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CONTRACTORS TO THE GENERAL POST OFFICE. 

TUNGSTONl g., STORACE BATTERIES . � 
�I •o• 'iJlt,'-' St,111""5.\\brl<s ·� 

TUNGSTONE THE INDEPENDENT BA'ITERY OF THE BRITISH EMPIRE. 

Beware 0111r.e 1i:ictie.r or lltahr am1 Sale.rRUlllL 
All of whom are handicapped in the strenuous efforts to disprove or if possible stop 
the successful progress and increasing Sales of the TUNGSTONE High-Pressure Machine 
Die-Cast Improved and Strengthened Plante Plate, which has created a World's Record 

The Salesman's Statement is Not true, that a Hand Poured Plate of any make or size 
or thickness is equal or comes anywhere near to the Metal Density, Weight. Tensile­
Strength, Rigidity or Long Life of a TUNGSTONE Plate of similar size and thickness. 

TUNGSTONE'S originality of manufacture is the only reliable, mechanical method 
that guarantees the Heaviest and Strongest Plante Plate, with greater rigidity, exceptional 

tensile strength and density of Metal. 

All other Battery Makers in the World cast Plante Plates by band 
pouring lrom Ladle using a metal, necessarily ol very high temperature 
into a heated mould causing the metal to burn and lose its nature, 

producing a plate deficient in capacity and tile. 

TUNGSTONE Original method by Machine High-Pressure ac an extraordinary and 
yet regulated speed, injects a continuous stream of Metal at a low temperature into a 

1.-fould which cannot be distorted. A greater quantity of Metal is forced into any given 
Plate Area, and evenly distributed to the extreme limits of the Mould. 

TUNGSTONE GUARANTEES NO DROSS CAST IN A POSITIVE PLATE 

No oxidization or other Chemical changes can take place in the metal during the 
process of High-Pressure Die-Casting, as the Metal is NOT EXPOSED to the air. 
Other Makers by Hand Pouring cannot guarantee NO DROSS, as the Metal and 

Mould are CONTINUOUSLY EXPOSED TO THE AIR. 

TUNGSTONE ACCUMULATOR CO., LTD., St.Bride's House, Salisbury Square, E.C.4. 





TURNER DIFFERENTIAL 
MILLIAMMETERS 
G.P.O. No. 17 
& No. 18 

exacting demands 

� for balan cing currents 

� in multi plex telegraph c ircuits. 

--------- A quality 

produ c t  of out st andi ng 

merit-----------

Also manufacturers of G.P.O. 

Detector No. 4, and a compre· 

hensiye line of instruments for 

precision electrical measure· 

ments. 
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Telephone: Hich Wycombe 301. 
Telecr .. ms: Gorceous, Hich Wycombe. 

CHILTERN WORKS, 

TOTTERIDGE AVENUE, 

HIGH WYCOMBE, 
BUCKS, ENGLAND 

NEW 
THERMIONIC 
VOLTMETER 
This instrument has been designed to provide 

an inexpensive high impedance voltmeter 

for use over a wide frequency range. It is 

mains operated, robust, and all scales are 

linear. 

Voltage Ranges : 0-2, 0-10 and 0-50. lmput capacity : 9 micromicrofarads. 
Im put resistance : 2 megohms. Dimensions of Container: 1311x511x711 (high). 

PRICE £17 . 10 . 0 (nett) 
Similar Voltmeters can be supplied for rack mounting and also for battery operation. 

MUIRHEAD & CO. LTD. 
MAKERS OF PRE CISION INSTRUMENTS FOR OVER 50 YEARS 

ELMERS END KENT 
TELEPHONE BECKENHAM 0041-2 
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A Self Contained 

CATHODE RAY 
Osc1LLOGRAPH 

T
HE "Standard " 7 4320 Cathode Ray Oscillograph is a portable, 
self-contained equipment operating fromA.C. mains, and incorporating 

a linear time base suitable for viewing waves from I 5 to 500,000 p.s. 
It includes a single stage amplifier, accurately linear for outputs cover­
ing the whole screen, the gain of which is 17 db. ± t db. (7: I) from 
IS to 15,000 p.s. 

A gas focused tube is used, necessitating only 300 or 700 volts 
on the anode. 

An example from the range of Cathode Ray 

Oscillograph Equipments manufactured by 

Sia11durd Teleplto11es and Cuhles Limited 
NORTH WOOLWICH LONDON, E.16 

Telephone: Albert Dock 1401 



LONDON TO OXFORD 

CARRI ER TYPE � 
TRUNK TELEPHONE CABLE 

Two cables each 63 miles in length, are laid in the 

same duct. 24 pairs, 40 lbs., air-space, star quad. 

Designed to operate up to 60 kilocycles per second. 

manufactured & laid for the 

BRITISH POST OFFICE 
by 

SIEMENS BROTHERS & CO., LIMITED, 
W 0 0 L WI CH, L 0 ND 0 N, S. E. 18 

Telephone: W:JO/wich 1161 
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"N EOPHON E" 

OPERATOR'S 

TELEPHONE 

The Neophone high-efficiency Operator's Telephone, 

incorporating the same basic principles which 

have proved so successful in the Neophone 

subscriber's telephone, was first intro-

IN 

•I 

duced in 1933. Since then its ever 

increasing popularity is clearly 

indicated by the sales. 

1933 

1934 

1935 

1936 

we sold 

.. II 

,, . . 

214 

714 

5,611 

41,625 
Standardised by the 

RRJTISH POST OFFICE 
and adopted by 

many 1·mporta11t overseas Telephone Administrations 
incl?tding Australia, New Zealand, South Africa, 

India, Canada, Egypt, etc. 

SIEMENS BROTHERS & CO., LIMITED, 
WOOLWICH, LONDON, S.E.18. 

Tele11/wue: WOOLWICll :20:20. 
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Made in England by 
ILFORD LIMITED, 
ILFORD, LONDON 
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THE SYMBOL OF 

PHOTOGRAPHIC SERVICE 
For over half a century Uford Limited have specialised in the 
manufacture of photographic materials for every industrial and 
scientific purpose. 

The high quality of these products has won for them a world-wide 
reputation for unvarying consistency and they may be relied upon 
implicitly for use in every branch of research and record photography, 
oscillographic service as well as ordinance survey. 

Write for copy of booklet " Photography 
as an aid to Scientific Work." 

ILFORD 
PLATES- FILMS- PAPERS 

MAKERS OF THE FAMOUS 

� &<5{tlhhrome Roll Films 

• 
JLLUSTRATED are some 

of the instruments manu-

factured to provide printing 

telegraph machines to meet 

all modern 
. . 

commun1cat1on 

requirements. 

CREED & co. LTD. 

Telephone:­

Croydon 2121 

Telegraph House 

CROYDON 
Telex:­

Croydon Telex 1082 
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BRITISH EL ECTRIC 

RESISTANCE CO., LTD. 

Contractors to H.M. Admiralty, War Office, Air Ministry, Post Office, etc. 

Ohmic Works, Queensway, Ponders End, Middlesex. (Enfield 2252, 2253 and 2763) 

A Selection of· Books for Engineers and Students 

FOUNDATIONS OF TECHNICAL 
ELECTRICITY 

By E. Mallett, D.Sc., M.l.E.E., A.M.Inst.C.E., 
F.Inst.P., and T. B. Vinycomb, M.C., M.A., F.Inst.P. 
An invaluable book for students preparing for the 
National Certificate, City and Guilds, and other 
examinations. 188 pages. Illustrated. 5.'- net (by 
post 5/5). 
"An excellent volume at a moderate price."-Technical 
Journal. 

TELEGRAPHY 
By T. E. Herbert, M.I.E.E., Superintending Engineer, 
Post Office Engineering Department. A standard 
text-book. 1,224 pages. 750 illustrations. Fifth 
Edition. 20/- net (by post 20/6). 

PRIVATE AUTOMATIC BRANCH 
EXCHANGES 

By R. T. A. Dennison, of the Engineer-in-Chief's 
Office, G.P.O., London. 304 pages. lllustrated. 51_ 
net (by post 5 / 4 !). 

RELAYS IN AUTOMATIC TELEPHONY 
By R. W. Palmer, A.M.I.E.E., Assistant Engineer, 
G.P.O., London. 190 pages. Illustrated. 10'6 net 
(by post 10 110n. 

THE C ALL INDICATOR SYSTEM IN 

AUTOMATIC TELEPHONY 

By A. G. Freestone, of the Automatic Training School, 
G.P.O., London. 124 pages. Illustrated. 61- net 
(by post 6 '4). 

OUTLINE NOTES ON TELEPHONE 

TRANSMISSION THEORY 

By W. T. Palmer, B.Sc., Wh.Ex., A.M.I.E.E. 176 
pages. 4/- net (by post 4,'5). 

PRACTICAL TELEPHONE HANDBOOK 

AND GUIDE TO THE 

TELEPHONIC EXCHANGE 

By J. Poole, A.M.1.E.E., Wh.Sc. Seventh Edition, 
revised and enlarged. 895 pages. 685 illustrations. 
18,'- net (by post 18/6). 

AUTOMATIC TELEPHONY SIMPLIFIED 

By C. W. Brown, A.M.I.E.E., Engineer-in-Chief's 
Department, G.P.O., London. 180 pages. 81 illus­
trations. Second Edition. 61- net (by post 6/4). 

Order from a bookseller or direct from 

PITMAN HOUSE, PARKER ST., p IT MAN KINGSWAY, LONDON, W.C.2 
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� ®1fLJi[l@UIJ1f SHINES 

In( ormative illustrated 
literature sent post free. 

... making 
II over the 

nee. Con­
ost Office, 

TELEPHONES LTD., 
67/73, Kingsway, London, W.C.2 

Telephones: 3271/2/3 HOLborn 

(FACTORY : BEESTON, NOTTINGHAM) 

�-THE HOME OF A GREAT TELEPHO�E SYSTEM • . • . 
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AUTOMATIC 

STAMP SELLING 

MACHINE 

HALL TELEPHONE ACCESSORIES (1928) LIMITED 
REGISTERED OFFICE & WORKS: 

70 DUDDEN HILL LANE, WILLESDEN, LONDON, N.W.10 
TELEPHONE: WILLESDEN 5141 2 l 

Suppliers to the British Post Office, the Air Ministry, the Admiralty, and Dominion and 

Colonial Governments. 

MANUFACTURERS OF 

PREPAYMENT TELEPHONE MULTI-COIN COLLECTORS, PRE-SELECTING AUTOMATIC DIALS, 

AUTOMATIC STAMP SELLING AND AUTOMATIC SLOT MACHINES, 

BUS AND TRAM TICKET PRINTING AND ISSUING MACHINES, 

FIRE ALARM APPARATUS AND SCIENTIFIC INSTRUMENTS 



The Marconi - E.M.f. Television System 
embodies complete equipment for the radio 
transmission of scenes enacted either in a 
studio or in the open air as well as projected 
by the usual film process. The Marconi­
E.M.I. equipment will transmit any number 
of lines, as required by local conditions, up 
to 405 lines, and gives flickerless interlaced 
pictures. 

The Marconi Company's unique experience 
of radio research and communication, com­
bined with the vast experience in vacuum and 
electron physics of Electric and Musical 
lndustries Ltd.-in which departments it 
possesses one of the largest research organisa­
tions in Europe-ensures the finest television 
transmission obtainable to-day. 

The special aerial system used in connection 
with these transmitters is the result of inten­
sive Marconi-E.M.I. research. It is designed 
to direct the radiation horizontally with 
equal all-round intensity and to provide an 
even response level over the wide frequency 
band demanded by the nature of television 
transmission. 

The highly sensitive and flexible Emitron 
camera enables exterior and interior scenes 
to be transmitted, without any intermediate 
processes. It also offers Broadcasting 
Authorities the most economical facilities 
possible for the radiation of their existing 
programmes as television pictures. 

The Marconi-E.M.f. Television Company, 
Ltd., is prepared to tender for all 
types of television transmitting 

j apparatus and equipment. 
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Tester and Megger 
Circuit T e sl•r? 

£1§1·M·J buys the two in­
muments illustrated here in 
a leather sling case with set of 
three leads and instruction and 
log books- a complete outfit for 
INSULATION AND CONTINUITY 
TESTING. Size s"x 7"x 4i". Weight 
61.l s. Write for Publication No. x.42 
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SIMPLIFIED C ON S TRUCTION 

OR SPECIAL FINI SH 

with 

OJ WESTINGHOUSE lD 
MET AL REC T I FIERS 

FOR BROADCASTER H.T. SUPPLIES 

Above is illustrated an H.T. supply unit with an output 

of 6,000 volts I A, smoothed 0.03 per cent. ripple. 

supplied to the New Zealand Government. This 

type is specially finished to match the radio equipment, 

and includes rectifier, mains transformer and full 

protective and alarm circuits. On the right is a 

5,000 V 2 A unit of the simplified construction type 

A Westinghouse Metal Rectifier and smoothing circuit 

has the great advantage that it is a static apparatus 

requiring neither attention, maintenance nor renewal. 

Its action is instantaneous. It can be supplied with special 

finish to match the remainder of the equipment, or as a 

and includes rectifier and mains transformer only. simple rectifier and mains transformer unit without case. 

WESTI NG H 0 USE BRAKE & SIGNAL CO., LTD., 82 York Rd., King's Cross, London, N.I 



AUSTRALIA 

xvi 

EMPIRE 

SERVICES 
Vital communications and services 

throughout the British Empire are using 

and relying upon Alton Batteries of Merit. 

Under many climes and many conditions 

these world-famed Batteries are serving as 

only true British Craftsmanship knmvs how. 

THE ALTON BATTERY CO. LTD. 
ALTON, HANTS. 

'J eleplto11e : • llton :;67 & J68. TtlrgramJ : ··Batte1y, Alton · · 

Lendon Office: Do11i11gto11 Howr, .Vorfolk Strut, W.C.2 

CANADA 

I N D I A 
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YOU HAVE BEEN WARNED BY RADIO 
Profeuor Billon on November 19th. 1936, from lbe B.B.C. broadcast a warning. The warning was lo the eHecl that while there are many really good and reliuls 
Colleges leaching by correspondence, there are many others which are colleges by name only. Be said some s�ed colleges rented a couple of roollll in a large 
building in a well-known 1treel. Some made great promises which Ibey did not intend lo fulfil. Some claimed successes they could not prove. In some euu 
the names of prominent men were quoted who were in no way connected with the working of the College. 

NOW BE ADVISED BY ME 
The big name of a College is no proof of its national standing. The Bennett College 
baa been established over 30 years and our entire building is devoted lo Bennett 
College work. No other business of any kind is either on or allachi!d lo The Bennett 
College. We have sealing acoomnoo lation for Oftr 10,000. We have a permanent 
lla!f ol Oftr 190 people on lbe College premises. Our Proleuional Stall have all 
paued their examinations, and our tutors are &11 enerls in their own specialised 
work. We do nol 1end out any homework lo be corrected bJ tired, spare-time tutors. 
All students' homework is corrected on the College premises the same day lbal 
ii arrins, and ii relomed by e.ening pest. This College is Technical, Scienli fie, 
General and Commercial, thns enabling ns to cater for &11 requirements ; this is 
lmporianl lo Oocl and Works Accountants, and &11 who have lo deal with rale­
hing macbining-&llowance, and ii is aJao ol great importance in many of the 
Civil Service Examinations. This is an entirely British College. Most of our 
brlboob are written on the College premises by our professional staH, especiallJ 
for tutorial purpoees. Our tulon specialise in leaching students for the en.minalions 
they thellllelves have &!ready paaed. 

THERE IS NO OTHER COLLEGE IN THIS KINGDOM THAT 
CAN CLAIM ALL THE ABOVE ADVANTAGES 

It is not neceuary for stadenls lo attend the College : we can send e:raclly the same 
tuition lo you by I>Ott for a reuonable lee payable monthly. Anyone who reads the 
journals knows lbal there &re many thinp advertised that one 
can study, and any kiod of study is good. II is tr&ioi11g for the 

•• 

LET ME BE YOUR FATHER 
UI me tell you. hOUJ to make a sucuss of yo11r carttr 
If your future is mulecidtd or appears 11n.satisfact0t'y, 
let us talk it over together. 
I want lo help. and it will cost you nolhing to gtt my 
Julp; vou unll be under no obligation whalevtr. 

CAN YOU CHANGE M\' 
EXPRESSION ? 

IF SO, YOU MAY BE THE 
ARTIST THAT CCMMERCE IS 

WAITl!'-.G J.OR 
Just try for yourself, trace or 
draw the outline and then put 

in the features. 

