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FOLDER NOe. 211,

"RELAY* SWITCHBOARD. MNODIZL NO. 10.

SECTION 1 GENGRAL DILSCRIPTION.

"Model 10" 18 a amall Private Automatio Switchboarad
danigned to deal with a maximm of ten telephones.

Outside the United Kingdom the switchbodrd 1a only
supplied fitted for this maximm but at Home may be supplied
fitted for seven telaphones. In the latter case an extension
to the full oapacity of ton telephones may be readily made
at ay time, space and wiring being provided for the oxtra
equipnent required, which consists of nine relays arrenged
in groups of three.

The telephones amployed in commection with lodel
¥o.10 svitohboards are specially deosigned for ths murposs,

They are of the well known and convenient handset table pattern,
and are fitted with the Post Office standard dial-switohss.
The trembler bell, which 1s alsc of special design, is apart
from the table set and is usually fixed to the wall,

Only two vires are required between the switchboard
and each instrumont, but an earth (the positive pols of the
battery 12 earthed) must also be comnected to aach telephons.
A8 the switchboard it essentially designed for small premises
however, the nearest convenient earth in many cases, will be
at the switchboard itself, and for this reason a standard
triple conductor,will normally be used to comnmect up the
phones. The limit of line resistance is placed at tem
olma per wire, i.e, twenty ohms loop and ten olms in the
aarth cormection, This allows a run of two mmdred yards
of ptandard cable, In the umwsual case of longer runs, other
arrangements may be made.

Provision ¢s mads in the switchboard for two
simil taneous conversationg; practice proving this mumber to
give satizfactory service to ten extensions. Vvhere, hewever,

& awitchboard is likely to be exceptionally busy, 1t is possidle
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Section 1 ~ {(contimued)

to add a small group of relays externally, tc allow of
additional sirmiltaneous convorsatlons.

fo disctiminate between succegaful and unsuccessful
calls, "rincing tone® is heard by the successful caller,
duwring such time as the called party's bell 1s ringing. It
ip sanily recognised, beins provided by the called party's
baell itoelf, Sllence after dialling indiocated either ths
Recorder, bﬁth Feedsn, or the called party to ba "engaged®,
{pee Soction 3). " An extension is engaged from the time ite
hendset 1f 1ifted - or it 1s called - wntil its handset 4s
reaplaced; thus, no more than two telephonea can be connected
together at any one time. |

By replacing the handset on its rest, & call can
be "cleared” (i.e. all apparatus released and roturned to
normal ) at any time before the oailed party answerse A
completed coll, however, 1le not cleared until hoth partiocs
have replaced their handsets.

in eight volt battery serves the switchboard and
arrangements for charging from the power mains are providods
SECTION 2. APPARATUS. Drawings -~ 1.83 and T.3413,

(a) THE TELEPHORE.
The telephone comprises a hand combination
microphone and receivad; the eradle which carries

tho handset when not in use, a dilal switch - dial, -
for short, - 1 trenbler bell. The oradle is
cormonly termed a “awitch-hook™ as it oporates e
sot of contast sYrings when rsliwed of the weight
of the handeset. These contacts are neoessary to
diaconmot' the bell vhen.anseering e cell znd glso
to discormect the instrument from the line whon it
is not 1in uspe. On T.341% the switoh=-hooks are
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SECTION.2 {Continuod)
represented in the normal, 1.0, depressed poaition,

The disl, when released after beinz pulled round,
intermittently breske a cirouit between the telephone
and the switohboard, thus signalling the latter a
description of the extension required. Diale are
reprocented on T. 3418 by circlo. enclosing three pairs
of ocontncts, mﬁamdlha, 354 5&6, The two outeg'
pairs (1 & 2)(8 & 8) sre normally "opsn® 1.0. not touching,
and are known ss "off-normal ¥ contacts becsuse they make
contact during any preriod in which the dial is not at rest,

The centre pair of contacts (3 & 4) known as "impulse®
contacts, are normally closedj when, however, the dial
Plate is relescsed after having been pulled rowumnd they
are rapidly orened and closed from one to ten times
according to the mmber dialled,

(b) THZ RELAYS.

wWith the exception of five resistances, Model 10
switchboard ie composed entirely of the Relay Co's
standard relays. |

Eaoh relay esssntially consiste of =
(1) A "YOKE®Y of soft iron vhich is the framo or base
upon which othsr componsnt parte of the relay are
mounted and which forms part of the magnetic circutt,
The yoke may be individual to a relay or common to two
or three relays.

(2) A "COIL® or electro magnet, consigting of a bobbin
with a soft iron ‘core' and brass cheeke, carrying
one or more windings or enamel covered wire,

(3) An ARMATURE' of soft iron which complotes the
magnotic cirouilt by bridging the open ends of the
yoke and ocoil, pivoting on the knife edge of the
former and, by moving u:; to the latter
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SECTION 3 Sth!.
when the relay 1o energised operating -

(4) ome or more "SPRING BANKS®., These are groups
of flat yprings carrying contacts which are
closed or opensd by the movement of the armature.

