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Telephone repeaters a1c now a recognised item of Telephone Lin·e Plant, 
and on account of the economies which they give, every telephone engineer 
should consi�ler their u-:e in planning new line plant. 

llpon new systems the reduction in first and annual costs, due to the use 
of repeaters, depends chiefly upon the lengths of the circuits concerned. Even 
in small countries thi.; reduction is in the order of 20% to 30':(,, while on long 
circuits it is so great that it make, po,,;ible and commercial, circuits of lengths 
hitherto unthought of. 

l'pon existing systems the repeater can also be usefully applied as an 
economical means for improving transmission efficiency and thus permitting a 
satisfactory extension of existing lin'."s over greater distances. 
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To emoloy repeater-; most usefully you need our advice and our Staff of 
Telephone Engineers is at your disposal to give you any a0sistance required. 

Western Electric Componq limited. 
NORTH WOOLWICH, E. 16. 

Branches: Birmingham, Leeds, Newcastle, Glasgow, Manchester. 



AN INTERNATIONAL 5-UNIT TELEGRAPH CODE. 

\\-E have much ple;isure in publishing tlw following IP!tn 

from l\lr. Donald ,\lurray ()11 the abon• subject in resp011Sl' to our 
appeal for a discussion which ap1wari·cl in our last issue:-

To the Editors, POST OFFICE ELECTRICAL Ei\GINEERS' JOURNAL. 

Gentlemen, 
[ have read with great interest Colonel Booth's article about an 

International 5-tmit Telegraph Code in your issue for October, 
1922. Theoreticall_\·, it \\·ould be desirable to have one universal 
code; but there are serious practical difficulties in the way, and I 
doubt if the prnctical advantages 1nnild make a universal code 
worth 1vhile. 

In a paper that I read lwfore the British Institution of Electrical 
Engineers in 191 I, under the title of '' Practical Aspects of Print­
ing Telegraplw," 1 outlined a proposal for a univC'rsal standard 
keyboard. Kot only was there complete apathy in regard to it, 
but there was also the practical obstacle of special characters which 
could not be prO\·ided except on the primary positions. For 
instance, Sweden has special requirements and so also has France. 

The French typewriter keyboard does not correspond exactly with 
the Remington standard universal keyboard. It is true that these 
are questions of ke.\·board and not of the 5-tmit code, but the same 
difficulties present themseln•s in both cases. Only an approxima­
tion to a unin"rsal S-111 1it code is practicable, and I doubt if an 
approximation is 11·orth 1vhilc'. International communication is 
comparativel.v small, and hns to he prcffided for by specinl key­
boards nnd charactf'rs in an\· case. 

It is also true that thP Jnternntional Telegraph Convention 
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A" Jl\'TERNATJON.\L 5-P?\1T TELEGRAPH CODE. 

provides for an International l\lorsc Code and an International 
Hughes .\lphalwt, but modern printing tell"graph conditions 
necessitates departures from tlw International Convention arrange­
nwnts, and the extrl'me particularism which has arisen in various 
European countries, pspecially 111 the new States, as a result of the 
\Yar, "·ill render any agn"ement very difficult. 

If it has pro\'l�d so hard to secure a universal International 
:\lorse Code when� there arc no machines to be scrapped, ho\\' 
much more difficult will it be to secure a universal 5-tmit cock� 

which "ill im·oln· extt>nsive alteration of a large quantity of tr'le­
graph machinery? For instancP, the \\"estern Union Telegraph 
Company in ), nwrica has some 3,000 keyboard perforators and 
printers in USL', in which the Murray arrangement of thc: 5-tmit 

code is emplo_n:'d. The l\I urra,- code is also used in Canada, and 
the :\forkrum Company has adopted it for their print ing telegraph 
machinery, including the Teletype. The Teletype has alrPadv 
come into quite considerable use in various countries th roughout 
the world, ancl it will be extrPmcly difficult to induce the users of 
tlw Telet_qw to change the Telet,·pe alphabet, particularly as there 

is no ach·antag·L� in the change. The operators on the TelPtype 
keyboards haye no knowledge of the alphabet that the machine 
uses . 

As Colonel Booth has pointed out, the allocation of the s ignals 
to the various characters in the Raudot, Murray, and Siemens 
codes was made, in all thrPP cases, on a sound practical basis. It 
may be interesting to mention the reasons in the case of the Murray 
code . T allocated the most frequently used letters in the English 
language to the signals represented by the fewest holes in the 
perforated tape, ;rncl so on in proportion. The objects were to 
have the perforated tape as strong as possible by having as few 
holes as possiblP, and to impost> the least wear on the perforating 
mechanism. T also arranged the 5 marking impulse signal (5 
holes in the tape) as th<'. Erasf' signal instead of the letter" P" as 
in the Baudot code. In the original Murrav code I also arranged 
for a separate spacP signal. The economv in the use of the Euro­
pean Fig11rr'-Sp�1ce, Letter-Space plan, ho

.
wever, is so considerable 

that T have n"n"rtecl to the European practice in this respect, 
though in the case of an�· Administration desiring a separate 
Space kc,·, I can prm-icle it so long as the Baudot rod� is not made 
universal. 

The most important change, however, that I made vv:-1s tlw 
re-allotmc:nt of the numerals so as to arrange them in a straight 
line on tlw top row of ke_vs :-
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AN TNTERNATION:\L s-PNlT TF.LEGRAPH CODE. 

The Baudot code was arranged before the days of typewriter 
keyboards, and the numerals with the Baudot code are scattered 
all over the keyboard, an impossible arrangement. It is true that 
by providing an extra fourth rmv of keys for the numerals, this 
difficultv can be overcome; but this is a clumsv expedient and 
entails �xtra cost of construction. The simplicity. of the three-row 
keyboard is too valuable to lw sacrifin·d for the sake of making the 
Baudot code universal. l regard this argument as decisive. 
Colonel Booth argues that this basis of allocation is destroyed by 
the large number of code words ncrw used in business telegrams in 
which the ratio of frequency of occurrence of letters in the English 
language does not hold good. This is true in the case of a certain 
limited amount of telegraph traffic, such, for instance, as that 
which is handled bv the Cable Companies (who, by the \\·ay, use 
:Morse, and not the s-unit alphabet); but it certainly does not apply 
to a large proportion of the ordinary telegraph traffic of the world, 
and especially it docs not apply to ne\\·spaper telegraph traffic . 

. -\lso, Colonel Booth's �1rgunH'nt that my basis of allocation is 
destroyed by the large number of code words now in use does not 
apply to the numerical difficulty with tlH' Baudot code, and un­
ciuestionably this is the most serious objection of all. 

Tlw �Iurray alphabet is onlv used with machine telegraphy, 
and it is therefore not necessary for the operators to learn it at all. 
T have never learned it, and I cannot read tape perforated with the 
Murray code. It is only a ciuestion of time before all Printing 
Telegraphs using the 5-tmit code will be operated by Typewriter 
kE'yboards, and the nature of the code emplove<l will then be of 
small importance. 

Hence, the problem of a universal 5-unit code will solve itself 
by the slow but inevitable extension of the use of typewriter key­
boards in plan' of thP s-kev Baudot transmitter. In the whole of 
America there is not a single 5-key transmitter. This manual 
method of transmitting 5-tmit signals is an anachronism and the 
5-key transmitter should have been replaced kmg ago by keyboard 
perforators or by direct keyboard transmitters of the Teletype 
class. The advantage of the typewriter keyboard machine 
is the greatly increased speed at which the�' can be ov·ratE'd 
with comfort to the users compared with the 5-kev trans­
mitters. It is ridiculous to crawl along at 30 words a 
minute when 40 and 50 words a minute are within easy rl'.ach, with 
great econonw of lines and labour and telegrapl� machinery. 
Indeed thl'. \\Testern Union is working a number of circuits now 
at 6o words a minute per channel. 

If the Baudot S-unit code could be made completely universal, 
it would certainly be desirable, but some alterations are inevitahk 
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For instance, till'. 5 marking unit signal must be used for invisible 

correction of errors in modern machine telegraphy, and therefore 

another signal must be substituted for the Baudot " P " signal. 

France also requires an accented E. \Ve do not . Sweden 

requires other changes . The Russian alphabet involves a com­

plete departure from the Baudot code; so do the Chinese and 

Japanese alphabets. 
The m�\\' Chinese alphalwt (�specially, is going to be of great 

practical imporumn' within the n ext ten or fifteen years to 

hundreds of millions of human beings. A.ustralia, New Zealand 

and South :\frica han� ;llread1· adopted the l\lurr ay code for the 

l\lultiplex, by tlw purchase of �Iultiplex machinery e mploying th:· 

:\Iurray code; and tht' Indian Telegraph :\dmini stration already 
has Go :'.\! urray KPyboard Perforators in use with the :Murray code 

and a corresponding number of Baudot Printers fitted with type­

wheels to suit till� :\I urray code. To adapt Baudot printers for ust'. 
on circuits employing tlw :\1 urray code, all that is necessary is to 
fit on type-whr:els and irwersion \\·heels to suit. This is ''hat has 

lw,•n done in India. Altering a Baudot Printer for one code or the 
other on!\· takes a fe\Y minutes. 

In :\:orth ;\nwrica the adoption of t he Baudot code is im­
possiblP. The l\I urray code is cstablishPd there on a very large 
scale, and the Americans \\·ill insist on the use of the l\I urray code 
on ocean cables, \\hen tlw IW\\' cables with a speed of 300 or 400 
words a minute enable the '.\fultiplex to br used across the Atlantic 
and Pacific and other oceans. 

In passing, I may mention that it is a matter of astonishment to 
me that so little notice is being taken either in the technical or the 
general press, about tlw great rr:n>lution that is tafring place in 
cable tPlegraph v as the result of the new distort ionless cable. If 
all th e expectations about this new form of cable are realised, it is 
of enormous importance to mankind; and it also has a great bear­
ing upon thr: rPlative import ance of long-distance wiwd and wire­
less telegraphy. Clearly, if ocean cables by-and-bye are going to 
have: a carrying capacity of 300 or 400 words a minute, so that they 
will be ·worked by l\Tultiplex installations , the question of an int<-C;­
national 5-tmit telegraph code dPserves serious consideration and 
discussion. It is for this rPason as well as others that I welcome 
the opportunity of placing before your readers such facts and 
ar g:uments as are known to me. 

As a final word, T might noint out that a universal standard 
typewriter keyboard for telPgraph use is highlv desirable within 
e<1ch Administrntion or countrv, and I thinl{ Colonel Booth has 
done ,-aluable work in pushing this mattf'r forward. It is signi­
ficant in this conni:'ction that the' h<1sis of the standard keyboard 
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which Culunel Eouth has done so much to materialise, is essentially 
the standard keyboard in use on all the American printing tele­
graph machinery ; and I venture to prophesy that the standard 
s-unit code, as \\'�'.ll ;is tli:'. st:mdard k(·yboard, will be determined 
by American practice , esp�·cially when that practie<'. coincides \vith 
the Canadian, South .\frican, .\ustrnlian and "\'cw Zealand 
practice. It is \\ell to lK·ar in mind that the future destinies of 
mankind are going to lw determi1wd by the giant \\urld nations, 
and not by petty European States like England and France. 

DONALD �lURRAY. 

BIRLING GAP. 

As the sea encroaches upun the land, su dues time make inroads 
intu traditions and circumstances. Hoth these factors have con­
tributed to thl� abolition of an historical but simple structure, 
unustentatious and limited in capacity, knm\'n to many as the 
" ili rhng Gap Cable 11 ut." Lt was handed m l'.r tu the Pust Office 
as part of the plant uf the Submarine ('able Company and has fur 
many years continued to be usl;d fur its original functions. It is 
true it served as a domicile fur an isolated officer during virtually 
the whole period of tlw \\ ar, \\hen by the apprehensin� it \vas 
regarded as a possible targ(·t fur subrnarirn:s, but this \\as of course 
only a trifling incident in its can�er. It is now a relic. Fragments 
uf the t'arly Dic·ppe Cabk \\·ith solid core-but 1w\·ertlwless with 
excellent gutta-percha --still ncmain in the locality , and run sus­
pended and nuw neglected from the chalk cliff. The latter has 
been subject to erosion fur years past and the uld hut has become 
perilously near the edge. Till' hut is probabl_,. known to many of 
the Submarine Cable Branch :md has probably been cursed by 
others who attended there in inclt'nwnt \\eatlwr. It has also been, 
I have no doubt, an objectin'. of pl(·as11re;1ble intewst fur others 
from time to time. 

Foresight and other com1wlling necessities havt', however, led 
to the need for an alternatin� site tu \1·hich the plant has been 
transferncd. Considt>ration of (jlll'Stiuns in \' l >h-ing a1rn�nities and 
objections ba\'l' Jt.d to tlw construction of a building \'.hich, 
although of the same 11tilitari;1n \·altw, is of ;1 more artistic and 
pleasant appearance than the old hut it supnSl'd('S. 

A comparison of the t \n> Yic'\\S atTomp;11::·ing· this note sho \\'S 
that a design has been created \\ hich is probabl_,. unique so far as 
regards Post 011ice buildings of ;1 working· character. .-\!though 
with an exterior apparently suggestin� of cubist ideas the interior 
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is just as drab as may be expected. The surroundings, however, 
are such that the ordinary design of a Post Office building would 
not have been in harmony, and artistic ideas were allowed to 
prevail. The hut stands on grounds that have been laid out as 
Plea ·urr Gardens, and other buildings have been erected of almost 
a classic character with which it must conform. One must now 
approach the building with the reverence which would be appro­
priate to the occasion of a sacrifice to the Goddess Electra. 

THE OLv CAIJLE llu-r AT B1RL1NG GAP. 

The abolition vl the old hut as a matter of sequence practically 
sen:rs tile l ie between East Dean-the earlier repeater station-and 

· tile sea. lt S\\'eeps a\\'ay the remaining landmarks connecting time 
\\'ith some of the older members of the Engineering Service. It 
recalls the historic da,·s "·lien cables were much more delicate 
from a working point of view-although, strictly speaking, more 
robust bffause of t lie !wt ter materia Is em played-and for many 
years after thl' Submarine Cabll's were transferred to the Post 
Office, there was at East Dean a franwwork containing a series of 
six gah·anomelers which \\·ere incidentally employed for maintain­
ing the "·orking of the cables. \\'hen a cable broke down, it was 
quite usual to seal up the fault temporarily by the application of a 
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positive current through these galvanometers, so that communie<t­
tion could be restored and work proceed for a further short periou. 

It is only fair to the Submarine Department to say that such an 
item does not form a part of the equipment of the ne\Y hut. 

It is satisfactory to find that an artistic spirit still prevails in the 
Service and the work of the Engineering Branch is not wlioll.v con. 
fined to the erection of plant in open spaces calculated to disturb 
and distress the normal feeling and charactt>ristics of mankind. 

THE :\EW llUT AT llUL\:\\'ELL, EASTJJOURNE. 

�Ir. J. Bourdeaux i11 front. 

F.T. 
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AUTOMATIC TELEPHONY. 

PROGRESS AND DEVELOPMENT. 

j. RADFORD, A.11.l.E.E . 

• \UTOMATIC telephony was introduced into this country for the 
public exchange service at Epsom in .i\lay, 1912. It may be of 
interest to review the progress \\ hich has taken place since the 
introduction of this method of \\ork111g and tu give some indication 
of tlw prnbabl<· lines of ck H'.lopment . 

In n'.vie \\·ing past progress it will nut be forgotten that tlw 
period covered, except for the first 1 wo or three years, was almost 
wholly governed by \Var or post-war conditions, and readers of 
these pages are well acquainted \\ ith these conditions and of their 
l'ffects on the telephone industry. 

The part icul ars given in Tables I-5 show, however, that in 
spite of the adn�rsc conditions obtaining during the period under 
revie\Y, some n,ry material progress has been achieved and that 
accelerated progress is now assured. 

Statistics do not fulh· d isclose all that has been accomplished, 

and a few details \\ il I lw giY<'ll in order that a better appreciation 
111a1· lw gained of th<' lines along 1\·hich deYelopment has taken 
place and th<· obj<·ct to which endcayo11r has be<'n din'.ctecl. 

:\ 11 tomat ic tel<'pl1011_1· did not make its ;tppe:trance in a perfected 
state, and, altl10ugh the fundamental princip lt·s of the various 
systems remain practicrill_\· unchanged , numerous i mprovements in 
design and circuit arrangcnwnts haq, been effected and the facilities 
now available more nearly approach such standardisation as ma v 
he desirable from economic and service considerations but do n;t 
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preclude the possibility of further improvenwnts, as am! when they 
become necessary. 

1 he development of automatic telephony in this country has 

been closely associated \\ 1t11 g,·nnal aum1111strat1ve considerations, 

and the uncertainties \\ h ich turmerl y attended these considerations 

\\·ere not cundunve tu a cumprl'hensive and \\·ell ordered develop­

ment. 

The possibilities of the Ill'\\ ml'dium uf communication, with 

its almost unlimited scope fur i1wenton and design, gave a decided 

impetus to the electrical industry. This is reflected in Table I, in 

which five different systems are represented. One other system 

\\ill shortly be added to the list, and numerous others, each em­

bodying novel and interesting features, have been submitted for 

consideration. lt has been one of the tasks of the Department's 

engineers to make a thorough study of the claims of each of the 

systems from the standpoint of capital and maintenance costs, 
circuit principles and arrangements, mechanical design and the 
possibility of co-ordinating the features of their operation with the 
requirements of the public service. 

L: p to within about a year ago, proposals for automatic vvorking 
were subjected to a n·ry searching im·estigation on a comparative 
cost basis to determine whether manual working should be con­
tinued, or \Vhether it should be substituted by automatic working. 
These comparisons uccupil�d a considerable amount of time and it 
was only when extensive enquiry indicated that automatic \Vorking 
would be economical from all points of \ iew that a decision in its 
fa your would be giYen. 

In December, 1921, it was decided as a policy tu introduce auto­
matic working in all cases \\ lH:re such a course \Vas undoubted! .Y 

economical, and to call for statements of comparative costs only in 
those cases where this method of working was not obviously 
economical. Sufficient data of a financial, engineering and traffic 
character are now a \·ailablc to L'.n:tble a decision to be arrived at 
with a minimum of clela_\·, and these data indicate that the ultimate 
conn�rsion to autom;itic working of the <'.xchange system of the 
whole countr_,, is probably only a matter of time. 

J!ulti-Office Area ll'orhi11g. It has lwen decided to constitute 
automatic areas on tlw same basis as was adopted in connection 
with thl' reYision of tt·lq)hone rates. Each area, which embraces 
the territory enclosed by a circle \\hose centre is the telephone 
centre of the tmvn giYing its nanw to the area, and whose circum­
ference is drmYn at a radius of 5 miles, will be known as a multi­
office area, and all suitable (exchanges within the area will be con­
verted to automatic working. There will be one manual board 
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associated with the main automatic exchange to deal v. ith all the 
manua1 trathc of the area, and arrangements are also bemg made 
tur centralised testing. 

It 1s not intended tu imply that all areas as a matter of course will 
be treated in this manner, but the exceptions will probably com­
prise only very large cities and those areas where, amongst other 
lllings, tlle unexhausted effective capacity of the exchange con­
cerned wuuld render such a cuurse uneconomical. As regards the 
very large cities, including London, it will be realised that the 
problems involved are extremely complex, and in addition to the 
solution of the Department's own building, engineering and traffic 
problems, the claims uf any particular system to preference as 
regards design of equipment, trunking facilities and capital and 
maintenance costs will need to be minutely examined and favour­
ably reported upon before the responsible authorities can arrive at 
a decision in the matter. 

In view uf the extension uf automatic \vurking, a few particulars 
uf the preparatory \rnrk undertaken in dealing with a multi-office 
area conversation may be of interest generally, and perhaps speci­
cally, to those who will become more intimately associated \vith 
such a project. "-\ssuming that tlH� prdiminaries regarding sites 
and buildings have been dealt with and that full traffic data for each 
exchange in the an�a are available, the llrst step in the design of the 
plant is to calculate the amount of equipment required for the 
various periods of development under consideration. 

In order to etkct economies in the cost of the initial equipment, 
but at the same time to provide sufficient equipment for develop­
ment needs, the specification for the equipment of an automatic 
installation for public cxchang1� service provides for fin� years 
developml�nt as regards the manual board, frames, racks, cabling 
and multiple banks, and for three years development as regards 
switches. Towards the end of the first and each subsequent year, 
steps will be taken to ascertain the following two years' anticipated 
development of subscribers' and junction lines. The amount of 
equipment necessary to provide for this development will then be 
installed so that the equipment at any exchange will thus always 
meet at least one year's development. The nature and extent of 
the S\Yitching equipment is calculated in terms of the units and 
types of plant peculiar to the various contractors' systems in order 
that competitive tenders may be invited. 

At this stage also it becomes necessary, both as regards present 
requirements and future development, to settle the most suitable 
and economical numbering, and trunking schemes and some of the 
factors which have a material hearing in this connection are 
appended:-
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( 1) The general design must rnmpl y with the appropriate 
transmission standards. 

(2) The switching scheme as a whole must afford unre­
stricted intercommunication bet\veen all the exchanges in 
the area entitled to service on a non-fee junction basis and 
must provide for segregation of the traffic between ex­
changes not so entitled, i.e., those exchanges separated by 
a distance of more than S miles from each other, in order 
that fee traffic from those exchanges may be diverted to 
the manual board, for accounting purposes. 

