and the extension should^bevan^acoo^ to the resistant Jf the line. Fey particulars see^the figures on the diagram.When the s^toh is t<ibe used for non-seoret working, a strap is connected between^e
tormina s .^nd A and bqfween B and B'. (Tircnit 13 then connects the main instrumentm parallel with the exchange-extension circuit.
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Section 4
r

DIRECT AND ^ARTY LINE% FifTED WITH COINBOXES
* r. ^ r •

For^11 offices, hotels^ and other public places, where the Ujser ^ust pay for ei^h con-
versation, such coin boxes are very^ desirable. Party-line working also a very suitable
field for them, because a meter at the central office could not readily bl^fknade to differentiate

g y ^ g
betwben two offices which might be rented

^LLJ parties' having no i^lationship one

^ M
^ other. ,

r

it 8uo4 e^^iipments it is essential that

r cti a client be able to call the exchange with-
out fee, and also be able to call the party
wanted, and, if the line is engaged, pay ho
fee

;
but if the party replies a fee must

then be paid. The party called must be
able to 'indicate his attendance at the
telephone, but it fnust be impossible to

carry on a conversation until the fee is

paid. A system designed by the Auto-
matic Electric Company, Chicago, is the
only one in general use.

,

Fig. 18, showing a circuit of an
arrangement based on the above system,

|.2/
l>y the A. T. M. Co., is used as an explan-

atory diagram. The essential apparatus,

in addition to the telephone insWment
^nd coin box having a chute, is a polar-

ised relay. This resembles the polarised

bell movement of a telephone instrument,

,

< and acts as a 2-way electro-mechanical

switch. When a caU i^ made» and the
battery on the line reversed by^the lifting

of the called receiver, the nlicrophone is

short-circuited and the receiver is shunted
by a 30-ohm coil. The caller cannot,

i

^
4 , • therefore, communicate with the called

hut the response of the called party can be heard. The receiver is rendered in-

efficient^ thaiy if cannbt be xAed as a trai^smitter. When a coin is inserted in the chute,
or a coin inserted and a lever turned, the short-circuit and shunt are removed, so that
conversation can take place.

^
The batlfery ^n^the line is not reversed when the c|ll is to an “ information ” operator,

nr when handIngMn K tru^ call, or ^hp like, and no fee is payable. A buzzer in such cases
Indjcatps to the ojj^erator tnat the caU is from such a pay-stahion.

The eifcuits ot the explanatofy diagsam aie as foUows :

—
* ,

a. When the rwfiver is lifted to caUf the magnet aE is efiergised and the armature is

—Pay Stations, Exflanatoby Cibouxt
o^CoiN Box (A. T. M? Co.).



WXf
i Ji 16 to the position shown in the*dia«i?Mii.

Ji is
*****+ P»rty answers the oi^ntin circuit

^ * attracted to theW ^E.* The eftension 14 on arm 13

iT- TT **‘® arm 16 to the right. The moving spring
18, on^l^^ ttoam ,16 is pivoted, c^ses a set of contacts.

» i* JHS

A. SJiprtTGirctut abbut ftie microphone.
c. atet about tfce’reoeiver^ The callinft8ttb8crib& «an hear, «ut cannot speak.

««nrj^
^®*‘*^* **‘® 23 falls, and, as the spring 30 has been,oam^ to the riht by the ihsulqMd pencil 36, tl^ insulated parts37 falls behind spring^ftMd locks It in tfiw operatedjjosition untU the receiver is replaced. This lever is not dioyn hi
“ provided,*in this case, to meet trouble that sometimeshap^,,d^ to the receiver being replaced wh§n the party first answering has to bringarother party to th6 telephone, and the like, when the current in the line fa restored to Snom^ condition. A s^ond reversal then takes place, and as the switch has meantime doneback to nomal and again energised, a second coin has to be inserted.

^
When the ca^ed party fa heard on the line, a coin is immediatelyinserted in the chute 21when the end of the am 16, shownprojecting into the chute, fa depressed against the action

14 Js free to pass over the lug 16. The am 16 thenp^stotfreleftby the tension of sprmg 18, when the circuits 6 and care opened.
* ^

»aL Short-circuit about coil aE. Should the called receiver ^e wrongfully replaced andagain removed, the battery reversals will not affect thfe calling apparatus
*

• e. High resistance winding cE energises ftnd returns amature 12 to nn»win.i xhe
extension 14 lifts the lever 23 and circuits e and d arelipened.

When the calling receiver fa replaced, the apparatus is restored to'normal, and theexchange apparatus released.
’
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Section 5

POST OFFIGB CIRCUITS FbR COIN-BOX UlfES
• * 0

Thej^e differ somewhat from the theoretical circuit before ^des^rihed. The Idver ^3 is

not used and the polarised relay has its two coils connected in seri^,;the resistance of each
‘ c •

• ,

• •

Contacts ia2 are normally inakmg. When com is insjorteoranol

handle turned 1S2 breakana Z&3make ^Floatingsprfngon Relay
k depressedandpleased firom the aqfnature arm; this rgmt^ea ^
shuntandshort ccg> from receiverand transmitter

Wall Telephone
a

CL

Cord Flex

c

«iJL

I

Lliht

Green
pL

I riT^
'

i f
C6rdFlex\

fo^extrarec^
ifrequired*

.a

«?+

. CL

White

iBrownl

Pm/^

CL
\

CL

*
*2mf.

eOA

2Cords Flex

grange

‘K -r

•4^

Exch,Une -8

Modification for Partly Line workin^i

^oP'"X **Party* Fft an additional terminal. (4\aa shown In the explanatory sketch on Fig, 20 In doited
lines, and connect to earth, Tranefbr, the wire from the back contact Sr theswitch

/ ^arm to terminal 4 *

For Party, Fit additional earth terminal (4) as above, Dlscoiyiect at teienlRal3 the wire from thk

« wiae4rom the bell coll and connect It to Terminal 4 a
contact*

o Note,’‘For Table Set see F!^, 20*

' and strap the switch arm to bad

»Fig. 19tf—Pay Station. WiflLL Instrument Circuit (A. T. M. Co.). As used by British
Post Officb.

bemg 5*ohmS. * In acfdition Co a coin beii^ inserted in the chute, a han^lle or lever is turned

so that the weight of the coin does not control the movement. When connection is made
to an information operator, a trunk record operator, and the like, su^ services requiring

no fee to be* pai^, ^he line battery is not reversed. A buzzer is included, so that these may
be used on mafluaf sys^|ns when ^l^e operator will hear the buzz on the line and be able

to ch^k the number of coins inserted, in % known manned.
*

Fig. 19 shows the combinatkm Of a wallinstrument witlf suc^ a coin box, and Fig«

« table telephone. fThe explanatory diaigr^m B applies to bo%])i wiijngidiagrams.



are numoerea anadue as tauows

0, 'When tiie j^epriver is lift^to*make a call, a tiz^nit is oc^plefee^through th^polarised
relay Sfitoh (whicl^ shunted by a ooxuftnser). • The reky isset in the position shotm in
th^diag^m, dis desorilM for Fig. 18.

'

a\ The short-circuit about the buzzer.

The caller dials the number waijlbed. The coin should be in the entrancepfthe chute,

BO that immediately a response^is heard it is released and the lev^dtumed.
*

When the called party 1^ {he receiver to aJhswer the call, the line battery is reversed.

The polarised relay is energised in the revers€fdirection, aifd two contacts closed.
^

b. The short-ci]%;ui1^ abooft the microphone.



c. ifhe d(kofam shimt about the reoeirer. The oatter oa^n, therefore, hear, but oao^d
speak. •

. - « V.

When the leveais turned, cireuit a' is optMued^and the buzzer tone is^ven to an 9t>erator,
if,the call is on a manual system.

.

*

•
*

^

/. IShe receiver is now totally shoyt-circuited, so that the caller^oes not hear ^;he Ipuzz.

* The floating arm 10 is depressecl so that the extension 14 of armJS passes o^rer the catch

lj» \o return the relay to normaf. The talkfbg circuit is«dow complete with ihe receiver
’ and microphone miseries, through circuit a and a\ ^Tliip receiyed currents^re through the

Condenser which shunts fbe polarised relay.

6uch a device is very suitable for paijby-line working. For a direct line the ball and
conde&ser are connected between the under contact of the switchhook and the B line. For
party-line working the X subscriber’s bell and condenser is tapped, ofl the B* wire and
connected to earth. The Y subscriber’s beU is tapped off the A ‘wire.



Section 6

A. ff. M. CO.’S COIN-BOX CIRCUIT WITH TONE SiGNAL
w v.* t

^ ^

^ the circuits pretlowiy describid, the coin has to be dropped into the chute l^hen tb
parties voice i^eard on the line. If tl^erj is any dglay due t» the caUet not realuiiii

that the c^ed jiarty has answefed, the latter may fancy it a wrong call and replace tli

j
altemative*circuib (Kg. 21) a spMial tone signal u given to the caller whei

the caLed rectavbr is lifted to rep^. A set of r^afs is associated with a trunk line to whi8l
a plurality of subscribers’ lih^ has access. Th» circuits are numbered as follows :

*

1. A cmling liile,«by a line sydtcb, extends a trunk line to a connector, in known manner
one winding qf R' being in circuit. - -

*

2. The other winding of R' is in the third oonductor circuit in which cmrent is in the
opposite direction, so that R' does not energise.

*

3. When the called party answers, the current in theToop is reversed as elsewhere
Sgscribed, and, the currents in the two windings now assisting each other, R' Wr^isetf and
jpens the B wire towards the connector, and connects t^ie exiling ^de through ilbl*yB»]S8
md R3' (which energise) to coU C3, and to battef^.

4. A tone signal is induced in circuit 3, which when heard in the receiver is a
lio insert a coin.

the coin falls through the ohtfte, contact la is opened, and resisfuSce «
me circuit. R3 de-enogises, bUt.not R3'.

8. R6 energises. a,

6. R6 loc^ ci^ouif. Winding 2 of R' is 8h«^-cirouited, R' detenendses and com-
pletes the talking cirouit.



« Section 7/
SUB-STATION GALL METER

Instead of the coin-box devtoe previously desorib^, it is sdmethneB preferred to use a

meter to register the ntfmber of oaUb. The ^incipal feat^ of sudh^ instaUation is the

Modification necessan^ for Party Line Working.

For '*Pmrty* Fit an additional larmlnal (4) asshown In the explanatorv aheteh In dhtted lines and
• t « ‘ connejst to earth. Transfer the mre fhom the back contact of the switch arm to

t terminal 4* o

For ' Fh an a&tltlona^ terminal (4) as aboye. Transfer wire to the bef! cot! from terminal
3 to terminal 4, andstrap the smich arm to bank contact,

Note.- For wiring of Table Set see F/Jj# 23. ^
• * Eio. ^2.—Sub-station Call Mbtbb (A. T. M. Go.). Waix Instruvnnt.

e

polarised relay^ of the ^$fpe used in^Elg. ^8, which functidhs in a manner similar to that

in the coip box. The relay is set wbei^the rgceiver is lifted to make a call, is energised in

the opposite direction when the line batte^ is reversed, and te res&re^ to nomal when the

meter operates to re^ster a oaU.^ The mfter Is nerm^y shSrt-o&cuited and is energised



Wlieii a keyis pleased to open the s^ort-oirouit, when ounent over the exoluiiige line oansM
it to VQMrd. These may be fitted on diitet lines,'oi*on eaolk of twotstations on\k S-party

oiioiiit.*
*

a

Abte,- 7ekph>ne connecting Strip
Terminals marked ®

• Modifications for Part^ Line Working.
For VrPart^» Connect terminal 3 on BellSet to earth, Instead of to terminal 6 oh Strip

Flex Cord connection^ * • • ^
For''y*Partyt Fit ^n additional terminal (S) on Bell Set anjf connect to earth. Transfer

rfire from bell coH from terminal 4 to terminal fs).
Strap terminals 1and 3 on BellSet .

Hote,-* For mm'ng of Wall Set see Fl^,ZZ,

Pig. 23.—Sub-station Mbteb (A.TT. M. Co.). T^lb Instbumbnt.

The oirouit, when used with a wall instrument, is shown in Fig. 22, and with a table set

in Fig. 23. An explanatory diagranf is shown at B in each case.

The circuits are numbered^milarly in each jase SuSi are as fcWbws :

—

a. When the receiver is4ifted to call, ciprent^s through the receiver, microphoile, and

polarised relay.

a\ Short-circuit about Ihe meter.



24 SUfi-ST^pON ^ALL JfEl®R

The numlfier required is dialled. \^en the called Iparty answm, the relay i8|;fjp6raited

in the reverse directidh, when one ooifcaot is opex^ed and tw6 closed.

b. Short-circuit about the miorophon4. .

g. S^hort-circuit about the receiver when dialling.
^

j, l??hen the key is pressed iAie short-circuit across the meter is (!|)ened.

* h. Current is drawrt'over the positive wirq (which has l^QCome negative) of thd exchange

liiie to earth at the relay springs. As the meter registers, it deflects the foaling arm to

permit the armature extension to ride oyer the catch tO |:esto^e the circuit to the talking

condition.



PARTY-LINE WORKING
•

FREQUENCY SELECTING CONNECTOR

FREQUENCY SELECTOR

REVERTING CALLS

TWO-PARTY CIRCUIT

LOCK-OUT AND RE-RINGING
• •

HARMONIC RINGING*





Section 8
' *,

PARTY XINES
-

•
* *

This name is giyeif to & metallio^cirouit on wbiok there are a plurality of suh'^tations.
In this country only tji^o statioijs on a circuit jjaye beenm£|^ on automatic systems. In jBe
United Stat^ four are common and eight and ten used to a considerable extent. •

The method of calling most generally used is the Aarmon{C‘/re({^t4ency system, the different
bells on the circuit being adjusted and biassed respond to a different frequency (fte
Section 16 ).

•
* • .

•

Codejringing is used to some extent, at times in addition to the frequency metfioc^ in
order to obtain selection of a greater number of e^qtians. ,

r

Polarised hells

^

adapted to respond to positive and negative currents, are also used for four
stations, one of each kind being tapped off the A wire and one of each kind off t]jie B trire.

Lock-out devices^ to prevent interference by stations other than the talking one, have
been designed, but have not met.with much favour, probably because of the additional
complications on the cincuit.

^A^few of the systems that have been used to a considerable extent are described. •
•

Qalling by Extra Digit.—-Each connector has an l*uxiliar}f switching device, called a
frequency selector^ which is operated in response to impulses received from the caUer, tg
select the particular ringing frequency for signalling the desired station! •

Multipling the Party-lines over a Plurality of Connectors.—Each p^arty-line

is made accessible through as many groups of connectors as there are su)>-Btation(j on the
called line; each group of connectors being accessible through a different Ipvel of the
selectors. Each group of connectors is supplied witlj ^ringing •current * of a different

character. In such a system the connecting efficiency of the connector is veiy low, as it

will put through, on an average, only one-fourth of the calls to each line on ifs ban^
terminalB (on a four-party line).

*
•

•

•Discriminating by the Selector.—Each party line is accessible only through one
group of connectors. This group, however,^ is accessible through as many different levfts^

of J;he selectors as there are sub-stations on a line. Each connector is provided with means
for connecting ringing current gf different character to the called line, the particular ringing

current Whic]) is connected to the line being dependent on the level to^'v^ch the selector

wipers have been raised. •

Reverting Galls.—^Usually special means are provided to enable one party *tg call

another on the same circuit.

Section 9

PARTY-LINE FREi^UENCY SELECTING CONNECTOR

This has a frequency-selecting switch combiyed WltL the usuftTconnector. The special

feature of this A. T. M. Co. switch is that the,frequpncy ie.selected before t&e coyneefion is

made unth the called li^. ^e thirddast digit,̂ t]^erefore, determinesdhe ftequency to bq
appVed to the line.



The oirooi&B of ]Blg/24 are numbered as follows
I

1. When the caUmg line rs extende<f tocthe connector, R' energises. .

2. B2 (slow) eiS^ergises.

3. B3 energises.

Frequency digit called. B' de-energises intermittently.

y 4. Frequency-switch magnet^ M4 resppn^ and steps the wipef(« b and Cc a distance

^corresponding to the digit. B3 is held over 3' duripg th& period of impulsing. Girouit 3

is now opened at wiper c, find B3 de-ener^ses when M4 de-energises after thS impulses.

Note ^hen ths witch is usedms sub-office wrthovitr sefectcrs, short-circuit O/, Reku D,,so tftat

rftease & controlled hufhe caller, Acljust a^rmature sprtni Xon Retay^r so piat it will

just put! overajgamsz Its make contact with 4$ K batteru through 13S0^msenes yvtth^

the 200***tylndiny, but not through 2050**^ res, Ac(ju$t contact, Y on Relay H to make
first,

^

Fig. 24.

—

^Two-wikb Fbbqttbkoy Selbotino Conkbotob (Sms Switohlesb). Sblbjcts the „

Frequency betobe tbe Line. Bexease when last f^ty beflaoeS Beoeiveb.

• • •

The tens digit is now called, and B' again de-energises.

6. B5 enefgiSes for the duration of tlie impulses, and the vertical magnet VM step£

the shaft to the correct level. •After the impulses B5 de-energises.

• 6^ linUs digit now called. B6 energises for the duration of the impulses,

t 6'. ^tar^ magnet BM steps the wipers round to the desired terminals.

7. i/ (he coiled line is idle*. When R6 de-energises after the impulse R7 energises.

8. B7 holding circuit.

9. Called«line made busy,

10. Correct fra^ency applied to the called statioi^. B3 does not energise. When the

subscriber answers, B3 eoirgises. ••
14 . B3 holding circuit (BM does not ^ergise).

12. Current to called subscriber. •B12 bnergises and reverses the battery towards

the caller.
' ^ * c .



Section 10
%

* *

PARTY piNES—DISCRIMINATAiG BY'tHE SELECTOR

•Kg. 25 shows sutjk an^arrangemftnt. *
, ^

The called^eipends on the third last digit of the number, which is yaried aocordiag
to the station on the party linA The numbers of the stations on a 4-party line may^

B

Al^praative Arpangjement

.

Fig.* 26.-^Foub-pabty Line Wobking (A. T. M. Co.). Disobiminating BYvxaE Skleotob.

e.g. 124, 224, 324, and 424. On the selector banks the four first terminals of fouf levels
of the A and B line banks must be multipled together forgone line, the second terminals
f^r another, and so on. The test terminals are not so multipled, but are individually
carried to four relays R3, R4, R6, and R6, one of which^is eijergised according to»the level

to which the selector wipers have been raised.

The circuits are numbered as follows :

—

1. When the selector wipers have made connection with its bank terminals in calling,

say 124, relay R' energises.

2. R2 (idow) energises.

3. R3 energises.

4. If the first dimt clilled had been 2, K4 woul^ energise.

5. If the digit cwed*hadfbeen 3, R^^would energise.
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- ' . *

6. If the dipt called had been 4, Rd would energise.

Thetoging-oonteol relas RG is eneirgiged as elsewhere^desoiibed.

7. R3 completes a circuit fot G' ovm*, say, bell B7.

8. R4 completes a circuit for G2 over, jay, bell B8.

9. ii,5 completes a.cirouit for G3 over, say, bdl B3.

10. R6 completes a circuit for G4 over, say, bell GlO.

When RG de-energises, the two commbn'oircuits^are opened.

It will be readily understood that a smaller or greater nupa-ber of stations on a line may

'bS worked by de«r««i«ing or increasing thfc njunber of levells, relays, and generators.

'An alternative arrangement is shown at AA. Belaya B3 to RO are shown ooifneoted

to indfvidual terminals of the B line bank teiminals.

One relay, according to the level,^s energised in series with R' across the loop to art as

a feeder bridge, R' being now smgle-wdund. A condenser is provided for each terminal.

Thetest ijerminals are now multipled together and a wire carried to the guarding relay R2

to be earthed.



Section 11

P^OUENCY*SELECTOR ADAPTED TO WORK WITH AN ORDINARY
CONNECTOR

The featy* of this A. T.’m. Co. combination Is that the
Mter connection is mftde to the*<sJled line, and by the ^na.! digit. An
shown with dotted lines to the frequdncy switch, where the necessary
relays and cifoiyts are also snbwn.

^
i

The circuits of Fig, 26 fire numbered as follows
1. When the caJUng linqis extended to% connector, R' energises.

frequency is selected

ordinary conneotd^
modifications to the

Y. R2 (slow) energises.

The tens digit ia caUed.

*1,
* J duration of the impulses. The vertical magnet VM steps-dp

tu6 siiaft).

digit called.

4. R4 energises for the duration of the impUses.
5. Rotary magnet RM energises and steps wipers roundy
6. If the called line is idle, R6 energises.

7. Called line made busy.

Frequency digitwcaUed.

8. Frequency magnet M8 energises to step the wipers F' and F2 to the correspondimr
frequency. ^ ^

9. R9 energises.

10. R9 holding circuit.

11. R^uired frequency connected to the called line. When the called party answers
ROO energims and the lines are connected.
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Section 12 ^

, party-ltneW/erting call' switch/

Yig^ 27 is one of the latest A. T. M. Co. circuits sen^ this pT^ose^ No key is aeoe^ry
^

a)} the subscriber’s telephone. After dialling the special reverting nSimber, TV^hich may be a

4-higit number, if this switch is ajsdciated widh the seconcj selector! tfe receive! 4s replaced

to allow the other station on the same line to be called. During the ringingperiod the guard

^ ^ ^
* l/ne Bank

i. r7

^mp/e Bank Combinations. (Apy others may be made)

1. RmAs ih'^and belts across the tine or both from •^Llne to earth*

2 . » IB'^ •> BtT* • m a m a ** a m a

3. " ^60^bell on - line and SO^beU on + Line (earth) r

a SO'^ a a a a S6^ a ^a « f

Fia. 27.—Pabty-Line Revebting Call Switch (A T. M. po.).

relay is in the control of a special relay, as the line or impulse-relay is de-energised. The

bank terminals may be connected in any particular manner to meet the requirement of the

service. The combinations shown are simply by way of example.

* Thp circuits of Pig. 27 are numbered as follows :

—

* !• Py and second digits called the loop is extended from the first to the seco^

select^^r and then to fiiis switch, when R'^ energises.

2. B2, guard relay, energisest

4. Earth on release trunk.

6. Itfi^ene^gises.
^

8ecmt kiM digit cq^ed. R' ^-^nergises intermittently.

^ 6. R6 energises for the duration of the impulses.

Vertical magnet VM dhergises in parallel with R6, an^ steps-up the shaft aAd

• wipers. Off-^ormhJ switch ONS opengacirouit 5.



7, lUilboldiiig pirWt for tbe imptdties.v

Afto the imptdaes R6 de^nerg^l?^; Hibn R5.
8. ’ Cttcuit to INT start.

FifM dig^ call^^ de-eheri^es as before.
* B6 energised as befd\re.

^ tf. Rotary magnet ilM energisesj^nd rotates the wipers to the terminals oorrc^pondiftg

to tfie frequency reqiiifed.
* ‘ •

R6 de-energises fflbfer the Lgmulses.

10. If the final d/git is 1, RlO en^gises intermittently.

11. When ftlO de-energtses ^6 16^^ circuit i^oonnected to Rdl, which energises.

12. Circuit*through second differential winding to de-energise Rll (slowly).

1^. R13 energises so tliai the caller may replace his receiver, to render the ring }^ok to

the called party more efficient.
*

14. fe2 holding circuit while R' is de-ener^se<|.

11'. Frequency circuit 16^^ to called party.

16. When RIO energises 33^ is connected to line.

If final digit had been 2, 16-^ and 60^^ would be connected to Hne.

If final digit had been 3, RIO Msould not be energised.

16. R6 energises to* cross over the lines.

IV*. 60^^ to positive wire (Rll being energised as before),

final digit had been 4, RIO and R6 would both be*energised.

18. 66~ connected to negative wire when RIO anrt R6 de;energi8e.
^

-

19. SO'^ connected to the positive wire, when RIO and R5 energise (only the*bell tuned
will respond, or the caller as well as the called party fnay be rung).

When called party answers, .

20. R20 energises over negative or positive wire, the circuit being completed over Rll
to earth. Wire to the frequency generator is opened.

21. Neutralising circuit R20 de-energises.

Rll de-energises, then R13.

.‘R' is reconnected to line, and is then in the control of both parties? durrent for the

microphones is supplied through this relay.
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Section 13 .

I
*

•

REVE^TiyE GALLING ON PaIrIt LINES*
»

* A gvoup of party lines has access to twoiisets of caQing-liiie findefs in a W. E. C^. system

(Fig. 28)*, one set being used for drdinaly calls and the other fqr revetting calls only. Each
p&ty circuit has two liile relays fit cihd R'.. R is energisec^ in the loop in the u^l way for

to/dinary calls. R' is differentially wound and only eriergised for reverting calls, when key K
.^s^epressed to earth the F wire. R' contfoLs the revertiAg,finders, each of which is equipped

with^a ring-back equipment, selectively operated by impulses sent by the caller.
^

Th^ ringing equipment connects positive^ or negative cutreRt to the A, or to the B, wire,

together with alternating current, which energises a relay fitted in the instrument, to connect

up the polarised bell. A subscriber ‘dosiring to call another party On the same circuit

depresses key K', and then removes the receiver.

i'he circuits are numbered as follows :

—

1. Key K' depressed, differential relay R' energises.

2. R2 energises and completes a holding circuit for R', K' released.

When the receiver is lifted, R2 is a shunt about R, so that it does not energise.

5. Ms energises, and the special finders hunt in known manner.

4. Controlling test relay R4 energises.

6. Holding Circuit of R4 over INT.
6. When earth removed, R6 energises.

'

7. SiequencG switch M7 moves to fiosition 4.

8. J18 energises, when M7 passes position 3.,

9. R9,(C()^) energises.

Operation of rir^in^ hack, «
•

10.

^’Stcfpping relay RIO energises.

11.

*<f Rll energises.

12. M7 moveff^to position 8.

,
13. R13 enqrgises, and opens circuit 11.

14. Register M14 energises. When M14 clpses its local contact, R14 energises, and M14
stqps into position 1.

16. Thesecond winding of differential relay R 14.

16. Iflterrup'ter connected to primary of coil, to give dialling-tone to callec.

17.

^
M14 istse^ by a single group of impulses under control of R14, R17, and RlO, in a

manner as described in Vol. I.
,

*18. At thp last interruption, RIO de-energises long enough for R18 to energise,

ft. R19 energises.

20.i^ M7nR)ves.to positCon U.
The caller then depresses the reverting'key K2, thereby introducing a condenser into the

loop circuit, ajid RIO de-energises. R18 again energises, circuit 20 is completed, and M7
moves to {Edition 12, which is the rihging position.

It is assunaed tttat the four ringinj^ positions of the register M14 are 6, 7, 8, and 9.

2U B21 is energisecfif M14 stops in position 6 or 7.

22. R22 is energised if M14 stops ii^position 8 or 9. ^

23. Negative, ^th superimposed aRqjrnating current iis^ connected to the A wire, or
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m /EEtnERTIVB CALLING ON RABBIT LINBS
' c ^ ^

positive, with Cjuperimposed alternating, current is connected to the B wire, according ae

R21 or B22 is energisGd for ppsitions O andtS. \ ^

24. The above (Conditions aK3 reversed for positions 7 and 9. Oiie of the in|(fl:ument

relays (26)‘'3nergi8es and connects the polariied bell to line, so that one statio^n only is^npig.

26.

<826 rings at station R2g''.
^

^ ^ r

23'. When the rece^^er is lifted po answer, R23' energises.

26. R26 energises.
* "

27. R26 holding circuit, R21, R22, and R13' de-&ejrgise. .

28. 28'. Current for tlie microphone i£ fed over Rl I and K28.

BS M7 moves into position 18 (talking position), over circmt 12.

Wiien the receiver is replaced, Rll de-ene^gises and restor^ the circuit to normal.

*'The apparatus shown to the lef^ of <the dotted line xy restores the special ^finder to

normal, if the call is not completed in a^ pre-determined time, if the called party doep not

reply, ^or if two finders simultaneously connect with the calling line. This apparatus is

common to a number of finders.
»



Section 14,

^RTX LIN'ks^MULTIPLED OVER A* PLURALITY OF GROUPS OF
/lONNECyORS

•

Such .on arrangjDMnt is fwly obvious and no diamam is pi^vided. The gronpyf
oonneotors are each arranged for* 100 Unes as us^l, and rae hundreds digit differs for each
group. On a 4-party line t^e four groups of connectors may ly numbered as follows :

—

*

(a) from 0 upwdtds
; (6) from 10(T

;
(c) from 200 :*and (d) from 300. • •

The same 100-party liiteg aiie multipled over the four groups, the latter being suitably

• FlO. 29. TwO-PaKTV I^INE RiNOINO AltRANaElIBNT ON CONNBCTOBS (A.^. M. Co.).

co^ected to different levels of the selectorIbai^s. /A different ringing frequency is con-
nedled to each greup of connectors so thatj^chVoup call one station on each circifit,
namely, that having the bell tuned to respohS to the freqpency-of the afticteiated generator.

Post Office Two-Party Lines.—As' freviously mentioned, only ,2-party lines are,m use, on automatic systems, in this oodntry, and they are wired on this ffiethod.

'

Pig. 29 shows the modification necessary to tKe "A; T. M. Co.’s circuits. It wilh be
notiMd that one set of connectors has negative current connected to the upper’wiper of
a pair, whilst the othw set has positive current coonectec^ to the coraesponditag wipw.
The former is used to ring the X station, the belhbf-WWoh is connected through a condenser
to earth from the A wire ; the latter is used to ring the Y station which is a tap to earth
from the B wire. • . .
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.Section 15

LOCK-OUT PAII'tY LINE AND RE-RINGING pIRCUIX

Each party-line instrument has a lockirfg relay associated with itc'v^hioh, when energisedi

aK^ws a suitably-shaped spring ip lock the pmature in the operated position, ,until it is

^released by the switchhook when the receiver is re;placed. The switchhook is so shaped
that, when the receiver is Jifted, a disc indicator bearing the word busy appeaffe at an aperture,

^sliould the relay not energise. Should the relay energise^ a disc indicator; attached to its

arm^ure, will pass between the busy shutter and the apertur^, ‘Indicating that the dkll has

been elective. ^

When the party line is already bu^y, ahd another call is made, the rplay will not energise

in parallel with the existing shunt. Whbn a call is for another station on the same line the

callei* musli depress a key, to introduce considerable resistance into the circuit, to enable the

called party to answer.

,

Re-ringing is obtained by locking the ringing-trip relay over the impulse relay, so that

when another impulse is sent, that relay de-energises and re-connepts the ringing circuit.

,

^ Thft circuits of Fig. 30 (A. T. M. Co.) are numbered as follows :

—

^
1, When the receiver ^s lifted <Lo call, and the line is idle, R' energises by a momfentary

(current from ba^itery at line switch. ^ The kneeded spring passes behind the armature, to

maintain ip in the o]perated position. As the line is idle the word busy is obliterated by the

armature shutter. r

2. 6ircuit though microphone in which the line switch (not shown) operates in known
manner, to extend the caUing line to the first* selector. Impulse relay R" and also RR'
energise. ^ t

^

3. «;Gu»rd relay R3 (slow) energises.

Th^. first digit impulses are sent,

4. The veftic^l magnetVM steps-up the wipbrs to a corresponding level, and R4 energises

for the duration of the impulses.
^

^ 5. M5 energises. R4 de-energises after impulses, then M5 and the side switches pass

to the second position.
*

6. The rotary magnet RM energises and rotates the wipers in known manner, to find an
idle line.* R6 cai^’gises for the duration of the search. When R6 de-energises the side

^
switches pass ^ Jhe third position. "

^

^

7. *The calling loop is extended to relays R7 and R7', which energise.

8. Holding circuit of line and other switches.

8 . R9 (guard, slow) energises.

10| Guarding circuit.
^

10 . R6, being slow to de-enerjpse, guards circuit 10 until R9' energises.

Second digit impulses on connector.

11. The Vertical magnet energises and steps-up» the wipers to the Resired level. Rll
(slow) energjse^^OQtthe duration of the impulses. •

12. R12 energises fbf the durA;k)n of the inipulses. After the impulses, RU and B12
de-energise and the side switches,pass to tlie second position, t

Fi7^digi{. c
« •

18. The rotary magnet RM steps wipereb round a distafice corresponding to the
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digit. Bll and Bl2 again energise as before and de-ei^rgise after the impnlses, aild, if the

line is idll, the side si^tches pass to t&e thiid position, t « ,

14. The callingcloop is extended to the terminals of the called line.^.

15. piiarding circuit. ' \
16. Binging relay R16 energises intermittently over the interruptdr.

17. Ringing circuiAto the caljed line.
^ ^ ^ ^

18. R18 energises when the called party answers /talkihg circuit).

19. R19 energises tO(Open circuit 16 to cut off ringing, r
*

20. R1 9 locking circuit, to prevent r^-ripging if called^receiver replaced.'* •

Should the caller desire to again ring the called party, who n\aj^ have replaced the receiver

prepialurely, without clearing and re-dialling the number he m4y do so.

When the called receiver is i^plaeed Rl8 de-energises, and R19 ia held ener^sed over

circuit 20. If now the caller dials R7 de-energises and circuit 20 is opened and RIO de-

ener^ses, circuit 16 is again completed to ring the called party. R18 again energises when
the called party answer^ and R19 again energises to lock.

To call another station on the same party line, the operations and circuits are very

similar to those already described.

Section 16

^eCective signalling on party lines

W*#E. Co.’s Four-Party Line.
—

^The particular feature of this system is the relay

in the instrumSnt* shown in Fig. 31. The armature has a long travel after contact has been

^raade, so that, ^though the armature may vibrate under the intermittent current, the

movement is not sufficient to break the local bell-circuit.

A U-shaped armature, a, is pivoted by the two ends to one pole of an electro-ma^et

Fig. 31.—Wbstbbn Eleotbic Co’s. Slow-acting
ALTpBNATmO AND DiBECT-OUEBBNT ReLAY.

•

which is placed between the limbs. The armature normally lies put of line with the core,

but when«a«&rrent is*passed through the coil it is attracted towards the^ore at the free en,d.

The contact^s flfeamthe pivoted end. ^

. The relay at each ^fiftion is directly across the loop witii a condenser in circtiit, and all

respond when a current of either^polari^y is connected* to Unec The ^rthed bells are, thcve-

^fore, only^con^ected to the circuit during the\>rief period of ringing, and Hie circuit is there-

fore a balanced one normally (sec^Fig. 32)?^



The subsoribers' telephones on a. party line are bridged across the oircuitjthe bdls being
normal!^ disconnected. Each pa^ty-line instrimenttcontaina a rela^ in series mth a con-

denser/ luid when ifitermittent currents {(ass thfough this relay it cijjts in the bell either

between the A wire and earth or between the*B wire and earth. The two beU^ connected

to each wire respond to currents of different polarity. One bell only responds when ringing
current is applied to a Wire.

• Frequency Party Lines.—The “ Leich selective system of the American El^ric
Tel3phone Co. is a frequency system. Two frequencies are generally used, one 20 cycle and
one 60 cycle. Two bells may be connected to earth*from each wire o{ thh metallic dircuit, «

fhe two on the same wire,responding to diffeibnt frequencies. Advantage is taken of the
choking effect of capacity and self-induction in a circuit in relation to the frequency of an '

alternating current. The 1000-ohm bell of one instrument (Fig. 33) has, therefore,•in series

Fig. 33.—Lbich Low-
Frequency Instrument.

Fig. 34.—Leich HigJ-
Frequency Instrument.

*with it a 2000-ohm retardation coil and a 2-mfd. condenser, and tjje beH rpadily respdhds
to the low-frequency current, but the choking .effect of this circuit on the high-flequency
current is so great that the bell does not ring. The other instrument (Fig, 34) has a 1000-

ohm retardation coil in parallel with the bell and a 0-3-mfd. condenser in series. This bdl
readily responds to the high-frequency current, but the 0*3-mfd. concjenser does not allow
the low-frequency current to interfere. ' © • • •

*

The Harmonic ’Party^Line System.—^jA$ter work-in this direction by Currier and
Rice in 1880, and Lighthipe at a considerably latex*date, W. W. Dean,^or the K^ogg Com-
pany^ further developed this system al^ut 190Jf, and, after forming the D^n Electric Co!,
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'

.

gr6fttly ]xiodifi€fl And inQ>roved this in 1905. Mr Dean« set HiTngfllf the t*^fV' of designing a
party-Une# system without eai^h oonntjction|, “ no relays or adjustable springs, noVrfcep-by-
step mechanism, and^that the ringing of thi? bells should not 6e appreciably affected ^y either

the resistance or capacity of the line.’’ This system is based on the principle that e^ery
pendidum or reed has a natural period of vibration. Each ringer or polarised bell ha’s' the
rod carrying the hammer attached to the armature, which in turn is attached to the frame
or mounting by a short flexible spring (Pig. 35). The hammers of the four bells used on one

cFio. 3(]i(—

D

ean Harmonic Ringer Armatures.
^

circuit are of yaryb^g lengths, so that each has a different rate of vibrati^ (Fig. 36). The
four bells are connect^ directly across the loop with a^l mfd. condenser in series (Fig. 37).

One bell will responS to anotiher to 33J^, the third t^ 60'--', and the fourth to
In other systems, 20, 30, 42, 54, and 66 cycles per secoi^ are used with five stations on a line.

An S^arty line selective circuifi may <>e formed by connectingc four such instruments
from the A wirb to earth and another fonxifrom the B wire to earth. ^
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A^ulti^syofp motor-generator m«y be need to give the differ^ freqiWee! but theDean Ulotno Co. now recommend, their " harmonic obnvertq;. ” as b«ng more retiabie and

much more economical. This consists of foifr pole changing vibrators, each with a trans-former and oondens* to give the four frequencies? As w^ be seen from Fig. 38, the vibratorhas a trembler bell action. On attraction and release, the springs make with different

Fig. 38.-
THE

-Thkorbticai, Circuit of Dean 6-Contact Type Harmonic Converter snowiNa

'

CONNECWONS TO THE STORAGE BaTTERV OF A QOMMOlf BaTtIry £!xOHANOBft^

and ^ow of currents opposite in direction passing through the tranrformer. The
^bfation of the^ture mevement is controUed by mechani^ meifns'similar to

oowrerter^when run from t^e24-volt ha4tei^taWo-28 ampere,

to enon**^
® ^-party line tlias no-load Current is doubled- Where it is necessary

whS b,r“
^Oher^in current oonsumptton thi convAter may be jontroUed-by aVS^which bnngs it into Use only when a key is depressed. The current taken is then 24 mUl^*
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amperes. In ^arge exchanges it is kept continuously running. This apparatus is ako
designed for running from primary htfuterieG. \ ^

*•

When run fron^ the speaking battery^ a “ noise killer ” is introduced. This exists of

It high impodance coil R (Fig. 38), and a battery of dry cells, B*. ‘‘The former is placed in

the supply lead between the battery and thte convertei*, and the latter a tap to earth nearer

thp converter. This isVonnepted with the negative pole to line andfpositive tp, earth, i.e.

similar to the central battery. T^is primaiy battery is kept constantly chargedby the main
‘battery, and absorbs all ^the noisy back surgings that ?voul4 otherwise disturb the whole

^sjTstem. • ‘

IFor frequency or harmonic systems it 4s most import^nt^tiiat the ringing currents be

correct; so that there is no interference or caissing bells at stations (other than that called)

to be sounded. The Union Electric
(Jp.

(London) have put on the mi^ket the Hartmann-

Fiot 39.—Habtmann-Kempf
r^OUEroY Meter.

Fig, 40.—Hartmann-Kempf Frequency Meter.
r

&empf frequency meter, which is a direct indicating electro-acoustic instrument, with

vibrating steel reeds arranged consecutively a^ a scale.

* The general arrangement of the instrument depends upon the purpese for which they

are requined. They are made up from a number of steel reeds, all of varying but permanent

vibration rates.^
If.

a steel reed of this description is acted on by magnetic impulses, it vibrates,

but qnfy when a resonance action between'^its own vibration rate and the frequency of the

magnetic impulse occurs. This vibration is rendered distinctly visible from considerable

distanced by kttaching a small white tip to the steel reed (Figs. 39 and 40).

' Tljecvibrating ree^l corresponds, therefore, to the deflection of & pointer instrument.
‘

As any periodic vibration will induce resonance in the reeds, it is a matter of indifference

whether the magnetic field is pro'duced by alternating current, or by interrupted direct

current, orbU^ periodic movement of magnets. Instruments with their reeds arranged as

•a scale can theyefo^e be usild fts frequency meters for alternating and interrupted direct

current, tadiometers, alid speed iiKlicators for either^ directoor distant control. The circuit

arrangements correspond •to tfao^e of a voftmeter. ^ u

Fig. 4l s^ows ^he frequency meter used on the Dean system. The four groups of

five reeds of each series contain one ^^d for, the standard f^quenoy and two reeds



.^dzatea closely thereto. Each operate set is for a different, freqtieAsy— yiz. 16f|
50jVnd 66|.

^ ^
n •

^ Itii|weQ known^that in acoustioa partial tonel arise wli^pn the base tj)ne is loud, and with

Fig. 41.—HABTMANN-Ksaipr FiiBiQtiiisNOY MaansB.

resonance-frequency meters the same action anses. *For this purpose sp^ial circuit oon-

mtions and arrangements are adopted which only a^mit of the actual prevailing frequency

being indicated in this apparatus. Small variations from the standard frequency al^e shown

by the four other reeds in the group. The accuracy with which frequency can be adjusted

on the master reed is extremely high, approximately I per mille.
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•Automatic TEtEpiONK

Section* 17,

SMALL SWITCHBOARDS FOR SUBSCRIBERS* OFFICES
%

The provision of equipment in subscribers’ offices that will nbt reduce the operating

or transmission efficiency of the main system, but will co-operate with it as a fundamental

part, has been one of the great problems of automatic telephony.
,

JT^ese installations, as a rule, are comparatively small—^the bulk being under fifteen

lines iapacity. In most of the small offices no regular operator is provided, so that*the

service tends to be of an inefficient character, and, jftst as tlje strengtji of a chain is* that

of its weakest link, so the efficiency of a multf-office telephone system may be marred or

greatly reduced by these small exchanges.
*

These switchboards have to provide fer interconnecting the offices oh a business, but

have also to connect these offices to other subscribers on the main system, few outgoing and

incoming calls. The connection may be ove» extensioft telephones ip each ipase, when,

unless great care is taken, the main service may be prejudiced. As tlie clearing *or dis-*

connecting is initiated at one telephone, if ^he receiver is not replaced proijjptly, tfie plug

withdrawn, or the key restored to normal, then one or more trunks or ^’unctions may be

held Idle for an unnecessarily long period.
.

/T •»

Additional trunks may thus be.rendere^ necessary, thereby adding to the cost of the

system, or an inferior service mustJSe given. •

From the Public Service po^t of view, these siAall installations should be entirely

automatic in^operation. The release of a connection tlirough the main office would then

be instantaneous when the receiver was replaced, and the transmission efficiency wpuld be

first class.

^ The Post Office have modified certain ^all switchboards, formerly ^used on^oommm
battery manual systems, to automatic working'.

.

The principal modification consists in provi<£ng an impulse-dial in connection with the

cord circuits, so that outward calls can be originated at the switchboard. A^ the battery

bridge is cut off the cord circuit, wh^n an extension is through to the e»changd, ’dials may

also be fitted on extension instruments when required. , ^ ,

Rg. 42 shows such a Post Offi^ circuit ter switchboards up to 26 lines capacity.

At A is shown the exch%nge fine circuit, at B the extensito line circuit, and at Q the*cord

circuit.
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The circuits are number^ as follows :

—

1. T^ke calling circuit from the ^change on|b dro]^ indicator.

2. (Jailing line fi;pm an exteflsidn on a^batter^^ indica^r.

3.

^
A%entral call is answered by the answering plug beidg inserted ill the jack XJ when

the speaking key is opprfitec^ to conneit up the attendant’s telephone, and the call i|idicator'

and condenser are cut off. After learning what exterision^ine is wanted, the calling plug

is inserted Ift the extctiafon line jack EJ and tlfe key movei to the riJiging position.

4. A holciing^ circuit is then establuihed to prevent any exchange switches being restored

to normal. Th^ 12-ohm rela^f ei^fgises when th^ telephone is ir? circuit and also in thijs

,

circuit.. This cuts off the lipe indicator. •
^

5. Ringing circuit for haftd generator.
^

*

Whep the called party answers the connectjpn is through from the extension to the

central and the switchboard attendant’s telephone ^s fti parallel. The key SK is placed to

normal. The 12-ohm relay has a non-inductive shunt in parallel, and these are in series

in the talking circuit.

Should the call be from an extension telephone for the central, the answering plug will

be inserted in the jack EJ, and the rf<hort-circuit about the 12-ohm relay and shunt opened,

so that the relay energises from the local battery and cuts off the line indicator. Circuit 6

of tto extension line is extended to the attendant's telephone oyer circuit 3. Thd caAing

plugin be inserted in the jack XJ and the speaking key SK and the. dialling key DK be

operated. The latter opens the circuit to the extensioA. ^

^

• 0. Circuit 3 of the exchange line will be Extended by circuit C to the attendant’s

telephone. The attendant will dial the number wanted by the impulse-dial DS, the switch-

board receiver being short-circuited as usual during impulsing. ^

7. When the called party answers, the extension line bell is rung by the hand generator,

the dialling key still being depressed, if the callkaig party hAs*not romaine)d at the^ telephone.

Current for the extension microphone is drawn over the exchange line. For local
’

connections, a local battery may be connected at the terminals marked -f and or a ^)attcry

feeding line may be used from the central and connected to the same terminals. The 10-mfd.

condemser is then a shunt across the battery to prevent overhearing or othea? disturbance. >

8. When a connection is between the e3^change and an extension, the local battery is

cut (iff as rela-y RS^is energised and opens the circuit to the cord conductors.

When the extension receiveF is replaced, the 12-ohm relay de-energise^ and the indicator

is connected in circuit as a clearing signal. This indicator being across th^ foop, the central

apparatus is not released until tlie plug is withduawn.
*

*
^

9. For a local connection there is no wire to the bush of the jacks, and, therefore^,’ the

relay is not energised, and battery is fed to the cord conductors through the 80-ohm ufintiings

a retardation coil.
^

^

When ringing current is supplied over a special leac^ frorit a powbr-driveh sour.je, the

circuit is modified, as shown in dotted lines a,nd aS described on the diagram.
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Section 18.

SMALL SWITCHBOARDS FOR SUBSCRIBERS’ OFFICES, CAPACITIES FROM
' 25 Td 60 LINES

C
^

.