(5) A "DISTANCH PIiGQE® of plated brass which is
interposed between the armature and core to
provide & fixed residual gap and so provent
the M;ama stiocking up due to the residual
magretism in the iron cirouit,

SuCTIOR S« GROUPING OF RELAYS,

Exeluding the charge cut off relay (C.C.0) which e
only used when the battery 1s charged from the A.C.Mains
via a rectifier, the totsl nurmbor of relays on a fully
oquipped Model 10 switohboard is forty-nine,
These relsys are indicated on the circult drawing
Te 3418, a key to which 15 provided by drawing T.23. A key
to0 relay nomenclaturs will be found on T, 3418,
The relays may be divided into three groups,
Subscribers Apparatus, 'the Recorder and the Feedse
(a) SUBSCRIBERS APPARAIUS. Assccisted with andindividual
T0 sach 1line are one recorder cormecting relasy (RE), and
one tmmk comneoting relay (TC) per Feed. RC serves to
connect ite line to the Recorder during the "41alling"
or calling peried, Either of the 2C's will connect
1ts line to a Feod during subsequent stages of s call,
(b) RECORDER. This comprises impulss (I), guarding (G),
testing (T), digit control 1 and 2 (DC1 and DC2) and
the counting (C) and changeover (CH) relays. It'e
purpose is to select tha line required according to tho
mmber dialled st the callin;; telaphome and is availsble
to only one line at a time. However, it is only in uase

during



SECLION @ (Contimued).

the dialiing period - a matter of seconds - at the end
of vhich it is releassd and becomes availadble for other
calls, |

(c) PEEDS. Two foeds arc fitted on the standard Model 10.
switchboard, Lach comprises fowr relaye, trurk marking
(T1), ringa(RG), ringing holding (AH), and feeding (F).
A Foad ie brought into use at the end of ths dialling
period and remaine engaged for the dmration of mucecesaful
calla, It'n'first duty 18 to test tho ealled lins, If
that line 1s busy the Fead will émme the release of all
relays concermed with tho ¢allj if the line is free the
Feed will cornect the calling and called lines together,
ring the latter's bell and, when the call is answered,
rrovide spesking current to both transmitters and protect
the conversation fron imerruption. The Peed will also
cause tho relsase of all relays concermed with o c¢all which
is abandoned by the caller replaocing his received, whilst
the called party's bell 1s ringing.

SECTION 4, CIICUIT OPHRATIONS., Inrawings Te83 and T.34183,

This section contains detailed descriptions of the

progress of calls under all poseible conditiens. Occasional
roferoncss are made to the noteeg at the end of this pection
(4n) and 1t may be advisable t0 read them conowrrently with
thenc descriptions, as they concern not=too-obvious detalls
ragording the characteristiocs and operation of certaln rslays.

The various conditlona of calls to be considered are =

Successful ocalls ~ anawered.

Succesaful calls -~ not answered, and abandoned by

caller,
Call to ongaged subscriber.
Call to subseriber wiose handset is off the switche



ook, or %o & line which has no instrument fittod.

Gall to a mwber for vhlch the ewitchboard is not

fMiteds

¢all when all feeds asre sngaged.

Call when the recorder i1s engaged.

In the following descriptions it 18 necossary to
refer to Individual springbanks on the various relaye
which nre mmbered {1) (2) (3) etc., For each associategd
relay, and dugeribed ocither as Hormal - N, or Operatsad -
0P,

The positive pole of the hattery is always refarred
toc am oarths

Frequent referencs is mads tole

6! oarth -~ which 18 earth supplied via Ho.2

springset OF or .
and 'Tmmilee earth! which is earth supplied io the rocorder

from G (No.1) OP via DGl (No.3) OP and I (No.2) W, the
circult from DC1 (No.3) OP via I (No.2) ¥ to the ¢ and
CH relays bolng known as the 'Impulse wire!,

(a) SuccesafMl call —anawerad,

(1) Caller 1lifta hip handsot, operating the chango-
cver contacts on the awiteoh-hook,

{2) The A wire iz timas disconnected from the bell and
cormected to tho B wipre via the handsets No circuid

iz comhlotod,



ROcLLON © = gcmnr.:umea!.
Caller pulls dtal round {(gce note 1), operating its

off-normal contacte (1 & 8) and (5 & 6) snd completing

a circuit from negative via T (Ko.1)NG.(No.3)N. RC(No,.1)
No RC Coil TCs (No.4)N. B.Line, contacts (B & 8) OP of dlal
which chort circults the hand-set, switch-hook contaots,
oontacts (1 & 2)0P of dial to earth,

(4) RC operates and holds to the nogative on RC (No.1)OP
contasts, completing a circult from negative via I coll
D02, (Ko.1)N. RC(Ro.2)0F Lmraulze contacts (3 & 4N of the
disl, contacts (1 & B)YOP of dial to earth,

(6) 1 operates and completes a circult from nag. via GR.
(See note 8), @, coil, T (No.,1)OP to earth,

(8) @ operates and completes a circuit from neg. via QH]
coil CH1 (No.2)¥, C1,5,0 (Fo.2)N, DCR (Wo.4)¥ ¢ (Wo,1)
OP to earth, .

(7) COHY operates, holds GH1 (No.2)OP, CHR (No.2)F. G(No.2)or
to earth, and completes a circuit from neg. via C4.8
coil 0,4,8(No.3)N, CH1 (No.3)0P C1,8.9.(No.2)N, DCR
(5‘30!4)“. G (No.1)CP to earth,

(8) o©4.8 oporates, holds vie 04.8 (No.3)OP -%.5.9(180.1) N,

GH(N0.2)OP to earth, and complstes a circuit from Reg. via
GR, NCR (No.8)N. C4.8(No.2)°8e DC! cosl, DC2 (No.3) W.
@ (No.2)0P to earth,

(9) DC} operatses.