(3) The sch e m e must afford facilities for dialling out to those 
exchanges within the area which will continue to be 
worked manually and for the automatic operation of the 
calling subscriber's meter \\hen the called subscriber 
replies. 

(4) Facilities must be provided to enable Trunk or " 0 " level 
traffic, phonogram, enquiry, service telephone-telegram 
and test desk traffic to be segregated and dealt with m 

accordance with the traffic requirements. 

(5) Provision of facilities for exchanges outside the multi­
office area to dial-in to the main exchange for terminated 
traffic, and via. the main exchange for through traffic to the 
other automatic and manual exchanges in the area. 

lt must be determined also whether the sub-exchanges in the 
area, as distinct from the main or parent exchange, shall be pro­
vided on a • • self-contained '' or •' satellite '' basis, the former term 
being applied to those automatic sub-exchanges whose local traffic 
is completed without passing over junctions to the parent ex­
change, while the latter term applies to those automatic sub­
exchanges which utilise the equipment in the parent exchange for 
completing their local traffic. Tn the case of satellite exchanges it 
is possible, by means of special selective deYices which function 
either as selectors or repeaters, depending on the particular digit or 
digits dialled, to effect a reduction in the number of junction lines 
to the parent exchange. 

In order that the scheme finally decided upon may incorporate 
the most up-to-date features of design and layout, and to ensure 
that pro vision has been made to cater for the traffic and engineering 
requirements of all the exchanges concerned, close co-operation is 
of necessity maintained betwet>n the various engineering groups, 
and bet\veen thest> groups and other branches of the telephonl' 
service. 
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I illagc /�xchangl'S.-Si(k by side with the development of the 

kkphune system on a multi-oiiice basis the need \vill arise for 

certain placL'.S to be specially catered for by reason of administrative 

ur geographical cuns1derations. Tlwse cases will be generally con­

Ji1wd tu tlHJSl' small tcm ns or \·illag·l'S \YlH'.re multi-office working 

\\.<Hild nut lie applicabll', ur \\ lwre, althuugh the exchange is 

sit uatl'll in an an'.a in tu \\ hicli automatic working \Yill ultimately 

be introduced, it is rn·cess� iry for the particular exchange to be 

s1wcially dealt \\·ith un an automatic basis in adYance of the general 

COnHTSll)]l. 
Thl:se e:-;changes are usually situated in more ur less isolated 

localities and arl' g·,·1wrally dl'scribed as Rural, Village or Com­
munir:· automatic exchangl's. The requirements to be met com­
prisl' continuous da_,. amt night st·n·ice, clirl'ct and party-line \\·ork­
ing and junction working to one or more e:<:changes in the locality. 

The most important conditions in connect ion with the design 
of thl' equipnwnt fur this typl'. of exchangt· are that tlw plant shall 
lw relativdy ine:<:pensiH� and -;imple in operation and that it shall 
nl'l'd tlw minimum amount of accommodation and attention. Much 
\\ ork has nln·ad\· bl'l'n carril'd out in order tu deye]up a type uf 
t• quipnwnt for vill;1ge e:-;changes to med tlwsl' conditions . 

. lutomutic J>./-J . .\.'s. Orw other typl' of automatic exchang(· 
\Yhich is no\\ in till' ("arh stage of d<'velopml'nt is the Priv:1k 
.\utomatic Branch E:<:cliange \Yhich, as its name i mplies , is an 
l'Xchangl' lncat(·d on 1lw prl'mises of a subscriber when� it functions 
entirl'J_,. as an automatic ('>:change as far as local calls an� concerned 
and affords facilitil'.S, by means of an associated manual board, fur 
ckaling \\ ith tlw pub lic l'Xchange traffic. 

Objections han:' lwen advanced to a Private Automatic Branch 
E:<:change ha\ ing· direct accl'SS (ll a public exchange either for 

originating ur in cum i ng· e:-;cliangl' t ra ftic, on account of ad mi nistra­
tin· and opl'rating difficultil's, but the retention of the manual 
board is nut an engineering IWCl'.Ssity. 

Special tariff ratt·s for these c:-;changes are in operat ion , and 
at present thl' S\\itching equipment, including the manual board 
and tlw po\\l'r plant, is p rm ·id(,d and installed by the contractors . 

In connlusion , onl_1· a passing reference can be made to tlH� 
pa rt icu la rs shm,·n in Tables 2-5, and it will no doubt be conceded 
that the information furnished therein represents a healthy state 
of ;1ffairs as regards pn·sent activities and holds some promise of 
a \·ery considerabll' de1·elopnwnt in the immediate future. 
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( ';i.p;wi1y. 
:\'a me. T:qw. :-;y:-,tt'!ll. 

Prt',Cllt. {'ltilll:tk. 

--- - -·- -
--- -

-- ---

l·:psorn Public A.T.\I. 600 1,500 

( lfficial l' .. \.B.X:. " 700 1.,:;00 

I Iereford Public Lorimer -oo ,l 900 

Darlington W.E. Soo 21260 

.\cnington ,\.T. .1\T. 700 l,,=jl)O 

( 'hcpstow C)O 100 

'.'\ e\\·port 2,000 J,,:;oo 

('rombie P.A.D.X:. .),") C)O 
l 'ortsmouth Public , , ,:;,200 7,000 

' l'aisley 1.700 2, I SO 
Dud In· W.1-:. -oo I ,(JOO .l 

Blackburn .\.T. \f. 2.+00 +,-100 
\\'ylies* I' . \.B. X . JOO ISO 
1.z(;�\"tb -oo .l ,:;oo 
Blat�khank* ,- -/.l 2,:;o 
Port Edgar " 

200 2L)0 
Le·eds . . . l'ubl ic " 

9,600 I 5.000 
(;rin1:-.;by Siemens I ,860 +1000 
l'olmaise P.:\.B.X:. A.T.M. 2.) IOU 
Turnbrir!ge 150 200 
Stockport Public Siemens 1.300 2,260 
Dalton l' .. \.B. X: ,\.T.'.1. tOO +oo ... I 
"-a!las.cy 

Corporation ! P.A.X. 2.) �::;o 
Hamsey 

(Hunts) Public Siemens +c 80 
Hurlev +o 80 
Liverpool 

. .. ', 

Courier P.A.B.X. Relay so 80 
:\.E. :\f arine 

Eng-. Co. " 
70 180 

Fleetwood Public " +80 800 
Dnnlops P .. \.B.X:. W.F. '00 ·' 800 
------- 1 -- ------ -

---- -

Total 
1
30,260 ,::;r,()30 

* Since closed. 

lhte n1it·1w(l. 

18-5-12 

13-7-12 

1-8-1:� 

10-10-14 

1.Ll-15 

7-i·I 5 

14-8-15 

+-10-1,'i 
2q-4-16 
1s-;-1h 
9-q-1(1 

14-10-1tl 

_J1-5-17 
23-6-17 
4-10-17 
l-4-18 

18-5-18 
14-9-18 
21-6-19 
28-6-19 
23-8-19 
4-10-19 

31-5-21 

24-10-21 
20-12-21 

16-1-22 

27-4-22 
I S-/-22 
19-8-22 

l<c111,trL-.. 

�-·- ---------

I 

Exten�io11 of soo 
line,- 111 hand. 

:xten-.,io11 of 3no 
line.-; 111 hand. 

Exten:-1ion of 400 
lin·c· 111 hanil. 

P.nnl. l·:xtensionof 
roo line� l11 hand. 

Fxtpn...;ion of Gnn 
line-., 111 hanrl. 

.\ilrniralh'. 

\\"<1r ( lffice. 
.\ilmiralt''. 
\Yar ( Jffi.cc. 
.\drniralt_,-, 

.\dmiralty. 
British Dyes Co. 

British Dyes Co. 

:\o exchange 
facilities. 

\"illage. 
\-illagc. 

---- ----
-·

--- -

Extensions of 
l,900 lines 111 hand. 

(2) A1'TO.'\TATTC EX:CllA.\'(�ES l":\DEI< CO:\ST1<1TTIO:\ OX 

SITE .\T 31-10-22. 

N.:une. 

Southampton 

· ·
1 apacity. 

1
1 Type. S� :-,tern. ___ _ 
! 

I 
! I Initial. 

1---;:"bEc 1-�;,�=-1- �·'°" 
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(3) .\l "rO.\L\TIC EXC'll \)i(;Es FOl{ 'YTllCIJ ORDERS HAYE 
BEE>J PLACED. 

(Including Exchang-es \\·hich will be ordered in the immediate future). 

I 
Tn->c

-
·. __ l __ :'tern. 

----- ----- 1 - - -
i 

('apacity. 

Initial. iC\timate 

J. R. Dale & Co. 

Swansea 
Sketty 
Dunrlee 

Rroughty Ferry 
.\fart on 

London County 
('ouncil 

Orrnerod's 
Pocock's, 
U.K. Provident 

Institution 

Basil St. Hotel ... 
Bank of England 

Phillips 
Babcock & 'Vilcox 

Debenham's 

\\'
oolland's 

Total 

1'..\.B.X. 

Public 

P .\.B.X. 

* System not yet decided. 

).llllti-Oftice .\r<'as. :\'o. of 
E'\:('hanl!,'t"-.. 

Relay 

Siemens 
" 

North 

Electric 

" 
A.T. l\f . 

" 
Relay 

" 

" * 

3,200 
300 

3.500 
600 

80 

!Joo 

+.500 
1,000 

2.10 

CJOO 
JO 

,::;o 

30 
l20 
90 

130 
200 

I .270 
50 

9.:100 q,050 

Tot.:il Capacity. 

Initial. Cltimat e. 

Remark-;. 

Installation com-
menced 13-II-22. 

Satellite on Swansea. 

Yillage (l\fiddleshoro 
l\LO. area). 

.\iew Countv llall. 

Rochdale. 
-

London. 

" 
Manchester. 
London. 

" 

Remark�. 

i ------- 1 ------- - ------ ------�-- ---
Brighton 
Sheffield 
Shrewsburv 
Torquay · 
(; loucester 
Cheltenham 
York 
Kirkcaldy 
J<uchclale 
:\cwport (\Ion.) ... 

S\van . ..;ea 
l lalifax 

Total 

6 
9 

3 
4 
2 

5 
s 

q 

* Satellites on i\"ewport, 

8,J8o 
12,090 

870 
1,680 
1,240 
1,170 
1,530 

940 
3,700 

(io 
60 
60 

400 
3,7rn 

35,890 

10,730 
17,J70 

1,670 
2,460 
2, 160 
1,970 
1,980 
1,470 
7,000 

600 
100 
JOO 
JOO 
500 

6,56o 

54,770 

Including Hove. 

i\"e \\'port Extension. 
*Risca. 
*CaerlPon. 
*( 0\Yrnhran. 
\lorriston. 
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(S) AlTTO:\L\.T](' J·:xc!L\'\GES ]'\ l'Rl·:-Sl'l·:cIFIC\'rIO'\ STAGE. 

.:\1 ulti-Office .\rea. 

Leeds 

" 
Dudley 
Portsmouth 
West Hartlepool 
Harrogate 
Bedford 
Oxford 
Ipswich 
Exeter 
Southport 
Burnlev 
l .eicest er 
'.\'e\\'castle 
Colwn1 Ba\· 
Folkestone · 
( 'hesterfielcl 
Pre·ston 
I·: cl in burgh 
Hanley 
'\ottin.gham 
Bath 
'l idd!e.,brough 
Macclesfield 
Keighley 
Coventry 
Plymouth 

('hapcltown 
Stanningley 
Headingley 
Roundha\· 
Brierley i-!ill 
( ;osport 

3 
4 
2 

3 

2 

; 
3 

l 2 
1(1 
8 
4 
4 
l• 

lO 
IO 
JO 

7 
9 
4 
6 
4 
8 

AUTOMATICS. 

�Iai11 Exchange existing. 

:\lain Exchange existing. 
" 

lnclucling Llanduclno. 

Including Marton. 

THE J:\FLl'E:\'CE OF LJ:\'E CO:\'DITIOl\S 01\ 

!.\IPl'LS!:\'C RELAYS J)(.Rl:\'C DI.\LL! l\(;. 

By C. \\'. BROWN, ;\ . .\!.l.E.E. 

THE Telephone and Research Sections uf the Engineer-in­
Chid's Departml'nt of the British Post OllitT 1Tn·ntly rnllaborated 
to ascertain thl' r<'lationship lwhn"<�n tlw theoretical and practical 
ratios of "make" and "break " of di:1l springs dur:ing impulsing, 

and the extent to 11 hirl1 line conditions influenc<' th<· impulsing· 
circuit. The follmYing notes and iilustrations on tli<' r<'sults of tlll' 
im·<·stigations ma:> prm·e int<·n·sting· to r<'aders of the Journ al . 

Th<' dials us<'d during tlw t<·sts 11·<·n· tlw .\.T.l\l. Compam·'s 
pattern, in which interrupting cams operatl' springs to discnntwct 
the calling subscriber's looped lines a prescribed number of times 
dependent upon the digit dialled . The cam producing tlw impuls<'. 

is cut to give a "hwi1k" S('ctor of 1 rn° in a semi -circle , leaving ;1 
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70° s(•ctor for th<' " m;1ke "; th is p roportion should give a ratio of 
()r. r 0.·, "hr<'ak" to totnl impulSl'. Tests \\"l'r<' carriC'd out on 12 
Ji ;tls Utk<'n from st()ck and tlw il\"(Tage nwan "hreak" \1·as fou nd 

(() ill' (1(1.4":,. 

D•�c �s�-

1-5-�-? 

(:/�-1�1e ""':f"O'"'"' '1a.i?ccr:·c.c,"-o{A--;,doy 

:"" � 

.,_,�� 
: /(.1 lmt Qc..i r D•Sm/ c.:1t-'U'n)' l:®krM0°J,._(1{,'\�',�7J_ 

DIAC� 

-.-+�� 
, i,'.:....1neO�O·/f1r1fr.:z/Ja.ulv /�keU:::vriZ:ic/·efife!aJI_ 

In order to ascertain th<' effect of l inC' condit ions upon the 
operation of a 25ow 25ow impulsing rela1· haYing standard 

acljustnwnt, oscillogrnms \\"t>n� tnk(•n to slW\\ the relationship 
lwt\H�C'n the nse and fall of l ine current in rC'sponse to dial im­
pulses, ;1nd the lag of the impuls i ng relay as recorded h,v tlw 
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passage of current over its " make " and " break " contacts. The 
circuit conditions obtaining during the tests are shown in the 
foll o 11 ·ing diagrams:-

The results are shown in Fig. 2. In order to permit of com­
parison under the different line conditions, the oscillograms were 
corrected to one scale of time, seen at the top in Fig. 2. The 
normal 1 i ne current does not appear on the oscil lograms, and to 
enable the reader to compare the values of the line current normally 
in the circuit and that during dialling as shown by the peaks in the 

S«ONO•l ···· l·· · ·l•l 1 1!1111l1 1 ' k'''' 1,, ,,1 , 'J • .., ... .. .,. a1""' Of • ..., � . ., •l ' ' ,. �s .- "1 .,. "' .;i; ,,_., ·� 

1500,.... .J \, 1-lt ,.,, • .O,\' ··s "· .�\ ., .\' .\\ ./{ w, w, NN .. #t{ •. WW.-.N/,' !1'/Nffffif,','JIM•�·m. /Nf.'.YN." w. ... • J!i 
·--- �  

_/� _/ _/ _/_b 
�----------------------------

-
- . ----.. 

FIG. 2. 

oscillograms, the following diagrams-taken from obserYed results 
-will be useful:-

From the tests it 11·as found that in the zero loop circuit the 
current reaches approximately 77%, in the 75ow circuit 90%, in the 
zero loop with IO,ooow leak circuit 80%, and in the zero loop 
shunted with 0.5 mf. circuit 72%. The excess normal current 
under zero loop conditions has no benefit in practice. Although 
the percentages differ, the actua1l peak currents at the end of the 

VOL. XV. v 
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" make " period are the important values and these must be con­
sidered carefully in designing routine testers. 

The oscillograms show cl(carly the information sought and 
inaicate that th<' line conditions influence the impulsing relay in a 
very definite way. The contacts of this rday transmit the neces­
sary current impulses to th<' magnet apparatus associated with the 
switches, and sluggish or pr<'mature operation of the impulsing 
relay beyond definite limits \\ill result in misoperation of the 
svvitches; routine tests therefore must impose conditions which \vill 
ensure the correct operation of the impulsing r0la y under extreme 
line conditions. 

From a reference to Fig. 2, the time relation between tlw rise 
and fall of the line current :rnd the opPrntion of thP impulsing rela}· 
can he rf'adil:· studied , tlw inclu1tive f'ffr1t as thf' rela}· armature 

w 

Line condition 750 

Fig. j.-

moves to the " make" ]X>sition being shown by the kink in tlw 
rising current curn'S tO\\·ards their p<'ak position; a pronounced 

"chatter" is also notiet·ahl:, at the" make" of the local contact. 
The effect of the 1 o,ooow leak in retarding and slowing down 

the fall of 1urr<'nt and prolonging the " makP" is interesting, the 
leak also has the effrct nf rnusing th<' relay to make more promptly, 
thus shortening. the ('ffcctiv(' "make." ThP influence of line leak­
age, therefore, is important. 

The effect of simple line resistance is to shorten the "make" 
and lengthen the " break" of the relay armature. 

Tlw effect of localised capacity is to bring about coincidence of 
the rise and fall of linP current and the operation of the relay. It 
is interesting to note th(� pffect of capacity in producing an oscil­
latory current and a pronounced "chatter" of the relay arm:tturP 
in the "break" position. 

· 
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AUTOMATIC TELEPHONY IN AUSTRALIA. 

\\'E have received a copy of a paper on the above subject with 

special reference to the Sydney Exchanges, read before the Sydney 

l )ivision , Institution of Engineers, .-\ustralia, by Mr. J. �I. 
Crawford :Jormcrly of the British P.O. Engineering Department 

and.one time Sl�cretary to the l.P.0.E.E.), on the r3th July last. 
The paper deals largely \Vith a description of the Strowger 

system, ,,hich has been described already very fully in our pages, 

but there arc se,·eral points of interest wurthy of quotation. 
Mr. Crawford says with n�gard to semi-automatic exchanges : 

"Tlw on\ \· st'mi-auto svstt·rns in tlH'. l'ummomvealth are those of 
the \\"eskrn Electric Co. at l. nle_1 and L. ndenn>ocl, and Siemens 
Bros. at Port ,\delaidt', but in view of the wide range of my sub. 
ject, no cks�·ription of tlwse s:·st:·rns \1ill be attc·mpted. l nclt�ed 
tlw_1· an' ge1wrally claimed :is half-\\<W lrnust·s to full automatic, 
and it is sig· n i ti cant that one of th:·rn (the Clement ,\utu. l\lanual 
system) is \wing tried out h1 the British Post Offin· in Dundee as 
a full automatic. The : ·x1writ·nn· in ,\ustralia also indicates that 
the full automatic is better than semi-automatic svstems." Semi­
automatic cxchangccs han· not lwen adopted by the British P .0. 
The i1wcstigations made li_1· this Department \v ith reg·arcl to annual 
charges indicated without doubt that \1·lwrever sPmi-automatic 
pron�s economical, full automatic will be still more beneficial. 

\\"ith regard to S\\ itching in a m ult i-office network, .Mr. 
Cra\\·ford states that ".:'deans are taken to relay the dial impulses 
from office to office by means of repc';iters. These repeaters also 
enahlt' the third \1·ire of the trunk between selector and selector to 
be dispensed \Yith lwtwccn the offices, supply talking current, and 
prm·ide means of su 1w n·ision on the call ing line. c\ different form 
combines the functions of re1watn and selL�ctor. This latter form 
is a particularly ingenious device called a ' switching repeater,' 
and which can best lw understood lw follcnying the progress of an 
actual call. "-\ subscriber, say, at Homebush, \Yhich is a sub-office 
having ,\shfielcl Exchang·L· <ts its main office, wishes to call another 
Homebush subscriber (say 1T 6234). L'pon lifting his receiver, his 
line is automatically connected through the line switch individual 
to his line to a switching repeater in the Ilomebush E xchange. 
This, in turn, l'Xknds his lim� to ,\shfielcl l\Tain Exchange, where 
all switching operations for Homebush calls intended for other 
exchanges are done. Tht> caller now operates his calling device 
and pulls lT (which is really 7), and which simultaneously operatt>s 
both the switching repeater and the first selectors at Ashfield. 
Then he pulls 6, which similarly extt>nds the line to and operates 
the second selector at Ashfield. The switching repeatf'r is fitted 
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with a sp<�cial S\\'i tch hank, so conm·cted that whenen�r the wipers 
come to a stop on the second selector U () positions the repeater 
switches the calling line on·r tu a local third selector, i.e., a selector 
in the Homebush office. The call is then completed at Honwbusli. 
It also, hmYeYer, disconnects and releases the outgoing trunk to thP 
,\shfield first selector, and tlw incom ing trunk leading back from 
the second sdector at :\shfield to the Homebush third selector, that 
is to say, it thro\\'s free for use the two trunks between the two 
offices. It is thus the function of the switching repeater at Home­
bush first to relay tlH� impulses on to :-\shfield o.nd upon the opera­
tion of the incoming· trunk from :\shfield tn n·l<·ase two long and 
,·aluabk trunks. Th<"refore, besides other advantages, the pro­
Yision of a trunk line is s�l\'ed bet\wen the two offices." The use 
of selertnrs of the switching repeater t:·pe is embodied in the British 
P.O. Department ' s specification when the annual sa\·ing for line 
plant under such conditions is more than the annual cost of the 
additional internal equipment required . 

