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Tl!E H.EL\Y .\LTU"'lATlC TELEl'llU,\E SYSTEJ\l. 

POWEk PLANT. 

'l lll' pm1 ·er plant includes batteries uf 32, 40, ur 72 ampere-huur 
capacity, 11 lien supplied by the Department, and uf other capacities 
\\lien supplied by tl1e outside contracturs, and a small pm1·er board 
for controlling the charge and discharge. The charge is curn­
menced 11 hen the maintenance man comes round and closes the 
s11 itch, but is cut off automatically when the batteries are fully 
charged. The determmation of the fully charged condition is 
made in some places by a voltmeter and in others by an ampere­
hour meter, the instruments being provided with an electrical con­
tact tu control the cut-off switch. 

\\'here the voltage control is in use, the voltage relay is pro­
vided \\'ith contacts to show both high and low voltages; an alarm 
can !Jc given when the battery 1·ultage drops to a predetermined 
figure. \\-here the ampere-hour meter is used, no provision is 
made to show automatically the state of discharge of the battery. 
The main!l'nance attendant 11ill go round periodically to the ex­
change and set the charge going independentl y  of the precise state 
of discharge ()f the battery, which has a capacity tu carry the load 
for three or four days. 

\\"hen· possible t l i e batteries are charged from tht� supply 
mains, if the supply be Direct Current. 

fn hig P . . \.B.X.'s till' charging arrangements arc similar t() 
thosC' at public automatic exchanges. 

Ringing machines are usually of the small 5-\Vatt typr', si m ilar 
tu dyna rn otors Nos. 3 and 4, \\'11ich were described in P.0.E.E. 
Journal, \Toi. 13, p. 286, �·ear 1920. Fig. 3 shows the type of 
machine used by the R <"lay Automatic Company at Li?.•erpool 
Courier and North Eastern .\farine Engineering Co. P.A.B.X.'s. 
1\'o startl'rs are n eeded, and the ringers only run when tlwy ar<' 
actually needed. \\'hen a call is made the machine starts up to 
give dialling tonl ', bus_,. tmw, N.U. tone, ringing current and the 
Yarious interruptions, until the called subscriber answers, or the 
caller hangs up his receiver. 

THE RELAY AUTOMATIC TELEPHONE SYSTEM. 
FUNDAMENTAL PRINCIPLES AND FEATURES. 

Ih c. 1 r. nRvANT, ,\ . .\1.1.E.E., 
Chief Engin-eer of the Company. 

THE application of the R ela_v system is extenaing in various 
parts of the \n1rld, and as t l wre is a demand for an exposition of 

the fundamental principles this article is written with a Yiew to 
bringing out those principles in their true simplicity. 



TllE H.J•:LAY .\liTOl\IATlC TELEP1107\E SYSTEl\I. 

Thl� tirst J�elay plant ,,·as installed in London in 1910, and it 

has lwen said from time to time that the s\·stem would be limited 

to smal l S\Yitchboards on account of cost and maintenance difti­

cultics. In this connection, IW\\Tn;r, the tracing of calls and fault 

locating un the largest plants installl�d tu elate is being carried out 

successfu lly, and is not prnYing a handicap. 
Successin�h· larger plants are ]wing designed and insta lled , 

and the details of large Public :dulti-Exchange nPt\rnrks are now 
being completed . 
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RELl\1 EQUl'Jl\\.�lf\ l)f f\ Sll'Hil(-MOTION SWITC\\. 

The large number of priYatc installations fitted in Offices , 

\\'urks, Institutions , etc . , during the last six years has enabled 
much Yaluable pract ical cxperil�nn'. to be obtained. These pl ants 
arc in some cases \Yorking as singl e P .. '\.X. 's, in others as Multi­
p . . \ .X. 's \\·ith inter-dial ling ; also conm·ction is nmy being· gin'.n 
to thl· Public J·:,clianges from PriYate c\utomatic Branch Ex­
l· l i anges . (P . . \.B.X.'s). 