The recordsr is now rem to recelve impulses from the
dlal and no Nurther operations occur until the dial s

roleased,

(10) Caller releases his disl, Assuming the tenth extension

(No,0) i8 to be called, the dlal will be muilsd rowmd to
its fullest extent and when relsased will send ten 'impulses’
to the recorder, Thic means that the impulse contaots
(3 & 4) of the dlal will treak and remaka the eircuit of
I ton times, The resulting operationes arec as followate
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{11) FIRST BREAK - I releases (seoc note 3) and complotes
8 circult from neg. via 01,5,9 coil €1,5,92(Ho.4)X ©3,7,
(No,8)N C4.8 (No.5) 0P to Imphlse earth,

(12) ©1,5,2 operates and holds via 0.1,5,9 (No.4)OP 02.68.0
(Ho.1)¥ G(No.2)0P to esrth, completing a circuit from
nog.via DOB 00311,C1.8.9 (Ro.3)0P @ (No.1)0P to earth.
04,8 nov holdg via C.4.8(N0,3)0P;C1.5.9 (Ho.1)OP to
the :I.mpula@ aarth. _

(13) DE2 operates and holds via DC2(No.4)OP @{No.1)OP to
earth. IC1 is now holding in & olrcult from neg.via
Git, I{No.1),N. IC2(No.B)0P. DCR(Ke.6)0P C4.8(No.2)OP
DC1 coll, DC1(No.2)0P, G(No.1)OP to earth, The circuit
for I is via DOC1(No,1)0P instead of DC2(No,1)OP and RO
is holding in a circuit from neg.wie RO(No.1)OP RC coil,
RC(No.3)0P, DC2(No.3)0P, @(Nc.2)OP to sarth,

(14) FIRST RIZIAKE = [ operates (See Kote3) and brosks tho
impuise earth, henoce

(15) 4.8 releases

(18) SECOMDBREAX = I roloasgs and completes a circuit from
neg.vio 08.,68.0 coll, C2.,8,0(0.2)N, C1.8.9, (No.5)OP

C4.8(No.4)N tc the impulase earth, _

(17) 02,6,0 oporates and holds via C2.8,0(N0.8)0P €3,7(No.1)N
G(No.2)OP to earth. ©1.5,9 now holds via C.1.5.9(No.4)0P
ar C2,8.0(N0,1)0P to the impulme earth,

(18) SHCOND RWUKE - I operates and breaks the impulse earth
hance

(19) ©1,5,9 roleases,

(20) THIRD BREAX - 1 reoleases and completen o circuit from
neg.via C3.7 coil (G.3.7(N0.3)N,02.6,0(No.3)0P, C1,8.9,
(Ne.5)N, C4.8 (No.4)E to the impulee earth,

(21) C3,8 operates, holds via C.3,7(No,3)0P 04.8(Ko.1)¥ G(Ko.2)
OP t0 sarth and completes a circuit from neg.vie CHS 0011,“
@il (No.1)or ¢35,7(N0.2)0F G(No.2)OF to earth.
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Secticn € = (Contimed)

(”1) Contd.
02.8.0 now holde via CZ,8,0(Ho.2)Y0P, C3,7(Mo,1)0P to
the inpulse earth,

(22) GHA operates. OH) is now holding via CH1{No.2)OP.
CHZ (No.2)0P, C3.7(N0.4)0P G (No.2)OP to earth,

(23) THIRD REMAKE -« I operates snd bresks the impulee

earth, honce

(24) 02,6,0 roleases

(25) FOURTH BRIAK - I releases and completes s circult from
NoFevie 04.8 0011 C.4,8(K0.3)H. C.3.7(No.5)OP C2.6.0
(Ko.4)X to the impulse earth,

(28) c4,8 operates and holds via C.4,8(No.3)0P C1.8.9.(Fo.1)N.
G(Ho,2)0P to earth. CS7 now holds via C.3.7(No.3)0P,
4,8(No,1)0P to the impulase earth,

(27) FOUKTH RIIWEL - I operates and breaks the impulse

earth, hence
(28) 03,7 relenses and breaks the circuit for GHl. CH2
nov holds via CE2(No.1)OP €3,7(No.2)8 G(No.2)0P to earth,

29) ¢l releasae

(30) FIFH BruK - I releasses snd completes a circuilt from
neg.via €1.5,9 coil, C.1.5.9(No.4)¥. C3.,7(No,.8)8 04.8
(Ho B8)0P to the impuleo earth,

(31) €1.5,2 operates and holds via C.1.5,9(No.4)0P (02,6.0
(Ko+1)8, G(No.2)OP t0 earth. (4.8 now holds via C.4.8
(N0 .3)0P, C1.,8.9(Ro.1) OP to the impulssc earth.