"A remarkable feature about the s,·dne,· telephone network 
and one that adds great!:· to tlw transmission problems, is tlw fact 
that it includes exchanges like Parramatta and L iverpool, I 5 and 
12 miles respectiveh· from the centre of the net\vork. In no other 
State in Australin, and indeed in no other telephone network in the 
world, are exchanges so far distant from the centre o.nd allmw·d tn 
have communication \vith all other exchanges in the network at the 
net,nirk rates. This fact, added to the peculiar configuration of 
Sydney with its harhom, hays and inlets, makes the prohlem of 
satisfacton· la\·-out for telephone purposes both difficult and 
relativelv cost Iv.'' . . 

PRIVATE AUTOMATIC BRANCH EXCHANGES. 

By A. B. EASO:\, _\."'l.l.C.E., .\.J\l.I.E.E. 

THIS articl< '.  nwntiuns s()nw features of automatic telephone 
\\·orking which an'. to lw found in P . . .\.B. exchanges. The term 
"P . . A.B.X." rna.1· not be tlH'. best possible , but is adopted because 
it is the term la id dmvn liy tlw British Engineering Standards 
.-\ssociation for a privat<' n;cliangc, ,,·ith automatic plant from 

\vhich connections may lw made to the public telephone s.1·stem. 
P.B.X. is a private (manual) branch exchange, associated with the 
public system. P.A.. B.X. is a prirnte (automatic) branch exchange 
associated with the public s.\·stem. P.A.X. is a private exchange 
worked automaticall_'', \vhich has no communication \Vith the public 
system. 
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The year 1922 was the first one in which P.A.B.X.'s \\ere 
generally introduced. The "Official" P .),.B.X. has been in use 
since 1912, but it ·was in the nature of an experiment when first 
inst<illcd and the "·ar hindered furtlwr developments of P ·"\.13.X. 's. 
The schedule helow gives particulars of plants, some of which haYe 
recently been put into operation and others arc on order. 

Particulars of SOI/IC P., !. B . X. 's : --

Equipment Manual Battery capacity 
of lines. Seotions. Ampere hours. 

Now. Ultimate. No\\·, l'ltim:tte. N(n\, LlltimatL:. 

Fort Dunlop . .. 300 800 3 b 193 38() 

London County 
Council 600 900 7 l l 282 352 

r.;. E . .i\Iarine Engineer-
mg Co. ()5 90 58 ()( ) 

Liverpool Cour i er 45 80 2 58 ()(J 

Bank of England 90 JOO 2 2 48 48 

Basil St rcct 11 otel [00 120 40 40 

.:\lagasin de LoU\'f(' 40 50 40 40 

Pocock Brothers 30 50 4u 40 

Ormerod and Sons 30 5u 40 40 

United Kingdom Prov. 
Inst. 25 30 32 � ·o 

.) -

There are two main types of P.,\.B.X.; une is the small type 
,,·ith one or t\\ o manual S\\ itchboard sections , h aving curd circuits 
similar tu those shcmn on diagram C.13. 887, "ith "sixpenny" 
i ndicaturs and rwgatin· su pen· isiun. Thl' ut her t y pc is t he large 
P . . \. B .X, "ith three or mon� manual S\Yitchboard sections, having 
curd circuits as in C.B. exchanges with supen ·isury lamps and 
pustt!vt• supnv 1 s1 on. The exchange lines un small hoards 
krminatc upun 5 point j;1cks, \\ ith indicators, ; 1nd curn>nt for 
l'Xchangl' calls is fed from till' main e xchange tJYl'r tlw lin1· to fr1·d 
till' <'xtens ion. Un large boards the e:-;change li rws terminate upon 
3 point jacks " ith lamps, and currt'nt for t'xcliangc calls is fed from 
accumulators at the P . . \.B.X. 

TRAFFIC Fr:ATURES. 

Local calls an· completed automatically , as lt1 a public 
1 ·xchange. 

Incoming calls from the public exchange. On P . . \.13.X.'s a 
jack is p ro\'ided on the manual board for 1,\.l'r_,. lint', so that incom­
ing cal ls may be completed b_\ tlH · opl'rntor inserting a plug in the 
jack of the extension line, instead of J)rm·idin[>· both o�taoinrr . .� b b 

junction multiple jacks associated \Yith automatic plant and dialling 
facilities for the operator, so that she would complete calls by plug-
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ging in the junction multiple and dialling the requisite number. 
fherl'fure un the manual board one finds as many multiple jacks as 

there an: extension lines for dealing with incoming calls. 
Outgoing calls to public exchanges. The above mentioned 

jacks may also be ust'.d fur uutgoing calls from extensions to the 
public exchange, by wiring tlH'. automatic plant su that when "o" 

is dialled the calls arri\'(' upon a lamp associat('d \vith the multiple 
jack. On small P.,\.13.X.'s this jack then becomes the answering 
jack, and either term could lw usl:d fur the jack. On the large 
P . . \.B.X.'s, such as the L.C.C., there will be both answering and 
multiple jacks. 

ROTARY Pi:£8£LECTOR .:JCLtCTOR 

he. 1. L.C.C. 11.U.L. \l."'NlTAL ll<HIUJ l01RCUIT. i\.T.1\1. COMPANY. 

.\s this multipling of the extension lines upon the manual 
board has not been used so far in public exchanges, the circuits 
\\ill be nwnti01wd. .\!any different types uf arrangements could 
lw made, depending upun Jim,- thr'. sekctors or ,\B feeds are to be 
utilis('d during tlw "() " lewl calls. .\fter the calling extension 
has picked up a selector and dialled "o," the selector mav be in 
use (a) during the whole pt>riod of tlw call, or in use (h) u�1til the 
operator ans\\ers, or in US(' onl_1· for tlw short dialling period , 

i.e., until the calling lamp glo\\·s at the rn;mual l ) ( )n rd. This List 
nwthocl is nm\· being specified. The n umlwr uf selectors, th e pro-
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v1s10n uf which can he aYuided if nwtliod (c) is adopted inst,·ad uf 
nwthud ( b), dqwnds upon hem l ung t lw upl�ratur takes tu ans\\Tr 
the calling lamp. Tlw m anual board circuit fur tlH'. L.C.C. ex­

change is sh0\\11 in Fig. 1. \\'hl'.n the sdl'.Ctor is takc'.n possession 
of, relay B puts l'arth on tlw n�lcase trunk, and this operates Y and 
puts the engaged ll'st un tlw multiple jacks. .\fkr "o" is di�tll1·d, 
the sell'ctor moYl'S mTr tlw lt·n ( )  11°\Tl junctions-\\ hich are made 
to test busy-and lands on tlw 1 Ith. ln this position huth tlw 
normal post spr ings and the cam springs operate and relm Z 
opcratc'.S; the loop to the automatic apparatus is broken and the 

selector releases. \Ylwn thl' operator answers, sleen: relay S 
operates, \\hich earths tlw pr iYatl'. uf tlw automatic apparatus and 
releases Z. 

1 I 

1'°IG. 2. \TANll.\L BnARl> l°IRC:UIT. RELAY AUTOMATL<: ('<>�!PAN\. 

Fig. 2 shows tlw method aduptcd by the J(day Automatic 
Company. They can provide fur the release of the feed and light­

ing of the calling lamp without much additional equipment, O\Ying 
to the foct that eYef\' line hi•.::; a "Fault" relay, in addition to tlw 
line and cut-off relays which ("Ver_1· s_\·stem has. The operation of 
the circu it includes the follm1·ing steps: the extension makes a call; 

LE operates ; the link and feed are chosen, so that LM (not shlrn n; 
operates; then LC operates. This joins the A and B linl's to tlH· 

feed. The G rela:· in the feed (not shown) puts earth on tlw 
holding wire and CO and F operate and LC is hl'lcl. \\yhen tht� 
extension finished dialling "n," the recorder sends nut impulsC's 
which operatt> 01\I and then OTR. OTR cuts the hol ding "·ire 
and causes the release of LC and CO; the release of CO puts F 

3II 
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across tlw A and B \Yires ; F puts battery on the calling lamp via 
CO. \\Then the operator plugs in, the earth on the third spring 

of the jack is put on CO, and CO operates . 
. \t Fort Dunlop the method of 1 1orking outgoing junction calls 

is different. Tlw calling line haYing dialled "0," picks up an idll� 
junction line in tlH� "0" k\'l·I and lights the calling lamp of that 
line; wlwn the operator answers the selector and junction line are 
held; the selector is kept in use during the ,,·hole of the conversa­

tion. There arc 15 such "0" level lines to the manual board t6 
carry the outgoing traffic. The circuit is pract ically the same as 
un a public exchange. 

TO.Nl':S AND lZIJ\GIJ\G CURRENTS. 

Husy. On P . . \.X. 's--11hich arc nut connected tu the public 
exchange systt'm-the type uf tune given to the caller if he finds 
the line he 11ants is busy dues not matter much. But when a 

private exchange is connected to the publ!c exchange, it is desirable 
that the tones gi\'l:'n on the lucal plant should be the same as the 
tunes given on the public system. ·1 lwrdore on the P.1\.B.X.'s 
tile busy tune is of the standard period. 

Faulty lines. ln manual exchanges, if a subscrib.er asks for 

another subscriber whose line is faulty, the operator \1ill tell the 
caller that the line is " out-of-order " ; the fact of its being out of 
order is known by a tone upon the bush of the multiple jack. On 
a public automatic exchange, a subscriber 11lio dials the number of 
a line 11hich is faulty is given a continuous tone to indicatl' that the 
li1w is nut :11·ailabll'. In surne P . . \. ILX. 's a busy tune is given in 
such cases; on other P .. \.B.X.'s the standard" ntunber unobtain­
able" tone is given. 

/)cad /e71c/s. Sul11l' pnJ1·isiun has to lw nwde to indicate tu a 
caller his own fault; fur instancl', if the call('r dials a dead level-­
sa.'· he dials 84 on a 40 line board ,,·hen the only numbers in use 
;ire from 20 tu 59. In this case lw may either get tlw ::\. l;. tune, ur 

be put through to the operator. ObYiously, when there arc only a 

ft·1 1 lines, it is better to connect the man who dialled \Hongly to the 
operator, 1rho rnn tell him of his fault, seeing that the load put on 

the operator is negligible. In a large exchange, where the number 
of people dialling dead len�ls becomes appreciable, it is better to 
cumwct the calling line to the N.P. tone, and thus relieve the 
operators of the necessity of answering the false calls. 

The lll'.Cl'Ssity of prm·iding the abon� mentionl'c! tones makes it 
th•sirablc to pro 1· idl'. standara ringing machines. These machines 
at the same time proYide standard ringing current. Pole-changers 
and vibrators do not prm·ide all the nccessan· facilities for tones 
and interruptions. 
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FIG. 3. POWER BOARD. RELAY AUTOMAT!C COMPANY. 
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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. 
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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 . 

Xline. 

'{lines 

Si li � Lt.-�}OTiON 
SV-J\TC\t 

(o,) 

(fr) 

5 

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 

� - - - - - - - - - - - - - - - - - - - - - -� 

( (L) 

, Two-1'1or10N Swml\, , 
L-- - - - - - - - - - - - .: - - - - - - - - ...! 

-- .. -- - - - -- -------- ----- -·-, 

; S�111l.o\ for sy Li"'; 
:Rc\a� Gvour. • 
I !rJLiM� : 

(C) 

I 

I L- ------ ----------------.J 

(fr) 
.. - li 
' 
' 

: + 
XLi11es.�:.. 

Lito1s ··-:: 

L,!)··� 
' 

"--+----t+ 

------n 

"---+---r---i---1
1 

---- � ' 
'"' :w 
' z: 

:? 
"---+--+--!---- 7 :>-

�--t---- 3 

"--4--+---il---- z. : 

.. - - - -·, 

i 2. 
; : Co'l"ut.,,, 

--------t-"'-+--+---T-4>-::-' t:-:". � ftt\<\� 
' 

� I 
RELl\'I l:.QUllJ l\lEl'IT OF F1'i'E Two-Mor10N Sw1Trni:s. 

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�. 
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\\"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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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. 

(C) 7 
� ... t .. i�.'I fi·ld 
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-
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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. 
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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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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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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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THE RELAY .\llTO'>IATIC TELEPHONE SYSTEM. 

\\'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 



l'RESS VlSlT TO FLEETWOOD AUTO:-VIATiC EXCHANGE. 

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-
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rnent is nut necessary at this late stage, especially as the vveekly 

JUUrnals represented have alrea<ly described the plant very fully in 

tl1e1r culumns. lt is SLiffic1ent tu state that the silent and efficient 
\\ url\lng uf the system, w luch has been remarkably free from faults 
since its inauguratiun, made a great impression upon the visitors, 
\\ho were keenly a!iye to the intricacies of the electrical circuits, 
and the problems set the Company and solved satisfactorily. 

Fleetwood is unique amongst automatic exchanges in this 
cuuntry, as manual operation is entirely dispensed with. .\JI traffic 
outside is handled at Blackpool, some nine miles distant, where 
there is a C. B. manual exchange of the .No. 10 type. To complete 
the inspection, the company traYelled to Blackpool and through 

the courtesy of Licut.-Col. \\-arren the party was enabled to witness 

the operation of the trunk traffic to and from Fleetwood. 
The installing Com pan:- afterwards entertained the visitors to 

luncheon in the Hotel Sktropofr, Blackpool, Capt. Sankey occupy­
ing the chair. f n replying to the toast of the Post Office, Mr. 
Terra;; stated that he would' s;1y nothing regarding the policy of the 
Department on the subject of automatic exchange working. He 
could give, however, his m1·n opin ion vvith regard to the results of 
the Fleetwood equipment. Sinct' its open ing on the 15th July, 
the apparatus had met all requirements in a most satisfactory 
manner, the public were very pleased with the system, and the 
number of faults had been very smal l. The exchange was younA 
yet, however, and the trving conditions of a Lancashire seaside 
town would prow an excellent test of the abiYit_\' of the equipment 
to stand up to its job. f I<' apologised for the abs<' nee of the Super­
intending Engineer of the District, Mr. Stretche, and thanked the 
Company for tlw lrnspitalit_\' the \· had extended to h imself and to 
the DPpartnwnt's officers who wPre closely associated with the 
crPction and maintenance of the exchange. 

AUTOMATICS IN INDIA. 

PRT\'.-\TE El'\TER PR !SE FOLLO\YS GOVERNMENT'S 

LE:\D. 

FOLLOWING the example st�t by the Post & Telegraph A.dminis­
tr;1tio11 of till' Indian Gm·l'rnnwnt in installing .\utomatic Tele­
pl101w l'qt1ip11w11t at Simla, Lahor<', .\mritzar, Ootacmund and 
( 'nnoor, ;1nd tlw highly successfu 1l n·stilts obtained thereby, tlw 
Bombay Tell·pl10 1w Compan:· lws <lecided to give its subscribers 
the benefits of :\uto111at1c sen·ice ;dso, and will shortly proceed with 
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the i i1stallaiiun uf equipment to serve a tuta,l uf eleven thousand 

1111es in the City uf l3umbay. 
The contract fur this equipment has been secured by the Auto­

matic Telephone l\lanufacturing Cu. Ltd., in \\·hose Liverpool 
factory the whole of the apparatus will be manufactured. It is 
anticipated that installation will be completed and the new system 
ready for the cut-over early in 1924. 

Bombay is particularly well adapted for the successful exploita­
tion uf an automatic system, no less than sixty-two different 
languages and dialects being in common use among its population 
of approximately one million. 

The city is built on the Southern end of Bombay Island, which 
is l l miles long and 4 miles across at its widest point. The Island 
communicates with the larger island of Salsette by means of road 
and rail bridges at its ?\ orthern end. Bombay is the great cotton 
market of \ \' estern l ndia, a large percentage of the population 
being employed in this industry. lt is also the terminus of the 
Great Indian Peninsula and of the Bomba y-ilaroda & Central India 
R ail\\ays. The annual value of the freight trade of Bombay 
exceeds eighty-five million pounds sterling. 

The proposed total of r 1 ,ooo line equipment will be housed in 
two exchanges, one, the present " Central," accommodating imme­
diate equipment for b,5co lines and making provision for an 
ultimate capacity of I 5,oco;

. 
the other Automatic exchange to be 

known as '' Gell Street '' \vill replace a temporary Manual Tele­
phone exchange \rhich h;is just been completed at the Northern 
end of the city and equipment will be provided there for immediate 
r2quiremcnts on 4,500 lines and an ultimate capacity of 15,000. 

The 5 digit s:<stem will be adopted for Bombay and provision 
ma<le for connecting to all long distance toll lines entering the city. 
The scheme embraces line switches of the latest Rotary type, 
together with con�red type Selectors and Connectors. 

Considerable economies in floor space and cabling will be 
secured by the adoption of the ' ' Unit '' type intermediate distribut­
ing frame for the line circuits . Under this arrangement, cross­
connecting frames are mounted on top of the individual units, and, 
whilst affording exactly the same facilities, dispense with the 
necessity for a separate intermediate distributing frame. 

Standard Selector and R epeater trunk boards will be installed, 
togdher with pmver equipment designed to carry the ultimate load 
except for the batteries \Yhich, at the outset, will only be fitted with 
sufficient plates to provide ampere-hour capacity for immediate 
requirements. 
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THE LOWERING OF MULTIPLE-WAY DUCTS ON 
ACCOUNT OF ROAD WIDENING OPERATIONS. 

By c\LFRED MAG.NALL, 
Sectional Engineer, Manchester. 

LI n our last issue a method of lo·wering ducts along old iratling 
Street, bdween Gravesend and Strood, where lhey ·u.•ere exposed 
on one side ·was described; the followin g article gives an account 
of the methods adopted on the Jianchester-Liverpool road where 
llze d llcts and pipes had to be loiL'ered vertically.-EDS. P.0.E.E. 
JOURNAL.] 

The roaJs at the present time arc being uscJ to a greater extc'.nt 
than in the perioJ just prior to the introJuction of railways ; inJeeJ, 
the enormous increase rn motor traction has maJe it imperative to 
improve the main arteries of communication. 

\\'ork on the improvement of roadways has been taken in hanJ 
energetically in orJer tu afford some measure of relief to the very 
serious uneployment problems which are facing the country. ln 
connection with these operations many cases have arisen where the 
roaJ levels have been re-arranged, and it has, therefore, been 
necessary either to divert main cable routes or to lower them in situ. 
In these days of balanced and loaded cables, however, the diver­
sion of a cable route presents formidable difficulties since the n·­

balancing· of a complete loading coil section >vould be involved; 
and it is belieYed that the readers of the Journal will be interested 
in the details of a method of lowering >vhich \\as recently adopted 
on the widened roads between }Janchc>ster and Liverpool. 

The work was carried out under particu!arlv difficult conditions 
due to the unstable nature of the ground, its w�ter-logged character 
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THE LOWERING OF MULTIPLE-DUCTS. 

and the heavy traHic which it normally carries. To add to the 
difficulties, continuous rain was encountered, but even with these 
;+dverse circumstances the lowering of the multiple ducts proved to 
be economical and practical, the cost of the operations amounting 
to little more than 30% of that involved in providing a new track. 

The plant affected consisted of a 6.way duct and three 3" C.J. 
pipes, the pipes being uppermost, and to one side of the ducts, 
except at the manholes, where the pipes entered directly above the 

ducts. The section of route to be lowered measured abou t 250 
yards, and carried four main line cables. The problem to be 
solved was to drop the ducts about two feet. 

F!G. 2. TIMBER BAULKS ACROSS 
TRENCH SHOWING PACKING UNDER 
ENDS TO OBTAIN HEADROOM. 

F1G. 3. Duer LINE EXPOSED, SCAF­
FOLD POLES AND SUSPENDING GEAR 
IN POSITION. 

The ground was first of all opened, and the ducts exposed on 
the top and on one side; the other side could not be exposed owing 
to the position of the C.I. pipes, and a large gas main. The width 
of the trench was made sufficient to allow working room for the 
subsequent deepening and removal of the soil from beneath the 
ducts. 

Light scaffold poles from 2r to 3" diameter and 181 to 20' long 
(hired .locally) were placed along the top of the ducts so that the 
ends of adjacent poles overlapped two duct joints, the poles being 
bound together near the ends by a few turns of 200 lb. G.I. wire. 
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THE LOWERlNG OF MtJLTlPLE-DUCTS. 

Short scaffold pole�, 8' to 10' long, were used on. curves and 
bound together in a similar manner, the overlap in this case neces­
sarily covering one duct joint only owing to the curvature of the 
duct line. 

The scaffold pules were then lashed to the ducts, two lashings 
of three turns of 200 lb. G.I. wire being placed at each duct socket, 
one on each side of every socket. 

Timber baulks consisting of ro' lengths of old telegraph poles 
were then placed across the trench, being spaced about 71 611 apart 
on straight sections, and 5' o" apart on curved sections. Owing to 
the very sandy and treache rous character of the surface soil, 911 x 

FIG. 4. Duo·s SUSPENDED AND 

TRENCH DEEPENED ALONGSIDE AND 

UNDER DUCTS ON STRAIGHT 

SECTJON. 

fJG. 5. DUCTS SUSPENDED ON 

CURVED SECTION. PLANKS ON 

EDGE USED FOR CROSS-TIMBERS 

INSTEAD OF OLD POLES. 