RELAY TRUNKING SCHEME. 

c\s most n•aclers of this articll� haye some knowkclge of s" itch 
systems, and will use it as a starting point for studying the Relav 



system, \\ 'l'  \I ill first consider how a number of rcla\·s can Ii<..'. 
arranged to do tlw \1ork of a S\1·itch. 

Fig. I(a) slio\\ s a t.1 pica] singl('-lllotion S\\itch arranged so t hat 
tlw 1vipcr can co111wct 1rith all\· one of the bank contacts; while 
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FIG. 2. 

Fig. l(b) sho\1S ho\1· a number of rcla\·s ca;1 lw arrangl'd to du 
similar "·ork. In l'acli casl' thl' circuit X can connect with any 
onP uf the circuits Y. 

Fig. 2(b) indicates hm1 a group of relays ran be arranged tu du 
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the work of a number of t\\·!>-rnotion S\\·itclws. ,\ ssuming that 

fise I S-point (i.e., 3 leyeJs of liw) S\\·1tdws \\ ith their bank con­

tacts in multip le are being cornpan·d, tlll'l1 in the equiYaknt relay 

group we shall n·quirc, as shmrn in Fig. 2(/J), S X lines each pro­

Yi<ll'.d with 5 n·la_1s gi\·ing anTss to 5 links. .\t the ,·arious inter­

secting points con1wcting rela _\ S ;in· prn\·1d<·d so as to giY<' access 

to r 5 \' ,lines. 
In tlw case of IJYl'. switch<'s of tlw typl' shmYn in Fig 2(11), 

although <'ach S\Yitch has 15 hank contacts, the tutal number of 
cnnnPctions that can bl'. Sl't up at ;1ny one time is on<' per \Yiper, 
i.e., a total of tl\l'. In thl· sanw \\<t_I, in tlw n·lay cquiYall·nt, S 
con1wctions can lw S<'t up nt <llll' tirn<' from tlw :; X lines to an.\· S 
of tlw 15 \' lirws; thn·<· cn111wctions an· sli ( ) \\ n in thick lirws, X1 
to \'(i, X2 to \'13, ;111d :\:.3 t() \'5. 

It is conY<·ni<·nt t!J 1 ndic1tl' a g-roup of rda_1s as slH l \\ ·n in 
Fig. 2(/J) Ii_\· nwans of ;1 S_\ rnlml, Fig-. 2�c). (f<'/cctwood Tr1111hing 

Scheme (l'.OY.I�. Journol, l'u/. IS, !'or/ 2, p. 199) ii/us/rules the 
use of the sym bo/.) 

\\'lwreas in a stcp-IJ\·-stcp S\\ itch Fig·s. l(a) & 2(a) an appre­
ciabll· time is taken for tlw S\Yitcli tu pass m·er a number nf inter­
Ycning bank contacts, this is not tlw cas<' \\ 'ith ;1 wla_1 group in 
\\ 'hich a search is being· made for an idl<' circuit, for it takes no 
longer to connect to the last circuit than it does to the first. 

It should lw born<' in mind that in a t<'kplwrw exchang·(· the 
numhl�r of cornTrs;1tions pron'l'ding ;1t an:, onl' time is usually 
only about 5 to 15 ':,, of the total numb<'r of working telephones, 

and th<' pro\Jlern in an auto111;1tic telephonl' <·xchan.�·<' is to provic!C' 
the minimum of apparatus that \\ill carr_\· the hus_\·-lrnur load \Yith­
out undue loss of calls. 

\\'e will now consider a simplified wla:· l' X change, as shown in 
Fig. 3, which \\·ill indic;1te clear! _\' the function of the various 
groups in a larger plant. Tlw subscribers' lines are prm·ided 
with a number of OTC 'Out Trunk Connecting) rela:'s gi,·ing 
access to A and B Feeds, which ;rn· the <'qui,,n] ent of a number of 
cord circuits. 

The A. and B Feeds are pnwided with RC (RPcorder Con­
nector) relays , \Yhich conn<·ct the F<·ecls \Yith nne of two Reconkrs. 