There are hundreds of openin11 in cooneo­
tion wilh Humorous Papen, Adnrtisemenl 
Drawing, Posters, Calendars, CatalOiUfl, 
Textile Designs Book Illustrations, tic .• 

etc. 6o % of Commercial �ork Art is 
done by " Free Lance Ar�ists " w�o do 
their work at home and sell 1t to the highest 
bidders. Many Commercial Artists draw 
retaining fees from vanous sources ; 
others prefer to work lull-time employ· 
ment or partnership arrangement. \\ e 
teach you not only bow to draw what is 
wanted, but bow to make buyers want 
what you draw. Many of our s�udents 
who originally took up Commercial Art 
as a hobby have since .turned. it mto _ a 
full·time paying profession

. 
with stud1_0 

and staff of assistant artists-there is 

no limit to the possibilities. 
Let us send full particulars for a FREE 

TRIAL and details of our course for your 
inspection. You will bt under no obligation 
whatever. 

brain, but the best lbiag lo study, surely, ii a coune speciallJ prepared lo leach 
your own vocation, or prepare you for the examinations which you have in view. 
Knowing that you are master of your job rives you S!U-confldence and personality, 
bot a Diploma from a College is absolute proof of your e llciency. We have 
agencies in &11 English-speaking corners of the world. The nature of our 
business makes us keep in touch with employment requirements in all parts of 
the world, therefore we specialise in P"P&rinr students for the good positions 
which we know exist, and for &11 worth-while examinations. 

THE ABOVE VAST ORGANISATION CAN HAVE BEEN CREATED 
ONLY BY THE SUCCESS OF OUR STUDENTS 

There is a lids in the aHairs of man which, if taken al the tlood, leads on to 
fortune and succeu. There are three thinp which come not back : the 1ped 
arrow, the spoken word and the Jost opportunity-this is your opportunity. 
If ii is your desire to make progress and eslabliah yourself in a good career, 
write lo us for free particulars on any subject which interests you, or if your 
career is not decided, write and tell us of your likee and dislikes, and we will 
�ive you practical advice as lo the ))OSlibilities of a vocation and how lo succeed 
m ii. You will be under no obligation whatever. II is our pleasure lo help. 
We never take students for courses unless we feel satisfied they are ruilable. Do 
not forget that success is not lhe prerogative of the brilliant. Our experience 

of over 30 years proves that lh• U!ill to sucued acbievee men 
than outstanding brilliancy. 

JYe are prepared to f>r°'l"ce, on demand, 

OL'er 10,000 unsoliciled testimonials from 

successjul students, or in default u·e u:lU 

hand ovu £too to riraril}. 

SIGNS OF THE TIMES 

ARMAMENTS 

means 

MASS PRODUCTION 

means 

JIGS, TOOLS, FIXTURES, ETC. 
Our extended course on DRAUGHTS­
MANSHIP teaches the Design. Our 
PRACTICAL ENGINEERING teaches 

the manipulation. 

THE AIR FORCE 
is Lo be increased. All branches ot 

ENGINEERING MUST DEVELOP 

CIVIL SERVICE 
Suitable to both sexes. Ages 1sl to •4· 

Pay Cuts have been restored. 

G.P.O. ENG. DEPT. 
CUSTOMS AND EXCISE ; INSP. OF 
TAXES, Etc. NO EXPERIENCE RE­

QUIRED. OPEN EXAMS. 
TELEPHONY, RADIO and MOTOR EN­
GINEERING are txpanding rapidly. 

There are lots or vacancies. 

MATRICULATION 
There are many ways of commencing a 
career, but Matriculation is the jumping· 

off board for all the best ones. 
'We prepare Candidates for all. 
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Btandarcl 
CONDENSERS 

for 

ALL REQUIREMENTS 

Q
UR North Woolwich 

Factory is equipped 
with the most modern 
plant for production of 
Power, Telephone and 
Radio Condensers of the 
highest possible quality. 
If you are in the ma rket 
for condensers we shall 
w e l c o m e  t he oppor­
tunity of qu oting you 
upon re ceipt o f  your 
requirements. 

Siandurd Telephones and Cuhles limlt�d 
NORTH WOOL WICH, LONDON, E.U 

Telephone - - • Albert Dock 1-401 
BRANCHES & REPRESENTATIVES THROUGHOUT 

THE WORLD 
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Present Tendencies of Power Development and their 
Repercussions upon Telecommunication Systems P. B. FROST, 

B.Sc. (Eng.), M.l.E.E. 

This article reviews the development in electric power systems and the possible effects on the telephone network 
from the aspects of danger to personnel, damage to plant and noise interference 

GENERAL PRINCIPLES OF TELEPHONE INTERFERENCE 

B
EFORE telephone interference from power 
sources can be understood it is necessary to 
visualise the conditions under which a power 

system may be capable of causing these disturbances 
and then to consider the characteristics of a telephone 
circuit which make it sensitive to the disturbing 
conditions. 

A power system can cause disturbance in a neigh­
bouring telephone line only if it has an external 
electric or magnetic field. 

External Electric Fields. 
An external electric field exists when the potentials 

of the individual line wires are not balanced with 
respect to one another and to earth. Even when the 
potentials of the individual wires are so balanced the 
wires may be so widely separated as to permit each 
to have an electric field of disturbing strength in its 
immediate vicinity. It is obvious that a high voltage 
line in a lead covered cable does not produce an 
external electric field. A 3-phase system earthed at 
the neutral, or insulated from earth and balanced in 
respect to earth by regular rotations, does not give 
rise to an external electric field except in the close 
vicinity of individual wires. On the other hand, a 
single-phase spur from a 3-phase system earthed at 
the neutral has unbalanced voltages with respect to 
earth and therefore produces an external electric 
field. 

A 3-phase system insulated from earth and 
balanced in respect to earth by regular rotations 
creates no external field unless the balance of the 
potential to earth of individual wires is upset by an 
accidental earth on one phase. As a rule, electric 
fields do not cause trouble except with very high 
operating voltages or very close separating distances. 
The effect of an electric field need only be taken into 
consideration in three cases which occur in practice: 

(1) An insulated 3-phase system which is con­
tinued in operation with an earth fault on one 
phase. 

(2) A single-phase spur from any 3-phase system 
and 

(3) An electrified railway with overhead contact 
wire or wires, with return by the rails. 

A 

External Magnetic Fields. 
An external magnetic fie�d exists when the currents 

flowing in the power lines are unbalanced, so that a 

residual current returns from some distant point 
through the earth. It may also be remarked that 
even when there is no residual current, if the con­
ductors are not close together an external magnetic 
field will be formed in the close vicinity of individual 
conductors of the power line. 

When some part of the current in a polyphase 
system returns by the earth it distributes itself in the 
earth to a great depth and extends laterally over a 

very wide area. The effect of the current is to pro­
duce a pulsating magnetic field which induces 
currents in any telephone line roughly parallel with 
the power line. Fig. 1 indicates a step-up trans­
former with earthed neutral feeding a high voltage 

FIG. }.-EFFECT OF EARTH FAULT ON 3-PHASE SYSTEM. 

transmission line. The path of the unbalanced fault 
current returning through the earth from the fault on 
phase 1 is indicated. 

The conditions under which a power system gives 
rise to a current of fundamental frequency, flowing 
in the earth, must now be considered. 

A 3-phase system earthed at the neutral carries 
balanced in-phase currents and balanced capacitance 
or charging currents, provided that all three lines 
are balanced in respect of their insulation and 
capacitance to earth. \Vhen a fault to earth on one 
line occurs the faulted phase line carries, in addition, 
a current which returns from the fault by way of the 
earth. The capacitance to earth of the faulted phase 
is greatly reduced and the capacitance currents in 
the syst£m also become unbalanced. 

An earth fault on an insulated system, by up­
setting the balance of the capacitances of the lines to 

1 



earth, also leads to an unbalanced residual charging 
current, which returns by the earth. 

An insulated system will also cause a flow of 
current in the earth when two earth faults exist 
on different phases simultaneously, at a distance from 
one another. 

Any power line which is built unsymmetrically and 
is not transposed or rotated will also have an 
unbalanced or residual charging current, of which the 
return path is the earth. An extreme example of 
an unsymmetrical system is an alternating current 
railway in which the uninsulated rails carry only 
part of the return current, much of which finds its 
way back by the earth. 

So far the effect of currents at the fundamental 
frequency only have been considered, but it may be 
taken that (in 3-phase systems earthed at the neutral) 
the same remarks apply to any harmonics of odd 
frequency, such as the 5th, 7th, 11 th, 13th, l 7th, 
19th, etc. The ternary harmonics (3rd, 9th, 15th, 
2lst, etc.) are, however, always in phase with each 
other in all the line conductors, and therefore 
together produce a residual or resultant current in 
the system as a whole, even in a perfectly sym­
metrical system ; in general any ternary harmonic 
voltages present in the source may produce charging 
currents of the same frequency that return by the 
earth. 

No alternating current system is free from 
harmonics, though every effort may be made to re­
duce their magnitude. Even direct current systems 
fed from rotating plant, and especially when fed 
from rectifiers, contain alternating components 
superimposed on the direct current, which, if the 
system is not uniformly balanced in insulation and 
capacitance to earth, will return by the earth and 
cause interference in imperfect telephone circuits. 

Effect on Telephone Circuits. 

The chief causes of the flow of currents in the 
ground having been briefly indicate<l, consider­
ation may now be given to their effect on 
telephone circuits exposed to the pulsating magnetic 
field. In both wires of a telephone pair E.M.F.'s 
will be induced, but these will not be equal because 
the two wires are not in identically strong fields. 
A perfect system of transposition or rotation of the 
telephone pair may eliminate this inequality, but 
any lack of equality of resistance or of insulation 
resistance or of capacitance to earth of the two wires 
forming the pair, or any lack of uniformity in the 
distribution of these characteristics along the line, 
may cause currents to flow round the loop through 
the terminal apparatus and therefore may cause 
noise interference in the receivers. Unbalance to 
earth of the terminal apparatus produces the same 
result. Telephone circuits in cables are so nearly 
balanced and so well rotated as not to suffer appreci­
ably from noise interference due to imperfect balance 
of the line, but terminal unbalance may still cause 
noise interference if the circuits are subjected to 
longitudinal induced noise volt;i.ges. 

It is also important to note that a perfect telephone 
line which is exposed to longitudinally induced noise 
voltage, although silent when connected to a perfectly 
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balanced termination, will become noisy if it is 
connected through to an unbalanced local line or even 
to a balanced line which is connected to unbalanced 
terminal apparatus. 

\Vhen an open wire telephone circuit is subjected to 
the influence of a pulsating electric field, imperfect 
balance of the capacitances of the two conductors to 
the power line or to earth, unequal ohmic resistance 
or unequal insulation resistance of the two con­
ductors, lack of uniformity of the distribution of 
these characteristics along the line, or imperfect 
balance to earth of the local line or terminal 
apparatus, will result in a residual current circulating 
through the terminal receivers and therefore in noise 
interference. 

A telephone circuit in an earthed lead sheathed 
cable is, of course, completely screened from the 
effects of an electric field. The sheath also affords a 
measure of screening against induced voltages due 
to the magnetic field, particularly at audio 
frequencies. 

There is one other important aspect of power 
interference. In the case of severe exposures such 
as occur with long parallels or with small separating 
distances the earth fault current of the power line 
may be so great as to induce in the parallel telephone 
line very high longitudinal voltages capable of causing 
the operation of protectors and therefore giving 
rise to acoustic shock or creating, while they last, a 
dangerous hazard for linemen. The precautionary 
measures available to the power engineer on the one 
hand and to the telephone engineer on the other to 
keep this effect within bounds are described later. 
It should be emphasised that, although a perfect 
telephone circuit is immune from noise interference, 
the telephone engineer has no defence within his own 
hands against longitudinal induced voltages. At 
best he can reduce their magnitude or mitigate their 
effects. 

GENERAL REVIEW OF THE TENDENCIES OF POWER AND 

TELECOMMUNICATION DEVELOPMENTS. 

The following aspects of power development will 
be briefly considered :-

The extensive development of the grid with 
its network of 132 kV overhead lines, its 
secondary lines at 33 kV and the many lower 
voltage spurs. 

The growing demand for multiple earthing of 
both high and low voltage systems. 

The use of electrode boilers and water heaters. 
The extensive adoption of mercury arc 

rectifiers. 
The growth of railway electrification. 
The gradual suppression of tramways and 

growth of trolley vehicle systems. 
The growing need for joint construction. 
The use of P.O. lines for control circuits and 

indicating circuits between power stations. 
The future of transmission by direct current. 

Concurrently with these tendencies we should 
remember what is happening in the development of 
telecommunication circuits. The main trunk and 
junction system of the country is rapidly going into 



underground cables, a step rendered possible by the 
development of thermionic valves. A gradual 
displacement of C.B.S. No. 1 exchanges is taking 
place and less use is being made of the earth for 
signalling. Other tendencies include the extension of 
carrier working, the practical disappearance of earth 
return talking circuits and a gradual disappearance 
of earth return telegraph circuits in favour of V.F. 
telegraphs. It must, however, be remembered that 
in extending the distances over which dialling into 
automatic exchanges is practised there may be a 
considerable extension of battery dialling with earth 
return. There are also many types of coin box 
circuits still in use which employ some form of earth 
return circuit in the calling condition, but their 
length is generally short, and cases of noise inter­
ference during the talking condition are of rare 
occurrence. 

THE DEVELOPMENT OF OVERHEAD POWER LINES. 

The development of overhead power lines has 
progressed very rapidly since the Central Electricity 
Board was set up in 1926. The Grid is now practi­
cally complete and forms the backbone of the system 
of electricity distribution in bulk. Its effect has, 
therefore, been to stimulate the growth of an 
elaborate network of lines in all parts of the country. 
Overhead power lines have brought problems to the 
Post Office, which may be considered under three 
main headings. 

1. The danger of physical contact between power 
lines and telecommunication lines. 

2. The dangers arising from high induced voltages 
in telephone lines caused by heavy earth fault 
currents from parallel power lines. 

3. The general degradation of telephone circuits 
by noise induction from the residual or 
unbalanced component currents in power lines. 

Physical Contact, Low Voltage Lines. 

\Vith low voltage lines the danger of contact can 
be materially reduced by providing covered conductors 
at crossings and proximities. 

The power wires or the telephone wires may be 
protected by the use of an insulating covering of 
P.B.]. or V.C.J. Alternatively, earthed guard 
wires may be used to prevent contact with 600 volt 
trolley wires. P.B.]. consists of impregnated paper 
tapes, a cotton lapping, and a braiding which is 
impregnated with linseed oil and red lead and 
ultimately coated with paraffin wax. V.C.J. covering 
is similar, but varnished cambric is used in place of 
paper, and gives a higher insulation. This covering 
has excellent weathering properties. A perfect 
insulating covering has not yet been discovered, but a 
number of manufacturers is still investigating the 
problem. 

Such accidents as have occurred have been mainly 
due to abrasion of the protective covering by the 
sawing action of a broken bare wire being drawn 
across it. \Vhen the P.O. wires cross above power 
wires it will generally be arranged in future that the 
neutral or alternatively an earthed guard wire is 
strung above the live insulated power wires so as to 
prevent any direct contact. 

Physical Contact, High Voltage Lines. 

With high voltage lines the utmost care must be 
taken, by adequate separation and by more robust 
construction at crossings, to prevent direct contact 
with telephone wires. Collapse under exceptional 
storm conditions may be prevented by additional 
staying. The risk of a conductor falling may be 
minimised by the use of duplicate insulators, bridles 
and stranded conductors. Insulators of a voltage 
flash-over value higher than that of those on the 
rest of the line may be used at crossings, so as to 
prevent a flash-over which might burn the conductor 
through if the arc persisted. Arcing horns are often 
used to prevent the burning of the conductor and to 
deflect the arc from the insulator. 

At the majority of crossings of Post Office wires 
substantial earthed guards are provided between the 
power wires above and the telephone wires below, 
so that a broken power wire will be caught by the 
guard and also so that a broken telephone wire may 
not be blown by wind into contact with a power wire. 
At sharp angles separate vertical side guards may 
be used. 

At the 132 kV crossings the more certain precau­
tion of placing the telephone wires in U /G cable has 
always been adopted-indeed this form of crossing 
is accepted as an alternative to guarding at the lower 
high voltages where the telephone lines are sub­
scribers' lines or short junction lines, and the loss 
of transmission efficiency, which undergrounding 
involves, can be tolerated. Although at such under­
ground crossings a special low capacitance cable is 
employed, the losses due to reflection, when a number 
of crossings of one route occur, are considerable and 
are to be avoided if possible on long lines. Fortunately, 
long overhead lines are becoming rare. 

Longitudinal Induced Voltages. 