311 planks, 4' to 6' long, were placed under the ends of the baulks 
on either side of the trench so as to distribute the weight as much 
as possible, and thus to avoid the risk of the trench falling in; 
where they rested on the planks the baulks were packed up at each 
encl with pieces of stone flag , wJ 1ich fortunatel y  were available on 
the spot: a headroom or clearance of about 18" was thus obtained 
between the top of the ducts and the lower side of the baulks, this 
space being required for fixing and operating the suspending and 
lowering mechanism described later. 
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THE LOWEiU:'{G OF MULT1PLE-DUCTS. 

At points directly over the centre of the duct line, Draw Vice::i 
No. 2 \vere fixed to each baulk by a lashing of four turns of 200 lb. 
G.I. w ire, a length of 400 lb. G.l. wire being fixed on the vice 
drum in readiness, the free end of the 400 lb. wire being made off 
by taking t\rn turns around the scaffold poles. This 400 lb. wire 
\\·as used for suspending the ducts during trench deepening opera. 

tJons, and for the subsequent lcrnering of the ducts into their final 
positions. \\Then 20 'ices had been placed in position-covering 
a length of approximately 50 yards of duct line-just sufficient 
tension \\as applil�d by vice keys at each suspension to take the 
weight of the ducts. 

The 3 C. l. pipes at the side having been secured to each baulk 
by ropes of G.I. \vire, the trench deepening work then proceeded 
in the section suspended. 

"\s the level of the new road\vay varied from 6" above, lo 10" 

belO\\·, the old level, special arrangements were necessary to ensure 
that the new trench was deepened the correct amount. This was 
ensured by fixing wood stakes close to the trench to indicate the 
levels at 50 yard intervals, the requisite data being supplied by the 
Road Surveyor. ,·\t these points " sight boards " were erected 
across the trench at a height of 21 o" above the new roadway level, 
and the correct depth of trench obtained by the use of a " boning 
rod" of the requisite length and " sighting" along the top of two 

adjacent " sight boards." \\Then the deepened trench was com­
pletl�d , \vith the re quisite depressions excavated in the tre11ch 
bottom at the points where the duct sockets would rest, the brick­
work around and below the ducts \vas removed in the manhole 
selected ns tlw starting puint. This operation completed the 
preparatury \Vurk prior to the actual duct lowering in the prepared 
section. 

Lowering was carried out by placing a man with a vice key at 
each of the 20 points suspendl�d. These points were numbered I 

to 20, starting from the manholl� end. At a given signal all the 
men lowered their draw vice ratchets one tooth. At the second 
signal vice s Nos . r to 19 were lowered a second tooth; at the third 
signal Nos. I to 18 were dropped a third tooth; and so on, one 
vice less being lmwred at every signal. 

On completion of the first cycle of lowering operations it \\·as 
repeated, if necessary, until draw vices Nos. r, 2, 3 & 4 were out 
of action ( rn·ing to the ducts haYing reached their ultimate position 
on the bottom of the trench at the, four points. The 4 spare vice� 
were then transferred to posit ions ::'\os. 21, 22, 23 and 24, and the 
same cycle of deepening and lowering opC'rations was repFated 
until the 180 yard section bet\\·epn the manholes \y;1s rornpleted. 

Filling-in and the preparation of a suitable fwd for the 3 C.I. 
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TITE LOWERING OF MULTIPLE-DUCTS. 

pipes on top and at the side of the ducts was then proceeded with, 

the pipes being lowered in sections by hand into their final 

pos1t1on. The timber baulks and all gear 'Yere the n cleared and 

the filling-in completed . 

The remaining 70 yard section on one side of the manhole was 

lowered in an exactlv similar manner to the main section . 

The reconstruction of the manholes to suit the altered conditions 
was then put in hand and in this connection it mav be mentioned 
that the only case of clnmage to the ducts occurred at the manhole 
ends, this being clue to the remov:il of the brickwork around the 
ducts and the cohesion of the duct fo the brickwork where> it was 

FIG. 6. DUCTS LOWERED INTO FJNAL 

POSITION. C.l. PIPES ON RIGHT 

JN ORIGINAL POSITION. 

F1G. 7. Co:\DJTIO:\S UNDER WTTICH 

75% OF \\'ORK CARRIED OUT. 

RADi Alm DRAINAGE \VATER 
Accu�IFLATED JN TRENCH. 

built in with cement mortar. The damage was made good by 
trimming off the broken edge of duct and rec<:>ssing the new man­
hole wall to accommodate the shortC:'necl duct . 

Fig. I shows the posit i on of the scaffold poles, and details of 
the various lashings and suspending gear. The C.I. pipes have 
been omitted as these are clearly to be seen in the photographs. 

The whole of these operations were accompl ishecl without 
damage either to the ducts or to the cables. The difficulties 

encountered were accentuated by wretched weather conditions 
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A GAS EXPLOSION. 

which persisted throughout the \\'hole time the work was in pro­
gress , which, with the soft and _1·ielding nature of the sandy surface 
soil with a subsoil of stiff clay, and the configuration of the adjoin­
ing land, resulted in the trench work being \\"ater-logged practicall_1• 

the whole time. This, added to the absence of surface water 
drains, etc., which were out of commission in consequence of the 
road widening work, had the effect of convrrting the trench into an 
open drain and rendered necessary thr use of four Floodgate 
pumps to ke<>p thr trench mod<>rately clear. 

A GAS EXPLOSION. 

lh J. CLEA\'ER, .\ . :'1 1 . f . E . E ., 

South l.anra-hire District. 

.\T 8.30 a.m. on July 8th last, a gas explosion of exceptional 
Yiolence occurred in a 1wwl1· constructed duct route in \\'ellington 
R oacl South, Stockport. 

A J-\l"a_I" duct line in the usual formation, i.e., 3 ways m·er 4 
ways, had rt'l'l'ntl1· been laid unckr the carriage\\'a_I' in connection 

FtG. 1. ROADWAY ABOVE MANHOLE ROOF. 

334 



A GAS EXPLOSION. 

with the Manchester-Birmingham balanced and loaded cable now 
in course of construction. The jointing chambers in this Section 
of the route are Manholes C.F.6, of internal dimensions 7' o

" 
x 

4' o" x 6' o
"

. 

On the date in question the cable contractor's workmen were 
engaged at the north end of \Vellington Road South. They had 
opened the two first manholes of the section for drawing-in pur-

F1G. 2. LOXDJTION OF Dt"CT ) .1:-IE AFTER EXPLOSION. 

poses, and, a strong snw·ll of coal gas being obsC'n·ed, the,· also 
rernoYed the cm·Pr of the third manhole, and were proceeding with 
their preliminary operations when the explosion occurred. 

It is evident that a large Yolume of gas had accumulated in the 
fourth manhole of the affected ection , at which point the centre of 
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the explosion was !<Jcatt·d, hut this manlinlr was closed until the 

moment of the occurrence. 
The effects of tlw explosion \\l'rt· startling. The coyer of the 

fourth manhole was thrmn1 high into the air, and the concrete roof 

slab, which, together ,,-ith tlw m·erl ying road material, \\eighed 
probably about 2 tons, ''as d isp lan:d hodil y. (Fig. I). The 
"set" paving around the !l la nholc� \vas entirely broken up for 
some feet in all din�ctiuns. The 14" brick walls of the manhole 
were badly split and bulged, ;111d the duct ends were smashed . :\t 
a first inspection this appeared to be the extent of the damage, but 
on testing the ducts it beca me r�vident that these also had suffered. 
The duct trench was, therefore, re-opened , and it \Yas found that 
for about 160 yards in both directions, as far, in fact, as the 
adjacent manholes, the lines was entirPly wrecked. The ducts 

were dug out and as each \vas uncm·ered and lifted it fr!! to pieces. 
Throughout the 320 _ni rds of t111, two lengths scarcel y a single 
unbroken cl uct was found. Fig. 2 giws a good id<>a of the con­
dition of the duct line. Thl' fourth manhole had, of course, to he 
entirelv r<>built . 

In view of the violencp of the explosion, and of the fact that it 
occurred in th<> daytillle in 01w of the lrnsirst strePts in Stockport, 
it must he accounted more than fortunat<> that no one was actuall v 
injurt>d. One passer-!ff co111pL1ine<l of shock to the S''stem, and 
consiclernhl<> alarm \Yas ca11s"d in tlw surrounding ar<>a. 
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TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM. 

MILEAGES AND TELEPHONE STATIONS FOR EACH ENGINEERING DISTRICT 

AS AT 30TH SEPTEMBER, 1922. 

Telephone 
Stations. 

! Telegraph. ' 
-- - ----

332,625 559 
52,575 2,058 
43,096 4,813 
33,906 9,344 
58,605 9'399 
46,841 5'326 
39,718 5,454 
56,672 9,019 
99,836 3,103 
49,875 

I 
6,530 

50,674 4'315 
31,989 3,007 
13,921 5,547 
41,792 5.926 
63,796 7,338 

-
-

--
I,015,921 8r.738 

-- - --
995,483 82,399 

0 verhead Wires : Mileages. 

--
Trunk. Exchange. 

I 
Spare. 

----
- --

-
-- -------

2, 292 52,009 327 
18,684 47,716 2,023 
20,527 36,006 1,578 
26,047 34,065 4,056 
36,772 41,126 2,825 
24,791 46,J93 4,386 
24,769 36,391 2,749 
21,606 36,014 5,321 
16,223 45,275 3,253 
24,715 35,013 2,257 
26,J64 40,230 2,688 
14,149 21,6II 2,122 

5,593 lo, 151 , 221 
19'353 28,650 i 1,612 
22,248 39,799 

I 
308 

--- -- ----- ---
--I 

304,133 550,.+49 

I 
35,726 

---------
1 
______ 

301,535 546,'f40 35,652 

Underground Wires: Mileages. 
Engineering 

District. 
\ I 

Telegraph. Trunk. 
1 

Exchange. [ Spare. 

----1-- ----------
1

----London 17,541 18,823 1 1,188,423 I 25,165 

S.E. 2,195 9,850 145,917 I 15,407 

s.w. u,864 l,979 76,245 

I 
2,090 

E 12,267 15,355 38,939 10,427 

N. Mid. 8,464 14,005 I 96,001 62,81 l 

S. Mid. 6,682 8,245 1 u7,858 82,402 
S. Wales 5,112 10,377 fo,875 17,517 
N. Wales II,448 17,453 97,135 9,604 
S. Lanes. 10,161 38,226 236,312 22, 126 

N.E. 5,459 13,437 lo6,J04 22,409 
N.'\V. 9,079 16,006 100,728 14,043 

N. 2,540 5,042 51,86r 5,750 
Ireland 120 57 27,060 235 
Scot. E. 1,404 5,065 75,183 3,336 
Scot. W. 11'417 13,008 169,114 18,718 

-----
-

----- ----- -
--- --

Total. n5,753 186,928 2,589,9s5 312,040 

------ ---·-------- ---- ---- -
- --

-Figures on 

I 
3oth J1me, n4,993 181,521 2,580,547 317,119 

1922. 

Submarine 
(Land miles). 

-----

Returns 
made 

annually. 

-----

--
-

--
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BROADCASTING. 

E. II. SHAUGHNESSY, 0.B.E., M.I.E.E. 

BELOW are printed the conditions which Broadcast receivers 
should fulfil tu obtain the Postmaster General's approval and 
registration. It will De seen that there are some departures from 
the earlier proposals, these departures being in the direction of 
extending the facilities offered to holders of Broadcast Receiving 
licenses whilst restricting the possibility of the receiving sets 
causing intolerabh, interference with each other. 

It is well known that then' is difficulty In using high frequency 
nndti-valve amplifiers on ]my \rnves without the amplifier self 
oscillating, even \\ithout tht� use of any designed reaction, and it 
will be seen that although tht� unit system is permitted to some 
extent, no combination allo\Ying· the addition of an indeterminate 
number of high frequency amplif_\·ing units to a set is permissible. 
Each unit containing any high frequency amplification or any 
tuner must also contain the rl'ctifier. Even under these conditions 
it has been found that sets embodying high frequency amplifiers 
when put on the Test aerials have oscillated and thrown good 
signals across a distancP of about roo feet to another aerial. Such 
sets have not bet>n approved, but the makers by altering the 
design have been able to prevent this. 

It will also he obsern�d that there is no restriction on the wave­
l0ngth range OVf'r which Broadcast Receivers may be used, and 
undPr clause 6 of the ,-onditions it will be possible to use reaction 
on a valve bevond that attached to the aerial ana cause local 
oscillations to be set up round that valve, thus making it possible 
to rereive rontinuo11" wave sic:;n1ls on an :i nnrove<l Broadr::i<=t 
receiver. \YlwrP surh arrangemPnts of reaction on to the nnodt> of 



BROADCASTING. 

the first valve have been provided the sets haw been tested for 
radiation between two aerials about 100 feet apart, and >vhilst some 
have given no trace of aerial radiation others have been distinctly 
disturbing and some quite as bad as a single valve receiving set 
with reaction direct on to the aerial tuning coil. The results 
obtained have all been checked by changing over the instruments 
on to the t\vo aerials used and by comparison with an auto­
heterodyne receiving set. 

Up to the end of J\'ovemher, about 700 different instruments 
had been submitted for testing and a large number of these had 
been approved as satisfactory. It should be noted that the 
approval only implies that the sets cover the broadcast range of 
wave-length (350 to 425 metres) on a 30 ft. and on a 1 00  ft. aerial, 
and that the sets will not cause interference. The approval dot>s 
not carry any guarantee of quality, etc., and one may readily see 
from the numerous types on the market that there is no attPmpt at 
standardisation of eithPr design or quality. 

The British Broadcasting Co. has not been definitely formed, 
when this is being written, but Broadcasting transmissions in the 
name of the Company are being regularly maintained each evening 
in the following places: London (Marconi Co. Station, 36g metres), 
Birmingham (\Vestern Electric Co. Station, 425 metres), and 

·Manchester (Metropolitan Vickers Station, 385 metres). 

CONDITIONS WHICH BROADCAST RECEIVERS 
SHOULD FULFIL TO OBTAIN POST OFFICE 

APPROVAL. 

r. That all types of Broadcast Receivers may he constructed for 
the reception of signals of any wave-length. 

2. That the apparatus shall be so constructed that it is difficult 
to change the arrangement of the circuits embodied in the design 
by means of external connections. 

3. The following units, each of which must consist of apparatus 
assembled, connected and mounted in a single container, shall be 
approved: 

a. Combint>d Tuner and Rectifier. 

h. Combined Tuner, High Frequency Amplifier and 
Rectifier. 

c. Audio Frequency Amplifier (of Valve or otlwr typt'), 

d. Tuner, Rectifier and Audio Frequency Amplifiers. 
e. Tuner, High Frequency Amplifiers, Rectifier and Audio 

Frequency Amplifiers. 
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BROADCASTING. 

In particular, it is intended that each panel must contain all the 
High Frequency Circuits and the High Frequency Amplifiers in 
association \vith the Rectifier, but there is no limit to the number 
of High Frequency or Audio Frequency Amplifiers that may be 
included in any unit or set provided the other conditions set forth 
herein are complied \vith. Audio Frequency "�mplifiers may be 
added in single, double or multiple units to (a) and (b). 

4. I\o receiving apparatus for general broadcast purposes shall 
contain a valve or valves so connected as to be capable of causing 
the aerial to oscillate. 

5. \Vhere reaction is used on to the first receiving circuit it 
must not be adjustable but must be fixed and incapable of causing 
oscillation. 

6. \ \'hnc reaction is used bet\W�en a second or subsequent 
valve on to tlw anode circuit of a va!Ye connected to the aerial, 
either directly or inductively, and no specific coupling tPnding to 
produn� oscillations in the aerial is provided bPtween thP first 
receiving circuit and the first anode circuit, the reaction may be 
adjustable. 

7. Tests of sets will be made on two aerials, one 30 feet long 
and the other 100 feet long. On these aerials the sets should be 
capable of receiving on wave-lengths covered by the " Broadcast " 
band, viz., 350 to 425 metres. 

8. The sets will be tested for the production of oscillations in 
the aerial, and for intt>rference properties with a factor of safety, 
i.e., increasing the high tension battery by about 30%, changing 
valves, etc., but not by altering any soldered connections. 

9. The Postmaster-General must be satisfied that sets contain­
ing reaction can be rPasonahly repeated with consistent conditions. 

10. After approval, the t.vpe will be given a Post Office Regis­
tered Number and makers must see that the sets fulfil the non­
interfering conditions before they are sold. All sets sold for use 
under the Broadcast Receiving licence shall bear the registered 
trade mark of the British Broadcasting Company and the Post 
Office Registered Number. 

I I. The unit or set approved as the pattern instrument of a typt> 
shall bt> rt>tained without alterntion bv the maker. The Postmaster. 
General shall haw the right at any time to select any set of an 
approved typt> for test to sPc> that the set is reasonably similar to the 
approved pattern. In the case of sets of an approved type employ­
ing reaction being found to oscillate the aerial, the Post Office may 
cancel the authorisation of the future sale of that type. No change 
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\VIRE: \VIRED \\"mELESS: AND WIRELESS. 

in the design of any set or unit may be made after approval without 
the previous sanction of the Postmaster-General. 

Nate .-The approval of the Postmaster .General does not carry 
any implied guarantee of the quality, workmanship or sensitivity 
of the apparatus. 

Firms desiring to submit Sets fur approval and registration 
should send a sample set of each type, together with relative wiring 
diagrams, to the Engineer-in-Chief, \Vireless Section, General 
Post Office \\'est, London, E.C. r. After tests the firms will be 
notified of the result and advised that the sets are ready fur 
collection. 

WIRE : WIRED WIRELESS : AND WIRELESS. 

THE majority of the students attending telegraph and telephone 
classes in the various technical institutes of the country' are 
members of the Department's staff, and an account of the recent 
activity of one of these institutes may not be thought out of place 
in this Journal. 

It is the practiu� at tlH� Polytechnic, Regent Street, London, 
to set apart one l�Yening in each session for a lecture by an eminent 
authority on some phase of communication engineering. Last 
session, Mr. F. Gill, now President uf thL� lnstitut1un of Electrical 
l�ngineers, honoured the Poly with a lecture on the \Yestern 
Electric Co. 's · · Panel · '  ·1 elephune S\\'itcl11ng System, and an 
exh1b1ttun of instructional cinematugraph films. 'l his session, or 
more prec1sel y on the 3rd November last, the institute had the 
good tortune tu secure .i\lr. E. H. Shaughnessy, 0.13.E., 

1\1.1.E.E., .:\1.1.R.E., head of the Engineer-in-Chief's \Vireless 
Section, as lecturer, and Mr. F. J. Brown, C.B., C.B.E., 

M.A., B.Sc. (Lond.), an Assistant Secretary of the G.P.0., 

as chairman. The Fyvie Hall was crowded-indeed had the 
hall been three times as large it could easily have been filled . 
.i\lr. Shaughnessy 's subject was, " Recent developments in 
Radio Telegraphy and Telephony," and his resume of recent 
progress and masterly expos1t1on of the wireless station 
at Leafield were enjoyed by all. Having in view the 
prominence which "broadcasting" has recently attained, 
�Jr. Shaughnessy thought it fitting that the lecture should 
terminate with a demonstration of broadcasting, and, thanks 
to the co-operation of the staffs of the Post Office and 
�larconi Coy., the Polytechnic was able to provide a demonstration 
worthy of the occasion, and, so far as the writ<�r is aware, one not 
hitherto attempted in this country. 

For over a year an extra trunk circuit has been in use between 
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WlRE: WlH.ED WIRELESS: AND WIRELESS. 

Lundun and Bristol, made up, in the underground cables of the 

cities, uf ordinary physical circuits and, between the cities, of a cir­

cwt superimposed on one of the pairs of the all-aerial route. The 

supenmpused, or " wired wireless," circuit is obtained by using 

a current of 23,000 frequency to carry speech from Bristol tu 

London, and one of 16,000 frequency to carry that in the reverse 

direction. [A description uf this system was given in a paper 

contributed to the Institution uf Post Office Electrical Engineers 

by Messrs. C. A. Taylor and R. Bradfield on the Sth March last.] 
lt seemed feasible, therefore, that the demonstration could be one 
uf telephony transmitted from Bristol to the Polytechnic by wire, 
wired wireless, and wireless in series. The interest and co-opera­
tion of Mr. Eldridge and his staff at Bristol, and of the Marconi 
Coy. in London, were enlisted. A preliminary trial proving 
successful, Mr. Eldridge approached the Lord Mayor of Bristol 
and obtained his Lordship's promise to participate in the demon­
stration by giving an address of ten minutes duration from the 
Council House, Bristol. The address was a brief, though intensely 
interesting account uf the history of Bristol City, from the seizure 
of the British camp on Clifton Hill by the Romans to the founding 
uf the Bristol University. The following extract from His Lord­
ship's address will be of interest tu all in the Telephone profes­
s10n :-

" Forty-five years ago, when I was a young man, I had the 
honour of explaining the telephone to the citizens of Bristol, with 
my friend Graham Bell. Later on, I took part in some experi­
ments made in Montreal, using the telephone as a means of 
locating the presence of a bullet in a wounded man. These ex­
periments were eminently successful, but of course were imme­
diately replaced by the Rontgen discovery ... " 

Every word of the address was heard in the receivers at the 
Polytechnic (280 pairs had been provided). The speech was not 
only received at the Polytechnic, however, but by all "listeners­
in" having wireless apparatus within range of the 1! K.W. 
transmission from Marconi House, provided, of course, that their 
apparatus was tuned to the 360 metre wave radiated on this occa­
sion. A report has reached the writer that a wireless amateur in 
Newport received the whole of the Lord Mayor of Bristol's speech, 
also the concert broadcasted from Marconi House later. The 
volume obtained with a four valve set was such that he could hear 
fairly well \\'ith the recein'rs on the table. It is believed that the 
speech was heard also at a station in the south of Italy. 