The l?ccorder Co1111ectors function somewhat similarh to the 
listening keys of a manual hoard, for \Yhill� tlw caller is giving 
the required numlwr, b\· dialling, the\· temporarih' connect a 
Recorder to his lirw to record his demand. 

The subscribers' lines are also prm·idecl with a numlwr of 
ITC (In Trunk Connecting) rel:t.\'S, \\'hich are energised as 
required by a Recorder in order to complete tlw connection hf'tween 
a Calling and Called lim�. 



THE RELAY .\('T0:.1ATIC Tl·:LEPHONE SYSTEM. 

\\"hen a C':tlkr, fur instance ::\o. 3, n'.rn on:·s his receiYer from 
thl'. hook, his loop starts a searching uperation for an iclk Out 
Trunk, and assuming that ::\o. 2.\ B F  is free, then the OTC relay 
at the po int uf intersl·ction lll'l \\" (' t' n sub. :\o. 3 and Out Trunk 
'.\u. 2 would lw energised in ;i m;111IH'r to be descr ibed later . 

Thl' Ca l ler is n<l\\ connl'.Cted to .\ BF2 and on dialling for sub. 
�o. () tlw six shor t breaks (i.e., impulses) he� giws to his loop, 
result in firstly ;i Rl·cordn, for instance , >Jn. r, bl'ing taken into 
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SllV\PL\FIED RELl\'1 t'AC\O\KGE. 
The Re.coRl>E.1\S ;ii.ye s"cWYI as �witches in oYcler to in�icii.re tloe1v iu"di'o" durl�­

F1G. 3. 

engilgt'nwnt \\ itli . .\ BF2, 'i'l!r R ( 'r, and, secondly , in the i mpulses 
!wing countt•d ;1nd stored in the Recordn on sets of relays. In 
Fig. 3 these� relay s ;ire shmn1 as a switd1, the magnet ,\ doing tlw 
cou nting and tlw \1 ipn B the storing. The six impulses from the 
calling dia,l h;l\·ing ceased, tlw \\ ipn \\ill lw at rest on .\farking 
\\'ire :\o. 6. Then, prm · idl'd that at that instant the other 
Recorder is not using the .\! ;i rking \Vires, the marki ng control 
contacts of H.ernrder '.\o. r \1·ill autonrntirallv close and thus 
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energise the ITC relay of AHF2 which affords connection with 
sub. l'\o. G. \\"hen ITC has 01wrated, it remains locked in a hold­
ing circuit and the Recorder instantly rel(·ases and resets ready for 
anotlwr c:tll. Ringing is then applied to the called line from the 
.\BF and ceases \vhen the call<:>d part.v answers; the speaking 
circuit is then established. 
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If th(� called line is l,ngaged the R(Tordl'r sends a signal to the 
;\BF, which n·stilts in bus_\· back lwing giv(·n to the caller. 

It should lw noted that although both Recorders can he receiv­
ing impulses from different callers at the same time, they c;m only 
send current m·er the marking \\· ires one at a time. 

The trunking scheme shown in Fig. 3 is <:>xtravagant of con­
necting rnlays except in very small exchanges. 



THE HELAY AUT01IATIC TELEPHONE SYSTEM. 

A typical trunking scheme as employed for P .A.X. and 
P.A.B.X. plants is sho\\n in Fig. 4(c). The subscribers are 

di,·ided into groups of tin�, see Fig. 4(a), with 3 to 5 links \\hich 
have access to both Out anJ In Trunks. It is important to note 
that each 5 line Subs. Group has its own set of links which are 
used for both outward and im,·ard calls. 

Fig 4(c) is used for plants of from 20 to about 300 lines. The 
Subs. Group are slw,u1 in symbol form and the ddail of orw group 
is given in Fig. 4(a). 

,\s each Subs. Group has ;1cccss to only a portion of the Out 
and In Trunks tlw Trunk Conrwcting Croup ',TCG) is prO\·idl·d 
so that any Out Trunh can co1111ect lo any In Trunk . 