It has been stated that where power lines and 
telephone lines run even approximately parallel for 
long distances, a heavy unbalanced current due to a 
fault on one phase, which current returns by the earth 
to the earthed neutral point of a power system, will 
induce magnetically a high longitudinal voltage in 
the telephone lines. Every effort is therefore made to 
avoid such severe exposures as would result in 
the voltage in the telephone lines exceeding 300 
during the short time, sometimes only a fraction of 
a second, but sometimes several minutes, between 
the occurrence of the fault and the operation of the 
circuit breaker which cuts the current off. In many 
power systems such circuit breakers are arranged to 
close automatically three times before remaining 
open. 

A great deal of experimental work has been neces­
sary to verify the truth of the formul� derived by 
Carson and Pollaczek concerning the coupling 
between parallel lines with earth return. It was 
necessary to study the depth and lateral distance to 
which the alternating earth currents spread and this 
was found to depend upon the soil resistivity, not 
only near the surface but of the rock substrata, and 
also upon the frequency. The separating distance 
between the lines plays an important part. The 
principles were only thoroughly established after 
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experimental work had been done in several countries 
under widely varying conditions. 

When the Post Office receives a notice of the in­
tention to construct a new power line it is necessary 
to refer to the map record of high voltage power lines 
in order to ascertain what is the most severe coupling 
between the new line, including any section of the 
existing power network of which it forms an 
extension, and the most severely exposed telephone 
line. In making this computation attention must 
be paid to the varying separation between power 
and telephone lines and in calculating each compon­
ent part of the induced voltage the appropriate 
ground resistivity must be obtained from the resis­
tivity map, which is reproduced to a small scale in 
Fig. 2. In important cases the resistivity may 
have to be checked by measurement on the site, or, 
where the ground is known to be stratified, the equi­
valent resistivity may be computed with sufficient 
accuracy from the curves referred to below. 

When the appropriate resistivity has been deter­
mined the mutual inductance curves sh(Jwn in 
Figs. 3 and 4 enable the induced voltage to be 
computed. 

These curves are suitable for use when the soil is 
homogeneous, but where the earth is stratified and 
there is a wide difference between the conductivity 
of the upper and lower layers their use would lead 
to errors. 

APPARENT RE�STIVITIE!. 
OHM!/ CENTIMETN: 
lIIIIIIIIll LESS THAH .JJ)OO 

� 3POO TO J0,000 

FIG. 2.-MAP SHOWING EARTH RESISTIVITY. 

The P.O. Research Branch has recently prepared 
a set of curves based on mathematical calculations 
from which the equivalent resistivity of the soil may 
be computed if the conductivity of each of the two 
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assumed homogeneous layers and the depth of the 
upper one are known. 

When the equivalent resistivity has been deter­
mined the curves of Figs. 3 and 4 are used in the 
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normal way to find the corresponding induced volt­
age for the separating distance of each section of 
exposure. 

When the total induced voltage per ampere of 
fault current has been calculated, it is a simple 
matter to determine what maximum fault current can 
be tolerated, assuming that the total induced voltage 
must be limited to 300 V. or in exceptional cases to 
420 v. 

The power undertaker is then advised what is the 
maximum fault current that can be tolerated and 
is expected to ensure that it is not exceeded by the 
use, if necessary, of an impedance between the 
neutral point and earth or by the use of series 
reactances in the lines. 

An alternative available to the power engineer is 
to avoid earthing the neutral and to employ a system 
completely insulated from earth. In this case it 
requires simultaneous earth faults on two phases, 
some distance apart, to give rise to serious induced 
voltages in neighbouring communication lines. 

Another development of comparatively recent 
application in this country is to earth the neutral 
through a very high inductance often known as a 
Petersen coil. If the inductance of this coil is care­
fully balanced against the joint capacitance of two 
of the line wires, an earth fault on the third con­
ductor will not result in any appreciable current 
flowing through the fault. Providing the not un­
usual practice of short-circuiting the Petersen coil 
to clear those faults which are not self-suppressing is 
prohibited, the use of Petersen coils promises to be 
a satisfactory solution of the induced voltage problem. 

In some of the Grampian Co.'s lines involving 
extremely long parallels this scheme is being 



adopted, but several Petersen coils located at 
different points on the system are being used. 

In demanding that a considerable impedance of 
any kind be connected between neutral and earth it 
must be remembered that the additional expense of 
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insulating the transformers for the full phase voltage 
even at the neutral point will have to be faced, 
whereas it is not uncommon to grade the insulation 
of very high voltage transformers to save expense. 

The objections to high induced voltages in tele­
phone lines are that they may 

(1) create a dangerous hazard for linesmen both 
on overhead lines and to a lesser extent on 
lines in cable. 

(2) cause the operation of protectors and, as the 
protector on one leg always operates before that 
on the other, a heavy rush of current will 
occur through the terminal apparatus, including 
the receiver, as will be clear from Fig. 5. Such 
a rush of current may be the cause of acoustic 
shock. 

(3) in some circumstances cause damage to apparatus 
and give rise to exchange fires. 

Safety Precautions on Telephone Lines. 
Cases arise in which it is impracticable for any 

further measures of precaution to be taken by the 
power undertaker and it is therefore inevitable that 
precautionary steps should be taken by the Post 
Office. On overhead lines exposed to the risk of high 
longitudinal voltages the risk of shock can be 
reduced by n:moving the pole earth wires from 
contact with the arm bolts and also by cutting out 
about a foot of the earth wire at ground level, a step 
which has been found not to impair the value of the 
earth wire as a protection against atmospheric 
disturbances. Insulators may also be inserted in stay 
wires. 

The lines themselves can be broken up by means of 
one to one transformers into sections of such length 
that not more than 300 volts would be induced in any 
one, under the most severe conditions. This step 

is naturally limited by the transmission loss 
permissible and by the requirements of dialling and 
junction circuit signalling. 

Transformers suitable for speech transm1ss10n 
with minimum loss are not suitable also for trans-

Equal lon9itud1nal 
Voltages 1n both legs 

oF Telephone line.
-----==----=--+---==--� 

Receiver 

FIG. 5.-CAUSE OF CURRENT IN RECEIVER WHEN A LINE 
SUBJECTED TO HIGH LONGITUDINAL VOLTAGE DISCHARGES 
THROUGH ONE PROTECTOR BEFORE THE OTHER. GAP A HAS 

BROKEN DOWN BEFORE GAP B. 

mitting signalling currents at 16i c.p.s. Signalling 
at 500/20 c.p.s. is practicable, but the available 
apparatus i s too expensive and bulky for use where 
the number of circuits is very small and furthermore 
the acccmmodation in small country offices is limited. 

An important step towards the solution of the 
problem will have been taken when a method of 
signalling which employs signalling currents within 
the frequency range effectively transmitted by under­
ground lines has been made available at low cost. 

The only other protective method available at 
present is to provide gas-filled protectors at suitable 
intervals to ensure low impedance paths to earth 
which will break down under the influence of a longi­
tudinal induced voltage of dangerous magnitude and 
allow a current to flow in the line sufficiently high 
to dissipate the induced voltage. As such protec­
tors may be damaged by lightning they should be 
shunted by a spark gap, a small inductance being 
used in series with each tube protector. Lightning 

!nduc.tance 
Coils 

Gas Filled 
Tube 

FIG. 6a.-DIAGRAMMATIC ARRANGEME:-.iT OF Two GAs­
FILLED DISCHARGE TUBES CONNECTED TO A TELEPHONE 
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will discharge through the spark gap, whereas power 
induced n1ltagcs at 50 c.p.s. will discharge through 
the protector tube and its series in<luctance relatively 
easilv. 

Tl;e tnhes which arc about to he ttscd for the first 
time in a practical case exhibit a slight glow dis­
charge at I t>O YOlts an<l break clown and form an arc 

at less than 2.->0 volts. :\s the rnrrent rises to the 
capacity of the tube the voltage across the tube falls 
to less than :m. During operation of the tubes, 
t hcrdon'. 1m part of the lines protected should 
exccP<l this Yoltage t11 earth. 

Fig. 6 shows the theoretical circuit arrangements 
;i1Hl potential of a line protcnc(l h_\· gas-filled tubes 
and Fig. 7 is a photograph of a t11bc snitahle for 

discharging repeated impulscs of lO amperes for 
JO sernn<ls from each line wire, an interval being 
allowccl between successive discharges for cooling. 
\\"hen further experience has been gained, the use 
of gas-filled tubes will form the subject of a separate 
article in this Journal. 

Jn the comparati,·ely rare case when it is ncces­
sar)' for the l'ost Office to la�· a teleplwne cable in 
a situation in which it will he seriously exposed to 
power induction, recourse may h<' had to special 
t\'pes of cable sheath. 

· The screening factor of a cahlc sll(•ath of full size, 
the rnnductivit_\" of which is increased hy the provi­
sion of a b\cr of hcayy copper con<iuc:tors under th<? 
sheath and in contact with it, may he such as to 
reduce the n>ltage in(lucccl in thl' n;ndnctors to one­
tcnt h of that which \\·ould appear in open wires. The 
screening effect ma�· also IK· material ly impron·<l hy 

the provision of a double iron tape armouring. 
The p:irticular graclc of iron used for the tape may 

be chosen to give the maximum screening at com­
mercial frequencies ancl in the strong fields produced 
by heavy currents in neighhouring power circuits, 
or to give a maximum effect in weak fields at speech 
frequencies such as would be rcquire<l if noise inter­
fcrencr were anticipated. 

\\'here the sheath is depended upon for screening 
it is of vital importance that it should be well earthed 
at frequent intervals. As good earths arc difficult to 
construct and maintain, the continuit,· of the sheath 
should never be interruptecl. 

· 

(i 

The following precautionary measures are avail­
able for recltl<.'ing the risks to men \\·orking upon 
circuits in cables, exposed to high induced voltages. 

Trunk circuits terminated on transformers mav 
sometimes be interrupted b:-· transformers withotit 
other drawback than transmission loss. The screen­
ing factor of the sheath of a large cable may reduce 
the voltage inducecl in the conductors to less than 
one-half of what it would he on open wires, similarly 
exposed. \\"hen a sleeve is to he slipped, therefore, 
the sheath must he bridged across in advance to 
maint;iin its concluctance. Something can be done 
by providing special rnbhcr boots and protective 
clothing for the men ancl hy ensuring, hy the use of 
dry wood guards, that cluring work upon conductors 
they do not make direct. contact with earth or 
manhole walls. 

Cable sheaths can he covered up witli insulation 
such as old motor tyres dnring actual jointing work. 
It would not be possible to 11Se rubber gloves. 

The difficulty of the Department's problem of 
ensuring safety is r.onsiclerably greater than that of 
ensuring the safe jointing of live low \'oltage mains, 
for the very reason that the presence of an induced 
voltage is a rare ancl unexpected occurrence an<l is 
usually of short duration. 

Noisr Jnlcrfcrwcr. 
With regard to the thin\ difficulty introduced by 

power lines, that of noise interference, it may be 
said that no power system is free from the presence 
of a considerable num her of parasitic currents of 
higher frequency than the fundamental of which the 
3rd, 5th, 7th, !lth, l lth, 13th, rnth, l7th, 2lst, 
barmonics arc the most common. These harmonics 
may originate in the generating plant or may be 
introduced by transformers in which the iron is over­
sat ura ted. 

Fig. 8 indicates the effect upon a sine wave of a 
third harmonic componC'nt. It will he noticed that 

fundamen�I 
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the phase relationship between the fundamental and 
the third harmonic affects the form of the complex 
wave. 

The disturbing effect upon a telephone con\'ersa­
tion of the various individual frequencies that may 
be present is by no means equal. Fig. 9 gives the 
relative values of the average disturbing effects of 
the different single frequencies when the value of the 
voltage of each frequency , at the receiver terminals, 
is the same. 

When cndravouring to assess objectively the dis­
turbing effect of a power noise comprising a mixture 
of harmonics, it is necessary to use an instrument 
which will make a suitable allowance for each 
frequency present. Such an instrument has been 



designed and comprises a weighting network based on 
Fig. 9, a valve voltmeter or amplifier and indicating 
instrument. The instrument, known as a Psopho­
meter. is now in use by many administrations and 
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has already aroused considerable interest among 
power manufacturing and operating companies. 

When dealing with the general principles of inter­
ference a reference was made to the fact that the 
residual current in a power line consists mainly of 
the ternary harmonic currents, as the non-ternary 
harmonics should balance out in the three lines. 
Harmonic analyses of residual currents, however, 
frequently reveal the presence of a certain proportion 
of non-ternary harmonics generally of low ampli­
tude, due presumably to imperfect balance of the 
system. The use of a delta winding of sufficiently 
low impedance, primary, secondary or tertiary, on 
the line will go far to eliminate ternary harmonics 
from the line by providing a local path for their 
circulation. This precautionary step is adopted by the 
Central Electricity Board and is generally recognised 
as necessary by undertakers. 

It has been pointed out that no telephone circuits 
even in cable are so perfectly balanced as to be 
entirely insensitive to noise interference, though cabled 
trunk circuits terminated on transformers approach 
closely to this ideal. 

In practice it is generally found that providing the 
danger of high induced voltages is avoided by 
adequate separation, the question of noise interfer­
ence arising from lines fed by large modern plant 
need not be closely considered. Noise interference 
is largely reduced by a suitable system of transposi­
tions of the open wire telephone lines, by balanced 
line characteristics of the two wires and by the use of 
terminating equipments which are properly balanced 
to earth. Telephone lines must therefore be care­
fully constructed and maintained, and when the 
power undertaker's line is suspected of being the 
cause of interference, the first step is to make sure 
that the Post Office line is balanced in all respects. 

Earth return telegraph lines affected by exposure 
to a power line over part of their length, and con­
tinued over trunk telephone routes elsewhere, have 
frequently caused noise interference on the telephone 

lines by secondary induction. In such cases diver­
sion has generally been adopted as the only effective 
cure. 

MULTIPLE EARTHING. 

High Voltage Networks. 

With the development of the grid and its secondary 
lines there has been a tendency to interconnect 
systems and to establish ring mains. 

Power systems are earthed in order to limit the 
stress upon the insulation and to ensure the rapid 
clearing of faults. A section of a large system which 
is earthed at one point only may be cut off from the 
earthing point by the operation of circuit breakers 
under fault conditions so that the disconnected section 
is left unearthed. To avoid this danger, operating 
authorities frequently desire to earth at a number of 
different stations. Research tests upon representa­
tive high voltage lines show that noise interference 
is not necessarily increased by multiple earthing. On 
the condition that steps are taken to limit fault 
currents, approval has already been given to multiple 
earthing in numerous instances, and operating experi­
ence has confirmed the results of the tests. 

High voltage lines are generally built across country 
and close coupling with telephone routes on roads 
does not often occur. When it is remembered that 
the harmonic currents of audio frequencies spread 
less far afield in the earth than does the fault current 
of fundamental frequency, it will explain why noise 
interference between widely separated lines has not 
caused appreciable trouble. 

Low Voltage Networks. 

The requirements of voltage regulation, particu­
larly where loads cannot be sufficiently well balanced 
between the different phases, involve the general 
interconnection of low voltage networks. A single 
earth connection on a large interconnected network 
fed by a number of transformers may be too remote 
from a fault to provide certain operation of overload 
protective gear. Where interconnecting switches 
interrupt the neutral as well as the phase conductors 
there is some danger that a fault will isolate a section 
of the network from the single connection with earth. 
These considerations have led to the need for earth­
ing the neutral points of all the transformers feeding 
an interconnected network. Where it is particularly 
difficult to ensure a good earth on account of rocky 
or sandy soil the need for such multiple earthing is 
greater. 

A further development of multiple earthing, new 
is this country, is likely to be widely adopted in rural 
areas where sufficiently low earths cannot be ob­
tained for the safe earthing of consumers' apparatus. 
This involves earthing the neutral conductor not only 
at the substation but at all consumers' premises and 
at other convenient points. If the precautions 
referred to below are taken it is considered that the 
neutral conductor may then be safely used for earth­
ing consumers' apparatus and that this practice will 
overcome the difficulty of clearing faults by ensuring 
the rapid operation of overload protective apparatus. 

The neutral wire must be of sufficient sectional 
area to prevent more than a total overall drop of 
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50 V. in it when it is carrying a heavy fault current. 
It must be well earthed at frequent intervals and in 
addition at every consumer's premises. A suitable 
disposition of the earthing points must be chosen so 
that even with a total drop of 50 volts in it no part 
is more than about 30 volts above or below earth. 

No part of the low voltage earth electrode system 
must be within the voltage gradient of the electrode 
used for earthing the high voltage apparatus at the 
substation, for this would cause all consumers' 
apparatus to rise to a dangerous potential above earth 
if a fault occurred on the high voltage side at the 
substation. To avoid a break in the neutral, no 
fuses can be tolerated on the neutral side of the 
circuit though links may be provided for testing. 