The Lord Mayor of Bristol was introduced to the �nseen wire­
less auclienet� b,v Sir \Villiam Noble, chairman of the committee 
responsible for the formation of the British Broadcasting Coy. 
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\\IRE: wmED \\"ll{ELESS: A�D \\"lRELESS. 

Sir William's speech came through with great clarity, his pleasing 
and characteristic Scottish accent being quite plainly distinguish­
able. 

The next item in the demunstratiun was a \Jruadcasted address 
by Alderman E. C. i\luure, Lurd .\layur Elect uf London. The 
address \\'as delivered bctore a transmitter in the aldermen's 
chamber of the Guildhall. The transmitter-which by the way was 
the same as that used by H.R.H. the Prince of \\'ales at �t. James' 
Palace to speak by \vireless to Boy Scouts-\\as connected by wire 
to �farconi House, where it was brought into modulative relation­
ship \Yith the main oscillator. ln a remarkably clear speech he 
expressed the hope that his year of office would be marked by an 
impron�ment in trade and a reduction in unemployment-a hope 
in which \\·e all heartily join. 

�Iajor T. \Vorswick, the Director of Education at the Poly­
technic, then broadcasted an able and clear address of thanks and 
the first \Yireless concert contributed by Polytechnic artistes 
followed. 

Grateful ackno\vledgement is here given to all who contributed 
to make the demonstration possible-amongst whom were: -

l\lr. F. J. Brown, Assistant Secretary, and Mr. J \\'. 
\Vissenden, of the Secretary's Office. 

Major T. F. Purves, Engineer-in-Chief, Messrs. h. H. 
Shaughnessy, J. R. Gall, .M. Ramsay, H. \Vilson, B. S. Culll'n, 
\\T. J. Bailey, A. B. Hart, C. H. Chapman, I. H. Jenkins, C. A. 
Taylor, G. ?vl. Maddock, F. Reid, A. Fraser, J. H. Bell, A. J. 
Aldridge, F. E. Nancarrow, H. Faulkner, and Miss T. Clements, 

of the Engineer-in-Chief's Office. 
:r-.lr. R. �fcilroy, Superintending Engineer, and Messrs. G. F. 

Greenham, P. T. \Vood, C. E. Tattersall, R. \\Tilson, P. J. H.idd, 
R. A. \\Teills, C. \\T. Phillips, E. H. Milne, \V. A. Stradling, 
C. \V. Messenger, G. Smith, G. P. Milton, G. F. Greenwood, 
F. E. Tetlow, C. P. Searle, H. Hill, G. A. \Vard, H. Trussler, 
F. J. \V. Lidstone, of the London Engineering District. 

Mr. E. J. Eldridge, Superintending Engineer, and Messrs. 
A. E. Chapman, E. A. Pink, E. E. Aickin, A. Rattue, \V. E. 
\\Talton, and A. E. Hayv.:ard, of the South-\Vestern Engine ering 
District. J.\V.T. 

[To .\lr. ]. H'. Turner, Head of the Telegraph and Telephone 
Section of the Regent Street Polytechnic, is due the credit of 
organising this demonstration. He, further, on the same e'vening, 
gave tit•o lectures to appreciative audiences in North London and 
successfully associated with each lecture a demonstration similar 
to that provided at the Polytcchnic.-EDS. P.O.E.E. JOURNAL.l 
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RADIATION FROM AERIAL 
INDUCTANCES. 

TUNING 

-
THE use of frame aerials for transmission and reception is well 

known, and the radiation properties of square frames have been 
fully investigated by Delli:1ger. It may, however, be of some 
interest to give the following simple observations on the radiation 
from the aerial tuning coils at Stonehaven and N ortholt. At 
Stonehaven a tuning inductance circular coil, axis vertical, 36 turns 
and diameter 18± inches, \Yhen excited \vith 35 amperes of high 
fn�quency current-the aerial circuit being completely disconnected 
-produced good signals 14 miles away. At Northolt a circular 
tuning coil, axis vertical, 42 turns and diameter of 6 feet, when 
excited with a high frequency current of 36 amperes, the aerial 
circuit being completely disconnected, produced signals at a 

distance of 10 miles loud enough to be heard all over the room. 

ALLOY STEELS FOR PERMANENT MAGNETS. 

I3v F. 0. 13ARRALET, .\.l\l.I.E.E., l\I.lnst.Mets., and 
\\'. G. RADLEY, B.Sc. 

'l HE permanent magnet has for centuries been a subject for 
speculation by scientific men; its unique properties have suggested 
tl1at here we have a manifestation of the forces concerned m the 
constitution of matter which, if explained, would give some 
111dication of the ultimate nature of material substances. 

lt is not only as a subject of purely scientific research, however, 
that tlH; permanent magnet has its interest, and an enormous 
amount of patient investigation on what may be termed the 
technological study of the magnet has been carried out. 

In this work the production of superior magnets has been the 
object, and the process has involved the development of methods 
of testing and the thorough investigation of the magnetic 
properties of steel of Yarious compositions, the study of the effects 
of thermal treatment and ageing. 

The electrical engineer accepting as a matter of course the 
permanency of calibration of his moving coil measuring instru­
ments, his electricity meters, etc., probably does not fully 
appreciate that this accuracy has only been attained as a result of 
years of laborious i nyestigation. 

In this article a short account is given of tests carried out on 

some of the special steels in \Yhich the magnetic properties arc 
devel oped to the highest degree so far attained. 

A_ discussion of the properties of the permanent magnet, based 
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un the cunceptwn uf current nngs ansmg uut uf tile mu<lern theory 

ut u1e atom, is a1su mcluded. 1 his cuncept1un is considered very 

fully 111 a paper by .Mr. :::,. Evershed·' before the lnstitut10n ul 

�lectncal hngmeers 111 1920, to which reterence may be made tur 

a ueta1led treatment uf the subject. 1 he views on permanent 

magnets expressed therem have been generally adopted by the 

writers as furmmg a useful workmg hypothesis, which enables the 

preueterminat10n of tile dimensions of magnets for particular 

purposes to be carried out with considerable accuracy. 
1n general, when a permanent magnet forms part of a piece of 

Pust UHice apparatus, it is made from a steel containing from 5 % 
to 0% of tungsten, together with about o.6% carbon. Such 
tungsten steel magnets, when properly hardened and designed, 
give satisfactory results; but, in order that it may maintain the 
required magnetic field, it is often necessary to make the magnet 
uf considerable proportions. In addition to tungsten steels use is 
made, especially in America, of chromium steels, which, although 
not quite equal to tungsten, give results considerably better than 
plam carbon steels. 'fhese steels were used in Germany during 
the \\ar, when tungsten was unobtainable in that country. 

During recent years, fuUowing the researches of Weiss and of 
Professor Honda, the properties of iron-cobalt-carbon alloys have 
been investigated, and the range of steels available for permanent 
magnets has been l�nurmuusl y increased by the introduction, by 
certain manufacturers, uf grades uf steels containing cobalt. 
These steels contain cobalt alloyed with iron in certain proportions 
in addition to other elements such as chromium, and are mag­
netically superior to the tungsten steels. Certain uf these cobalt 
steels have been brought to the notice of the Post Office Research 
Section, which has carried out magnetic tests on these and also on 
samples of tungsten steel. 

In order to obtain the best results from a permanent magnet, 
the steel must be suitably hardened. Specimens are usually sub­
mitted for test ready hardened, but in some cases the specimens 
have been hardened in the Research Section. In order to harden 
tungsten steel magnets, after slow and even heating they must be 
quenched in water or oil. The risks of cracking and distortion 
attached to this process are such that, even in the best practice, a 
proportion of cracked or badly deformed magnets are obtained. 
Certain of the cobalt steels do not require quenching in a liquid 
medium, and magnets of such steel and of the largest size are 
satisfactorily hardened after cooling in air. 

The magnetic testing of magnet steels involves primarily the 
determination of the H ysterisis loop, with especial reference to 

* Journal l.E.E., Vol. 58, pp. 780---825. 
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that portion lying between the Remanence value uf the flux an<l 
the Coercive Force. 

The experimental magnetic circuit used consisted of a single 
straigJ1t test rod, firmly held in a double sott-iron yoke ot ample 
proport10ns, and making guo<l magnetic J0111ts witll the test rod. 
fhe minimum length of te.-.r piece required was 811• All test pieces 

were f' in diameter. 
Both the Coercive Force an<l the Remanence depend on the 

previous magnetising force, and only reach a maximum after the 
specimen has been fully magnetised. In the case of tungsten 
steel magnets a magnetismg force of from 500 to 700 C.G .S . units 
1s sufficiently high to produce complete saturation, but cobalt steel 
magnets were found to require an initial magnetising force of at 
least 1,500 C.G.S. units in order to obtain the best results. 

In order to apply such an intense magnetising force to the 
specimen, it was necessary to wind a magnetising coil on the test 
rod containing more than one layer of wire. Only a fraction of 
the total turns forming the inner layer of the coil was used tu apply 
a negative magneto-motive-force when measuring points on the 
negative portion 01 the B/H curve. \Vhen testing hardened steels 
it 1s sufficient to calculate an<l allow for the magnetising ampere­
turns absorbed by the Swedish iron yokes and by the junctions 
between test piece an<l yokes, as the sum of these is only a very 
small percentage of the total ampere-turns involved. 

The flux measurements were made by means of a Sullivan 
Ballistic galvanometer. The galvanometer was calibrated by 
means of a Campbell variable mutuail inductance, the secondary 
of which was always in the galvanometer circuit, and in series with 
the main search coil, wound over the middle of the test piece. 
The calibration was made by reversing a known current in the 
primary of the mutual inductance and noting the throw. With a 
galvanometer of high sensitivity a flux measurement could be 
made by reducing the magnetising current and at the sam'.� time 
reversing a predetermined current in the primary of the mutual 
inductance. The value of the mutual inductance should be such 
that the deflection is small, and in a direction due to the search 
coil; the change of induction is then obtained by adding tlw value 
corresponding to the current in the mutual inductance primary to 
that indicated by the deflection. This procedure is preferable to a 
strict! y null method, because of the difference in time-constants of 
the mutual inductance cirrnit and the circuit encircling the iron. 
The galvanometer will always show a more or less complex kick, 
which is difficult to interpret. Since the search coil has an arc>a 
somewhat greater than that of the test rod, the observed change 
in induction density is too great. The correction to be subtracted 
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is a - "� { H 1 - H2 (, where a is the area of the search coil, and , \ 
A 

the cross section of the specimen. 
In the test the specimen was first subjected tu the maximum 

magnetising force chosen fur the tip of the loop, and the cyclic 
state established. The magnetising force \vas then reversed and 
at the same time reduced in value. The value of the induction B, 
corresponding to this new value of the magnetising force H, was 
the maximum induction minus the change of induction. The 
maximum induction was determined by reversing the maximum 
magnetising current. Every point on the demagnetisation cun'e 
was taken by a measurement starting from the point of maximum 

;!I 
c: x 

6,000 CJ 
r... 
;z 
!!? 
-; 
-< 
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-200 -100 
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FIG. 1. 

induction, so that the demagnetisation curve corresponds to con­
ditions in which the magnet has been fully magnetised. It should 
be noted that the residual induction can not be obtained exactly 
by opening the switches, as, in that case, there are indeterminate 
magnetising forces acting on the test bar, due to differences in 
retentivity of the different parts of the magnetic circuit. 

In Fig. I are shown the demagnetisation curves for a test bar 
of an iron-cobalt-chromium steel, and also for a test bar of a very 
good tungsten steel. Both these curves were obtained with initial 
magnetising forces of 1,500 C.G.S. units, but in the case of the 

347 



ALLOY StEELS FOH. PERMANENT MAGNETS. 

tungsten steel an almost equally good result was obtained after the 
test bar had been magnetised by a force of only 750 C.G.S. units. 
From these curves 1t will be seen that the tungsten stl'.el had a 
fairly high Remanence of about 10,800 lines per sq. cm., and a 

Coercive t'orce of 70 C.G.S. units; while the cobalt steel, although 

\vith a lower Remanence of 8,550 lines per sq. cm., had a Coercive 

l'orce of slightly over 200 C.G.S. units. 
In order to understand why a permanent magnet will maintain 

a definite amount of magnetic energy in space under certain con­
ditions, it is first necessary to trace back this energy to its source 
within the magnetic material. 

The only known source of what is cailled magnetic induction, 
or flux, or field is an electric current. The discovery of the 
electron by Sir J. J. Thomson, and the modern theory of the atom 
as a system of electrons moving with very high velocity in orbits 
round a centre or nucleus have definitely established the current 
ring, in some form or another, as the magnetic element in all 
magnetisable substances. \Ve shall therefore imagine a piece of 
steel as composed of a crowd of atomic current rings, electrical 
circuits of no resistance, each carrying a permanent current. In 
the unmagnetised state these current rings are arranged, not 
exactly at random, but in more or less self-contained groups, so 

that the resultant magneto-motive force of the whole mass of 
current rings is zero. 

Mr. S. Evershed, in his paper previously referred to, makes 
the assumption that each current ring possesses a fixed magneto­
moti ve force in a direction perpendicular to its plane. vVhen 
these rings are partially or entirely oriented under the influence of 
an externally applied magnetising force, the resultant of all their 
individual magneto-motive forces, resolved in the direction of the 
field, will give to the magnetic material an additional inherent 
magneto-motive force. Underlying this hypothesis is the under­
standing that the magnetic conducting power of iron is in no way 
different from that of air, or empty space, and there is, therefore, 
strict proportionality between the flux induced in the material and 
the combined motive forces producing it. 

Suppose now that we have a ring of steel, of length L and 
section A, which has been fully magnetised by means of a current 
in a coil wound uniformly on it. \Vhen the current in the mag­
netising coil is broken the steel will settle down into a condition 
of equilibrium, in which the flux density has its remanent value 
(Brem). There being now no extraneous

' 
magneto-motive-force in 

action, the inherent magneto-motive-force in the steel will be self­
absorbed in driving the remanent flux round the closed magnetic 
circuit. 
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Imagine now that we sever the steel ring at a cross section, and 
that the severed ends are drawn apart so as to lengthen the 
magnetic circuit by the addition of an air gap. Since this air gap 
contains no magneto-motive-force it constitutes an inert reluctance 
added to the circuit. The instantaneous effect of this increase in 
rl'luctance of the magnetic circuit will be to diminish the flux; 
and the flux will continue to fall, owing to a decrease in the degree 
of orientation of the current rings, resulting in a decrease of the 
internally generated magneto-motive-force. \Vhen a steady con­
dition is reached the inht>rent magneto-motive-force will just be 
sufficient to maintain the new ,·alue of the flux against the in­
creased reluctance of the circuit. 

Let tlw fina1l flux density he B, rp being the total flux in thl� 
steel. 

Let Hm be the internally generat<>d magnPto-motivP-forcP, 
reckoned per cm. length of the steel . 

Then, if S be the reluctanCl' ()f tht> stl·el ring, and s the r<>luct­
ance of the air gap 

HmL 
</' = S+s 

HmL=rp(S+s) 
\Ve may divide the total generated magneto-motive-force, 

HmL, into two parts J-l;L and HcL; of which H;l, is the magneto­
motive-force required to maintain the flux inside the steel, and 
H,L the magneto-motive-force expended in maintaining the flux 
in the external reluctance, s. 

Then 

HmL = H;L + H.L 
and 

HiL =<PS. 
Since the magnetic medium inside the steel is assumed to be 

the universal magnetic medium of space, its reluctance will be the 
same as that of an air space of the same dimensions, so that 

S 
L 

=A 
H; then becomes numerically equal to B, and we may write as 

the equation of magneto-motive-force per cm. length of magnetised 
material-

Hm = B + H, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (r') 

for the extended circuit. 
The quantity H. is the surplus magneto-motive-force per cm. 

of the magnetised steel; that is that portion of the internally 
generated magneto-motive-force, which, not being utilised inside 
thP ste<:>) itself, is available for use outside. 
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Now suppose that, instead of sewring the steel ring, we reduce 
it to the same final state as regards flux density, B, by means of a 
current in the coil wound on it. The same sequence of changes in 
the magnetic material ensues, and the orientation and consequent 
inherent magneto-moti\'e-force in the steel will be the same as in 
the previous case, Hm per cm. length. 

f ,et f I, also reckoned per cm. length of the material, be the value 
of the uniform extraneous magneto-motive-force applied to the 
steel in a negative direction. 

The flux in the final state is created by the difference between 
the inherPnt magnPto-motive-force, HmL, and the extraneous 
force, HL, so that, 

HmL-HL 
<Ji= ---

s 

HmL- HL=rp S=BL. 

(sinceS= -�) 

so that, 

H,,,=B+H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2) 

in the case of the self-absorbed circuit. 
The equations (1) and (2) refer to two different methods by 

which the same change of magnetic state is effected in the steel, 
so that the surplus magneto-motive-force H, in the extended circuit 
must be numerically equal to the extraneous magneto-motive-force 
I-I applied to the self-absorbed circuit. 

The positive surplus magneto-motive-force per cm. length of 
steel which will be ayailable for use outside a magnet working 
with a given flux is therefore numerically equal to the negative 
extraneous magneto-motive-force, which will give the same flux 
density in a closed magnetic circuit; and may therefore be ascer­
tained from the demagnetisation curve obtained from a test of a 
sample of the material. 

Turning now from the consideration of what takes place inside 
the magnet to the useful effect outside, the function of a permanent 
magnet is, in general terms, to magnetise some piece of apparatus 
or to maintain magnetic- energv in some particular space where 
it is desired to have a magnetic flux or' field. To do this the 
magnet is in practice called upon to maintain not onh' the energy 
corresponding to the flux we intt>nd to utilise, hut also that corres­
ponding to the lPakage flux, which unavoidably extends through 
the surrounding space. 

Let us now consider the nesiQ,"n of the permanent mag-net re­
quired in order to produce a fiPld of strength B0 between the two 
soft iron polP piPcPs P1 and P2 sliown in Fig. 2. If a he thP area 
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of the air gap and I its length the tot<Ll magnetic energy in the air 
B2 

gap will be 8; al ergs. Neglecting the 8:r, the energy in the gap 

ma\· he \Hitten Boa Bal. But Boa is equal to </J, the total flux in 
tlw gap, and Hol to the magneto-motive-force, W, or magnetic 
potential required to produce it. The magnetic energy in the gap 
is </J.�F., and, apart from leakagp fluxes, this is the amount of 
energy \\'hich tlw magnl't will be called upon to maintain. The 
usdul energy output of tlw permanent magnet is then </J.W, and 
the magnet must deliver this energy to the pole pieces in the' form 
of a flux </J, at a magnetic potential difference W. 

P, P. 

\:AIR GAP(la) 

FIG. 2. 

Neglecting for the moment the leakage flux passing from one 
limb to the other, let the flux density in the steel be uniform and 
equal to B. \Ve have seen that the surplus magneto-motive-force 
available per cm. length of the magnet is numerically equal to the 
negative force H, corresponding with the flux density B on the 
demagnetisation curve. Denoting the length and sectional area 
of the magnet core by I, and A respectively, the total available 
magneto-motive-force is HL, and the flux BA. 

The equations connecting the dimensions of the magnet with 
the required magnetic energy will be-

<P = BA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3) 

W = HL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4) 

Multiplying these two equations togethf'r Wf' get as thf' Energy 
Eguation for the permant>nt magnet-

</J. W = BH. i\L . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . .. (5) 

The product BH is tlw available, or useful, cnergv per cubic 
centimetre of magnetized steel. From inspection of the Pnuation 

(5) it is evident that, if our object is to use the smallest volumn of 
stt>f"l which will providt> tlw givt>n rnPrg.v rt>quirement, the flux 
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density must be so chosen as to give BH the maximum possible 
value. That such a maximum exists is obvious from the shape of 
the demagnetisation cun-e ; and the economic design of the magnet 
involves the useful application of this maximum value of the 
energy content of the material. 

In Fig. 3 curves are drawn showing the variation of the product 
BH with the working flux density B for the two test pieces for 
which demagnetisation curves are given in Fig. 1. From these 
it \viii be seen that, with B equal to 7,500 lines per sq. cm. and a 

surplus magneto-motive-force of 43.8 per cm. of magnet length, 
a tungstt>n steel magnet will givt> a maximum value for BH of 
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FIG. 3. 

329,000 per cubic cm. For the cobalt-chromium steel BH reaches 
a maximum value of 7J5,ooo per cubic cm., when B is only 5,880 
lines per sq. cm., but is associated with a surplus magneto-motive­
force of 123 per cm. length. 

Present day practice gin�s to the magnet uniform sectional 
area. Owing to the unavoidahle presence of leakage fluxes, there 
is a variation of flux density along the length of such a magnet, 
and the average \'ahtt> of BH must therefore fall short of (BH)ma:r. 

The total external energy which the magnet will maintain must be 

obtained by integrating f BI-I<'> V_ along the length of the magnet 

and, of this total energy, part is wasted in the leakage paths. 
\Vith such a range of variation occurring within the magnet, 
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the only practical criterion of merit for magnet steel is the 
maximum value of the energy product, (BH)max. As a standard, 
this \·alue has the adrnntage of being a precisely defined and easily 
measurnhle quantity. It is, moreover, the key to econornica1 
d('sign, representing the best that can be done with the steel under 
thl� most favourable conditions. 