Fig. 43 shows another Post' Office modified common battery circuit for another range of

equipments. A drop iiidicator, each as shoV«n in Fig. 44, is associated with the exchange

fine, and an eyeball indicator (Fig. 46) is associated with each extension line. For the cord

<^cuits the supervisory ^signals are of tlje W. E. Co. pattern, which gives a negative

signal, remaining energised during conversation. The latter are in series in the B conductor

of tke cord. An 80 plus 80-ohm retardatioii coil is bridged across the cords, with a relay in the

thi^d conductor, to tut off the local battery when the comiection is between thq exchange

line and an extension, another ?00-ohiji retardation coil then being connected in series in

the bridge to increase the resistance and inductance. When the connection is between two

exterision lines current is f®d from the local battery through the 80 plus 80-ohm windings,

there being no third coiiductor connected to the bushes of these jacks.

In the diagram A is the exchange line, B the extension line, C the cord circuit with

im^pulse-dial,

‘ circuits are numbered as follow's :

—

1. Calling from, central on exchange line.

'2. Exten8h)n line calling the branch office.

3. A<)tendant answers the exchange call, answering plug in jack XJ.

4 .

1

Relay R4 energises and cuts battery off cord circuit.

6^ Attendant rings the extension line.

6. Through connection.

7. Bridge across talking circuit, 80 plu*^ 80 plus 200 ohms. This is connected between

' the sui)ervisory sisals S3 and S3'.

\%en the extension receiver is replaced, .S3' de-energises and gives a negative signal

to clear. When the answering plug is withdrawn a clearing signal is given to the central.

^ 2. If the c«ll is from an extension line to an automatic central, the extension receiver

is lifted and the indicator is displayed.

The answering plug is inserted in jack EJ when the indicator is ^cut off. Circuit 6

from extension telephone to jack EJ, then circuit 3 from answering plug to attendant’s

telephonewe completed.

8.

^

Battery bridge across cords, there being no connection to the bush of jack EJ.

Signal S3 energises.

I
‘ Calling plug inserted in jack XJ and indicator cut off. Circuit 4 completed and relay R4

c^uergises to cut off battery (circuit 8). Bridge circuit 7 completed as before. «

Tf\e rin^-baTck k^’' is ope?*ated^to open the line to the extension (circuit 3). The impulse-

dial is manipulated to call the central lirfe. The speaking key may then be moved to the

through position so that the caller may hear the reply, or, if he has deft the telephone, he

is recalled ‘by the riiig-back key. Circuit 6 is then completed.

When one^exfensipi^line calln another, there is no bush connection on either jack, and

current is fed to the talking micropliones ever circuity. Each line controls a clearing signal.

‘ lliecextension lines' should* be of «,pproximately equal length so that all microphones

c get equal cuwent.
^



£xt(snston
f mththe

thrown milst operapng thmOuitiinjland Pmg:rhack ^K0u, When Phwer^nmi^
supmpi the cpnneciions bet¥feen,m“Ringingand ’‘Dtafitr^ and
aasocmted with each^ord Circuit shout^baremikirSd and^th^RhgmSContacbdif
the laUerJ^ys commoned tfa kau whichewiii be fitted locallu and %iredas
^own m dotted /ihes>

,
This wjH beknown^ the^ Rower Rtng-back

^•kbe operated when it i6 aesirecr to ^'nng^back onang ^ns¥wnng *

. Fig. 43.—P.O. Sbmi-Atjtomatic dvir[TCBrBtAJ|DS, 25#^ 60 Links Capacity.



Plan

Fig. 44.—^Two-Coil Line Indicators.

^ <
c.

' Fig. 46 shows a somewhat similar circuit for switchboards up to 65 lines. In this, how-

ever, a^condenser is fitted in the B conductor of the cord to shunt the supervisory signals

S3 and S3', so as to improve the transmission, and to make the battery feed more suitable

for lilies of unequal lengths.# Moye detail is also given of power-ringing circuits.

The circuits are numbered to correspond with the previous one.
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S^tion 19°
<

o6rdless switchboards

Pdst Office Cordless Bi^anch. SwitchboardSt having »a capacity of ten lines.

—

There are two pattern^i of these,^oae havingnegative clearing signal8*;and the other positive

(Signals.

Fig. 47 shows tho circuits of cordless boards with if^egative clearing signals. The

Vagram shows three connection-circuits, and these can he increased to five r one exchange

line, one extension line, and one main or attendant’s toleph^no circuit. Three exchange

lines and seven extension lines is the usuai capacity. Each exchange line has as many

siiHtches K' as there are connection-pirci^ts, and one holding key. l^^ch extension line has

as many keys K6 or K6 as thereWe connection-circuits, and a ringing key K4. The attend-

ant’s telephone has as many keys K2 as there are connection-circuits. Usually twin keys

are used, two being thrown upwards for one connection-circuit and down for another con-

nection-circuit. The main or attendant’s telephone set is equipped with an impulse-dial

for calling subscribers in an automatic central, both for the maip ofiice and for extension

lihes. ^Current is supplied for all exchange connections over the exchange line. Current for

extension line connections is supplied from a local battery or special feeder leads from a

central.
^

‘

^

. At A is showri the circuit for an exchange to extension-connection. At B is shoAvn^^he

circuit for a connection between two extension lines. At C is shown the switchboard

connections.

The circuits are numbered as follows :

—

1. (jailing circuittfrom central on drop indicator in branch exchange.

3. Catling ckrfcuit from extension, calling branch office on battery indicator.

3^ Attendant answers exchange call. Keys K' and K2 operated.

4. If an<^5xtension line is wanted, K4 is operated and the extension rung.

6. When extension answers, K5 is operated to join the lines through. Supefvrisory

signal S3 is energised and is shunted by a condenser. * Current is from the central

battery. ^

• Should the attendant simply desire to ask a question to pass on t6 the central taller,

the holding key K3 would be operated to bridge the exchange loop with a 750-ohm retarda-

tion call.
, €

.

'

, K the call is from an extension line, indicator C2 energises.

• 6. Keys K6 and K7 are operated to answer, and attendant learns the caller’s

reqoirtoenfs.
* 7. cThe Jkey* of ^e othpr extension line, corresponding to K4, is operated to ring thhfc

party, and then the key corresponding to K6 is operated to join the connection through,

K7 then being released.

8. B«.tter5r ^eeiing bridge of 85-fSS-ohms retardation coil and*supervisory coil S8 in

series. The latter is shunted by a condenser.

Currerft is drawn*o^er poweJ leads or from a Ipcal ba<;tery.

Fig. 48 shows the /sonneq^fons o| cordless bowds with positive clearing signal. The

circuits *and^ operation are generally similar to those in Fig. 4^. The supervisory signal

is replaced by a relay which is energised^in the connection, and*when de-eriergised, on the
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Stsfgus' m
iiwo parties oleanng, joins up the line signal (of the extension line in thejoase of an exchange-
extension connection ^and that of the caller in tha case of tw5 extension lines connected

)

to act as atoleaqng signal. The relay S3 or Ss (with non-indftotive shunt) Jis energised during
conversatlpn.

, ^

'

Positive cleariiig signal on indicator C2 udien both extensions clear ind S8
de-energises^ r

9^. The clearing circuit is similar when the exchange is through to an extension.
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' S^Otion 20

BRANCri AND OTjHEER SMALL OFFIGflS
<

I
ft

^

These are variously knowif as Distridt Offices, Branch Ofl&ces, Satellite Offices, Com-

munity Exchanges, Private Branrih' Offices (sometimes P.A.X., to ‘^stinguish ' these from

liianual offices which are usually called P.B.X.).

Branch offices are a^highly-specialisgd part of an ^i^tomatic system, and considerable

thought and care has to be given their design so that they maj^ not reduce the efficiency of

the exchange system. As shown in Fig. 49, an exchange system has almost invariably a

nupiber of these sateHites surrounding each central office. '

^

They frequently form integrfil parts of the main system, and at other times they are

tagged on.

Bistrict offices are,frequently satellites to a manual system, when they act as feeders

Branch Office A

,Fio. 40.—CsKTBAt. Office with S,atellitb or Bkahch Offices.

and bring into a largef office grotups of linQp from an outlying part of the area. Such an

arrangement is eccftiomical in outside plant, because ten lines to the central office only will be

necessary instead of 100 that would be required jf all lines were carried directly to the central.

In fact these *disfrict offices are often cut in on a few existing circuits, which then form

,^runks, when, qwing to some new local condition, a considerable increase of subscribers*

lines is to be expected, and perhaps the pole route or existing cable is insufficient to accommo-

date them.
^

,
r ,

In Fig. 50 is shown a number of ways of working these offices, the adoption of any one

depending on tfie local conditions and the plant available. Many of the features are also

applicable to larger offices, particularly during a transition period, or owing to unusual

requirements.

.

Semi-automatic working ,—^According to Fig. 50, the subscribers* lines of A are con-

n^ct5d to the plunger parts of line switches LS, the banks of which extend to the wiper parts
^

of seleelibrs at tfie cetitral. ^he subscribers* instruments are fitted li^^th dials, so that by

lifting the receiver a line is extended to th^centi;al, and by dialling a given number the caller

can obtain automatic connection with any line on the exchange. ^The subscribers’ lines

are also emiAectad fo jacks, and, by the use of plug-ended cords, local connections are

obtained. *5he»!nc6miqg trunks ^d on plugs (or may end on jacks). At the central these

trunks are multipled on rotary confiectorp- so that a^centraf subscriber, or operator, can, by

callixig the associated nuluber, select aa idlet trunk to this branc^ office. A glowing lamp

t
will indicate a^call, &nd the plug be inse^t^d into the jack of the line cafied.

Such an arrangement is frequently desired in *a private^ office, because the operator can
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oontrol |he inward traffic and distribute it effectively. She can tl^ prevent undesirable

calls from being put through Jbo .the principal, and give alternative connectioA when a

partijjular par^y is busy, and the like.
*

*•
i

Ab ? is shown an ^-Arangement almost theTeverse of that in A. The subsoibers’ line^

• • • • . •
*

are connected to jacks and the banks of connectors. The outgoing yru^kk etiij in plugs in

the branch office and in the wiper* of a selector at the central. Lacal^ connections are

completed by plug-ended cordef. In ^ch an arrangemeht all calls"from the ^bscribers are

signalled to manual operators on lamps, or ojher ipdicatojs, and.a local connection is^com-

pleted by a common b^terv-cord circuit. If the call is for a centraltline, ^he trunk plug
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complete the connection by dialling the nujrnber wanted
; alternatively, the operator may

dial. A device may be inserted in tne t^nink to prevei^t prohibited lines from obtaining

connections in the central. The4ncoming trunks'ending on connectors'enables any Central

subscriber to call any party in the branch office. f
^

Such" an arrangement is useful for partially converting a manualtoffice to work‘d in i^ith

an automatic office, particularly dijring a tramiition period.

n At C is shown a branch office almost entirely manual, but working in coimecteon with an
automatic central. All lo^al subscribers’ lines end in jacks and ^piling signals.' The incoming
^trunks are also similarly ended, and at thA central end in iSanks of rotary cohnectors. The
outgoing trunks also end in jacks, and at the central are connopted to the plunger prfrts of

line switches. AU coijnections at the branch Office are made by double plug-ended cords.

The 'operator may dial central conn^tions, or certain subscribers’ instruments 'may be
fitted with dials which are used after the Operator has extended the connection.

At. T> shown another arrangement in which the subscribers’ lines end in plungers of

line switches LS, connecfpr banks, and also in jacks. The line-switch banks are connected to

the wiper parts of the local connectors, so that any local number can be called. The tenth

level of the connectors arc rotary, t.c. on that level, the wipers will stop round automatically

to fihd an idle Hne. This tenth level connects with trunks to the central, which end on line

switches, or first selectors there. "Kie incoming lines from the central final selectors tncl in

jacks in the brai^oh office, and are coi^nected to local lines by double plug-ended corcis.

.
Automatic Brduch Offices.—In full automatic branch offices with considerable locql

traffic, an objectionable feature was tht utilising of an outgoing and an incoming trunk for

a local connection. This has now been eliminated, and these connections may now be

completed locally without retaining two trunks in use for the connection. Where the

number of local connections" is few^ the simpler arrangement is still to use two trunks. At
E is shown a‘brancfe bffice in which the local connections do not use trunks. The subscribers’

lines are^connected to the plunger parts of line switches LS, and to the banks of connectors

C. The banks LS are wired to discriminating switches R, from which branches lead to

the wipers of the^ local connectors, and other branches to secondary-line switches LS'.

'^hen a receive/ is lifted, the line switch LS operates to extend the calling line to the

discriminating switch R. According to the vaiue of the first digit called the line will be

extended to the central or to the branch office. A local calj or a central call is thus com-
pleted automatically. Thvj incoming trunks at the central are multipled over banks of the

last selectors, apd*at the branch -office end on the wiper parts of connectors.

^ is shown an arrangement which usually goes by the name of district office. It

simply consists of a detached part of a central office equipment located at some distance

therefronl. The subscribers’ lines are connected to line switches LS for outgoing calls, and
to ‘the bpnks otconnectors for yicoming calls. The LS extends the local lines to first selectors

*

at the Central, which in turn command tjie whole exchange. The incoming trunks are

multipled over the banks of the last selectors at Ihe central, which may be rotary in groups

when the num^ei* yf tjrunks are few, or they may be on rotary connectors. At the branch

office they end on«thirwiper parts of connectors. The whole operating is therefore automatic,

but two trunks, an incoifiifig one aifd«.n outgoing one»are involved in each local connection.

As, however, these district office^ are mpsSy |eeders to the central, there are only a small

percentage" of Ipcal calls, and frequently these are in the evening and of the nature of social

calls. The trunks can then be spared, the equipment is kef>t in its simplest form.
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Currentfeeding or charging is usualW automatic and fault-indicating devices at the central
show A^en local troubles occur, ^so fnat these are fare^ visiteu by the* technical stlkS^

Theip o£|ces arfe frequently used as feeders to mant^al offices, and this is indicated
Two district offices are shown. The •outgoing lines end directly in j^oks and

callifig signals. Th^ mcoming lines Aid at the manual office in the banks of line ftwitches,*

the plungers of whi^ «are conpected to jao](s. This ^is to render it unnecessary for the
manual operator to test for an idle trunk to a district office. On the insertion of t||e

calling plug, aii idle line autematically selected. In respcyise to a calling signal,*
• .

e

• - t

JiCiG. 5r.—

T

ypical Manual Branch Office Working in Connection with a Manual
Central and an Aytomatic Office.

*

the operator will insert an answering plug in the answering jack, and, as required, insprt

the calling plug into a jack of a trunk to the same district office, to another distAct t>ffipe,

Or into a jack of a line in the manual exchange.

Other arrangements can readily be designed to meet particular requirements.

Mamml Bramh Offices worked without Operator^.—Such an arrangement is sometimes

useful. The work may not be sufficient to render an operator’s serf'ices *ec0n»mioal, or it

may be expedient to close down an office for, say, two-thkds of the twehty^four hours.

Such an arrangement is shown in Fig. 61 . Tjie locill lines are equipped witt the ordinary

manual instruments, "^he local lines terminate imline svatches -LS, and the bapks of con-

nectors in the braiyh office. The line-switch multiple is extended tb the»wiper parts of

local connectors and, in paraUel, with* seconds line-switphes SLS.^ The multiple of these
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' SLS are connected to service trunks tp the pxain office, where they end in keys an(|^ lamps,

the former^, when operated, coftnecting the(service trunk po ^e operator’s telephone circuit.

For local calls the lifting of therl'eceiver glows a® lamp at the central,*when^the p;^erator

4epre8se8itl?e key to connect up her telephone. She then dials back ^ver the service trunk

the local number wanted, which j^ctuates the connector, picked \tp the caller, to conhect

with the line wanted. ThV second line switch

is then released and the service dine made
available for®otheF calls.

When a call is made from 4 Ibcal line for

A main office numbfer, the operator tak^ the

niAnbers of the catling and called lines, calls

‘ the number wanted, then, with the other plug

of the pair of cords, connects with a trunk

leading to connectors in the local office. She

then calls the party who originated the call by

a calling device in the cord.

The main office may have associated with

it also one or more automatic offices to which

the closed branch office can have connection.

This is also shown at H. Local and incoming

calls to tire branch office are shown for four

digits. Calls to the manual main office are

obtained by calling one digit.

He local lines end in line switches and

the banks of connectors. The LH banks are

multipled to first selectors, the banks of which

connect with trunks to the main office, where

they*end in jacks and calling signals. For out-

going calls from the central, plugs are inserted

in jacks the lines of which end in first selectors,

whfch extend the line to second selectors, then

to connectors, in,the well-kno-^f^n manner.

Small Central Offices.— At Fig. 52

, is shown diagrammatically a central office

suitable for a small town in a populous but scattered area, requiring various kinds of

service to meet the public needs. There will be direct lines from the business and better-

class residences, and 4- and 8-party lines from smaller properties, or from further afield

when a ^irect linecwouW not economical. Further away stiU may be^ small manual and
automatic offices having incoming abd outgoing trunks to the central. All the incoming

lines connect on line switches first, the multiples of these connecting^ith first selectors.

The selector, nraltiplesfconnect with two groups of connectors from Afferent levels, and

another level con^ect!^ with vertical and rotary switched Rev., which are used for revertive

calls, i.e. calls *to stations* oh the sam^ partj line as the callef. A rotary ringing switch RS
works in connection with these. « ^ ^

The oohneqtor multiple of the tenth level connects with automate office^, through

which the caller dials extra digits to call a p§rty therein. The ninth or other level may be
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reserved for trunks to manual office^. £ight>pa^y lines utilise the same level of both groups *

of e«5nilectors for selective ringing (this is really|the^reason tor dividing into t'wt) groups).
One 01* ^oth ^vided groups suibce* for 4-party lines. The^ frequency used on party lines ic

16J, 33, 60, 66. OtiV5if-np.rty lines two bells of each frequency are fitted, %>ne of each receiving
a code rihg of single stfokes, and the Rthers douljle s^rokes^ •

^
The other level# ate used for direct line^ and the^ seventh level of the left-hand group

are shown jnultipled tb the subscribers* direct lines and®4-party iSies. The eighth level^is
multipled to 8-party lines. -The ni^th level to manual office outgoing trunks, and the tenth
level to automatic office outgoing trunks, those passing through repeaters R.

^ch a system is knc^n as a ccnnmunity jexchange in the United States, and further
reference is made to these later on.
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BRAPfCH SWITCHBOARDS IN "SUBSCRIBERS’ OFFICER
‘

''f

In cfonnection with automatic brar^ch B>vitchboards in subscribers’ offices in this' country,

the Post Office has specified (as qpoted belpw) what traffic facilities must b^ ^provided.

TChese, practically, limit the use automatic switching to local calls only, all«calls to and
* from the main office bein^ completed by an attendant, r

^

*

As something like 90 per cent, of th^se switchboards 'are equipped for fifteen lines and
under, there will be no inducement to prefer ^n automatic installation, because the attecidant,

who must be provided for the calls over the public exchange, might just as well occupy her

timft by completing tfee local calls.
^

f
^

In many cases no regular att(;ndant'will be provided, and the duties of supervising the

connections and freeing the junctions for further calls will devolve on the office boy, or other

irresponsible person who, when available and so disposed, will perform the necessary acts.

The subscriber must, therefore, be content with an inferior service or provide a regular

attendant
;
but, whilst he may be content with the former; it must at j^he same time be realised

tha^t the whole telephone service of the area is depreciated, because every call that is not

cleared promptly not only holds thetlocal junction occupied unnecessarily, but every ju/u^tion

C^nd s^ubscriber’s^line Involved in the connection suffers.

To provide for^supervishm on olitgoing and incoming connections, repeaters, or con-

densers aiid impedance coils, have to he introduced, and the transmission must necessarily

suffer, and this will be particularly felt when two extension lines are talking together over the

main system. H the transmission efficiency of two direct lines talking together in the same
office is taken ‘ks 1, theji the efficiency of two branch lines talking through a main office is

vequal tjp 3. • r
* * * '

Tl?c automatic service described is more restricted than that of any other known
Administrations: Almost invariably outgoing kutomatic service is given, and incoming

service is fairly edimmon. In the latter case particularly, but mostly on the larger installa-

*T6ion8, the subscriber often prefers that the incoming calls shofild be sifted and distributed

by the local attendant. In the small installations it should be in the interests of the sub-

scribers and of the Administration to eliminate the local operations entirely^-'—frorii the serv^ice

point of view.

AUTOMATIC P.B.X/S--TRAFFIC FACILITIES

e Exchange Galls ,—These calls will be dealt with by the P.B.X. telephonist, who will

comjdete :

—

‘ (a) An ogtgping ^all—by plugging into the exchange jack. «

(h) An incoming call—bj^ plugging in^o the jack directly associated with the required

extension. This action shall engage the associated multiple on the automatic equipment.

The qitpuit kirai^ements shall be such that on calls made to the nftnual board :

—

(c) (i.) The calling extension shall be able to rele&se the connection before the P.B.X.

telephonist dliswers.

(ii.) The insertion o^ the apswerii^ plu^ shall place the calling extension under the

control of*thef.B.X. telephonist and prevent the connection being^releosed until the plug is

'withdrawn from the answering jack.
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1. J*'®
mahuai telephonist plug into the multiple jack of an eiu^ed lind without

hreaku^ down the connection on ttieantomatfl5 .eoiitnni«Tit<nr f.l%« « offMinir an
exchange or other call.

^

* _(iv- f between the extengion telephone and the phblic exchange is not
require T The telephonist ^iW control the correction and obtain svAtchhook*
supervision from thetejjtension.

Local caUs shall be completted automatically. ^The engagement of an
extension line on the autonjatic s^itehing equipment shall enga^m the associated multiple"
jack on the manual board.

^ r

Ba^k Release. Back»relea^se conditions^shall be provided on local calls only.
DiMing %waZ«.—The circuit arrangemgents shall be such that, when the calling sub-

scnber’siline engages a connecting circuit, an uni#iterrupted signal shall be given to indicate
that mailing may be commenced. This signal shall con^nue until the first digit has been
dialled, and shall not thereafter be connected to the circuit until the connection has >been
released, and the connecting circuit taken into use for another call. •

'
'

.

Busy Back Tone. The circuit arrangements shall be such thaC, whenever a connection
in progress hnds (<T) all outlets, or (6) the called subscriber, to be engaged, a busy back signal
shall be given to the calling subscriber. In systems in which continuous hunting facij^ities
are a^rded, the busy signal should not be given undei; condition (a) unless this Sondition
conflTiues for approximately 30 seconds on any group of outlets. '

”

^
Audible Ringing Signal .—The circuit arrai^emerfts shall he such that :

—

() On all local calls to automatic extensions, ivhere the connection has been set up
and the ringing cuirent applied, a ringing signal shall be transmitted to the calling suosoriber.
This signal to continue until the 8ubscriber*answers. '

,

() On all calls dialled direct to the manual board a ringing signal shall be transmitted
to the calling subscriber from the time the connection is Se^ up until the.telephonisl^ replies,
to the calling signal.

Dead- Level and Dead-Number Calls .—The circuit arrangements shall be «uch that when
a “ Dead Level,” “ Dead Number,” or a faulty line plugged out on the main frame is dialled,
the calling subscriber shall be connected to a continuous tone signal which Vill be known a«r’
the “ Number Unobtainable Tone.” *

•Night ^xtei^on Facilities .—Arrangements shall be made for extending any of the
exchange lines to any extension line during night or any other. desired periods when an
operator is ifbt at the manual board. The arrangement shall be such that,the calling signal
and supervisory signal at the public exchange are controlled directly by' the e?«ten8ion

"

subscribers’ telephone loop, and that it can be effected by direct connection between |;he

exchange line jack and the subscribers’ jack on the manual board by means of a co:k1 circuit
which will permit the cord circuit being used in the ordinary manner, or^as a,straight through-
connection cord cirdhit.

Arrangement shall be made to ensure that wxicu iuac? io ou uuuucui^euL iio

the public exchange, this line shall test busy on the automatic switch. ^ ^

Extension of Alarm-Signal Circuits to Manual Board .—Alarm sig^fids'fisjiall be provided
tor the effective supervision of liie working conditions o| ^he automatic equi|)ment.

The alarm-signal circuits shall be extended to^he P.B.X. manual board, where they shall

terminate on suitably-designated lamps, located at Ae top of the jack
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,
IlSeqftion £l •

(

AUTOMATIC DISTRICT O^ICES IN CONNECTION WITH MANUAL I^VSTEMS

In lexisting manual systenjs modified automatK) district ista^bna may be usedr with
advantage as valuable adjuncts, either to avoid expensive underground oablp work, the

•Fic^. 53 .—Automatic District Station Subscbibek connected thbouoh to a Manual
Office Subscriber.

«
t

^

provision of new manual plant, or expensive additions to existing plant of limited capacity.

The insttijments^on^such an automatic equipment would be of any^of the well-known

patterns without aeiy autonlatic feature whatever. At the district station they would be

connected te line switch^, such ils^have already been described for outgoing calls. At the

manual exchanges these junction lines woVdd end on the usual line and cht-off relay, answer-

ing 'jack, and^ calling lamp, or on a single-cord equipment, like manual incoming junctions.

On the removal of the reoeiyer to caU, the line,switch would cenndbt, with a disengaged
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junction instantly,® and the line lanjp would gl^w, and the operatjQr would oomj&ete the

connectifln in the usual way, the sendee being absflut^y similar to a connection iifa purely

jnanual exchange. Mg. 63 shows*su6h an arrangement on the A. T. M. Co. (A. E. Co. )
system.

For ouj^golng dklls from ^he manual exchange an operator would havrf, in addijt)c]|}i to the^

ordinary double-cord ^ siii^itch to cormeqt up §, dial-calling device, b^ which,

after making the conaegtion, she would call tj^e numbqp required in a manner similar to a

Fig. 64 .—Manual Office Subsckibeb through to an Automatic District Subscriber.

Direct Working.

** m
subscriber calling oif a full automatic system. ^AU th& lineS in the district station are

multipled on to connector banks to allow \)f them being called. Fig. 54 shows such an

arrangement. The above method supposes a complete multiple of tjjie jn&nxial exchange

to be available. Another method is*to multiple the outgoing junotloas over the manual

board and on to a controlling operator's position^ which^ay be^'^ay from tAie multiple.

This operator would have a key in each junction to^switcl^in the,dial-calling device and a

lamp to indicate what linfis were engaged. A manual operator receivingta caH for a dist!rict

station number would*momentarily connect her tfilb^one to a call or order wire, and inform



70 ATJfOlilAtlC DISTRICT OFFICES—MA^AL STSTEHS

the oon^l operator the number wanted. . That operq^tor would allot a junction, to which
the manhal operator'would make conne<rtion. The cdntrolling operator would call by the
dial and ring the subacriber wanted, and the manual operator would supervise the connection
by the (j.oijd lamps in the usual way. The withdrawal of the plugey^ after the clearfng,signals

'

Fig. 56.

—

A Manual Office Subscriber connected to a District Station Subscriber.
A TO B OpEiiiwroR Working.

were obtained will give the signal “ junction disengaged ’’*to the controlling operator and
automatically ^'cstore all apparatus at the district exchange to normal. Fig. 'rio shows such
an a/’rangement.* It will be readily understood that two district station subscribers can be
connected together by the circuits already described by the use of two junctions, one incoming
and oncf outcroinfir.
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Section^ 7̂
A.»E. CO.’S MAIN AND DISTRICT OFFICE ALARM ARPARAT,US

mg. 66 shows an aman|ement of trunks between two fistrict offices and a main office.
56a shows a Method of supervising a dtetrict offie^irom a tes# desk at the main office;

1. If there is a fault on an individual circuit R' energises. •
2. R2 energises (the 25-ohm ijlby does not energise in series ^Wth the 2000-ohm coil).

* Main Auto. Office. District Office A . ???

• *20 Tks, A>Mam Off{e» *
1 fin EtP ’Sjtbs.LJnesjibs. Lines

h5l'

^-1
[

KTks.ioDistrict Office A i

Connectors • *

a 6000

20 Tksj to'Maln Office

Djrtrirt Office*.
;

Irh
I^Se/.

Repeater
i6Tk3,tQDistiVctbfr/cei

^
'Repeater LineSw, • 0.

hiG . 66.- -District Offices—Unattended (A. T. M. Co.).

*
“* *''

5. Alarm circuit.

6. Fault 6n a common circuit R6 energises.
7. R7 and R2 energise. •

given.'
^ ^ energises, locks, and allnq.

The red lamp indicates that urgent attention is required

gener^iSuTt
out which eircuii requires attention. •Ug ator fault, a duplicate niachine may be liwitcted into circuit by diallinir.
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Fig/ S6a.—M4.TN AND District Ofticb Alarm A^abatub and Method op Supervising
FROM Tester’s Desk at Main Office.
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PRANtn OFFICES^FULt AND RESTRICTED SERVICE
• P- r. »

Branch offices in a muki-office system may be of.consi^erable size and contain Selectors

as well as connector^ . , ^

In Fig. ^7 is shown, in outline, part of an A. T. M. C&? arrangenlent in which the brancji

office has selectors, repeaters, and <>onnectors. The main office n^y have first and second

selectors and connectors. * •

Tke circuit also shows a^ethod of preventpg certain lines in the branch office hairing

connection over the trunks to the main office?

Such restricted service is frequently necessajy ii^connection witfi what are sometimes

kno'WTi as P.A.X. or private installations in works, warehouses, and the Hke. In such it'

is not advisable to allow all the lines to have^exchange facilities, and means have therefore

to b^ found to present them enjoying facilities they are not entitled to. •

The subscriber's instrument, line switch, and selector are of a wd]#known pattern.

The line switch holding coil is now, however, shunted when the line with which k is associated

is to have full service. Lines which are to have local intercommunication dhly are not fitted

with this shunt.

The circuits are numbered in the order of operation and are as follows :

—

1. When the receiver is lifted the line relay LR energises.
^ •

2. The line switch LS energises to force the plunger hit# the bank contacts a&d the

master switch rotates the plungers until they are opposite*the next idle trunk.

3. It is dssumed that the first digit has been called and the line extended io^thj^/epeater.

Relay IR energises. •

Relay C energises when relay IR first energises.^

4. Holding circuit. Relay R4 is marginal. B the shunt r is not across the LS winding,

then it energises only sufficiently to close con&et a. When the sliunt % is added*relay»R4

eneirgises folly.
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‘ * *
'

•

5. When R4 is p^aUy energised, a bifay signal is given the calling subscriber, i«tn^ir,p
him that connection 'cannot be made with the Tnain office. ‘o •

6. When R4 is fully enermeed, the line is extended lib the first Selector in tte central
office. ,Relay IR there energises.

,
*

,

SeAmd digit impukes.—I^elay ][R de-energii4s according impulses. 'CSrCuit 6
opened. First selector at central extends* linjt to second selector. . i

,
7. Relay R7 ener^sed for d\fration of impulses. Opens circuit *6 towards the en-lHrip

subscriber.
, ' , .

•

—

8. Impedance coil IC short-circuited so as not to inftsrfere with impulses!
, Third digit impulses.—IR" of second ^elector operate t|;uough the repeater to«dxtend

the line to the connector. • '
,

Fourth and fifth* digit impulses actuate the connector in known manner. ‘

The local oflice is operated by three digits. The selector connects with the local office
or 03pitral according to the level called.
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BRANCH OFFK3B FOR.DIRECT AND, PARTY LINES
® •

In this A. T. M. Co> arrangement^ the connector by the aid of an alixiliary switch calle
into a group of 300 lines. Each connector at arbranch office has a one co-ordinate switcl
associated with it, TithiCh is actuated by the first digit* iyipulses. ^he connector has three
sets of wipers so as to have access to three groups, of 100 lines each^ one set of wipers being
connected up at a time by the auxiliary switch. •

Line Switch ^nnector.

Fia. 58.—Bbanch Office witr Direct and Party-Line Connector. 30(VLine8 Capacity
• BY Auxiliary Switch. * •

If the first digit is 1. the auxiliary switch a,*6, c, d (Fig. 68) selects thef first set of wipers

If the first digit is 2, it selects the second set of wipers k

If the first digit is either 3 or 4, the switch a, b, c, d sheets tlje tl^d/iet gf wip^
wi, n, 0 . These have access to a group of 100 2-party Jines.* One or other of theRinging
generators G' or G2 is brought into use according to the*digit dialled.

If the first digit is 6, the switch a, h, c, d moves to its fifth, or to a sul^^ecj^ijent set of
terminals, to make direct connection %o an idle trunk line, such as p, pleading to the main
office. The second, and further, sets^of impulses are^rSpeated 1n*a seledton at the main
office, without actuating the connector at the lodkJ office.

LoccU connections to direct or individual lines.

A calling line is extended in a manner previcfifsly desenoed.
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' ' ’

1. fanpulse relay R' energises.

2. Sk>w-to-de-energise relay R2 energises.
3. On the first impvlse the s|fiw-to-de-energiBff relay •R3 'energises f* the duration- of the

impulses.
^
M3 enei^ses to step the auxiliary switch to either the first or second, set of

connectcJr wipers.
^ ^

'
,, V . **

•*

5. After the impulses R3 de-enefgises. I{5 (high resistance) energies in serias with M3,
which does not energise!-

* ‘ ^ c ,

6. The second set of, impulses are repeated throhgk R3, which now Controls the side-
» switch magnet SSM6. , «•

,7. R3 energises for the duration of thp impulses, an4 thf "vertical magnet VM«Df the
connector stcps-up the shaft and wipers to a rtirresponding level.

» After the impulses R3 de-energis^ and the side switches move to fheir second*position.
8. The third set ofimpulsespa* to the rotary magnet RM. R3 energises for the duration of

the u^pulses and closes circuit 6 for SSM6. RM rotates the wipers to a corresponding terminal.
After the impulses "113 de-energises and, if the called line is idle, the side switches move

to the third position.
'

9. If the called line is busy R9 energises, in series with SSM6, oyer wipers b and / (or ?).
*. 10. ^Hold^ig circuit of R9 and SSM6.

11. ‘Busy tone to caller. ,

'

i

• ^ is* idle, Rl2 energises and connects the line through for ringing.
^

.

circuit to called subscriber. R13 does not energise until the subscriber
answers.

,

^
14. Rl3 locking circuit. Circuit 13 opened to cut off ringing.
15 Lines cbnnected for talking.

‘

16. Back-\)ridge relay R16 (battery feed) connected to line.
. Letcal eonn^tipn to party Zirfes!—The operation, generally, is the same as just described,
but the^nrst digit impulses move the switch a, b, c, d to the third or fourth set of terminals,
both of which are connected to the third set of bonnector wipers.

17. If the smteh a, b, c, d is moved to its fourth set of terminals, Rl7 is energised in
•Series with R6.

^

18. Ringing generator G is connected to line. G' or G2 is used accordinglv as the disit
IS 3 or 4. / . .

®

Ongoing caJisI' to main office — The first digit called is 6, which moves the switch a, b,
c, d to its fifth petj of terminals.

*

19.

t R19 enefpses over the side switchfcs in position 1, and over the b wiper.

^ . 20. R19 holding circuit. R19 prepares a hunting circuit for the switch a, b, c, d.
31. df the first main office trunk p, q is busy, M3 is energised and advances a, b, c, d

ffiitil antidle,trupk i§ found, WhQe the switch is passing over busy trunks R5 is short'
circmted by the earthed test viper, c ; but.when an idle trunk is reached, Ro energises and
opens circuit 3, so that M3 de-enefgises. ‘

22. <»utg9inu trunk is bridged by an inductance RC22. Subseqdint sets of impulses
are repeated over thr^ trunk by R'.

23. R3 energises fdr the duralipn of the impuls^.
24. Impulses over trunk RQ22 sho^-circuited.
•Main* office trunks may have access for* incoming calls over line switches C' to local

connectors. t
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GOVNECTIONS BETWEEN LOCAL LINES IN BRANCH EXCHANGE
•

.
WITHOUT UTILISING, TRUNKS THROUGH THE cfcNTRAL

Jn exchaijge*systems^ consisting oi^one or iigiore large central offices and smaller

offices, it has been the usual custom for connections between two^local lines in one of tlje

small offices to complete tke^ coniieolLion through a

central office, thus using an inc<ftning and an o«t-

going«junction between thcftwo pffices. ,

Apparatus and circuits have been demised to ^ uf
make thb oonnectioq. entirely locally and to reserve

^
' Scheme.

the junction lines solely for inter-office connectioiw.

The arrangements are still somewhat expensive and
utilise the junctions momentarily whilst initiating

and building up the connection to some extent.

As shown in l‘ig. 5^, a multi-dffice system may
consist of four large offices, shown at the corners of a rectangle, connected tocethei^ by
inco]^'*iig and outgoing junctions, shown forming the# sides of* the rectangle and alsp by
diagonal lines. Radiating from each large office may be a number of smaller office

Fig. 59.—MutTi-Office Wobiung.

connecting only with one large offic^ by junctions, but havin|^ service through that office

with the whole system. , ,
^

* * * •

It is assumed that five-figure calling is r^qmre^ to co^aplete^a connection between any

two lines. The arrangement of apparatus and junctions is shown ^agr^mmatically in

Mgs. 60 and 61 for a satellite and a main office^ti^fth facilities for local inter-connection.
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Th^ satellite is shown at Fig. 60^ and ^he main oTfCentral at Fig. 61.' The subscribers’

lines in tfre former are s^own connected tb line switched and to bank contacts of corfhectors.

The banks of the line switches are multipled to^repeatfers.*^ These re][>eaters do repeat the

impulse^, but are r^lly discriminating or dpterminin^ means to extend the calling lijie to a
' junction'^ to the central, or complete t^e connection locally according* to the value 'of one or

more of the prefixing digits. It wiUbe noticed that these repeaters.ha^e lines to secondary

IjLne switches, the bankSn of wliicl^'connect' to the wiper parts of connectors op. which the

local subscribers’ lines «.re multipled. The repeaters ^ have also linos to secondary line

switches, the banks of which are multiplerl to junctions td the central office, where they end
on first selectors. The banks of these fir^t selectors are mujtipled to the wiper parts of

second selectors, which in turn are multipledHo third selectons whose banks connect with

connectors to reach the subscribers’ lipcs of the central.
^

<-

The main exchange is equipped in a«somewhat similar manner, but without discriminat-

ing mean^. " The line switches extend the calling line automatically to first selectors, the

first digit extends the iine to second selectors, the second digit extends the line to third

selectors, the third digit extends the lino to the connectors, which in response to two
digits connect with the chosen line. The value of the"third digit det^^mines w'hether the

connection is to be completed in the main or in the branch office.

^
The*^ circuit accordingrio Fig. ,62 assumes that the branch office has under 10(If> lines,

9.nd that the number^ allotted to it are from 1 1,000 upwards. The numbers in the maiA office

may be 22,000 upwards. ^

In Fig. 62 the subscribers’ instn^ment and line switches are not shown and may \)e

read from any other circuit. The line switch bank springs are shown on the left.

Tke circuits are numbered in the order of operation and are as follows :

—

Calling a svhscrihe* on the main office,

1 . •*When the ?eVjeiver is liftdd,‘the line is extended by the line switch to the discriminating

switch^
^
Relay IR energises.

2. Guarding relay G energises. ^

3. Holding circuit of the line switch.

4. Relay R4 energises.

5. Secondary line switch (not shown) energises, to extend the calling line to a first

selector in the main office. / '

6. Loop cirouft in which relay IR' of first selector energises.

Relay R4«d«es not energise, as the current in the two windings oppose each other.

R6 epeigises. * •

t First digit imptUses,—Relay IR responds intermittently.

7. Tcrtical magnet VM energises to lift the shaft, but this is functionless, as it can com-

{Siete nOftCircuit on thj» level^ Circuit 6 is opened to repeat the impulses to the main office

selector. •
. ^

"

8. Relay R8 (slow to de-ener^se) is energi^^d for the duration of the impulses. Opens
one side pj the t^kigg circuit and short-circuits the upper windings ^ relays R4 and R6
to lower the resktaSfee to impulse currents to relay IR' of selector in main.

9. Escapement mtfgfiet EM%yergises. After impulses R8 and EM de-energise, the

latter moves the side switches t<j the segoSd position.

*At tfie n^ain exchange, at the same time, the side switches Ore moved to the second
*position

;
then the rotarv maxnet. actifh^automaticallv. steps the wifiers to an idle trunk.
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*° theVthird^tion. and the line is extended to a’

Tje impulses are repeated ^s before, and the vrrtioal andro^.^gne^ at the mam office cause the lipe to be extended to a»third selector. The

fuE^o^^^
tb^*v!toh, which fe now acting as a repejiter, is also actuated feut is again*

The m^ignet EbJ MJts as beWc to move the! side smithes to tl^ third position.

^lay SR is connected to battery by the side switches, but is functioniess at present.
Thtrd digit The repeater acts am before on the third selector to extend the

line to a connector in the main office.

Fourth and fifth digit impulses .—The connector extends the caller to the sub-
scriber in the main office.

To Complete A Local Connection.—Nuniber to be caJl^, 11,220. When a receiver
IS lifted to call, the line is extended to the Selector in the main office as before (see circuits
1 to 6).

7. First digit impsdses .—IR d^-energises intermittently* The 'Vertical magnet VM
energises to lift the wipers to a local working level. Si4« switohAs l>ass to*seoond position.
Furst selector ip central extends line to a second selector.

,
10. Secmd digit impulses.—Rotary magnet RM ener^ses and steps wipers round to

first terminal. • * * •
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'Circuit, through wiper d, re^ay R^ll, and mc^net EM energise.*^ EM cannot de-

energise dSter the impulses to move the sifcle switches td third position, but Rll eneSgises.

12. Relay Rll locking circuit. . : ,

13. ^Engaging circuit (no circuit over ;wiper c, as the side switch is not in the third

position). f

Line to central extended to thi^d selector.

r Third digit impuls^ .—Wipers*" stepped round over two more terminals, jvhen wipers

a to c make contact with terminals / to k. After thc^ impulsesithe side switches are moved
f to the third position. e

<Line to central extended to connector.^

14. Secondary line switch of local office e^iergised to exter^d calling line to an idle con-

necTior, which has access to all subscri|)ers‘ f^iumbers beginning 112.
^

*

16. Relay SR energises. •

Clafling line extended by wijjors a and h to called line. Repeater de-energises and

releases line to, and all Apparatus in, central office.

17. Holding circuit of relay R17.

18. Holding circuit of relay Rll.

The fourth and fifth digits operate the local connector as explained elsewhere.

,
(In this, and a few other cirevits, an older form of switch is referred to, see KSeetions

9 and 10, Vol. I.)
'
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Sectioh|27*

ANOiHER .METHOD OF COMPLETING GONNEGtIONS LOCALLY WITHOUT
HIDING TRUNKS TO THE CENTRAL OFFICfe

The e^uipmentthlf the bragich office consists of lipe switches for the local subscribers*

• lines which# are multipled to connectors and secondary* line swishes associated with t!l^e^

trunks to the central office. . The ffist and second selectors ioj extending the incoming

trunks from the branch office are^ocated at th^ central. This arrangement deals with smalls

exch^ges, particularly thdse known as The local number will therefore consist

of two digits. These are, hf)wever, prefixed*by another digit, which represents the number
of a level on the firat selector at the central, res^rve^ for this particular service, and which

is left insulated. • •

Fig. 63 illustrates the arrangement, the circuits of which are numbered in'tjie order of

operation, and are as follows : — /
The subscribers’ instrument and line switch are not shown. * The multipled banks of

the line switch are indicated on tfie left.

1. When the receiver is lifted, the line switch is operated to extend the line to'the

impi^e-relay IR of the connector. •

2. The guarding relay G (slow to de-energise) energises.

3. Line switch holding circuit. • i

4. Secondary line switch SLS is operated to e/tcnd the line to a first selector in the

central office.

5. Loop to selector in central. Relay*s R5 and IR' energise.

6. Locking circuit of LS. Relay R6 energises.

7. Locking circuit of R2 (independent of fbaster swifcB MS).

8. Locking circuit of relay R6. ^ ,

, Any subscriber in the central office ma^ now be called, relay IR repeathig the impulses.

Relays R5 and IR' operate together. •
^

9. When relays R6 and IR de-energise when impulsing, R9 energises and opens the

condenser circ^yt (C, C' )
for the duration of impulses.

* 10. Short-citcuit of one wjnding of R5 to reduce resistance.

The circuit 9 is alternately kept closed by IR and R5.

II)r a local connection, SLS must first be energised.

The first digit will raise the wipers to the dead level of the first seleclior in tho central,

and the wipers attempt to rotate. The side switches are then in the third position. »No

circuit is completed and R6 de-energises, circuit 6 is opened and SLS de-energises. * »

• 11. Relay Rl 1 (slow )
energises. SLS magnet does not get sufficient current to energiSe.

Secofid digit impulses .—IR intermittently ^e-energises. • »

12. Relay PMR energises for duratiorl of impulses and vertical magnet VM energises

and lifts shaft. PMR de-energising, releases side switches.
^ V *

*
* * *

13. Magnet PM was also ener^sed for duration of impulses anS new, de-energising,

trips side switches to second position. • ^
^

Third local digit impuhcs.—B^el^y IR de-^energjses intermittently.

14. Rotary magnet RM steps wipers round. PMR and PM energise as^before. After

impulses PMR and PM ^tep side switches to thijd position.
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c

16.

ItelAy RR intp^iittently enei|;giBed to ring Bubsrriber.

16. Rfiiging circuit to line.

Called receiver lifted. •

17. l^prophone <;3urrent circuit. Relay.BBR energised.

Connector.

FJlO. 6?.—]^OCA[. CJONNECTIONS IN A BrANOH OfFTCE WITHOUT USING MaIN TrUNKS
; c (A. T. M. Co.).

18. Short-ciremt about R18 removed. R18 energises to cut off ringing by opening
circuit 16. Circuit 1/*also opened to prevent re-ringing should BBR de-energise.

To dear. ^
‘ • t «

Calling subscriber replaces receiver andIR de-energises, then Rll and R2.
19. Release magnet jftei. energised.* 8ha^t falls and breaks normal contact SC, and

breaks holding*^ circuit, etc.