(32) FIFTH RMAKE « I operates and breske the impulse earth,

hence

(33) 4,8 reloases

(34) SIXTH BREAZ - I roleases and completes a oircult from
neg. .v'ia C2.,6,0 cll, 02,8,0(N0.B)N 01.5.9(30,5)01’
C4.8(Ho.4)N to the impulse sarth,
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(36) C2.68,0 operates and holds via €.2,8,0(Fo.2)0P Q3.7
(Noo.1). 6(No.B)OP to earth, €l.5,9 now holde via 0.1.5.9

(No.4)0P, C2.8,0(R0.1)0P to the impulsa earth,

(38) SIXTH RFMAKE = T operates and breaka the tmpulse earth,
hence

(37) €1.8.9 roleases

(38) SEVINTH BREAK - I releasss and completes a circuit
from neg. via C3,7 coil 0.5.7(1!0.5)1#.59.e.o(xo.a)OP
€1.8.2(N0.B) K. C4.3(No.4)¥ to ths impulse earih,

(39) ©3.7 operates and holds via C.3.7 (No,3)OP, C4.8(No.1)N
G(X0.2)OP to earth, breaking the circuit for OHE, €2.6.0
now holds

(40) cn2 releases

(41) SLVINTH R2IAKE - I operates and breaks the impulse
earth hence

(42) ¢2,8,0 relaases.

(43) EIGHTH BREAK - I releases and completes a circult from
nog. via 4.8 coil, C.4.8(No,3)N, 03.7(No,B)OP. C2,8.0
(90 .4)¢ to the impulse earth,

(44) c4.8 operates and holds via C.4.8(H0.3)0P, €1,5,9(No.1)
N, G(No.2)0P to earth, 039.7 now holds via C.3,7(No.3)0P
C.4.8(N0,1)0P to the impulse earth,

(48) EIGHTH REMAKE - I operates and broeaks the impulse earth,
heneo

(48) £48,7 releases

(47) NINTH PREAK - ] relesses and completes a circuit from
neg. via €1.5.9 coil, C.1.5.9(No.4)N 03,7(Ko.8)X Ca.8
(No .8)OP to the 1mpulss earth,

(48) ©1.5.9 operates and holds via C.1.5.9(No.4)0P. C2,6.0
(No.1)¥. GiNo.2)OP to earth,  C4.8 now holde via
C.4.8(No.3)0P, C1,8.9 (F¥o.1)OP to the impulse earth,
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HIRTR RIMAKE = I operates and breaks the impulse

aarth, hence

(50) E&_._B relosses

(51)

TENTH BREAK - ] releases and completes a oircuit from
neg. via 2“.8&0 9011. COEQGOO(HOQQ)'. 01.5.9(l0.5)OP.
C4.8(Fo.4)X to the impulse earth.

(52) ¢R,8,0 operates and holds via 0.2,6,0(No,2)0P, C3.7

{53)

(84)
(s8)

(58)

(57)

(58)

(No.1)¥. G(Ko.2)0P to earth. 01.5.2 now holds via
C.1.5.9(N0.4)0P. C2.8.0(N0.1)0P to the impulse earth,
TERTH REMAKHZ - ] operates and breaks the impulse earth
henoe,

C1.5.92 releases

The dial has now completed its ftravel and its tmpulse
contacts (3 & 4) remsin closed, holding I operated.
Whilst I ie operated the siow relossing relay DOl is
short-oircuited (see note 3), thus - Earth, I (No.1)OP
DC2(Ho,3)OP, C4.8(Nc.2)K, DO1 coil, DOY(No.2)OP. @(No.1)
OP to earth, hence, after a alight pause

DC1 releaces {see note 4¢), breakin; the circuit for I
and completing & circuit from neg. wia T coll F(No.3)
N, DC2(No.2)oP, DC1(No.2)N. @(No.1)OP to earth.

I releanes and TM operates (secnote 5), (The circuit
for @ 1ls broken vhen 1 reieases bul, being slow to
release, G allows the following operations (58 to €2),
resultant upon the operation of TM, to tako place before
1t actually releases). _

The oporation of T8 completes threo ciroultaie

(a) from nes. via calling party's IC coil, TM contacts
OP calling psrty's RC(No.3)OP, DC2(No.3)0P. & (No.2)OP

to earth, Calling party's TC operates, Calling
party's RO now holds via RC(No.3)OP D02 (No.3)OP
G(No.B)OP to earth, |

(b) from neg vies galled party's IC coil (in this
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case No.0, TM contaots OP both TCa Ho.0 (No.l ocomtacts)
uf’,fé’z‘{’é“ H(ql;of.oé)ﬂ. CH1(No.5)X 02,8.C(No,B8)0F e C1.5.9
(No.8)N.C4.8(No.86 ). DC1(No,.Z)N, G(Ko.1)0P to earth,
TC Nn.O operates and holds (ses note 8) via TC{(Nc.3)OF,
csalling party's TC(No.3)OP, il contasts OF, calling party's
RO(No,.3)0P, DC2(No.3)0P. G(Ko,2)0P to earth,
(8) from neg. via RG_coil, TH(No.B)OP F(No,3)N to
earth, B¢ operates

(59)Two 7Cs (calling and called) assoclated with one feod

and K8 in that feed are now operated, RG complotes &
circuit from neg. via one ooil of ¥, ™(No.4)0P, RG(No,3)
OF, BR coil to Earth. (Note: the ourremt in thias cirouit
is insufeiciant to operate F), (See Nota?)

(60)RH opsrates and completss a circuit from neg. via
FR, RA(No.1)0P one coil of F to earth.