Taking the values giwn for (BII)max. by the curves of Fig. 3, 
we see that since the volume of magnetised steel required to main­
tain a given USl'ful amount of magnetic energy will be inversely 
proportional to the maximum value of the available energy content 
per cubic cm.-

Volume of cobalt-chromium stl'L�l magnH n· quir , •d 329000 I 

Volume ot tungsten sted magnet required =715000=2.18 
Thus a saving in \\·eight of 54 % is effected by the use of a 

cobalt-chromium sted magnet in place of the usual tungsten steel. 
From a consideration of equation (4) it is seen that, on account of 
the greatly increasc·d surplus motive force of the cohalt-cl1romium 
steel, this saving in \\eight \\ould be made by a reduction in length 
to less than :1 rd of the length of the tungsten steel magnet of the 
same power, the sectional an•a of tlw cobalt chromium steel magnet 
being slight!_\· the greatC'r 

\Vl� see therefnrL' that the use of the ne\v cobalt steels opens up 

great possibilities in the way of simplification of design of all 
apparatus employing permanent magnets. This will be due, not 
so much to the saying of \\·eight, but to the great reduction of 
mag·net length, permitting straight bars to be employed instead of 
the usual horsl>.shoe t\·1w in such apparatus as magnetos for 
internal combustion engines, magneto generators, etc. 

One firm is nmy developing an iron-cobalt steel, believed to 
contain 35% cobalt, for which it is claimed that values of Brem as 
high as ro,ooo to rn,500, together with an H,. of from 200 to 240, 
can be reached. Such a stee,J \\Ould have a value of (BH)max. of 
about 9co,ooo . A special magnetising coil is being constructed 
h_\· tht� R esearrh Section, in order to test this and similar steels 
after the\· have heL�n magnetis(�d by forces of 2,000 to 2,500 C.G.S. 
units. This coil is to be oil immersed. Tests are also being made 
\\·ith cobalt-steel magnets substituted for tungsten-steel magnets 
in actual Post Office apparatus. Thl� relative ageing of the new 
cobalt steels is also a matter which requires determining. 

The ne\v alloy stet'ls are naturally expensive owing to the high 
prin� of cobalt, but, on the other hand, a murh smaller amount of 
the metal is required , and the higher surplus magneto-motive-forre 
with \\ hich they "·nrk rwrmits in many cases surh simplification of 
design of apparatus that there ran be little doubt that there is a 
widl·.field open for their economiral appliration. 
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THE ":\!EG" IKSULATIOK TESTER. 

The fol.lowing quotat ion from a paper read by the late Prof. 
S. P. Thompson on"' Permanent Iagnets " before the Institution 
of Elt>ctrical l�ngineers in 1912, emphasises the rapid ad\·ance in 
the production of superior magnetic materials represented by the 
alloy steels \\'hich ha\·e bel'n described : -

.. The idPal sought for at the pre ent time is a steel of such 
COlllpOSition that \\'11l'n properly treated it Shall haYe a f� emanence 
of *·Soo and a Coercive force of 80. :--Jo such steel has been pro­
duced, but assured!_,. it is not unattainable, and with the great 
modern advance in metallurgical knowledge it is not beyond tht> 
bounds of hope that some day a stee] may be produced with a 
Remanence of 1,oco and a Coercive force of 100." 

THE "MEG" INSULATION TESTER. 

IN our April r91Ci issue, ;\Jr. J. B. Salmon described in detail 
the construction of the " Bridge �[egger," which has been used in 
large numbers by thl' Department and is well known to our readers. 

FIG. 1. INSTRUMENT CLOSED. 

Messrs. Evershecl and Vignoles, the makers of the " ::\1egger " 

and its ('Xtrenwl_,. 11sl'f11l fostl'r-hrother the " Bridge Megger," have 
now introducc·d ;111 impron·d and much l ighter form of instrument, 
\\'hich they haw callt·d thC' .. l\Ieg" to indicate its purpose and to 
C'('rtify its r<>lationship tn their original testing instrument. 

The "Mc>g-" apparatus is assembled in a cast aluminium case, 

* Thp Remanence hNt' referrerl tn is the intensity of magnetisation which 

t 8rrm 
is <"qua] o--

471' • 
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which is much smaller than the original and is practically water­
tight. The case is fitted with a convenient carrying handle, and 
the weight is only 6' lbs. Separate magnetic systems are used 
for the generator and moving coil respectively, which are mounted 
in the opposing ends of the case. The generator is fitted with a 

no,·el and extreme I_,. I ig-h t form of f rce-whec>l, which protects the 
gear from damage and pren·nts thl ' armature from being- turned the 
\\·rong way. The stee.I gears are enclosed in a separate oil-tight 
casing. The rc>luctance of the air gap and the resistance of the 

FIG. 2. l·:xTEXDEll \11EW OF PARTS. 

windings are reduced bv Ranging the outside laminations. The 
magnet of the galvanometer side is designed in a circular form, 
which eliminates the necessity for pole pieces, and the moving coil 
frame is constructed from one stamping, pressed up into shape. 
The mo,·ement itself is mounted on spring jewels, while the pro­
vision of fixed instead of moving ligament drums saves weight, 
shortens the axle and increases the stiffness. 

(.vtTM 

+ 

LINI: 

CYAAD Al"' 

FJG. 3. CONNECTIONS OF APPARATUS. 

For the present the instrument is made in one form only, the 
generator developing a pressure of 500 volts at 100 revs. per minute, 
and the ohmmeter reading from o to 100 megohms. A cover of 
cam·as, fitted with a carrying leather strap for the hand or to be 
slung O\'er the shoulder, is prO\·ided with the instrument. The 
illustrations show the apparatus and its connections. The terminals 
nnd dri\'ing handle are protected from damage by the design of the 
ends of the cast framework. 

355 



NOTES AND COMMENTS. 

THE present year is note\vorthy in electrical circles, from our 

point of view, because the tdegraph and telephone engineer is 

receiving recognition in several quarters \\·here formerly he was 

apt to be regarded as a pnson of small consequence, one "·ho 

peddled in minute quantities of electricity, a \rntchmaker in a 

region of foundries and he�ffY machinery. It is true that out­

standing men like Sir \\'illiam Preece and Sir John Gavey loonwd 

large enough to lw considered worthy of comparison with 

prominent men (�ngagec! on the heavit�r side of the industry, but 

the tendency was undoubtedly in the direction of simply ignoring· 

the work of those engagt>d in the development of signalling and 
electrical means of corn mu nication generally. This attitude was 
due no doubt in somP respect to the fact that our men were the 
servants of a State department-ever the butt of the self-made 
individual who bas been fortunate enough to deflect a fair amount 
of the national wealth and credit in bis own direction-but largely, 
we are convinced, because in the past they were content to gpt on 
\vith their job and did not advertise their achievements on the 
housetops. The growth of the industry, the large amount of 
capital now sunk in plant and materials and, most of all, the close 
association between telephony and recent discoveries in the realms 
of physical science are the factors which have brought the tele­
phone engineer more into prominence than ever he has been before. 
Mr. Frank Gill's presidential address to the parent Institution was 
just the sort of paper we were expecting from a man of his technical 
knowledge, fertile imagination and keen business 8cumen. It is 
gratifying to note that his appeal for an attempt to be made to 
improve the main EuropPan trunk rnutf's anrl thf'rPby help to 
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smooth the acerbities of international intercourse has not passed 

\vitlwut some effort being attempted to carry his ideas into execu­

tion. .i\l. Paul Laffunt, tile French Minister of Posts, Telegraphs 

and Telephones, proposes to call a conference of the countries 

interested tu consider the question of establishing a practical 

system or international trunk lines on a sound commercial basis. 
\Ve wish the conference every success. 

\\'e have tu congratulate :\Iessrs. F. Tremain and F. C. G. 
Baldwin on their appointments to the chairs of the South \\Test(�rn 
Centre and the North Eastern Centre respectively of the lnstitutiun 
of Electrical Engineers .. The latter is at present engaged in 
\Hi ting a book on " The history of the telephone in England," a 

\\ Ork which will have more than an historical interest to most tele­
phone men. l\Ir. Tremain has ahrnys been full of energy and 
should prove an excellent chairman. 

c\ regrettable slip crept into Colonel Booth's appeal fur an 
international s- Unit Telegraph Code, which appeared in our last 
issue. The third paragraph on Page 209 should have read "The 
spacing between the elements of letters is of two lengths, the 
Sl�cond being the equivalent of a letter space; if made shorter it 
introduces an add1t1onal space unit intermediate hetween our first 
and second space signals. In either case .... '' \Ve \\'elcome 
the valuable contribution to the discussion by our old friend, i\lr. 
Donald M urray, who treats the suhject in his usual trenchant style. 
I·:ndowed with the spaciuus1wss inherited from his Coloni<tl origin, 
\lr. :\Jurray is rather apt to underestimate the influence our little 
" sea-girt isle" has had nnd \viii ha,·e upon matters telegraphic, 
and few of our readers \\·ill admit that European nations liave 
bcconw "back numbl�rs" on the paths of progress in this din�c­
tion, even though they kt\·e been devastated, torn and stunned b.'· 
a four years \var. 

In our last issue \ve stated that \VC hoped to be able to describe 
in this number the new Peel-Conner r\utomatic Telephone System 
now being installed in Dundee and Broughty Ferry. Unfortun­
atelv, the work of installation has not proceeded far enoud1 at the - b ' 

moment of writing, for this article to be available, but it will be 
ready, it is hoped, in tinw for our .\pril edition. :\swill be seen 
from our pages elsewhere, automatic telephony is progressing in 
this country as fast as it is desirable to go under present economic 
conditions, <mcl an elaborate programme has been drafted \Yhich 
\\'(� comnwnd to the notice of th<' critics of the administration. 

:\ftn an extraordinarily cli eckned career the telephone system 
of this countn· in Se ptember Inst re;1clwd a million stations, excJ11_ 
si\·e of the telephone stations in Ireland. An eminent millionaire 
is said to hi\\'(� made the statement that in the amassing of a fortune 
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the first £ roo is the most difficult part of the task. l n a similar 
way, it is perhaps not inappropriate to say that in the setting up of 
a telephone system the acquiring of a million stations is the most 
difficult part. This is perhaps more apt in the case of the tele­
phone system than in the amassing of a fortune, as heritage may 
play a very important part in acquiring a fortune. There is a very 
important financial aspect of a million stations that is not to be 
overlooked. \Vhen a telephone system is small, establishment 
charges, supervision costs and many other overhead expenses must 
of necessity be comparatively high per station, but the magic 
number r ,ooo,oco is symbolical of greatness, and one expects from 
that achievement onwards overhead charges per station will be 
reduced, that practices which previously might be regarded as 
uneconomical may in future be placed within the realm of practical 
needs. The Board of Editors feel that this moment should not 
pass without comment in the Journal, and it is hoped that in spite 
of all the hindrances and difficulties following the European up­
heaval, trade in this country will gradually recow�r and that an era 
of rnming prosperity will bring the irn·vitahle conrnrrent progrPss 
of the Government telephone system and that the second million 
stations will he acquired in record time. 

HEADQUARTERS NOTES. 

EXCHA)JGE DEVELOPl\IENTS. 

The following \vorks have been completed:� 

Exchange. 

Aldershot ... 

Gerrard Conversion 

Norwich Extension 
Penarth 
Ilford Extension ... 
J esmond Extension 
Chorlton-cum-Hardy 
Dewsbury . . . 
Fmt Dunlop 
Edir,burgh Museum 
Gt. Yarmouth Extension .. . 

St. Albans 

Sunderland Extens ion 

Weymouth 
Rusholme Extension 

Ramsgate ... 
Hop Extens1ion of Incom­

ing Junction Equipment 

Type. 

Manual C.B. 

" 

" 

Automatic P.B.X. 
Manual C.B. 

" 

" 

" 

I No. of Lines. 1---·----� 
680 

' -

I 
II20 
1300 

300 
1400 
220 
980 
200 
540 
620 
500 
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Or<lers have lwen placed fur new Exchanges as follows: -

Ex< bange. 

Liverpool (Walton) 
Birkenhead 
Liverpool (Royal) 
J. R. Dale & Co. 
Ormerod & Sons, Ltd. 
Pocock Bros. 
Basil Street Hotel 
United Kingdom Provi­

dent Institution 

Type. 

?IIanual C.B. 

" 

Automatic P.B.X. 
" 

" 

" 

No. of Lines. 

640 
3640 
6140 

46 
27 
38 

110 

31 

E.'\GINEE1\.l�G DEL\kTl\lEl\ I' AN.l\UAL DINNER. 
\ \' e have been aske<l to announce that the Engmeering Ue. 

partment 's A.nnual Dinner llas been arrangl�<l fur Friday, February 
9th, at 'l he Connaught Rooms, Great Vueen Stred, \\ .L . 2. 

l he Eng111eer.in.Lhief, .i\lajor '! homas F. Purves, \\ill preside. 
A cor<lial invitation is exten<led to all members of the Engmeering 
Staff an<l also to any visitors who may wish tu atten<l. 

H. J. LONEY, Hon. Sec. 

The Electrician, in its issue of the Sth December, heral<ls the 
inauguration of a series uf competitions, accumpanie<l by sub. 
stantial money prizes, whose ubj('.Ct is tu discover an<l crystallise 
the ideas on many subjects which are floating about in a mure or 
less detached way in the electrical profession and industry .... 
The proprietors are allocating £z50 in prize money. The corn. 
petitions, of which full particulars \\'ill be published in due course, 
\\'ill be spread over a year and will be hel<l at about three month!_,. 
intervals. That is, there will be four different subjects in series. 
Eminent t>ngincers who are exp:·rts will be askl"d lo judge and \\ il I 
do their best to sort out the rt"ally good ideas. 

H. P. BROWN, M.B.E., M.I.E.E. 

THE manv friends of �lr. 11. P. Brown, Assistant Staff En. 
gineer of the Engineer.in.Chief's Office, will be interested to learn 
that he has sailed for Australia on a spt'cial mission. :\fr. Brown 
has been loan Pd to the Australian Govnnrnen t for a period of r 2 

months to act as adYiser to tlw Postmaster.General on telegraph 
and telcphonl' matters. Jle carries \Yith him the good \\ islws of all 
his colleagues. 

It is perhaps a suitahle opportunity to rffot1nt the important 
sen·ices that have been u nclertakt>n by ::\I r. Brcrn n al one tinw n nd 
another. 
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He vvas employed in the early days of lead-covered cables in 
replacing the extensive guttapercha covered underground system 
then in existence, and was also employed in the work of testing and 
accepting such cables from contractors. At a later stage he was 
largely responsible for the formulation of plans for main under­
ground routes, including pioneer work in connection with the 
Northern underground cable from Warrington to Glasgow and 
the \t\Testern underground from Uxbridge to Penzance. In con­
nection with this early work it \vas necessary to forecast require­
ments, design the cable, control the financial estimates and 

MR. H. P. BROWN, M.B.E., M.I.E.E. 

generally deal with the supervision of the work and the final cable 
tests from a Head Office point of view. This was followed by a 
period of experimental work on loaded cables and of investigations 
into the causes of cross-talk and efforts for its elimination on both 
loaded and unloaded cables. 

Later, l\lr. Brown took charge of the City, Central and Trunl� 
Exchanges in London, being also responsible for supe r vising the 
installation of a new equipment at" Avenue." 

Tn r9n, Mr. Brown returned to Head Office and became 
responsible for the maintenance of all internal telephone plant and 
internal construction work carried out by the Department 's Staff. 

In 1914, he visited India on behalf of the East India Railway 
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Company an<l acte<l as their a<lviser on telegraph, telephone and 
railway traflic control matters. During that visit he was calle<l 
upon to report on the Calcutta Telephone Exchange system, an<l 
was also requeste<l by the Calcutta Port Trust Authorities to submit 
a scheme for the control of raihvay goods tra!lic over their extensiYe 
system. 

On the outbreak of war, he took over the emergency telephone 
arrangements for home <lefence purposes. This \York embraced 
the cunsideration of signalling an<l communication facilities in co­
operation \\ ith the military authorities. The matters dealt \\·ith 
co\'en:<l anti-aircraft gun station and control equipment, Royal .-\ ir 
Force administration and flight station installations, air-raid ubser­
\'a tion and \\-arn in g s ystern, coast defence and anti-subrnari 1w 

cumnHmicatiuns, installations for all Government DL�partments and 
cum pre!H:nsi \'l' telegraphic and tekphonic area systems for military 
use in case of invasion. For this service he \\'as a\\arded the 
honour of J\lemb(crship of the Order of the British Empire. 

}ir. Bro\\'n \\as also an active R .E. volunteer and was a 
mernbl�r of a committL'l' 1\hich organised the P.O. Engine!:'rs' 
Volunteer Corps, aften\-ards knm1·n as the County of London 
Ruy;tl Engine!:'rs. 1 le \\as second in command in that Corps with 
the r;mk of Captain. 

During the post-\\ar p.'riod }lr. Bnnn1's activities han� bet·n 
din·ctr>d tcmards the carrying out of cost inn·stigation that resulted 
1n tiJ,, introduction of rn·iscd tl'lephom' rail's in this countr_L lle 
also took control of tlw rnaintenann· ;111d operating group 
responsible for ;1utornatic exchanges. :\lr. Brown has also been 
responsiblt� for ('Xtl'nsin� (�nwrgency nwasun'S that have been 
necessary in the Engineering Df'p;irtment for safrguarding tele­
phone and telegr;1ph communication dunng post-war periods of 
industrial unrest. B.0.A. 

LONDON DISTRICT NOTES. 

DURING the quartn ('Jl(ilcd September 29th, 1922, 5.414 ex­
change li1ws, 3,576 internal extt�nsiuns and 631 external extensions 
\YCrc prm·idccl; in the same period 2, r 56 exchage lines, 2,612 
;nternal l'.Xtensions and 447 external extt�nsions \1cre recovered, 
making n�·tt increases of 3,258 exchang·e lines, 964 internal exten­
sions and 184 external l'.Xtensions. 

INTERNAL CONSTRUCTION. 

Tc!ephonisls' School, Clcrhen·<L'Cll.-This installation, \\ ltich 
consists of twenty-four " A " positions, eight "B " positions and 
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one of each type of manual P.B.X. used by the Department, has 
been completed. Every facility is afforded to the students to 
become proficient in all branches of operating duties and satis­
factory results are assured. The thermionic valve which was in­
stalled in the Telephonists' School at G.P.O. South, a description 
of which appeared in the April 1922 issue of the Journal, has been 
transferred to Clerkenwell. 

Exchange Extensions have been completed at East, Hop and 
Palmers Green, and extensions are in progress at Park and 
Bartholomew House Exchanges. 

New Exchanges of the C.B. JO type will be commenced shortly 
at \Vanstead, Eltham and Southall. The \\'Ork in each case will 
be carried out by the L.E.D. Staff. 

Automatic Private Branch Exchanges, to the number of t\velve, 
are either in progress or about to be commenced. 

Electrophone Exchange. -The introduction of amplifiers has 
resulted in a marked improvement in the hearings, and it is satis­
factorv to note that the number of subscribers has now reached a 
record, viz., l,965. 

EXTERNAL CONSTRUCTION. 

During the three months ended 3oth September, 1922, the 
following changes have occurred: -

Telegraphs.-Nett increase of l mile of open wire and an in­
crease of 29 miles in underground. 

Telephone Exchange.-:Nett increase of 50 miles open wire, 
decreases of 354 miles and 3, 143 miles in aerial and underground 
cables res pecti vel y. 

Telephone Trunks.-Nt>tt increases of 47 miles open wire and 
187 miles in underground cable. 

Pole Line. -Nett increase of 52 miles, making the total to dat(' 
3, 168 miles. 

Pipe Line.-Nett increase of 26 miles, the total to date being 
4,095 miles. 

The mileage uf undl'rground cable to date is 7,954 miles, being 
an increase of 12 miles during the period under review. 

The total single wire mileages, exclusive of wires on Railwavs 
maintained by Companies, at the end of the period referred 

-
to 

were:-
Telegraphs 18,099 
Telephone Exchange l ,240,432 
Telephone Trunks 21,115 
Spare wires 25,492 

The apparent decrease in Telephone (Exchange) \Vire mileage 
results from the lag produced by the change of system and adjust-
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ments referred to in the January and ,,\ pril, 1922, issues of the 
J ournal. 

The lag tends to diminish as time proceeds, but its effect will 
not disappear until all \\ orks comnwnccd pr ior to August, 1921, 
have been completely dean·d up . 

NEW Tum� B£TWEE"" C.T.O. A::\D LI\'ERPOOL 

STREET STATION. 

A 2 J -inch pnn1 matic tube has been completed bet\yeen the 

C.T.O. and the Company's telegraph office in the Great Eastern 
Railwav terminus. Tlw lead str<:>et tube has been continued inside 
the station by means uf a brass tube susp<:>nded from the fqot­
hridges. Oppositl, the main booking hall, howe \·er, the Com­
pany's O\\'n brass tube under the rails was utilized. This last 
length of tube \\·as laid about 40 years ago and has been out of use 
for man:· years past. It proved to he in an excellent state of 
presen·ation, but it was found necessary to remove two faults which 
had devel oped during the last few years. The whole of the work 
was carried out by the Post Ofilce staff. 

JAMES FRASER, M.I.E.E. 

\\'e regret tu record the death, on the 4th October, of Mr. James 
Fraser, .:\l.l.E.E., who retired from his post as Sectional Engineer 
at Aberdeen only some eighteen months ago, on reaching the age 
limit. 