AUTOMATIC TELEPHONE SYStiEMS 'W^

: Sectioii ^8 *

A BRAlgCHpFFuSE CALLING LoCAIlY WITHOUT’.USING CENTRAL TRUNK
(WITH .ROTARY SWITCH)

A rotajy switch»is«used in^combination a selector at the branch office. In this
circuit (Fig. ,64) the opcS’ation of the rotary line switch is is describci on p. 43 of Vol. I. ^

On lifting the receiver, tiie calling line is extended to the selec^r and the rotary switch
(C )

seleot»s an idle trunk to the %iain office. ^Tlie impulses of the first digit operate the
selector shown and also a fifgt selector at the m|dn office. If the level to which the wipers
are raised corresponds to a branch office number, the trunk is at once released, and succeeding
impulse^re received^ on a selector and connector^in tlje branch office over a local circuit.'

If the level first selected corresponds to a main«office ftumber the selector shown takes a
single rotary step only, and subsequently acts as a repeater to repeat the remaining, impulses.
Busy tone is given if all the trunks £o the main office are busy.

The rotary switch has no normal j)osition, and is arranged to take a step forward when
released, so that, slffiuld a caller ha^e been connected with a faulty line, he can, by replacing
the receiver momentarily, immediately connect with another idle trunk.

lljfe circuits on a local call are numbered as follows »

1. When the receiver is lifted, the caller is extend€*d to a selector iri known manner, and
energises.

2. R2 (guard) energises.

3. Polarising circuit of R3 (this is neutralised by circuit 6).

4. R4 energises.

5. R4 locking circuit.

6. R6 energises (line relay of rotary switclf).

7. RC locking circuit.
^ ,

8. Rotary switch stepping magnet connected to test wiper. Thi2> rotary switch

advances until it finds an unearthed test terminal of an idle trunk. Rfi has been short-

circuited over circuit 8.

9. R9 enermses, opens circuit 0, and RG slowly de-energises.

HO. RKT, oTan idle trunk, energises and engages the trunk over circuit 8 to earth. Earth
is cut off the starting wire 0 of *the group of rotary switches. Eairth renidns connected at

some other point while a trunk to the main office is idle. -
,

11. The vertical magnet VMl 1 is energised en the first series of impulses.

12. R12 energises in parallel with VMll. > ^

The windings of R3 and Rl 8, in circuit 6, are short-circuited to give the impulses axjlear

path to trunk over a and b,
^

13. Impulse cirdbit to trunk referred to above.

After the impulses R12 de-energises, the rotary relay R14 and rotary magnet RM15
co-operate in known maimer to rotate the wipers.

14. If the first trunk is busy, Rl# energises.

15. RM15 energises, and the wipgrs take one stey? Circuft 14 is opened and R14
de-energises. Circuit 15 is opened and RM15 ^e-^icjfgises, %nd so on. At the first energisa-

tion of RM16, circuit 3 is opened, but R4 remains energised over* the ^wdper c. ^All

the terminals are eaiiliedT)n the levels serving thg%dbond selectors of the branch office.
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CALLING LOCALlV

Tbunks thbough Cbntbal (A. T. M. Co.)*



10. When the'^test wiper d reaches the unea^hed terminal of an idle trunk, the svitohing
relay Ri6 energises (in series with 'R14 which cJoes not energise )*afid opens oifbuit 1 so
that R'-de-energises • then R2, Re, R9, and RIO de-energige. In the interval between the
de’energisation of the last three relays^ earth, over circuit 8t is connecteil to M8, to step the
wipefts to'the next trmZk.^ •

'
-

• ® •

A Galhto the ]V|ain Office^.—^The operatijions^ are ^similar to those described up to the
point where^ihe selector shown takes its first rotary stbf). R4 tAn de-energises, because
all the terminals"corresponding to main office connections are bla». R14 circuit is open
at R4. R16. circuit is also open,%nd the rotary enovement is brought to a stop at once.
Rday«R is in circuit, so tk^t succeeding impuises are repeated at contact y (circuity 13)
over the trunk a,b. ^ »

17. Vhen the call is completed and answereid thg reversal of curfent in the trunk •, b
causes the polarised relay R3 to energise, because the currents in the two circuits now assist
each other instead of neutralising. R17 then energises and reverses the current td the caUinar
station.

• *

Bu^y signal when all trunks are busy.

If all trunks t(f the^main office are busy, no earth is connected to the wire ch and no
circuit is completed when R' is energised. The switch (V is not set in motion.* •

18? When R4 de-energises, busy tone is through RJ8, which vibrates and induces a
bone in the lower winding.

*
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“S^ciion 29 r

A P.B.X. CONNECTOR /ACCESSIBLE tO OkDINARY SEtECTpRS
,
AND

;
<

^ TOLL OPERATORS

Usually a toll connector is asso9iated^wit?^ a group of ordinary coi^neotors. . In P.B.X.

9T other sateUite oflSce,
^
\pecially Vhen these are small, it may be advisable to use connectors

capable of performing bi>th functions. According to this neW' circuit of the A. T. M. Co.

(Fig. 66), when all lines of a P.B.X. group are busy, a busj^tone is given to the caller without

p

Fig. 65.—P.B.X. Gonmeotoh used ebom Selector or Operator. Busy Test given without
Hunting if all Lines Husy (A. T. M. Go.).

the wipers steppi^ oveiVany terminals. Also, if the toll' operator waits on^the line, the

connector will eeize the first line that becomes idle.

tThfe circuits^are numbered as follows

^
c 1. When a line is extended by a line switch and selectors to a connector, in known

manner^ B' energises.

2^ Guard relay B2 energises.

3^ Release trunk and hddingdcircuit ^lade busy.

The avbscriber dials for the branch —^Terminals a, b are the first line of the group.

4. VM4 ste;^athe wipers to the desired level. B4 energises for the dufation of the impulses.

6. On the circuit 4 is opened at the dff-normal contacts, and 6 completed.

After the impulses, B4'de->energi^.and o^ens circuijb 5.

Next digit imptdses,
, c « *

‘ 6. Bid6 i^teps tile wipers to the P.B.X. No. 1 terminal. R6 enbrgiseS'for the duration of

the impulses.
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does energise, contacts a. b

7. 5,7 (dow) energises.
,

8. R7 locki^ circuit. Aft^ thj impjdses R6 de-energises.
9. xl^anq R9 do not energise in this circuit. When*R9 <

lose b^ore c.
^

Xamme No. 1 trunk busy .—Private terminal c is harthdQ.
10. R9 energises? * • *

• * ,*
11. RM3 energises and opens circuit 10 of the inteirunter mllv Ro a •

If the next terminal is earthed, R9M again energise in cireuit 10^

13. R12 locking circuit. • Qrcuit 6 of RMO is opened at 6'.
14. Busy signal to caller. • •

thAT,

^
j"®* P"®*" *0 the last series «f impulses

R^i 9
he on the first extra, test contact, as the BOO relay of^ach trunk is enereised’

«U.er .iLt
T^^nector canbe iaken into engagement byatoU operator over wires y z.

energised in senes with the windings of R16, which is differentiafly wound ^d
** IT**

Sh oennections are as above up to circuit 1 5, all trunks busy.
*

17. Short-circuit about the lower winding of Rl 6. Orcuit J4 completed to give tL Usv
energises.

^ ^

»hioh wU] aShTSel “e.^

““ “"Tl-a- cirailt 6 to

to
*” ““ »'

20. R9' locking circuit.

21. Wiper / made busy.

Circ52fo^^®r"^“* nohnoTiUT answers.

i3. R2.3 ener^ses over loop. Connections reversed to il'
24. Botl; windings of R16 short-circuited.
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^S^tion 30 !

OPERATION OF( ONE-DIGIT GROUP CONNECTOR; SELECTIVE RINGING
WITH SUPERIMPOSED 'CURRENT; RELEASE WHENrLAST PARTY HANGS
UP. A. T. M. CO.

' '

This circuit shows iBow access is given to a large group of lines*on a pluraHty of levels

without hunting over levels in which all lines are bu?iy5’ ,

^

The circuits of Fig. 66 are numberedSn /the order of operation, as follows
'
1. When a calling line is extended to the switch R'(A) energises.

2. The slow-to-release guard relay R2(B) energises.

3. Earth is connected to the release tfunk to hold the preceding switches energised.

^First ov. terifi digit impulses,

i. When R' de-enprgises, when circuit 1 is opened, R4(C) energises, for the duration

of the impulses, and the^.vertical magnet VM4 steps-up the wipers to the digit level.

5. A J mfd. condenser in series with a 10-ohm resistance to earth, at the winding of

Ri(C), prevents excessive sparking at the contacts of R^(A). f

Th© 150-6hm non-inductive winding on top of and in parallel with the 4-ohm winding

of R4 absorbs the injluctive kick. ®

fe. The off-Hnorqial springs ON close on the first vertical step. R6(G) is energised for

the period of vertical impulsing. L *
,

Thte 1 300-ohm non-inductive winding on top of and in parallel with the 200-ohm winding

of R6, prevent^ excessive sparking at VM4 interrupter springs during impulsing.

7.

' Excessive sparking at springs of R6 are prevented.

8. After the djal impulses,, R4 de-energises. R6 holding circuit.

9.

*
If all the lines in the first level are busy, all chain relays are energised, and R9 energises.

When^the vertical wiper finds an earthed terminal, RlO(E) energises.

11. VM4 energises, to step the wipers to the next level (the automatic vertical impulses

cannot operate cuhtil the dialled impulses cease, because R4(C) is energised). When VM4
energises, circuit 8 is opened, and R6 de-energises. If this bank contact is also earthed, by

all lines being busy, circuit 9' will be completed, and R9' energised. R10(JR) will be main-

iained energised ojrer circuit 10-10', and R6(G) will again operate, when VM4 closes cirduit 8,

which again energises VI&4 over circuit 11.

All trunks J^xsy.

•If all the levels associated with this gloup of trunks are busy, the wipers will be lifted

lo the Ifist level, wliich is not provided with earthing chain relays, and there is, therefore, no

cart£ on terminal 10". RIO(E), therefore, de-energises slowly (due to the induced current

in thc!^ closed cirduit 6 of its 1600-ohm winding).

f2 (partly over 6). Dunng tile brief period that the VM4 springs are closed, RIO(E) is

kept operated.^ Before RIO releases R6(G) will again operate, when circuit 8 is closed at

VM4, and be*’ held ^er circuit 8.

13 (partlycover ly.^When IJIO de-energises, rotary magnet KM 13 operates, and opens

circuit 8 so that R6 de-energises.

14. If the first, rotary line^ie busy, R6<will again operate. If all the trunks are busy,

the wipers will rotate to the eleventh gt^. R6(G) cannot again operate, because there is

no earth for circuit 14. The sh%ft now’ ^ses tM cam springs.
... * «



Earthmd and Chain Relaus on
Private Bank.

I Bank multipled as usual. )
Conventions and Nbte&.

5^Zewf/-
AH&mtch

Busy Levs!

_ 29 20 tg',BankCbfltact,

10 Chain Betaus j U/ir l^rikal
i/iw u S

/4llr.

Zo?5^ levelsain each ^roup notecfulpped with, chain
and earthing relays for busying level

»

10 Chain relays and 1 e^thhy relay common to each
levelandmultipled toan connectors In unit*

Wjrjnd to^h924LSM6» Switch Wire
Red^ - Earth Leads.
White — Battery Leads,
Green — AH other Leads.

Above circuit shows fgroup consisting of3
levels. ^

Fig. 66.—Onb-digit Gboup Connector Cibouit. SEUscriyE Ring^^'g^ with SbcFEBiMFOSSD
Current. Reihcase when* Last Parjy han«s up. (A. T, M. Co.).*
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15. #Bu8y tone to^rejay D.

16. Iliduced busy tone to caller.

An idle line in the yrouf, •

If there is an idle line in any level the v^ertical terminal for that level is not earthec^ and
ElO(E) Se-energises. Before RJO hasrhad time to de-energise, ‘R& will again energise, and
look itself over circuit 6. Circuit 13 js coit|)leted when RIO de-energlset, and the'first rotary

i^ep is made. RM13 ei^rgising, opens circuit 8, and R6 de-energises. If the first line is

busy, R6 energises in circuit 14. RG energises, and the Notary ‘magnet mates another step.

This cycle is continued until an idle line one without earth) is found, when R6 will not
be •‘perated. , ,

• • ,

17 (partly over 6). R17(H) energises over winding of called party’s BCO r^lay and
battery. *

4.
*

*

18 (partly over G). R17 lockihg circuit.

'19. Direct earth to busy called line.

20 (partly over 6).\R20(J) energises.

21 (partly over 6). Alternative earth for release trunk, to provide for “last party

release ” feature. *
i

^ Circuit 4 is opened, to prevent VM4 being wrongly operated.

, Ringing. * «

22. Interrujited ringing current to called line.

23 (partly over *22). Ringing tonh throiigh relay D.

24^. Induced ringing tone to callers receiver.

R22 does not energise until the called party^ lifts the receiver, because the copper sleeve

on the^core m^es it insensitive to ringing current.

Called, subscriber answers.

When the receiVer is lifted,*ES22 energises, during the silent or ringing periods.

2f .
^R22 locking circuit.

26. R26(D^) energises, and feeds battery to*the called party.

27. Current/cversed to the calling line. R' feeds current towards the calling line. The
talking circuit includes the two 2-mfd. condensers.

28. Start relay circuit for booster metering. ..r-

. 29. Holding circuit for relays R22(F) and R17(H), sl^ould the callel’ clear before the

called party. ‘ '
'

Receivers replaced after conversation.

The. conneefion is released when both parties replace the receivers. The caller, by

replacing, can restore his line switch and the selectors, but not the connector.

30 (partly over 4). Caller’s but not called party’s receiver restored. R' de-energises.

ll4(C) fRergises aiid cipens circuit 21. R2 de-energises and opens circuit 3. Thus, momen-
tarily,cthere is no earth on thfe release trunje, and the preceding switches restore. R2 opens

circuits 4 and 30, and R4 de-energises. Earth is then replac^ on the release circuit, over

circuit 21-t29,c8d th^the connector is made busy to other callers.
*

31. When the (filled jparty now replaces the receiver, the release magnet energises, to

restore the svdtch to ncinnal, when^he coijtacts ON are opened.

Excessive sparking ^t thetON springs #is prevented by the 600-ohm non-inductive

winding on tlv^ rele&se magnet.

Supervisory circuits.
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If oalled party replaces his i^iver, and tl$ib oAller does not^B^6(D) de-eneigises.

32. If the called does not replace in ^ pre-determined time^ a visual and audible signal

is given. « •
*

^331 Jtt the caller replaces, and the called party does nojb, R2 de-eifergises. ^jsignal is

given as before.
^

*
• •

*

In both cases tile nelay is common to a gfoup of ST^i^hes.
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*Sd;Ction 31
.

FINAL SELECTORS FOR WORKING IN CONNECTION WITH SRANCH
<

- OFFICES (SIEMENS)
I' r.

The final selector (connector P.i.X.Vorking is air ordinary final selector, such as

described in connection yith Figs. 67 and, 68, Vol. I. When used in the prpsent application

it has, in addition, an eanh-connected metal arc tapped ^ acooinmodate a number of screws

whose centres correspond to the bank coifitacts (Fig. 67, Vol. II). The screws project from

the^inside of the arc and over them a double jviper passes. An additional relay to coiiUol

the drive circuit is aX^o fitted. **

^
** The double wiper is so arranged t^at ^hen one wiper is resting on the screw correspond-

ing to the nymber dialled, the other wiper is resting on the screw corresponding to the previous

numUer. .
t

Screws are inserted, in the holes, corresponding to the lines of P.B.X. groups, except

the last line of the group. When the first line in a P.B.X. group is dialled, the first or loading

wiper is resting on an earthed screw, whilst the second, or lagging, wiper is disconnected.

Under ti(iese conditions a drive circuit is closed and is maintained until a free line is. found,

or rnitil the last line, in tKe group ‘is reached. There being no screw corresponding to the

last line, the circuit^of the relay closing the drive circuit is disconnected, and the switch is

stopped on that line. Should it be bil^sy, bilsy tone is transmitted to the caller. *

Night service is given on all lines in a P.B.X. group, except the first. Should at any
time a P.B.X. line be dialled (other than the .first line) the final selector tests that line,

and if 'bug^ do(!;s not drive on, but gives busy tone to the caller.

lines in one P.B.X. group qaust be consecutive and on the same level, but there are

no ottfer limitaticfns. P.B.X. groups can be immediately adjacent, or be interspaced with

ordinary individual subscribers’ lines.
^

Operation of calling an individual subscriber's line.

Fig. 68 showrf a final selector circuit for individual lines and small P.B.X. groups. The
only variation from a standard individual line final selector diagram is shown to the right

of contact N2, including relay R21 (PR) and tlfe wipers. ^
,

‘ 1. The preced;ing selector tests over the C wire and the holding relay R'’ energises.

2. R'(N) holding circuit, to make it independent of K'. .

3. The te^ipg relay at the preceifing selector extends the A and B wires to the final

switch. * R3 energises over the B wire.

< * 4. Dialling relay R4 energises.

, S, ’the tens impulses are now received. R3 responds to these. R4 remains energised

for thi QuraiSon*of the impulses. The vertical magnet VM6 steps-up the wipers to the

correct level.
"

* 6. At the first step the K contacts are operated. R4 is maint|bined over circuit 6.

At the end ofMihe R4 de-energises. ^

7. Guiding, Velay |17/G) energises, and transfers the impulsing contact A^ from the

vertical to the rotary magnet.

8.

^ R4(D) again energises.

* 9. B7 (Gy holding circuit.
^

10. The units imposes are flow recel7ed, add RMS steps the wipers round the arc.
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At the jBrst step the W contacts arq operated. id maintained eniprgised over circuit 6.

At the end of the impulses circuit 6 is opened, and R4 de>energises.
^

11? Circuit 9 is opened and, *during the slow releais of R7(6), the called line is.

tested.*
^
Should the^ c^ed line be

*

Rll(T) energises in* series with the

selector T*relay, ov«r t*he C wire.

12. Rli(T).holding circuit. This low

resistance circuit makes the £allg(! Iftie test

busy to other switches.

R13(S) energises. •

14.

^Ringing current to ftalled line.

15. Ringing tone to caller.

When the called party answers, R 14(TR

)

energises. •

16. Short-circuit about R13(S), so that

it de-energises and, opens ringing and tone

circuits. •

17. R14(TR) holding circuit.

Circuit complete for conversation.

Cnllexi line hnsy.

• Rll does not energise, because the C
wire is either disconnected or connected

to battery through a low resistance. ,

The release of R7(G) opens the testing

circuit 11, to prevent the operation of Rll,

should the line subsequently become free.

18. R14(TR) energises.

19. Busy tone to caller. Contact TR^
(short-circuit 16) operates to guard relays

R14(TR) and R13(S) against the release

of A^3. R3j8 disconnected when busy tone

is applied. *
•

Releasem—liYiei final selector is released

when the C wire (circuit 3) is disconnected

at the preceding switch. R' de-energises.

20. Rll de-energises. Release magnet
M20 energises. The selector returns to

normal and restoreg^the K and W contacts.

• Circuit 14 is opened at^ W2, and thq

release magnet circuit at K2. Battiery is

connected to the C wire at K'. ^

Circuit Operation of Small Groups of P.B.X. Lipes (Fi^ \
First line of group free.—The fiultl selectoi^responds to the tens and ufiits impulses,

and is stepped to the fir^t line in the group in a maisner idehtical to that above described.

21. When R4(n) de-energises at the end of^tj;ie units impulse train, Ril(T) and^the.

extra relay R21(PR) circuit is completecT. If tire first lint Is idle, Rll energises and, at T',

Fig. -A P.B.X. Final Ss^bctor (Siemens).
^ •
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^

opens circuit 21 so tjiat R21 does n4>t epergise. In t)iat case the connection is cfljpapleted

as described for an individual line.
^ ^ ^

If the first line in the grojfiip is busy, Rll does ifot energise, but R21^RVefiergises,

its’ circrptt being corfipleted ovejf* the screw in the P.B.X. arc.
,

^

*

22. R7(G) holding circuit, maintain the circuit of the tiesting' relay Rll during the

search for a free line. Contact is oJiencU, and disconnects the' IfiJgging wiper, which is

only required for night ^^nnecting.
^ ^

»

23. Rotary magnet KM10 energises, and steps th^ wipers round the level, each line being

tested. • t

• Onithe first free line RJ 1 energises, and opens circuit i21, that R21(PR) de-endi^k'>s,

and opens the drive jircuit.
^ ^

• The subsequent operations are similar \io those described for circuit •! 1 ,
“ Called line free."’

All lines in the group busy*—^The* switch will then drive until the last line is reached,

wheit R21 (PR) will de-energise, because there is no scre^^ for that line in the arc. Circuit 23

is opened.

Circuit 22 is opened. R7(G) de-energises, and the subsequent^ operations are as

described in “ Called line busy ” above. •

' Circuit (Operation for Night Service.—Each line, except the first, is available for night

service, and connection therewith is obtained by dialling its particular number^ The

operation is siipilar to that of an individual line, described above, since relay R21(PR) is

rendered inoperative, because of the^short'^circuit over PR3 to earth, at the screw in the

P.B.Xt-arc corresponding to the preceding line.

Operation of the Final Selector for Lar^e P.B.X. Groups.

The finaV«elector is similar to that described for small P.B.X. groups, but the pro-

vision of two additional relays^, and a rotary release magnet, enables the switch to return

to a rtitary nornral position, and step-up l!b and search along the next level. When the

switch has searched over a level, in which all lines are busy, it rotates back over the level.

As soon as the rotary release is complete, two impulses, one vertical and one rotary, are

given, which st^p the switch to the first line of the next level, and searching is continued.

Thus the switch can search over all the ten levels, if required.

Night service, i.e. the facility of calling any line of the group without searching, can be

given on all lines ^u the group, except the first line in the group, and thfe first line in each

level.
% ^

^

'

Circuit Operations (Fig. 69).—Only the additional circuits are numbered in this cUagram,

witba few others specially referred to. Forthe general operation, Fig. 68 must be referred to.

• • When all the lines in one level are busy, the switch drives to the eleventh contact,

^lay R21(PR) de-energises, because there are no screws in the arc corresponding to these.

The dyive-cii*cuit^23 ife openM and R7(G) released.

24. Rll(T) and R24(PS) eTOXgise ip series. R3(A) de-energises and remains inert

until the switch reaches the first line in the next level.

26. H26fPl')' energises in series with the holding coil of R24.

26. Contacjl? PT4 ^24j[) opens^the circuit of Rll(T), which de-energises.

Rotary •release magnet RRMJ26 ene^ses, anch the switch is returned to the rotary

normal ppsition, when the W contacts veturnito normal.

• 27. R24(PS) fs disconnected, but remains operated sufficientlv long for R4(D) t6

energise. An impulse is now givpn to tlie r^rticafmagnet VM6, over OTcuit 5.
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complejes a circuit f(»r R^!

T» ^ ***® magnet,m vtarr off-normal contactsW are now operated. »R4 de-energises also R26rPT^

rfe«e of tioi, (SSuTmS SIX"'*'*”
”' «» ««

„ "“ •'• “* “» “ «» *^«P. »

«.^e.-The,operation is similar to that described for’sAaU
i«*8tanding on the first line in a level, the wiper to which pS U

It InUo^. therefore, that th7 first line of a fevSllike the first line of a group, is not available for nigfit seMce. •
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Section 32*

.
AN^“ ALL-RELAY SY.STEM PARTICULARLY APPLICABLE TO SmXlL

[NSTALLATIONS
•

In small offices, simplicity apparatus and circuits iit esseniijii. 'An aii^raiay sysLcm

Httains simplicity of apparatus at \.he e:j^pen8e of multi;^lication of relays §.nd complication

of circuits. It will be noted from the diagram that the preselection of an idle connection-

circuit to join two lines together is most ^mple and efficient, but that the connection-circuits

are'oveiiburdened with relays, which might be jeadily replaced, ^to a large extent, by a simple

stepping device. The circuit is inferesting in showing how the cycle of operations in four

r^ays energises a relay for every impulsfe of a digit, so that this relay can bi^^ade the

connecting relay to the called line.

The Arrangement is most suitable for small exchanges having a capacity up to 28 lines,

but may readily be increased. The diagram shows the circuits of a 19-line switch having

three “ connection-circuits ” to allow of three simultaneous conversations. These can be

greased as required by the traffic. Fig. 70 shows the A. T. M. Oo. circuit.

The calliilg line switch directly connects a calling line with a connection-circuit or trunk,

and has no interme(^ate circuit or^fcesting apparatus. It is a true preselector, as the trunk

to be connected to is^ determined by the prior connections, and is instantly completed without

the aid of common apparatus. £ach«line is equipped with as^many simple relays as tli«re

are trunks, one side of the energising winding being connected to battery, through a contact

on the guard r^lay, and the other side connected to earth, when the line relay energises on

a call.* The connection to the relay above is through a back contact on the lower relay so

that when the lower r^ay energises, it cuts off earth from those above, so that they do not

energise. If the lower relay fails to energise, because battery is cut off at the guard relay,

then 4h» relay immediately above will energise^ and so on. There is in addition the usual

line and cut-off relays per line. For incoming calls each line has a relay associated with each

connection-circuit^ and these relays also act as counting relays in a manner to be described.

Each connection-circuit has six relays for battery feed, ringing and control, and four

repeating or impulsing responding relays whi<?h operate in a cycle in such a \yay that only

ftne relay per impulse is required. Alternate counting relays are connected to different

energising wires iProm the impulse relays, which are associated with odd and aven numbers

of impulses, an(J numbered 1 to 9 and 01 to 00 in a 19-line equipment, to agree with the

subscriSers’ numbers. Relay 0 is a switchfng relay to bring into operation a second holding

^jfreuit.

titfier features will be described in the operation of the circuits.

Th8 circuits ^renudibel^d in the order of operation as follows :—

«

f. When the receiver of S lifted •R' energises. Assume No. 1 connection-cirftuit

bus^, tha't is, circuit 2 open. Assume No. 2 to be called.

2. Cbnndctiilg rday R2«energises.

3. Impulsq^tnd fqpckrelay energises over loop.

4. Guard relay R4 energises,^ Circuit 2 is opeilbd and connection-circuit 2 is made busy

to other eallers.
^

‘

* 5. Out-off relay R5 energises. R' ^^-energises.

6. R2 holding circuit.
^ *
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7. Repeater relay ]^7 energises.

8. K7 holding circuit.

9. Impulse relay R3 de-6nergise8 on first break atrdiaf. R9 energises fo^ tb^ dtiration

of 'the impulses.
,

^ ^

9'. New path to battery.

10. First counting relay RlO energises ; ilso RIO' to open circuits 7 and 8. \,The latter

remains closed over 9'.

10^ RIO holding circuit.

1 1 . Repeater relay Rl 1 energises. (2pens circuit 8 and R7 de-energises. Opens circuits

10 and 11.
<»

12. Rll holding circuit.

13. R3 re-energises at the end ofJ)he first impulse and R13 energit^s. Circujt^2 open.

Rll de-energises. Circuit 13 opefxed.

*14. Ri 5 holding circuit.

End of first, or odd^number, impulse 1.

15. R3 de-energises bn break at dial for second impulse, R15 energises.

16. R15 holding circuit. '

<

17. Second counting relay R17 (even) energises.

. 18. ^17 holding circuit in series with RIO'. Circuit 10 open and RIO de-energis<js.

< R3 re-ener^ises at end of impulse.

19. R7 re-energfses, partly over cycuit r7, circuit 16 opens and R15 de-energises. ^

8. (R7 holding circuit. Grcuits 10 and 11 are prepared for' the next impulse (if any).

20. If line No. 2 is busy R20 will energise over the holding circuit.

2k R20 holding circuit.

22. Busy tone is gi^en to caller.

If' the line is idle R20 is no{ Energised and ringing current is applied.

TJiejiumber having been called, R9 de-energises. RIO' remains energised. Circuit 8

is open and R7 de-energises.

23. R23 encjfgises to complete the loop.

24. R23 holding circuit.

25. Called line made busy. t

« 26. Ringing circuit to called line. R20 does not energise until called party answers.

Ringing is by polechangei-, in which the pendulum coimeots battery and earth alternately

to line, about twenty times per second. Ringing is cut off when R20 energises.

37. <Loop talking circuit, current fed tlsrough R3.
^ 28. Battery feed for called party through R20.

The connection is broken down when the caller’s receiver is replaced, when R3 and R4
de-eneiQgise. - ^ * i

30. When 0 is dialled (teh impulses), !^30 energises, partly over circuit 17.

c31. R30 holding circuit. Circuit 18 is opefi to de-energi^ all counting relays of lower

^ value and succeeding Relays are built up by impulses a^ before described^

A cormectioK. has thi^ iJeen completed between the two telephones shown, over the

contacts of 1^2 of the calling line apd R17^to the called line. The talking circuit is divided

by condensers and battery fed tf/^the callmgcline over R3 and to the ceQled line over R20.

The transmission e£aciency is standard.
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Auq?q^Agric iNSTALLAfiomrs for works, warchouses, offices,

•.
,

and the PKE
These we, ‘gen^ty.'very ^aimHar to tht exchatage s^tems described, but are con-

Fig. 7i—une-hxtndbed Line P.AX.,(A. T. M. Co.).

dderably simplified by the elimination of meters, irapuli^-re^ter^ selectors, and other
special apparatus.

In a 100-line installation there are 100 line switches per station), and 7 tq 12 con-
nectors, a multiple ofpthe 100 lines being carried oyer the latter. In some oases the line
jwitch and the connector hre combined.



ioo, AUTOMATIC INCTALLATIONS
'
fOR WOAKS, ETC*

For installations^ of over 100 lin^s tkere must be s^ome form of selector or disoi;^minator

to differ€<*itiate between one 100 and another.
^

The instruments are usually similar to those used ^pn the public systems^ and when the

trunsmksion devices also^equa? the public exchange standard, connection may be had with

the public exchange on approVtjl by tjie Post Office. When subhf service is .to be given to a

proportion of the total lines, it is sometime!* required that it be ihat^j impossible for the

fTemainder to connect with the exc^i^nge, and devices can be introduced to limij; this service.

For small exchanges of 20 lines and^upwards the automatic? system is replacing the

known “inter-communication sets.” lihcc advantages lire : the elimination of the large

cable which has to be multipled over all stations in the latter syrtem, the automatic requiring,

usually, only two wires from each station to a central point
;
the simpler instrument at each

station,w ith the switching apparatus |tt a central point, the greater reliability of tb«..5
witching,

the secrecy devices, and the freedom from overhearing.
* Fig.

-

tI shows a lOO-line unit of the A. T. M. Co. using their 25-point rotary switch,

described on p. 39, Vol.'I. The switch would not be userf to its capacity, except in exceptional

circumstances, as only V to 12 connectors are necessary on the average installation j>er 100

lines. The connectors are of the standard exchange type whth cc^^taiii simplifications.

* The connectors are fitted at the rear of the frame.
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PRIVAT^B 4.UTOMATIC EXCHANGES (P.A.X.) AND j^RANGH AUTOMATIC
. ^

EXCHANGES (B.A.X.), STROWGER SYSTe"^, A. T. M. Co. .

«

Private exchangi^ may be oS any size, froifl 10 lines uj^wards.

They aref^primarily ifesigned for installation in works^offices, and the like, for rendering <

qui(^, accurate, and secret intercom’hiv.nication, wilSiout the assistance of an attendant.

Not only does a P.A X. serve *all the ordirary telephone requirements, but it may be
arranged with additional equifiment to render a niynber of special services, such as conference

facilities, urgency calling by code when a party is out of his office, yatchmen’s control,

lire alarm^itd other auxiliary services as will be described. •

These small installations may also be fitted with apparatus to enable service Jo be given

and received over the public exchange, and they actually then become part of the great

public-service system.
*

A 50-line P.A.X. equipment consists of one switchboard, upon which all the automatic

and power-switching equipment is fiiounted, enclosed in a cover of steel and glass con-

,

struction
;

also one junction box (for terminating and connecting the subscribera' Ijnes^o

the automatic switchboard) charging plant, batteries, anckbattery Cabinet.

The 100-line P.A.X. equipment consists of two units, viz. one automatic switch Uiiit,*

and^one combined M.D.F. and power-panel unitf both, enclosecf in a steel and glass cover
;

also a charging plant, batteridfe, and battery cabinet. •

Types of P.A.X. and B.A.X. Equipment.—Naturally these vary according to the

requirements of the owner and depend on local conditions, but these will be found to be
covered by the seven following types :— ^

•

1. Isolated, self-contained, and fully automatic.
• • •

2. Similar to No. 1, but with an attendant’s cabinet. An attendant is at aU times

available to answer enquiries, or perform other like services. The attendant’s cabinet is

provided with incoming and outgoing trunks to the P.A.X. equipment. •

3. Himilar to No. 1, but connected with the pul^lic-exchange system. *

The switchboard is equipped with incoming connectors, the banks of which are multipled

with the banks of the local connectors. JThe B.A.X. subscribers* numbers ^are listed in the

Ihiblic Directory. At the public exchange one or more selector levels, depehding upon the

size of the B.A.X., are connected to the trunks incoming to the B.A.X. Incoming trunks

from the main office (automatic) are individual t« each unit of the B.A.X. ,*so thatli sub-

scriber at the M.A.X. calls any B.A.X. number by dialling the last two digits of his number,*
first prefixing the proper digits to reach the outgoing B.A.X. selector levels at the’ m*hin

,

office, as 4567-29. Outgoing trunks from the B.A.X. to the M.A.K. terminate oif connactor

or fii^t-selector banks at the B.A.X., and in line ^witches at the M.A.X. Each trunk is

equipped with a repeater at the B.A.X. A*B.A.X. subscriber, when calling a tdepheffie

connected to a M.A.X., does so in the ^sual way, with the exception tkat, t)*ef0re calling a

number as it appears in the Public Directory, he calls a preliminary digit, wlljch is required

to place the wipers of the B.A.X. connector or firsjJ selector in connection with the bank
contacts of an idle outgoing trunk. ^ ^

Discriminating or ^Restricted ^emce.—^It is sometimes necessary to restsot certain

lines to local service only. • Stations are pievented^rom recjpiving incoming trunk calls by
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earthirig the private^ bank oontac^^ of drestricted lines at the inooming trui^ connector

bank terminals, and providing a busy tone to the cailer. This is effpcted by the^Use of a
resistance coil in parallel with the bridge cut-off relay^winding of eacn line switch, cg!'ranged

t& have outgoing J^runk <aervioe, and a special type of repeater on the outgoing trunks.

The repeater in this case has^ a discriminating service relay, pf •'low resistance," and so

adjusted that it will only be energised to closl the trunk coijtacts wken^it receives increased

t current from line switches which ||it<ve the BCO in multiple with ‘the resistance coil afore-

mentioned. Tf this relay does not recc&ve sufficient^,current to close the trunk contacts it

remains normal. A busy tone circuit js qjosed through thfe positive side of the line and
fumi^hes a busy tone to the caller.

^

4. A branch office with an attendant’s cabinet for outgoiijg and incoming calls with tSie

fuiblic system. For local operating rea^vons, and to supervise and control (^going and
incoming calls, it is sometimes ^advisable to have an attendant’s cabinet. Provision is

made in t6e attendant’s cabinet for a complete series multiple of all subscribers’ lines, so

that the operator may be able to reach any subscriber, as in a manual C.B. office. The
attendant’s cabinet must, further, be equipped for double supervision for both incoming and

outgoing calls. The trunks from the public offices are plug-ended.^

‘ On an incoming call the attendant ascertains the desired subscriber from the operator

at the main office, and plugs the c^ll through to the multiple jacks.

‘ ^ For outgoing cAlls the attendant’s cabinet is equipped with one or more enquiry trunks,

over which the operator ascertains the number, and requirements, of the caller and, if he

wishes outgoing service, immediately plugs his line through on an idle trunk to the main

oflBice.

Discriminating arrangements consist in the omission of the restricted subscribers' lines

from the multiple jacks.

<5. A branch automatic s^tchboard with direct outgoing trunks to the public service,

but wi^h incoming trimks intercepted at an attendant’s cabinet and extended through a

multiple. Thfe attendant’s cabinet is identical with the type described in paragraph 4.

Outgoing calls fire handled as in paragraph 3, and incoming calls as in paragraph 4.

6. A branch switchboard connected to a public manual office, with both-way calls

passing through a special B position. \n general, this type of switchboard is the same as

that described in paragraph 4, except that, instead of having an attendant’s cabinet, located

on the same premises with the automatic equipment, it is virtually transferred to the public

office, where itis known as a special B position.

c This specilii B position must be equipped with a dial-impulse sender, and have double

^aupervision on the trunks to the B.A.X. If the operator wishes to extend a call, she plugs

int6 a* jack connected to a trunk, terminating in an incoming connector or selector at the

B.A.^i, and, by thc^ operation of a key, associates the position dial with the trunk and c^lls

the ^B.A.X. subscriber’s number.^ When this called party answers, k supervisory lamp at

tho operator’s position glows, arid remains glowing until thetreceiver is replaced. Outgoing

calls fn^rn the'B.A.JC. to the manual main office are made by the caljer dialling one digit,

usually 0, on the conneftof, or iirst selector, which connects the line through a repeater to

the special B 'position, there gibwing a lamp to attract the attention of the operator, who

then completes the call in the ^^ual n\anne^.

c Discrixpinatirig service may be provided on both incoming and outgoing calls, as described

in paragraph 3.
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7. ^ biftnoh stifitchboard oonndbted to a manual niun ofSoe, wi^h direct disoriiiynating^
outgoing service, but with incoming calls passing through an attenSant’s cabinet. The
outgoing c^s pass through repeaters,from the connector, cr first selector, levels, and give
the usual lamp si^l to the main office operator. The opersitor treats t^ese as calls from*a
subs^bef’s line, in the'osval manner. The discriminating miwice on outgoing calU may be
obtained by using tjle means described in pflragraph 3. Incoming calls from the main
office are intercepted b/ the attendant, who extends ch&a into the B.A.X. by means of,
aui^matic switches. « J *

For this class of service the triinks from the n^in office are key-ended, and each has a
connector, or selector, individually associated witji it. The attendant extends the incobiing
c4ll by associating the position dial with the trunk and calling the desired number. Dis-
criminatiggrfiervice on incoming calls would be at Ahe dis<Jretion of the attendant.
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Section 55^

SWITCHES FOR P.A.X THF CdNNECTOR

The circuits of the P.A.X.^connMtor'(when used without 's^edor, and with rotary on
the 0 level) Pig. 72, are numbered in the ordfcr of operation as follows'^i-

1. When the calling line is ei^Uded to the connector R'(A) eifergises.

2. Slow-to-release guard relay R2 diergises.

3. Earth on release trunk to hold pi^oding switched.

4. phain relays circuit closed.

^ Note,- When Disc, feature is

retMired diaconneci earth fhem
May B A connect up Mres
shown ^Uedan^ dieconmct

/o'

Contacts to breJk
t efs doubte dog

Contacts Yon Mays Fanet

H

to make first t

Int. Spgs. on rotary magnet
must po adjusted to oreak
after double dog falls in.

Notei^ Whenciuio, Rotary tsnet
required disconnect earth
from Relay J,

To operate on fR70
Carnes.

Fig. 72.—Connbctok for P.A.X.'s without SeIectors. Rotary on Top ].«evel (A. T .M. Co.).
f

^
, • r

6. When the caller ^iials the tens digit, R' de-energises and re-energises. . At the first

opening of circhit 1, R5 and VMS energise. R6 remains energised for the duration of the
train ahd VMS tteps-up the shaft as manyitevels as there are impulses.
• 6. Excessive sparking preventive device.

*7.* On the first step of the shaft the ON springs close, and, after the first impulse, this

circuit} is ctesed for ttie hnpalses.

<8. Earth on motor*starf relay, which^closes a circuit for the ringin*^ generator.
•* 9. After the last vertical iifipulse, RS dcf-energises andp» completes this circuit for the

rotary hnpulses.* ^ t

The units digit is^di^lle^, and R9 energises for the duration of the train ; RM9 steps the
wipers rou^d to the line required. Circuit 6 again prevents excessive sparking at contact
of R'. During impulsii^, the*^' contact qf R9 short-circuits the contact on relay 6, to
provide an ^tem&tive path for the rotary impulses, should relay momentarily energise
through the private wiper passi^ over eflgaged cc^ntacts during rotation.
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10. Clirouit of R10(G) as above.
^
J[f the desirecfsubicriber is busy, ^rth is on thej>rivate

wiper, and this circuit is effective, because R9 is held operated by its slow release feature^

11. WheniRO de-energises, ftlO^'s held energised. Th9 rotary magnet circuit 9 is held

open atjd'^ of RIO, to jgirevent the operation of R13(H), shoifLd the call^ restore wjfilst the

connector is looked uji bn^^he busy circuit.
*

12. Busy circuit to jailer. •

13. If the called party is idle, R13 energises^ whq^n R9 de-energises, over the BCO.
winding of the called line switch t^'^battery.

14. Rl3 holding circuit. •

^ 16. Called subscriber’s T^lne made busy. Xhe BCO of the called party’s lin% switch

operates in series with R13, and is now held over circuit 16, and the called line relay

is cut off.•^'ircuit 9 is open to prevent further rotary^ motion should the caller dial agaki

in error.

16. Circuit to line for interrupt^ ringing current.

17. Ringing tone to caUer. R16 energises when the called pij^y lifts his receiver to

answer the call, and the ringing is cut off.

18. R17 locking circuit. Circuit 8 to motor start is opened.
^

19. Battery-feed relay R19 for called party energises. Current for caller^ is ^ed
through R'.

Code Call Facility.—When this is provided cam springs are fitted, to operate on.the

number allocated for code-call circuit (marked 70 on diagram).* These cam springs operate

to disconnect the ringing circuit, and to extend the “ impulse ” circuit through to theicode-

caU cabinet, via the positive wire and wiper

»

Out-trunk Service.—In order to provide a discriminating feature for out-trunk service

in this connector, cam springs are fitted, to operate when the connectof wipers reach the level

allocated for “ out-trunk service.”

A subscriber who has this service has a 46-volt battery, in series with a resistanqi^ placed

in parallel with the B(^0, on the private wiper of his line switch, which, when extended to

the connector, operates the discriminating relay R3'(K) over circuit 3 plu^ 3'. 3^^ is the

holding circuit of R3'. *

20. When the wipers reach the out-trunk level, say 0, the discriminating cam springs

operate, and R19 energises.

21. RlO(G) energises.

11. RIO locking circuit.

22. 81ow-to-release relay R9 and rotary mtfgnet RM9 energise, and the wipefl& make
the initial rotary step. •

23. If the first trunk is busy, earth will be on contact and RIO(G) energises. •The
rdlary magnet again operates as before. This cycle of operatibrn^* continues iftitil idle

truidc is found. When the wipers rest upon an jidle trunk, tBe station is rung, as before

described. Should all the truifks be busy, the busy cam springs will operate on the«elev6nth

step, and open the rotary-magnet cira^iit.

24. RlO(G) energises. >

12. Busy circuit to caller, to indicatc^that all trunks are engaged.

A subscriber who has not the right to out-4)runk serviiie has no supplementory battery

on the private wiper cf his line switch, therefore he cannot operate relay R3UK) to close

circuit 22 to the rotary m&gnet.
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•

'

20t When the wpers reach the 0 leVel, the diecrminating cam springs close odrcuit 20
for R19(D), which energises.

^

21. Rl0(6) energises, lAit,^s R3'(K) is not opera/;ed, *22 is not closed, byit 12 iB*opened
t6 give,the busy t<vie. ' * r •

25. When the calling recfeiyer is replaced, Rl then R2 de-eiiCrgid‘e, ancLrelease magnet,
Eel M25 energises to restore the^haft.

^
Circiiit 25 is then‘opened/ ikl. winding prevents

excessive sparking.
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OreRATION OF lO'LEVEL 10-TRUNK GROUt* SELECTOR (FlJ. 73)

The circuits are liiimLered in the order of operation as jfdllows :

—

1. When the ciilfling line is^^xtended to <&e selector
f.'

energises.

2. Guard relay R2 energises.
'

"
^

- 3. Earth on release truhl^ to hold preceding switches.

If dial tone is heard, the dial may be turned. •

^Wtre, 12 H
fftlay f^tobe adjustedao as rwt holdufi
tn^rtes mth Relay •

Sup^ Relay Battery

Ret. Tk.

Busy and ear^h>

These sp4s. are switchedon
tr^ ut,s»p by sw, sh, cam,

Dial tone on earth,

Ret. Sid, IS

+ Wine,

200***^ r Si

Adjust^contacts to
breakjuai as dou^
doi fktis In,

c’' jS* J'Ib I

H#»»

sm

f2 14 ' PT ,

y
| Off normal contacts close on tft vert, step

^ Just before double dog A//f //7#

Ki«. 73.

—

Ten-Level Ten-Tkijnk Gboup Selector (A. T. M. Wo.).

1. R' de-enefgises for each, impulse of a digit. H4 energises for tlyj duration of the
train, and VM4 lifts the shaft one step for each impulse.

5. Prevents excessive sparking at R' contact during impulsing.
Off-normal springs are closed at first step. •

6. R6 energises.

7. R6 locking circuit. R4 de-energises.
,

8. RMS steps the wipers to the first set of terminals aftd bpehs eircuif , 7 and R6
de-energises.

^ ^

The 1300-ohm non-inductive winding on R6 serves to neutralise selt-inductien in •this
relay.

^

.

8'. Prevents excessive sparking at contact of R6.
Selection of an Idle Trunk,—If the first trunj|| is busy, the private wiper vyll find earth

on the private bank contact. •
*

^ 9. R6 energises and closes the rotary magnet circuit.

7. R6 locking circuit!
*
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10., EM8 energisfs pud steps the^wipfers to the nex^ terminal, and opens circuit '(.so that

R6 de-energises. If this trunk is also busy, this operation will be re|eated until a line is

found without an earthed terminal . The earth on the pijivafe wiper also shunt^relc^ D(R 1 1 )

.

< ll.^I^O cannot /^nergiee, and Rl 1, not being shunted, energises.

R6 is* in series, but does nb^energjise owing to its low resistaime."^

12. Talking circuit extended to the coWector. R' •And R2 ' de-energise.^ Earth is

removed from the release trunk (cifcViit *3).
^

*

13. The preceding switches are now^eld by the srviiches^aiiead.

If all trunks in the level are busy, the*wipers step to the eleventh position, when the

cant f^rjngs operate.

14. Busy tone on the caller s line.

^ Bekase.—When the receiver is Deplacbd, earth is removed from release trunk and
Rll de-enemses.

*1?6. Ref. 15 energises and restores the selector to formal, when the shaft opens this

circuit.
'

All selectors are connected to a supervisory signal which glows as a switch is taken into

use. All first selectors have in addition a permanent gfow lamp fiti^^ed on the switch, which

prolide§i an individual supervisory lamp for each first selector.
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T\VO.WIRE REPEATER CIRCUIT FROM AUTO^AflC TO C.B. MANUAL
OFFICE

The'Jircuits (Pi|. 74) are ntunbered in the prder of operation as follows
1. When a calling line is extended to a repeater ll' pnergises!
2. Guard relay R2 energises.