. \ comparison \\ith tlw simpln sclwnw of Fig-. 3 \\·ill slrn11 
that tlw additional f<'atml's an· thl· Subs. Crnup Links and tlH· 
TCG; also that th<' nurnlwr of relays individual to a subsc riber ' s 
line drn·s not incrl'ase \\·ith th<' siz\� of the l'Xchange (the_1· are 
de1wmknt upon till' lrns_1·-l]()ur load pn averagl' subscriber ' s line). 

Tlw sequence of opnations for making a call is as follmvs: 
\\' lwn tlw Cal ler removes his receiver from the hook his loop 
starts a search for both an idle Link and an Out Trunk. The 
LC (Link Connecting) relay of the first idle link energises and 
extends the line to the link, see Fig·. 4(a),at the same time the OTC 
(Out Trunk Connect ing) r<"la\· energis\�s to extend the link to an 
Out Trunk and tlwnn· to an . .\BF, as shown in the same Fig., 
\\'here sub. No. 5 is connectt·d 7.'i1i OTC2 by the thickened line. 

The foregoing occurs prior to dialling, and assuming that the 
diall ing and marking have lwen completed in a similar manner to 
that previous!_\· describecl, also that OTC is jumpered to Out 
Trunk 4, then at the time the Recorder sent marking current to the 
Called sub. 's rnla_\·s, say No. 2 in Fig. 4(a), it also sent a marking 
current to energise an OT 'TT (Out Trunk.iln Trunk) relay in the 
Trunk Connecting Group so ;is to rnnnFct Out Trunk 4 to an idle 
Tn Trunk 5, see Fig. 4(b); this In Trunk having access to the 
Subs. Group containing the wanted line then connects with a free 
link and thence to the desired line, as shown in Fig". 4(a), where 
ITC3 is connected to sub. No. 2. 

The Caller hm·ing been connected to thP C<illed line, the 
Recorder and l\farker are disconnC'cted and are free for other c<ills. 

5,'ubs. Groups of the same size nrc used for Pxchanges of various 
sizes provided that the bus_\·-hour calling ratc>s arP approximately 
equaL 

The Out and lrz Trnnhs are, however, provided in sufficient 
number to meet the> total h11s\·-hour lo;1c! witho\lt urC!ue loss. 

A Recorder is onl_\' in circuit \Yitll a calling line from the time 
tlw first dialling i!11p1ilsn is s"•1t until the connecting relavs havP 
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THE RELAV AUTOMATIC TELEPHONE SYSTEM. 

lwen energised on the In Trunk and Called line, a matter of a few 
seconds. The total num/1cr of Recorders required is therefore 
dep l,nden t upon the busy-110ur calling rate and is usually I to 3% 
of the subscribers' lines. 

The Jlarher is onh· in circuit with a Recorder for the ven· short 
. . 

time thnt the connecting rela,\·s takt� to energist>. 
The Trunh Connrcting Group shmn1 in Fig 4 is only employed 

('"!"'�'.\) 
______,..__.... 

Fu �H�ame.�\�\ \jl\Y�\� C\tCU\ t Ttsi v./\Tes. 

Me.t�o� o) e.vw.'<'j\s\� 'T\\e. c.o�-utt\".9 Yeh� at tlit il\tevsect'l\\j �oi\\t 

FIG. 5. 

when the numlwr of trunks does not exceed 30. \Vhen larger 
groups of trunks arc usc·d trunk-links, \Yhich will be explained 
later, are emplm·ed to keep the number of connecting relays at an 
economical figure. 

FUNDAMENTAL i\JARKING CIRCUIT. 

Fig. 5 illustrates the method employed to energise a connect­
ing relay at an intersecting point. Three vertical X lines and 
thret� horizontal Y lines are shown; the speaking circuit contacts 
are omitted in order to simplify the circuit. 
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THE RELAY AUTOMATIC TELEPHONE SYSTEM. 