The objections to this system are that real leakage 
current can no longer be measured or detected, and 
that by providing a neutral conductor and allowing 
consumers to use it for earthing a supply authority 
is accepting a serious responsibility and perhaps a 
liability gratuitously. 

Effects of Multiple Earthing. 

From the Post Office point of view such multiple 
earthing, which undoubtedly increases the flow 
of currents in the earth, might be expected to cause 
noise interference by induction and false signalling 
on subscribers' bells, where the bell circuit is earthed 
as in C.B.S. No. 1 systems. Reasonable separation 
of the earth plates used for the telephone installations 
(say 30 ft.) from earths used by the power system 
will generally prevent the latter trouble. In extreme 
cases bell adjustment may be necessary. Noise inter­
ference need not be feared in small rural systems, 
though its possibility must be borne in mind if the 
joint use of the same pole line for power and 
telephone circuits is contemplated. 

Multiple earthing in high resistivity soils appears 
in some circumstances to increase radio interference, 
but further research is needed to show in what way. 

Earth Leakage Protection. 

The only safe alternative to using the neutral for 
earthing in areas where no large public water system 
exists (which is the only safe means of individual 
earthing) is the universal use of earth leakage 
switches. These devices are circuit-breakers, fitted 
with a tripping coil designed to operate the breaker 
and cut off the supply when any apparatus frame con­
nected to them assumes, through leakage, a dangerous 
voltage above earth. The principle of earth leakage 
protection is illustrated in Fig. 10. This system, which 
has been largely used abroad, and to some extent in 
this country, is a good one, and is considered preferable 
from the Post Office point of view. Before acquiescing 
in the principle of multiple earthing described above, 
the Post Office has carried out very full and convin­
cing tests. Ample evidence exists that there is little 
to fear. The eventual disappearance of the C.B.S. 
No. 1 system will remove the last remaining important 
objection in rural areas. 

It is to be expected that our cable systems will pick 
up some alternating current from the earth, but as 

8 

SUPPLY 
SERVICES 

EARTH CONTINU I TY CONDUCTOR TO WHICH ALL IRON 
WORK TO BE PROTECTED MUST BE BONDED 

AUXILIARY 

EARTH 

ELEC TRODE 

MAIN EARTH 

ELECTRODE 

CASE OF 

AP PARATUS 

FIG. 10.-PRINCIPLE OF EARTH LEAKAGE PROTECTION, 
WHERE RESISTANCE OF MAIN EARTH EXCEEDS ONE OHM. 
THE PROVISION OF THE MAIN EARTH ELECTRODE IS NOT 

ESSENTIAL. 

corrosion by alternating current electrolytic action is 
barely 2 per cent. of that caused by the same value of 
direct current there is little to object to on this score. 

DEVELOPMENTS LIABLE TO CAUSE INTERFERENCE. 

Electrode Boilers. 
Another recent development is the use of electrode 

boilers for water heating and steam raising. Current 
is passed between electrodes in contact with the 
water and the water container is earthed. 

Voltages up to 11,000, 3-phase, are commonly 
employed for boilers of several hundred kW capacity 
and smaller boilers are used on low voltage systems. 
The arrangement is only economical if special low 
rates are given at restricted hours of the day or 
night, and this involves the use of enormous water 
containers to act as thermal reservoirs. 

Three practical applications of electrode boilers will 
be of interest. 

In the first a large cotton factory in a mountainous 
Swiss valley is the proprietor of a waterfall, from 
which about 2,000 horse-power is continuously avail­
able. The power is distributed electrically in the 
factory during the working day and instead of run­
ning to waste for the remaining 16 hours, is converted 
into heat and stored as hot water in vast containers, 
which supply hot water and steam during the daytime 
for use in the factory. 

In the second case a Swiss paper mill requiring 
heat for certain of its processes receives electrical 
power during off load periods at a far lower cost 
than would be incurred by the use of coal, of which 
the cost of importation and transport is very high in 
the remote locality in which the mill is situated. 

In the third case the Charing Cross Electricity 
Supply Co. has installed large electrode boilers and 
hot water reservoirs at its Maiden L:me substation. 
These boilers provide a load for filling up the hollows 
in the power station load curve and the hot water is 
circulated to two theatres in the near vicinity for 
heating purposes. 

There was some reason to anticipate that the use 
of electrode boilers would result in leakage currents 
in the earth and therefore interference, but elaborate 
tests on many installations have proved reassuring. 



The only precaution which has been found desirable 
is to fix low limits for the load unbalance which can be 
permitted before the boiler is cut off from the supply. 
The normal leakage current to earth from such 
installations has been found to be extremely small. 

CATHODE 
CHOKE 

+ 

RESONANT 

SHUNTS 

F1G. 11.-6-PHASE RECTIFIER CATHODE CHOKE AND 
RESONANT SHUNTS. 

Low voltage electrode boilers of moderate size are 
also used to a limited extent, but it is not often that 
existing street mains are capable of supplying the 
heavy currents involved unless the distance from the 
substation is small. In these circumstances any earth 
leakage current will be restricted to comparatively 
short distances. It has also been agreed that such 
boiler shells shall be bonded to the cable sheath and 
armouring so that true earth leakage current shall be 
kept to a minimum. 

Another form of water heater for domestic use is 
that in which a metallic element, heated by the 
current, is immersed directly in the water. Such 
electric geysers will shortly be available for attaching 
to the domestic tap, but it is to be hoped that their 
use will not be widespread, because in the aggregate 
large leakage currents may be anticipated. Obviously 
they could not be allowed for use with direct current. 

Unless precautions are taken, dangers from shock 
and explosion are to be feared. 

Mercury Arc Rectifiers. 
The standardisation of alternating current 

for distribution has been largely responsible 
for the very important increase in the use of 
all types of rectifiers, not only the many small 
rectifiers used for commercial, industrial, and 
even domestic purposes, but the larger mercury 
arc rectifiers used for the conversion of power 
from A.C. to D.C., for distribution in the 
inner parts of large cities, where D.C. has been 
retained and extended. In this connection the 
influence of the restricted space in underground 
substations, and the fact that rectifiers may 
be remote controlled and operated in un­
attended substations should not be overlooked. 

Rectifiers are now constructed for large outputs 
up to 16,000 amperes, and can be manufactured for 
voltages up to 30,000. Their efficiency is high and 
fairly uniform down to one quarter of full load. 

From the point of view of telecommunication 
interests, the extended use of rectifiers has to be 
watched with care, as this type of apparatus is liable 
to cause telephone interference due to the alternating 
components of important amplitude which are super­
imposed on the D.C. output. The output from 12-
phase rectifiers usually contains large components at 
600, 900 and 1,200 cycles per second, and that from 
the six-phase type contains a 300 c.p.s. component 
in addition. Many other components of higher 
frequencies but of relatively low amplitude are often 
present. 

The use of a large rectifier on a relatively low 
capacity A.C. network may also give rise to 
additional harmonics on the A.C. side which may 
cause or increase telephone interference. These 
additional harmonics differ in frequency by that of 
the fundamental from the frequencies present on the 
D.C. side and therefore any of the following may 
appear in a 50 c.p.s. A.C. supply network :-250, 
350, 550, 650, 850, 950, 1,150, 1,250 c.p.s. 

If any of these harmonics are in the voltage wave 
form of the A.C. supply, the presence of the rectifier 
may increase, or in some instances decrease, their 
amplitude according to the phase relationships. The 
alternating components on the D.C. side can be 
materially reduced by the use of anode and cathode 
chokes, and more effectively by a group of resonant 
shunts. Four resonant shunts usually suffice for the 
four frequencies named. Each shunt comprises an 
air cored inductance and capacitance in series, care­
fully tuned, and shunted across the output side. 

Rectifiers are very extensively used for new 
traction substations, including those supplying 
tramway and trolley vehicle systems, and also 
D.C. railways. The most important develop­
ment in design is that of Grid Control, which 
provides a means of regulating the output 
voltage and has also enabled the operation of a 
rectifier to be reversed so that D.C. power may 

FIG. 12.-Two-BuLB l{ECTIFIER EQUIPMENT FOR OOO K\V BY IlEWITTIC 
Cov. THE SMOOTHING EQUIPMENT IS SHO\\'N JN THE I.EFT-HAND 

CUBICLE. 

be converted to A.C. 
This important feature has reopened the whole 

question of long distance transmission by means of 
direct current, at very high voltages. 

Figs 1 1  and 12 indicate the method of connecting 
and the general appearance of a group of shunts. 

Unfortunately resonant shunts or other filter 
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circuits are expensive and certain manufacturers and 
users have so far shown a considerable unwillingness 
to provide them until they have been proved 
absolutely necessary in normal operation. 

The number and amplitudes of the alternating 
components on the D.C. side are considerably higher 
when grid controlled rectifiers are employed and 
increase as the degree of voltage control is increased. 
The reason for this will be made clearer bv a 
reference to Fig 13, which indicates the form o( the 
ripple of a grid controlled 6-phase rectifier. It will 

FIG. 13.--MERCURY ARC EECTIFIER. EFFECT UPON THE 

AMPLITUDE OF THE R.IPPLE OF VOLTAGE REGULATION BY 

GRID CONTROL. EM GIVES THE AVERAGE D.C. VOLTAGES 

CORRESPONDING TO DIFFERENT DEGREES OF GRID CONTROL. 

be seen that the longer the transfer of the arc from 
one electrode to the next is delayed, by the A.C. 
potential imposed on the grid, the more distorted is 
the wave form. 

Mercury arc rectifiers, and a variant " the hot 
cathode rectifier " may profoundly affect the eventual 
use of D.C. at high voltage for long distance trans­
mission, a subject which is referred to later. 

Direct Current Traction. 

Although mercury arc rectifiers are liable to cause 
interference because of the alternating components 
in the output to which they give rise, they have at 
least one counteracting advantage. Being suitable 
for use in unattended substations it follows that it is 
economically possible to use a large number of small 
substations relatively close together. Not only does 
this permit the use of low voltage and third rail dis­
tribution, but feeding distances are relatively short, a 
circumstance which has some advantages from the 
telecommunication point of view. 

The length of parallel between a telephone line and 
any section of track fed from one substation is neces­
sarily small and both noise interference and longi­
tudinal voltages due to transient effects, such as 
fault currents and their sudden interruption, will be 
correspondingly less important. 

Short feeding distances mean low rail drop and, 
therefore, little leakage current to earth. For this 
reason there is good ground for hoping that the elec­
trification of the main line railways will not seriously 
increase the Department's trouble from electrolytic 
action upon cable sheaths. The results of tests have 
been on the whole favourable, but as electrolytic 
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action often takes vears to reveal itself, it is too earlv 
to form a definit� conclusion. \Vood sleepers and 
the well drained ballast track contribute much to 
reduce leakage current as compared with street 
tramways. 

The operation of a direct current railway sometimes 
gives rise to considerable differences of potential in 
the ground between two towns on the railway at 
times of heavy load. On this account false signalling 
on junction circuits has occurred, which has some­
times necessitated the reduction of the sensitiveness 
of the signalling relays. Where feeding distances are 
short this trouble is less likely to arise. 

One other point deserves mention. Third rail 
operation gives less trouble from transient effects 
than overhead contact line operation. The rate of 
change of current in a circuit depends upon the time 
constant R/L. Although the self-inductance per mile 
of an overhead line is about twice as great as that of 
a third rail system, the resistance of the former is 
very much lower than that of the latter. It follows 
that the rate of change of current, upon which the 
induced voltage in the telephone line depends, is far 
lower for third rail than for overhead contact line 
operation. 

Street Tramways 

The tramway rails are laid on a concrete bed flush 
with the road surface and practically uninsulated 
from ground so that leakage current to earth is 
inevitable. Moreover, the sheaths of feeder cables, 
tramway standards and feeder pillars are often 
bonded to the track and extend the uninsulated 
conductor to the footway. 

Excessive raildrop due to badly maintained bonds 
and insufficient negative feeders, coupled with 
enormous increases in the weight, speed and number 
of cars in use, has greatly increased the tendency for 
current to leave the track for earth, and some of this 
current finds its way inevitably on to Post Office cable 
sheaths, gas pipes and water pipes. Where the 
current leaves the cables or pipes for earth on its way 
back to the negative bus-bar of the station, electrolytic 
damage occurs and Post Office losses from this cause 
are very heavy. 

Trolley Vehicles. 

The Post Office warmly welcomes the introduction 
of trolley vehicles because it is a simple matter to 
insulate the negative from earth at all points except 
at the deliberate earth at the station. 

The London Passenger Transport Board has gone 
a step further by adopting the principle of insulating 
the negative as thoroughly as the positive at all 
points. 

The one difficulty is that where guard wires are 
needed to prevent Post Office wires making contact 
with live contact wires, there is some difficulty in 
earthing them sufficiently well for safety. It is hardly 
suitable to continue as in tramway practice to connect 
guard wires to the negative line, which at its far end 
may be 120 volts about earth on heavy load, and the 
alternative of earthing them locally in the street 



presents real difficulties. Where, however, both 
positive and negative lines are insulated from earth at 
all points as in the L.P.T.B. system, a guard wire 
earthed moderately well in the street affords ample 

j OIXT CONSTRUCTION" 
By this term is meant the use in common of one 

route of poles for the support of both telephone and 
power wires. 

Fie;. 14.- ll1.\G1<.ur SHO\\"JC'JG DIFFICTLTY OF SER\"IC'JG HocsEs FRO:\r SEPARATE TELEPH0>:1·: .\C'JD l'owER RouTES. 

protection, because if a broken telephone wire makes 
simultaneous contact with either the positive or 
negative contact line and a guard wire, the former is 
immediately reduced to approximately earth potential 
and all danger is removed. 

Trolley vehicle systems are rather worse from the 
point of view of radio interference than tramways, 
and it is now the recognised practice to include radio 
interference suppressors on all vehicles. In difficult 
cases not only are inductance coils fittt:d in both 

It is in extensive use in America, where even 
very high voltage lines arc run on the same poles 
as telephone lines, more particularly where they 
pass through small towns and villages, but 
for various reasons there has been very little 
development in England. It is most suitable for 
roads where natural obstructions or local objections 
prohibit more than one line of poles and where the 
development does not justify underground cable 
either for power or telephone distribution. 

F1<c. 15 EXAMPLE OF THE UsE OF JOINT CoC'JSTRc"CTIO>: To .\Yorn THE DrsTRrnt:TIOK DrFFICTLTIES 11.1.csTRATED IK Fie. 14. 

pos1t1ve and negative boom circuits, but condensers 
to earth from both contact wires are provided at short 
intervals along the route. It has also been found 
necessary to fit filter equipments to all items of trolley 
vehicle equipment liable to cause interference. 

·when a telephone route and a power route occupy 
opposite sides of a road it is not often practicable to 
ensure that all service lines (1) are 20 ft. above the 
road; (2) have a clearance of 4 ft. from the wires of 
the other route under or over which they have to 
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pass, under all conditions of sag ; (3) can be terminated 
on some parts of the house or bungalow to which they 
are run. 

An attempt has been made in Fig. 14 to show how 
difficult or impossible it would be to meet all these 
conditions. 

Fig. 15 indicates how these difficulties are to a 
great extent avoided by joint construction. It will be 
noticed that where the houses are very near the road, 
on the side on which the route is built, the clearance 
between power services and the telephone route must 
be considerably less than four feet. As, however, 
the wires between which the risk of rubbing contacts 
must be avoided are carried on the same poles and 
are close to their points of support, the effect of vary­
ing sag need not be taken into consideration and a 
clearance of two feet as a minimum would be 
adequate. 

It will be seen that the power wires are run above 
the telephone wires with a clear space of four feet 
between them so as to give the telephone lineman 
adequate working space. As it is not practicable, in 
general, to switch off the power, the power wires and 
services must be insulated. 

Although joint construction presents attractive 
features, the following considerations will indicate 
that it may not prove to be more economical. 

(1) Poles must be about 7 ft. taller than would 
be required for the telephone route. 

(2) Poles must be heavier to suit the extra loading 
and to provide for the higher factor of safety 
required by regulations for power lines. 

(3) Insulators must be interposed in stay-wires. 

(4) The power wires must be insulated conductors. 

(5) Shorter spans are used for power distribution, 
of 49 to 50 yards instead of the 50 to 
70 yard spans used by the Post Office. More 
poles, arms and insulators will therefore be 
required for the telephone route. 

When the route is of appreciable length, the risk 
of noise interference at such close separating dis­
tances must be borne in mind. 

It is not Post Office practice to adopt joint con­
struction with high voltage power lines and there is 
good reason for avoiding its use with low voltage 
power lines in those cases in which the latter are run 
elsewhere along poles carrying high voltage lines. 