’ *

3. Earth on release trunk to fiold preceding switches.

4. R4 and R4' energise*lo signal the distant office.

requireef to holdlcattep until
mahumt openmton withdraws ptug*

[Contacts o/tFto chse first

»

•* u u n H last.

Fiq ^74.—Two-

W

ho? Kbpeatisb in AufoMATic to C.B. Trunk (A. T. M. Co.).

6.

Ring-back tone signal to caller.

6. Calling lamp at manual office glows.

7. Answering plug inserted by operator and R7 energises. Circuit 4 opened 2nd*R4'
de-energises and L6 ceases to glow. •

8. R8 energises over the positive wire to manual office.

9. Battery reversing relay R9 energises.

•10. R' connections reversed to calling line.

Circuits 4 and 6 opened.
*

The operator rings the called porty and the circuit is completed for lonvetlStion.
Current for caller’s microphone from R'. The called party’^ talking currently from the cord
circuit. • * ^

Rdeaae (with earth on release trunk at relay®R9)fi^ Whefethe caller’s r^eiver is replaced,
R' de-energises, then R2, the latter opening circuit 3, to the release trunk. Circuit 8 is also
opened and R8 de-energises. Circuit 9 is openedtand R9 de-energises slowlv.
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c«t
P«'^ on tjie release trunk at 3' beW^O has

The repeater and Receding switches ire therefore held operated ^mUl theplug IS ^thdrawn at the manual office.
^ ^

' Alta^tively, earth may dot be connoted to the release trunk at R9, then,"when the

8witehl*T’
^ ^^energise, as before. Circuit 3 is^pehed and the preceding

^
de-energise, arcuit ll'is complete and Rll replace!the earth on the release trunk at 3 ,to nyike the repeater busy until che operator deaiuu. K2 or Rll closes the senes contacts for the chaiii relay circuit during the whole time

^ m When the chain^ e/nll the repmlc to theX^closed (all repeaters busy) an indication is given to the exchange attendant.
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Section *38

MAigUAi. WORKING IN* CONNECTION WITH P.A.X. INSTALLATIONS.

rotary line switches. This arrangement enables *the auto^'^Atic subscribers to 'call a manual
operator for outgoing calls, and the manual opcrutor can call an^ of thft automatic lines for

incoming service. •



iioo

(<l)

Out^oln^ Junction Circuit •

J

' ^
I

Jncomin^ Junction Circuit <

E>0. 26a.—

A

l>DITl*^t.ClBOUH» TO OIV» A-PTBUDAilT’S SbEVICE ON P.A.X., TTSIHO RoTABI
• i IjIne ^wrroH^A. T. M. co.). • •
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^jpen 0 is dialled a line lamp glows before the operator, the
^
automatic appc^atus is

released, and the operator extends tile call by the usual cord circuiti (Fig. 76a). t

^
Wheq. internal automatic connections are completed, protective conditions have to be

set up qft the manual equipment to prevent interference. Similarly, when a mai^Ual con-
nection 18 coTnpleted,*^oigiftion8 in the automatic ^para^uB are set up to present other
automatic ponnectm^."

;

- ^ .

The important cincJuits (Pig. 75) are numbered^s foltowa

• 1. The earth placed oh ^the !ret3ase trunk, iJy the calling selector, causes R'(Y) at
manual equijiment to energise.

*

2. Busy potential is pl^fced qn the Aiultiplejacks.

3. Earth is connected to the called party’s private bank contact.

R'(Y) energises j:o busy the line, as before dbBcr|i|^d. ^
When 0 is dialled to call the operator, the wipcjrs st^.p-up to the tenth level. As all the

private contacts in this level are permanently earthed, the wipers will automatically rdtate

to the eleventh stop, where the foltowing circuit is closed through iShe normal post springs

on the eleventh step cam springs.

4. R4(Z) energises, g

5. The subscriber’s loop is disconnected from the automatic switches.

6. The windings of R4 are connected across the suljfcriber's loop

The automatic switches return to normal.

(
7. Ring-back tone is placed on the subscriber’s line.

8. Calling lamp L8 glo^s.
,

9. Busy earth on private bank contacts, to protect the connection against other

callers. *
,

10. Circuit to caller’s BSO relay opened, so that circuit 4 of the release trunk is opened.

This earth would otherwise busy the trunk on which the preselector wiper rests. ’

While the subscriber is on the line, R4 is maintained energised, and lamp L8 qontinues

to glow. The caller can free the connection*at any time before the operator answers.
*

11. Answering plug inserted and busy test placed on multiple. R11(SJ energises.

12. Supervisory relay R12(A) energises over the loop. Circuit of LU opened.

13 (over circuit 9). Rll earths private^connector bank contacts, to busy the line to

other callers* keeps circuit 10 open ; opens circuit 6 so that R4(Z) de-energises
;
open§

circuit 8 so that L8 ceases to glow
;
opens circuit 7 to cut off tone

; restores the caller’s

preselector. The operator extends the line as required.
*

When the receiver is replaced, R12(A) de-emergises and Lll glows. * »
,

The operaUyr calling an automatic subscriber,—If the line i^ idle the plug is inserted ki

the multiple jack and the ringing key depressed. ^ >

• 14. Busy circuit. Rll(S) energises to cut the subscriber’s 4ind frqm the automatic

apparatus. Busy circuit 13 completed to private bank. Ciilcuit 1 opened so that R'(Y)

cannot energise. • •
*

^ ,

If the line is busy she will still ingert the plug and offer the caU. it en^ged on« auto-
^

matic connection she will ask that the receiver be replaced, to restore the automatic apparatus.

When circuit 3 is opened R'(Y) will de-anergise. ^Rll(S) is now in circuit.
*

14. Rll energises over the sleeve of the. plug* The^^^jiubscriber’s line is ‘disconnected

from the automatic apparatus. The subscriber ii^ recalled ty the •ringing key.
^

If the party wanted ill engaged in another oulgibrvice caU, he may accept that now offered.
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He is again asked to ^pkce the receiver/ while the operator asks the party controlling the
existing caPl to disconnect it. The subscriber is then r&alled, and switched through.

Night Service.—

K

certain number of cords are modified'as shown in Fig. 7pA.
^
A night-

service ^oy is provided whichf when operated, cuts off the supervisory apparatus, and
short-circuits the condensers in jbhe taUdng circuit, thus providing d^'clean pietallfc circuit
to the main office. '

•

• *

The sleeve battery is taken through a'2060-ohm resistance when the night key is operated,
in order to operate the subscriber’s O.Of, relay with the’ mimnSum current. This relay, is

operated to place busy earth on the subscriber’s connector private bank contacts.
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Section r39

SPEerAJ. SERVICES FOR P.A.JC. AND B.A.X. AUTOMATIC INSTALLATIONS

Thefequipment fA sneeial services is not provided as pq.rt (k an ifistallatiom finless so
• \* ,

- -

” .* ^ - tast
U>nn.

^ Conn. Conn.

Sa/tk
Contacts
(not multipled^

Switch \
Wipers

i kes. CdH^^at^k
^

1 000
“

. ,— f

ofeach Conn*
Shelf Cable

Conn, Bank
Contacts
line H^so

Transformep’.

Hlih Ifhoedance Coh
ro*^ resistance

•

KiG. 76.- CONFfiRENcI FOR STANDARD 46-VOLT P.A.X. EQUIPMENT (A. T. M. Co.). )

Conn, Bank
Multiple*

Thro, other*
Switch Banks,

Conneitors.

Prlv, Bank
Contacts 11937
(not multtpkdl)

Switch J
wipers

t®"' ir' \ f

Ir" 1h"’ i

\*Oo'^ ;

1

-pi -
,

J
—

1

.

—

,

W rl •p
1

r'i
1

J Res, Coi! fitted*
at reap ofeach
Conn, Sw, on

^

Sheir Cable P/n%

Condenser

Conn, Bank

,

Contacts N937,
Conn,,Bflnk
Multiple, ^
(Conns, f-3^

Conn, Bank
^ultiple^
(Conns, 4^6)

Condenser 4
^ RetirdCdil

(HLType),

Fm. 76a.—

C

oNTEEBNCE Fo:% 12-volt 25-line P?A.X. (A. 1?. M. Cd.).

specified
;

all line-siyitch units, however, are vdred so fliat any of the special services

described hereafter can be readily fitted«
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Conference Serj||dce (Fig. 76).—Toifacilitate the close supervision required into large
organisation, the confejfence service has been developed. This service enables '^several

executive or departmental head^ to obtain connection with *0 conference circuijb so that they
cap conisr and discuss matters .without leaving their desks.

This service is designated hy a number, for instance, 90. Thq cofrespon^g lihe switch
is removed and replaced by an iApedahee coil\jridged acrossithe line coh^cts. In addition,
the private contact multiple of No. *00 is Opened between each cofmector bai\k*, and a re-

sistance coil is bridged from each private Contact to negative bkttery. The various execut^e
officers can be called and asked to dial t^e qonferenoe nulnbeK

^
A Modified Private Switchboard Conference Circuit/ A. T. M. Co. (Fig. 77).—

A confez^dnee circuit is multipled over a level, say the tenths of a number of selectors!

A circuit-changing relay is fitted between €^ch line to be connected to the conference circuit

and the rotary line switch.

Ordinary copiiectioni^ are made over the line switch 'and connectors. A -conference

connection utilises the selector to build up the connection, but when the special relay is

ener^e<j the selfctor and line switch are released.

The circuits are as follows :

—

\, line relay R' energises. Circuit is through E2, but this relay is energised only when
current is through both win^lings in the same direction. #

2. ‘Current through second winding of R2 but opposite in direction!
^

JR' initiates the operation of the rotary hne switch, in known manner, to extend the caller

• to a s^lgpior. ^The tenth level is assumed to be a conference circuit.

When the spbsenber^ dials 0 R6 responds, and tlie wipers are stepped-up, in known
manner, then rented dutomatic£ly to the first set^^of contacts.

As ther^ may be a numbei^-of cal^ &t a given time the line may test busy, and the

wipers step until ax idle unearthed

11. RlTenergises.



4’

now
energiBes over the caller’s loop. The ourfent in the uwer^winding of B2 is

reversed and tl^ relay energises j '

I

^ *

B2 e]g.ergises over the calling line.
* *

14. The calling line is extended t6 the conference circuit ®.nd the line switch and Selector
released!* ^

Circuit* 12 is o^^ftn at 12' of special relay%nd Rf2 de-lnergises. Circuit 10 is open to
release the selector. *• * ^

The private normal termiiial is earthed over yT
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Section 40^

CODE-GALL SERVIGET

By this means any officer ^oan be reabhed for telephone sbryioe^«o lon^ as hels within

hearing of a call bell of the installation, alth&gh he may be away froif/nis officib.

If a called party fails to answef his telephone, the caller replaces his receiver, again re-

moves it, and dials the code number 70, followed, by thfi ihdividual code*of the party

desired. This code is sounded on bells, buzxers, horns, or*oth^r signalling devices througlTout

the establishment. A person hearing his pode proceeds to tbs nearest telephone and dials

the answering number, 79, to be at once connected to the calbr. *

- Two t3rpes of equipment are* available, one for twenty-two individual code numbers
and the otl^er for one hundred. ^

^

These special equipments consist of code-selecting switches, enclosed in cabinets

arranged for qiountin^on a wall near the switchboa/d, together with the loud signalling

devices which are placed throughout the establishment where they will be most effective.

Code-Gall System, using Connector Banks atid Comm^rcidl Power (Fig. 78).

—

Th% co^e consists of 22 groups of long and short signals, thus allowing 22 subscribers to have

code-call facilities. It is possiblq.for all the lines on the switchboard to signal any code

Onrthe code-call sisals, and so attract the attention of any of the subscribers who have
code-call facilities. 'The called party, on hearing his code signalled, is able to answer the call

fromnny telephone which may be handy. Specially wired connectors are used with\his

system in order to Worlj in conjunction with the code-call cabinet.

The circuits of Fig. 78 are numbered in the order of operation as follows :

—

A caller having f&iled to obtain a response in the usual way replaces the feceiver to

cleai^, then again Qfts it and (iials the special code-calling number, to set the wipers of the

connect/)r on that particular number. The code-call cam springs operate (see Fig. 72 of con-

nector), disconnect the ringing circuit, and clo«fe the impulsing circuit to the positive wiper.

1. Il'(D) ewergises over earth on P2.

The first digii of the code number is now dialled over the impulse circuit.

2. Impulse circuit, earth at connector liije relay A, over code cam springs and positive

wdper. R2(E) energises for the duration of the impulses, M2 steps the wipertj to the called

number. • • '
.

The code numbers of the subscribers are divided into three groups :

—

» a. ^Digits i*to 9.—It is necessary to dial only one digit in order to obtain any one of this

group. *

'6.** Digits 01 to 09.—It is necessary to dial two digits. The first digit 0 causes the wipers

of the, oode-i^e€tor group switch to rest upon the tenth contact in the banks.

As these are discchmect^, they^ provide a convenient resting-place for the w^ers
until the next digit is Called. The*caller now dials the last digit and the wipers

are sllbpped on to the desired number.
^

Digits 091 to ^OOf—it is necessary to dial three digits. The first two digits 00 cause

the ^pers to step on\o the twentieth contact in the banks. The caller now dials

tlie last digit and thf wipers step to the desired number.

After the callir has dialled the final digit the fourth code-selector griper will complete the

oUowing circuit :— ^



8. R3(C) enei^iaes. CSrooit 2 is opened so Uat l«2(jf»
will not agun be energised in error.

•'

4. Il^(A).energiBes in parall« with B3. . ,

6.

:^tary magnet M6(K) energises. The first and second
wipers ol the cpde mtemipter switch are nmved njund mie
step. The,'interrupter firings break circuit 4 and R4(AJ de-
energises and opens circuit 6. Rot, magnet M6 de-ener^es,
agiin closes circuit 4, and 'R4 rj-erergises. Thw cycle of
operations continues, and the* wipers are stepped* round the
bulk until either the called {Tarty replies’or the caQer replaces
tne receiver. The copper maijs and the micrometer adjustment
of R4 m»ke it possible to adjust the interruptions to the
desired speed.

6. Excessive sparking at the contacts of R4 is prevented.
7. As the first wiper of the code interrupter switch rotates

over the contacts of the bank, R7 (F) energises over contacts 2,
6, 8 and 11 of the intersupter ban^. Thus is provided part
of the necessary combination for code signalling, the other

'

part of the combination being provided by the bank contacts,
traversed by the wipers, and to relay R7(F) over the first,’

sec(jpd, or third wipers of the code selector. The operations

'

of R7 close the signalling circuit for a series of short and long
periods, in accordance with the particular code called.

8. Circuit to aU the code bells.
*

The called party antfwrs.—The ofiicial, on hearing hjp
code, proceeds to the nearest telephone and dials the number
allocated to answering, and is thus connected to the caUer.
This is attained by the lines of the two numbers shotted to
code caU being bridg^ on the connector bank multiple.
Therefore both the calling and the called coiuiectors are joined
in the circuit, to furnish a talking circuit between the two
parties.

It will be noticed that the coimector banks are reversed
in the diagram, the positive of the answering number being
connected to the negative of the calling number,end the like.
This is necessary to trip ringing on both connectors when the
called party answers.

^ The code elector and interrupter return to normal,
R9(B) energises and opens circuits 1 and ^ and places

'

dead earth on the P2 wiper (efreuit 1 ).
* "

10 (partly over 7). CSrcuit of R' is opened, but the relay
is maintained over the code interrupter until the wipers reti^
to normal. When normal is reached, earth is gut and R'
de-energises.

11 (partly over 7). Rotary magnet M2(J) eneruises, and
the code selector is stepped to normal.

J]

$81
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12^ (partly oyern)f Earth on the stopping oontfkcts 10, 20, to rotate the wipers past
these conicacts on the rltum to normal. ^ *

A^er the code selector and code interrupter have retilmed to normal, R0(B) is held by,
the prix-jite wiper pf the caller’s connector until the called switch restores. Thus earth is

maintained on the private bcfnjc of tihe calli|pg number to keep^he hode-call cabinet busy,
should the caller first replace the^ receiver.^ ^ ‘

Description of Typical Code ^ondlination ,—^The operation of^ft7(F) cloe^s the circuit

for the ringing of the code bells. In order to obtain the jhort and long rings, R7 is energised
for varying periods, which are determi*!ed*by the circuit combinations set up on the code
selbctortand code interrupter switches. ,

*
.

^

7. Earth is pla9ed on the first wiper of the code interrupter by the fourth wiper of tfie

'code selector. f •*
^ ^

,
When ^the full complement 6f impulses has been dialled into the code-call circuit, the

wipers of the code interrupter rotate continuously. TJ[iu8 earth is placed on R7 by special

circuit combinations o^er the first bank contacts of the code interrupter, or, first, second,

and third bank contacts and wipers of the code selector.

A typical code combination is given below :

—

Number *6 called. Code==l long ring and 1 short ring.

1.
*

‘ f
f

2. ^artlj placed on relay R7 direct by wiper.

via No. 1 code-selector wiper.

direct by wiper.

via No. 2 code-selector wiper.

direct by wiper.

9."1

> Silent period between ringing period.

1 1 . E&rth placed on relay R7 direct by wiper.

12 .

13.

14.

15.

6
. ,

6A
7./

”

8 .

16.

* 17.

18.

19.

20 .

21 .

- 22 .

VNot used.

23.

24.

25,.
From the foregoing combination the following are to be noted :— ’

(1) Th» period of the long ring is that taken by the wipers to rotate over seven contacts.

(2) The period of the ^ing is tb&t^ taken^by the wipers td rotate over one contact.
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(3)i^he cqpaoiiig^or sUeTit period between the asaooiated rin^ is t^at taken by th^ wipers *

to rotate over two oOntaots.
*

Cdde SigikUs.

Th^foUowing is the list of code numbers with associated*signal cod^
'

-A •

Cede No.
^ " §

^ Signal Code,
1 . . . 1 iopg.

2 , • »

‘

2 long.

3 . . . .
• • 4 short.

4 . .
^

. 5 short.

5 1 long and 1 shor^.

6 .
®

1 short and 1 long.

7
. ^ . 1 long and 2 short.

8 1 long and 3 short.

9 1 long, 1 shorthand 1 long.

01 2 short and 1 long.

02 3 short and 1 long.

03 1 short, 1 long, and 1 shurt.

04 1 shnrt, 1 loilg, and 2 short.

05 2 short, l^long, and 1 sl}ort.

06 1 short and 2 long.

07 . . . 2 long and 1 short.

08
. 1 long and 4 short.

09 4 short and 1 long.

01 3 short,*! long, and 1 short.

02 2 short, 1 long, and 2 short.

003
•

1 short, 1 long, and 3 i|bort.

004 6 short.

Fire-Alarm Circuit.—A special number is allocated on the automatic exchange for
fire a|arm. •

13. When this number is called, relay R13(G) in the code>call circuit is energised via.
the calling connector. •

14. Relay R7(F) energises and rings the code bells continuously.
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Section 4h

C®DE-GALL SYSTEitl ^USING SELECTOR LEVELS AND GOMMER’cfAL
' PqWER, A. T. M. CO. (Fig. 79)

t • ^

The code, like the former, co^eists of 2^ groups of long and short signals, and the results

obtained are very similar to those in th^ system just described^

In this a special selector level is allotted to the*'0ode-c?.ll system for calling purpoS^es,

and one number on the exchange is re^rvfed for answering jmrposes, no line switch being

fitted on this number. « • e

To call.—A cal)er having obljained no response in the tisual way, dials the number
Associated with the selector level for*codeVailing.

,
1. R'(E) energises over the caDer’s loop.

^1. R2(D) energises.

3. Release trunk earthed, to hold the preceding switches.

4. R4(C) energises to open the circuit for busyiijg the code-call circuit, until all the

ap]^aratus has restored to normal. *

6. R6(B) energises to open the bank connections on contacts 10 and 20 of the fourth

code selector bank.
^

' *

' ’The circuit is npw prepared for dialling.

6. R' de-energising intermittently clones this circuit, R6(JB[) energises for the durfiSl^ion

of th^ impulses, and RM6 steps the wipers round to the called number. R6 keeps earth off

the fourth co<Je-selector<wiper during its rotation.

The code numbers of the subscribers are divided into three groups in the manner

desenbed in the pfevious arrangement.

7. R6 having de-energised, R7(A) energises over the fourth code wiper.

,8 (partly over 7), R8(G) energises in parq.llel with R7. Impulse circuit 6 is opened to

prevent false impulsing.

9. Code interrupter rotary magnet RM9 energises, and moves the wipers round one step.

The interrupter springs open circuit 7, and R7 de-energises. Circuit 9 is then opened, and

RM9 de-energises. Circuit 7 is again completed, and R7 re-energises. This /jycle of ppera-

» tions continues, and the wipers are stepped round until either the called party answers or

the caller clear/}*.

The copper mass and the micrometer adjustment of R7 make it possible to adjust the

interruptions to the desired speed. *

10. As the first wiper of the code interrupter rotates over the bank contacts relay R10(M)

energies over contacts 2, 5, 8 and 11.

*Relay RIO(M) operating over these contacts, provides part of the necessary combination

for the code signalling, the other part of the combination bein^provided by the bank traversed

by the wipers, ^nd to relay r(R12), over the first, second, or third wipe^ of the code selector.

The Vperatiohs of r^ay RlO(M) close the signalling circuit for a series of short and long

periods, in accpl'dancr with the«particular code called.

11. Thp special code signal is given cut on all*the code bells.

STfte called pqrty anawers,*— The*'‘called party, on hearing his code, proceeds to the

nearest telephone and dials the answei;^ number, and is thus cbnneoted to the caller.

This result is obtained by the line of^the number allocated to the code call being
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ooxmeo^d over a 2-mfd. oondena^r in each
wire, to the lines <5h the selector Ibvel trunk
to coae call.*

•

The called party’ip connector-wiper control

relay is energisecl; pver the 46-volt batteijj,
'

in series with a ioOO-phm resistance on the

private bank contact of the pode call answer-
ing number. Therefore, the ^ponpootor places

ringing current on the line. *

^ 12. The ringing current energises fel2(F) •

of the code-call circuit. •

The•ring cut-off relay in the connector

is also tripped, and tj}ie talking circuit is

completed. ^
13. 1112 locking circuit. Impulse circuit

6 is opened. Circuit 12 is opened to cut-off

R12 200-ohm winding.* Greuit 6*is open to

cut off R6.

14. Talking circuit. The caller gets

battery from R', the called party gets battery

over his connector. •

Code selector and code interrupter return to

n<yrmaL
^

15 (partly over 7). When circuit 6 was
opened, R6 did not de-energise, but was main-

tained over the second bank and wiper of the

code interrupter, until the wipers return to

normal. This switch continues to rotate until

normal is reached when R5 restores.

16. RM6 energises and steps the wipers to

nori^al. •

16'. Circuit over 10 and 30 contacts fto

rotate wipers past these.

Caller replaces receiverfirst—Relays R'(E),

R2(D), and R4(C) de-energise, but earth is*

maintained on the release trunk.

17. Code-call cabinet is kept busy until
‘

the called party has cleared.

• Typical Code-Call Combinations,—^This is

exactly as described for the previous diagram,
RIO(M) taking the place of R7(F). *

i mi
S0/0 Ifre/s Conn, Bnn/cs

Fig.

79.—

Codb-Caii.

System

(A.

T.

M.

Cb.).
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Section I

• CODE SIGNALS 'FCfR OFFICIALS IN WORKS AND THE lIkE
• 1 f

' '
. , \

Another circuit is shown ill ^g. 8Q, whicfe amplifies certain iaatur^s^

This code-ringing equipment connected to a particular set qf terminals an the con-
' nectors. In the circuit to be descrj.bed/^No. 70 has been chqpen. Calling No.«70 connects

up the ringing equipment, and further series of impulses ^re ^en called to sound the code.

The multiple of terminals 70 and the multiple of the answering number terminals, say, 76, are

connected together. The code-ringing equipment* comprises *^a rotary switch with fou^

wipers, p, h, j, A, and fL rotary ringii^ switch with two wipers n.

* The operation of the arrangementfis as follows, first for an ordinary (^11. In the diagram

only ^two connectors are shown, each of which would be reached
)5y two subscribers* lines

over rbtary or other line switches and selectors, if the ofl^e requires such.

' 1. When the receiver has been lifted to call and the line has been extended to the

connector R' energises.

« 2. The guard relay R2 energises.

'First serieu qf impulses are dialled.

3. R3 energises for the durati«n of the impulses, and VM3 steps the wipers up to the

associated levels At^the first^step contacts ON are closed.

4. Path for impulses after the first. After impulses R3 de-energises.

SAiond set of impulses dialled.

6.

R6 energises for the duration of the impulses, and RMS steps the wipers round to

the caUed line«terminals. »

6. Alternative path for iinpulses should R7 be energised momentarily by earth on

wiper c when passing over earthed test terminals.

Busy test ar^d bicsy signal.
^

7. R6 completes a circuit for wiper c to winding of R7 (combined test and answering

bridge relay). If the called line is busy, the test terminal is earthed and R7 is energised.

Grouit 5 is opened4o RMS. Grcuit 10 is opened to RIO.

8. Busy tone to calling line.

9. R7 locking, circuit when R6 de-energises.

When the caller replabes the receiver, circuit 9 is opened to release the connection.

Supply and cgntrol of ringing currenl for ordinary calls.

40. *11 the cdlled line is idle, RIO energises (after R6 de-energises).

11. RIO locking circuit.

12. Earth on wipprs to busy the called line.

1^. Ringing eircuit ‘to balled line. When the called party answers, R13 energises to

cut ringing and join line throu^. Battery B is in series with battery at RMS to ensure

R13^nergising.
1^4.* 'Ringihg tone Induced in upper winding of B13.

IS. Cmren^^ the caUed microphone through B7.

Operation of the connector for a code call (see looker part of Fig, 80)..

A pam is fitted^on the conneiitor-shdft, arranged to switch a centre spring from a contact

tQ another spbing. This ^soonnects the ringing generator RG and ptepares a path for the

necessary additional impulses.
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The caller dials tl^e ^peoi^i number aiid the wipers are moved to the terminals 4 e, / of

No. 70.
' If the equipment is busy, tone is given to caller—all as before described.

If the equipment is idle, ,1110 energises in series with BIO' (lower part of Rg. 80)

« Th^' caller then dials ^he code (one or two digits) oi the party wanted.

16. Impulse circuit to the finging eqiiipipient. R16 ener^isps for the duration of the

impulses and M16 rotates the wipers g, h, j, hi ‘

The eleventh and twenty-first contacts engaged by wiper g 3x6 not multjpled to the

other contacts, to permit the wiper to inove 10 or ?0 s^ps^ without starting the ringing

switch. When the impulses cease B16 dr>-eiiergises.

17. R17 energises and opens circuit 16| e
^

18. tel8 energises and closes circuit 19.

19. M19 energises and opens eifevit island R18 de-energises. The^vibratory movement

thus set up pauses the wipers to advance step by step in known manner, so long bb the earth

is maintained on circuits 18 and 19.

20. R20 energises.'* The contacts engaged by the wiper n are so connected to the

wipers h, j, k and their contacts that, during the rotation of the wiper n, R20 is energised

for long and short periods according to the setting of the‘ wipers g^ k,

"21. Ringing circuit of code bell.

The code ring is repeated during each rotation of the wiper n.

' When the called* party hears his distinctive call he goes to the nearest telephone and

dials a special answering number, in this case 79, whereby a connector, say X, operate? in

the mrnner before described to move its wipers to the special terminals o, p, q (which are

connected to the terminals d, e, /) of the special call No. 70.

2J. Wheq^the slow relay R5 de-energises at the end of the rotation, R21 and R21

energise.

22. R21 lockin'^ circuit.
""

^

23. ^R13 energises and holds over its upper winding, and extends the line to the vnpen

a and &.

24. R24 energises and acts in a manner similar to R13 to extend the line to the wipen

r, t

26. Talking circuit. Microphone current^fed through R' and R26.

Disconnection and restoration of the code-ringing equipment.

When R2r «*energiseL, circuit 10' is opened by RlO'. Circuit 16 is opened and Ml

<

is cut off.
*

J27. «R10' ischeld energised over wiper k until the ringing switch reaches its norma

position. The wiper nt theh engages a dead contact and RlO' de-energises,

28^ Restoring circuit of Ml 6, which is opened when the wiper g reaches normal.

Tfie connectipn is rdeased in known manner.
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Section ^6

MISCELLANEOUS SERVICES
* •

'

*
'

Watckmadi # Servicte (Fig. 81 ) .—^This 0i^rvioe k of giieit benefit in small as well as in
large establishments, ^s it enabl^ the departbuent h^ii responsible for the watchmen to
have a penhanent record cjf ^heir movements. ^ •

This service enables the ^atchifien to report, on their rounds, by momentarily lifting
the receivers of specially-d^gnated telephones* v^ch action on the part^of the watchmen,
A^auses a magnet associated^with that particular line, and located in a recording* clocS, to
operate and record the time on a revolving chart. .Tlje*charts are permanent record of
the movements of ab the watchmen during the fime tha^^they are on duty.

^

For large establishments, where the services of a head watchman are reqidred, the reports,

,

in addition to being recorded on the chart in the clock, may be made visible on an annun-
ciator locatejl in his ofiice. An annunciator cabinet holds annunciators (indicators) which
remain operated, and these are restored to normal by a push button. Provision can be madp
whereby the head watchmali is able to cut in on any line on the 8;^stem, whether busy or not,

by means of special connectors installed on the line-switch board.

Fire-Alarm Service (Fig. 82).—This service is a combination jof thlb confejl3nce code

call and watchman’s service,
‘ * • *

When a person wishes to report a fire he dials the designated nuipber, such as ^9,Vhich
ait once sounds thq general fire-alarm signal. This is a notice {hat all unimportaAt tele-

phoning must cease at once, so as to release the ^witchei^for certain officials, whose du^y it is

to come in on the alarm numiber, and listen*to the man reporting the fire. The h^d watch-

man also comes on this line by means of the special connector.* The**e3eecutive bfficeps

hear the report regarding the fire and in conference deci(^ what^stqps are^to be taken andf
if general notice is to be given as t6 theflocation the fire, the head watchman will dial the

proper code number on the code-calling equipment*(see eifiti of Section 40).

Executive Pridrit^ (Interception) Service.—^This service allows ceftain executive,

officers to cut in on any line which may be bnsy, and either listen or speak to the parties
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*^ngaged^ If it is de^in^, a }jone can be placed upoiit the line when the officer cutic in, to

notify to the parties engrigect in conversation that sucb!' officer desires t6 speak to either or

both of theni. '
^

o ,
>

' For'tjiis service, in ar 100-Hne system, an additional special confa.ector is provided for

each officer, and a key to switch jhis telpphdne^from his regular Hnfj to tl^i^pocialline.

In a system using selectors, special sel^(?tors must be providec} for each officer’s line,

^ together with a key for switching t^kphone to the special selector ; and cne or more

f

Mu/t. to other*
Conn. R^nk^.

To Signal

i U9VIC€S>

Fici. 82.—FliiE AND Emebgency Alabm fob P.A.X.’s,

Rotaby, OB Keith Line Switches (A. T. M. Co.).

Special connectors installed on each line-switcJh unit, according to the amount of traffic

required for this service.

Secretary Service (Fig. 83).—^If an executive officer, such as the manager of a

company, prefers that his secretary should handle the incoming and outgoing calls for

him, this^'arrang^ment can be made, as shbwn in Fig. 83, by the use of an arrangement

"oflbuzzers between their offices.

When a call comeo in, the bell at the secretary’s telephone rings. He answers, and if

it is orfc to which the manager should reply, he presses a button which causes the manager’s

buzzer to sound. . The manager then answers, and the secretary replaces his receiver. < If

the notanagor desires positive secrecy, he presses a cut-out key which removes the secretary’s

- telephone *from the line!^ *

When the n^Anagei desires the secretary to make a call for him, he presses a key to

operate the s^retary’s buzzer, the latter answers on*his telephone and receives instructions.

The manager replaces his receiven and tlio secretary puts the call through, calling by buzzer

: when thcS call cnatures.
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numbef wMoh other officials may call, and obtaii? direol aoo^i? tc^ i^ie manager. TMs is*
attamed by conneotffig the bank contticts of this separate numb^ to {he manager’s^ine, trans-

posing this connection, and installing an additional bell^n the managej^’s office. Because of
the transposition of the lines and the connection of each bell to»earth, the ringing is seledtive.
Cafls on this particular number will only ring the manager’s bell, and he will answer personally,

Connector Banks ^ nr n

# •

because he knows the call is from one of a restricted group of officials who alone know the
number. Other calls will come in and ring the secretary’s Jbeil in the usual manner.

Double Number Pick-up (Fig. 84).—^If an executive officer, who hasVio secretary
calls his office from any t)art of the estaffiishmeiit, and finds the line busv. he assumes thiuh
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system, as shown in Fie 84 ' A swini ^ “ obtaihed in an automatic

wires STne regulaJ^umbi ^ with the

by me.li, do.bIe ttmaber Jfct.™
“>y P»rt ^ tb. mtoblMmeirt,



Section 44

• SIEMENS EQUIPMENT FOR A 100>LINE PRIiIaTE EXCHANGE o

Thi# is kn<jw^^ theip *Autophone Systeiy^ i^o. 2. A general view is shown iA Fig. 92.

The apparatus usedincludes a fine switch, or breselebtor^ per calling line, and a percentage

of connecto]^ according* to the traffic to be ccmed. <Tne preselectors and connectors are <

sypilar. to those used on larger equipfpents, iUintrated ih Figs. 65 to 69, Vol. I, but having

simplified circuits. The telephone instrument* ai;p also of standard patl^nm, with circuits

as shown in Figs. 21 and 22t^V'ol.^I. Thfese are fitted with the dials shown in Figs. 8 and 9,

Vol. I., or Fig. 126, Vol. lU
The^ equipmeq^s are fitted with alarm circidts, §oHhat faults cah be readily localised^

and remedied. • •
^

The battery is of 60Volts, and two sets of accumulators are supplied with all charging

facilities.
*

®
^

a-*

This equipment can be used in connection with a public exchange.

Fig. 85 shows the ci:(^uits. Siefiiens particular circuits are also shown as key diagrams

,

in Fig. 86. These arc numbered in the order of operation, and are as follows

1. When the receiver is lifted, R' energises. ^
*

2. The magnet M2 energises and steps the wipers round to find an*idle line. «

®

^ 3. Relays R3 and RR3 energise, when the wiper C makes contact with an idle line

test terminal. The wipers then come to rest. ^

4. Holding circuit of R3 over its 16-ohm coil. R' and M2 de-energise.

5. Loop 1 is extended to the connector relay R5.

6. Holding circuit of RR3.
7. R7 energises.

^ Permanent loop lamp glows.

9. R9 energises (slow to de-energise).

The tens digit is now dialled,

Wheii the loop is opened for the first impulse, R6 de-energises.

10. RIO energises (slow to de-energise). •

1 1 . Holding circuit for RR3^
^

When the loop is again«olosed to complete the impulse, R6 ro-energises.

12. The vertical magnet VM12 energises end lifts the shaft one step. The K contacts

operate. Circuit 8 is open and PL lamp ceases tp glow. The following impulses of 4ihe digit

train act in a similar way, to lift the shaft to the desired level. Relays R9 and RIO remaih

energised during the impulsing. At the end of the train R6 remains ^nergised. Cifeifit 10

is*open and RIO de-energises. Circuit 11 is open and RR3 de-enei'gises.

^13. Holding circuit of the C wire.

14. folding circuit of R7?

The units digit is dialled, • ^

When the loop is first opened, R6 de-energises and closes circait ^0, and RIO energises.

«

16. Holding circuit of RIO and R7, when W2jBontact is opened on the lirst rotary step.

R6 re-energises at the completion of the first impulse.
^ ^

16. RM16 energises, and the wipers rotate one step. Additional impulses act in a

similar way, to rotate the*wipers to the tefminal%df the des^d line.
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The circuit of thp ^OO-dl/tn wiriding 6t R17 is open at 17', to prevent interlerenife, when
wiper C ii^ passing overdueterminals. ^

At the first rotary step! the W contacts are operated. < At the end of the trai^ R6 re-

mains energised. RlO de-energises. R7 de-energises *efter a short ii^terval, circuit 15 being

open. Circuit 16 is open, and RM16 de-efierpises.
' •*

17. R17 energises over the C wiper. A

18. R17 low resistance enga^ng circui'tf

19. Ringing circuit through the bell of jAie called .station. ^
20. R7 is CiSintrolled by Rl7 and copnefcts to the ringing' distributor. R7 now pulsates

and connects ringing current intermittently to the**called ^inCj^vor circuit 19.

21. Each time R7 is energised ringing tone is connected tathe calling line.
*

r- 22. When the cfflled subscribef answers, R22 energises over its lower winding, ^nd opens

the short-circuit on its upper winding. •

‘

£3. RR3 again energises in the third conductor holding cir'euit over W'. Circuit 20

is open, to cut R7 frorii the ringing distributor.
*

Conversation now takes place ,—(^urrent for the calling microphone is supplied through R6,

and that for the called line through R22. '

,

* If the called line is busy, R17 does not energise, as it is shunted by the 30-ohm coil of

the line engaging the called party., If the called party has originated the call in which he is

eiogaged, the C wipei* will be off its normal contact, and there will be no circuit for R7, which

then de-energises, as circuit *15 is opep.
.

^

21. Busy signal to caller.

Release ,—When the^ called subscriber replaces the receiver first, R22 de-energises.

26. R22 short-circuits the 30-ohm winding of R17, which de-energises. Circuit 18 is

open, battery is cut off the C Avire, and R3 of the called line de-energises. The called line is

now 'free. Circuit' 19 is open, to prevent interference whilst the wipers are returning to

normal., Circuit 24 is completed, and the caller gets u continuous tone, as a signal to feplace

the receiver.
*

When the caller replaces the receiver, R5 de-energises, then R9.

26. The relea^se magnet M26 energises, and steps the wipers to normal. The C wire is

open at 3', over M26, and RR3 and R3 of calling line de-energise. Contact 3' is again closed,

when the wipers are at normal and the shaft has dropped. Contact K2 W open td open

circuit 26. All <apparatu3 is then at normal. '
«

When the 'caller replaces the receiver first, R6 de-energises. Circuit 9 is open and R9
de-energises. ©ircuj,ts 17 and 18 are open, and R17 de-energises.

* The remainder of the'release operations are as before described.
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> Section ^5
I

A FRIVATE SWITCHBOARD WITH A CAPACITY *011 200 LINES, SIEMENS
(trigs. 87 and 88)

The lines are dnrided ^nto %wo 100-line g^ups, "hnd discriminators are introduced, to

connect witl^one or other of the groups, accomng.as'the first digit is 2 or 3. These dis-

c^ipinators are inserted bet^Veon the preselectoL and th*e connectors. Another function of

the discriminator is to distribute tlie calls over fh%connectors. y
Each discriminator set («Jhsists of tw6 preselectors and a set of relays, which are under^he

Control of the caller.

All numbers, ne^ssarily, hdve three figures. •

Digit 1 is avoided as the first figure of a number^to prevent false calls due to^inadvertent

movement of the switchhook. •
*

Test jacks are provided, in order that each switch may be tested fA>m a te^t set, by means
of a test plug. Similar jacks are provided on each line leaving the discriminator multiple,

in order that the conhec^rs may be^tested in the same manner.

The h and c lines are reversed on these jacks, in order that the c line may be earthed,

after the a and h lines are looped, when plugging in. Xhe receiver of the test instrument

should be removed before inserting the plug, otherwise a false impul^ would be receivad

on Jhe switch under test. • ,

The circuits (Figs. 87 aftd 88) of the discriminator are as follows :

—

30. Circuit 3 of the preselector is extended to R30, which ^nergises (made slow to

de-energise).

31. Pkrallel circuit to 1130 winding.

32. R32 energises (slow to de-energise).

Impulse relay R33 energises.

34. Permanent loop lamp gloves.

First digit is dialled.

When the loop is opened, R33 de-energises.

35. R35 energises (slow to de-energise). •

When th^ loop is closed to complete the impulse, R33 re-energises.

30. R36 energises. •
*

37. New circuit for R32.

38. On the second de-energisation of R33, 15^38 energises.

39. Holding circuit of R38.

40. Holding circuit of R32.

• At the end of the second impulse R33 re-energises.

^41. R41 energises.

42. R41 locking circuit.

43. New circuit for R36.

, Should the first digit dialled be 2, R33 remains enei^sed, tn^ R35r de-energises, as *

circuit 36 is open at R33. R32 is held emergised cjirer contact 40.
*

44. Circuit for M44, corresponding to the 200-lifie groi^ of connectors. The arms are

•moved round by interrupted current. * \
Should the first digit dialled be 3, R33^again d^-energiseg for the third impulse ; but B3^
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t u not d^eneigued, ^U8||t is ^ade Slow to de-energiie. CSrcuit 43r.is open aad R8)
de-en^ses. Oontect 43 at Rsa is open, so that cannot re-enargise when R33 re

d^S'SBes'^*"
jre-?nergise to complete the finfil impulse of the first di^it, R3f

4®- ^he disoriiiiinatdr d4^ magnet M46 of the 300-Une group now enenrites anddnvM the wipers to the termina’is of a&i idle rbnnector in the sorf-lina group
‘

'

j
o'

46. R46 ene^es in series with RRg oi the conneWr. '

.
47. The lO-otim winding of R46 is inserted in the C wire
48. The driving circuit of M44 (if the call is in the 200-jine group) is open and the,disciin^tor arms ale brought to legt on ^he terminals of the sele<^d fine

^1. * u
30 and 33 are opened at R46, and the loop 6 from the preselector is ioined

^*"1*^** ® connector. R30 and R33 de-energife. R3 of the pres^iector

Md S w eneigised m the third conductor, thfough their low-resistance windingsand the circuit tests busy to other discriminators.
® ’

'MSiSS” 8*. 41' «. open, „d E35.

“ “ OP-. W
Release. ‘ ’ *

R46STii ^ T
de-energises. R3 of preselector de-energises first, because

Sd
de-energise by the short-circuited 600-ohm coil, arcuit 48 is closedand tpe discnininator arms rotate to normal. '
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, Control an(( Alarm Circuits.
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•Section 46

OPESATION OF POWER ALARM CIRCUITS? SIEMENS AUTOPHONJB
SYSTEM* (Figs. 89, 90, and 9h)

The exchange is*operai^d fAm a 60-volt battery <5f acciimulators. A small dynamotor
(Kg. 93) driven from tlfe battery, supplies the rin^ng fiSid tone currents. This machine
al^ operates a number of spiln^s, by pieans of cami, to provide interrupted driving current
forthe preselectors. Reductiofl gear and slow-speed^ams control the alarm circuits provided,

^he machine m controlled by^a day Aid night switch fitted on the pc^er panel.^ When

the switch is thrown to th^day side, the machine runs continuously, and wfien thrown to the

night Sfde it is formally stopped, but commences to run as soon &s a call is n^de. When the

machine is started by a call, iinder the latter conditions, it is kepf running for a period of

two* minutes, after which, if no further call is made, it automatically stops. * If the call is

unanswered within two minutes, a tone given to tl\p caller will cease, anA^be tail can<then*be^

cleared or a further one made. It is only necessary for the m%-chine t© run during the^

setting-up of the connection,
^

^

• An alarm bell and lamp signal are provided i ‘all attentioh to abnqpnal conations,

such as the breaking-up of a fuse, or a receiver u ; placed. In the latter cafe a time-lag

device is introduced into the alafm circuit by rileans of i caifon the machine, which prevents

the alarm coming into action during normal operations.

Preselector driving circuit, ^

Preselector driving. The preselectors, and di|criminator8 when provided, are dnven

by battery current, supplied through interrupted corftacts ojerated by caps oit the dyna-

^*When a preselector, of discriminator, ft to opefate, the prcuit of its driving magnet is
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the and pi^nt is supidied i^om the p<Air« panel over the daj
witc and oiromt 61 . The cur^nt h.' interrupted forty times per sepond, and th^a^ an

i

Fia. 03—DyjfAMOTOB op Siemens No. 2 Autophonb System.

stepj^d round. A separate driving lead is provided for each rack.
Each interrupter contact is provided with a relay, RR2(DK), to'prevent th8 interrupter
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energise and introdik^ the 2000 8hms in series withothe driving ma^et, so protesting ,it

from nndpe heating, spark-quenching circuit is provided across the contact.

R4nging and Ringing Distributor Circuits.
' JR^ing Supply ,— alternating current required for ringing the telephoi^e bells is

obtained from a winding onctl^ dynamotor^innature, over 8li^-ringk,^oAe«of which is con-

nected to earth. A separate pai^of ^leads^is taken to eacli conneqtor-rack, and a 300-ohm
resistance is fitted in the supply wii%,,tp prevent the ringing winding on the machine being

short-circuited on any of the racks. *
^

Binging Distributor.—^The ringing-distributor contacts are controlled by cams, operated

by reduction geajtfrom the shaft on the mp.chine.
^
The leads afe earthed for a period of one

second in every sixi thus giving one second’s ring to five seconds’ silence.

The Tone Circmt.

. The tcgie, indicating the buSy or idle condition of any line, is obtained from tone coils

wound on spjecial inteipoles on the dynamotor, and energised in series with the field. The
tone, which results froiq the action of the armature teeth on the magnetic field of the machine,

is taken through the primary winding of a transformer, and from the secondary it is dis-

tributai,tq the connector-circuits. Earth is used for the return of the tone circuit, so that

onl^ one lead is required to each connector-rack.

The Alarm Circuits. c
* * ^Main Fuse Atgrm.— ^arm is provided for the main fuse of each rack. The relay

R62 (MP. 1500 ohms) is connected across the main fuse, by means of a special fuse mounted
adja^fent to the main fuse, and a fuse on the 60-volt bus-bar. On the main fuse melting,

due to an al^normal current, 1152 energises, "^he circuit is completed through the earth or

short-circuit. • Circuit 52 is a holding circuit for R52.

53. The main fuse alarm lamp glows on a particular rack.

54. Circuit of alarm relay R54(AB).

55r Alarm abell circuit.

When the fuse is replaced R52 is short-circuited.

The alarnf lamp, relay, and bell receive current through the special luse, so tnat tne

melting of the main fuse does not affhct the signal.