(61) P_operates. R3 now holds from neg, vis its coil RG
(No.1)OP called TC(No.2)OP, A line, impulse contacts
(3 2 4)8 of dial, svitch hook conbtacte, bell Lo earth.
(se» note B),

(62)Callsd party's bell commences to ring
The operations 58 to 88 inclusive are all

completed bafore=

(63)a roloases, (See note 3) breaking the sarth at (G1)
£(62) and thus

(84)releoasins all recordep relays that were still operated,

in this case, C2,8,0 and DOR, and aleo TM in ths Peod
and the galling RC, The TC relays now hold from neg
via TO coils, TC(No.3)OP, HR, R&(¥o0.4)OP. F(No.3)OP to
earth. FRH now holds from neg, via @ coll, RG(No,1)OP,
calling TC(No.2)OP. A line, inatrument, B lins, TCe(No.4)
OP. T(No.4)¥. RG(No.3)0P, RE coil to earth,

(8BYMme ringing pericd has now commenced.

(36 )ihe called party 1ifts his hondset, tirs discomooting
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(68) conta.

following circuit set up - Neg. via B@ coil, R@(No.1)OP
2. ALINES, INSTRUpENTS, 8 LINES, TCa (N24)OP

calling and calbed ICa (No.4)OPAall in parallel; TH
(Ro.4. RE(No.53)0P. R coll to Harth, The resistance
of RH is such that the maximm owrrent in this cirecuit
1s insufficient to hold K3, hence

(87) R releuses. FH relessess I now holds from neg. vie
one of its coils, RG(No.3)N. RG(No.23)N, both culling
and oalled lines end instrunants in parallel viz contacts
on ICe, OP, RG(No.1)N, F.(No.1)OP. RH(No.1)¥, other coil
of F to earth,

(88) This is the telking condition, The transmitters of both
instruments ere supplied with talking current via the

colile of F,
(69) Roleass of cormestion

AR P will hold in eircult with one line and instrument

only, 1t is not until both aswitah~-hooks are down thate
(70) ¥ _relsases and breaks the holding circuit for both ICs.
(71) Both TCs release, and all relays are now de-enscrgised.

The foregoing describes the dlalling of digit "B*
(ten {rpulges ) becanse the fullest working of the pacordsr
1s ontailed, The result of dialling other digits may easily
be followed., Take, for examrle, the digit 7. Operations
will be as dosckibed in Section 4a ur to and including the
Seventh remske (41) and ite immediate result (42); f.e, up
~ to the point where poven complete ifmmilges heve been sent
by the 4ial, From this point, B5 snd cnwards will apply
in general, the main difforence being that the Recorder
setting, 1.9, the € and CH relsys orerzted, will be such as
to complate the Marking Wire correapinding to tha ramber
dislled, modifying 58(b) to that extent, If seven were
the diglt dialled 1t will be sesen that when marking tokes
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rlace 03,7 would be the only € relay operated (Pee39) and

both CH relays would be down, hencs 58(b} would readi-

(v)

(e)

"from neg. via galled party's TC coil, (in this case

Ko.7} g cuntacts OF both T0s Ho.¥ (No.l)R, murking
wire No.7, CH1(No.4)X, ©3.7(No.7)P. 02.8,0(¥c.5)N.
01.5.9(¥0,8)%, 24.3(No.6)¥. DU, (No.8)N. G(No.1)OP

to sarth.  TC No,7 operates and holds via T¢(No.3)
OP, calling part.y's TC(No.3)OP., T contacts 0P calling
party's RC(No,3)0P, X2(No.3)0P. G(No.2)OF to earth,
SUCCESSIMNL, CALL, T ANSWERED AND ABANDONED BY CALLER.

Circuit operations up to and including the
commanenent of the ringing pariod are, of course, as
&aaéribed in 1 to 85, Trom that stege of the asll,
operations procead as follows,

(72) Caller abandona the call by replaoing his receiver,

thus bresking the circuit for RH (See 64) at the switch-

hook contacts,

(73} RS releases, breaking the circult for R F

(74) P _releases and breaks the holding earth for the TCa.

{75) Both callins and called TCs releass, and the latter
broaks the oircult whieh includes B& snd the boll.

'{'rs) 8¢ roleases and the bell ceases ringing. All relays
are now do-emerglsod.

CALL 10 AN IMGAGED BUEBERTIBER. .

Azain ceerming "0O® {0 be the wanted mmihar-
engaged, this time - operatlions as desaribved in 1 to 97
all take place. Resuliant upon the operation of TY
(see 57) the calling party's TO operatos as shown in
58a and R@ cperates o8 shown in 880,

As line No,0 18 already engaged, one o its T0C
relays is enarglised, lroaking the marking wire "0¥,

Hance, tho other IC No,l can ROT operave as was described
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Operations procoedrs -
(77) RH operates as shown in B9
(78) ¥ _operates as shomn in 60, breaking the cirouit for RG

(70) BG releases (it 1s not held as shown in 61 bscauge

I0 No.0 1s not operated) and breaks the oircuit for RH.

(80) RH relesses. F now holds in a circuit from neg. via

| oneoflits'coils, RG(N0.3)N, RG(No.2)X, calling T0(No.4)oP,

B wire, calling instrument, A 1ins, calling TG(No.2)OP,
RG(ND.l)ﬁ;F(Ho.l}OP. BH(No,1)N, other coil of F to Earth,

The above operations are aull completed before:- .