It is, of course, necessary to come to some agree­
ment with the power undertaker in regard to the 
sharing of initial costs or in regard to rentals. 
Extensions and maintenance responsibilities also 
require catering for. 

Where the anticipated telephone development 
makes it possible, as in some new estates, to adopt 
joint construction from the outset, it should prove a 
very useful solution, but where one authority is 
already in situ it is improbable that the subsequent 
advantages to be gained will be held to justify the 
cost of the necessary reconstruction. 
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TELECOMMUNICATION LINES TO POWER STATIONS. 

Telephone installations in power stations and 
private wires between power and transformer stations 
for control purposes are very extensively used. 

Private lines are rented from the Post Office for 
control purposes and are used for signalling auto­
matically actual instrument readings, indicating the 
" in " and " out " positions of switches, the position 
of transformer taps, the number of switch reclosures 
still available, etc. They are also used for the 
remote closing and tripping of switches, for control­
ling tap changing gear and for the starting and 
stopping of rectifiers and other plant. 

This development presents problems of protection 
for the Post Office, but has the desirable effect of 
making power engineers dependent upon the Post 
Office system, and therefore gives them a direct 
interest in such protective measures as will ensure 
the reliability of the Post Office system in spite of and 
particularly during fault conditions on their own 
system. 

We must now consider what happens at a high 
voltage station operating with earthed neutral when 
a fault to earth occurs on an outgoing line. The 
fault current passes through the station earth elec­
trode system, which is of appreciable resistance, and 
causes a drop of potential in this resistance. The 
electrode system and all steelwork of the building, all 
apparatus frames, etc., which are generally bonded 
to the earth electrode, are raised in potential with 
reference to the potential of earth at a distance from 
the station. A moderate fault current for a large 
grid station would be 5,000 amperes and, seeing that 
the earth resistance may be of the order of an ohm, 
the rise of potential of the whole station above true 
earth potential may be in the neighbourhood of 5,000 
volts or more. 

The voltage gradient is very steep close to buried 
metalwork in contact with the earth svstem, but falls 
off rapidly so as to disappear altog�ther at a few 
hundred feet away. This would lead to no trouble if 
it were not for the fact that communication lines are 
roughly at the potential of the earth, since they are 
earthed through the apparatus at the distant 
exchange. 

All communication lines and apparatus in the 
vicinity of the station may be subjected to this high 
voltage between their sheaths or cases and the con­
ductors inside, but the insulation provided on tele­
phone circuits is only suitable for a pressure test of 
about 500 volts and would break down at 1 ,200 to 
1,500 volts. 

In this country the difficulty is overcome by com­
plete isobtion of the telephone installation from the 
earthed structure of the station. 

Instruments are fixed in situations which are well 
separated from earthed metal work of the station, 
cable with special insulating covering is used for 
internal wiring, and lead-covered cable with a similar 
covering of rubber wax mixture for the underground 
portion of the leading-in cable. 

The use of this type of cable is confined to places 
where the cable approaches within 20 ft. of any 
buried metal connected to the station earth system, 



as, for example, power cable sheaths and armouring, 
within a radius of one hundred yards. 

The special insulating covering withstands 5,000 
volts for one minute and 15,000 volts momentarily. 

Fig. 16 illustrates the extent of the danger zone 
around a high voltage power or transformer station. 

Fig. 17 gives examples of the arrangements made 
to lead in telephone or control lines to high voltage 
power or transformer stations. 

If the lead-in is overhead, the protector earth must 
be well outside the area over which a steep voltage 
gradient may be expected and a wire is run to it along 
the pole route, about a span distant. 

Where a small private exchange exists at the 
station and the internal wiring to extension instru­
ments is extensive, the latter may be carried out by 
ordinary methods providing the exchange line is 
isolated at the point of entry to the station from the 
internal wiring by a 1 to 1 transformer capable of 
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withstanding a very high voltage between windings. 
In Switzerland, where dialling to an automatic 
exchange is in use, a special form of repeater passes 
the impulses inductively through the transformer, 
and at the exchange a relay-set is required to change 
them to ordinary trains of interruptions. 

An alternative to the use of a transformer, in the 
case of single exchange lines, is to use internal 
wiring of a high breakdown strength and to mount 
the telephone in a wood cabin adequately insulated 
from walls and floor. The Central Electricity Board 
do not consider there is any danger to staff from the 
use of telephones because they are mounted in con­
trol rooms, usually situated outside the substation 
fence and outside the area of steepest voltage gradient. 
There is much to be said, however, for avoiding 
situations where the use could make good contact 
with earthed bodies such as steel stanchions. 

Control lines are subject to conditions as to the 
maximum voltage and current which they may be 
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FIG. 17.-EXAMPLES OF LEADING-IN ARRANGEMENTS AT 
H.V. POWER OR TRANSFORMER STATION. 

made to transmit. Extremely careful arrangements 
are insisted upon to isolate these lines by means of 
highly insulated transformers from the instrument 
transformers of the power circuits to which they are 
linked, and special heavy spark gaps are provided 
to ensure that no breakdown of insulation would 
result in high voltage getting on to the Post Office 
line. 

The leading-in cable and internal wiring are of the 
special type already referred to. 

Power undertakers who have a private communi­
cation system of their own are not permitted to 
interconnect their system to rented Post Office lines 
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below this line to be 
insulated from earth to 
withstand:-

P.O. Lines. 

15,000Volts momentarily & 
5,000Volts For two minutes 

or 
3750Volts momentarily & 
.1.250 Volts for two minutes. 

FIG. 18.-ScHEMAT!C DIAGRAM OF CONNECTIONS OF P.O. 

LINES USED AS CONTROL CIRCUIT. 

13 



except through a special transformer of which the 
windings are insulated from earth and from each other 
to withstand a high test voltage. 

Fig. 18 illustrates the means adopted for ensuring 
the safety of a Post Office line rented for use as a 
control circuit. 

DIRECT (URREXT TRANSMISSION. 

Owing to the heavy wattless charging currents 
comparable in magnitude in some cases with the 
load current, the distances over which power can be 
transmitted by alternating current are limited. An 
increase in operating voltage may not materially 
increase this range because it is accompanied by an 
increase in charging current in addition to an increase 
in dielectric and corona losses. 

These considerations, together with the develop­
ment of the control of rectifiers by grid potential, 
have focused attention once more upon high voltage 
transmission by direct current. This applies more 
particularly to foreign countries where transmission 
lines of exceptional length are contemplated, such as 
that which was proposed for transmitting by direct 
current at 400 kV one million kilowatts derived from 
water power in the Norwegian fiords through Sweden 
and Denmark to industrial Germany, several cabled 
sections over-sea crossings up to 12 miles in width 
being involved. 

Grid controlled rectifiers would be used for con­
verting alternating to direct current and for the still 
more vital problem of converting direct current back 
to alternating current for distribution. Large indi­
vidual rectifiers are unlikely to be suitable for more 
than 30,000 volts, but there is no insuperable difficulty 
in working a number of them in series. 

The economy of direct current transmission may 
be visualised by comparing the performance of an 
existing double circuit 3-phase line with 0·175 sq. in. 
equivalent-copper conductors, 100 miles, at 132,000 
volts. This line could transmit 80,000 kW. If both 
circuits were operated as 3-wire D.C. circuits at 
185+185 kV, i.e., 370 kV between outers, the same 
line with the same insulators could transmit 320,000 
k\V.-four times as much, and with a slightly lower 
overall loss. 

The advantages are that the insulators will 
withstand equally safely a much higher voltage, no 
wattless charging current has to be transmitted, and 
the copper losses and dielectric losses are lower. 

The influence that such lines would have on com­
munication lines must therefore be considered. The 
equivalent disturbing current in lines fed with D.C. 
from rectifiers is considerably greater than that 
associated with A.C. lines carrying an equivalent 
load current. The effect of earth fault currents 
would result in extremely high voltage impulses of 
short duration in parallel telephone lines. 

But the most alarming feature of these projects 
is the avowed intention to consider using the earth 
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as a spare conductor in the event of one line having 
a fault to earth-some writers have even proposed 
using a single insulated line with normal return by 
the earth. 

Such transmission lines would result in such 
high equivalent disturbing currents as would make it 
impossible to work overhead telephone lines within, 
for example, It miles where the length of parallelism 
was as much as 25 miles. 

The other vital matter to be considered is that of 
the local rise of ground potential in the neighbour­
hood of the earth connection, even when this is of 
very large proportions and is made at a depth of 
several hundred feet. No communication circuits 
could be employed having an earth of any sort within 
a mile or more of such an earth connection. 

Further, the dangers of electrolytic corrosion would 
prohibit the use of bare cables within an extremely 
wide area. 

Conclusion. 

From the foregoing brief summary of the trend of 
power development it will be obvious that the need 
for co-operation with the power industry and for an 
intimate study of the power problems concerned 
has become a matter of vital importance. This 
co-operation is assured by the numerous committees 
of the Electrical Research Association on which the 
Post Office is represented and also by the many 
elaborate field tests carried out jointly by the Post 
Office Research Branch and the E.R.A. 

Close liaison with engineers from all countries of 
the world is assured by the Post Office representatives 
at the C.C.I.F., C.C.I.T., and C.l\I.I. conferences. 
The first two study the power interference problems 
affecting telecommunications and decide the lines 
along which research is required. The C.M.I. is a 
joint body of power and telecommunication engineers 
whose function is to collect and circulate information 
from all sources and to organise experimental work 
involving the co-operation of both parties. 

The tendency to make less and less use of the 
earth as part of a telecommunication circuit has been 
accompanied by a tendency on the part of power 
engineers to make more use of it. 

The very general substitution of underground 
cables for long overhead lines has naturally resulted 
in a great improvement of lines and terminating 
apparatus and has therefore played an important part 
in solving what would otherwise have been a more 
formidable problem. 

Interference with broadcasting, upon which so 
much public interest has been focused, is an entirely 
different problem and has barely been touched upon 
in this article, but it has had a certain influence in 
helping to demonstrate that telephone interference 
is not merely a Post Office problem, but a matter of 
public interest and importance. 



A Novel System of Diplex 
Transmission A. J. A. GRACIE, B.Sc., A.M.l.E.E. 

Recent increases in radio telegraph traffic to ships at sea have necessitated the provision of additional channels. The author 
describes how this has been accomplished at the Portishead Radio Station by adding diplex equipment, thus enabling one 

transmitter and aerial system to transmit two messages simultaneously. 

Introduction. carrier wave by two auxiliary low carrier frequencies, 

A
FE\V years ago the range of any ship trans­
mitter was relatively small. Medium wave­
lengths were used and the only method of passing 

a message to England from a ship some thousands of 
miles away was for the ship to send a message to the 
nearest country and have it forwarded to England 
by cable, or to have it relayed through other ships 
situated at intermediate distances. The advent of 
short wavelength working and the discovery of the 
ease by which, under favourable conditions, even low 
powered equipments using such wavelengths could 
be used to effect commmunication over immense 
distances completely altered the situation, and the 
majority of large vessels are now equipped with short 
wave apparatus by means of which they are able to 
transmit messages directly to this country from almost 
any point on the seven seas. Relatively simple 
apparatus is usually employed, the transmitter on 
the ship frequently using a power of only 100 watts 
or even less and the receiver usually being a three or 
four valve set of simple pattern. All traffic is sent at 
hand speed. Messages so sent are received at the Post 
Office reception station at Burnham in Somerset and 
the outward messages are handled through the comple­
mentary transmitting station at Portishead. 

Growth of Short Wave Traffic on Ship Service. 
In order to encourage long distance ship traffic a 

" letter telegram " service was introduced on short 
waves, at very attractive rates, at the beginning of 
1934, the message in such a service being sent by 
ships to Burnham by radio-telegraph and posted on 
from there to the addressee by mail. The response to 
this service was enormous, and within a few months 
additional apparatus became necessary at Burnham 
and Portishead to cope with the increased volume of 
traffic. 

The " letter telegram " service is at present con­
fined to one direction only, i.e. from ships to this 
country and not vice versa. It follows, therefore, 
that the actual number of paid words received at 
Burnham is considerably in excess of the paid words 
transmitted from Portishead, since the transmitters 
at this latter station are largely used to give 
acknowledgment of messages received or to request the 
re-transmission of incomplete messages. This led 
to a method of operation whereby three operators 
each with independent receivers shared the use of 
one transmitter, an arrangement which gave the 
transmitter a considerably improved load factor 
but inevitably gave rise to some delay in clearing 
traffic to any individual ship. 

In order to reduce this delay without incurring the 
relatively heavy expense involved in the provision 
of additional transmitters, means were considered 
whereby two messages could be sent simultaneously 
from one transmitter. Methods of achieving this might 
have been to use the" Abraham" system or to employ 
double frequency modulation of the high frequency 

but the somewhat complicated and expensive equip­
ment necessary for reception of signals sent on either 
of these systems ruled out these methods for the 
service in question. 

New " Diplex " Circuit. 
A circuit was therefore developed on the lines shown 

schematically in Fig. 1. Two quartz crystal oscillators 
having slightly differing frequencies are employed 
and these feed two associated amplifying valves, 

FrG. !.-SCHEMATIC DIPLEX TRANSMITTING CIRCUIT. 

the outputs of which are connected in parallel. A 
steady bias is fed to the grids of these amplifying 
valves, but superimposed on the steady voltage 
is an alternating voltage derived from a suitable 
valve oscillator. The amplitudes of the steady and 
A.C. voltages applied to the grids can be so chosen that 
during the negative half-cycles of the applied A.C. 
voltage the amplifying valves are rendered inopera­
tive, but during the positive half-cycles of the A.C. 
voltage the valves function as amplifying devices in 
the normal manner. Since the A.C. voltages on the 
grids of the two valves are 180° out of phase, it follows 
that, under the above conditions, the output from one 
crystal oscillator is amplified during one half-cycle 
of the applied A.C. grid voltage and suppressed 
during the other half-cycle, while the output from the 
second crystal oscillator during the corresponding 
periods is suppressed and amplified respectively. As 
a result, two frequencies are emitted, the frequency 
being changed from one to the other value at a rate 
corresponding to the frequency of the A.C. supply 
impressed on the grids of the amplifying valves. If a 
relay is inserted in the grid of each of the amplifying 
valves following the crystal oscillators, by means 
of which a heavy negative bias can be thrown on the 
grid of either valve, the emission of the frequency 
associated with that particular valve will be completely 
suppressed. It is possible, therefore, by the use of such 
relays to send a message on either frequency by 
" keying " the appropriate relay. Since it is the 
practice in a short wave transmitter to follow the 
crystal-driven frequency generating apparatus by 
two frequency doubling stages before the output is 
passed to the power amplifying equipments, it follows 
that, if the crystal frequencies differ by, say, two 
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kc.p.s., the difference in the frequencies of the actual 
emissions radiated from the aerial will be 8 kc.p.s. 

Owing to the action of the frequency doubling 
circuits previously mentioned, the power output from 
the transmitter rises rapidly as the grids of the 
amplifying valves associated with the crystal oscil­
lators become less negative under the action of the 
applied A.C. grid voltage. As a result the envelope of 
the outgoing signals on either frequency is somewhat 
square topped. This is advantageous from the point 
of view of radiating the maximum amount of power, 
but is disadvantageous from the aspect of causing 
radiation over a wide band of frequencies due to the 
high harmonic content in such a wave form. 

Initial Tests. 

In order to ascertain whether signals sent by such 
a device could be satisfactorily received on the simple 
ships' receivers without mutual interference between 

FIG. 2.-CRYSTAL Osc1LLAT0Rs. 

the two frequencies €mployed, some preliminary tests 
were carried out by adapting an existing short wave 
trammitter at Leafield Radio Station. The A.C. 
grid bias utilised for frequency switching purposes 
was obtained frcm the 50 c.p.s. A.C. mains and the 
difference between the radiated frequencies was 
approximately 7 kc.p.s. The reason for lmploying 
frequencies relatively close together was two-fold : 
(I) because the attenuation-frequency characteristics 
of the later stages of the transmitter precluded the 
use of widely differing frequencies without undue 
attenuation of one or other signal and (2) because 
it was a simpler matter with a close spacing, to avoid 
interference with other services. Reception of the 
test trammission was carried out by a large number 
of ships in various parts of the world and reports 
were promising in-as-much as nearly all ships reported 
that the two m�ssages sent out on the individual 
frequencies could be received without mutual inter­
ference. The main critici�m was directed against the 
low note of the received signals due to the 50 c.p.s. 
modulation resulting frcm the switching over from 
one frequency to the other 50 times per second. A 
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further test was therefore carried out employing a 

switching frequency of 300 c.p.s. and in practically 
all cases reports of satisfactory reception of both 
messages were obtained. Theoretical considerations, 
however, showed that with the higher switching 
frequency there was danger that appreciable radiation 
might take place outside the maximum frequency band 
which is likely in future to be permitted by inter­
national agreement and this was confirmed by actual 
field strength measurements. A compromise was, 
therefore, struck and a decision was made to employ 
a switching frequency of 200 c.p.s. 