Distribution Fuse Alarm.—These are of an alarm type, the spring connecting the main
bus bar to the §»larm bar. ’Battery is connected through the 1000-ohm coil of R5b(FA),

which energises.*
' • •

'

In the case of a drive distribution fuse melting, the interrupted current passes to’the

alaYm HJtr, thro^gl^bAe 600-ohm coil of R5i^(rA) over circuit 57. R56 is slow to de-energise,

‘therefore is not affected b^ the interruptions, and remains energised.
* 5%. The distribution fuse alarm lamp glows on the particular rack.

*69. Alarm rglay circuit in which R64(AB) energisg^, and closes cijcuit 56 of alarm bfell.

Alarm ’Circuit on Slow-acting Circuit. t,

• Perjmnent Loop Alarm.—Tins indicates w^hen a receive! has not been replacSd, or the

line is earthed, or shoft-circuited. In such conditiom^the line is extended to a discriminator,

.or connector, ^^if a call^ad bqpn made. A switch is thus needlessly held as engaged. The
position of the switch does not give anj; indicatibn of the trouble, it being at normal. A
lamp is, therefor^ provided to^ndicatft such occurrences.

The calfing condition must be maintained for a period of two mihutes, without impulses'^

being dialled, before the alarm \§ brought*imto operation. A time-tag device takes care of this.
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'Rme-lag Oi^^t.—When oiroult 8' of the connector, orwircuft M of the discriminator,
IS completed, the PL relay is energised in circuit 59. A PL relay is provided i>er rack of
connectors, or discriminators, i.

Thp alarm pam, driven by reduction gearing from the dynamotor shaft, maker'a rev<Ju-
tion m two minucei. Tbp higji portion of the cam causest the centre to make contact with
the outer spnn^ and t^ lower portion of the cam allows^he centre to make contact with the
inner spnng, Betweeii these points both circuits g»re open.
• 60. When the high portion is operative R60(S) ftnUrgises .

61. R60 holding circuit,
^

•

•R62(?)enXS«
” revolution snd then the low porti^ is operative, 'and

63. Holding circuit of R62.
64. The permanent Joop lamp on the partioulAr rack glows.
65. Alarm relay energised, alsg that of alarm bell.
The operation depends on circuit 60 being closed for a predetormined time ; as, shofild

It release, R60 wiU de-energise, and cannot be re-energised until the cam makes another
revolution. •

The switches concerned can now be traced by means of the rack lamp and th'e JWanentloop lamp on the particular switch.

Shaft Sttcking Alarm.—This draws attention to a coiyiector which fails to Mbase
properly. •

66 . On the release magnet circuit being closed, current is drawn through the Rlifrelaycommon to the rack.
*

* 1.

Ppvent an alarm being given under normal conditions, the alarm is associated with
tne time-lag device mentioned.

67. Circuit of shaft sticking lamp on the rack.
68. Circuit of R60(S).

I

releasing*current will not be cut ; as K2 wiU not open and
re ay, R66(RM) will remain permanently energised. Circuit 65 is closed: and the alarm '

relay and bell operate.

Perma^nt Drive Alum.—This draws attention to preselectors or discriminators driving
continuously, winch may be due to there being no idle connector, or to one faiUng to retuim
to normal properly. This is*also associated with the time-lag device, so that normal working
does not anect it.

* ®

In the case of a permanent drive, R51 (DSVis held energised in series with tffe drfving
circuit 51. • ^

69. Circuit of permanent drive alarm lamp on the rack.
70. Qrcuit of R60(S). „

eSho^d the condition be maintained untU R62 is energised, as before described, the lamp
glows, and circuit 65 is closeJto give the audible alarm.

^
Motor Control and Nlght-Stdrting Circuits.

• Night Condition.—When the motor control switch is i» the night posifipn, the
JB norm^y stopped, but commences to n!n immediately a call is made. The starting circuit
18 brought mto operation by the closing of the preselector driving-magnetoircuit

. 71. R71(I)A) energises in series with a 1000-ohm resistanbe, RR2 (dfc- interrupter
contact), over drive bus-bar on rack, to driving lhagnet, and earth. R71 ftporgiaeB ,

•
•
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72.

^

B72(NS) encNTgi^es.

73.

* Mptor circuit.
,

74.1 1171 is short-circuitQ,d by *5 winding of B72, and cpnnecting battery i!o the«60-Tolt

interrupter bus-bar,^ thu^ prodding current to oper^ the driving <nagnet of the calling

preselector. During the timai t}ie presele6toii is driving, relay B51 is, h^^ energised and
completes a holding circuit for R7^.

^ ^ ^

Circuit 73. R72 is held energise 4n series with the djrnamotot^ and doe^t ndt release

when circuit 69 is opened, when the preselector completes its diive. The motor-control canj^,

which is driven by reduction gearing from the shaft of the machine, now operates the motor-

control spring set, which, on closing its first contact, calledithe £arly-closing contact, makes
the motor circuit independent of R72. Its second contact; called the late-closing contact*

closes immediately tliereafter, shoj^t-^circuifting the *5-ohm 'winding o,{ R72. R'Z2 is thus

de-epergised« unless still held ovei^circuit 69.
^

The contfol-spring set remains in this condition, \^^th both contacts closed, for twelve

seconds, the cam then allowing the late-closing contact to open, but keeps the early-closing

contact closed. Circuit 72 is now completed, R72 winding is short-circuited, and the machine
is kept^pn^ing from battery through R72. The dynamotor continues to run until the

3ontA)l cam reaches its normal position, and the early-closing contact opens.

If a further call is mUde whilrt the dynamotor is running, and both control contacts

jlosed^'on the closing of the spcSnd driving-magnet circuit, R71 is again energised, and also

E172 in circuit 72. Circuit 74 closes and current is supplied to the driving magnet, R51 again

[lolding R72 during the time driving current is required.

If a furt]jier call is made whilst the dynaipotor is running, but after the late-closing

K)nta€t is opened, on the closing of the driving-magnet circuit, as before, R71 and R72 are

3nergised. As the laite-closing control contact is now open, circuit 73 will hold R7^ energised

after R71 and R61 have de-en^gised. The motor circuit is now maintained over R72,

early-clocing control contact, and circuit 73 in parallel, dynamotor, to earth.

Vrhen the control cam reaches the normal position, and both control contacts open, the

motor circuit is l^till maintained through R72 and circuit 73, and the control cam is driven

through another revolution. The control cam proceeds to close both control contacts, R72
is short-circuited, so that it de-energises, and»its back contact is closed. The dynamotor

^is now again und^r control of the early-control contact, and when the cam reaches normal

again, the contact opens, knd the machine is brc/ught to rest. The dynamotor is started by
any demand for driving current.

The^Slow-ijict^ii Alarm under Nigjit Conditions.

Condition for Rkim.—Tn order to ensure that, under night conditions, the motor runs

for a* sufficient time Mter the alarm conditions are set up, the slow-acting alarm cam has a

definite relationship with the motor-control cam. The high portion of t];je cam does not close

the contact until after the late-closing control contact has been allowed to open.

Alanps are jjpven under the following conc^tions :— *

(a) An alarm conation set up when the machine is at rest, or undefrunning conditions,

during the periqd when both control contacts are closed, will cause the dynamotor to rum
until the control cam has made one comply revoliAion, thus allowing both the high and low

portions of the alapn cam to pa&.
*

(&) An alkrm condition set up after the control cam has passed tUe position where boih'

control contacts are closed, audcthus, aftei^ the high portion of the alarm cam has passed,
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will oaXise the nc^^tqr to run througlv<a*further complete revolution l>f 4the control cam, after*

the normal position has been reached, and so allow the high and Ipw portions g| the alarm

cam to pass & second time, and»th^ bring in the alarm bell tnd^ lamp.

Operation of the Power Circuit. • ^

Cha/iyfing.— 6har^g ^urrent for thoabaiteries is obtained from D.C. supply mains,

or motor generator. A^rheostat is provided to regulate t|ie strength of the charging current,

and, on blosing the charging pwitch, current is introduced by way of the ammeter shunt to
'

l)iattery No. 1, or battery No., 2, agcording to the position of the coupled battery change-over

switch. The strength of the charging current is measured by throwing the ammeter switch

to charge (see Fig. 91). ^

The rheostat is adjusted to give the correct charging current.

The woltage of the battery under charge is ineasurCd by throwin^^

towards battery 1 or battery 2, whichever is being charged. •

Discharging .—^The discharge ^urrent for the whole equipment is passe^ through the

discharge ammeter shunt, so that, by throwing the ammeter switch ^6 discharge^ the strength

of this current can be ascertained.

The voltage of the battery is measured by throwing the voltmeter ,g;aiitch, as;

previously described.
^
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Section 47

oKAmun wfiCES FOR CAPACITIES UP TO 200 LINES *

The Relay Automatic Telephone, CoApa&iy’s system h^a been ^er.eMy described in
voi. 1, page 240, and it is therefore unnecessary to noint out its oAliont faatnnu.

Reference.

Ctmnectlng

Othe\^ Relays. \
T^ff^fngCtrcwt. i

Recpp»randMarker Circuit.— number 41 calls Number 27.
e <

*'

Oidt Thd/tf:

• Oui Trunks AtBFpd Connectors
6 r

Trunk
Connecttno
Group

i ! I I

s A
lay-o^t opschematic diagram is sho^m in Fig. 94 for a 60-line installation,

and Pig 96 sho^S a correspondix* 4iagram of connwtions. For instaUations above fifty, the*
pnncipal mo^fication consists in addition# to the, so-called, recorder and marker on the lines
inmoatod in Kgs. (194 and 196 of Vol. I. The diagram (Fig. 96) is suitable for a purely
private mstaiiration or fra local connecti<jns in a jirivate automatic firahch installation In
connection with the public^ service.



Special featu^ will be descil^ in che cirouit c^cri^on. • Tjbe circuit ia numbered
as follows :—

Qtatioi! 27 is to be called.^^. . ^

1.

^
Receiver lifted R'(LE) is energised. The earthec^ 'mndiiig on R' is wy^und no^lT

inductivoly. JEHoJ RR' also ^nergises.
f

" ^ ^

2. R
4^(0TT) energises, and closes the out-trun4 test circuit.

3. •R3(LM), R3^(^TC), RR3(BBM) energi^, i Tne thermostat commences to heat.*

^ Note that a link and its asapeiated out-trunlc mtlSt be idle. A link has been connected
to the ouUtrunk by R3'(OTO). •

4. R4(LC) energises. If the c4ll is effective the lamp will not hayl time to glow fully.
The caller is now connected to .the link. I

“

5. The out-tnink holding circuit in which 433'(GTO) and R4(LCy are held, and R6(CO),
and R6'(F) are energised. Circuit 1 is open and R', RR' de-energise. Qrcuits 2 and 4
are open.

6. Impulse relay R6(A) energises over the caller’s loop.
7. R7(G) energises, is slow to de-energise. Test circuit opened to busy out trunk

and link. R3 de-energises and the lamp ceases to glow. Circuit 5 is now completed over 61
7'. The A and B feed lamp L7' glows fully.

9. R9(RP) energises in series with holding coil of JilR3.
10. Finding an idle recorder, RlO (RCl), and RIO'(P) energise, knd busy lampi^WJ (in

parallel) half glows. If the first recorder were busy the test wire (T) would be open at BY
contacts. R(^2 would then energise over BY contacts in the second recorder. ^

11. The recorder is prepared. Rll (RG\ energises and prepared lamp Lll (in parallel)
glows. ’ •

12. All units relays operate over the contacts of their respective I relays.
13. Relay 1 1*0 operates. • «

*

Ul’O de-energises and 12*7 is connected to the impulse wire IWlover th^ contacts
of all units relays. * •

The recorder is prepared, but other subscribers still have access to it.® •
The dialling of the first digit 2 opens and closes the caller’s loop twice. R6(A)

de-energises on the first break, •
*

• 15. Rl^ energises in series with the holding coil of R9.
*

16. New holding circuit of RR3(BBM), R15(FI), RlO(RC), ih whiohkl6(BY) energises*.
The latter is slow to release. The recorder test-wire is opened at BY to make the recorder
busy and inaccessible to other callers.

^
o *a #

17. New locking circuit for RlO'(P). Lamp LlO is in pdtallel ^lIliRlO' in circuit 17, •

and now glows fully. o • •

18. New holding circuit for ,lJ-6 in which R18(IH) enetgites. TJntO Rl6 ener^es,
Ri8 ia short-circuited to give ample time for the operation of R 1 1 .

*

19. Rll is connected tfl the impulse-Vire circuit f4. Rll remains energised dturing
the train of impulses. ® • • ,

• ^
R6 re-energises on the make of the first impulse and R«(RP ) cle-energises. The impulae*

circuit U is again established. * ,
‘ ^

Second impulse, break.—R6(A) de-energises, Connects earth to the impulse wire 14,
•

and I2'7 energises.

20. Holding oircuif of I2'7 over circuit 18.*
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r U2*7 is now connoted to^the toapulse wireu4 an4 will de-energise af the end 6i the

impulse/ <

Second^imptUee, make,—^R6(A} is re-energised and eartlf is cut from circuit 14.
,
U2‘7

de-tenergikes. I3'8 is^connected^to the impulse wire. 71*6 holding circuit 18 is opened and
Ul'6 ener^ses over dircuit 12. ^ ^

. . c
^

In the interval between the first aild second digits the I and tj relays are as follows :

—

12-7 is locked in series with El8(lrf),^lje otfier I relays being at rest^ U2'N is at rest, all

others being energised.
' ^

^ ,

Rll(RG), being connected to the impulse wire 14, de-energises slowly.

21. TN2‘7 enemses.
^

® ‘

22. R^2(TNH) A aergises in series with TN2*7. c •.

The tens digit is how stored by ‘^fche locking of relay TNS‘7. (^Jircujt 18 is opened, and

Rll(RG) re-^energises. The releAse of 12*7 allows U2*7 to re-energise. 11*6 is then

connected to the impulse wire 14.

‘ Second digit 7.—^The'gounting operations of the second digit are similar to those described

for the first except the first impulse, break. There is now no recorder holding circuit to

establish

First impulse, break.—^The caller’s loop 6 being opened, R6(A) de-energises. Impulse

circuit 14 is earthed and 11*8 energises, and locks over circuit 18' in series with R18.
' £3.mU1*6 is conne6ted to the'impulse wire 14 over 23.

First impulse, make.—R6(A) re-energises, opens 14 and Ul*6 de-energises. 12*7 is

connected to the impulse wire 14.

Second impulse, hrea\.—R6 de-energises, (^cuit 14 is earthed and 12*7 energises.

12*7 is Rocked in iSeries with R18 over circuit 20 and 18'.

24. U2*7 is connoted to the impulse wire 14.

Second impulse,'make,—R6 re-energises and U2*7 de-energises.

25. 13*8 is connected to the impulse wire 14. Circuit 18' is opened and 11*6 de-energise*8

and closes a circuit over 12 to re-energise Ul *60.
‘

, 26, The remdning impulses operate corresponding relays in a similar manner. After

the fifth impulse is received 11*6 is reconnected to the impulse wire 14, and the counting

operations recommence to progress through the I and U relays from 1*6 to 5*0 with the

following modifications :

—

27. The sixth impulse, *i>reak, actuates an additional relay H;27(U6C) whose function is

to differentiate between digits 1-6 and 6-0 at the marking stage. As the second digit is

7, R27(U6C) will ((^herate at the sixth impulse^ break, to co-operate with TN2*7 (now looked)

to'suppress 2 and s^ect 7 at %he marking stage.

Rlfi(IH) remains ’energised until the end of the impulse train.

28.

« R27(U6C) Rocking cftcuit.
,

When the last impulse is sent in, 12*7 is locked in series with Rl8(iH), other I rels^ys

being^at rest. U2*7 is de-energiefefl, and all 6thers energised. R27(U6C) is held over

circuit 28.
‘

‘
^ ‘

^

c Marking.—Circuit 14^i8 opeiped, R6 being energised after impulsing, and Rll(RG)

slowly de-energises.

' 20. R29(MC) e^iergises.

30. R29 Jipcl^g circuit.

Each recorder has an R29(MC^ relay, afidonly one can be energited at a time, therefore



-

- *
only ^e recorder can control the mashing vfirea. Two rdbord^ canncib mark simultaneously#
It takes less than one-tenth of a seaond to mark,

^
*

The operation of R29(MC)^will mark one of the two fifties marking wires iinth)battery
but, as in the presen|i example, theip is only one fifty to choose froim these wir^ are mdt
in use. • ^

•
. %

* ^

. 31. The out-trunk isWrted and ringing prepai^ed. fl3r(RG) and R3'{OTM) energise

in paraUef. • * * ^

32. R^r(RG) locking biJcuiJ.
^

33. Circuit of the fives marking wire. R33(lirT) energises.

34. Recorder meter energises. ®

Circuit 10 is open and Rmi(P) de-energises slowly. LlO ceases tofglow.

35. In-trunk t^st circuit. * R36(LM), R35'4ITCk RR35'(OTM) dnergise. RR35(1TB)««
does not energise wilh current through its test coibonly.* This relay is differentially wound
and operates when the ifolding coil only is energised.

The link is connected to the iii-trunk.

36. The called subscriber is marked and R36(LC) energises.

If the line is httsy^ tiie above circuit is open at F contacts (36'). Busy tone^i^-Jj#n given*

to caller. o ^

37. In-trunk holding circuit. R37(F), R3i;{CO) energise, and R36(LG),
R35'(ITC), RR35'(OT/IT), R15(FI), RR3(BBM) are held.^ RR36 detes not energise* •*

38. Ringing circuit. R38(RT) energises when the subscriber lifts the receiver.

RlO'(P) does not de-^nergise until R36(LC) has energised, then all recorder^relays

de-energise. R16(BY) is made slow to de-energise to keep the recorder busy until all other

relays have released. The recorder is now* fully released. , •

RSlpOTM) also de-energises. R35(LM) then de-energises and RR36(ITB) energises,

the test-coil circuit being open. R33(ITT) de-energises. •
* *

39 (partly over circuit 38). The called line is connected to the battery feed rela3i^R39(B),

which energises and completes the talking dlrcuit.
*

R6 controls the release from the caller. If the called party does not replace the receiver

promptly, R6'(F) is held over the pilot relay. •

41. Pilot relay energises. Thus a trunk^cannot be held busy.

42. If th6 caller fails to release, the thermostat operates.
*

43. R5', R6, R4, R3' ase shunted andorelease.

• Additions and Modifications necessary for *Use in the Public Service.—Fig. 96

shows each local line provided with a lamp^ and jack and hov^ ifesocikted

with the subscriber's unit. Fig. 97 shows a trunk to a commdh battejy exchange, and i,

cord-circuit for making the necessary connections. ® ® *

, When an exchange connection is set up, battery for the Idbaf microphone is provided

from the main office?
* *

When an exchange conn^tion is requii^d, 0 is ffialldd to call-in a local operator^ho^^
completes connection to a trunk. Far inward calls the main office rfhging-current operates

an indicator, a condenser being in series. Again the local operator completes the connectioir

manually.^ ‘ * *

Some minor modifications are necessary on the recor^r, the natur^ of these varying

according to the capacity of the local office.
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'Section 4S

“ SELECT-O-PHONE •’ PRIVATE AUTOMATIC EXCHANGE
• • • I * .

Thi# system* being ini^alled by Pe#tigfew & Men^^man, Lta. (Screw Machine

CoilhBGtnm fhom Muitiph ibnlnoomtn^ Cafts

Telephone Circuit.

Selector Circuit. , ,

I%G. 98.—Selbot-o-Phone Private Exohangk Circuits (Pettigrew & Merriman),
• »

•

PrffduciS Corporation, U.S.A.), for installations up to 33 lines. In addition to dir^t

secret service it provides for conference fafi- —
lities for three or more people and with a

direct call or code circuit for calling to the

nearest telephone anyonfi wanted who may

be at •some uitknown point in the establish-

ment. The circuit is shown *in 5ig. 98. •It

is btiilt up in* sections as shown in Fig. 99,

and therefore can be readily extended. The

instrument may be of the type used generally,

and Fig. 100 illustrates a convenient design

with handset and dial or circular impidse sender

attached to the base.*

The •receiver is lifted aft(^ the dial ha%

been set to make a call, and a ringing-key

(^pressed after the dial has returned to

normal. TJie dial is locked during conv^-

sation to prevent interference. ^ c j • i j

The Sal has two sets of contacts. Thfe iwimfoe contocf is nora^y open, is closed

int^ttently to send impulses. The ringihg^m^^ont&ot ij only closed when the dial is at

;^G. 99.-^elbot-o-Phone Switch Panel.

. t
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normal.
,
The first siting mpvembnt opens the contapt to prevent disti^bance «hoSild the

ringin^-kev be irregularly depressed. r

A stepping rotary switch is associated with each line. It has three magnet^. D receives

Vhe impSilses and stpps the wiper to the required number. M serves .two purposes~-^holiling

the ratchet' pawl in 'position dj.iring impulsing and switching ^the line to ,thb talking "position.

S tests the required line and connects busy tone to the caller if tLe wanted line is busy. ^

Magnets M and S have contacts to control the circuits. M has two armatures, one
operated immediately the receiver ib lifted to insert thp ppwl into the selector ratchet and so

.

retain it in the position set by magnet B.c The second armature is operated after the ringing-

key is depressed. ' Spring set Ml is controlled by tins second arlnature and opens the circuit

of testing magnet SfWhen operated. It also connects the line to the wiper for talking.

Magnet 8 carries spring sets 81rand <S2, the former clbsing a locl^ing circuit, for the 8

. , magnet,' to pievent the busy tone being stopped by the caller

depressing the ringing-key wrongly. *82 contact connects the

busy tone to the caller.

M H ,The commutator contact WK is adjusted to close only after

the switch has taken its first step and <the second is not quite

^ completed. This contact is required for the general call circuit.

The contacts are shown in their normal position.

‘Fig^ 100.—-SELECT-e-
circuits (Fig. 98) are numbered as follows :

—

Phone Table In- 1. The dial being set and the receiver lifted, the (]5 wire is

^STRUMBNT. counectcd to the switch. MagnetM inserts pawl in the ratchet. The

^
circuit resistance is such that the second armature is not attracted.

c2. The impulse circuit is closed a number of times and magnet D is energised a corre-

sponding number of times. The wiper is stepped to the required line.
‘

3. Ringing-key is depressed and short-circuits the transmitter, so that the M magnet

pulls up its second armature, which is then held in that position.
* *

^ 4. Ringing-circuit, over 4 of the calling anB 4' of the called line.

The called S-^eceiver is lifted and conversation is carried on.

STRUMBNT.

Line busy,

5. When a receiver is lifted, positive battery is connected to the multiple contact.

6. Another party calling this number, his S relay is energised over circuit 5 and locked

over contact 6^, ^o that it is independent of contacts Ml and

7. Busy tone control-circuit. R^ay B energises.

8. Tone relfi-y TN energises and busy tone is induced in the second winding of B.

Ringing,— bell is bmg by lower^g the resistance at the calling instrument. Ringing

ceases*because the tieU is shunted by the M magnets of the calling and called lines in parallel.

General Call̂
—

^The general-call relay is controlled from the first contact of the multiple.

The WK coihmutator is not closed, and consequently the 8 magnet is not connected tg the

wilder. I^he line is therefore rii)t bhsy. TMs allows the ‘call to be answered from any

telephone.



• Section 49

A. E. JSTEVENS’ P.B.X. WORKIISG

The -smtches h%vo a capacity of 100 linea! arid have 100 ^ntacte aiknged in a circle, a

Subi 4.

Set.R Sel.M CenlM tCon.fi Lockout R
(Bg>

ickt.- Impulsing Sp, a, breaks from
contacts with

£ti Aftenimp, contactsas
shown.

Sub. 5. ,

Impulse Sp^s

% Common Return

Fig. 101— Cibcuit of A. E. Stkvbns’ Privatk Exchanob SysTina

single wiper being used. The switch has also a set of contacts controlled by an>-arm, which
are pjmed when the switch makes a call. One switch per line is fitted.

. The has a
capacity for 100 lines, and for, say. No. 90, ninetyimpulses^ sent out.
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t

^ '

other features will‘‘be de^s^crib^d with the circuit eoperationav *

Fig. 101 is a diag^ajn of connections, the circuits bring numbered as follows :

—

SiJtppose No, 4 calling No. <6.

1. When the receiver is lifted and the^dial pulle(bto 5, R' energig^3s five times.

2. The selected magnet ^M2 .enerjgiseft five times. Thfs wiper W,-moves tc 1;he fifth,

contact. ^
*

3. (bnnector relay R3 energises^

4. Connector mi^,gnet M4 circuit.

5. The callei^i is connected to the called line (this circuit is completed when the called

receiver i^ lifted to answer).
‘•

6\ R3 of called line is energised. c *

* ‘

6. Ringing-key at instrument RK is pressed and R' energises, to ring the called party.

. 7. Ringing-circuit over called line.** The direct current bell is rung whilst the key RK
is depressed. *

* The talking-circuity is over a common battery lead. The theoretical talking-circuit is

shown at A.
,

t

8. Jf JJbe called party is busy, R8 energises.

‘'b. The bnsy circuit is then completed over contact 9.

10. -RlO is energised interruptedly.
' ri. Busy tone i}? given tp ^he caller.

^AVken the calling receiver is replaced, R3, and then M4, de-energise to break dowi> the

connection.

12. A cjrcuit is mut^ipled over all the switches as a general call. When a call is made
to this line, Rl<2 energises.

,13. The parabel bells all ring. A particular code is sent to bring the particular party

to a telephone. ‘

^
A plurality^of lines are provided for exchange service.
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'

Election 50

TOE COUCp AyXOPHONE SYSTEM OF P.B.X. WORKING, AS USEB BY ^
‘ THE PRIVATE TELEPHON^^ AiVD ELECtklC COl^PANY .

• . . . . .

^

This^is an automatic system designed to take the flace of the well-known intercom-

municafing system. This is a 3-wire system. The switch, of which one is squiredj)er line,

Pio. 104.-#^ouoh Selectob. Rear View.*

s a oircular one with 100 contacts and 1 wipt-. _ _ . ^ **xx**v ^

t;he numbered contacts. !Pig. 104 is a rear view iSowinir tha two Virt loo 4.1.I

^Fig. 106.—Couch Waix Set.
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00-point dial with o|)eratingrlevers and ringing-key.® »A, B, C‘at the beginning of tlie scale

^epresent^ three exchange lines. Fig. 105 shows the type of wall instruments^ used.

Betides the usual local <an<l exchange facilities, the arrangement has several intore^ing
leatures.

, ^
^

f t r '
,

'

Conference Foa7i7ie^..— Wh<tn 'one .party dlls another arxd information is desired from a
third party, the one called may c«U in the ;third, the third may^^calLjn a fourth/ and so m.

General Call .
—^When a party is Uf)t in his office, but is Jfnown to be in some other part

of the building, a number may be called wliich will ringbeils situated at various points. The
ringing is in codey.and the party, identifying the code, steps to the nearest telephone, when
he is in direct communication with the party calling.

‘

The switchboaf^s are made in various sizes, from 15 to'^loO lines.

As there is a switch per line carrying cWtacts for the whole of the installation, it will be
understood \>hat every line may be talking at the same time. r
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Section 51

VILLAGE AUTOMATIC. EXCHANGE SYSTEM, lOO.LINES’ CAPA(?niV
' (SIEMEI^)

•This automatic equipAient meets the particular' r^uirements of villages and small

towns whbre the cost of constant attention would be h‘gh.

^
This equipment, which is of ^he full automatic 2-figure t3rpe, maj^ be left unattended

for any period up to one week, a system of alarma having been arrange^ to call attention

to any faults which may occur. •

• The facilities provided include bothway junction working to C.B., t’.B.S., magneto, or

trunk exc^^anges, and, party-line working,, by meavis of ail automatic code-call system.

The following signals^ which have been standardised by the British Post Office, are,al80

provided :— .

*

1 . Dialling signal
;
a continuous clicking noise of a comparatively Iom’ frequency,Ho

inform the calling subscriber that dialling may commence. •

2. Ringing signal, an interrupted clicking noise of the same frequency as j^he dialling

signal to inform the calling subscriber that the called subscriber is being rimg.

3. Busy tone, an interrupted tone of a comparati'ttely high* frequen<5y to inform the

calling subscriber that the called subscriber is engaged. V

^4. Number unobtainable tone, a cxyntinuom tone of the same frequency as the busy

tone, to inform%the calling subscriber that the called subscriber is unobtainable, as, for

instance, when the called line is out of order. ^

Transmission.—The “ noise-proof cord-circuit” system of transmission ‘*is empl(;jyed,

which consists of repeating coils with condensers and relay and impedance coil battery supply.

Duplicate 40-volt batteries each of 60 ampere-hours’ capacity are provided.

Each baltery is capable of operating the exchange for approximately three days. •

Power Plant.— The arrangements for charging the batteries can be varied to suit the

local conditions.
*

Where a supply of electricity is available the batteries can be charged either through a

resistance or from a motoV-generator set. Alternatively, a portable charging set can be used.

Fbr exchanges where none of the above methods are suitable, a gener#^r driven by a

petrol engine is provided. This can be either started by hand, 'or can be automatically

controlled,̂ as clescribed later. The charging of the battery can bfe stopped automatically

if desired, by a modified form of ampere-hour me^r. '

^ ^
•

Test Set.—Suitable testing sets are provided to enable every ;fart of the equipment to be^

systematically tested, so that in many cases faults will be detected before any trouble

recults on the equipment.
^

‘

Rapacity.—The equipment has an ultimate capacity of 100 subscribers’ lines or

90 subscribers’ lines and 10 junctions, with* selector switches to -enable 14 simultane(9us

connections to be made. ^ ^

^
A main distributing frame, with clipacity for 100 lines, is provioea, ana dhis carries, im

fikddition to jbhe protectors and fuses, the apparatus jor coifnecting faulty lines to the riumber

unobtainable tone-circuit.

Racks.—A 100-linti equipment consists of two racks. ^
These comprise a mAin rack with capaoity^lor 50 lii^s (including junctions) and 8
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selector ^witches (Figo. 106 apd 167), and an 6:£tensTO]3i rack wCth capacity for 60 lineis and
6 selector switches.

^ ^ ^

Eq'uifiments can be provided for any nnnnKAi. of lines and selector switches un to the
^ P

r

‘ ^ C

Fio. 100 .—Vmage Autom^ti^ Exchange Equip-
ment; 50-line Rack (Siemens). Fbont View.

iiltftiiate,^ ^nd the racks are so designed that^switchos can be added as required,' without
iny alleratiomto^the exi|iting apparatus, or interference with the exchange service,
t All equipmeiits are wired tathe full capacity of the rack, thereby reducing to a minimun?
bhe amount of wiring to be done on site, when an Extension is being added. ^

Telephofie IriMruments—Tlie telephone instruments supplied with the equipment may
be either cti tiie type supplied to the British Posf Office or of the convertible wall or table
band-microphone type (Figs. 136 and 138)?



I^eadector8,’^^'&

current, anc^ its function is to exteSrxl the calling line to a disengaged selector (coftnector)

swijch,. and so place the selector^under the contro^ of the dial on the telephone iiuftnteent. -

^ The presel^tors «Gre arranged in panels of teju

Seleciors (Conmctcra ),—^The selector is the automat^ swjtch, havhig both Vertical and
rothry motion, by which thb connection is set up, the tongs^transmitted and ringing sent out.

The*whole of the Lnes on the eq^uipment are oonr'<ected to its contact banks which are
ganged in ten levels, each of tei| sets of contacts.

A shaft carrying three wipers is lifb^d'step by«tep by the first se! of^ impulses received
from the subscriber’s dial ahd comes to ribst with the wipers opposite the Wanted level. The
second set of impulses serve to rotate the wipers until they are brought t^ rest on the contacts
of the waiited line. .* • ' •

The shaft is releasee^and falls back to its normal position when the receiver is replaced
on the hook.

^

*

Bday Sets .—Associated with e^ch selector are two relay sefe, one x containing two
relays and two retard coils and the other containing eight relays.

*

These relay sets arc^fitted with Knife contacts. Spare sets are provided, in order that a •

faidty set may be replaced and the full service of the exchange maintained whilo it is receiving

attention. ® ^

Motor Interrupter .—The machine provided for suppl;]^ing''the rihging, tonec^,- «dgnfls,

an(i interrupted current for the system has been specially ’designed for these automatic
systems.

•

It is driven from the exchange battery and requires a very ^all current. • Its circuit

is so arranged that it starts up when a subscriber makes a call, and is idle when no caUs are
in progress on the equipment.

The machine is similar in appearance to that shown ii> Fig. 93a.

The current for driving the preselectors and selectors is interrupted by eontacts^jperated
by cams flriveii direct by the motor shaft, *while a third cam is used to supply the si^al
current used for the dialling and ringing signals. * •

The ringing, ringing signal, and busy-tone interrupters are cam-operated contacts
which are drivezi through reduction gearing frem the generator shaft, and tWo cams associated
with*the alarm system are also driven through suitable reduction gearing.^

Metering .^—Provision is«made for the Automatic metering of caUs, ekeept in the case
of '^unction calls, when a ticket is made out against the calling subscriber by the manual
operators.

^ ^
•

The meters themselves are mounted on a separate rack whidh can be placed in any pafb
of the exchange building.

• • *

Testing .—A voltmeter test-set fan be supplied with the equipment, Ijy means ofnvhich
tests on a line can be made with the exchange apparatus cut out of circuit, 6r calls passed
from the test telephone through the automatic equipment with the outside line cut oert of
circuit. • *•** **

• Further, a routine test box can be supplied, by means of which the autamatic equipment
*

can be peModically tested, in order that dbnditiong which would eventually cause faults may
be located before any trouble results on the equipment. *

^
* The testing is effected by means of a jack associated with each.selectoxt aftd the con-

ditions reproduced in the routine tester are moytf^vere thap would exist in normal working, •

ach linrf is provided with a preselector x^ch h driven by interrupted
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'
' '

'

' ...'

i-nd, therefore, if the ^cifcuits ^o'ass ^these tests, the ordinary wondng varieltions should unyv

lo effect on the reliabilijby of the service. ( f

Ntfimbir Vnchtaimhle Tcrne^—Faulty Jines are plugged ujp to the number unobtainable

«‘ne-circuit on the main distributing frauds, and dead numbers are jiermantintly connected

.0 the tonej so that ‘a sufascril^r^cc.lling either^ a faulty line ®r a dead' number imhiediately'

eceives the N.U. tone.

Junction Working.—On an equi^n^ent giving junction facilities all^ subscribers are

lonnected to contacts in the first nihe levels of the sel^ctar b^nks, while only junction lines

ire connected to tjie tenth level. <

The incominj^end of each junction is
^
terminated on» a preselector in the automatic

jxchange in the same way as a subscriber's line.

The outgoing ends of the junctioifs at the automatic exchange are oonnected t« contacts

)n the tenthJevel of the selector Ifa-nks.
*

Where onjy^one group of junctions to the same exchijnge is equipped, these will be called

)y tiialling “ 01^” thus'^-aising the selector wipers to the tenth level and rotating them to the

contact of the first junctiop ilk the group.

If the Jjrst junction is engaged, the wipers will then be rotated automatically over the

•ematmng junttions until a free one is found. If all the junctions are engaged the wipers

vill continue to rotate unfSl the eleventh contact of the level is reached, when the selector

iviB stoj) and give th^ busy tope'as usual.

When two or more junction groups are*^ required a contact^at the end of each group is

connected to the busy signal and the selector is thus stopped, after havitff*searched the

particular group, and bu#y signal is applied. Jn this case, the various groups are called

by rotating tlie selector by means of the dial to the contact in the tenth level corresponding

bo the first junctioq in the group required.

Thus the first group would be called by dialling “ 01.” the second by dialling, say^ “ 05^”

and the ihird by^ialling, say, “ 09.”

^he general circuit arrangements for junction working are in conformity with the

standard practice of the British Pos^ Office. No special apparatus is required at the

automatic end of the junction other thhn the normal preselector ecyiipment.

The calling signal is operated by current tver the B wire from the calling end, and the

supervisory signal is controlled by current over the B wire frovg the called end, a cross &eing

inserted in the juhetion W allow these signals tolbe received on°the A wire at fhe called and

calling ends respectively
;
the feeding circuit of the selectors is arranged on standard cord-

circuit methods.
^

^
c

^ By using the abpve principles, it is possible to give full supervisory facilities on junctions

to C.B.8. and 'magneto exchanges, by inserting in the junction at the manual exchange the

usual apparatus f(^ converting these to C.B. conditions. JLn the case of jupictions to a magneto

exchange, it is not absolutely necessary to provide the c^ling operator with a clearing signal

actuated by the called automatic^stibscriber, since the autom&tic equmment being jltovided

with ‘"‘double release,” tl^e cidled line is automatically bleared when tne receiver is replaced,

and the called subscriber cannot be held up due to failure of the manual operator in clearing.!

A simplified junction circuit for magnetii^ working can therefore be used temporarily for

subscribers’ lines J)y disconnecti^ them from the tenth level contacts and strapping them

to oontacta iu^nother levd which is not equipped^ with preselectors. **

^

To provide the supervisoryc signal reqfhired for junction wording, a special B wire is



iaJkea lrom selectors, aiil is substituted* for the ordiJlary^ wirfe en the mnlti^ of the
preselectors jn the junction panel. iThis B wire passes through a contact of the re&y con-
trolled by the called line, so th^t a supervisory rfgnal is passed back wo this reAy.Wtact
to Ate calling e]|chaiig^. L . •

^
^

“The preselectoq^ ased for junctions with* supervisorj’ir faci^lities alsd require their circuit
sligtitly modified, so thp.t they call with battery instead gf'with a loop. This involves only
a very slight modification of the wiring, and can hi done on individual preselectors as
required. • ,

^

A junction-faulty key is provided in the C multiple wire of each* junction preselector,
which, when thrown, prevehts a junctioh which, is out of order from beihg picked up by a
Selector.

^
An a^ixiliary equipment is provided at the automatic exchange fbr each junction, the

filnction of which is to e;j8ure that the junction is marked engaged on the selestor multiple
as long as a plug is inserted in the jack at the manual exchange. The auxiliary equipment
is so arranged that a calling subscriber at the automatic exchange rfeeives a ringing si^hal
as soon as he makes connection to a free exchange line

; this continues until the manual
operator answers. •
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Section 52 ’

(

SIEMENS VILLAGE EXCHANGE
• * V!

^
f

*'
(

The Connectcir (Final .Selector). preselector and the final selector generally

operate in a manner similar to thal^described for Fig. 85, P.A.X. ‘
.

*

The preselector and meter are npt shoWn in the present circuit, but i^ is ^o be under-

stood that they are similar to Fig. 71, Voi. I. The continnatibn to the finalselector is shQ\^

in Fig. 108, and t|ie circuits are numbered in the order of operation.

3. When a selector is takeii into use relay T^(Fig. 85) of^the searching preselector is

operated,"also R3(^). The A and B wires are extended to the selector.

4. Holding circifit of R3. ^ c c

,5. R5(4
)
and R5'(A') energifie over the loop.

(5. R6(V)^ energises.
^

• 7. The circuit of^obe preselector testing relay is independent of circuit 3, contacts E3

and K3. "

^
t

8. Relay R8(E) energises.

"95- iShort-circuit on R13 and R13'.

10. Permanent loop relay RKk energises. If this circuit is maintained for a predeter-

mined 4ime, an audible alaife^sijrnal is given.

11. A further sliort-circuit on R13' to prevent it operating during the first series of

impulses. (Circuit 3 is opened and R3 is held over circuit 4, and is thus dependent on R5

and R5'. ‘
,

J2. Dia&ing signal or tone given to caller.

Fmt digit impulses sent in, R5 and R5' respond to the number of impulses in the

digit. R3 also responds over circuit 4. R6 is slow to release and does not respond.^

13. /Jn the 4irst de-energisation of R3(AA) the short-circuit 0 is opened and R13(F)

eneipgises. Short-circuit 9 is opened at F' an& prevents the subsequent closure of AA3
from again short-circuiting F300.

14. AA3 short-circuits R8(E) intermittently, but it does not release during the train of

impulses. ^ »

15. Each oiksure of AA3 by R3 now raises the shaft one step.

16. AAl completes tHe circuit of R16(YY),‘which energisee.

17. Holding circuit of R16. CLrcuit 12 is opened and cuts the dial tone from*lhe

line. • c

^

* 18. Holding circuit fof R6(V) when.contact K' opens.

Ttfe K contacts are opened at th(^ first vertical step. K2 prepares the rotary magnet
* c ^

circuit. ^ e

19. K7 hblds the connection independently of contact ZB,

^ At the termination of the teifs‘im]^ulses R3 remains ener^sed over circuit 4.

R8(^ )
is now released, d«e to being permanently lAort-circuited by F' and AA3 over 14.

Contact E2 epens the vertical magnet circuit 16.

JbTopens tfie short-circuit 11 tfnd shqrt-circuits contact AA3, to prevent the> operation

of relay E during^he units traiijof impulses.

20. Shpr^-circuit about relay R13'(G).
^

^he units impulses are now galled. the first impulse of R3(AA) the short-circuit 20
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is opeiied, and R^3' operate^in circlip: J 3. Contact G' opens short-okqjut 20, thus preventing
AA4 from again short-circuiting Q3p0.

* *•

21. Intermittent short-cii?cuit on R13^F), \^ich remains operated during 1iie*train of
imjj^lses.

|

*'
/ • •

22.

*For each cjOtiure of AA2 the shaft i^rotkted one,, step.

• At th^ termination of#the impulses, R3 is held eneij^Serf over 4. The short-circuit 21
is maintained ^cross ill 3, which releases.

23. R23 energises over the C^wire to the presefectoi of the called line.

Short-circuit 14 is opened, and R8(E) again ^ergises. •
^

R13'(G) is short-circuiiJed over E', (jircuit 11. RelayG is slow to release and, between
Ibhe closing of F3 and openirg af G3 (circuit 23 )^, R23(P) tests the call^ line. If the called*,

line is idlp, R23 energises over the C wire to th^ called preselector T relay and earth. The
T relay energises and disconnects the selector R relay frou the line.

24. R23(P) holding circuit, which also makes the called line t^t bus^/.*^

26.

Binging circuit to called party,
^

Circuit 22 is opened to prevent the wipers being rotated ,whenTRl3'(G) releases.

26. Ringing tone t« caller.
*

When the call is answered the increased current energises R25(TR). •

27. R25(TR) holding circuit (TR' operates in adveyice of the other contacts, j|Ud opens
the short-circuit across TR400). #

-

^
Earth is disconnected from the A wire (circuits 12, 25, 26 opened).*
28. TRJ^jMjns the B wire through to the caller. R28(Y) energises.

Greuit 17 is opened and Rl6(YY) de-energises.
^

29. Holding circuit for R6(V), preparatory to release of YY.
Metefing. •

30. R16(YY) is slow to release and metering current is momentarily applied {b the
called meter—the current in the C wire being momentarily increased. Tiie relea|e of R16
opens the circuit to the C wire, but the met^r remains energised by the normal current? If

the called line is busy, its C wire bank is either disdbnnected when engaged on an outgoing
call, or is at a potential only very slightly below that of the battery—^when engaged on an
incoming call. There will be, therefore, at most only a very small current through R23(P)
wRidh will not operate. • ^

31. When R13'(G) releases, interrupter current is connected to the rotary magnet*
RM22, and the wipers are stepped round to the eleventh contact of the level, to operate the
VW contacts. • •

^ »

32. R23(P) and R16(YY) energise, over C wiper artn. R16(YY) is now hefd
energised by its 400-ohm coil and independent of circuit 17.

^ ‘

33. R25(TR) energises over the B wiper.

34. Busy tone to caller, over the A and B wires.

34^. While busy tone is Being transmitted, R28P is tstermittently oj^erated by cunrent
through the tone transformer and AVire, to provide a lamp-dgsh signal should tlfe call be^fc*

,
junction call originated by a manual operator. •

*
•

*

The m^ter circuit 30 is open at VWIii. The connection is held over cirdbit 32.

Bdease. •

When either the bailer or called party replaces the receiver, the selector i»r^eased.

When the caller actfe first, R5(A) ana R5'(A*) de-energise.
•
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Circuit 4 is opened iuid Bi3(AA) de-eneigises.
CSrouit 29 is opened, and il6(V) de-energises,
Cirtuit 19 is opened and releases the Milling preselector.
Orcuit 32 is opened and releases the dvlled preselector an/ R23(Fy de-ependsea

»Uy. "to
^ ^ “P™"* <' “'‘Wfo

36. Release magnet M36 energisesj.to return the switch to normal,

'

When the called party clears fimt 'R28(Y) releases.
' ‘

Circuit 29 is opened and R6(V) de-energises.
The selector is released as bdfore described, ’’

rennJw ^f^f
P^ctor being released', drives on and^engages the next idle selector'(connector) until the^caller clears. ‘
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Section*^
village EXpHANcfe—junction WORKING ^ftlMENS)

Opgratioriiif Selector-\]ircuit*when'^u8<n to Gall a ^ui^ttloa.—When a call Ib
to a dista^it Sxchan^f^, t’lie number diallea will be ^hei number the first junotion

in the gijJttp ^ the rejuii^d exchange. As alj junctions are connected to the tenth level
of the selector Dfyxks, this will [aise the wipers to the? tenth level, and at the first rotary step
d^ade the contacts VWl and YWSai^ operated.

* *

Contact VWl (circuit ^„Fig. 108) cjpens, and^hus prevents the meting impulse from
contacts Yl and YYl from reaching the caller^s preselector circuit. *

, . , t

K the first junction in the gfoup is idle, the selector will test and make connection with it
in exactl}^ the same*%nanner as with a subscrib^’s lifie. Tf, however* the first junotion is

engaged, then R23(P) will fail to operate between the release of F3(R13J aild
and the selector will then be autoniatically rotated exactly as in the cj^ge of calling a busy
subscriber’s line. »

*

In this case, however, contact ^W2 is closed, and a testifig (;ircuit is thus provided for
relay R23(P) over circuit 32 to the C wiper of the selector, then over the junction-faulty key.
Gl, N600 to oarth. »

When an idle contact is reached, the selector will bfe stpppgd by the operation of re^ay
R23(P), and will thus cohnect the calling line to the junction selected. I j

’

•At the qjd of each group of junctions, a busy contact, which is connected in multiple
with the eleventh contact, is provided. If, therefore, all the junctions in a group are engaged,
the selector will always stop on the bu§y contact following 4;he graup, and jvilJ, connect the
busy signaj to the calling line.