Connecting relays I to 9 are fitted at the intersecting points. 
I\ssume that XI is a calling line, and that YI, 2 and 3 are links 
with the first one engaged. Then if starting key I be depressed a 
circuit is completed for the test relay and it will energise. The 
three test wires are thereby extended to :VIarking relays I, 2 and 3. 
As YI is assumed to be engaged, Ko. I test \\ire is disconnected 
from the negative pole of the battery. 

The negative pole of the'. battery on Test wires 2 and 3 causes 
}larking relays 2 and 3 to commence to energise, but as soon as 
the armature of Marking rela:· 2 gets on the move it disconnects 
the coil circuit of Marking rela:· 3 and the latter does not have 
time to energise. 

2\Iarking relay 2 connects the positin� pole of the battery to 
one side of connecting relays 4, 5 and 6. 

It will b� sPen that only one connecting relay, No. 4, gets both 
positive nnd negatiYe on its coil and according!:· energises and 
complei'C'.s the speaking circuit from X1 to Y2 (contacts not shown). 

Ai thi�; stage the holding· circuit of connecting relay 4 is com­
pleted through a second \Yinding (not shown) , and the starting 
key is n+·::i sed, thus de-energising the test relav and marking 
rel0\' :.:. The nei;ratiYe is at the same time removed from test wire 
2 in order to make the circuit test engaged. 

This 1\Jarhing Principle is appl icable to any sized group and is 
used extensively in the Relay system. For example, in the case 
of the 5 line Subs. Group shown in Fig. 4 (a), the Subs. ' lines r to 
3 are the X lines I to 3, and the links T to 3 are the Y lines r to 
3, while the Ii ne relay contacts, not shmYn, constitute the starting 
keys. The marking winclinQ,·s of the OTC relavs are inserted in 
the test wires at the points indicated. A second test relay serves, 
in a similar manner, to switd1 in tlw ITC test wires and relays for 
inward calls. 

It should be notPd thM the searching- time for connecting to 
the first link is the same as for connecting- to the lnst, irrespective 
of tlw number of links. 

PRI:\'CIPLE OF RECORDER AND :\JARKER. 

Fig. 6 shows t\\·o Recorders and a l\[arkcr for 50 subscribers ' 

lines. Switches arc shown in the Recorder, instea d of rela:·s , in 
order to make the pr inciple clear. 

\Vhen a Ca·lling subscriber has obtnined connection with an 
ABF and commences to dial , impulses will be sent via the RP­
corder Connector and1 the Impulse vVirc to the Recorder DC 

(Digit Control) switch which will be in pos. I. 

The Tens Impulses will actuate the counting magnet A which 
will step round the wiper B and thereby store the tens impulses. 
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\\'hen the tens impulses liave ceased the DC switch moves to 

pos. 2. 
:.\lag net C now counts the C nits Impulses, steps round the 

wiper D, and thus stores the Units Impulses. 
The impulses having ceased, the DC S\\ itch mm·es into pos. 3. 

Provided that the �\larker is not at that instant in engagement 

with another Recorder, the �IC Olarking Control) relay energises 

and connects marking negative to a Tens and a Units Marhing 

Wire which will result, as can be seen, in the Called S11b.'s Marh­
in1; TI' ire being connected to Negative 

The :\IC relay, at the same time, sends marking negative to 
energise the requisite OT/IT relay of tlw TCG. 

These marking currents only flow for a very short time, and 
when the necessary connecting relays OT/IT, ITC, and LC haw· 
been energisPd the Recorder and �forker are released and imnw­
diatel y reset for another call. 

It can be seen from Fig. 6 that a number of Recorders can 
ren°ive impulses at the same time, and that the_\· are arrangPd to 
wait on one another for the service of the -:\larker. 

Sets of rel ays are arranged to do the work of the switches DC, 
AB and CD, \vhich \vill he explained later. 

In the case of a 3 Digit R ecorder and l\larker, P;dra storing 
relays are required in the Recorder for the hundrPds digit, also 
one rela\' for each tift\· subs. lines is acldPd to the �larker. . . 