Permanent Installation at Portishead. 

The circuit in a slightly modified form was incor­
porated in a new transmitter which was in course of 
construction at Portishead, and commercial transmis­
sions with the new system commenced in the early 

· part of 1936. Fig. 2 shows one group of crystal 
oscillators contained within an oven the 
temperature of which is maintained at 
a constant value by thermostatic 
control. Three crystals are mounted 
in the oven, two being of nearly the 
same frequency and used for diplex 
transmissions, the third one being a 
lower frequency crystal for simplex 
working on another wavelength. Two 
such ovens are provided and the 
crystal frequencies are such that the 
transmitter is capable of simplex 
working on wavelengths of approxi­
mately 17 and 47 metres and diplex 
working on wavelengths of approxi­
mately 24 metres and 36 metres, the 
latter wavelengths being those on 
which the majority of the traffic is 
carried. 

Fig. 3 shows the crystal frequency 
amplifiers and the two frequency 
doubling stages. The top of the oven 
containing the crystal oscillators is 
just visible on the extreme bottom 

of the picture; in the ccmpartment immediately 
above this are, at the rear, the two amplifiers, 
the outputs from which can be suppressed by 
the two keys shown in the foreground ; and the 
top two compartments contain the frequency 
multiplying stages. 

Fig. 4 shows a general view of the complete trans­
mitter. The final power amplifier is equipped with 
two silica-envelope valves operating with a plate 
voltage of 10,000 volts-supplied by a glass bulb 
mercury-arc rectifier-and giving a high frequency 
power output of about six kilowatts. It is perhaps 
of interest to mention that all wavechanging opera­
tions can be effected, by controls mounted on the 
front of the transmitter, in less than two minutes. 

Fig. 5 is a drawing from oscillograph traces of 
the rectified aerial current (a) with one diplex frequency 
only radiated, {b) with the other diplex frequency only 
and (c) with both frequencies in operation. These 
oscillograms were taken under " marking " con­
ditions. Since the duration of a dot with hand speed 
working is approximately one-twentieth of a second, 
there are approximately ten pulses of power on either 
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F!G. 3.--CRYSTAL FREQUENCY AMPLIFIERS AND 
FREQUENCY DouBL!!';G STAGES. 

frequency during the duration of one dot. Hence 
variation in the total length of a dot due to the periodic 
complete interruption of the signal is very small. 
It will be appreciated of course that, under cliplex 
conditions of working, the transmitter radiates on 
either frequency rather less than one-half of the total 
power output available from the transmitter. This 
is a disadvantage inherent in any diplex system and, 
in fact, in the svstem under discussion the reduction 
in power output is considerably Jess and the overall 
efficiency considerably higher than in the more usual 

J] n D D D 12ll0 lie'° a ONLT (6} 

__ J]......__..___..D__. _ _._O_.__._O_.__._CL_._ ,,.., .... """ (b) 

FIG. 5. Osc11.LOGRAPll TRACES OF THE HEcTIFIEn 
;\ERL\L Cl.'RRE:ST. 

method wherein the high-frequency carrier wave 1s 
modulated by two auxiliary low frequencies. In 
the radio-telegraph service to ships, the Joss of power 
can be tolerated in the majority of transmissions ; 
but in order to obtain the maximum signal strength 
in difficult radio conditions, a key is provided on the 
transmitter by means of which one of the diplex 
frequencies can be cut out and the whole of the 
transmitter power concentrated in the remaining 
frequency. The change from one condition to the 
other can be effected in the course of a few seconds. 
The setting up of the transmitter to give approximately 
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FtG. 4. · · · -GE:SERAI. VIEW OF co�1PLETE TRA!';SM!TTER. 

·the same radiated power on the two frequencies under 
cliplex conditions has proved a simple matter as a 
cathode ray oscillograph was provided by means of 
which a visual check on the outgoing signals can 
be made at any time. 

Results. 

The system has proved remarkably satisfactory in 
traffic use and diplex working is employed during 
the majority of the twenty four hours of each clay. 
As a result, arrangements are being made to modify 
another existing short wave transmitter at Portishead 
to incorporate the new system and when the modi­
fications arc carried out, the power output of the 
transmitter will be increased by doubling the number 
of valves in the final high power amplifier, thus com­
pensating for the decreased period during which 
signals on either frequenc�' are radiated under diplex 
conditions. The cost of these modifications will be 
very small compared with the cost of providing a 
completely new transmitter, and further savings, 
both in expense and in site requirements will accrue 
from the fact that the system will provide another 
transmitting channel without involving provision of 
additional aerial svstcm�. 

In conclusion, the author de�ires to pay acknowledg­
ment to :\fr. H. S. Robertson of the Telecommunica­
tions Department, \V .T. Section, who contributed the 
suggestion that two crystals of �lightly differing 
frequencies might he emploved and who arranged for 
the listening tests carried out by ships ; and to several 
colleagues in the Radio Branch of the Engineering 
Department who participated. in the construction and 
tests of the equipments. 
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The Development of Stamp-Selling 
Machines in the British Post Office J. H. COM BRIDGE, Graduate 1.e.e. 

This article traces the history of stamp-selling machines and describes the constructional details and method of operation of the present 
standard mechanism. Details of cases for use in various situations are also given. 

Introduction. 

A
N article on Stamp-selling Machines, written 
by Mr. H. J. Loney, appeared in this Journal 
in 192l1. Since that date the number of 

machines in use in the Post Office has risen from a 
hundred or so to about 13,000 (Fig. 1), excluding 
the machines installed and maintained at sub-Post 
Offices by Messrs. Hall Telephone Accessories (1928), 
Ltd. The purpose of the present article is to describe 
the technical developments which have accompanied 
this expansion. 

Automatic vending machines in general have for 
long attracted the minds of inventors, and machines 
for the sale of postage stamps have been no exception. 
The automatic sale of a small, flimsy, and sometimes 
sticky, article such as a postage stamp is, however, no 
easy matter, and although the number of inventions 
has been considerable, only a few of them have been 
capable of development as working propositions. 

Among the early designs submitted to the Post 
Office was one which, originated in New Zealand by 
Messrs. Dickie & Brown, was brought to this country 
by Mrs. G. Kermode and later developed by the 
British Automatic Stamp and Ticket Delivery Co., 
now succeeded by Messrs. Hall Telephone Accessories 
(1928), Ltd. In spite of some difficulties in the early 
stages it was soon decided that this design showed more 
promise than any of its competitors, and there has 
as yet been no reason to alter this decision. The basic 
design has, however, been in a more or less continuous 
state of evolution, the course of which will now be 
traced. 

INDOOR MACHINES 

Submission of First Model. 

The machine was first submitted to the Post 
Office in l 906. The original model was a coin-freed 
machine; that is, the insertion of a coin only freed the 
mechanism, which then had to be operated by raising 
a sliding knob. It was designed to work with a strip of 
stamps, not perforated in the usual way, but having 
a series of large holes punched for the engagement of 
the pins of a. feeding sprocket. The stamps were to 
be severed by a guillotine, as is still done in certain 
machines in use abroad. It was decided that the 
machine would have to employ stamps perforated in 
the usual way, and this requirement was successfully 
met by fitting small pointed pins to the feed wheel. 
It was also found possible to dispense with the manual 
operation, since the stamps could be severed by 
pulling the perforations against a toothed edge. 
The feeding mechanism was henceforth driven by a 
weight which was raised in the act of inserting a coin, 
and was released to do its work by the fall of the coin 
into the cash container after it had been tested. 

1 P.0.E.E.j., Vol. XIV, p. 122. 
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. The first m�chine was tried out for a short period 
m 1907, and m 1908 twelve machines were hired by 
the Post Office for an extended trial in service, six 
being installed in London Post Offices and six in 
Post Offices in large provincial towns. The main­
tenance of these machines was first undertaken by the 
Engineering Dept. in January, 1909. After a prolonged 
trial with these machines an arrangement was made 
early in 1911 whereby the British Automatic Stamp 
and Ticket Delivery Co., who had taken up the 
development of the machines, supplied 100 pairs of 
id. and ld. machines for installation in Post Offices 
and received a payment in proportion to the numbe; 
of stamps sold through the machines. This arrange­
ment was continued throughout the War and until 
1920. 

Alterations in Postage Rates. 

. Fr�m the first: machines had usually been installed 
m pairs, one sellmg �d. stamps for td. coins, and the 
other ld. stamps for ld. coins. When the Inland 
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FIG. 1.-GROWTH IN Xt:MBER OF STAMP-SELLING MAC'lINES 

IN SERVICE. 

Letter postage rate was raised to Itd. in 1918, a few 
machines selling 1 td. stamps were installed. In 
1920 the rate was raised to 2d., and the ld. and l{ d. 
machines were modified to sell a 2d. stamp for two 
pennies. This modification of the ld. machines was 
made by increasing the counterbalance weight on the 
escapement arm so that it required two coins to 
release the mechanism. While this modification was 
being done the !d. machines were also overhauled, 
and it was decided to terminate the arrangement with 
the B.A.S. and T.D. Co., and to purchase the renovated 



machines. 106 pairs of td. and 2d. machines were so 
purchased during 1920. 30 pairs (converted to !d. 
and ld.) remain in use to this day, and give very little 
tronble. 

Machines Installed Privately. 

Machines were installed by the B.A.S. & T.D. Co. 
in public places other than Crown Post Offices under a 
general licence for the sale of postage stamps ; 
machines were also installed on private premises, 
no licence being necessary in this case. These branches 
of business, as well as the sale of machines abroad, 
are still carried on by Messrs. Hall Telephone Acces­
sories, who also own and maintain about 3,000 
outdoor machines at sub-Post Offices, and there is 
no doubt that throughout the development of the 
machines great benefit has accrued from the manu­
facturer's experience of maintenance. 

OUTDOOR MACHINES 
Type A. 

In 1909 a pair of indoor machines was fixed to the 
area railings outside the branch Post Office at 294 
Regent Street. (This was before Regent Street was 
rebuilt in its present style). The machines worked 
in this position with moderate success for several 
years. As a result of their experiences with machines 
fixed out-of-doors elsewhere, however, the B.A.S. 
& T.D. Co. developed a machine with an enclosed 
chamber for the stamps and feeding mechanism, 
in order to reduce troubles caused by dampness. The 
coin tester was also altered. The adoption of outdoor 
machines by the Post Office was delayed by the War, 
but in 1921 an order was placed for 240 pairs of 2d. 
and !d. machines. 

The machines purchased, later designated " Type 
A," are described and illustrated in Mr. Loney's 
article. 2 They were fixed in frames on the doors of 
Post Offices, or in cast iron cases in the front walls 
of Post Office buildings. Difficulties in obtaining 
access for loading the machines with stamps soon 
became apparent, especially in wall cases opening 
from the back, and in 1922 an attempt was made to 
improve matters by mounting each machine on a 
pivot so that the stamp chamber could be turned 
towards the operator for loading. In the same year 
the postage rate was reduced to lid., and the 2d. 
machines previously supplied were modified to sell 
ld. stamps. 100 pairs of �d. and ld. type A machines 
are still working satisfactorily. 

Type B. 

After a year or two's experience with the type A 
machines, it became apparent that further modifica­
tions would be necessary to meet the operating 
conditions, which were found to be considerably more 
onerous than those of indoor machines. The design 
of an improved model was therefore started. 

The difficulty in obtaining access to the mechanism 
for loading was lessened by substituting, in place of 
the hinged door, a removable sliding cover to the 
side and back of the stamp chamber which was 
enlarg-ed to take a roll of 1,920 stamps. Changes in 

2 Loe. cit. 

the EMPTY shutter mechanism, to avoid premature 
operation caused by vibration and in the method 
of securing the feed-wheel cover, had been made on 
the later type A machines and were also incorporated 
in the type B. An effort was made to lessen the 
noise of operation of the machines by fitting an air 
dashpot to the driving weight, but this proved 
ultimately to be disadvantageous, as it slowed down 
the operation of the machine so much that coins 
were frequently lost by being inserted before the 
delivery of the previous stamp had been completed ; 
the dashpots were removed from the machines in 1930. 

The redesigned machines were introduced in 1924, 
and were designated '· Type B," 1,500 pairs of fd. 
and l d. m'tchines being purchased at various dates 
up to 1929. 

Type El. 

In 1928 the manufacture of stamp-selling machines 
was taken over by Messrs. Hall Telephone Accessories, 
Ltd., and changes in the methods of manufacture of 
the machines were begun. Hitherto great use had 
been made of brass castings, and the working parts of 
the machines had been polished and lacquered in a 
manner reminiscent of the old forms of telegraph 
apparatus. The working parts were now exclusively 
fabricated from sheet brass stampings and nickel 
plate was applied to most of the parts except the face 
plate, which continued to be oxidised. 

In previous machines the stamp roll had been 
placed in a rectangular well at the bottom of the 
stamp chamber, and the necessary tension for the 
retention of the EMPTY mechanism had been provided 
by a loose cylindrical weight. Embarrassment had 
frequently been caused to officers loading the 
machines by this weight eluding their grasp and rolling 
into the gutter, if not down the nearest drain. On 
the new design this was avoided by mounting the 
stamp roll on a central stud, and applying the necessary 
tension by an additional pin around which the stamps 
were led on their way to the feed wheel. The rack­
and-pinion drive as used on the present-day machines 
was first introduced on this design, and a multiple­
tooth escapement was sub3tituted for the geared 
single-tooth escapement used on previous types. The 
method of securing the feed wheel cover was also 
changed again. 

The design was adopted in 1929 as "Type Bl." 
1,000 pairs of id. and l d. machines were purchased 
between the date of adoption and the end of 1931. 

Machines for use on Pillar-boxes : Types C and Cl. 

After consideration of the requirements of a 
machine for attachment to pillar letter boxes it was 
decided that a machine should be introduced which 
would sell two halfpenny stamps for one penny. 
A suggestion to use a machine which would sell either 
one or two halfpenny stamps according to the coin 
inserted was dropped on account of the greater 
complication of the mechanism. In 1926 fifteen 
machines of the B type, b.1t modified to sell two 
stamps for a penny, were purchased for a trial, and 
as a result of this trial an order was placed for H50 
2xtd. machines which were designated Type Cl. 
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The necessary changes from the BI design to :;ell 
two stamps per coin were carried out by inrreasing 
the stroke of the driving bar, and omitting alternate 
pairs of teeth on the escapement wheel. �lachines 
for the sale of two halfpenny stamps for a penny have 
since been manufactured alongside those for the 
sale of penny and halfpenny stamps for a single coin. 
The gro\vth in the number of 2 x ld. machines in service 
is shown in the lower curve of Fig. 1. 

Types B2 and C2. 
At the end of HJ:m Messrs. Hall Telephone 

Accessories submitted a moclel in which stampings 
replaced the casting for the main body of the machine, 
leaving only the front plate and lift flap as castings. 
The appearance of this machine, apart from the 
escapc:ment mechanism, was similar to that of the 
present standard machine. Machines of this design, 

· which was identical in mechanical details to the 
preceding one, were introduced as types B2 and C2, 
and l'i5 pairs of �d. and 1 d. machines, and 100 2 X !d. 
machines were purchased. 

Types B3 and C3. 

During lfl32 Messrs. Brecknell, Munro & Rogers, 
a firm well known in the automatic vending machine 
trade, submitted a machine similar to the BI Type, 
but incorporating a coin tester of their own design. 
A feature of this coin tester was that coins were 
tested for over-diameter and thickness independently 
of the dimensions of the coin insertion slot and that 
under-thickness and magnetic tests were incorporated. 
Over-size, bent, or magnetic discs were trapped in the 
tester ; in order to eject these without necessitating 
the provision of a separate press-button, the movable 
leaf of the coin tester was linked up to the flap over 
the stamp delivery aperture in such a way that the 

DRIVING 

( IN RAISED 

DRIVING BAR 

FIG. 2.-DRl\'E AND ESCAPEMENT )lECHANISM, TYPE H4 
)IACH!NE. 
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FIG. 3.-TYPE B4 MACHINE. SHowr:-oG Corn Hor.Ll:-;G DowN 
(OIN TESTER AFTER INSERTION. 

coin tester was agitated in the act of lifting the flap, 
thus ejecting any coin caught in the tester. Later, 
to avoid the ejection of good coins the action was 
modified to come into effect only during the lowering 
of the flap. 

Between 1!)32 and 1935, 1,525 pairs of fd. and Id. 
type B3 machines, and 1,000 2 x td. type C3 machines, 
were supplied to the Post Office. Machines of this and 
of modified designs have also been supplied by the 
manufacturers to administrations abroad. 