'

• »

When the selector has sto))ped on the busy-signal contact, the A wire, in addition to
b#ing connected to antinterrupted busy tone, is also coim6ctq4 to an interrupted battery,
which serves to operate relay R28(Y) intergiittently, and thus to transmit a lam^^fiasl^ing

signal to the calling operator.

Operation of Bothway Junction to C.B. Exchange (Fig. 109).

Operation of Outgoiim Call to C.B. Exchange.

• ^0. When»this junction is picked up, tHfe selector tests in by batte^ over the C wire
through relay R23(P), relay JR4Cy(N) is thus operated«over contact Gl aifll^at contact Nl
cloi^ a locking circuit for If40. *

,

^

41. Contact N4 closes and operates the R41(T) relay in the pqjseleetor circuit, thus
taking the R relay off the line. Relay R4l'(G) i&balso operated in series with refctylt41(T). ^

42. Contact N3 closes, and, G2 being closed,* relay R42(]^) at the mapual ea^hange
energises.

43. Contact Ll^operates and glows the calling lamp L43.

• 44.^When relay P(R23, circuit 40) operated, ring^g current was applied to the A and B
wires and ringing tone transmitted ^to the caller. The ringing current, Jiowevgr, is^flot

employed to <W1 the desired station, and is prevented from doin^so liy contacts TS2 and TS3.*

Ringing tone is transmitted to the caller from the selector.
“

*
^ ^

46, Wien the manual operator answers, battbry from ^^he cord-circuit irf connected to

the A wire by a cross-pver, and relay R46(T8) is operated. • Contact TSl ehanges over and
reify TS is held operated pia contact N6 to battery^ • • -

46. Contacts TS2 and TS3 close and put the connectioif through.
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Earth B wi|e operate| the trippiig rehtj R44(TR) ui t^e seteotor circuit.

Bingiiig and|ringihg tone are discohi^cted and the circuit is in condition for conversation.

The answering supervispf}^ rela3
’^ in the maii|ial operator’s cord-circuit is enec^sed by

theCurrent frQm the* ^^.C. coil|p *the selector-circuit.

EeliGlse of (}oi/i%e§tion .—\^en the autoihatil subscr^)er cjleargf; baiterj’^ is disconnected

^from the wir5 and rfla3%R4()(N) is released over.thc^tf wire. ‘ The removal of battery

from the *B yfto de-eneirgiscs the supervisory re&y ^n cord-circuit and gives the clearing

sjgnal to the operator.
' •

The release of R40(N) causes relay R4'5(TS) tcabe held, through tlfe back contact of N2j
dependent on the operator.^

• Contact N3 (circuit 42) rfipans, to prevent battery being again connected to tte B wire^

when TS4 falls back^ The preifelector T(R41
)
relay arid relay G(R4K circuit 41) are now

held dependent only on relay T8. ‘
^ .

Contacts Nl and G1 both beiiig open, the junction cannot be picked hp^ again by ahj^

other selector until the operator withdraws the plug. . •
•

When the operator withdraws the plug, relay R45(T8) is rele*a8ed and releases relays

R41(T) and R4r(G)! ffhe preselecJtor circuit Is thus restored fo normal and^ contact Gl^

couples up relay R40(N) to the C wire ready for further use.

Setting up the Connection of an Incoming Call * from a Maniial C.B»
Exchange (Fig. 109).

^46. Coil R46 energises.

47. WhSh call is made from the manual C.B. exchange, R47(R) of the junction

preselector is operated by battery from the B side of the calling cord-circuit. •

48. The preselector switch then seai^hes for a free line and, when this is fciiinif, the selector

is held by"its R48(A) relay being operated by the current over the B ^jlre of the junction,

and its R49A' relay operated over the A wire. Meanwhile^ relay R41(T3 at the automatic

exchange has operated and cut the drive, relay G is operated lit series with relay |R41'(T),

and at contact G1 opens the circuit 40 of relay R40(N), so that the junction cannot be picked

up b}"^ an outgoing call.
*

The dialling signal is transmitted to the calling operator over the A and B wires.

The dialling key iri^he junction when operated replaces the battery from the cord-

cii^idt by battery though the dial contacts. The operation of the dial thpn controls the

sele9tor, connection with the required subscriber is made in tfie usual•manner, and the

rin^ng tone is transmitted to the operator when tne dialling key is returned to normal.

When the automatic subscriber replies, the operation of R.50(Y) operates Y2 in the B wire

of the selector, and thus connects battery over tiie^A wire (circuit 49) of the junction to the

supervisory relay in the calling-cord circuit.

• Release of conn^tion from automatic subscriber,

^
When the called subscriber clears, the back release operation of th^ seldctor causes it

to return to normal and releaie the calling jHinction prei^dector. The junction jireseleotor

then picks up another disengaged s^fector, which, since its Y j*elay is unojfieratecf, will not

^connect battery to the junction. The calling supervisory lamp in the operator’s cord-circuit

will thus glow.

If a junction in one group is called by a junction in*a(fother group, tjien |^he operation

of Jir2 (circuit 49) will provide for the transmission of a through signal between the two
manual exchanges. TM supervisory signal at*t&e outgoyig exchange will cease to* glow
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when the di|tant(>ex^htoge answers and^vill glow ^Qnld the^distant exchange clear first.

This sigWl cannot be made dependent on the caUed manual subscriber, sino^ if this sub-

scriber*^fished his swit'chhook^ the bach( release function off^the selector would cause the

c^onnection to be released. <’For this reason the sleeve relay the in^pmin^ jack is made of

low rcsistasice instead of the'usu^l high i^sistance, thus allowing the marginal slebve relay

in the manual cord-circuit tb o^e^atc^ and connect battery to rthe^ B wir5 of Ijjie junction,

immediately the plug is inserted.
^

^ ^

'

This facility also enables one junction in a group to bj? tested from the'^manual exchange

by calling anothee; jiAiction in the same group, and thus returning the call to the originating

exchange. In connection with 'this facility, it is^ possible to fetum the call made over a

particular junction in the group, by dialling the number of ^hencontact on the level to whicld

that junction is connected. r . r j.. t

Rdenae^ of connection by manual op^^rator on incoming cnll from mamtal exchange,

* When the d|[)erator withdraws the plug, the selector and preselector circuits are released.

Hwicc relays *B41(*P*5-»pd B4r(G) are released and tKe Wthway junction circuit is returned

to normal.

Operation of BothWay Junction to Central Battery SignaUing (G.B.S.) Exchange
(Fig. llv)).—The operation to a C.B.S. exchange is exactly similar as to a O.B. exchange, as

far as the automatic excbj^rige is concerned. The automatic end of the junction is similar

to^cFig.^ lV)9.
*

‘
f '

The auxiliary apparatus ‘for the junction fitted at the manual end is the same as wpuld

be fiVited at a C.B.S. exchange, to allow of working to a manual tlB. exchav^ge

The calling indicatoj in the C^B.S. exchange is operated by the energising of relay LR
from ^attery o^er the B wire of the junction. When the calling line clears, relay LR is

released, and contact LRl falling back connects earth to the tip of the cord-circuit, thus

operating the cleanng indicator,

Th^ transmession of the called exchange supervisory signal back to the automaiic

ex^'nange for re-transmission to the originating*manual exchange, should the call have been

originated over a junctioji in another ^oup, is provided by the connection of battery to the

A wire of the junction through N200, Rl, and the extra springs on the incoming jack.

Since it is nobpossible to transmit a supervisory signal from tlfe called line back through

the automatic equipment (see< under ^C.B. junction), the relay usually connected to the'^bbsh

of the incoming jack musfbe disconnected so that the bat'teryVhrougli N200is not removed

from the A wire by the operation of RTl.

Operation of Bbthway Junction to Magneto Exchange (without Supervisory

Signal at Magneto Outgoing).—^The ^magneto circuit with supervision is based on the

same frinciplfc as the C.B.S. circuit, the magneto conditions being transformed to C.B.

conditions by the same auxiliary equipment as used between a magneto and a manual C.B.

exchange. Tiie cbnnections at the manual office are shown in Pig. Ill, the automatic

beyig exactly as Shown for C.B.^m Pig. 109.

^ The bklling*indicator is energised by the operatidSi of relay LR’*by battery over the B
^ire of the junctibn. *

c ^

•'The clear from the calling automatic subscriber is received on the calling indicator by

the release of LRl. Should the^operator clear the connection on the dropping of the clearing

indicator in the cord-cirepit, before the automatic subscriber has cleAred, then relay NP. is

still field, over contact LRl in t^e operated position, and the calling indicator does not then





j““tio“).‘it M neoeasaryito modify the usual
appwatus aUhe magneto end by cutting out contact Si, or omitting the

rftc^ether, and thus makmg«the CQunectiomof battery to the A we of tfee junctiondependent oply qn the insertioi^of the plug in the incoming jack.
'*

“ arranged to transmit the supei^ry signal fromJimautomata through to an exchange whoseWess to the automatic elchmige is^ed thro^ ‘



vrxuwi 111 turn rtiueives me supervisory sij

there is no through signalling arranged.
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Operation c# Bothway Junctiofi to Trunt: Exchtag^—lHg. tiafshow co^gneotiona

atjthe trunt^exchange, the automatic being as Fi|^. 109.
* ^

Thevoperation pf this cilcigt, as far as calls4o and from the automatic e^fthange are

oonSem^, is tiipcsanu^ in prinaiplo as ^e circuit to tiite O.B.8. exchangep. •

The P relajr mlltit be conflected directly to^he auxiliary^make spfing on tile incoming
jac6, so that ’^attery isa-lways connected to the^A'wEre ctf the junction whilst the plug is in

the jack.-*
v

*

ji
^ ^ •

• Party-Line^\Vorking (!^. #14^.—Syb-stations brf a party lino are called by means of

a code system of rimnnir. • •

ff
fkter

<©> -@(s>+
Zmf. Sen

Receiver

17"

Transmitter

Zmf. Bell

jii——

—

X Subscriber
bell earthed,

Y Subscriber bjsit

earthedand lines

reversed.

XSub^. YSubm
Multiple, Multiple

,

Fig. 114.—ViIiLagb
,
Automatic Exchanqb (Siemens). iPAityy-LiNB Wokking.

To^40v.

Thro Ringer,

TThese codes consist of a combination of short and long rings.

Each subscriber on the party lino has a separate number on the'automatic e^uipmen^,
but there is only one preselector switch required for^each party Bne.

Whenever a call is made to any one of the subscribers on a par^y line, a long preliminary

rhig is given on each^subscriber’s belj, and then the code of the subscriber required is seht out.

^ The ringing on all the bells ceases immediately the called subscriber luis'vt’ers.

Whfen it is required to cSnnect two subscribers oil •a party line, the multiple •owqs
corresponding to the numbers of their respective instruments Me ^^trappgjf together on tW"
Jberminal block at the side of the rack. The A and B wires in the strap between the multipfeT

wires are crossed. The bells of both inst^omentston thd party line are connected earth,

and the A and B wires on theY subscriber’s instrument are reversed as usual- Jji* is necessary

to increase the tension of^the bias spring of each b|ll considerably,*to prevent4he»bell pf one
instrument from operating when dialling is takil^ place at Jihe other instruments
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Th€[ Petrol-Vme^ric l^ystem of (Ghargingc-^^This power plant oonedsts of a
generator, driven by a petrol engine, wit^ automatic controlling instruments %,nd appar-

atus, an<i fwo ^0-volt batteries.*
^

^
^ * o

r The exchange is coimectei4 to the batteries altepiately t:>r 24-hlMir peyieds. As ^ch
battery is disconnecl^d from the exchange it is automatically dfonnected to the petrol-electrie

set until it is fully charged.

The changing pver of the batteriee^^ is done by a motor-driveh switch. This switch,

in the first place, connects the idle battery to the. exchange apd disconnects the discharged

battery
;

secondly, connects the discharged battery to the generator of the petrol-electric

set in its ^tarting^ condition
; and, thirdly, changes the Circuit of the petrol-electric set

to the running and icharging condition. These conditions'^ ar6 then maintained until the

battery is fully charged.
c t

^

Tb© starting of the motor switch il controlled by a time switch, which can be set to

operate at any tim^of the day.
,

When the Voltage *bf the battery on charge reaches the maximum charge voltage, a

voltmeter contact again starts the switch np)tor. The switch now disconnects the battery

on charge and stops the petrol-electric set.
'

if it is not desired to start the petrol engine automatically, arrangements can be made
for^the generatingfSet to bestarted by hand, either from the battery or by a starting handle.

‘ The 4et may also' be stopped by hand, but as it would not be necessary for an attendant

to repiain with the set during the charging pferiod, the engine m^-y be stopped automatically

by means of an instrument such as a time switch, voltmeter, or ampere-hom' meter.

The Pietro)-Electric Set.—^The petrol-electric set, which has an output of approxi-

mately ‘76 k.w.j'is of the type shown in Fig. 119. The engine, which is air-cooled by
means of a fan inco^orated in the flywheel, is fitted with overhead valves. C6\\ ignition

is employed.
,

^The generator is shunt-wound, but equippefi with a special series field which is only in

circuit when the set is starting up.
^

The engine and generator are direct-coupled.

The Alarm System.—^Alarms ale provided to draw attention to a permanent loop,

switch magnet und^r permanent current, failure^of ringing, blown fuse, and failpre of charging

set. As these equipments^may be absolutely unattended, it been necessary to decide
* which faults call for early attention and which may be left until 't is convenient to attend

to them. It has cbeen^decided that a permanent loop, apart from the inconvenience to^the

spbscriber^ do^s not require ^gent attentioiv. but the other faults should be cleared as quickly

as posable.

The method of distinguishing between an urgent or non-urgent fault is as follows :

—

When Ihe alarm bqll rings (this bell may be placed whereyer desired by the official responsiblfe

for the exchange)^the alarm switch is thrown. If the fault requires urgent attention, the

bnll ^111 c^se touring continuously,* but will ring for a few se^nds at periods of 2j i£inutes.

Tt is therefore iihpQssible fpr ah urgent fault to be forgotten when the alc^ switch is operated.

If the faulty npn-urgent, then, when the alarm switch is thrown, the bell will cease «.

to ring entirely.

* An alternative arrangementec^n be provided for an unattended exchange by which the

alarmtSignal i^ given oven a junction to ^n operator in the main qxchange. The operator

can then dejberminp^whether the fault is urge\it or non-urgent.
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Airther^ th^' operator (an, at azt7 time, by|callingA certain nainiy^, tfit whether, or

,

not the automatic exchange is free from faults.
^

«

A Gipecial feature of this equipment is the liethod of disconnecting faulty Un(B, which
set-up the permanent loop a|(m condition from the equipment.

i

*

WBen a preselector engages a selector, efther throug];). the*recoil r>i. xuwu. ui bux\iu^u

the line becoming loqped ];»y a fault, a time-lag circuii^c8m& into operation. If impulm
' are sent.^dthin a period of 2$ minutes, this cfrciijt <^b not complete jts operation, but if

impulses are not sent within thi^tiipe, as would be thd case when the line is looped through

a fault, the holding circuit of the presefector isd:)roken and the preselector drives to the

tenth contact where it is held by another circuit until tBe fault is cleared. At this point

"the alam bell is rung. • ,

By this means selectors cannot be held engaged, fiiM the number ibf available switching

circuits reduced by faul^ lines.
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The ooinmon apparacus ana c^arm cii^juife (Fig! 115) ate conoein^d cliielly^tJi tne^

supply and control of the ringing! tone and driving currents yequiijed by the^automAtio

equipment and with the control of ^various alarm circuits which come inijp 6peration

when attention is required.

The ringing chrrent, and tone current, is supjplied from a small dynamotor which also

drives cams perfohning various 'functions.^ The tone current Is derived from especially

wound interpoles mounted on the machine (see Fig. ^a). • ‘

. The current for dWving the presfel0ctors*and selectors is interrupted by contacts operated

by cams driven directly by the djynamotor shaft. The contacts interrupting the current

fof the preselector drive are operated by a double-throw cam which gives a speed of about

36 ihterruptions per"sedend. The contacts for the selecW drive are operated by a single-

throw cam giving about \l interruptions per second.

Each interrupter contact is provided with a relay, which prevents'a switch driving magnet

being subjected to continuous current should the interrupter contact become short-circuited.

This relay will function siiriilarly if the interrupter fails to run, or if it stops while a switch

is iJeingt^iven. ^

A third cam, driven direct from the dynamotor shaft, is used to supply the current used

for (iTalling and ringing signals. This current is of a comparatively low frequency, and is

obtained by' the charge aiid discharge of a condepser through two windings which form the

primary of a transformer. This method avoids the possibility of a continuous current

flowing when the n^plchine is stationary.
*

The ringing, ringing signal^ and busy tone interrupters are cam-operated contacts

which ara driven 'ohrough reduction gearing from the dynamotor shaft.

^^Two cams associated with the alarm system, and a cam used to control the running of

the machine itself, are also driven through suitable reduction gearing.

The circuits are so arranged that4he machine is normally at rest, but starts running

when a call is madse. When started, the machine is arranged to run for % ppriod of abouf

2\ minutes, aftpr which, if no^furthej* call is made, it automatically stops. This period is

sufficient for the ihaking and answering of an ordinary call. ^ the end of t^e 2J minutes’

period, the ringing current will be out ofi
;
but it can, of course, be started again by cleating

and calling the requir^ number again. It is not necessary for the machine to be running

during the period of conversation, so th£^ the duration of the call is not confined to the

minutes’ periocl. Should another call be made while the machine is already running, then

the control circuitywill cause the motor generator to run for at least 2^ minutes after the

second call ha^ be^n made.

^
. A switch is povided by which^he‘control toircuit may bd disconnected and the Machine

ton continuously. ^
^

Alarms are given for'the following conditions of failure :

—

' 1. line faults, such as a loop or a B wire earth, causing a selector to be picked up

(Permanent llpop ^arm ).

2^ Peianai^ent current on switch magnets.

3. Failure of ringing supply^



,4. Fusebkm^.
6. Failure of ohArging set. (Tl^s alarm is associated witfi the pojrer circuit.

)

*•

^

l^e^permanent^Wp alaftn and the switch magnet alarm, are under control of i2ie dow-
aotifcg alarm caj^, aipl only yime into operation when the fafllt has existed long <»nn"gh
to allowthis cam to»make a cofnplete revolution.* This iwaecessarjTin the case ofthe perma-
nent; loop %nd switch magnet alarms, since the conditio^ Woh bring these into operation
only coniditnte faults when inordinately prolonged| •

In conjunction with the pdmiai^nt loop alarm, a ch^cuit arrangement is provided which
will automatic^y free a selector which has been picked up by a faultyW. The preselector
of the faulty line, when reHased^by the'selectpr in such a* case, is caused to rot%te until it
feaches the last contact (10),»wh3re it is aUowed to test. It is then held,in this position untd
the fault if) cleared.- It will then automatically^returti to normal ancPbe ready for further
use. The tenth bank ccgitacts of the preselectors are ndt multiplied, so that*any number
of preselectors may simultaneouslyJse held in this position. *

,

* •

Faults occurring on an unattended equipment may be divided^*tnto*tw(» classes : those
requiring early attention and those which may be attended* to as opportunity ofiEers. A
permanent loop or a B w*re earth are regarded as non-urgent faults* all other faults are urgenifc

When a fault, other than a permanent loop or a B wire earth, occurs on the equipment,
a flashing signal, provided by means of a series of slow acting ‘belays, ii^transmitted over
1 certain junction to the manual board at the controlling exch*aqgl, Th§ fault is theft reported

tbo operator to the maintenance staff responsible for the automatic exchange.
The circuit ic associated with one junction only, but the circuit arrangements are*such

that the alarm signal is not given unlesss tjiat junction is free. If the jumstiofl is engaged
(vhen a fault occurs, the alarm circuit* is prepared and engages the junction immediately
it becomes*free after the ordinary call.

*

Fu^her, if it is desired to test either the automatic exchange for faults, or the junction
uarm circuit itself, from the controlling exchange, a call may be originated*from the manual
joard over another junction to a certain test number on the automatic exchange. A fene
lignal is then transmitted back to the calling opera^r informing her whether or not there
ire faults present on the equipment, and consequently whether the junction alarm circuit
,s operating cqfi-ec'tly. * • •

Indication is not given when permanent loop or 5 wire earth faults occur, as these do
lot require ujgent attention.' A switch, Vhich is normally left open, ft provided in the
lenflanent loop alarm circuit, and so connected that no indication of permanent loop or

.

3 wire ^rth faults is normally given. When^the exchange is visited, the.mftntenance
iflScer will throw this switch and, if any permanent loop or earfh faults.exist on the equip-
nent, the PL alarm lamp will glow. * *

“ The test numhpr should be piyferably No. 19. This number is c^sen as it frill be
;h^last number on the equipment to be allotted to subscriber, so tha^ no ‘change of the
est nuftiber will be necessary dbtil the exchalige readhesHfti full capacity.

Common Circuit Operation (t^g. 116).

Driving Oircwtl.—Each interrupter contact is provided with a BK iplay. which prevente*
he switcla magnets being subjected to a* continuous current if the interrupter co^ct'for
ny reason fails to open or becomes short-circuited. Undernormal operation, i^hen a switch •

^'driving, the DK relay is held operated J)y the current through the driving Siapiet, jtrfaich
ASses through its 2600-ohm winding when the*intermpteik contact is open. This current
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is not sufficient aSect thc^^driTing ma(;net» ^hiohc releases T^hen the Contacts are open,

^ as if th^ circuit had \>eftn entirely disconpected. Whfn the interrupter contact is closed,

the DK'(relay is^shoi^<circuited,<but at the speed the interrujtei coptact operates, i^^dpes not

release owing to the*eddy currents produced in the short-circuited winding, .
^

Should, however, the interrupter spring iSecome permanently short-circuitedV the DK
relay will release and, by opening cpntact DKl, will throw the j 000-ohm resistance onDK
into circuit with tlj^e driving magnet,>o limiting the current which 6an be dra>j|^n, and thus

protecting the driving magnet from^undue heating. *
*

Ringing and^Ringing Interrupter Circuits.—^The ringing current is obtained from a

winding op the m'btor armature *and is collepted by means of ^ip rings. One side of the

ringing winding is connected to battery. ,

The ringing current is interrupted by a'eam-operated contact whicb.^onnects the ringing

win^pg in series with battery for approkimately one second in eveyy 3 seconds, thus ringing

the bell of the called telephone intermittently. During the period of 2 seconds between

rings, the contact conriects the exchange ringing lead<direct to the battery, to allow of the

tripping relays being operated when a call is^^answered between the ringing periods.

. DMlinq and Ringing Signals.—^The current of these signals is obtained from a transformer

which has two^ primary coils. The current in these coils is produced by the charge and dis-

charge oha condenser. The action k obtained by means of two interrupter spring sets which

are" oper6.ted by a 9am havjng a ratio of break : make=2 : 1. The interrupter springs

are connected up to form a change-over cont&ct with the condengjer connected to the common
spring. 1

When ^ne spring clones, the condenser is charged through : battery, condenser, inter-

rupter spring, oiie primary coil, to earth. This spring now opens and the other spring

closes, thus allowing the condenser to discharge through its own local circuit comprising the

condenser, interrupter spring and the other primary coil. The secondary coil is connected

through <iJontrolliSig contacts to the B wire in the selector circuit, and tone current returns

to earth over the A wire through contact TR2, The secondary coil is shunted by a 100-ohm

spool in order to produce a subdued tone.

The dialling signal is continuous, 4>ut the ringing signal circuit is interrupted by a cam
and spring set of the same type as used to interrupt the ringing current. ^

Busy and Number Un^taiinahle J'one and Lamp Flashi7ig^ Circuits.—^The tone required
’ for the busy and dumber unobtainable signals is*^obtained fromca tone coil ^opnd on special

r interpoles fitted to the^motor and ener^sed in series with the field.

^
The tone is taken through a condenser to the primary of a transformer, which has two

secondary winffingse The iSusy tone is tehen from one of these windings and is interrupted

by a cam operated spring set. The busy tone is applied to the A wire of the selector and
return! to earth o^er the B wire.

^ ,

During the tpne period the A wire is connected to battery through one coil of ^he

s^ooifdar of the tone transformer, while durihg the silent |ieriod it is connected tb earth.

The Y relay in*tli^selector circuit is thus intermittentfy operated aSd gives a lamp-flashing

Ibgnal back to ^be oprd circuit In the manual exchange, should the call have come over

junction.

i The nuipbercunobtainable lone for faulty lines is obtained from the same secondaiy

winding asith# busy tone,*but is not interrupted. , The number unobtainable tone for d^d
numbers is^obtained from the other secondslly winding of the transformer.
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fvM Alafm, Circu.it.— /lii^^pting fusesAie of Ae tdarm type, fwbm fjue melts
tday FP i8*energised through batt^, alarm hu, 400-ohm spool,^pi*6, to earth** In the*
case of c^ve fuses, relay FP h enei^sed by interrupted current, but remains operatacl during
thetinterruptjpng'of jjiie curr^^.

Godtaot oloDes and.^ows the*fuse alarm pilot l%n^ and eftergibes relay !AB through
baMiery, fijpe alSrm l«TOp, I'Pl, AB 6*0, to earthi^

Coh]teictl[iBl closes and brings in the apparatui^o|^transmitting the ^arm over a junction
|s already described.

Permanent Loop Alarn^’Cifcuit—This alarms is provided to defect* cases of receivers

being left off the switch-h^'oUf, and of Hne w^res becoming short-circuitSd or earthed. In
Ibhe case of a permanent* loop faalt, the selector is engaged in the san^ way as when a call<

is made, j^hile in tl%,e case of aHh earth jault on•the B tnre, relay Al the selector circuit

is energised over the B ^re to the earth fault.

Relay A^ closes its contact AU, which is connected in parallel with ccm^ct Al and the

selector is thereby held engaged. 12he alarm circuit is arranged sd that selectors eng(aged

through such faults are automatically released after a certain»perio^.

When a selector is*engaged by°a preselector, relay PL, which is commoi^ to the racl^p

is energised through battery, Pi, V3, 300-ohm (E), PLl-6, to earth.

Contact PLl closes and prepares the circuit of th# slow-alrfrm relay^SB, which is con-

trolled by contacts operated by the slow-alarm cam.

,
Relay SB operates when the cam contacts dose on the high position of the cam. C^tact

SBl operaf!8s an^ closes a holding circuit for relay SB.
Contact SB2 closes and prepares the pircuit of the other slow-alann relaysZB 1, which

operates when the cam contacts close*on the low position of the cam. fehe^operation of

ZBl also Operates relays ZB2 and ZB3. *
. *

Each selector has a ZB contact associated with it.» When a preselector engages a
selector, the T relay of the preselector is energised by battery* through thb ZB contact. If

the selector has been engaged by a subscriber, then immediately the impulses are sent, confhet

K3 is operated and the preselector T relay is then independent on the ZB contact. If, how-
ever, the selector has been engaged by a fault, no impulses will be received and the pre-

selector T relay remains* dependent upon tlie ZB contact. When, aftefr one revolution of

thb Slow-alarm cam, the ZB relays operate, a preselector which is dependent upon a ZB
contact will be released. • • •

•When refay ZB3 operates, contact ZB3^ prepares a testing circuit, fpr the preselector^

T relay, on the tenth choice of the preselector bank.
•

©
^ ^ ^

When the preselector is released from the selector by the ZB contact opening, it drives

to the tenth choice. Relay T is then energised through ZB3^, P.r5, 500-odm (R)*, R3, C
wiper arm, TlO-f 4Q0, Rl, to earth. The preselector cannot test on any^other free Selector

wlien it is driving to the tenth choice, as the ZB relays remain operatedJonj{ enou«ch for it

to reach this contact.

Relay P operates when the presSiector engages the tenth ohoi^.

Contact Pi operates and completes a holding circuitr for relay P and the preselect#/

T relay.
• ,

* * ‘ ‘

When the selector is released, relay Pi is released and^ vi oon8equeno6,trelayB SB and ZBi
relaase.

When the Pi switch, which is normally left on open^ircuit, is closed, the permanent
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pifot liiapnights ijrlieBfZBSi hhs opferated; tod rem&ins aUghtthrough batteryPI, PL famp, PI switch,-AB 6 0, to earth. , Relay AB t^erates. ^
junction.^**'^

“'PP»™*“8 for .transmitt^ the alatof ever a

cam
a^nrvng operatWare thus delayed untd <K6 slpw-actmg alarm

. cam has mtoe at least one revolution.* Dupng this time the whole-wquence is^wenefent

iirTwm be^vm.“
complete 'revolution, .as wculfi happen on an 'binary caU, ns^

Jlagnet Alarm .Circuit—This alarm is provided to draw attention to a switch mamet

in wS Pf • This may occur due-to the failure of a selector to“E
T 1 fe«ct ^ould be held permanently energised, by contact K2

would r«8iT+Tn«^*
®‘’^®“*- aga^. tire faUure of a preselector to drive to normal properlywould result in its dnving magnet being permanently energised.

^

«P®™ting current passes through a magnet
‘ wS ^ ^ <fperates and prepares the circuit of the slow-alarm relay^SAwhich IS controlled by contacts operated by the slow-alarm cam- Relay SA operates whenthe cam contacts close on the high position of the cam.

^

ContactMb operaterf'and closes a holding cicciqt for relay SA
8A2f elopes and prepares the circuit of the other slow-alarm relay ZA, whichoperates when the cam contacts close on the low position of the cam.

Contact ZAl operates and closes a holding circuit for relay ZA

A fff
closes and completes the circuit of the MA pilot lamp and relay AB throughbatte^, Apilotlamp,ZA2, AB5-0,tofarth. Relay AB operates.

^ 8“

^ntactAB 1 clo^s and brings in the apparatus for transmitting the alarm over a junction.

at leLt^'oT T/ ’“*>1 the sW-acting alarm cam has madeat least one revolufion D^ng this time the Vhole sequence is dependent upon relaym
'earn

^ the .fault be cl^red and relay MA be releawd before thecam has made its complete revolution, no alarm will be given. ®

R%ng%^ ^ton?}.—This alarm is provided to draw attention to a failure of' thenngmg emront. :^ay RG^ which is connected to the inner ringing interrupter contact isperinanpntly eijergiffed through the ringing winding, RGlOOO, to earth.
’

oont«p/ppi^"*'
1^®“* b^om^ disconnected at any point, relay RG releases and, at

Zn RG? Afe^n ^ ^ pilot'

SknS ^ ®1®“«- introduces the^‘paratusefpr transmitting the ftlaifai over a junction.

CircuU.-For all piloses, other thin testing, the motor
normal position, which means that the motor willbe normaUy c

Stopped, and will commence to Qin flirectiy a call is made.
^

“*® operation by the closing of tfee preselector drivingS li?Z;!?^rA ^ i:®’
(DK).a)K^2600. or interruiJWspring (if clpsed), jlJA 1-6 dnving.magnet, Tl, R2, to earth. Reltfy DA operates.
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Contaot DAi closes and ogerates^relayd)V through V^ttery DVfiDO, DAl^ to earth.

Conta^ DVl operat6g\nd closes the circuit of relay STS, tlu*oug& battery, 1000,

»

DVl,^t8 earth.

• ConJact J)y2 c^xinects the two 1*2 amp. motor fuses inspa|all^ while the motor,is.

starting. *
• •

" • - • . •

• Belay, having /)p6rated, contact JNiSrcloseai tha dircdit of the motor in series' with
N85.0.O

, ^
^

,

B Contact NS8 short-circuits cejjiy DA, and drivu% current for the preselector is con-

nected to the interrupter spring through ‘contact ^^82 .
• • •

While the preselector driving, rdlay DS is operated. Contact DSl closes a holding

circuit for NS 1000. *
s

*
^

Contact NSl h|iving operated, relay NS istheld^eAergised in serihs with the motor by
its 5-ohm coil. Relay IjJS is therefore not dependent ort contact DSl, and^ill not i^lease

when the preselector completes its drive and relay DS releases. *
,

*
*

The motor control cam now op^^ates the motor control spring set* which, on clbsing

its first contact, makes the motor circuit independent of NSl
;
and on closing its second

contact, short circuits NS 5-0, allo\<ing relay ^^S to release unleete still held by relay DS. *

The control spring set remains in this condition, with both contacts closed, fois about a

quarter of a minute, the cam then allows the last mad^ contact.to open, Jput keeps the early

closing contact closed. '
,

"* *
•• •

*

The motor circuit the^n remains completed through the early closing control contact

and the back ccgitact of NSl, until the control cam reaches its normal position, when the

early closing contact of the spring set opep.s the motor circuit. ,
•

Should a further call be made while the motor is running, and bot£ control contacts

closed, tMfcn the closing of the second driving magnet circuit again pperates relayp DA,
pV, and NS. as before, to connect battery to the interrupter spring.

Should a further call be made while the motor is runnftig, but aftfir the late closing

contact has opened, then the closing of the driving magnet circuit, as before, operates

relays DA, DV, and NS, but, as the late closing colitact is now open, contact NSl having^

changed over, will hold relay NS operated after relays DV and DS have released, the motor
pow running jgain in serfes with NS 5-0. Wiien the control qam reaches the normal position,

and*bath control contacts open, the motor circuit will in this/jase still be maintained through

NS 6*0 and contact NSl : the motor will therefore continue to run and vail drive the control-

cai# through another revolution. The control caih then proceeds to cVobc both contacts^

and to release relay NS by short-circuiting its 6-ohm winding, aS befbre desc^ed.
The motor is now again dnder control of tTie parly-closing contact*onlyv and when t£e

cam again reaches normal, the contact opens and the motor is brought to rest.
*

It wiU be seei^from the above that the motor must run for -at least 2J minutes,dess the

qjiarter-minute period during whi^ both contacts are closed, after the Iasi call has been

made.* Any demand for drivilig current, as*for inst&nca during the release of a connection,

or when a preselector is moved from normal by hand, will brin^j^about the saAe cyole«of

operations.

The demand for driving current to drive thaselector round to the’ bus^ contact will, in

all ordinary cases, fall within the quarter-minute period, .^id so wiU not qause the motor

rutt through a second revolution of the control cam. ^

In order to ensure tliat the dynamotor shall /un for a gpfimieini umew onng m i/ne siow
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alann sh^d^ faWt ^coiir, the niptor control cam is aet in a definite relaJnn +1.^ ialarm cafe both o/wWoh arelnounted on fehe same s^aft. ^ ^ ^^
Thdi^ation between the i%otor control cam and tKe slow klam is such that tMS,Of the slow^alarm (^tm^when operated in the high portion, is not S

^utohiatic /:xcHjn(
Mani^l Ex&kan^.

with *

Z 9pn/^ a&ta, but
Gff^ttmoroweM, one

Fro. lie—tniAOB Exohakob (Snamns). JtmorioN Alam* Cieouit.

control contact hSs opened, and it closes^in t^e

:rSStS5SH£ff?i3=:
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, vxmTOOD AUi woses ana reia^ j'4; is connpotea tcrtAe 400*onm (Sbi\cit tsie T seiay of toe

preselector ol the particular potion cilouit whichiis used for transmitting the ilanifmgnaL
Belajir JT is of the samet/ype asithe testing Way P in/he sel&^tor circuit, ^n|i if the

[unctioli i#free it will operate inftnediately. . ^ n ,
•

Should the*jwoti^ be en^ged, its>T reh^ cijycuit is eithei^disoQimeqjbed—^when engageci

m ap incomingieall from the manual exchange, or is at^ttery potential—^when engaged
[>n an out^m^ call to the manual exchange. Irf either case, relay JT will not operate until

bhe junction Ibecoipes free. • ,
^ ^

* When, relay JT is energidbd, oottaot'JTl op^&tes. Relay G then bperates^and the

junction is made busy by the ppemng of contact Gl to calling selectors. >

* Contact JT2 closes and rolay^jTA ij energi^d over :—^Battery, 400 ohm (JTA)’ JTA400,
contact JT2 to earth- • * ^ *

When relay JTA*is operated :—Contact JTAl closes end relay JTB is enemsed.
,

Contact JTBl closes and relay JTC is energised. ** * •

Contact JTB2 closes and conne^tg battery through 140 ohms (JT) td’thg B wire'of«the

junction. Relay LR at the manual Exchange end of the junction is'then energised over :

—

Battery, 140 ohm (JTj, «1TB2, B wire, outgoing jack, LR200 to earth.

Relay LR operates the calling signal. ^

When relay JTC operates, contact JTCl closes a shprt-circujt across relay JT^^, which

releases. The three relays JTA, JTB, and JTC are fitted with chopper dieeves and theihe-

fore slow in releasing. ,

’ *

When relay JTA releases, contact JTAl opens, and relay JTB is released after a siiort

interval. ContactJTBl opens the circuit of relay JTC, and contac| JTB2 openo the circuit

of relay LR. Relay LR releases and the calling signal is restored to normal* ^

Relay JTC releases and the short-circuit is removed from relay JTA at contact JT(3l.

Relay JTA immediately operates and the above cycle o| operations is repeated.
* The Circuit remains in operation so long as relay AB is operated, and* an inte3;mittent

calling signal is thus given at the controlling exchange. ’

Test from Manual Exchange.—When it is desired to test the automatic equipment

for urgent faults from the manual exchange, the operator calls the special test number.

Normally this number will not be used fqr a subscriber's line until tjie full capacity of

tlfe*exchange i8 rdkehed, and will therefore be connected to tjie number unobtainable tone

circuit. • ^ ^
»

In the caJe of this particular number, however, ^a break contact of rqlay AB, contact

AB2, is placed in series with the C wire to the N.U. tone circuit. The c^eration ^s in this case

as follows :— • * ® 3

W'hen the equipment is free from urgent faults, relay AB is not operated, hnd on balling

the operator receives the number unobtainable tone signal. •
^ •

When an urgenl) fault exists oif the equipment, relay AB is operated aq4 the testing

cirdhit £®r relay P in the selectoiscircuit is opened at contact 4B2, ’
,

In this case, on reaching contactd 9, the testing selector P iselay cannot t)peraftb and tfie

selector wipers are automatically stepped on to the last C9htact ?f th^ ]/dvelr The bus^^*

signal is tl^n transmitted back to the calling operator. , •
,

• • •

If the calling operator receives number unobtainable Jbne, the automatic equipment

is cigar of urgent faults, but if busy tone is received, it is a^dndication that a^ br||^nt^fault

has occurred on the equi{^ment. This oonstitutes^a test for the presence of urgent faults.
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and alM automitionUjF teste % jurfotion aVirm oirpuit, because whefiwer the ^perator
busy tonb in making the above itest, the cdlling indiCator associate with the par-

ticularvjupction used for transpitting th4 alarm, should be fldahing. ,
•

Permanent l|f>o^ aivd B-wire ^arthoFaults.—As permanent Ibop and B^wife jearth
faults do not requp wgenfattention, nq altom is'given when thej/-, occiir.* Upon viritinii
the exchange the maintenance ^^cer throws the switch in the PL alamrlamp circuit. K
the lamp glows, i^rmanent loop or B-wire> earth faults are p^sent'on the equipment, but
if the lamp does Hot glow, the equipment is free from sj>ct faults.
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^

f

^VILLAGE EXGlfANGE*ROl}TINE-TOSTER CIRCUIT (Fig. 11?^

^ <ifcre{vUy and regnlarlx*roitine-tested in ordlr
^*^’*^** shaH^be locals bafore'&ny trouble result on

A test j&ck provided on^ea^h selector for roiltineitest purposes. <f

rgak jack, through which the multiple of jihinber ninety-nine»(91l) is wired, is pro-

ri ^ • Meter Meter
^Um^bne Contxt Lamp% V

i-
’

-t iG. - 1 17.—-Village Exchange (Siemens). HouTiNjfc-Tester Circuit.

• ,

^
\

Batte/y Jack I

prtfi on Rack.
J

videj^ to enabUe tests to be made to this number without disturbing the telephone connected
to it, should there be one.

A battery jack is fitted omthc selector racks by means of which battery and earth can
bo connected to the routine tester. * - -

,
The conditions^ reproduced in the routine tester are more severe than would eidst in

normal working, and therefore, if tie circuits pass the tests applied, th^ordmary working
vaaiatifins should have no effecison the reliability of the seiyipe.

* ^
The dialling circuit used in th# routine tester is similar J;o that wheh,the*«elector*ls

operated from another exchange. The test is then more severe thtm wheij dicing from an
ordi^ry subscriber’s loop, and if the se\pctor ogprates, satisfactorily unde? the conditioiw
of the routine tester, it will operate satisfactorily on a subkoriber’s line with the long line

jpsuiation conditions under which the system is drf^gnad to operate • ' '

Routine Tester, Circuit Operatlorf, and Method of carrying out Tests *(Fig* 117)
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—Insert bat^ plugr o! routine, tester into Jbattery jack on the selecAor rack. Insert
t answering plug of foutine tesiar into the 99 ” jackf' Conne(ft hand telephone to routine
tester, j ^

,
Now insertHhe test,plug of routine.testeainto the test jtock of the sfelector to 4>e feabed.

The elector A relay is operated an^ the<3irepit brought into usfs as if picked up by a flunction
or a preselector. The 'selector i# ^gaged by; the earth put on the C,wire through m«ter,
16-ohni spool, and calling release key. ^ ^

,

Listen on the rfceiver of the hand/tel^phone, when dialling tone should,be h^r^, proving
that the selector ‘transmits dialling UAy^ correctly. This also proves the repeating coiP
transmission circuit. ‘

< c

By dialling 99 a call can be set up throlij^h the selector pnder test to the answering cord
of the routine tester.' > r ,

^

J^oceed t^i make the test as follows Throw the dialling key and dial 99. Tiie selector
should operate,in the ordinary way and extend the call to test number and back to the routine
tester. Relay P on tlw selector will operate througl^ bOO-ohm spool, busy ealling key to
earth. *

,

a^^The bell on the routine tester should now ring.

Rertore the dialling key and listen for ringing signal in the receiver of the hanH
telephone.

^ ,

ThroiV the tripping key!
^
The selector TR relay should operate and disconnect ringing

from,the called line. Relay Y on the selector should operate over the loop closed by the trip
key and cause the meter to operate. The meter contact glows the meter lamp, which,
glowing steadily, indicates the meter is held operated. This proves tha{ the bell will be
rung satisfdctoriiy over a line having insulation as low as 10,090 ohms. It also proves
metefing and that current is being supplied to the called line. ,

Should the meter lamp, hojvcver, not glow, throw the continuity key, when the con-
tinuity of the A knd B wires-from the selector would be proved by lamps A and B ‘glowing.

' ‘ Listen on the receiver to prove that the ringing signal has been disconnected. While
still listening shake the selector cord Wightly to prove that no intermittent disconnection
exists.

Momentarily throw the answering' release key. This disconnects the called loop, and by
de-energising the selector Y relay should release the connection. Reistore all keys- to
normal. This pro/es that release is effected ox lines with ujisulation Resistance down to
10,000 ohms. , .

'

,
Now thrpw the selectdr throw-out key. This should cause the AA, V, and E relays to

operate and release in turn; as long as the 'key is held operaited. This test proves that the
selector cannot be picked up by any preselector if the A or B wire is disconnected.

Throw the long line and busy calling keys. Now throw dial key and again dial 99^
The bell should pdt ring, but the switch should drive oh to the last contact, and the super-
visoiy lamp should flash. This proves that the selector wiil operate when connected tS a
leng line, bhd it Vill not.enter a line engaged on an out^ing call, but will drive on to the last
tpntact and give <btisy conditions.

‘ ReAore th^ diaKing key and lis^n op the recover of the hand telephone for interrupted
busy tone.

c *g
'

^

hfdmepthrily throw the callihg release key. This disconnects the calling loop an^the
selector should return to Restoi^itall keys to normal.
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, \\totAGE EXCHANGE POWER CIR|tjiT

Section 56r

1
'

' •
.

VILLAGE EXCHANGE EOWER CIRCUIT WI'ItH HAND STARTING A^O "

AUTOMATIC ^STOPPING

This jwwer circuit (Fig. 118) is puitfd to the requirements oi sma|i telephime equipments
with petrol-eloctnc or motor generate^ cjiar^ng arranged for hW starting and automatio

Fig. 119.—Village Autometeb Exchange (Siemens). Petrol-electric Generator.

stopping. A ^^-eleotric- generator is sh&wn in Fig. 1 1 9 and a power board in Fig. 120.
Two batteries are provided. The exchange is connected to each battery alternately at

each regular visit of the maintenance officer. To charge the idle batterv, the petrol-ele^c
set or motor it^stapted by hand before the charge switch" is operated.

When the charge put into t^etljattery reaches a certain jA'edetermined amount, aieonfaot
rti the ampers-hour iqgter introduces a condition which automatiAlly stops the petrol
engine or mdtor without any alarm being sent out.

^

‘ Dufing the'discharge of a b^teiy the«mpere-hour meter in its circuit runs in ^ihe reverse
,
direction, and atta predetermined point a contact is closed which has the effect of sending an
alai'ukito4he distant manual exehange over a disengaged junction line."

Should the engine or m^tor fail, ‘or any‘ disconnection take place in the main
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charging l^ads after the j^e«baft^ hat been left an
c|ang

^rge, ^n,i
is tripped.

- ^ ^ .
^alam is sent out

to the ^distant manual exc|ange and t^je circuit-breaker
‘ ' * ’

j ^ Test^keys are provided tc^ enat>le

the^ motor-failure a|)paratu^ to be

tested when desired.
*

In the* case of' a petrol-electric

set (Fig»* U9), the operation of the

motor-failure tel^ key sho^iP-cflpcvits

the ignitfon interrupter contact, stops

^the petrol engine, and introduces the

motor-failure condition. *
J

•

In the case of'u motor-generator

set, the no-volt coil o£ the motor
starter is disconnected and the mqfor-
failure condition established. *

I Keys are also jjrovided for con-

necting the voltmeter t5 the generator

or either of the batteries.

Power Circuit Operation (Fig.

118).

Chirgi^g commenced is as-

sumed battery Ko. 2 has been con-

nected to the exchange and that,

battery No. 1 is about to be charged.

The circuit-breaker is closed, the

charging switch being in the off posi-

tion, and the petrol-electric set, or

motor, started up. When the set is

running satisfactorily, the charge

switch is thrown to charge battery

Relay DL ((operating tijiiough a

shunt in ths main charing lead)

closes contact DLl, which energises

relay EA through battery, contact

on circuit-breaker, DLl, EA1000, Tl,

to earth.

Contact EA5 eloses, but the (^jr-

ci^t-breaker is not tripped, jjecause

DL2 is open. •

Contact EA2 closes a holding

circuit for relay EA independently

of DL. • ,

Contact EAl clpses and prepares the alarm circuH, which is net completed* as*

D&Tis open.