{81) G releasss (ses 57), breaking G(1 & 2)OP and thus

(82) relessing any 0 ard CH relays that were still operated,
in this case £2,8.0 and also thé calling RO. TN is now
hpld momentarily in a oircuit from neg., via its coll,
TM(No.Sjop; RG(No.4)N, F(§0.3)0P to Earth. DOZ is now
held momentarily in a oirouit from neg. via 1ts coil
.nqino.4)09; Dol (No.2)N, naa(No.a)OP.‘mq(nb.l)opzrgg?ﬁgii)l,
i‘(Ko.'S)OP' to Barth. Beocause the calldng RO has released;-

(83) The calling TC releases (having no holding circuit

| via HR becauss IRG is de-energiaed. and TM operated),

and braaks the ecircult for F.
(a4) F relaages breaking circuits for TM and DCS
(88) T and DC2 relesss. |

All relays ooncerned with the call ere now released,
although the handset at the calling instrmment is still
off its rest.

Tho fact that nothing is heard in the receiveg
although dialling is completed indicates the sngaged
condition, The position 13, in fact, a= degeribed in (2)
and 1t 1s possible to dial afresh without depressing the
switch=hook first.

(4) OCALL TO A SUBSCRIB:R WHOSE HANDSST IS OFF ITS SWITCH-HOOK,
OR TO A LINE WHICH HAS NO INSTHUM:NT FITTED.



In both of these ocases the fact that thore 1s

no bell connected to the A line (in the first case

because the switch-hook contacts are operated) ocaumes

- all relays oconcerned with either call to be released

‘at tho end of the marking period, 1.8, the series of

operations commencing with the operat:l.on of m. m

absenco of r:l.nsing tone indicates the engaged condit.ion

to the ocalling party.
Circuit operatim up to the garkmg per:lod. are

as deporibed in 1 to 60, When F operated, howsver,

(see® 61), the oircuit far RG is broken and:-

(88) Bg releases (it is not held as showm in 61 because
the oalled A 1ine §s not corneoted to Esrth via
the bell) amd breaks the oiroutt for BE.

{87) Suhaequent operations are as deseribed in 80 to

" 88 mclmivo - with two excepum:-

{a) In the case where the called party's receiver
18 off its switch-hook, F holds (see 80) via
both calling and called TC oontacts, lines
and instruments in parallel.

(b) In either case, the release of the calling
RO (See 82 and 83) oauses the rnlo#u of
both T0s.

(o) OCALl, TO NUMBIR FOR WHICH THE SWITCOHBOARD IS NOT FITTED.
when a Model 10 Switchboard 13 fitted for seven lines

only, three marking wirea (usually Nes. 8, 9 and 0) are

not used and although the actual wires are provided,

thoy are laced up with their ends insulated, ready to be

cormected to the additiomal apparatus if and when it is
fitted. The marking wire assocoiated with an extension

is broken (on & T0) if that extension is engaged, thus

the operations resultant on a oall to any of these mmbers

will be identical to those whigh would ccour if the
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gubscribero apparatus asgoclatod with that mumber wore
fittod but ongaged at the time of the ecall. (A description
of such a call 1s given in ijection 40).

(f£) CALL VHEN ALL FELDS ARE BNGAGLD.
Then o Feed 1s engaged the operating circuit for
TM i3 broken by F (No.2) OP, hence, whon all Feeds
aro ongaged no TM will be oporated when DOl releaseos
at the ond of the dialling (see 56). The operations
from this point will bo:=
(88) 1 releases and breaks the circuit for G.
After a pausgs-
(89) G rolesses, breaking G (Nos. 1 & £) OP
and thus

(90) roleasing ell rocorder relays that were still
operated, in this czese ¢2.8.0 and DCE amd

also the galling RC

(91) All relzys are now released and conditions

are as desoribed in 88,
(g) CALL WHEN THE RHCORDER IS =liGAGED.
The Recorder is only engaged during the dialling
periocd, but it is posasible that a second caller nay
pull his dial round dwuring that period.
(92) whilst the Recordor is engaged G is operated,
thus whon the sccond dial is pulled round a
circuit is compl:ted from neg. via 1. Coil,
RC(No.1l)N RC coil of second calling k€, TCa
(lo.4)N B 1ine, dial contacts (lios. 5 & 6)0P
contacts of ewitch-hook, dial contacts (Nes.
1 & 2) OP to Earth,
(93) 1 operatos (owing to the comparatively high
resistance of T, there is not sufficient curront
in tho circuit to operate RC) and remains operated
until the diel has returned to rest and its contacts
Hos.(1 & 2)(5 & 6) OP aroe opened azain. (3¢9 note 9)when

(94) T releasss and conditions are as described in 85
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Section ¢ tinusd

(h) NOTES

. 1 ¢

Je

OPERATING THE DIAL.
Thoe gpeed with which the relays concerned ‘
operate is such that it is impossible for a caller

to pull round his dial - oven if only to digit 1 -

quickly enough to be sble to relesse it before the
operations described in 3 to § have taken place.

GR 13 provided to prevent the battery being short-
circuited when I operates or relensea and =11 three
contacts (No.l) are momentarily touching.

SLOW mmma RELAYS. @ and DOl aro slow releasing
rolays, that 1s, their armatures do not. fall
irmediately the oirouit for the ooil is brokem, but
remain in the operated position for a short periocd.
Thig effeot is attaimed by providing a path for

eddy menh. mainly by fitting a copper ring or

'alug! to the eore and part)y by short-ocircuiting
the oeﬂ. instead of merely disconnecting it.