Types B4 and C4. 
As a result of their experience with the machines 

maintained by them at sub-Post Offices, Messrs. Hall 
Telephone Accessories had in the meantime come 
to the conclusion that the multiple-tooth escapement 
was not as satisfactory as the old type of geared 
single-tooth escapement as used on the Indoor, A, 
and B machines. They had therefore developed from 
the B2 a modified design incorporating a gearc(l 
escapement, but retaining the rack-and-pinion drive. 
a!' shown in Fig. 2. 

The new machine incorporated ball bearings for the 
main spindle and various other improvements, and 
was introduced bv the Post Office in 1935 as the B4 
type, accompanied by the C4 with the appropriate 
gear ratio for the sale of two halfpenny stamps for a 
penny. Various changes, mostly of a minor character, 
have since been made, and this machine has now been 
adopted as a Post Office standard, full manufacturing 
drawings having been prepared by the Department, 
in collaboration with Messrs. Hall, for use in the 

[ 
I 
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FIG. 4. TYPF B4 :\1 \('lllNE. AFTER DELIVERY OF STAMP. 

manufacture of future supplies. " Standardisation " 
is not intended to prevent further changes, should 
these be found desirable, but will ensure that further 
changes are introduced in a systematic manner, 
without upsetting the performance of the machine 
in other directions, and so far as possible without 
affecting interchangeability of parts for maintenance 
purposes. A recently manufactured machine is 
illustrated in Figs. 3 and 4. 

OPERATION OF TYPE B4 MACHINE 

Drive, Coin Testing and Escapement. 

As the coin is inserted it slightly raises the EMPTY 
plate (1) Fig. 4, which overlaps the coin slot by a 
small distance, for a reason that will be explained 
later. It then lifts the driving weight (2) Fig. 3 by 
means of an angle-piece (3) fixed to its lower surface. 
The work in these operations is performed by the 
intending purchaser of a stamp. During the lifting of 
the weight the rack cut on the driving bar (4) Fig. 4 
rota.tes the rack pinion which is loosely mounted on 
the main spindle, and the weight is retained in its 
raised position by the engagement of one of the pawls 
mounted on the inner face of the main gear wheel (5), 
which at this stage is held stationary by the escape­
ment mechanism. Lifting of the weight removes the 
Coin Tester Opening Pin (6) Fig. 3 from engagement 
with the overhanging arm of the coin tester (7) 
and allows the latter to fall into position to receive 
the inserted coin. 

After raising the weight the coin is allowed to fall 
over to an angle of about 20° from the vertical, and 
in this position it rolls down the coin tester, its unper 
edge being supported by the coin test rail, see Fig. 5. 
The edge of an under-diameter coin or disc will pass 
beneath the coin test rail, which is pivotally mounted 
to prevent jamming, and allow the coin to fall over 
so far that its lower edge cannot rest on the bottom 
rail of the coin tester, which is made narrow at the 
appropriate point, so that the coin drops down into 
the reject shute, and is returned to its owner via the 
well of the stamp delivery cavity. 

A coin which passes the coin tester correctly falls 

down a vertical shute on to the end of the escapement 
arm (9) Fig. 4, passing on the way a pawl (8) fitted to 
prevent the withdrawal of any disc which may be 
secured on a thread or wire. Provided that its weight 
is near the correct value it depresses the arm, and the 
first pallet permits the escapement pin to pass, with 
a small rotation of the gear wheels. 

The coin then leaves the escapement arm and falls 
to the cash till, and the escapement arm is returned to 
normal by the counter-balance weight (10), removing 
the second pallet from the path of the escapement pin. 
This allows the wheels to revolve under the force 
transmitted from the driving weight through the 
rack, pinion and pawls, see. Fig. 2. The main gear 
wheel completes its step of one-sixth of a revolution 
carrying with it the ma.in spindle and feed wheel 
(11) Fig. 3, and the driving weight returns to normal. 
On C4 machines the step is required to be one-third 
of a revolution and the gear ratio is designed 
accordingly. At the end of the fall of the weight, 
the Coin Tester Opening Pin strikes the arm of the 
movable part of the coin tester, and rotates this 
part on its spindle (12) in order to remove it from 
below the coin slot, so that any rubbish subsequently 
inserted will fall straight to the reject shute. 

Feed and Delivery. 

The roll of stamps is supported on a rotatable 
stud, and the stamp strip passes round two fixed 
guide pins (13) Fig. 3 and then behind a pin (14) 
mounted on a pivoted arm (15) ; this arm actuates the 

FIG. 5.-COIN TESTER. 

EMPTY mechanism, to be described later. The strip 
then runs on to the feed wheel (11) from circum­
ferential ribs on which small pointed pins project 
radially, as shown in Fig. 6, to engage with two 
perforations in each row. To emphasise the ·need for 
care when loading the machine with stamps, an 
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etched brass plate with notes and sketches as shown 
in Fig. 7 will be fixed on the stamp-chamber cover 
of the standard machines. 

The strip is held in position by the feed wheel 
cover (16) Fig. 3. the under surface of which is grooved 
for the passage of the pins just referred to. On 
previous machines the weight of the cover rested 
on the stamps, but on the B4 and C4 types it is 
transferred to the flanges of the feed wheel by 
projecting pins at the sides of the cover, the object 
of this arrangement being to reduce the sticking of 
the stamps to the feed wheel in wet weather. The 
cover is expanded during manufacture to a slightly 
larger radius than the feed wheel, and the clearance 
dimension, also the degree of freedom allowed to the 
cover, are critical factors in the correct functioning 
of the machine. 

When the feed wheel rotates one step, a stamp 
(or on C4 machines 2 stamps) is projected through the 
delivery slot by the peeler (17) Fig. 3, which has curved 
fingers passing either side of the ribs on the feed wheel, 
as shown in Fig. 6. The rotary position of the feed 
wheel with relation to the escapement mechanism is 
so adjusted during manufacture that the perforations 
behind the delivered stamp come beneath the 
sharpened teeth of the tearer, which is fixed to the 
front of the feed wheel cover. One or more stamps 

TEARER 

SUPPORTING 
PINS 

f'IG. 6. f'1m1> \\0HEEL. ANO ASSOCIATED PARTS. 

may be purchased before being torn off. The shape 
of the peeler and associated parts is such that when the 
delivered stamp is pulled it is severed at the perfora­
tions by the teeth of the tearer. 
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Empty Mechanism. 
If the stamp strip breaks, or when it is exhausted 

to within a few stamps of the end, the movable 
stamp guide pin (14) Fig. 3 is released, and the arm 

_. NOTES ON LOADING. 'II 

I DEPRESS LOCKING • 
LEVER&REMOVE dFf" 

2 INSERT THE .B 
HED WHEEL � 
COVER BY 
ROTATllG 
TO RIGHT. 

STAMP ROLL 
SO THAT Q 
STAMPS 
UNWlllD FROM 
THE BOTTOM. -

3 THE STAMP� 4 PLACC THE cJR STRIP MUST FIRST STAMP 
PASS BETWEEN 1 ON TOP OF 

FEED WHEEL � 
THE GUIDE PINS OPPOSITE THE 
AS SHOWll. LOCKING LEVER. 

5 SU THAT EACH FEED WHEEL 
PIN PASSCS THROUGH THE 

6 REPLACE FEED 
WHEEL COVER llY 

FOURTH PERFORATION HOLE SUDING ROUND dFf � 
FROM CACH SIDE WITHOUT INTO POSITION. � 
DAMAGING THE PAPER. DO NOT FORCE ... 

raTooooToo� ON SIDEWAYS. 

7 REFIX MACHINE COVER TIGHTLY. 

8 INSERT COINS INTO THE MACHINE UNTIL THREE 
STAMPS HAVE BEEN DELIVERED. 

9 IF THE MACHINE IS NOT WORKING ATTACH AN 
.. "OUT- OF- ORDER'" LABEL • 

FIG. 7.-LOADING INSTRUCTION PLATE. 

(15) on which it is fixed falls under gravity. A cam 
(18) Fig. 4, on the other end of the spindle on which 
the arm is fixed, then rests against the lower end 
of a vertical lever (19) pivoted near its middle, the 
notched upper end of which supports the EMPTY 
plate (1). Upon the insertion of the next coin the 
EMPTY plate is raised slightly, and the lever (19) 
then swings clear and allows the plate to fall after the 
coin has passed. The plate is retained in its lower 
position by a latch (20) Fig. 3, and bears the word 
EMPTY on the part which now covers the coin slot. 
On the part which is normally in view is marked the 
denomination of coin by which the machine is operated 
-this can be seen in Fig. 4. The EMPTY plates on 
H4 and C4 machines are vitreous enamelled in black 
and white for better visibility in partial darkness. 

CASES AND MOUNTINGS 

T;•pes A, B, C and D. 

Various methods of mounting outdoor machines 
had been used before the machines were taken up by 
the Post Office. Some of them provided for a posting 
box in the same structure as the machine housing. 

The first machines used by the Post Office, except 
those mounted in doors and windows, were fixed in 
cast iron cases built into the front walls of Post 
Offices and accommodating either one or two machines. 
In cases types A and C the front was hinged, whereas 
in types B and D the front was fixed and access to 
the machines was reached by a door at the back. 

Objections were raised to these cases on the grounds 
that their large size interfered too much with the 
structure of the building. At the same time adequate 



access to the machines was not given in the cases that 
opened from the back, and efforts to improve matters 
b�· mounting the machines (type A) on pivots were 
only partially successful. These cases are now ob olete. 

Type E. 

For mounting in windows or doors a brass mounting 
plate or frame was used. This was fixed in an aperture 
cut in the door, or in a wood panel fixed in the window, 
and the machine was clamped in position by metal 
clamps at the top and bottom. Later the bottom 
clamp was replaced by a rectangular well cast 
integrally with the frame in order to prevent water 
getting in at this point, and the mounting in this 
form is widely used at the present time. 

When possible, this mounting is also used for 
machines fixed in walls, a special aperture being cut 
in the wall to receive a wooden panel to which the 
mountings are secured ; the machines are reached 
from the inside of the building. 

(vpe F. 

When the type B machines were introduced, an 

pffort was made to meet the difficulties in loading, 

FIG. 8 F TYPE CASE. 

while keeping the dimensions of the case small, by 
introducing the type F cast iron case, shown in Fig. 8. 
As will be seen, the machines are mounted on 
separate doors opening downwards. The coins are 
conveyed to the inside of the office through metal 
tubes from below the machines in order to avoid 
deepening the case to accommodate cash tills. 

Type K (Fig. 9). 
This case was designed in 1930 for use in railway 

stations. It has recently been used extensively in 
open-air situations generally. Two machines are 
accommodated, with cash tills below, and the case 
can be fixed to or in a wall, or on a pedestal as shown 
in the illustration. 

Types H, ], L, M, P and Q. 
These cases were introduced to house the 2 x td. 

machines attached to pillar boxes. Types H and J 

were the fir::.t produced. but were later superseded 
by types L and M, which arc similar to the former, 
but with larger cash containers. Types L and M are 
illustrated in Fig. 10; the two types are identical in 

Fie. I 0. I. oR \I TYPE C �SE. 



design, but are fitted with differently curved packing 
castings for adaptation to the two standard sizes of 
pillar-boxes. Types P and Qare for fixing to the left­
hand sides of pillar-boxes; the machines in these 
cases are fixed to doors opening downwards, as a 
side door would not give access to the stamp chamber, 
which in these cases faces the body of the pillar-box. 

Type R. 

This is a self-contained case for a single machine, 
suitable for building into a wall. It is formed by 
fixing a flat side plate to the body of a P or Q case, 
in place of the casting normally used to conform to 
the curvature of a pillar-box. 

ACCESSORIES 

A number of accessory items has recently been 
introduced to improve the service given to the public 
by stamp-selling machines. Apart from explanatory 
and cautionary notices regarding the working of the 
machines, the most interesting of these are the 
following:-

Hoods. 

The effect of dampness on the working of the 
machines is sometimes serious. Even when actual 
stoppage of the delivery is not caused by the sticking 
up of the stamp roll or by the adhesion of stamps to 
the feed wheel, difficulties in the operation of the 
feeding mechanism may be caused which lead to the 
stamp strip getting out of register with the feed wheel 
pins, and so resulting in the delivery of torn stamps. 
Although it is probable that condensation causes a 
portion of the dampness trouble, there is no doubt 
that in many instances the cause is the entry of rain 
i nto the machine. To minimise this trouble small 

PERFORATED 

ALUMINIUM --+---­

CONTAINER 

MICA 

WINDOW 

FIG. 11.-SILCA GEL DEHYDRATOR. 

hoods will in future be fitted over machines on exposed 
sites. The hoods have glass tops to allow light to 
fall on the coin slot and project about 3 inches in 
front of the machine face. 
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Silica Gel Dehydrators. 

Under favourable conditions dampness in the stamp 
chamber, whether due to condensation or otherwise, 
can be absorbed by silica gel. This method is not 
successful where the quantity of moisture is great, 
but its non-success in such an instance should serve 
to call attention to the need for an improvement in 
the protection of the machine from adverse conditions. 
Trials with a small dehydrator, consisting of a 
container of perforated aluminium, having a mica 
window and filled with silica gel, have shown some 
success, and a further provision of these items is to 
be made. The silica gel used is impregnated with a 
cobalt salt which shows dark blue when the gel is 
dry and pink when it is saturated. The complete 
container (Fig. 11) is baked in a domestic oven for a 
few hours to expel the absorbed moisture from the 
gel, and is then ready for re-use. \Vhen in use it 
is fixed to the inside of the stamp-chamber cover 
opposite the position occupied by the stamp roll. 

Heating Devices. 

The use of a heating device provides an apparently 
satisfactory, if expensive, means of combating damp­
ness caused by condensation. An interesting example 
is at Princetown, on Dartmoor, where in foggy weather 
the Sub-Postmaster uses a small oil lamp to protect 
the machines, which in this case are the property of 
Messrs. Hall. Several installations in various parts 
of the country have been fitted with electric lamps 
for heating purposes. A 15 W lamp hanging between 
the two machines of a pair, and either left permanently 
in circuit or switched on in damp weather, has been 
satisfactory. Experiments are now in progress 
to find whether sufficient heat is given by a 10 or 5 

watt lamp, and if satisfactory the use of the remedy 
may be found economical where electric supply is 
available. 

01tt-of-Order Labels. 

When a machine is faulty, it is desirable to prevent 
the insertion of further coins at once, pending removal 
of the fault. This is done by fixing an Out-of-Order 
label over the coin slot. The improved labels now 
being introduced have a specially-shaped lug which is 
inserted in the coin slot and is automatically dipped 
in position by the small amount of lift and fall 
normally provided for the EMPTY plate of the 
machine. It has recently been decided to engrave the 
words " NOT IN USE " in place of " OUT OF 
ORDER " on the labels, which are of brass, copper­
oxydised. 

Testing Rolls. 

In order to give the maintenance staff a reliable 
means of testing the machines, it has been found 
necessary to use dummy stamps printed with an 
arbitrary design, as the blanks previously used 
behaved differentlv in the machines, apparently due 
to the different c�efficients of friction of plain and 
printed paper. The machine shown in Fig. 3 is loaded 
with dummy stamps. 



STAMP BOOKLET MACHIXES 

2/- Booklet �if achiizes. 

In 19:31, 25 machines for the sale of 2/- stamp 
booklets were installed experimentally in the public 
offices of important Post Offices. These machines were 
operated either by a florin or by two separate shillings. 
Difficulties were experienced from the large numbers 
of florins in circulation of various Victorian issues, 
the dimensions of which were different from the 
present standards; it was also found that the large 
value of the items sold tempted the makers of spurious 
coins , at the same time making the owners of good 
coins somewhat cautious lest the machine should 
fail to deliver the goods. The popularity of the 
machines was small and they have now been withdrawn 
from all but a few of the busiest sites. 

6d. Booklet Machines. 

An experiment is now in progress with outdoor 
machines for the sale of booklets to the value of 6d. 
The experimental machines are of types familiar 
in use for the sale of cigarettes and sweets. Twelve 

·machines have been fixed at various sites in London 
to test the public's reaction to a machine of this 
denomination, and if this is favourable the adaptation 
of the design to meet Post Office requirements will 
be proceeded with. Obviously the booklets may be 

made up of stamps of any desired combination of 
values. Those in use for the trial consist of two leaves 
each of two Itd. stamps, stitched between two card 
covers, and the overall thickness is about 0.0:35 in. 