J im Fraser, as he \vas called by everyone who knew him, was a 
most painstaking and capable officer, held in the highest regard by 
his associates throughout the service, revered by his pupils and 
estl�em ed in a \\'ide circle as a man of sterling \vorth. He joined 
the Post OJ1ice as a telegraph messenger in Aberdeen over forty 
years ago, and after service as a telegraphist he was transferred to 
the engineering department and appointed relay clerk at Nevin. 
He was promoted to be a Second Class Eng ineer in the Central 
i\Iet. District and transferred later to the Designs Section at Head­
quarters. He was then promoted to the rank of Executive Engi­
neer at Sundcrland, but came hack again to London as Engineer in 
charg!' of th!' C.T.O. Secti on , and later returned to the Telegraph 
Section of tlw Chief's Offfre. :\bout four years ago he \Vas trans­
ferred lo his n;1tiye town, wh<·1T he continued to reside after his 
retirement. 

"°\s a teacher of magnetism and ("lectricity and telegraphy, Mr. 
Fraser was most successful. A triple medallist of the City and 
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GuilJs himself, he inspired his students with the fire of his own 
zeal and his classes at the Northampton institute were attended by 
large numbers of the C.T.O. staff . The writer well remembers the 
Ji.rst ,·car of thl' "doublt' increnwnt" concession when, to meet the 
requ�st of the C.T.O. men, :\I r. Fraser undertook a summer course 
to enable the telegraphists to sit special examinations in the follow-

�IR. }AMES FRASER, M.I.E.E. 

ing October . The largest lecture hall at the Northampton was 
placed at his disposal, but the accommodation was all too small to 
take the crowds that assembled. They sat on the stairs, they sat 
on the edges of the desks and swarmed over the demonstration 
tabk almost up to the blackboard. A 11 through the bot summer 
the lecture r  held his large audience silent and attentive, drawing 
his beautifully neat diagrams \Yith coloured chalks and laying 
clown the principles of the science in his serious, methodical and 
effective manner. IIis handwriting was as clear and perfc>ct as the 
headings in a writing exercise book, and the notes he used to issue 
to the students were masterpieces of their kind. In his young 
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days he was fond of drawing pictures of ships under full sail and 
the care and skill he exercised on thos(� objects of youthful admira­
tion he continued to bestow on his official \\ork right up to the end. 

In 1910 l\lr. Fraser was ;1\rnrded thl'. Junior Sih'er i\Icdal of the 
I. P. 0. E. E. for his paper on " The Theory and [)eyelopment of 
Common Battery Telegraphs," and in the October, 1917, issue of 
the Journal he contributed an extremely yaJuable article on the 
Duplex Balance, which inyestigated mathematically the conditions 
necessary to secure a balance on long high c;1pacity lines on both 
differential and bridge systems of duplex. I fc \\;ts chairman for a 
period of the .:"Jorth-East Scotland Section of the Institution of 
Electrical Engineers, and \\·hen he \\ ithdrew from active teaching 
work he \Yas appointed exami1wr in �lagnetism ;md Electricity for 
the Citv and Guilds of London Institute, a position he held till his 
death .

. 
In September, 19J4, he was sent to France to superyise the 

termination of a cross-chann<'l cable, and for his serYices he \Yas 
awarded the 1914 mf�dal, hC'ing· the onl_\· civili;rn, it is believed, who 
received that honour. 

In his t elegraphist days l\lr. Fr;1ser was a ven· fine sprinter and 
at his own distance, am·thing from JOO to '.?OO _\·ards, he had no 
equal in Scotla ncl. r fr held the Srnttish record for I 20 vards for 
several years, and \\"as well knmYn ;1s a competitor at the numerous 
Highland gatherings throughout the north. l\Ianv tales could he 
told of his ach·entures among· tht· running "pros" of those days, 
of how the_\· \r;tlked to tlw games, conkPd the races, manipulated 
the prize money and ran tlw local parish men off their feC"t. It may 
be that the stn�nuousness of his life at that time--night duty in the 
instrument room or deliH'f\" and then down to the links for an 
hour or two's sprints lwforP going to bed was his practice-affected 
his constitution and impaired his pmn'rs in the later years; at any 
rate, he succumbed suddenh· to heart failurf'., without warning and 
to the deep regret of e\·en·orn� that knew him. He lies buried in 
the beautiful cemetery of ,.\llcnvale, not far from the grave of 
Archibald Forbes, the celebrated \\·ar correspondent, who like 
Robert Louis Stephenson also expressed the desire to lit� in the encl 
'' at hame among good Scots clods.'' 

Mrs. Fraser and two daughters sorrow his Joss. She was also 
or the telegraphs, and throughout his carePr took the kcC'nest 
interest in his work, participated joyfully in all his triumphs and 
helped him to bear his disappointments. To her and her familv 
and to his brother Andrew we PxprPss our S\'mpatlff. Tvrrell �f 
T.S.F. spoke but the truth when lw said, in the c�lt1mn� of thf' 
T. and T. Journal, that James Fraser was one' of God's good men. 

,V.C. 



I;-.JSTJTUTION OF POST OFFICE ELECTRTCAT. EX\.TNEERS. 

INSTITUTION OF POST OFFICE ELECTRICAL 

ENGINEERS. 

MEDALLI STS OF THE INSTITUTION . 

.\JR. C. HOBJNSOX. MR. R. �f. CHA�INEY. 

Senior Silver Medal for their joint papers: (a) " \.as Discharge Relays and their 
application to Commercial Circuits"; (b) "Developments of Telephonic Hepeaters 
'ince 191 7.'' 

\IR. A. B. llART. 
Senior Bronze .\kdal for Iii, paper 

on "Tl'!ephone Repeater,.;." 
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MR.(;. F. Onr:u .. 

Senior Silver Medal for hi,.; paper 
on "The lntluence of Traffic on 
Automatic Exchange Design." 



LOC . .\L CE�TRE NOTES. 

COGNCIL NOTES. 

THE Council assembled at Shrt>wsbury on October roth and 
11th last, fur the transaction uf business, when arrangements were 
made for meeting the members of the .:1forth \\'ales Centre. 

�Jr. A. L. DL'. Lattn>, Chairman of the Council, congratulated 

the Centre un having the second largest membership of Provincial 

Centres and also in regard to the excellent programme arranged 

for the \\'inter Session. �Ir. E. I-1. Shaughnessy (Treasurer) 

delin�red an interesting lecture, entitled, "The Leafield \Yirelcss 

Station," a description of which is given under North \Vales 

Centre. 
Amongst the various items of business dealt with by the 

Council the more important \Yerc the following :-Finance, Equip­
nwnt, Lanterns, etc., for Local Centres and Printing of Papers. 

In connection with the financial situation, which is now satis­
factory, tht� Council discuSSl"d fully certain proposals for incn·asing 
the efficiency of the Institution as regards its nwdings, publica­
tions and g.'m"ral service of a professional character. 

The Secretary rC'ported that all thC' Centres had been able to 
arrange more or IC'SS complete programmes of mcC'tings and visits 
to works, etc. 

In connection with the consideration of Papers recommended 
for printing, the Council appointed a small Selection Committee 
with a view to t'xpediting the review and printing of papers and 
reducing the delay \vhich had been hitherto unavoidable. 

i\lembershlp.-The Srcrrtar_v reported that the membership 
was steadily growing and tlw Council was gratified to note the 
accession of new Associate :Members, although it is hoped that 
much larger numbers wiH avail themselvC's of the opportunity of 
joining the Institution in the near future. 

A vacancy on the Council \\as created by the promotion of Mr. 
A. Bates, representing Chd T nsp�ctors, Provincial, and the Secre­
tarv was instructed to take the necessary steps for thC' election of 
his succC'ssor. T. SMERDON, 

Secretary. 

LOCAL CENTRE NOTES. 

LONDON CENTRE NOTES. 

THE Session has opened with renewed vigour like the buds in 
spring, the interest of the older members having been maintained 
and supplemented by new members, many of whom are Inspectors. 

On J uly the 18th :rncl 25th respectively, about 60 members, 
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making 120 in all, visited the Engineer-in-Chief 's Research and 
\ \rireless Laboratories and workshops at Dollis Hill. The long 
rows uf "\rmy huts carried one 's thoughts back tu the war and a 
closer acquaintance '' ith the interiors clear! y indicated that the 
Ollicers responsible tur the lay-out of the Sections had planned 
\Var on the c·nhnO"il'n in Telegraphy and Telephony . 

The limited staff had a n�ry busy two hours in explaining and 
demonstrating the use of the apparatus. "\lany of the visitors 
were heard to express surprise at the scope of the work it was 
possible to undertake, and hoped that the time would not be far 
distant when tlw staff attached to t he Research and \Vireless 
Sections would be such 1 hat the E ngi neL:ri ng Department will nut 
only maintain its pn'sent high position but b<:> the pioneer of the 
\\·ori el in discovering the secn'ts \\hich ban· yet to be revealed. 

The Relay Automatic Telephone Company im·ited the 
members of the London Centre to attend a Demonstration of their 
"Rela.\· " ,\utomatic T<·lephone S\·stem on Oct. the rnth, I Ith 
and 12th respecti\«'ly. ,\bout 150 members accepted the invita­
tion. 

The practical demonstrations of the working of the "Relay 
Public Exchanges" ancl " R !'lay P.,\.X. and P.A.B.X." ,,·ere 
preceded by a Lecture on tlH� " Gt'neral Description of the Relay 
System," illustrated \v ith lantern slides. 

The opportunity is lwre tak<'n for the Committee to express its 
thanks to the ::\Ianaging Director , Lieut.-Col. C. B. Clay, V. D., 

::\I.1.E.E., l\I.I.l\l.E., and to ::\lr. F. l\I. \Yard and Major \\r. B. 
\\rhite and their assistants for a n�ry instructive and pleasant visit. 

On October IOth a meeting of the London CPntre was held nt 
the Institution of Electrical Engineers , Savo�· Place, Victoria 
Embankment, \\r.C.2. This \\aS the first occasion on which the 
Engineer-in-Chief, as President of the Institution, occupied the 
chair. Before calling upon :Mr. J. S. Elston to read his p�qrr on 
" ;\ ppliPd Telephone Transmission," thP PrPsident remarked on 
the benefit of the T nstitution to the Department and promised his 
whole-hearted support, \Yhich was received with acclamation. 

Mr. Elston's paper, which \vas of a highl.\· interesting char:icter, 
dealt exhaustivelv with the considerations which have to he home 
in mind in planning extensions of lint> plant and the routing of 
Trunk and Junction circuits in order that the appropriate stancla rd 
of Transmission ma\· he secured and maintained. The subsP­
quent discussion \\·ns onrnecl lw l\Tr. J. C. Hill nnc\ \vns con ti nued 
by Messrs. Statters, Ritter, .\ldriclgr', Trad()nt, B arnes, J. R. 
Hill and Jkcllev. 

Mr. Elston replied to thf' various noints raisPcl anci was accorc!Pd 
a heartv vote of thanks. 
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On the 12th December �Ir. S. C. Bartholomew read a paper 

on " Corrosion of Lead-cmTred Cables by Electrolytic Action." 

The paper suffeycd the'. work done in connection with the pro­

tection of lead cahll>S from l'kctrolytic action by various adminis­

trations thrnuglwut tlll' \\orld, and indicated ways in which the 

leakag·e of pmyer and lighting rnrrents had been minimist•cl. .\ 

long discussion, opened b:· :\Jr. Barralet, followed. l\1r. Bartho­

lomew replied in his inimitable manner and received a cordial 
vote of thanks. 

l\Icetings for fonvard elates arc as follows: -

Jan. 9th, 1923. l\lr. E. S. Ritter on the " Balancing of Cables." 
Feb. l3th, 1923. l\Ir. ;\. J. Stubbs on "Standardisation in the 

Engineering Industries." 

March l3th, 1923. �Iessrs. Cruickshank and McC!arcnce on 
" l\lcters and Coin Boxes." 

I\ORTH \V:\LES DISTRJCT: B!Rl\IINGHX�I EXTERNAL 

SECTION. 

\Ve have recently lost, by death, our senior wayleave officer, 
l\Ir. P. J. Hartley, \\ho was transferred from the Company. Offi­
cially Jw was a \Try l'nicwnt, lwrd,vorking and successful way­
lean'. officer, and dealt princip:tl]_,. \\·ith tlw large estates and also 
the large property agents in Birmingham. Socially he was of a 
very retiring and modest disposition. 

He ,,·as the author of sen�ral novels, \vhich had a great sale in 
America, where they \H'n'. published. The only two I had the 
opportunity of reading arc "�Iy Lady of Cleenc" and "Lady 
I )iana.'' They are of the romantic c:lass and provide very enjoy­
able rt'.ading-, and I am sure that had he been more pushful in his 
own priYate intnests he \\'fluid haYe achieved good results in 
England. .\ third bo()k '' :ts pul)lished a few months ago, but 

wlwn I asked for a copy a frw \\eeks back lw had not received one 
from America. 

It would come as a surprise to a reader of his books to know 
that he \Yas not a ladies man, ('xcept that he worshipped his 
mother. lVI r. Hartley was only 47 years of age, was unmarried, 
and lived quietly with his brother in Edgbaston. 

G.\V.B. 

1'\0RTH \\TALES CENTRE. 
The Session \\as opened in this Centre with a visit on roth 

October, 1922, from ,\fr. E. H. Shaughnessv, O.B.E., who de­
livered an addrC'ss in the Borough Technical School, Shrewsburv. 
on "The' I m1wrial \Vire less Station at Lea field." Members �f 
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LOCAL CENTRE NOTES. 

the Shropshire Philosophical Society and the Shrewsbury and 
District Radio Society \\ere present by invitation and the Council 
of the Institution, which was meeting in Shrewsbury, also 
attended. l\lr. T. Plummer, Chairman of the Centre, .presided. 

Mr. Shaughnessy's lecture was listened to with great interest 

as he described the functions of the Arc and the details of the 

apparatus '' hich has been installed at Leafield, N ortholt, Stone­
haven anct other places. He gave the history of the erection of 

the Leafil'ld Station since its inception, and instanced the work it 
is doing pending completion of other sectons of the Imperial 
Chain. .\lention \\aS made of such services as the Foreign Office 
Press, Press Transmission tu America, Rome commercial service, 
long distance ship transmission, and the Genoa Conference 
servicc. The lecture \\as illustrated by lantern slides. 

A wireless set had lwen erected in the Lecture Hall by a loc<JJ! 
amateur, and at an arranged time a message was received from 
the Leafield Station. 

Questions were subsequent].\· raised and replied to by the 
lecturer, and .\lr. De Lattre expressed the pleasure of the Council 
in being able to be present at the inaugural meeting of the Centre. 

The second meeting of the Session was held at Shrewsbury on 
28th :'\ovemlwr, 1922, when Mr. J. Caradoc Jones read a paper on 
" Linemen 's Loads, " dealing with the basis on which a lineman 's 
load is computed and the records available for guidance. Some 
interesting cost particulars were produced which went to show 
how difficult it is to arri\·e at a basis which will meet the varving 
condi:tions met with in different parts of the country. Tt - was 
agreed hmvever that an attempt shoulcl he made in all cases to 
arrive at some basis. 

Mr. Jones repeated the 01.per at 
mf'rnhf'rs of the staffs located therf' , on 

Birmingham before thP 
5th December. ron. 

A. J.W.D. 

SOl 'TH L\::\TC\SII IRE CENTRE. 
It is Yery satisfactory to note that the membership of the 

Institute has consi<lerahly increased during the past twelve months, 
many Inspectors hm·ing rejoined. 

On October 9th the S(' Ss i on \Vas opened with the reading of a 
paper by the chairman, .\I r. \Y. J '.\1edlyn, on "Progress and 
D?w!opment in the Engineering Department." The paper was 
supplementary to the one rPad by the chairman at the opening of 
the prt'Yious St'ssion. Facts ar.d figures were presented in a very 
interesting ;uod helpful for111. The lm1w was expressed th at similar 
papers migh t b(� rL'�td b,, the chairman annually. 

The second meeting
. 

of the s�s�ion was held in the York Street 
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Exchange buildings, l\lanclwster, on November 13th, \vlwn �Ir. 
E. H. Shaughnessy, of I leadquarters, delivered a lecture on the 
" Imperial \Vireless Station at Leafield." An exceptionally large 
gathering of members was augmented by officials of the Postal and 
Telephone services, and by representatin�s of sen·ral of the Tele­
phone plant manufacturers in the District. The lecture, which 
was illustrated by means of a fine collection of lantern sl idl�s, was 
highly instructive and grPatly appreciated, whilst the subtle 
humour of the speaker afforded much ph·asurc lo his audience. 

BOOK REVIEWS. 

• • Mast and "\erial 
.Ainsley, A .. l\Ll.C.E. 
Press. (Price Is. Gd.). 

Construction for "\mateurs," by F. J. 
82 + v1. pp. London: The \!Vireless 

One of the chief problems confronting the amateur fitting a 
wireless set is the provision of an aerial. c\ good well-elevated 
aerial is a good investment, as with it satisfactory results can be 
obta111ed with simpler and less expensive receiving apparatus. 
J udg111g from the type of aerial one usual! y sees in suburban back 
gardens, this little book should meet a definite need. 

l he subject matter is divided into eight chapters. Chapters one 
and t\vo provide general information regarding types of masts and 
materials. The succeeding chapters are devoted to detailed in­
structions for the building of various types of masts. These masts 
111clude scaffold pole masts, plank masts, s_tayed lattice masts, self­
supporting lattice to\\'ers and tubular steel masts. 

The final chapter describes aerial systems suitable for small 
receiving installations and gives much useful information on roof 
attachments, leading-in and soldering. The last few pages con­
tain useful hints on frame aerials. 

Considering the small size of the masts under consideration, it 
is doubtful \vhether from a cost point of view any other t_,·pe but 
the scaffold pole is justified. c\ 22 ft. pole can bl� obtained for 
about 6/- at the present time, and must of the built-up ty1ws of 
masts would cost more than this. On the oth<�r hand the amateur 
is not whollv influenced by reasons of first cost in regard to a 
hobby, and the designs given would provide much interesting 
work. 

Generally the information in this attractin� little volume appears 
to be accurate. The ultimate streng·th of yellow deal, given on 
page 13, appears to be lower than usually assumed hy engineers, 
while on page r8 h_v an nbYious slip tlw breaking strain of iron 
\\·ire is gin�n as 55 lbs. per sq. in. 

The hook is "·ell printed ;ind contains 65 ch�ar and useful dra\Y-
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ings. It is confidently recommended to all amateurs seeking 
information on the subject. A.J .G. 

" La Telefonia a Grande Distanza ed i Ripetitori Telefonici." 
By Dutt ".\nnibale Craveri and Comm Sisto Demalde. Published 
by S. Lattes & C., Torino-Genova, 1922. 416 pp., 6f' x 4f', with 
124 figures. Price 24 lire. 

The first lOO pages of this book deal with the elements of 
telephonic transmission, including a section (largely historical) on 
loading. ".\. chapter leading up to telephonic repeaters follows and 
the remainder of the book deals with the theory and development of 
the modern telephonic repeater. This section of the book com­
mences with a description of electronic phenomena and the develop­
ment of thermionic amplifiers, etc. The last 20 pages of the book 
describe various kinds of telephonic repeater apparatus, systems, 
and circuits, including description of some of the Western Electric 
Company's apparatus and systems. 

The printing and flexibl� binding are good. The numerous 
diagrams are clear, but the paper (of the quality tb which one has 
become accustomed since the war) does not permit of a very satis­
factory reproduction of the photographs of apparatus and ex­
changes equipment which are included in the book. At the 
present rate of exchange, however, British criticism on this point 
should be entirely disarmed. 

'' Traite de Telegraphic,'' by I I. 'I horn as, lnspecteur General 
Honoraire des Postes et des 'I elegraphes. 

\Ve have received a copy of this \vork from the Librairie Poly­
technique Ch. Beranger, 15, Rue des Saints-Peres, Paris, pub­
lished with stiff cover at the price of 100 francs. 

The first edition of the work appeared in 1894, since which time 
the development uf Telegraphy has been sufficient to warrant the 
publ ication of this second edition, consisting of 1214 pages, with 
939 illustrations. .\fter di scussing genernl principles, descrip­
tions are given uf apparatus from the early simple sets down to 
the modern compilL�x Printing Telegraph systems of the Duplex 
�lultiplex type. .\l,rial and underground Line construction, and 
<tlso Submarine Cable laying and repairing are very thoroughly 
covered. F i n ally , \\'irel('ss Tclcgrapb_1·, from the early Coherer 
to the Tht�rrnionic \'<1ln>, is \'l'ry abl�- trc,ated. 
\\'e can coniilkntly nT011111wncl the book, particularl v as a work 
uf rcfnence, as it dl'als equally \vell with s_vste m s  dP�eloped out­
side France ;111d includes descriptions of systems which althnug·h 
ingenious and promising haYe vet failed to satisfy the exacting 
dPmands of practical \Yorking. 
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BOOKS AND NOTICES RECEIVED. 

"The \Vireless Telephone : \\'hat it is and how it works," by 

P. R. Coursey, 2s. (>d. " Direction and Position Finding by 

\\'ireless," by R Kc'.en, 9s. The \\Tireless Press . 