It will be observed thut when I is operated, @ has
a oiroult from neg. via GB, @ ooil, I (No.l) OF to
Earth and when I releagds @ ooil is short-circuited
by I (No.l) ¥. When I ropeats impulses fram a dial
it never remains down long onough for G {0 relesse
and thus @ remains up during dialling. After DOl
roleaseas at the end of dialllnS, however, I releases
permanently and G eventually releasss, t.m time it
takes to 40 3o providing the "marking® period. (See
57 to 63).

ﬂhﬂnﬁel and DOR m.operated and I is down (Bee 13)
D01 has a oircuit from neg. via GR, I (No.l) N,
DCS(No.5)OP, DOR(N0.6)OP, 04.8(N0,8)0P, DOL ocoil
DO1{No.2) OP, & (No.l) OP to Earth.
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when I operates, however (soe" 14), neg. via GR 1e
replaced by Earth ard DOl is short-oircuited. During
impulaing I s never operated lang enough for DOL to
releaso, 'but at the end of mpulaing' (ces 36), when

the dial has oome to rest, I remains operated and
Dol mmmxy reloasos. | |
IMPULSE Eam 'MADE' ON DOl.

The Impun.u aart.h pasges over Bcl (No.3) OP for the
following reason. At the end of impuleing DOY releases,
then I relamn and @ tsmpurarny holds the recorder

' setting. (See B6 and BY).  If DOl did mot break the

Inwiﬁe ‘eu-"‘t.h when it relesased an extrs impulse would

be sent t.o thb oountmg relays when I released.

A apsohl adjmtmmt to the oontaot.s of DOl 1ias

._ indiocated on !.uu The adjuw u required to

prevont m -ngm poseibility of Nlnw 1 and DOL
"bussing' o% the em of mpuam. |

The ‘buas' whioh 18 of very low mnoy. may oocur
if, whan DOY rt.lm. at the end of inpulling. ml(uo.l)cm
whi_uh hﬂm-ﬁ .(mct *A') breaks before the DO1(No.B)OP

| over which DOY itself holds (cunmt '5¢) thuss-

DO 1 short-eirouited by I at the end of
impulsing (B68) end falls elowly. Oontact 'A! breaks,
I 're‘:l.u.-u and »umphté‘e the eirouit for DOY {13)
before that relay has fallem far enough to bresk the
oirouit at oontact 'BY, DO re-ensrgises, I reloases -

and 80 Of.

fo definitely prevent this, contact 'A' must be

 adjusted so as to bo the first to close when DOl operates.



- 90 -
gect gont
'SEAROH' FOR FEED.

The Marking period ocommences when DOl roleases after
impulsing and passes eerth via &(No.1)OP, DO1(No.2)N,
DCR(No.8)CP to the TM relays (See 88). Actually all TM
relays ssscoiated with disengaged Feeds commence to operate,
The first, however, is adjustsd to be & 1ittle quicker
than the others and cnoe it has operated TM (No.l)
contact, the oircuit for all other TMs is broken,

I a third Peed fs fittsd the aecond TH is adjusted
to be @& 1ittle guicksr than the third. Thus only one
T is operated st the commencement of the marking
poriod - that associated with the first disengaged
pesd, o

Q BANK ON 70 REGAYS.

On ssoh 70 relay are two pairs of santacts,

i‘o (No.1) and 20 (No,3), dutmm.m T.3413 by
the letter 'a'. - |

In practice theee two pairs of oontacts are
mted'mmbankofaprm (known 45 a Q Bank)

80 arrangsd that when operated the make contagts

olose before ths Wreak ocontacts part,

" 70 (Wo.3) contaots complete a holding cirouit for
¥ before 7O (No.l) oontacts diwmwét the ‘marking'
(operating) esrth, 80 preventing any possibility of
70 relessing or 'buszing' during the marking period.
(See 88b).

. THE OPERATING OIRGUIT OF RH is via one ooil of ¥ to

neg. The resistance of RH is too great to allow P

10 operate when this contaot is operated, and the
arrangement is & matter of convanience in arranging
gontacts on RG and IM, ‘
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8. RG HOLDING CIRCUIT.

RG holds in series with a called party's boll whilast
it ia ringing. The bell operates on ths usual buzzer
principle, breaking the circuit for its ocoils on a
contact carried by its spmaturo. To prevent the
aircuit for RG being Wroken by this contact the whole
bell - contact and colle -~ 1a alnmted by a rosistance
of 100 olma.

@« USE OF ReLAY T,
Whilet the Rocorder 13 in uge G(¥o,3)0P removes
the short-ciroult frrom T coil whioh will then form
part of the circuit completed If =& ’seoom subacriber
pulls his dial rowmnd (See 4g). By arranging that T,
once coperated, prevents G replacing ths short-circuit
irmedintely tho recordor 1is released, the sccond
subscriber 1s still prevented from obtailning cnnnectinnk
to the recorder. 7This 1s necesaary since his dial
may have already been releassd and ssnt ono or wmore
impulsee at the time of the Recorder's release am
if the Recorder were allowed to0 como Into oporation
at that time 1t would receive less impulsese than wore
gent by the dial,
SECTION B. NOTIES ON TESTING. Drawings .23 and 2.5413.

The following methods of tesiing various parts of the
apparatus by pushing up the armatures of certain relays,
nay be of wse in studying tho cirocuit oporaticns or in
looaliéing faults.
1. SUBSCRIBERS APPARATUS.
(e5) PUSH UP R0. This completes o circuit from nog. via I_ocoil

DO2(i0.1)N, RC(No.2)OP, A wire, impulse contacts
of dial (3 & 4)N, change-over contaoctas of awitch-hook
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{e7)
(98)
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(100)
(101)
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bell to Earth.
The ®ell rings amd 1 Opérataa, prevaring the Recorder

as doameribed in 6, 7, 8 and .