The foregoing notPs rrfer to 5 linr subs. groups for P.,\.X and 
P.A.B.X. exchnnL?;eS. For Puhlic Exchanges (exct>pt ing Village) 

ro line Sub. ' s Groups are usPd, and the Recorder nnd :\Tarker are 
modified accordin<:!,'l�·, al tl rn u gh thr pr inciple remains un altrrPd. 

PRIVATE AUTOMATIC BRANCH EXCHANGES. 

The Trunking Sclwnw slH>\\·n in Fig. 4 is l�mployed for sizes 
up to about 300 lines. 

\Vhen the manual board for dealing with the Public Exchange 
calls is located in the same building ns the automatic board, exten­
sion jacks (one pror line) are teed to the Sub. 's lines at the point 
shown in Fig. 4 (c). Line lamps arc� arranged, one per jack, and 
when an extension wishes to make an exchange call he dials 
"o"; the Recorder does not wait for other digits, but marks and 
lights the corresponding extension line lamp on the manual board, 
and in so doing releases the Out Trunk and Sub.s' Group link 
which were used to make the call. The call is tlwn dealt with on 
the manua;l board in the standnrd wav. 

The Public Exchange lines ter�inate on the manual hoard, 
and inward calls arf' rPceiwd b;· the telephonist and connected 
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direct tu the extension jacks, withuut employing the automatic 
switchboard. 

PriYatl'. . \ utomatic Branch l�xclwnges withuut local manual 
buards haYe hl·t·n supp l il· d to . \ dministrations abroad, in \Yhich 
cast· the Public Exchange telephonist obtains the extensions by 
diall ing oHr the exchange lines. Tlw extensions call the Ex­
change direct by dialling "o." 

[In the fore;;riing, Jlr. Bryant describes the principles of the 
!?clay system ·with particular reference to its application to 
P.A.:\.'s and P.A.B.X.'s; in our next issue the larger public 

exchanges ·<l•il/ be dealt with.-EDS. P.O.E.E. JOURNAL.] 

PRESS VISIT TO FLEETWOOD AUTOMATIC 
EXCHANGE. 

ON Saturday, the 28th October, Fleet\\ uod Exchange, which 
\\as opened on the r 5 th July, \vas inspected by a body ut technical 
press men, the guests uf the Kelay Automatic felephone lumpany 
\vho had installed the equipment. Representatives of the following 
papers \Vere present: -1!.lcctrica/ Revie·w, Engineer, Engineering 
lilectrical Industries, Electrical Times, Electrician, Electricity, The 
Times, P.O. Electrical Engineers' Journal, Liverpool Courier, 
Fleel·wood Chronicle, Blackpool Times, Blackpool Ga:::ette and 
Herald, Lancashire Daily Post. The Department was represented 
by i\lr. J. Sinclair Terras, .\ssistant Superintending Engineer of the 
N. \\'. Distr i ct, and Mr. \\'. Beattie on the engineering side, \\hi le 
Lieut.-Cul. \\'arn�n, Postmaster of Blackpool, and Captain G. 11. 
Cole, PostmastL�r uf Fket wood, attended on behalf uf the lucal 
administration. Captain ll. Riall Sankey, C.B., C.B.E., R.E., a 
director of the installing Cum pan y, F. .:\Iurley \\' ard, :.lanager, 
G. H. Br�·ant, Chief Engineer, l\Iajor Burningham \Vhite, 
Publicity .\lanager, and G. "\. Hullings travelled north \Yith the 
company. Lieut.-Col. C. B. Clay, i\lanaging Director, was un­
able to accompany the party owing to illness. 

l\lr. Bryant described the lay-out of the equipment and ex­
plained the working in gl�neral tl'rms, and afterwards thl� party split 
into gTuups, each under the charge uf a skilled rcpresentatiH� of the 
Company, who carried them through the details of the system and 
demonstrated how the calls are made and completed� .\s full 
descript ions of the exchange have already appeared in our columns 
and in a professional paper of the Tnstitution-Vol. XV., Part 2, 
Jui�·, '22, and the "Rf"lay Automatic Telephone Company's 
System," b�· Mr. H. \V. Dipple-a further account of the equip-