An ad\'ice has come to hand from �l. Dennery, L'lnspecteur 

Cent'· ral, Dirl'ctl'ur <le I' Ernie Superieure des Postes et des Tele­

graplws, Paris, of the publication of a new work by 11. �lontoriul 

on " S \'Stems of Teleuraph)· an<l Telephony, origins, evolution 
• b 

an<l practice." The publishers are ).lessieurs J. B. Baillere et 
Fils, 19, Rue Hautefeuille, Paris. Price 50 francs . The work 
forms a complete history of the subjects named from their begin­

ning to the present day. 
;\ cata1logue from '.\lessrs. Codbolds Ltd., Chancery Lane, on 

" Post Ofticl' Telephonl' Progress," notifying the opening of the 
ne\\ klqJhone exchange at Fleetwood, \\hich was installed by the 
Relay Automatic Telephone Company. 

\\'e han· bl'l'n a<lYise<l that beginning in January, i923, "Les 
.\nnalt's <les Postes, Telegraplws et Telephones '' will appear 
l'\'ery month instead of cYery second month as formerly. 
),!though the material will be considerably augmented the annual 
subscription wi·ll remain at 24 francs for France and 27 francs 
abroad. "Les .'\nnals" is publislied by La Librarie de 
l' Ensc�ignement Technique, 3, Rue Thenard, Paris. 

" :'\ogle Statistislw :\led<leklser \'C<lrorende De Konces­
sionercdc Tclefonselskalwr 1 Danmark , for years i919, 1920, 
1921." This pamphl et �·iws statistics of the telephone companies 
in DL·nmark, \\ hich are priYate 01ws operating on the various 
islands. From 1922 and om\·ards tlw Public Committee, which is 
the bod.\· dealing \Yith till' Companies on behalf of the State, will 
publish the statistics. 

The tables show total annual paym<'nts in 1921 per subscribl'r, 
viz., £7 to £1 I, compared with £3 TOs. od. to £6 in 1914; number 
of subscrilwrs ; expenses; cliYidend earned; depreciation; and 
balance sheets, etc. 

STAFF CHANGES. 

POST OFFICE ENGINEERING DEPART:r-.1ENT. 

,\pp()\ :"T\l E"1TS. 

The following additional officers ha\·e been 8.PJH1i11ted Assistant Enginoers on 
probation from the Open Cornpeti1 ion held last .\pril. A previous list was published 
in the Octoher number:-
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Name. Sectlon, E,-in-C.O. 

Harbottle, H. J{. 
Cohen, I. J. 

----· -----

Name. 

Hook, G. II. J. 

l{eddrop, W. II. 

Bates, A. 

Hart, W. L. 

l<odway, C. II. S. 

Kimber, J. W. 
:-.alter, E. J. 
Jenkins, W. A. S. 
1•:verett, A. E. 
Turner, A. A. 
La rner, R. H. 
Griffiths, E. F. 
Bullard, H. J. 
Eginton, A. F. 

Swansborough, R. 
Haves, A. H. 
Ilarsum, A. E. 
:Mullens, H. W. 
Petchey, F. G. 
Claydon, T. A. 
Terrill, F. G. A. 
Campbell, F. B .... 
Deacon, S. H. 
Scott, C. S. 

Houle, G. H. 
Lean, W. G. 
Ward, H. N. 
Payne, C. W. H. 
Bartlett, J. \V. , 
Grant, J. E. .

.. 

I
' 

Wilhams, J. P. 
Read, A. M. 
Heasley, R. A. 
.\l!c Evoy, J. P. 
Rowarth, R. A. S. 
�fcLauchlan, G. R. 

Vyle, R. S. 
Careless, E. D ... . 
Crockett, E. E . .. . 
Crossley, W. C ... . 
Brown, C. 
Morris, F. J. 
Miller, B. 
Friar, J . ... 
Ellis, R. H. 
Gibbins., S. 
Palk, E . ... 
Gwilliam, A. 
Warburton, W. J. 
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Research 
vVireless 

-----�--------------�---

Grade. 

Asst. J:ongr., Lmes Sec. 
twn, 1'..-in-C.U. 

Ch,el lnspector, London 
Dis trice 

Chief ll:llipeotor, Tele· 
phone Sec., E_.-m-C.U. 

Higher Exec. Ufficer, 
::i.Lancs. Dist. 

2nd Cl. Clerk, L<ln. Dist. 

do. 
3rd Cl. Clerk, L<ln. Dist. 

do. 
do. 
do. 
do. 
do. 
do. 
do. 

do. 
do. 
do. 
do. 
do. 
do. 
do. 

3r<l Cl. C1erk, N.E. Dist. 
3rd Cl. Clerk, E. Dist. 
3rd Cl. Clerk, :.l".M. Dist. 

3rd Cl. Clerk, N .E. Dist. 
do. 
do. 

3r<l C.!. CLerk, S.M. Dist. 
do. S.W. D1s't. 

do. do. 
do. S.Lcs. Dis.t. 
do. N.Wa. Dist. 
do. S.W. Dist. 
do. N.Wa. Dist . 
do. N.M. Dist. 
do. Sc.E. Dist. 
do. N.M. Dist. 
do. S.Wa. Dist. 
do. N.M. Dist. 
do. S.Lcs. Dist. 

do. S.W. Dist. 
do. S.Wa. Dist. 
do. :"J. Di st. . .. 
do. N. Dist . ... 
do. :"l".W. Dist. 
do. S.Wa. Dist. 
do. S.M. Dist. 
do. S.M. Dist. 
do. S.W. Dist. 

Promoted to 

Exec. E ngr ., Lines Sec. 
I tion, E.-in-C.O. . .. 

Asst. Engineer, London 
Distr,ict 

Asst. Engr., Telephone 
Section E. -in-C .O . ... 

Principal Clerk, London 
Dist. 

Higher Exec. Officer, 
London Dist. 

do. 
Exec. Officer, Ldn. Dist. 

do. 
do. 
do. 
do. 
do. 
do. 

Exec. Officer, 
Power Dist. 

:\let. 

Exec. Officer, Ldn. Dist. 
do. 
do. 
do. 
do. 
do. 
do. 

Exec. Officer, N.E. Dist. 
i Exec. Officer, E. Dist. 

I 
Exec. Officer . . . . . 

i 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

do. 
do. 
do. 
do. 

do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

do. 
do. 
do. 

N.E. Dist. 
do. 

N.W. Dist. 
S.M. Dis:t. 
S.W. Di;it. 

do. 
S.Lcs. Dist. 
N.Wa. Dis1t. 
S.W. Dist. 
N.Wa. Dist. 
N.M. Dis.t. 
Sc.E. Dist. 
N.M. Dist. 
S.Wa. Dist. 

N.M. Dist. 
S.Lcs. Dist. 
S.E. Dist. 
S.W,a. Dis.t. 
N. Di.st . .. . 
:"I. Di.s.t . .. . 
'i'.W. Dist. 
S.W;a. Dis.t. 
S.M. Dis,t. 
S.M. Dis1t. 
S.Lcs. Dist. 

Date. 

5: 12 :22 

To be fixed 
lateiI. 

II :10!22 

22: I I ! 22 

13: II :22 
13 : II :22 
20: I I :22 
20: I I :22 
20: I I :22 
20:11:22 
20 ! I I :22 
20: II :22 
20: I I :22 

21:11:22 
20: I I :22 
20: II :22 
20: I I :22 
20: I I :22 
20 ! I I :22 
20 ! I I !22 
20; II :22 
23 :10 :22 

I 24:10:22 
: To be fixed 

later. 
23 :10:22 
30: 10 :22 

I ! I I :22 
23 : 10: 22 
30 :10: 22 
30:10:22 
21 :10: 22 

10:11: 22 
30:10:22 

22: 10: 22 
23 : 10 :22 
19 : 6 :22 

23: IO; 22 
21 : 10: 22 
23 : 10: 22 
21 :10 :22 
20:11:22 

23 : 10: 22 
23 : 10: 22 
23; IO: 22 

I :4 :22 
23 : 10: 22 

I :4 :22 
2J ; IO; 22 
20 :  II :22 



Name. 

Mc Burnie, R. 
Brown, R. H. ... 
Martin, H. E. 
Binnington, T. c. 
Patrick, J. 
Lane, J. ... 
Mawson, J. 
Smith, c. J. 
Gain, l'. G. w. 
Howarth, R. 
Bartlett, A. H. 
Lomax, J. 
Evered, F. �f. 
Hall, G. w. 
Slate, J. F. 
Rowbotham, A. 
Franks, G. 
Eaton, J. c. 
Waller, R. E. 
Mc�1ullin, T. 
Allin, w. W. 
Dell, A. II. 
Brown, R. 
Hills, A. M. 
c;ouldthorp, A. w. 
MacCallum, H. c. 
Nixon, w. 
Mackrill, A. H. 

STAFF CHANGES. 

PROMOTIONS (continued). 
��----------

I 
(;rade. Promoted to 

3rd CJ.Clerk, S.Lcs.Dist. ! Exec. Offir., S.Lcs.Di.st. 
i do. N.M. Dist. do. N.W. Di st. 

do. S.E. D.ist .... do. S.E. Dist. 
do. N.E. Dis.t. do. N. Dist. ... 
do. Sc. E. Dist. do. Sc. E. Dist. 
do. I\. Dis1. ... do. N. Di.st. . .. 
do. N.M. Di st. do. S.Lcs. Dist. 
do. S.M. Di st. do. S.M. Di st. 
do. S.Wa. Dist. do. Sc.W. Dist. 
do. S.Lcs. Dist. do. S.Lcs. Di st. 
do. S.E. Dist. do. S.E. Di st. 
do. Sc. E. Di st. do. Sc. E. Di st. 
do. N.E. Dist. do. N.W. Di st. 
do. N.W. Di st. do. N.W. Dist. 
do. S.E. Di st. do. S.E. Dis.t. 
do. N.W. Dis.t. do. N.W. Dis·t. 
do. S.E. Dist. do. S.E. Dist. 
do. S.M. Di st. do. E. Dist. ... 
do. N.Wa. Di st. do. N.W. Dist. i 
do. S.W. Di�t. do. Ire.N. Dist. i 
do. S.Wa. Dist. i do. S.Lcs. Dist. 
do. S.M. Dist. do. S.M. Dist. . 
do. Sc.W. Dist. do. Sc.W. Dist I do. S.W. Di st. do. Ire.N. Dis.t.

, do. N.E. Dist. rlo. N.W. Di st. 
do. Sc.W. Dist. do. Sc.W. Dist. 
do. S.M. Dist. do. S.E. Di st. 
do. E. Di st. do. E. Di st. ... 

Date. 

23: IO: 22 
7: 10: 22 

23 : IO: 22 
I : I I : 22 
20 :6: 22 
l :4 : 22 

30; 10 :22 
l :4 :22 

I : I I : 22 
21 :10 : 22 

I :4: 22 
23: 10: 22 

I : I I :22 
I : I I :22 

I; 4 :22 
6: I I :22 

23 : 10 :22 
I : I I :22 
3: 12 :22 
7 :II :22 
1:12:22 

23:10:22 
24: IO :22 

7:11:22 
I : I I :22 

24; IO :22 
30: 10 :22 
24: IO :22 

Lewis, II. E. G .... do. E.-in-C'.O. do. E.-in-C.O. I :4 :22 
Suttle, E. C. do. do. clo. do. I :4 :22 
Tohn.ston , A. E .... Cler. Offir., E.-in-C.O. Exec. Offir.. E.-in-C.O. 12:12:22 
)ones, E. J. do. 
French, F. S. do. 
Wager, H. do. 
Ford, F. c. do. 

Name. Grade. 

do. 
do. 
do. 
do. 

TRANSFERS. 

do. 
do. 
do. 
do. 

do. 8: 5: 22 
do. 12:12:22 
do. I :4: 22 
do. 18: 12 :22 

-- ---------

Transferred. 
-------·--------

Date. 
From. To. 

Greenham, G. F. As,st�uptg. E=-�ondo�istrict Telepho:- Sect. T-:� 1- 22 
gineer E.-in-C.O. (Asst. 

Thow, J. H .... 

Brown, H. P. Asst. 

McGr.egor, A. Asst. 

Pennington, W. Exec. 

do. 

Staff Engr. 

Engineer 

Engineer 

South Mid. Dist. 
Staff Engineer) 

London District I-I I-22 

I Loaned to Australian Commonwealth I 24.11.22 
: 

South Les. Dist. 

South Wales Dist. 

Telephone Sec­
tion E .-in-C . 0 . 

London District 

12-1 I-22 
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CO.i\IMUNICATIONS. 
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H. C. ... 

Assistant Engineer 

do. 

Telephones " 23-9-22 
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Triumphant 

over every 
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-especially THE test-­

that of actual use for 

every kind of cable 

purpose, in every kind 

of cable circumstance. 

Henley Cable reliability 

can always be counted 

upon with certainty, 

but it shows to best 

advantage when con; 

ditions are most un; 

favourable. 

The very toughest grade of materials, untiring care in manufacture, 
painstaking research, and, above all, our specially exacting \Vorks 
Tests before delivery. have placed Henley Cables where they are­
at the ToP !-and these features justify your confidence in the name 

for the most severe 

cable service. 

W. T. Henley's Telegraph Works Co., Ltd., 

I Blomfield Street, London, E.C. 2. I 
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and tlzc Guarantee. 

OXFORD AND CAIRO. 
The first Imperial Wireless Chain 
Stations. 

NORTHOLT (Nr. HARROW). 
For British G.P.O. traffic to Central 
Europe. 

HORSEA ISLAND 
MOUTH.) 

(PORTS-

British Admiralty Station working to 
the Fleet all over the \Vorld. 

EIFFEL TOWER. 
Two 100 K.w. Elwell TransrnitLrs 
with record range of r r ,810 miles to 
New Zealand. 

LYONS. 
T\Yo 350 K:w. Elwell Transmitters 
working regularly to United States. 

�� RO.ME. 
\\Tith three 714 ft wooden masts, the 
highest wooden structures in the 
\Vorld-works regularly to U.SA. 

\Ve invite you to write for descriptive folder 
of our Broadcasting Equipment. 

C .F. ELWELE. 
Craven House.K;ngswoy.Londonw2c 
�;,:;,;;_;�::_.-;.;.:�% �!l;�·;�;JJ;'.;;,�"C::':i: 
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The chain is no stronger than its 
weakest link. The life of a valve 
is no longer than tbat of tbe fila­
ment-unless the fil;.rnent is re­

newable. This unique patented 
feature of ;\lullard Power Valves 
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cost of valves at your wireless 
station. The renewal of your 
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pnmped, it is as good as new, 
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construction permits filamc11t renewal. 
You cannot do better than u�e them-they 
w:.11 save you rn011cy. 

Trade terms are liberal and 
will be quoted on request. 

Mullard 
Radio Valve Co., Ltd. 
45, Nightingale Lane, 

S.W.12. 
Codes: Telegrams: 

ABCtSthEdl Radiovalve, Hammer London 

Contro.ctors to H.M.Admiralty. 
WorOffia?.RqyolAir force & PostOffice 
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interest to Post Office Electrical Engineers, the " Electrical 
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THE "ELECTRICAL REVIEW." 
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Direction 
and 

Position Finding 

By Wireless. 
�111111 BY 

R. KEEN. 
B. Eng. (Hons.), Sheffield, A.M.l.E.E. 

363 Pages. 250 Photographs and 
Diagrams. 

This book deals not 0111\' 
with the principles of th-e 
subject hut wi t h the construc­
tional details of direction find­
ing in,;.!allations. It describes 
the principles of Direction and 
Posi,tion Finding in this 
country in such a way that 
the subject may be grasped 
easily by engineers tackling 
this field of wireless \\'ork for 
the first time. 

Price 9 /• net. 

Postage 9d. 

CONTENTS. 

Introduction; The Theory of 
the \Vireless Direction Finder; 
Vatve Amplifiers and Detec­
tors ; }laps; Position Finding; 
:\T ight Effect and other Freak 
Phenomena; The Ship D.F. 
Station; The Shore D.F. 
Station; The Aircraft D.F. 
Station; Fault Clearing and 
Maintenance; :\Totes on Field 
and :\Tautical .•\stronornY 
Bibliography. 
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TECHNICAL BOOKS· 
Have been our speciality for over THIRTY 
YEARS. Post us your Orders. We send 

them all over the World. 

TELEPHONE TROUBLES AND HOW 
TO FIND THEM. On both the magneto 
andC.B. s.vstems. rl'housands of copies in mm all 
over the world. 19r,h edition. 1od. post free. 

THE WESTERN ELECTRIC AUTO­
.MA TIC TELEPHONE SYSTEM. By 
Anson. Should be studied by all telephoue engi-
neers. Cr. Svo, ts. 2d, post free. 

HANDY ELECTRICAL DICTIONARY. 
.Hy \VBBER: 'l'horoughl.Y up-to-date. Contains 
definitions of over 4,800 distinct words, terms and 
phrases. Cloth, 1s_ 8d. ; leatherette, 2s. 9d. 

QUESTIONS AND SOLUTIONS IN 
TELEGRAPHY AND TELEPHONY 
FINAL EXAMINATIONS. By FEW. 
Set by the C. & G. In�t. in the Final Exams in 
T. and T. for the ten years 1906--1915, with full 
solutions to th(' last papers. Or. Svo., illustrated. 

2s. 3d. post free. 

THE HUGHES AND BAUDOT TELE­
GRAPHS. By CROTCH. Invaluable 
to students , as a knowledgie of both systems is 
now <\e1nan<lPd by the examiners. 

2s. 9d. post free. 

QUESTIONS AND SOLUTIONS IN 
MAGNETISM AND ELECTRICITY. By 

W. J, WHil'.H. Contains sol utions to all ques­
tions in M, ano B. (Grade I.), set by the Board of 
l<d11c. and the C. and G. Inst .• for 1907-1921. 
.Fully iJlnstraterl. :New and enlarged edition . 
t....:l. 8vo. 2s. 9d. post free. 

THE TELEGRAPHISTS' GUIDE. By 
BELL & WILSUN. The stand ard tor Grade I. 
The new c 8th) edition has been revised and 
brought up to date by a well-known c:r.o. teacher 
of hig·h standing, an<l is recommended by all the 
electrical journals . 20th thou5aud. Cr. 8\'0.1 pro­
fusely illustrated. 4s, post free. 

TELEPHONE ERECTION AND MAIN­
TENANCE. A handbook for the con­
tractor and wireman. By H. G. WHITE. Officially 
recommende<l by the C. and G. examiners. Cloth, 
Svo. 3s. 1od. post free. 

ELEMENTARY DETERMINANTS FOR 
ELECTRICAL ENGINEERS. By FEW. 
A simple explanat.ion of the application of Deter-
1ninants /o Electrical Testing. Teleg-raphy, Tele­
phony, &c. Officially recommended by the C.� 
G. Cloth 8vo., illustrated. 4s. 3d, post free. 

QUESTIONS AND SOLUTIONS IN 
TELEGRAPHY AND TELEPHONY. 
FHW. lncludc>s rnorlel solutions to the Grade I. 
C. & G. exams. 1904-1919, as well as to typical 
questions set at. the P 0. exams. for Overseerships. 
Fifth edition 5s. 1od. post free. 

TELEPHONY. By :\IcMEE� & MILLER. 
1922 Edition. A most comprehen�;ive and up-to­
<late text-book. Officially recommended by the 
0. anct G. e-xaminers. 950 pp. :J8s. 6d. post free. 

s. 
36, 

RENTELL & Co., Ltd., 
Maiden Lane, LONDON, W �.-;: I 

Write for Catalogue 2A-___; 
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MANUFACTURERS OF 

TELEPHONE APPARATUS 

AND SWITCHBOARDS 

OF ALL TYPES AND 

FOR ALL CUMA TES. 

Peel-Conner 

Telephone Works 
(The General Electric Company, Limited). 

HEAD OFFICE AND WORKS : 

STOKE, COVENTRY. 
Telephone No. "Coventry 1310 Telegrams: "Springjack, Coventry." 

LONDON OFFICE : 

MAGNET HOUSE. KINGSWAY, W.C. 2. 
Telephone No, "Regent 7050." Telegrams: "Peelcontel, Westcent, London." 
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Factory Facts 
Here are a fe\Y which must be ot more than passing interest 
to the buyer of Electric Cable of all classes-possibly the one 
of greatest moment to readers of this Journal is-

That many of the largest contracts executed in 
the cl. & P. Factory (Illustrated below) have been 
for Telephone Cables for the Home of Dominion 
Governments. 

Next we would place on record-
That behind the factory Is a fifty years exoerl­
ence in the manufabture of Cable of all classes, 
during which period the home of the cl. & P. 
products has been constantly expanding, and 
that that expansion Is the natural result of a 
mu/tip/led demand-

Ancl next-
That, during the years which have elapsed since 
the ear/lest days of our experience, we have, in 
our search for the flnest manufacturing means 
and methods, designed and built many special 
Cable making machines-machines which have so 
definitely proved their merit that they are, to­
day, in general use the world over. 

And those facts should give you added confidence in passing 
us enquiries. 

Johnson & Phillips, Ltd. 
Ca&/c Mnkers and Electrical E11gineas si11ce '75.. 

I Charlton, London, S.E. 7. 
City Offices and Stores : 

I Z, Union Court, Old Broad Street, E.C. Z. 

Branches at : 

Birmingham, Bristol, Car­
diff. Glasgow. Liverpool. 
Manchester, Newcastle-on-

Tyne, Portsmouth, and 
Sydney (N.S.W.J 

. P:inted b�· Brnc11 & \\'111TTl."\<,Tot'', l1..pso111. a11d 
Pubh�hed b}· Tim l� ... l.ECTRICAJ RF.\"IE\\ Ll'.'111 l'ED; ar ·1, Ludi!ate Hill, London, E.C. 
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