2. FLEEDS

PUSH UP T4, completing a circuit from neg. via
RG coil TM(No.8)OP, F{No.3)N to Barth,

RG operates, completing a circuit from neg. via one

coil of F, TM(No.4)OP, RG(lo.3)0P, coil of RH to Earth.

RH operates (P will not oporate in geries with R},
completing a circult from neg. via FR, RH(No,l)oP

one co;l of F to arth.
F_operates and breaks ths circuit for RG.
RG releasos and broaks tle circuit for RH,

RH reloaseg and breaks the circuit for P.

F roleases and again completes the circuit for RG

(97), which again oporates RH ~ and so on, with the
reault that:=-

(104) R G, RH and P "buzz',
3. REQORDER.

PUSH UP I, vhich prepares the Rocorder as in 966,
HOLD DCl and ¢ in thoir operatsd position and it

is poasible to sahd inpulses into the Recorder at any

apood desired by allowing I to fall back and then

pushing it up again. In this way tho action of the

Recorder at each break and re-meke may be oxamined at

leigwra,

I, after sending o mmber of impulsea to the

Recorder in this manner, 1 1s\held up -~ holding G and

hence the Recorder sotting - und DC1 is cllowed to fall,

marking to the assocsated lins will take plage, the

condition of the Feed being as described in 59, 60 and

61,
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By allowing I to fall back all relays will be
roleassd,

SECTION 6, BATTERIES AND CHARGING ARRANGHMENTS. Drawings.

4.9465 and B.9514.
BATT§§IES; | Axbattery of eight volts is require& to serve .
the standard'ﬁodel.lo awitchbéard. Workiﬁg at this
unusually low voliage, voltage drop due to resistance in
the battery and its leads must be avoided as far as poésiblé,
Fot this reason it 1s desirable to use asscondary
¢ells, although the ourrent consumﬁton oflthe swiﬁchboard
18 small, These considerations led to the adoption of
four 'Exide’ D;F;G. type acounmulators as the standard
battery. |
Arrangements for charging from A.C. or D.C. mains
are provided. | _ |
CHARGING FROM A+Cy MAINS, Drawing B.9514.
One standard battery is employed, i; is permanently
connected to the switchboard and also connected, via
ths break contacts of the charge-cut-off relay (C.C.0)
to the output or D.0, side of a valve rectifieg. Tﬁa
input or A.C. side of the rectifier may be connected to
the A.C. mains by a switch (marked CHARGE) when it is
desired to chargé the battery.. |
The D.C. supplied to the battery from the rectifier
is pulsating, or varying in intensity, at twice the
frequency of the A.0. current. 1f the battery were on
charge and a call set up in the switchboard, a hum
corresponding to this frequency would be audible in the

subscribers rsceivers,
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To prevoent this occwrring, the charge-cut-off
rolay (C.Cs0), 18 operated by all F relays (See T,3413)
and breake the charging circuit between the output side
of the rectifiier and the battery. Immédiately the
awitchboard becomes free of calla and all F relays are
at rest, C.C.0. releases and charging 1s resuhed.

It should be notod that C.0.C. only bresks the
output side of the rectifisp, the:input atili being
connectod to the D.C. mains via the CHARGE switch.

The rectifier, of course, containa a tranaformer which
isolates the battery from the ifaina, |
OHARGING FROM D.C, HAINS. Drawing A.9488.

in thig case it 1s necessary to 6mploy two batteries
in order that the switchboard may always be isolated from
ths tiains, which<are.d1rec£iy connected to tue battory on
charge.

A charging resistance which tekes the form of a
lamp i omployed to 1limit tho charging ourrent to the
correct value, ..

The circuit is practically aelf sxplanatory.

Each battery may be switched either te DISCHARGE, when

it i3 connected to the Switei:board, or to CiARGE, when

1t 18 connected to the POR SVINCH via the charging

resistance. The POUWIR SWITCH disconnects the iains from

the battery switchea when no battery is to be charged.
tach battery switech is provided with a centre ‘off’

position which entirely disconnocta tihe battery.

Te enaure that battery shall not be cut off from
the switchboard cers should be taken that there is always
one of the batiery switches in tie discharBe position;
when 1t 18 necessary to telte & battery off discharge the

other battory shouldl be switched to DISCIARUE first,



SECTION 7.  QURRENT CONSUMPTION.

The average ocurrents taken from the 8 volﬁ battory

under variocus conditions are listed belowi-

-Condition _ : gurrent
.(a) Recorder prepared (Jee 3-9) 8 ampa.
(b) Marking periocd (See 56-82) 1.8 anps.
{c) Ringing period {Ses 88) «4 ampe.
(d) Telking period (See 68) - : »18 emps.

Two or more of these eonditinns may ocour simultanaously.
The total currenx taken, of oourse, 13 the aunm of the
two corresponrding rigures given above, The maximm
demand cannot oxgeed 1.8 amps {one suhsufiber Ringing
and another Merking) unless & third Feed 1s fitted,
giving proviaion for a third subscriber Ringing and
80 increasing th¢ maxirnm demand to 2 ampa. The Harking
periéd'is rsaéunéible for the greater proporiion of these
maximm demands which are, therefore, of extbemely ahort

duration.