Contact EA4, which is a make-before-break Tsontact, operates, and aG^L4 i^ already up,

Fig. 120.—Powbr-Boa^ fob Systbw Clock ASiJp

Voltmeter Control (Sceme^s). Tront and
VTiii'iir
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DL is now mfde dfpelident op its own contact‘’DL4. ^ The circ^t remains in thjs condition

during charging. ^
'

/
I

ChargAfig finished,—When‘the ampere hour meter indi[cates ' that the charge required

for the battery^has beei, cdmpleted, a Contact ^AHIF is close^ : thisrcompletes the cii^uit

of r^Iay T,' which iS operated tl^raagh bati;ery, contact on circuit-brbaker, charge switch,

AHlF, to earth.

Contact Tl operates, aisconnecx^ JCiA, ana xnps xne circmx-oreaKer. ,

Contact T2 operates and prevent an alarm being g?veii when ]3L3 fahs bad
When the circuit-breaker is tjirown dut, relays and DL are de-energised.

Contact DL3 falls back, but no alarm i^igiven, becaus6 relay T is slow-releasing and it^

contact T2 does not dose until contact EAl is open. ‘ ‘

In the case of a petrol-electric charing set, the opening of the circuit-breaker dis-

connects the iKirnary winding of tiie ignftion coil, thus causing the set to stop. In the case

of a motor-genoratc>r charging set, the opening of the cir^it-breaker disconnects the no-volt

release coil on the motoi* starter, thus causing the stafter to return to normal and stop the

motor.

^All cbntpcts except AH IF are now at normal.

Ojferatioh of Alarm Circuits.

,
Battery Empty .4Zam.^Uiyier®the assumed conditions, battery No. 2 is discharging

to the exchange. When the battery has been discharged to a predetermined value, contact

AH2S closes a circuit from battery, AH2E, Sischarge switch, A£2, SEIOOO, to ejarth.

Contact SEl closes and allows relay SJT to operate when the junctioivline is free.

When £elay JS^TT opdfates, contact 8JT2 closes ^ lamp-hashing circuit over the B wire

of the junction td thg LR relay at the distant manual exchange.

The operator plugs into the incoming jack and operates relay AR through battery, RC,
incoming jack spjings, A wire of^junction, SJT3, AR500, to earth. .

^

Contact ARl opens the circuit of relay SJT, which opens the lamp-flashing circuit by
the release of contact SJT2.

Contact AR2 operates and releases relay SE. Relay AR is now held through its own
contact and AH2E, and prevents a lamp-flashing signal being sent out again.

Relay AR is reset by the change-over of tMfe discharge switch. t <
. ,

•

Charging Failure -Should the charj^e be int^rrupjied, either,through failure of

the engine or motor, or a disconnection occurring in any part bf the charging circuit, relay

DL will be released, "fhis Release may be effected in either of two ways—(a) by the interrup-

1i*on of the* cuiTent in the main charging lea^, or (6) by a reversal of current in this lead.

Sii^ce DL in ifS operated condition^is dependent on its own contact DL4, it cannot be

again operated after oncet released until relay EA has released its contact EA4.
Failure of the^mgine or motor through any cause wilb of course, result in a reversal of

current in theVcriaki charging lead. ^ t

Whe^ relay JDL is de-ener^sed, contact d!L2 falls hetek, and the tiqip coil of the circuit-

bfeaker is o;^eAted^ frocu baltery or dynamo, trip coil, DL2, EA5, to earth. The circuit-

breaker opens, Ijiift relay EA is not released, because contact DLl falls back and provides a

holding circuit for relay EA thrQUgh^EAS ftnd reset key. ^

^The motor-failure alarm lasnp lights and the common alarm relay AB is operated

through ffsrtteify, alarm lamp, DL3, T2, E^l, AB5«0, to earth.
^

Relay AB coppects a flashing equipment to aJunction.
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* the ringer from the lin^T position (restricted
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ampere-hour meter is ^ thf h t

staged by hand; but
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-»t .nh, th. h...»y Mr

^

3



COMMUNITY EXCHANGES

the gep^rator from the b»t|ety. .Durii« the tiiie of ehirge the
^ discha^e lead Oo the power-boa^. .TheseprevOTt ibi§m erf voltage oK.the buB-bars, which woiild prematftrely ,top the charging.There are signals at the attended office <5^ inHinate wheW fuse 'pelts, gr otlier^dt

t/vvUXo*
f. ^

I't

& one case a group of thfee sue* ivstallgtions are located on a lind 264‘nfil6B.l»ng

»« p”*
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COMMUNITY AJJTo'mATIC gXCHANGE&T* (A^ T. M. Cp.)
• • « • • •

p

’ Thf Strowger ‘(J!piAmunft;y Automatic ;^3Whange ^Q.A.!^.)* was ^esign^ U>

pro^de a «a]xrplete 84*ho]||^-day automatic telephone service*to villages and country sub*

ficribers ^reasonable cost. Its special features fcres;^

1. No attendant is requijM. - Pne inspector edn care for a numberof C.A.X.’s, making
periodic Visits to each in tupi.

^ ,

^
2. The C.A.X. is not dependent on an c^^side source of electric current. • A petrol-

engine set supplies the necesSai^ powdi* for charging batteries, etc., if i^cal efectric supply is <

not available. •
*

^
%

3. Party-line service^ as weU as ihdividual-linelservice, is provided by the tl.A.X.* ’ Any
number of subscribers up to twelvej?iay be put on one pair of wires. ^Automatic code rii^gilig

is employed, so that a calling subscriber has only to dial the number of the {^articular party

'^esired. • *
,

By the use df partf lines for country subsoribers the cost per telephone* for line*con-

struction as well as for central equipment is greatly reduced, and the cost of maintenance is

correspondingly lessened. * *
*

I

4. Standard automatic telephones and switching apparatus, as used in large exchanges,

are employed in the G.A.X^ with only such minor modifications as are necessary to ^apt
them to the particular requirements of the C.A.X. No new or untfied mechanisjns are used.

The C.A.X. has tiioroughly demonstrated its efficiency and reliability under actqal working

conditions, and has given entire satisfaction wherever installed.

Gener% Description of Systems.

TheJLIA.X, can be applied to four typos of systems :—

•

•Fig. 121 a. The Isolated C.A.X.

,, 121b. The Tandem C.A.X. |{:Jystem.

,, 121 c. The Radial or Satellite^.A.X. System.

,, 121 d. The Network C.A^.’^^s^fh.

,

(a) The loolafed C.A*X. ’ ~ . \
The isolated exchange js relatively It no. 4jon^.tions to or from other

exchanges, and therefore thefservice requireif|i&£s are of a simple nature
*

t^g. 121 a illustrates a C.A.X. of this ch^cter. *
v »

{h) Tandem O.A.X.’a.
, , ^

The tandem C.A.X.’8 may be connecteAi>y means of only one tolfUne, as shewn in

Fig. 121 b. This toll line not only serves'for toH.^phHection8 between the C.A.X.'s, but also

serves as a toll line4o distant pointy

A C.A.X. can be installed in each town with individual and party Kne|i ’serving town

8u&ori%ers, and rural lines serving the country subscrib^fe.* All calls wiljiin eaqh C.A.X*

are made automatically by the calling subscriber. The toll ofiice can ];^e located wherevlij

^ it will receive the best attention, either at one of the C.A,!3J .'s or at the diijjbant end “

which ma3/*be either an automatic or manual central exchange Services such as information,

complaint, etc., can bp cared for by the distant toll operator or may be h^dled locally by^

any Aitable person. •

Calls from’ one C.A.X. to another C.A.X. would be haadled by the toll opq;:ator. The
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o^ing subsoKber yovlSd dial |l ppedetermined humbe^ foWinstanoe, “ OY* anc^ ooimect tb *

the toll^operator
;
she in turn would diaFthe called subscribdf and would be in a position

to supervioS the call^and recordrthe proper charges. ^
« «.

f rRefening to Fig. >216, it is obviftus tfiajfc all the C.A.X.’s illxi^trated, are *oonn«ctor

j(2-digit) systems, and that tlie t^lV operator must employ a Selector Switch* to selefit a par-^

ticular C.A.X., and as all C.A.X.’s *re connected by means of oye linerthislifie«ia tapped on
to a selector switch at each C.A.X.

" * ' '

bL.< Isolated System.
Toit Line

b. Tandem System.

c. Radial System
^

A. Network Sj^stem.

Fig. 121.—tTypes or Community AuTOMATfe Exchange Sgtstems (A. rT. ,M. Co.).

The first level of the selector at C.A.X. No. 1 would by connected, and all other levels

left open. At/f?f.X. No. S the seconddevel would be connected. At No. 3 the third level,

and so^on. •

Should a C.\X. subscriber in No. 5 desire to cal|^a subscriber in No. 2, he would dial

over th^ loop* %nd*obtain connection with the toll operator. The toll line is at once made busy
t^ ail ot]^er calj^. The toll oJ)dtator*would &ial bach “ simplex ’’ #ver the toll lifie. AH
Elector switclto^, ^espt at No. 6, will step up to the second level (the operator having

i&i^ed “ 2 ’'), ^\i1iich is connected to a connector in C.A.X. No. 2. The remaining digits.,

diiJled by the operator operatebthe^oxmdKtor switch which would connect to the<<salled line.

, The handling of traffic is facilitated by having two or more toU lines. One line can be
restrieteti to * through ’’•servidfe and used by the^toll operator only, and the other liifes

be used bol^ by^tlie C.A.X. siAscribers aifd the toll operator.



TELEPHONE SYSTEMS ifti
T

^

B^kH <?.A.X.’s.

-If
to another in't!^ same C.A.X.'are completed automatically

tmluXT r AT i^r *1 r“ ’ “ desiring a connection to 4 statio^

-

qperaiipr at “ M#’ .^ho would dial a«d,complete the con-

8nb!crih^
subscriber Connections between « C.A.X. sub’scriber arnfa manualsubscnberm M are completed by the opera^r in the usual manner.

*

.«k
®

.

°"^d the central excHhnte “ M*” be automatic, and free servicejbe given, any C A XBubscnbeucan dial any other 5.A.X. 'subscribci* as ^ell^as any main.-exchang; suLcrfw:me automatic main-exchange subsefiber can alto dial any C.A.X. subscriber direct .
*

on« ? i Y ^ f the C.A.X.’s and the main eisohange or betweenone C.A.X. and another, the celling subscriber would dial the tpH operator at the main

nTv f
«'”Ml®tos and controls the connection. .Separate trunks can be run fromtoe (..A.X. to tllb centAl exchange “ M,” so thpt combination loll and free eervice can bhgiven if desired.

(d) Network of C.A.X:s.

comWnationV^
represents a lay-out on the network system bfnvhich tSere are manV possible

™dial system shown in Fig. 12rc in that there are 'directttonks from some C.A.X.’s to other C.^.X^’s. Adjacent C.A.X.’sHiaving direct.trunks may

charve!!
service. ( j^s from a C.A.X. to a central-exchange subscriBer may be free orcharged fofTas desired. This is also true of calls from one C.A.X. (No. ») to another O.A.Xj(No. 7) pot having direct trunks. - •
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G.A.X. efONNEGXOft GIRtUlT—M1XE]> SERVICE >yiTH‘ AUTXIMATiq CODE
- ' ‘ ^ ringing (Fig. p2)

I
^ '

c

This connector has many functions which may be briefly outlined f6IldW^;-r

I. Holds the switches nearer the^ealling'line in their operated position.
'
2, Carries ou4 &e vertical and rht&lj movements of the 'shaft, imder the eoni/roi ui kh?:

calling device. '
^

^

3. Starts a motor when off normal.
^ ^

^

4. Has automata rotary movement on 11th and G levels;

6.

Cuts off battery feed and condensei^ on O levfel.

6.

C Gives a bj^sy signal on 9th and O levels when afll outgoing trunks are busy.

7. Operates minor switches under the control of the^ calling device.

8. Selects 4nd rings, the proper code call for party^ines.

9. Keeps the wipers discbnnected during rotation, so as not to interfere with the lines

Over which they rotate. ‘
,

c t

10.

Tests ihe called line to And if it is busy. This busy test consists of two parts ;

—

' (o) A lock to prevent intrusion on a busy line.

(fc) A signal to notify the calling party that the line is busy.

II. Protects the called line from intrusion.

12. Clears the called 'line of attachments.
(

13. Ripgs the called^party’s bell intermittently.

14. Gives the calling party an audible signal each time the called party's bell rings.

15. Supplies battery current to both parties for conversation.

16. Opens tl^e ringing circuit as soon as the called party answers.

17. Reverses battery to the calling party when the call is answered.

18. Releases itself without interfe^ng with other lines.

19. Releases other switches.

20. Operates an alarm signal if riicf release circuit remains closed.

The circuits ofca commun^iy exchange cohnector (Fig. 122) are numbered in the or^r
of operation as follows :— , ,

Galling If^diyidual Lines.

1. When the^callii^ lipe is extended to this switch R'(A) energises.

2. Guird relay R2(B) energises.

3. (Earth cpnSiected to release circuit, & hold other switches.

4. Vertical impulses. time R' de-energises VM4 energises to step the wipers up,

R4(C) energises if^ the dfiration of the impulses. A^| M.F. condenser, in series with a

10-ohm resistance* to earth, prevents excessive sparking at the impulse springs of R'.

non-ipductive resisflaffee, on top ofand in yaralfel with t||e winding of R4, al^
hfflps to prevent excpssics'^ sparking at the impulse springs of R'(A). The off-normal springs

' A^se on the &rsj 4^ertical step.
*

* ^5. jiarth on the^hxotor start cirsuit, ^ as to 9tart the ringing and busy machine. Also

joioses.a part of th^Si release circuH. .

6.»Rfl(G0 Energises. .Opeitfe circuit to relay Z(R20). Holds jbhe 125-ohm winding

B9(H) open^duriijg impulsing, •c
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Aftw ^he laS impulse of tWs series R4(C) de-energis^.

'
'* magnet BM7,1of minoAwitch L, eaei^ses andi'steps the fiiinorSwitch wipers

til* switching the battery feed from the vertical to the rotanfmagnet.
Ro wd BM7 ^e-ener^ihe. \ ^0-ohm non-jpQuctiwe resistance vnilliffr prtwents excessiTe
^sparkml at the^nteTropter springs of R6;

*

•8 (pa>4ly* over* circuit 4). Rotary ' de-energises' lor each im^tilse,
*^d the magnA RM8 steps the wiperS nju^. R4 energises in series with RMS
f.Wr the duration ^f the impulses. The wipers u,?|| i^ow on terminals# <jf the called line.
The J MfF. condenser at ^9 prevents excessive* sparking at the impulse springs of A.
R4 and R6 operate as before (^escribed. After the last* impulse R4 arid R6 de-enereise,
a the line is free. • . «

• ° .
•

9.

R^ energisesithrough its 126-ohm winding, iif sbries with the ISri^e cut-off coil at
the called line switch. _ • . • .

10. R9 locking circuit, through its 1300-ohm winding. Impulsing^cirpuit opened^present further rotation of the switch. Private bank contact is* earthed to make*tWs
^umber busy to other calls. Earth on the private wiper also earths the private normal
to the called line»switch»and operates the line-switch bridge cut-bff r^ay. ' ,

11. Ringing circuit from interrupted generator through 200-ohm whrdingaof'Rll
(which does not energise).

12 (partly over 11). Automatic ring-back signal to callbr.

The back contact of th^ interrupter relay is’connected to earth, and this earth alteqmtes
on the line with the ringing current. Rll{P) energises when the called receiver is lifted.
The copper ring and mass over the core gives it a greater ranga of adjustment and also
reduces the impedance to the ringing current.

* *

13. RFI(F) holding circuit, through its 1300-ohm winding

14. ^14(E) energises in the subscriber’s loop. ,

15. Battery reversed to the calling line. Meter or coin collector can be aperatod.
May be used for supervision in connection with toll or trunk boards. • •

16. Talking circuit through two 2MF condensers.* R' feeds talking battery to the caUer
and Rl4 to the called party. •

ReZeflwe.--sWhen the laller replaces the receiver, R* and then R2 de-gnergise. Circuit 3
is opened to release other switches.

*

17. Releaipe*magnet Re*»*17 energises to free the switch.

^8 (partly over 17). Bd. 18 retmns the minor switch to normal.
19. Circuit to the main release magnet, which remains closed ilntil the wip^r retuma

to normal, to ensure a complete release of the Inii\,or switch. *When thi-^haft rettims to
normal, circuit 17 is opened at the off-normal springs. When mjpor switch wipers*return
to normal circuit 19 is opened. • •

^
A 500-ohm non-inductive resistance, on top of and in parallel with ^e release magnet

windir^, prevents excessive spafldng^at the ofi-normtfl release springs and thS bottom wip^r
of switch L. A 200-ohm non-inductive winding, on the minor ^vfftch^^leaseaoagndt* preveiAs

*

excessive sparking at the main release magnet springs. • * •
• ’

. .

Bdeate Signal Bday.—The earth to dthe rel«».se magnet of the mhior ’switch Is

through a slow-acting relay associated with a group of switshes, so that, in case the reldhse
cwbuft remains closed, an,alarm will be gii^n. This relay is made slow so thatithe total nn.11?

*

ioay be registeoed.
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20. If th^ numbergalled is bi^y, the private bank oontacjt is earthed atimother
R20(Z) energises oier wiper P(-2. c

21. ®20 locking cirduit. Circuit 9 opened, also circuit 4.

22. Busy t^>ne On positive line to culler* ^
o

'Busy tone is ta^'^n through on^ oPthe^tSilking cendensers/^so thatWo c/i* more r^witches

callifig busy numbers cannot^be lo^kec^ up oter the common busy \j^ine. *The bja^y tone is^

also taken through a condenser compion to each unit, so thkt, in* case the busy should^,

become earthed, it rill not be but oCseif^dce in the entire office. R20(Z),is locked to eart|^^

at 112 (B)j instead of^at the private wipen so that it will' not restore, and close the circuit to

R9, when the called party hangs up his receiver. ^ The caller caiinot come in Qn the called

line as R9‘{H) has not operated.
'

’

• • ‘

Ninth Level cfalls.—^The ninth level is used or grbups of tn^nks on which it is

necessary to ring on the trunk selected to operate a ring-down sigi^al. The upper and lower

b^nk contacts /)feach trunk, except the last one in a group, are strapped together.

Tn calling c trunk in a group on the ninth level the operation of the vertical and rofi^ry

movements of the shaft^ are as previously described. A pair of springs close as the shaft

steps on to the ninth level,* and prepare a circuit to R29(J). If the first trunk in the group
calleS ishbusy, the private bank contact P-2 will be earthed, due to some other switch occupy-

ing a multiple of i^b. Since tthe upper and lower banks are strapped together on all but the

last trunk: in the group, both and P-2 will be earthed. R20 will energise in circuit 20,

IS pifpviously described.

23. R23(J) energises*before R6(G) restores over the rotary interrupter springs.

24. R2S closes a locking circuit to R6 so thaf R6 cannot de-energise.

25 (paftly over 6). Circuit to rotary magnet RM6 which steps the wipers to the next bank
sont^ct. R23 de-gnergises and opens the circuit to the rotary magnet. If Hxis trunk is

dso i'll use, earth on P-2 again /operates R23, before R6 restores. R23 closes the locking

sircuit 24 to T6, and rotary magnet, as before. The same cycle of operations will be repeated

until an idle contact is found, or the last contact of the group is reached.

If an idle trunk is found, R23(J),^R20(Z), and R6(G) restore and close circuit 9 to R9.

R9 energising closes the ringing circuit 11, and the connection is completed and released,

BIS previously desc^bed. c '

^

If all the trunks in a group are busy, the wipers rotate to the last contact ih the

B^roup. The private bank contacts of this trunk are' not .‘ trapped 't/igether and only

P-2 is earthed. cR23 and R6t restore, csince R-1 is not earthed, but R20 remains operated

in circuit <20^, When R6 restores it locks R20 in circuit 21, and busy tone is placed on
the caller’s line as before. *

*

Tenth Level,—The tenth level is used for calling trunks that lead to a repeater or

other Switch, for which the line circuit must be completed as a cl^n metallic circuit

without attaehmcj^ts.
^

^
J.npcalling this Q level the nin6^ le^el springs close, q^nd afnother set of springs also elosdbn

tie Cflevfeh ThV verti^l and^rotary movements of the shaft, and the automatic selection

^ trunks, iake plade as previoi^sly described.

26.*^When tn idle trunk is^seleqted aad R9 Qpergises, R26 then pnergises.

^ ^27. R26 loqjdng circuit. ^

Wipar P~2 earthed to«busy the trunk tc^ other calls. Circuit 20 opened and R30
de-energises. R' and R2* de-eziergise.



1^'. The tall;|iig cirouit is oompleted wit}iout AtWhments.
^

1 Beleac^ circuit opened «o {hat tife switch cagmot rel&s^*when R' ind £& de-^nergisc.

The switch ahead earths i/he releasetrunk 28 before R2 dengnergii^/, so as to present this

switoR from releasiitg^

Belfi8e.--^When /he call^ replaces his fecejY^i' Bwitohes*a^ead release and reiRovb

^rt];i from ^hewreleasig trunk. R26 de-energiees and^closdS circuit 17 to \he release mdi^et

J^el* 17, wjiich releases*the i*vitch, as previously described, •

If a]l*tlfb truijks in the 0 level are busy, the bi^\bne is placed on tjie^ calling line in 4/he

%ual maijner. * •
• #

* »
*

•

Party-Line Calls.—

#

When this switch is used to* call. party lines it operates in

tonjunction with a special ringjifg machine. • ® .
»

*

The vertical and rotary ttioveniisnts of tjje sliaft are as previously described for

individual *lines. On party lines neither battery,nor earth is connected to wiper ,P-2>

but the B.C.O. of the party line is connected to P-1, so that neither R9 hor R20 opera/e

at this time. • .

After the last rotary impulse R4(C) de-energises and again operates the rotary magnet
*t>f minor switch L ovet qircuit 7. The wipers are stepped on to oontact 2, which prepares

circuit to the rotary magnet of minor switch N. *
,

*

30 (partly over 4). As the next series of impulses, comes in, R' de-energises, and the

rotary magnet RM30 of the minor switch N operates.

It will be assumed that the third and fourth digits to be dialled are 3 and 4. ^The
three impulses to* the rotary magnet of minor switch N step /he wipers to the third

contact. *
,

’

31. A circuit is i)repared to the rottfry magnet of minor switch T, and flie bottom wiper

of switch switched from direct generator to the occupancy tolxe. *
^

’

R4 and R6 operate during impulsing and, after the last impulse, R4 de-energises and

operates the rotary magnet RM7 of switch L, as previously desoribed. The^ wipers 9f switch

L are stepped to the third contact, which prepares the circuit to the rotary magnet of miner

switch R.

32 (partly over 4). The next scries of impulses^ operates the rotary magnet RM32 of

switch R and, since the fourth digit to be dialled is 4, Wie wipers of switch R are stepped to

thVf<mrth bank contact. The bottom wiper of switch R is switched from'*wiper P-2 to P-1

.

R4, R6, and the^ ^<ftary magpet R)M7 of switch L again operatdb and sleeps the wipers of

switch L to the fourth contact, thus preparing the cii^juit to the rotary raagnbt of switch T.

33 (partly over 9), R9 operates from battery on P-1 and*cloifes the lipe mrouit as

before.

Leads 6, 4, 3, 2, and 1 are earthed in succession, in the order given, wfth an interval

between the earthing of any two leads. Lead 7 is earthed every lime either of the^above

leads is earthed. iTead 6 is earthed fly impulses in groups of five, with aif interval between

eaA iuipulse, and a longer intenpal between each group of five impulses.

34. The rotary magnet RM34 of switch T is operated when l^ad 3 iff qarth^ by tlfe

ringing machine.

36. The rotary magnet RM34 locks itsfIf to le%d 7, so as to ensure its coAplete energisa-

tion (7 being earthed at the same time with the same lengtlj|*of impulse tha/ earths leadif 1,

2.^1 ^ and 6), and st^s the wipers to the first bank contact. The wipers pr%pare.l» qjrcni?

tp their rotary.magnet add close the circuit to R*0(D).
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36. R36 oiergises,

37. ciLea^ 6 coineoteu bu ^AO\u ;• JBy»ujLi cai bu uu^uisc iccbu u upc7i.'i»bDB :

<K)nneottf direct generaipSr to ti^ line. f n r

38 (paaHy^ovet^ 11^). flinging .—Ringing(current circuit from dire<5t generator t6 jing

<he ‘called party’s b^, Wch time R23^ energises. After the ihree impulsest have operated
*

' 1 | 1 1«.. ilHl*

R23, wliT^

R23^the called bell has beep ruhg three times. Lead 5 is earth^l diu^ng the pckiM.’

between the groups of impulses on Iea4 circuit 37. As befor</ stated, lead 6 is' ^rthed bj
impulses coming in groups of five, wit^ a^/bnger pause betweervgroups thanjbetw^n impulse8|.

39 (partly over 34). Earth on lead 5 operates the rothry m&gnet RM34 of minoi; switch 'f

.

It locks over lead«7, circuit 35, so'as to operate during the .entire^*earth period, and steps the

wipers to Jfo. 3»bank contact. .

'
<

.

*

t.
•

‘

After the pause*^between the impalsescin groups^ the next series of five impulses comes

in over lead fi. R36(D) remains locked^ •

^
3^. R23(JJ Ugain responds to the impulses and places rinpng current on the line

circdit 38. Affer the bells have been rung four times Jedd 1 is earthed.

40. Rotary magnet'RM34 of switch T energises.

« 41. Gccujpancy tone ie placed on the line during the silent periods, tp signal the othef

parties /rn the^ne that a call is being made, in case any of them should lift the receiver to

make a call.
, « .

* Thpwipers of switch T step to bank contact 3. Circuit 36 is opened and R36 de-energises.

Circuit 37 is opened Wd R23 de-energises, thus opening the ringing circuit 38, because the

code ring 34 has been giv,en once.

39. The next impul^ on lead 5 operates the rotary magnet RM34 of switch T, and stops

the wipers ^lio contact 4.
'

i2. R6(G) ener^ses/ '

43 (partly over 7). The release magnet BeL 43 of switch T energises, and releases its

wipers, c R6 is slow and gives time for them to restore completely.
*

« « 44. The next time lead 3 is earthed, switch T will operate and start the ringing again.

The same operation will be repeated End the code ring 34 connected to the line, until the

called party answers, or the calling pajrty hangs up his receiver.

If the called ^arty raises his reteiver before the code call is completed, the switch will

continue to operate and comf»lete the proper call. After R36 de-energfses, between cbde

calls, the circuit IJ to the*200-ohm winding of Rll is completed through^tiie called talking

loop, and Rll Energises. R14 energises and reverses the battery to the caller. The talking

circuit is ain^lar to that fdr individual lines.

If the caller should replace his receives: during the riiighig period, R' de-energises, then

R2. R2 prepares the release circuit, The switch cannot release, because the release circuit

is held*'open by R36(D).'

46. Circuit tcfrelease magnet, through the 300-ohnfresistance. Bd, 1 7 does not energise

in t^is circuit,̂ but R4(C) energises and keeps earth fron» the release circuit, so that ^2
4b-energiV)«s. «T^ere wijl be«a shok; interval in which ^he release trufiik is not earthed, and

•^e switches beyond tliis can restore.

46.« R4 noSv de-energises and earths^he rel^se trunk, so as to make this spdtch busy

while the code <jp»ll is being coi^le^.
** ^ (paitlj^ over 7). R9 loq^ing circuit, to keep the ringing circuit intact until thfi co^e

call is completed.
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^ection 60

POWEA^PLANT ANlJ AUaCOMATIC VOLTAGE StEGULATION FOR THE‘c.A.X.
*

‘ In tha A. fe. Oop’s fA..^". Jtf. Co.) oommunify unjkttended ^change|i speqi&l attmtiofi has
been given to theWtomatic, conti-6l of the pcwer plant. The following descfipticm^is
(by permission) from the A. E. 'Co.’s, joiimal (Automatic %dephany. May '19^0, H. *E,
CSfipham).

'

Cursent is supplied to the automatic^witches from a'25-ceE storage battery. The vtdta|B
is kept approximately constant by ^e use of counter E.M.F. cells, one of which is”connected
in series with the main battery each time j;hr voltage,reacKes t|ie predetermined limit during

Current
Circuit Breaker Commer^tai

PmerLeads

taint

-’S IT

Kti

C C

Fig. 123.—Automatic®Voltage Regulation for an unattended Office ((\A.X.)
A. E. Co. (A. T. M. Co.).

the process of charging. Each counter cell develops an E.M.F, of 2-5 volts in a direction

opposite to that of the discharge o^cuit. T,he plates of the cojmter cells consist of anti-

monious lead and contain nc? active material, and, therefore, the current passing thr<»Ugh

these ceils has only a skin^eflFetJt, and they are thus prevented from attaining an appreciable

capacity. ‘
^

The^voiJtage reghlatfhg device is a radial switch having a single heavy copper arm
mounted on a^^aft. One^nd of the arm^passes over a seriijs of contacts arranged in an arc,

each contact connecting with a jundion between two'"counter cells. The switch arm is

connected to the negative bus^bar by the opposite end of the arm, which rubs over a con-

tinuous arc-^hap^ contact. Another row of lighted contacts control the circuit to the

q^utematic charging switch. The switch shaft is rotated hy a worm-gear driven by^a s^iall

lories* mbtor. « The m^^or has two opposing field windings, one oidj^ being energised at a
‘^ime, so that the sMteh may Ise rotated in either direction.

The bircuRs, shown in Fi^. 123, are numbered as follows :

—

* 1. A high-i'esistance rela}^ R'*is adjusted to energise wheneve'r the bus-tiar pressure

Trises io S2 v^lts. ^ ^

'

2. The low-ijsistande teKv R2 is bridged across the bus-bars iti series with a resistenoe



Fig. >23a.— Dynam«tob (A.YT. M«Go.).

3. If the pressure now drops to 46 volts R2 de-eftergises/and R's’enfermses. •
4 (4' ^poking circuit of R3). Circuit to one vending of the switch,jnotor. The motor

now rotates the switch arm SA counter-clockwise, so'as Ip cut out a counter cell thus
ic^reitfing the pressure by about 2'5 volts.

.

’ '

6. Resistance r shunled. The increased pressure causes. R2 to re-enentise.



Bigidly fix^ to the rear end of the^ewitch s&aft and rotating fifith it 1).

6. ^IVhe/t D rotates the 8 are elosdd and enetgii^g.

7. Il3^s maintained enerdsed.

Wheh the Bwitoh lias rpta^^ to the next (counter-cell ter^inaj the contacts opened.
%i3*de-ene2rgiseB before ‘feQ (qlow). The cam fe so designed that thelswitc)^brush and the !

counter-cell contacts ai^e correctly Aligned tietore the motor stops.
' ^

When the potential again falls^ tcf 46 v{)lts, this action is ^peat^S.

,
One counter c^l is maintained s\^es as a reserve.

Automatic c^rging.—The automatic charging switch consists of a phir of rugged knif4'

blades carried on a rod between two solenoids, pne pulls the^ switch open and the other

closes it.
*Whm the switch is closed an auxiliary knife blade on the rod opens the circuit ^f

the closing solenoid knd prepares t>e<circmt to the other. !’

.8. When the counter-cell swi*tch has been rotated to the point where there is but one
counter cell in the main battery circuit, the automatic charging switch closes the current

pov^er leads tQ the motor of the charging switch. When the motor generator starts the

generator voltage rises until it is able to operate a self-closing reverse current circuit bre3!ker,

.which connects the generator to battery. ‘^This circuit breaker is of the ironclad solenoid

relay type and has two windings. The series winding is in the negative charging lead, and
the shunt winding is directly across the generator leads. When the pressure of the generator

ri8& to, a point safely above th&t of the battery, the shunt winding pulls down the plunger,

agaii^t the action cS a sprii^, and closes i;he charging circuit. The current now flowing

through the series winding assists in holding the plunger down *flrmly.
,

When the pressure across the bus-bars reaches 52 volts, the hifithn*e8istance relay R'

energises in. circuit 1

*9. R9 energises.

40. Locking circuit of R9. Circuit 1 opened and R' de-energises.

11.

rGrcuit ‘through armature and the other field winding of the switch motor. The
fswitch arm 8A now rotates in a clockwise direction so as to place one or more cells in the

battery circuit. At that time circuit f is opened at .9' by cam D opening contacts 8 as before.

Each time the voltage reaches 52 the counter switch is thus operated, to place one or

more cells in series with the main IvM^tery.

12. When all^ counter ceUs are switched in, and fully charged, the eouuter swit(h«will

cause the right-haj:id solenbid winding of the changing sw^tch to energisefan^^open the circuit

of the motor ihsrging set. When the motor is cut ofl the lin^ the set falls in speed to zero.

As soon as the‘ generator ^falls to a value slightly below the battery the current will reverse

its direction, flowing fron^the battery ii^ the generator.* This causes the series winding

of the* circuit breaker to oppose the shunt winding, so that the plunger is released and the

charging circuit opened,' l^efore the reverse current reaches an unsafe value.

When QQmnleroial power is not available for the twenty-four hottrs the counter cells

clos^ the chai^ng switch wh^n^there are sti\|[ two or thr^ cells in the battery circuit^by
^rapping Jbog^her two or more contacts as shown). The power circuit is then closed to the

generator before^ the battery '«s fully discharged. When all the counter cells are cut oS
m alarm is giwen a^the main office.

* Charging ^Machine.—^Ak above stated, the charging equipment usuall;^ comprises

% m6tor^ei)ie(ator set consisting of a motor arranged for automatic starting direct connected

bo a generator of sufficient size and of proper desi^ for use in connection wi^ the paftictflar
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battery with whi^ ffc ie a^ociated. When a^jfasoliiie engint drivta generatiiig
aet id uaed, it must be ui^d with a g^enerator that^does not oause iadtiotive disturbuces on^ t^lephpne circuits^ Therei^re, it is not feasible to use ^n^ratlAg «ets as ale supped
for *^faim ligh^jog ” outfits, practically a& of these sets haye^j;hd ignitioif circuit for«tl^o

engine taken fjora t^e dynamo direct. Thi^ .cafises di^thrbances i}hA tjailnot oe rea^Ufy
^liftunate& br smoothed *but Ijy means of impedi^hce (l^hdke) coifs.

The generator voltage, an^ at the same time tJ?^ 5^ent output, is controlled by means
<ff a field regulator, which is an adju.«table resistail^i connected in the fi^(|^coil circmt of £he
generator.

, ^ ^ ^

*

• Ringing Machine.—^Th^ ringing apparatus^ which is mounted on the po^er boards
consists of a rotary converter, the motor^circuit of ^hichiif^perated froml^ie exchange storage

battery. This converter generates ap alternating current; at about 75 volts, ^said current
being carried through a pdir of interrupter contact springs mounted on the machine. These
springs are periodically closed by a r^tor cam and, when in the closed poSltipn, interrupted
rin^Ebg current is delivered to the connector switches for ringing on individual lines or on
trunk lines to a distant^i^hange whiqh require tliat the signal be

‘
‘ j*ung down .

’
’ Imaddition,^

the machine is arranged with a distributor which furnishes interrupted earth tc^fhe
”

service connectors. These interrupted earths cause cejjtain relays in the connector *to im-«

pulse, said relays, under control of the distributor, project ringing aurrent of *^tli^ prdper
ringing code out on the party line. The ringing machine is shown in fig. 123a.

The ringing machine is so arranged that it will run only when Jhere is a call in progress.

During periods whto there is no calling, or when the switches are in talking position, this

machine is idle, but it starts again as soon a*s another call is originated. / •

This machine also furnishes the busy tone, said tone being produced by a commutator
type high-frequendy interrupter. Through two brushes, making contact with this Com-
mutator, ts produced the high-frequency tone, and this tftne^ is in turn •carried Jbhrough
interrupter springs, on the cam wheel end of the machine, which break this tone up into tji^
familiar interrupted busy tone. The intensity of the^busy tone is stepped down by means
of an induction coil mounted on the rear of the power board, and from that point the busy
tone lead is carried to the gonnectors through a condeftsQr mounted on the line switchboard.

" The ringin'^ machine is mounted on the power board panel. It iswranged so as to

be readily removabk in case o^ nec^sity. Jt is recomi^ended that a spaje ringing machine
for onp or mor^ C.A.X.’s be provided to be used in case of an emergency. • •

Storage Battery.—The storage battery consists, usually, Of 26 regular c^.and 7

C.E.M.F. cells. The counter cells (sometimes rgferred to as “counter vedtage cells ’’ or

“counter electro-motive force cells ”) consist of grid assemblies only, whicH cannof store

\xp a charge, and consequently have no storage capacity. ^Howev^f, when current isiorced

bhrough them they exert a back pressure against the current fiow whicht varies according

bo lyad.
^ , ir

*
#

These cells are used for the purpSse of keeping the battery.voltage on the s^tchboai^
below the maximum permissible limit when the battery is being chargM,mnd up^fco the time,

(Vben the charge is completed. The positive side ofJbhe battery is usually connected tg earthf

bhis being done merely as an extra precaution to guard AgaiiAt damage to the switchboaid,

n case a telephone line should become crossed with some foreign source of^l^h^voltaget^

mlScnt.
•

The stoibge battery is usually moimted on a ijtcl^in a romn separate frdfti tha autematiq
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€rwitdil)oard.*^ It i«i required tittait the room in which the atchrage battery ife instdUed be ^<iM
ventilated.^ A lead-lined vent to the outside air is recommended.

In 8(hne cases, c;vhen spa(S& does not permit otherwise, ilj may%e necessary tq looe,te the
btotage bqttery in the ^samo, room as«ihe autbmatic equipmi^nt. Ii> oase^oof this kihd, a
fuUK-type battery Cabinet is sifp^ilied. *

.Al 4,ead-lined vent should be prgvided feom
battery cabinet to the outside air tA pAripit Jthe acid fumes to €||cap€^.,

*

,
Supervisory ^Signals.—To giye ja^ompt indication of conditions which#ifia{$ht resifll

in inter(ei:enoe to tjlie service, or damage to the apparatus,* ifchere is provided a system si
alairm signals for the C.AX*. equipment. The ^control apparatus for these supervisory
signals is 'mounted on the rear of the powerfboard. If the C.A.X. is left unattended, thege
signals can be extohded to the nearest ejcchange that is attended, and the C.A.X. can be
supervised from that point.



Section^6i

VAIUOtJS SERVICES *ON AN \uTdM4TIC SYSTERr, As’ tN, A COSmUNITY
EXCHANGE,

”
• i^j ah inftopesting 8trowger cii^uitrdlust^iatijiig vark>u8 services in an autoifiatio

isi^rstem, .Whilst these are.'lhown combined iif way, they may be applied in

*|i^h6r ways to meet other requirements.
, a

^

»

The arrangements show
.

Reversal of curreht for petering, signalling, and the li#e.

Working four stati^nspon a party line? with harmonic ringings

hjjght stations on a party linef, with haifnonic ringing, and one*and two bell calling

to reduce ngmber of codes. ' ^
^

• •
*

Working local subscriber^ on eight levels on a connector, trunka to other maniqil

mm exchanges on the mnt^ level, and trunks to automatic dirtant exchanges

^ on the tenth level. ,

•

In the lattei case the local feeding bridges are cut out of drcuit and a ^lean mqtallie

circuit connected through at the connector.
*

Repeater working on bothw&y trunks is shown bej^nd the connectos.

In party-line working the circuit shows how revertive ctbUsWe dealt with.

In working to manual exchanges discriminating means are shown by which an opwator

knows what*line8 ijre to have free connections and which are to be*registered for charging.

The circuits are numbered and are as iollows :— • ,

Party-line Working.—When a subscriber lifts the receive/ to .calf, a locking lever

prevents thti swituhhook from rising beyond an intermediate position, so that he can tisten

Jo ascertg^in if the line is idle.
*

I. Receiver is connected to line through a condenser.

, 2. If line is idle the locking switch is moved by l^nd when the loop circuit is compldkelt

in the usual way. The line relay energises.

3. The receiver circuit. •

4. The line switch Aiergises to pull down both ISlrmatures. Line^relay de-energises.

Plunder enters bank contacts. *
^

5. Callingsline is extended to impulse lelay IR of Selector
;
IR energises.

Guarding or holding relay energises; • ^

* *

7. Holding circuit. For lines to be metered this is connected directly to batCerf

.

7'. For lines having free service the holdihg circuit is connected though tcpe test

winding TT to battery.

Svhscriber didU first digit
,

8. Relay PMR and vertical magnet VM energise to lift wipers to desired level.

9.

^^€ircuit with non-inductive winding of impedance dbfl IC in parallq^^with circmit

to reduce impedance and resistance of line circuit.

,

10. Stepping relay SR energised ; shaft having been rafsed the normal codiacts SC ai5

closed. •

II. Locking circuit of SR.

^ 1€. When impulses pease, PMR de-onergises and rotary ma^et circuits is completeJl*

Si^ and RM idterrupt the circuit of each other uiltil an idle Jiunk is
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13. CirouitW idledine. S^witching relay energim^lK ana u de-^tsnergm

14.

rHol(Ung ci^euit of 8wH< SB doef. not energise in serieS with SwB.

16.

lioop 2 and 6 fsl'tend^ to relay IR and ioipedance coil lOof connector.

16. (Guarding r^lay^G /energised.

17. Holding cir<^uit^7 and 14^^tehded through itransformcr T to donnecTtor.

kSalling a Local Subacriber^—^'he ti^lking and test circuits of thd foui; t9P loveis

are shown, the test terminals above w^pegps c, and 6, the line teAninals above wij)erfii/ and
Wiper a is not in psc for a local call.^ The tenth level is for tsninks to automatic exchangei^<^

The ninth levebfor trunks to mlanuai exchanges.

The other ei^ht levels ai*e for lopal connections!

/Second digit impfiUes.

18. Impulse circuit to energise Vertical magnet VM. Relay PMR e^nergised for duration

of impulses. <" '
»

'

,

19. PMR (Connects low winding of IC in parallel with high (as circuit 9).

20. Private magnet PM energises. When it de-energises after impulses, the #fi?de

switches are moved to the second position.

' Third digit impulfien. ‘

2 Ir 'Rotary magnet RM steps wipers round to line called. PMR and PM energised.

t)n jde-energising the side switches ace moved to the third position.

If the line, called fests husyc-^'»B,y, with test terminal c earthed and side switches in second

positron.

22. Test circuit in which teat relay TR and PM energise and the lattfer prevents the side

switches moving to the third position.

23. Holding 'cir9uit of TR.
24. Busy tone signal fo calling line. ^

26.

Receiver replaced. I|l and G de-energised. Release magnet Rel. energised^

Shaft falls and breaks normal contacts.

^ Selective Ringing on a Four-Party Line.—^If the line is idle, the side switches are

in the third position.

Fourth digit impulses.

26. Relay IR de-energises intermittently. PMR encrgise^^ in series with stepp^g

magnet SM of ringing switch Rg8, the arm c of which selects one of four nnging genei^ators.

27. The interrupter int intermittently completes cirbuit by energising fejay R27.

28. Ringih^ circuit over called line by wipers / and g. Relay RCO energises to cat off

ringing when called silbscriber answers.

29. Lockipg circuit of'RCO.
30. Circuit to wiper p complete through R30, but no circuit beyond wiper, R30 therefore

'^''es riot energise.

31 . Loop 2, 16 extended.to connector wipers / and g and called line.

c32. Battery-feeding circuit to cahed line.'
^ ^

^2'. 'Shork'^cuithig lirib fx) transformer T, which has no function in a local call.

,,
33. Bafck-bridge relay BBK energising reverses current to calling line. May be used for^

meterii]^ or signalling. The h*ne between the two stations is divided by the condensers.

The^release of tke circuit is broi’ght about in the usual way when the receiver is replaced.

Riiigiogca Station cm anEight-Party Lin^.—The stations are divided into twogroups

of four, each havina four frequencies. The groups are selected by code rinidng, one group
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^

*«t*.*'i , ^
living si^le Blokes and the cstjb^r4)y doubly strokes on the bells. Ii^one cale, the interrupt

t^o conducting segmeriiiis to pass^two short riggs, thec.,£ Ifjhger silendb for each r^yolution^
;in the other, there is only one segment passing ringing cujjent Jicy revolution. rThe eight
8t%tions^nay^be numbered-7-]i841, 2, 3, 4 ;'J^S41, 2.3, 4, the las^ digit df each nuiAber ineach^
case offerating the ringing sB^^itch RgS ,toseb(^ the^quiyed irequepicy, whust Hie firsf dijit

^eterm^p^ tLc? groiqp^f connectors to be use^, an<J^ t^refore^ whether Rne or two segments,
•shall bc^associated with th#selected generator«foircode ringing.

^
Revetting XIalls, to sta?tions on same party^finA

The caller dials the wangled number, and a pairticular digit extendsithe line to^ reverting

switch. The following dijg^t imjpulses Aiise the wiper fo \he* ring-back le*(rel, and the wipers
^are rotated to the required acontacts by the fiA4i<ligit. The caller then replaces \)he receiver,

and the correct ringing currerlt is senrt to the called ^atty . The calleris bell is also rung, so ^

that when it ceases he^may know* that the coimectif)/i is through and again remove his

receiver. • _

The wipers h andj engage witlwthe fixed terminals shown abovb the wipers.

Common to all the ring-back switches is aj*otary ringing^witcfi RRS. 8M is its stepping

magnet, int interrupter relay, h, o wipers, and 25 sets of fixed tenninals^ The numbers*
allocated to party-line subscribers determine* the connections between terminfiis in the*

switch banks and the top terminals of switch RRS. • ^ ^
•

•

34. When the loop 2, 5, 15 is extended to the ring-back switch. RBS and IR ef^ririse.

35. Guarding relay G. energises. •

Thir^ digit ^pulses.

36. Impulses cause IR to de-energif^. PMR and VM energise. The sUhft is lifted to

the corresponding level. PMR de-energises after impulses and moves tfie side switches to

the secoTiil position.
* *

Fmrth digit impulses.

37. PMR and rotary magnet RM energise to step vFipers round : t^MR dcjt^energising

njoves side switches to third position.

Suppose wipers on terminals p, q.

The caller replaces the receiver and IR de-energises.

38. Rel^y R38 enefgises, also PMR.
*

• 39. Starting circuit’ for rotary switch RRS.
40. Circuft iSr interrupter rdlay . After the first*step Wiper m is earthed by all the lower

teiminals and the switch RRS makes a complete rt;volution, and continifbs*bo rotate so long

as R38 is energised.
.

*
•

• ^
41. When the wipers k, m, o reach terminals r,^s, t, ringin^relay Rg iWenergised.

42. Generator AC2 is connected to called-party station. RfJO does not energise:

When the wipers k, m, o roach terminals «, v, w, ringing ifp re-applied : two short rings

thus being sent from AC2 generator.

• ^This code ring is repeated^for ^very rotation of the switch RRS.
When the called party answers, RCO energises in circqitf 42. r

^

43. Holding circuit of relay RCO. •

46.»Relay RCO opens holing circuit 17, s» that IR^and C ,de<<^erjlse to release this

switch. The group selector and line switch also de-energise. As the loop is complefbd on

»theq;m.rty line, the line switch re-energisq^ and extends the bne again to a seWotor^rom which

microphone battery is supplied.



^ VARIOPS ^iRVlCfiS ON AN At^dMAllc’

Coanecn^tM<TO utstant Automatic Excbanfte.—JMaUhut as beforetfifta th« «inM«
lio the totth level.

As irfflioated by ri^. n, ri^^taere are three groupstof trunks* to different
.Wiper a makes (jpntafit i^th, these upper ,test tbjpninals. To tajl a line in the r3 ^up* the
Wipers are rotated to the seventh termirfal.

^

‘ «

K the called line is engaged— ^ ^

47. The side switches are locked in lih^e second position by PM. T^st relay TR^jiieririses.
over.wiper b,

48. The rotary magnet energi8e8‘ ovefr wiper a. RM moves wipers round to next line
and at the e^nd of the stroke-^-

49. Earths PM aijd opens circuit 47, so'that TR de-energists. TR opens circuit 48 to'
Ue-eneigise RM. Sidte switches mov# th third positioin

'

If *^11 the trunks of a group are 'busy, RM cannot energise in serjes with resistance r3.

^
50. .Relay R30 energises over wiper a and shaft contact SC!, the latter is only closed

when the tenth level is u^ed. Relay RRR de-energises, e
*

61. Relay RCO energises. •

62. A 6leap metallic circuit is extended by wipers / and g to IR of repeating circuit.
This tvunk fe arranged for bothway working, the lines aa connecting with line switches

fdr inpomingfCalls. ^

53. Gharding relay*u energises.

54- Second slow release relay R64 energisfes. R54 opens bridge across test leads 60, .50'.

Circuit 50 is extended to keep R30 energised. '•

’

56. Impulse repeater mreuit. R55 energised.,

56. Slo^l* release relay R56 energised.

si. Repeater condenser ‘short-circuited.

58V Circuit to line switch, which is energised to find an idle selector to further extend
the line asfrequired. Further digit impulses are repeated to selector by relays IR and R16.

*- When the caller replaces the receiver, IR, Rl6, and R66 de-energise and release the
Connection.

'

When calls are made in the reversp direction', relay IR'", G', R56', and R56' operate
in the same way as IR, G, R66, R66. >

Connections t6 Distant Manual Exchange.—The first sel^tor lifts the wipeib of
the connector to the ninth leVbl, whiq^-jmayjBoiStain tv^o grOfips of trunks to different
manual «tchan^? The extent of ea^fyAWiQindicated by the absence of connection to
upper tett terminal. “ \

To call the sdbond groups thq'wii^ arempr^^he fomiih set on the ninth level. If
the first trunk is engaged, the sid^«j^hes are lockel^lithe second position, and the wipers
further A)tate to find an idlu trujlB.tnjjtlm u^uwr described for calling an,automatic trunk.
The upper andiowef contacts are^fonn^d® shown,, except the last. R30 is not energised,
as the jjUkft contSbct SC is not oloBeft forthe niiitilL leyel.

^
r. o

i The cdller sends ad^on&l ,im^|esHe nause ringing current to operate the indicator.
Thp call is theSi extended manually in Gie’t^af-Wy.

,
.Subscribers ^ho are entitled free callphave their line switches connected through g tone

tert ddnding, as pneviously described (circuit 7'). When answering such a cdl the operatw’s
Set is fii^ bridged across the linetWith a condenser ip. circuit to get the ngnal, the non»btn««ii>

tbmi being cut out^jo that‘the rqlay BB of liie connector is energised to cut oiht the signal.
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Section

BRITISH^ post; OPnCE S'i'ANDAIu/ DIAL,* NO. 8

• *J!
flevioe the Dfepartmettt has made»a yery important dmartilie'

? Kaultis-tobtamSd.* .

the practice to accept-dtals^fCerent designs various Jhaau-.

V
,!?«t m an endeavour to obtain uilifd^i^ of practice, simplification of stocks

.«tod mamteMn* one des^ ha^been adopted as tt standard, which as known as “.Dial
Automatic No. 8.

’ * • ^ • •

The dial is illustrated in Pigs. 126-130.

f*

Fig. 125.- P.O. Staijpard Dial, No. 8. Front. ^iG. 126.—P.O. Standard Dial, No. 8.
Interior.

•• ^
The prewent 8tandaj:d 3-point fixing has been refined. As will seen from Pig 125

gap tetwspn the §nger hole 1 and tlje stop, to allow of an int^ oftame betwe^ tHb completion of the p^l to the stop and the sending of ^nfirst impulse. -

A rototu^ impose cam, with teeth controllihg the impulse springs, is used, insteada gea^ rotatog fibre segment opening the impulse springs. The impids# cam *s rea^v
removable, so that another cam with differently spaced teeth, to suit a particular systemcan be inserted. ^

j

Prom the iUastration of the rear. Pig. 127, it will bSseen tlmt the springs are wsembled'
l^a umt, so that they can be rgmoved without the adjustments being di^urbed. The clock-
like living spnng is housed in a spring box situated underneath the impulse cam • •

Imptdstng.—The impulses are produced by the impujse card which*, bperating in ion-
junction with the impulse lever, causes the impulse springs to open* and* close. THese
impulsedare positive and clean, and of ftniform* duration.* In other*tiialsthe impulses are
produced by the contact springs being forced apart for tBe break, and then allowed to fall
together for ihe make.. The latter opdiratioh ^results in tibratjon, the miih bteik bein^*



folibw«d by ft senFfB of minute breftks, aB^ahoum oSi an oaoiQojfiam, Slg. 18^, la ft >

lin vbioh there is oon^detftble induotonoe, the vibrfttion j^ds to idiorten the ^tetiodrofmaw
%ut wherdfthere is oonsidBriable dipftoity, 8U<ih as that due to a telephone condenser, the^ial^

period is not Shortened. ^ In thefnew dial the oont^t springs are normally held toge^,<fta4

pwmitted to fall'^apart foL the break pephd. In"this way vibration is dimin^ted, as^sho%n:

in Rg. 1 SObI The lonlgtbs of tke p'<iods of riuske and break depend u^h the width”of^
teeth of the cam. No ratchet' and rattohet, wheel are now necesapy. '

,

'•

Fig. 127.—P.O. *Dial, Automatic, No. 8. Intbeior.

HobizontahSkction.

Fig. 128.

—

P.O. DiaXj, AutomaticT,

J^o. 8. TE/NsyuBSE SEcnoir.

A dial fitted with % standard cam ‘sends ten impulses per second, the length of each

break b^^* 6S*n^isecond8 ^063 second), and of eacb.make-37 miUiseconds (-037 second).

ryma to^ve otlfer ratios of break to mahe can be fitted.

‘ Minimum Pause.—^Thl| is an arrangement by which a certain minimum time (about

300 milliseconds) maist elapse after *the release of the dial plate and the sending of the first

imp^, to ensure lhat selectors have iiime to perform the(r hunting operation. With<mJ^

this facility it is^ppstible whep dialling numbers, such * 1-1-1, fw the impulses to arrive

bdore ft free* gelecting stiitch hds been found.
, u • i

'

' This pause is provided for ^y the slipping cam fitted above the^ impulse

caifi,«B shown in Rg.‘ 127. * • *
. , . ,

. The fimction*of the slipping cam is to screen two of the gaps m *he impulse cam, so^

Jhat whenithe* ^lal is actuated ahd relftased^a paufe, equivalent to two complpte impulBes,



irUeh dv^H^ “V “ dependent upon*tae'pnoBpii{>r-broiize eraiak washei^.pwvid^ s«fl^,ent in<^on to ensl^ catisfa^ry a<«oa ^Wt ca^i®Zo^
• “ide for the retention or.eliAinati<fl/of this* f«atii» as reqmred. i guk

9 •
Fig. 129.—P.O. Standard DAl, No. 8. Parts.

shanges are easily effected by altering the position of the finger-stop <nd tjie stop for the
dipping cam. No additional i^rts are required, and extra holes are provided for the nuroose
)f making the change. • , • •

*

Speed Conird.—The governor is of the worm and worm-whe^rtyjie.'so proportioned.as
o give jpiiform control over a considejable range of speeds—from, 7 t» 14 impulses^r
leoond. It is difficult to accelerate or retard the diaf ser^usly. *

.
^

•4cce««»6»%.-Certain replacements and adjustments, can be made'u^hout romoviag .
he dial froiip the telephone, or interfering with the runnii^ ftnd* adjustments.



^ mmm
Upon rwtoviM oi ^pe wire nng antr uwtrnciaon laCtel, two 8orew-hea»'aife expSM^'

pThfe centre screw secures the ^g?^r-plate^ the other isc the spring tension and 8t6p sci^^
To ^ow .«»e dial to run ‘de^, dr to alter tfee spring tension, the stqp screw is shghtl/witk-
drawn out <Sf engMement with tlfe fixed stop (the sp^w may be pioved be^sk only a few tuftis),
wiien*any refluired alterations piay be ncade.

* ^ ^

Fig, 1?0.—Impulse Oscillouhams.
c

' c

To tjhange t^»e enamelJed nujmjier ring, the centre screw ir« taken out and the finger^platf?

Iiftfd ofiF. ‘Xhe ipQnber ripg iseheld ih position by a circutar spring wiA, on removal of which

th^ former can be jif<fed*^out.

To change the impulgfe cam, main spring, or spring unit, or to make governor adjustments,

fche dial must be Removed frgm ^ifhe i^ephone. After the removal of the finger-plate and
aambereri^g, whole of the interior is open for inspection, including the gearing, ^hich

consists simply of a wheel and pinion, and the governor.



20t«80,

;Cfltttaot pMMure a^nomal • . , .Jt*'. 2ot«
• Tansion'to lift lover impulaf^prinK only Aim ebonitipip •

"

•, onleV^
. , :

t ,

/’ont^ opening
^ i

*
» ! t t4milsP^OT^f t^jer impulse spring wlujn Wti^* ol^, "

’

v*iv*
®‘

f***® between the end^of *he buffer and
the ^pulse spring

Sectiop 63

A wjfiw DESIGN OF WALL AND TABLE INOTRUMENTS (A. E. CO., A. T. tO.)
These are shown in Figs. 131 to

134. The transmitter and eup assem-
blies of the two instruments are inter-
changeable. The mounting neck is of
solid aluminium bronze, finished in.
black enanml. The. hinge, permitting
of vertical mbvement only, is concealed
in the transmitter cup.

The pillar of the table set is now
plaasd out of oentre to give greater
sjtability, and proteclion to the dial.

The receiver hook, and spring
Aseajbly aije lalse interchangeable on
both types of ipstsuments, ajid in the
taMe set mayribe lifted 4 iifbhes clear,

as shown in Fij^wi34, to allow of’
examination. In- the wall instrument
and bell-box for the desk set the bell

gongs are placed in a lower chamber
slotted to the oiftside, as shown an
P^. IM. All parts are read^y de-
tachaue for examination and replafie-

ment.
Fio. 131.—\Txix IteUDLIX IteUDKBOKX (A. T. M. 42o,)*

Itfinuxc DHtocw.
* * ^ '





^BJ^HOKE-MWAL €4^BI|' HjiNt^
7 “*^F®^S^^*^/ATTSlul!»;AirK>|fATIC TOft {SIEMENS^, *. ,

»|«aiSaeSlStl^SfeiSSi fitted Wfi Wd mik'

i irfi. i. iZS? •“'>>»,<j'^l>o««j It ijinOTided taf> iemunj bM»oa wHoh the elBee,yb<. » toneieeW; md mth .''cord U/eo. the hAitod IjlookMd tii

®f
*®“»> i<?i8 equipped vith a dial hylder andaW switch

dialrrC “ the portion oq..pi«d iTthe

To convert it from waU pattern to a table pattern, the nuts of the switch cradle are

sn*^
*‘'® case of an automatic instrument the

Construction.—The case is of pressed steel, finished black, .afid idhinWto a steel basi*^This m turn is fixed to a steel back plate.
* » '15«« »« » "wei bas«

_

m hofik plate referred to above fits into the Ifack oi ttobase to which ft is seodred bv“ “'^® ®° “ permit'the.back plate to he swmre^tto^
Thed,ackpl»tei,edburJd-

screwB, which pass through tw6 holes in conveniAnt positions in the back



plate, i^ei^ t4x> holet are ai^apiied at the sane levri m*otd4( that tliere iha^ beifjlo;4a|sf;p^|

in fiadiiig suitable ^itipns% thft wall |dugs in biietwork. i^th plugs ntaj be

one horia^iltal joint, e ,« . * *
^

, Sv'

^ ^
The back ^late is fitted with fourJEeet. llnise feet are of aoft ruBlw, a^neflAsity

the-instrument i8^ui|ed.a8*a*tabk^^lepl\pne. In fitting the Instrument tl!^ .line*8dres fire;
^

firsi brought up and clamped to th§ base pl&te, and then connected to thie

instrument when the latter is fixed. • .
* •

^
’

*°n'
• When arrange for automatic Vorkng, the ^m]^lete Mephone contuns : voigpi^'

Fio, 136 .—^Automatic Table Instrument (Siemens).

bell (1000 ohm8),^nductiqn cbil wound with two windings of silR-covered wire to 1460 and

17(jp turns tapprt)ximate reslstanoes of 17 ohins an(f 26 6hms respectfvply ), condenser

(2 microfarad), hand mjcrotelephone of the interchangeable capsule type, hand micro-

teleph^n^ cfa^e ancf switch, dial switch, dial switchhol^er and the necessary terminals

and ctrds.

j^and Microtdephym ,—^This has the capsule insulated from the frame. The oonneotiQiis

of the flexible fc^ur-concRictor cdrd are all located ip the transmitter.case. This greatly

facilitates tHe changing of cords—generally a troublesome matter on hand microtelephones^

tedvcin^ the of mainten^nSe^due to faulty cordsfiandTcord raplacements.

• The tranWliti^ *18 of*t^e interchangeable granular type insulated from the frame.

•Che transAitteifmouthpiece is of ebonite, British Post Office pattern, and is fitted to

tijansnutter front n^ch is secured in tilhx to the case by means of a bayonet joint. Tlns^

cbnstructionditfls been found vAry durable. . <!ai

Crddh*l^tch.— switch is self-contained and easily iTdipst^. All springe are^
nickel jsilvc^^tted with gpld<«si^vmr contacts:



m^^ ov«rSome tUs difficulty, whiok is ^lurt^ly noti^eaile oi ey^ms ulib/
.kai^^ardtd^liones^he ^dle svitoh and')Jra(fle.«r^ constryotecf in siloh a mMiiwr khAt

,pe aotioij«f the contact s^gs is delayed until tl^^radle has consisted the grea^ part

of its motion in either direotioii, bo that any slight or partial operation of tjig*orMli effects
no change in the switch contacts. A complete movement musiftake place jn one di^otion
or the other before the switch contacts change over. ,

Dial SwiteA.—This is of improv^ construction and provided*with a patent “ minimum
pause ” feature. It is often alleged as a disadvantage of “ step by step ” automatio systems
ttffit an impatient subscriber can diahso rapidly that a seledS^, after having received A.Higir.

may not have found a free link before the next digit impulse* are’sent. ’Unlese Some pie-
oaij^on is taken, such oases are in fact liable to occur when SiaJling.all low digita, espedafly
d^git 1. and, of course, result in lost or false calft. For reliable opei^tioi^ it is zfbcessuy
dp allow sufficient tiipe for the selectors to hunt betweem any train of impulses and*the
.«UOoeMing train. .

^o ensnre*thie, a “ minimum pause " devicd of extrema simplicity h«p been introduced



in this dial cnritbh producing a pause between^h digits unKbown to theSlibiM^l^^i^
of hv^ cpntrcH, andCfPording a||,oertam sai^fguard againht racing %he switches.

The^al switch ii^ the sap^e for both wall ai^ table telephones.

Dial 8wit^ Holdej^.-^ThiB is a bail and socket arrangement wM^ p^rmift

's^Hlph to be set at t{^e correct anglp for ^alUng when the telephone is'used^^ther^ a waH
instsrument or as a table instrume^. The 4llteration is made by ielea8ii4;*'a sinj^ ^addoig

screw which is retightened after the switch has been moved to the required The
dial switch need not be removed froAi the holder in maMng the change. •

When no dial switch is fitte^, h suil^jable cover plate is placed over the aperture.

Circuit—^The circuit is^Hown diagrammaticalfy in Pig. 137.^ The circuit is in piinci^
that standardised bj the British Post Otfci for C.B. instiuiftents

; bu^ arranged with %
hand microtelephoile and, when for*automatic working, witfi a dial switch.

^
When no di^l switch is fitted* terminal Dl is strapped to tenpinal D2 and temdnarDS

to teminal D4. «The conversion to automatic working is made by simply removing these

two straps and* fitting the dial switch and cord. •

Transmisaion^—^The design of the oircui:t and the electrical constants of its component
parts^are such that the instrument is suitable for use and will give titansmiSsion equal to the

standard in vofiime and^rticulation on all t).B. or automatic systems for which the standard

instiniment% referred to in the»‘‘ Transmission Efficiency ’’ clause below, are suitable.

Each telephone/is sul)jeo^d to the British Post Office standard Transmission

EffiSttoacy ** test, which is as follows :

—

Instruments supplibd to this specification to be capable, when fitted witk a standard

receiver, of tran^itting^ commercial speech, equal ^to that of the Department’s standard

C.B. wall telephohe over q circuit equivalent to 46 miles of
*

test cable ’ (resistance 88 ohms
and capacity *054#microfarad per mile of loop) connected as shown in the/Magram and
speciheation Tetefied to in clau^ 1 of the third schedule to an indenture dated tpe 2nd o^

February 1905, between the Postmaster General and the National Telephone Co.”

« Extenaion Working ,—^The standar^ telephone so far described can be used for siipple

extension without intercommunication, the extension instruments being wired ” in parallel,”

the main and extension using the same mduction coil condenser and bell. This arrangement

is, of course, only suitable where the two instruments are close l^gether. Where a betpe^

necessary to call the extension a slightly modified form is supplied. This ^differs frofh the

standard only in that the case Is pierced in two places (in the fiont of thatdiqphone on each

side of the dial smteh) sojfts to accommodate the k6ys for calling the extensions. Fm^her,

the wiAng of^he tel^hone is slightly re-arranged so tha|; the requirements of different

systemic of extfusion working can be^metvwith a minimum of interference with the con-

nections. Provision is m|ide for fitting one or two keys, as required, and these keys may be
of the plunger or of the lev^ type^hus lU'oViding for njany different extension arrangements

without the use ofapparatus external to the telephone.

« 'lichen the extension conditidns demand gbnerator% additional bells, etc., a seooifil oAe
is«provid6d to aoeommpHate*these.*

• • When the telephones are required for non-extension use with the possibility of subsequmit

opnversi^n to ^teiysion working, the inArument is supplied fitted with two small cover

pla^ on thew le^y piercings. These cover plates may be removed and keys added a%>

required.*

The Btandar^finstruilient provides for^the Jetting of en extension bell.



^;ef,

,SectiOQ ^
%

AN, l^MPtJLSE EOtJALI(|II>{G DEVICE T. Bib X!0.^
•t

^ ^ t

} TS®™®^ iippulsefcare diat^ wd aftoimatwfby #h® qnMtjT
Vibrations are.'! Repea^ and.othw oorfespondLg devices .

ftW ? mt^ediirte points on trunks Uij(^or repeat the impulws, sTthat tiiey
Jure sraitforw^ again in proper shape and at corite8t«nterTals. ,,

. y

It TOmetimes happens thkt the'same repeater* switching device wifl 4>e used in oonuM-to, wtt tank, rf dlBetat Dig. ,38 ,„-,,4,,™JuAi*nSf“SIL
«he impulse-current strength so that it is of thefckme value whether the trunK is long o/shortand wherejty the dial impulses are maintained pracficfflly uniform wW transmitted over-
teunto of varying lengths. In a multi-office system this is'h matter of verygreat <nipnrt>n«8.

The circmts are numbered as follows :— •
• *1. R' energi^ when the receiver is lifted and completes circuits 2 and i

2 . R2 energises if the line switch rests on
,
an idle line. •

*

3. If the line on wMoh the line Switch wiper rests is busy, R2 is short-citcuited and M2
energises to find an idle line. R2 energises when'an idle line is foui^. R' dl-energises.

4. Calling line made busy over wire to connector terminal>

6.

Caller’s loop extended to selector-repeater. Impul* lelliy RS pnergisea.
6. Guard relay R6 energises.

*

7. Hol^g ciAuit of line switch.

““P’dses are now sent and R6 d^-energises and re-energiaes according to the digit

8.

VM8 energises and steps-up the shaft.

, 9. glow R9 energises for the duration of the impulses.
10. ^tary interrupter relay RlO energises. *

,

,,11. RIO holding circuit. When the first digit is completed R9 de-energises.
12. RM12 energises and steps the wipers to the first set of terminals. Circuit 11 is

*

opened and RlO de-energises. • Circuit 12 is opened and RM12 de-energises.
^ thft.first line i#busy, RIO again energises «tep the wipers to the next terminals.

14. If the firsUine is"idle there is no short-circuit of Rl4 over the test circuit, and R14
ene^ses in sep^ with RIO., RIO Hoes not energUe. CSrcuit 8 is open ta out off the vertical
magnet VM.

16.

Rl4 holding circuit.

16. The selector-repeater is extended to th^oonnector. RM and RlO'^Saergise
16'. Neutralising winding of R31.

* * *

17. Guard relay R17 energises.
^

18. Connector made busy and R14 holding circuit completed. SAond.digit sent in
afM R5 de-energises and re-enei^se%

19. R19. The two windings of this relay neutralise each othpr. Kl^ ^
de-energises with R6, and opens and closes circuit 16.

20. R0 (slow) energises for the duration of Ihe impulses, and short-oifcuits a*windiw
^ R16' and R81.

* *

V BlAresponds to the.impulses of R19, Relays 6 and 19^ay have to rep^ iiepfflffff ta
• short or a loi^ trunk. R19 therefore operate^in a peculugr manner to the



winSing. Noipr, the trunk line is i&ort (to r^y R16), and therefore of low rasistanoei ^
heavy tJuireQttwill flow through the low resistance of R19, so that, when circuit 19 iv^^aia v
opened the h^v^ cuirwt will«oause RlO'to de-energise quickly, so that tSe impulses are; ^



If tndlk ia lo^ kbA’ therefore, of high reabia^i fllh

ixi ebipidt 16 viQ be raoall^ and BI9 will de-eno^se nifll dowly wndrinoreaiiB lepgtibi

.'the hnpidae. B19 therefore {i.utomatioa])[y adjusts itself toj^e ^ge of the cni^|oiag t)niii]r,'l!l

T|ewiKHinj^ t£e\)ircuitcl8 has more j^uips, so that the current if. t£e wii^ding in otouit. 16

is nenr str^ enoAgh to present B19 operating.
*

\ 21^ yM2f'energises and steps-up the «&aft. * eneiigises' for the duration at tne

timpuls^, • •

22. New circuit for VM«and R21^ circuit 2l*beii^ opened at off-aormal contact oi^ first

Step, After impulses R21 de-energises and opeifS circdit 22 at 22'.

1^1 digit impulses*
,

*
.

’ ‘

23. RM23 rotates wipers. R2t energisiS for the duration. ^

24. If the called line is bhsy R24 will energise dvA earth on the terminal and busy tone^

will be gfven in known gianner. • «
*

25. If the line is idle, R25 and R25' will energise.

,
26. R26' holding circuit. ^

,

27. Ringing circuit. When called-recei'^^er lifted R27 operates.

28- R27 holding circuit. '
^

'

29. Called subscriber’s battery feed and back-bridge relay R49 energiSes.

30. Connections of R16 are reversed to reverse the battery to the^repeatv.

31. The currents in R31 now assist each other. *•

32. R32 energises to,reverse battery to calling line.

33. ifolding^circuit of connector, twp windings of R16 in s^es.

Both receivers are replaced to cl^r«



coNimim':

Section 66

GpNDENSl^lr DEV]^ TO REPEAT rSENDER IMPULSE$i TO
SWITqiiES, LAIDLAW

' l&e permisaible'speed at TfJiioh dbvioe may be operated isdimlikl by.t^
required for the positive worldng of thp ssc^itching apparatus. For this purpote 1j^«make •>'

2 ta
,

2

* 1 4

1 —pf
rat 13^

«
^guJ? »

FlO. 139.— BbAAY DeYI^ BBPXAT SbNDSB ficPUXJBBS TO tfwrrOBBS (& JjAIDXiAW).

^pd bieabporiq^of the knpulse are of unequal duration, the npvement of the switch wipers

being usually en^ted during 4he longer of th^se periods.

The subscriber’s dial-sender is arranged to run at a constant speed and to control

^lechanidlBdly the duration oLeach complete period, but the relative durations of the make and
break periods vary i& practice between wide limits by the distortion of the current impulses

duetto ^e capacity, inductance, and imperfect insulation pf the linesijiver which the impvlseiaa

are^nsmlbted apfl the ^ppargtps ai^ociated with the lines.

* actual speed att^ed in^ractice is considerably reduced by the effects mentioned.

The arrangementashown in the 4i9gram (Hg. 13^ is a means to^ increase the pepussible

range^of speed fmd tlie certaintji of Action of the switching apparatus by means which

iai9iuler itf oper|.^n independent |o a large extent of^any adverse conations of the liite.
""

The anangem^t makes use qf the pi^pesty by which a condenser can be clfttrged almost



liittlwl^^n iir« <f «#011 the ooQsti^ta oi tfieWouit, Ihe tiai^vaiiifl hM4«
of the oood^er. ahcLean honae«ii^^

SSS^ff bytheEctriolieta^ffSotaS'SS di^rtiomof;h| imy^ LVtbo^ OP^Ui^X

«!.«
impulses tamnsnutted from the i^dbr are received by a relay, for'example

of elwtricitv ’and
Po«tfbn ooflijecte a oondetui^ to a suitable soured

f°bitf.foi«the oontrel of*a*first selector ^^h means for retrane^

of thT^ant H ^ distOTtion, to the ether sdlecting devices uged in the sytting upof the wanted connection between two subscribers’ stations.

uLJi^
“ suitabfe for number impulses in which each imsulse comprisSs ashort break and a long make period, the condenser being oharge'd durh^he break^period,

b^t^k T'f!! T® ^ “tbich^iwpufies comprise.

WM cb^V^*^ ^ arrange so tBbt thd ij^dmiser-was charged dunng the make period. - * ^ -

Rr«+ f*/®.
« subscriber has caUea and that the Foop been eztefided to the

tirst selector in a known fanner. • •
The circuitsJ,re numbered in the order of operation and arenas follows :—
1. When the receiver is lifted, relayJl' is energised over the @ wire.
2. Circuit over loop. •

3. R3 energises, slow to de-energise.

4. ^New holding circuit for the C wire.
5. Relay R6 energised and opens circuit 1.

First digit impulses.

At the firstb^ of the line by the dial, circuif 2 is opened and relay R de-energises.
6. Condenser 06 in charging circuit.

®

** impulse, circuit 2 is completed and relay R' re-energises. and
connects the ofiMged condenser to relay R7, which is ener^ by^he discha»e of the
condenser f()F^aik ad]ustablil^andpredetermined period of time.

• 8. Short-circuit about relay R8, Vhich is now opened by relay R7. *Rllay R8
in senes with relay R6.

^

^ cuwj^ikio

^en the condenser has been discharged^ rel§y R7 de-ehergises indewndently of the
condition of circuit 7.

9. Sfcgnet ^9 energises to lift the shaft one step.* Shaft eontact K' is then ^>ened.
10. Short-cirouit of relay R6, which is thereby made slow to ^felease and therdore

^romins energised during a tralh oj impidseis.

relay R' de-eneigises and re-energises for each Impwlte, tfie aboTOewtioxifis raput^
and the shaft raised to the level requited.

*

:^l»y R7 is adjusted to hold its anuatiuA in the attracted pesitioli only lor a time.
. i^loient to assure that the armature of relay R6 will be retained during the period in which
, *6% is short-circiqted, and that the armature of magnet LM9 6an be flllv j
Weiuured for^nother aten.

^



.
When impoMe oi tne tnto Hm beep sent, lelAy Bj trains eneq^

w# 8h(prt*^rouited, 8a*!that it de-enei|;ise8 0^4 opens ototfit 9 to oulb off ntagnet LM9
np the rot^pamagnet RJff9.

The wipers t^en search ^pr an idle trunk in %be'group.
’fj- Whpn an idle^e is fovnd,r^/Bll tnergisps and opens cirouiC^'to (M® off masneir

BM9j*
12. The lower winding of relay Kljfia {(onneoted directly to «arth. thereby 'eneaahu the.

called line.

13. The loop is^extended to t^tf nexlf<l3elector or coimeotot, and relays corresponding
to B' and B3 are enngised.

At the next ftain pf impulses, relay R7 bperates ae described. Each time relay R7 Is

'

raiergised it opens contact 13' to repeit {he impulses to relay IP of the selected switch.

14.

‘ .When the called subscriher'answers, relay R14 is energised pver the B wire.

^
16. The short-circuit about the second winding of relay R14 is opened to balance the

circuit. • r
r .

Relay R14 opens .circuits 6 and 6 to release relay R8, which prepares the release to be
effected in Icnown manner* ^

*



Section 67

AJj mPUL'^E OO^RTER (R. W. T. OO.)

•*1.^ u,.
V.«a.~4wnH with th!?' 11 « hiliils up » oircuit to enerdi
, .asBooMtofl with the 4»Ue« Ime to oomolete -rki-

need SitiSb

energiee a'lelaljf.

Fig. 140 .—^An ImpitXiSe ConveAtbb (R. A. T, Co.).

^use it cgnverts a of impulses into a circuit lhat will caU a line having that impulsep <te. In the cS^eroftl system a 100-hne converter is used, in whiolra retof inter-aotina

S,'^'
“* >““ -P “» *« »«i tt.0 u* <to,a. to

The impulre convei^r shown in the diagram (^. 140) is for afcapacity^f 4eneto fifteen
P«’'’®Wy be developed further. In its. presiftit form it li^ht b^used^to«nall offices or for selectang groups of trunhs. It is interesting as showiL the ^ber oft^t may bf caU^ by the manipulation pf two wi»s and earth by the emission of two*impi^ operations only. This requires two wires and earth or three wftes. .

f. e^ntocts K', K2, and KStoag be cfosed in apf suitable way, as by keys. K' itn,ijro
are the impulsing contacts. A slow reUy de-energise« after-the*emi8si;rrf.ofteTS '

^o imposes, as the case may be The contact K3 is cfosed fqr a* period^mrrenmiS
to the ^er contects, except m the casa of th» three last circuits <E, B, E). Vh^Tk

penod pnor tp Ijhe impulses to give t6ne for a slow-to-eneraiee relay ^R2«)
'

ContaotPK and ^2 are in the two wires d the line oi^iuit. •



.The oircQi^. are nimihered as foHows :

—

KS is siosed in a^ suitable fanner for ^ time sufficient to albw
^*«ergi^. .

1. B' eii6rgi(|ies when^'^s closed.

^ l2t B2 (slow to de-^ergiSe)> enssjriseS.

3f B3 energises/

K' opened and B' de-energises but ,TW>t !B2<and B3.
4. B3 holding circuit.

5. B5«energisesi^«

B' again closed.

6. R6 energised.
^

7. External appcfiL^atus may be energisediover line No. 1

If K2 had beer^ closed in a manner simflar to K'.

^8. R8 energised.
*
9. External lEpparatus^on line 2 would be energised.*'

c*

If K' and K2 had been closed together fer the second impulse R6 and R8 would be
^n^rgis^. '

o ^
' r .

10. energising cir^iit would be completed over line 3.

11* If K^! closed ^or the first imptdse Rll and R2 energise.

If K' closes for the^secon^ impiilse.

15: ^12 energises.

13. R12 locking circuitf

K2 held open energises in circuit 5.

14. Enefgising (irouit qyer line 4.

If ^2 closed twioe, Bl2 and R8 energise.

15. Energising circuit over liije 5.

If K2 fs first closed, then Kr and K2 together, R12, R6, and R8 energise.

16. Energising circuit over line 6. ^
If K' and K2 are closed together then K' closed, R', Rll, and R18 energise.

17. Energising circuit over line 7

18. R18 energises.

19. R18 holding circuit.

If K' and K2 areiclosed together, then K2 closed, R8 add RI8^nergise.^^

20. EnergisiSlg circuit oyer line 8. ,
•

If K'%tntl are clolcd together twice, R6, R8, and R18 energise.

21. ilglnergising circuit ovftr line 9.

^
If K' and K2 are closed together once, and then released, R2 de-energises and B18

energises.*

22. Energising (Srcuit over line 0.

«If K' closed QfjLce, R2 de-enefgiles add R3 eilbrgises,

<23. Enlrgising«oirfuit*over line S.

^ K2 clo^d once, R2i de-energises and Bl8 energises.

24. JShergisinI cirjniit over lime A. • •

j|^5. K3 is cl^s6d for a time sufficient to allow R26 to energise.

26. B26 epe^ses.

27. B5 eneisgises.
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Efectric
AUTOMA'PIC TELEPHONE SVSTE^f^.*
Manu&ctured by the Western Electrit Company Limited, the pidheers
the Telephone industry, these systems represent the product of over 40 years’
progreilsive study in the science of Telephony.'* Systeills can Ite
to meet the demands of any particular service. The 47001 has bein
essentially for small pri^teinstallatibns. Majfwe gArdVou further particulars?

,
Westmt Electric Compahu Limihxl.

WNAVQHT HOUSE. .
* AdWYCH *W o im TW^. ••Rrtw U»doo.- *

NmTH WOOLWICH. • . LONDOPi. ».A.
T#tofnnu*^^ WutopboiM, Phone, London**’ • - l^tophenotJM 44#o. (lo HiM*!).

'

# -

aim at NBW SOUTHQATB i«d #BXLBY fltBATH, KBNTs .

"

BKANGHBSt*---Birmngtumt Loedf, Manchootor, Cardiff, .Nawcaot1o,%laMow, 1oiithaiiAon_

^
aim at JohiMino«l»arft/?lnfla, 5ingaporf^Syda^, BaonoeAyioir^lror*"*''**



ExcM^nges & Eqmpm^^

THP STANDARD
of ffficleacy h ttfe ERICSSON
st^ndilKd—to Telephone Engineers

^hroughouj fhe ,^oHt^ we need
nd more.

We have iinti^lled, or are at present erect-

ing, Automatic Telephone Exchanges at

the following places:—^

Rotterdam, South' Africa, Stockholm,

Shanghai, Mexico, ChHstiansund,

Kamar (Norway), Dieppe, etc. etc.

sSlECTAR rack « MULTIPLE PKAME

l^lea^ let us have your, enquiries

I)y 'teHer or ^cahle. • Address your

specifications to :

—

THE.BRITISH L. M. ERICSSON *,,«*vv*
MANllPACTWINO CO., LTD., TELEFCWA^mAOiBrji^i

* 7« KINGSWAY. .L.M. ERICSSON,
LONOOIsr, W.C.a. Qf^ &;WotlGi : SiqpaiK^

.

Wpr^; BKESTON, NOl'TS,

Ckble Address: ''EnicwmN.WiiitTcitNT. Cable Address ; *' kl|C«ofON,
C c / London.*' > . Stockholm.*’ a ,-,



TJIt l“R'ELAYf’ MI^OMATIC
TELEPHONE-.VSYSTiM.
is based on enurd:
so constructed,

relays, and^iV

-
*

• r ' ^ — ifcw»*v» xicavtf «auuuwi>«o.
Maintenance*88 th^ore been reduced ton minimum, thdsyjtem
requinng neither oiling nor cleamng nor gny slulled atteimon.

oitrniauTiNC rtiiMiau.B

,

t««8lj;i8r IMa
iroupa a T«l«phonM

SO LINE 1>.A.X. EWITCHBOARO.
OUIPOBO VOM »OI.IHaO. ^

Cnigp^ to the leadiim Hospitals, Baidu,'Biteineer8,.hlan\)facturete, Merraatile Hdu^'
li^ etc. "RELs^Y” signifies maximum efficiency and economy. #

I* ^ •^
^

Wiits for Bo(^ Ho.

i. THE RELAY AUTOMATIC TELEPHONE COMPANY* LfD.,
*

^ 2 MARWNI HOUSE, STRAND, LONDdN, W.C a.



. WbOLWlda ' LDNDONJ
TtUtkms: "SIEMENS, WOOLWICH.'

T^dephotu: CITi/*Ai»:

Mtiiiufctcturers '‘of

E^etSS

^ o •

nBa

Contractors few , the

supply and erection of

US

Lqu^ent.

COMPLETE EXCHANGES
for Public or Private service

in all parts of the world.

t «
— 9 „

TEi^ePHONE & TELEGRXWt-CABLfeS
.ferial, Underground and Subnvarine. «,

TEtEfi^ARH APPARATUS
jyianual and •

yiutomatic.*
w.— -

j
~ . —

f ^

. . JVIRES
*

ftubbfr-ccjyered, ^(>ttpn<>

^CQverrf,' Enatriell^ jSFc^

OVERHEAD EQUIPMENT
• for TeU^raph and

Tdop^ne Lines.

PiUMARY-CELL&*.
^ battbrsi^^
Fiui^and Dtf.
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r^ ‘

By- q.V. EWJ^IJL.** ,

*-•
' ^

on the subject to be puw'mM, and th* author is wthout doubt tHb

» ‘ 11^1 'a^°*” T”**
** ^c^j^tlevelopment and extensive use ofothis ;

• w 1,°^ PfowjBng ^j-el«« commui^tidh over long distan^. 4t is the^n
' *4 8roup tocher slid record for pos^ty the history of
^

the d^cyment and* Ae many forms which the machine has taken should be written by onewho hM ^n for so loilg»actuallf ponnecte* Mth jhe design and installation of so many of
the stations 11} v-hich the Potilsen ait has been t^ prbmTnent feature. •

j

Up to the preseat the interested reader has had to*rely upon artidta in the techdical
> press or upon chapters devoted to the machine by the authors of wirel^ boolft; r This volume
!

•> however, is intended to give a complete idea of how the Poulsen Arc Generatoi^works, asVclf .
I as to record, by means of copious illustrations, the many forms <lfhich different designing

engineers have giverf to it. • *
^ *

.

bibliography covers all the importanf articles written upon the sifbject, Aid is in

^
Itself a valuable work of reference to aid those who. not findjpg sufficient detail in the ifook •

itself, wish to go more deeply into the subject. \
^ ^ ^

ii»

^
S *

•

F^NE§T BENN LTD., 8 BOUVERIE 'STREET, E.C.

f

ALF^RED GRAHAM &. COMPAf^
^**4

^
SPEGIALISTiS in •

•Loud - Speaking*' JTelephony
,,, 1$, ^ m. .. m ...

* ^
m • ^ I

; j—

GRAHAM’S NAlVAL^TELEPHONES •

Adopted by the ^ ^ ^

British Admiralty, mai^ Foreign Cjovernmento, ^
and the principal dipping Gpmpaniest

I ^struments for i^ging Neither Otility {Services. .—:

,

^ ^ i

' a THE WORLD’S ItaNDJUID •

' .*s * m/AMFLION •
:

’

t^
I ^tWffiELESS l,pup SPEAKER I . • ,

*1

^Am^WS WORICS?fcl«)FTpit PARK, LONDON. 3*.i



fiy .pLlV^,*HE:AVlSmEi
MsHbER O^Hfi J^rarn^TION Cfr £;.iCT«|^ ENOUfESUr.

Demy 8w. Three voiumes. SSldmly in sets.- *^5, 5/. the set;,*,.

This gr«Wvork, wjiich lias long Been lenprocurable a complete torm,

has noifr beem reprinted in a smalls,.

c

4ition ofcajd Q^ies. If an electrical

engineer wants 40 Consult the ^ebts jfccompanj^g the propagatipn of electro-

majgnetic wavfs, he cannot db better than consult “Electromagnetic Theory.”
,Thp mathematician vill be gratified by seeing hoy., Bessel’s functions can be
employed tS .get the* exact solution of important physical problems. To the
wireless* electncihn the theory given—^anJ in particular that qf the propagation

of ‘plane and cylindjical waves through the ether—will directly appeal. The
physickt find,Heavisidf’s disaussions of’ the theory of the electron invaluable,

jud acknowledge grthelattef i^already^of immediate value to the engneer.

l5r Eccles writes “ M^t of the areas of electrical theory or ot electric£ invention that have been
opened up dieting the past quarter of a century are shown by the re-examination of volumes to be
indebted to Heaviside, at l^t in part, for their true expr^ion, their explanation, their terminbbgy and
formulae, ^d even< for the signposts on the tracks along wbich they We been explored. * . . Deep
wis^m resides in ev^ puftgsnt phraMi ^en as in every sober rumnhtion. , . . The propagatbn of
QUStric waves in frfe space, which forms the subject-matter of another section, is reduce^ fo plain
language with a lucidity not approadied by any other writer, and the methods and reasoning: here
introduced form the best basis for tffls discussion^of manyyireiesB problems. . v . He would b^ bold
man who dare aver that any particular piece of^ electrical theory originally developed in this work
Would not fmd its applicatbn in his oMfn generation. , , ,, The mathematical methods here explained
are amazing and fascinating. . . , Heavis^e^s writings appeal to both the theorist sad the technician,
to the engineer and the mathematijciaii^. Th^ Writings have, in truth, served as the starting-point
of innumerable successful voyages of disom^^^d invention, and will serve findlarly for ipany more.
Foe all these reasons they possess, aqdjpu^ for long retain, especiid value and fascination for fhoseample-.
minded men who cdif, at one ar^ tSe same time, adore theo|g and l^e practice.’*

E'LECTRJCAL M^ASURINd
INSTRUMENTS:

Thfiir D^igrf, •Construction, and Application

la tvio volumes

By/C. 'V. DRYSDALE. jp.S6., and A. C. J0LLEY

Tyis VJ^ORK’lSli^l'.ACt'ivE PfEPAIUTlON

r vsDy.^A stre0d
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ELEGTRIC SjVITOtf "AND '*
‘

' -iQONTROLLiNG d?AR‘
' '

‘i C- GARRARD, EltiP., ^I.E.E. A.flm.l.E.'E,

Second Edition, revised and ei^ki^ti. Demy ivo. >,676 vafks * '

ff'iih 529 Illustrations. P>me2si^^t}j I
~nfr«i

design, n»nufiictare*and u8«A)f\^itehgcaT «nd 8witchh. 1̂M« ><n i-l

uwre
^ designers and manufacflirtrs, and particulariy to ,.

aLECTRlCITy * I^ETERS

:

Thgir Construction ’^^^ i^Roagcment

Second Edition, revtsedpnd enktged. • Den^ ^vom 524
fi^di^o60ifstrations. Prke^s. j^et, \ •

’ cnaneers, distriMiog en|ineer8,And students.8m« the firM^tion was publish^ thw haife many addition to the list of meteif and
of^ect*icity,and this edition, while dIscribing the olderhrpes atffl to use. d^ with^ more re^tly intyduc^ jneters, bothrf Ammcan ^

ptyi8®wiwit nmur dep^itmvnt, testing circnit bafinr^t syvtMW
P£*J:.^Tbte: P9qfcv ,win

,
prove of valiublc Msistan^S cenStt^imeMMldw^ the dmrib^lOT of *' A valtiableWtttoa ta^be eiigin0er*i nhniry<~7A#



EtfiCTRig ,I^AINS AND/dlStRIBtJT
'

' SVSTE!^/*

,By j. 1. DI<JK, ,^S^., MJ-E^r 6? Jp;.*FERNIE,^Al&.in8tCLE!,

Second Editttn^ev'ned ^nd enkit^it^ lb«my.%vo. 476

^This edition has been entirely re^d and ^enlarged. The anlhnv^cal example*

apfhcation o(each(Oneof thejormtilc? ^*;mains given in Partrl considerably enhSn^e
value of the bookjioth to the mains engi^r, and gen&al ^udene. An important featpre it

the fact that tjj^uthors h|ve,no| lost ^ht^of theorequirements of ^e practical electridd

engineer^ , .
• e ^ '

“ It it the best book on thttsubject known to us .
. ^jiseful boln to the Ijcginner and to the experienced engineer ^ ^er spheiM

xiiiires a comprelie^vc Rnowledfcl! ofolectricJnlisBrlbutiflp.”--7'Ar ElectHml Times. *whd requires a
tful bol^ to

•
‘ LOCALISATION QF FAULTS JN^ ELECTRIC

' LIGHT AND POWER^MAINS
1 ^ >

By F- RAPHAEL, M.I.E.E.

%jrhtrd Edition^ impression. Demy .Bw.
.
217 pages. Price 12s. 6d. net.

^ In.s&te of moderir deferopnfents, thq.accnrate 'and speedy localisation of faults is still a

ttft^attdl' of importance, and this^rf^sed edition^will be found a valuable help and guide to the

*electficgl engineer.
. ^

o

n6t.PS X)N THEORY AND DESIGN' OF
' COl^imJOUS. CURRENT MACHINES

By STANLEY PARKER SMITH', D.Sc.,
AXSI5TAKT PROF^UOR IK ELECTXtCM. BHGINBEXING AT THE CITY AND GUILDS

RKOtNEBRING COLLlfiB, SOUTH KENSINGTON.

> Demy %vo. PricB §s. net. ^ <

This book is not intended as a complete or exhaustive treatise, but emphasises points

of fundamental importance to the defpi^er, manufacturer, aiid user dectrical generators

and rnotora^ .

• • a
•• Admirah\e.**’-*£ieetricmigevisw. ^

StUDENT’Sl GUIDE TO* SUBMARINE
• • CABLE .TESTING

<r# »

By H.;K, C. JISHER and J. C. H. DARBY.

Fifth Ediiitky new impressien. Demy^vo'.' 2$2 pagesi Price t^. €d. net

^BpOlNNER’S. \IANUAL OF SUBMARINE
CA^LE TESTING AND WORKING i

*By G. M. BAINES.
, . ,

,
'Fougtk Editt4g. ^emy^^. iiy^ pdgeSf Price tos/€d. nit