CONCLUSION 

Although the main work of the Post Office 
Engineering Department is concerned with the 
telephone and telegraph services of the country. 
there is a rich field in the application of engineering 
methods to the postal services, not the least important 
of which is the 24 hours' sales service of stamps. 
There is, in fact, a large proportion of the general 
public whose good opinion of the Post Office depends 
in the maintenance of a high grade of service on stamp­
selling machines. Every effort has been made in the 
design of the machines to ensure reliability of action, 
but a first-class service can only be achieved if the 
staff responsible for its maintenance are thoroughly 
trained in the work and apply themselves to it with 
the enthusiasm and diligence they display in the 
maintenance of the telephone and telegraph services. 

The author wishes to express his thanks to the 
Director of Postal Services and the Engineer-in-Chief 
for permission to make use in this article of information 
from official records, and to Mr. F. \\'. Hall for the 
verification of historical details. 
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The C.T.O. Inland Phonogram and 
Telephone-Telegram Installation T. E. HOGG and J. SHARP 

A description is given of the phonogram and telephone-telegram equipment recently installed in the Central Telegraph Office, 
London, which is believed to be the largest installation in the world for this class of service. 

1 ntroduction. 

T

HE provision of the installation described com­
pletes another step in the comprehensi\'e 
reorganisation of the phonogram and telephone­

telegram sections of the Post Office telegraph system, 
undertaken as a result of the recommendations 
of the Simon Report.' It allows the replacement 
of morse systems by telephone working on short 
distance circuits of low traffic capacity, and provides a 
central point for the dictation of telegrams by and to 
telephone subscribers over the telephone network. 

As there mav be some doubt as to the distinction 
between the 

'
terms, Phonogram and Telephone­

Telegrams, these are defined below :-
Phonogram. A phonogram is a telegram which 

is transmitted by telephone, between a post office 
and a telephone subscriber. 

Telephone-Telegram. A telephone-telegram is a 
telegram which i. transmitted by telephone, between 
two post offices. 

In the C.T.O. the recei\'ed phonogrnms and 

by asking the local exchange for " telegrams." 
Telephone subscribers in automatic areas gain access 
to the Phonogram section by dialling "Tel." and 
subscribers in manual areas ask the local exchange 
for " telegrams," the calls being completed over 
direct junctions or via Tandem. A number of junction. 
has been provided between Tandem and the C.T.O. 
for the purpose of carrying this traffic. 

Outgoing telephone-telegram traffic from the 
C.T.O. is disposed of over the direct telephone­
telegram circuits, or via the exchange system, to post 
offices for delivery in the respective areas. Out-going 
phonogram traffic is disposed of by dialling the 
required subscribers direct, or by obtaining them 
via manual exchanges where necessary, and then 
dictating the telegram over the circuit. 

Unlike telephone exchange work, where an operator 
is required to spend only a relatively short time 
on each call, the handling of a phonogram, or a 

telephone-telegram, occupies the undivided attention 
of the operator for an appreciable and widely variable 

period of time. 1t was therefore necessary 
to take into account this factor, as well 
as the incidence of calling, when deter­
mining the equipment required to 
maintain a reasonable standard of service. 

Equipment proi•idcd. 
The main equipment is of the standard, 

double tier. continuous panel type,2 and 
the whole of the installation work with 
the exception of the Vee belt conveyors 
was carried out bv the local Po�t Office 
engineering staff: 

FIG. I. GF:-ffR.\L \°1E\\' or PHo:-;oGR '" \XO T11 FPIIOXE-1 Joi Jo:C,R '''St 1T�..,. 

The telephone-telegram equipment 
comprises six suites of sixteen positions 
each, with a .>-panel multiple appearing 
four times on each suit<>. In addition. 
there are four suites of deconcentration 
positions. each suite having fourteen 
positions. .\ny one of these positions 
can be connected to a selected telephone­
telegram circttit by means of plugs and 
cords at a deconcentration switchboard. 
There are also two distribution positions. 
which facilitate the distribution of 

telephone-telegrams are typed down direct from 
,·erbal dictation. 

Where the traffic and economic conditions are 
favourable, direct junctions, known as direct tele­
phone-telegram circuits, are provided between the 
C.T.O. and certain post offices. Where direct tele­
phone-telegram circuits are not provided, the post 
office gains access to the C.T.O. telephone-telegram 
-;ection by dialling ''C.T.O.," or, in manual areas, 

' " )1odernising the Telegraph Sen·1ce." \ 0 Gibbon, 
I' O.E.E._/ . Yol. 2,;, l'ai;:'e 2.'i 

:?6 

messages that have to be forwarded 
over the direct telephone-telegram circuits. 

The phonogram equipment comprises twelve suites 
of sixteen positions each, making a total of 192 
phonogram positions in all, with a 5-panel multiple 
appearing four times on each suite. 

A general view of the phonogram suites appears 
in Fig. 1. A 12-position suite handles all enquiry 

' The stanclard arrangements and circuits for this type of 
equipment were covered in " :'.lorlern Development� in t>hoto­
gram and Telephone-Telegram Working," G. Spear•. 
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work in connection with the phonogram and tele­
phone-telegram traffic. A portion of this suite can 
be seen on the left of Fig. 1. 

Foot switch transmitter cut-outs of the non-locking 
type are fitted on the floor at each position. The 
operators are thus able to make full use of this 
important facility while using both hands for typing. 

ingle stage amplifiers, for increasing the strength 
of received speech, are associated with each position. 

A Vee belt conveyor below the centre of each suite 
of positions carries the received messages to their 
appropriate circulation points. 

.. 

-· 

wool cable. The use of lead cables made it necessary 
to provide a terminating point so that connection 
could be made to the switchboard cables feeding the 

jacks, lamps, etc., on each suite. This was conveniently 
done by mounting connection strips on a small 
iron frame designed lo fit beneath the end of each 
double table. 

Telephone-Telegram Cord C irrnit. 

The whole of the cord circuit apparatus, excepting 
the keys, plugs and lamps, is contained in an auxiliary 
apparatus unit of the "jack-in " type, known as 
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Fie. 2. GENERAL LA\'Ol'T oF EQUIPMENT. 

The remainder of the equipment consists of one 
listening-in position, two observation positions, three 
supervisors' desks, two supervisors' panels and five 
ancillary switching cabinets. 

The accessory apparatus is in a separate room, so 
that noise from the relays, switches, etc., may not 
give rise to hearing difficulties in the phonogram 
room. 

A ccommodatio11. 

In view of the number of operators to be accom­
modated in the one room and the fact that type­
writer reception was to be adopted, a high room 
noise level was anticipated. To counteract this the 
whole of the ceiling of the phonogram and telephone­
telegram room was treated with sound absorbing 
material, and the results amply justify this precaution. 
The general layout of the equipment, which occupie� 
the whole of the West Gallery and part of the :North 
Gallery on the fourth floor of the building, is shown 
in Fig. 2. 

Cabling. 
The Traffic Department expressed a de�ire for 

concealed cabling between the suites and the accessory 
apparatus, etc. This involved the provision of cable 
chases in the floor, and as the existing floor was 
not sufficiently deep to accommodate the required 
number of cables, a new floor six inches deep was 
built over the old one. The work of providing the 
chases was proceeded with concurrently with the 
building of the new floor. The chases, which extend 
down the whole length of the West Gallery, are 
lined with sheet metal, and have removable metal 
covers. 

Owing to the long distance beween the apparatu� 
room and the suites of positions it was decided that 
the cables connecting these two points should be 
paper insulated. These were tail-ended with silk and 

"Unit Auxiliary Apparatus TL HH-3." In Fig. 3 
two of the units can be seen in position under the 
desk. The cover has been removed from one of them 
so that the arrangement of the relays, etc., may be 
seen. The foot switch tran mitter cut-out can be seen 
immediately beneath the right- hand unit. The 
transmis ion portion of this circuit is the well-known 
Stone system of cord circuit feed. On short direct 
telephone-telegram circuits the current for the 
operation of a distant transmitter is supplied from 
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the telephone-telegram cord circuit. For this rea on 
it is essential that, when using a battery of 22 or 24 
volts, the combined D.C. resistance of each cord circuit 
feed shall not exceed 100 ohms. This cord circuit 
is used in conjunction with the distribution positions, 
and as the arrangement is somewhat exceptional 
it is proposed to describe it rather fully. 

Distribution Positions. 

Each distribution position consists of a panel having 
a field of position lamps and a field of circuit busy 
lamps and circuit keys. The keys are of the push 
button type. A photograph of one of the positions 
appears in Fig. 4. Each position lamp is as ociated 
with a particular telephone-telegram position, and 
is designated with the number of that position. 
Each circuit busy lamp is associated with a particular 
direct telephone-telegram circuit, and is designated 

Frc. 4.-DISTRIBUTION POSITION. 

with the code of that circuit. A circuit key is 
associated with and fitted immediately below each 
circuit busy lamp, the key being labelled with the 
same circuit code as the lamp with which it is 
associated. The panels are adjacent to a conveyor 
drop point where messages arc received for 
forwarding over telephone-telegram circuits. 

The facilities provided by the distribution positions 
are: 
(1) Visual indication of all direct telephone-telegram 

circuits that arc engaged with incoming or out­
going traffic. 

(2) Visual indication on the operation of a circuit 
busy key of the number of the position which is 
engaging that particular direct telephone-telegram 
circuit. 

(3) Visual indication to the engaging position operator 
that a further message is being circulated to 
that position for transmission over the circuit 
which is engaged there. 

The circuit is shown in Fig. 5, and a brief 
description of its operation follows. 
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When the calling plug of a telephone-telegram 
position cord circuit is inserted into the outgoing 
jack of a direct telephone-telegram circuit the line 
circuit K relay operates. Contact K 3 lights the 
circuit busy lamp associated with this circuit on the 
distribution panels. Cord circuit relays HC, HCC, 
HD and HDD operate. Contact HDD 3 operates 
relay I, which at contact I 2 prepares a circuit for 
the lighting of the circuit lamp on the position 
keyboard. Contacts HCC 3 and IIDD 2 prepare a 

circuit for the lighting of the position lamp. 
Assuming that a message came to hand for trans­

mission over the above circuit, the operator at the 
distribution position, observing from the glowing 
of the circuit busy lamp that the circuit was already 
engaged, would operate the circuit key associated 
with the lamp. The operation of this key causes 
relays A and D to operate to earth via the unisclector 

wiper\\' 1. Contact A .I provides a holding 
circuit for these two relays. Contact D 2 
removes a short-circuit from across the 
3,000-ohm resistance in the sleeve circuit 
of the engaged line. This reduces the 
current flowing in the sleeve circuit and 
results in relay HDD releasing. Contact 
][))]) 2 extends battery via relay HA, 
metal rectifier, "close down " and 
" reserve " keys and wiper \\' :3 of the 
unisclector to earth, thus causing relay 
l CA to operate. Contact HA 3 lights 
the required position lamp on the 
distribution panel and also operates 
relay L. Contact L l operates relay F, 
which, at F 1, lights the circuit hold 
lamp and operates relay G. Contact 
G L locks the G relay, thus maintainin� 
the circuit hold lamp alight. 
The operator at the distribution panel 
notes the required position number and 
marks it on the message. The message 
is then placed on a conveyor serving 
the suite containing this position. \Vhen 

it is received at the drop point serving this suite 
a circulation officer delivers the message by hand to 
the position concerned, and at the same time 
operates the reset key on the position keyboard. This 
breaks the locking circuit of relay G which releases 
and thereby extinguishes the circuit hold lamp. 
The position lamp darkens immediately the operator 
at the distribution panel releases the circuit key, but 
the circuit busy lamp remains glowing as long as the 
circuit is engaged. 

The circuit operation, when the incoming side of 
a direct telephone-telegram circuit is concerned, is 
similar to the above. 

During busy periods it is necessary to staff both 
distribution positions, and the operators staffing each 
position must have access to every direct telephone­
telegram circuit. The whole of the circuits must 
therefore appear on each distribution panel. It was 
not possible to have a simple multiple of the lamps 
and keys, because under such conditions a key 
operated on either panel would light the position 
lamp on both panels. Thi would cause serious 



inconvenience when both operators were pressing 
different circuit keys simultaneously as two position 
lamps would glow on each panel, and neither operator 
would be able to determine which of these lamps 
was associated with her particular circuit key. 

The difficulty was overcome by arranging for the 
whole of the 96 telephone-telegram positions to be 
connected to each panel alternately. A uniselector 
stepping under the control of earth pulses supplied 
by a special cam on the ringing machine is used to 
effect the switching of the positions, which are con­
nected to each panel in turn for approximately four 
seconds. Under this scheme, if a key is operated on 
one panel when the positions are connected 
to the other it is only necessary to hold the 

marks the message accordingly and arranges for 
it to be delivered to the required position. 

The action of the distribution operator when 
ascertaining at which position the circuit is engaged 
results in the glowing of the circuit hold lamp at the 
engaging position. Thus the operator at this position 
is warned that another message is being circulated 
to her for transmission over the circuit she is engaging. 

Telephone-Telegram Deconcentration Positions. 

Although the 96 telephone-telegram positions are 
sufficient to handle the normal traffic there are certain 
days in the year, e.g., Christmas, Easter, race days 

key for a very short period, at the end of 
which time the positions will be connected 
to the panel concerned. This period of 
waiting, when it occurs under actual 
working conditions, is barely perceptible. 
A key is provided so that the uniselector 

. may be switched in or out of circuit as 
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required. Another key is provided to 
bring in a spare uniselector should a fault 
develop on the working switch. 
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Distribution Speaker Circuit. \Vhen a 
message is received at the distribution 
position for a circuit which does not show 
engaged, the message is placed, unmarked, 
on a conveyor. When the message arrives 
at the drop point it is circulated to a 
disengaged operator, who disposes of it 
in the normal way. During busy periods it 
often transpires that, during the time 
taken for a message to circulate from the 
distribution panel to an operator in the 

CLOSE DOWN 

KEY 

above circumstances, the circuit becomes 
engaged. Therefore the operator desiring 
to dispose of the message encounters 
engaged click on the circuit jack. In 
order to minimise delay arising from this 
cause a speaker circuit has been provided 
between the distribution position and the 
telephone-telegram positions. The circuit 

EARTH 
PULSES 

,....L,,. SLOW � RELEASE 

appears in the outgoing multiple on every telephone­
telegram suite, while at the distribution position it is 
terminated on a lamp. A loud-speaker associated with a 
2-valve amplifier is provided for receiving incoming 
speech from the operators. The transmitter at the 
distribution position is fixed to a flexible arm mounted 
vertically on the desk. This arrangement releases 
the distribution operators of the necessity of wear­
ing a headgear receiver and breastplate transmitter, 
thus allowing them full freedom of movement for 
the circulation of messages. The loud speaker and 
transmitter can be seen on the right of the distribution 
position in Fig. 4. 

When an operator has a message for a direct 
telephone-telegram circuit which tests engaged, she 
plugs into the speaker circuit jack. This causes the 
calling lamp to glow at the distribution position and 
draws attention to the fact that an enquiry is about 
to be made. The operator then quotes the code of 
the engaged circuit, and, on being informed of the 
number of the position engagmg this particular circuit, 

FIG. 5.-DISTRIBUTION POSITION CIRCUIT. 

and Saturday mornings, when they are unable to deal 
efficiently with the increase in traffic. To ease the 
load on the normal positions during these exception­
ally busy periods the deconcentration positions are 
staffed. Fig. 6 is a photograph of the deconcentration 
positions. The deconcentration switchboard can be 
seen on the right of the photograph. A certain 
number of selected direct telephone-telegram circuits 
and incoming exchange telephone-telegram circuits 
are wired permanently to jacks and lamps on the 
switchboard. These jacks and lamps are in parallel 
with the normal jacks and lamps, and a key is 
provided on each circuit at the switchboard so that 
the lamp may be cut out when not required. The 
deconcentration positions are terminated on plugs at 
the deconcentration switchboard. 

In order to connect any one of the selected circuits 
to a deconcentration position it is only necessary to 
insert the plug of that position into the required 
circuit jack on the deconcentration switchboard. A 
listening circuit is provided so that the officer 
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extending the circuits may, by listening on the line, 
ensure that a call is not in progress before the circuit 
is extended. It is possible that a circuit may be left 
through to a deconcentration position when the 
latter is unstaffed. In this case the line lamp at the 

F1c. 6.-DECONCENTRATION POSITIONS. 

position would glow on receipt of a call but, being on 
the keyboard, would probably escape notice for some 
considerable time. As a guard against this a lamp has 
been provided on each circuit in the switchboard jack 
field and is switched in whenever the circuit is 
extended. Should the circuit be left extended after 
the operator has vacated the position any further 
calls will light this lamp, which will readily be seen 
by staff who are always in the vicinity of the 
switchboard. A telephone circuit is provided on the 
switchboard so that the controlling office may give 
assistance when required. 
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When a direct telephone-telegram circuit is 
extended to a deconcentration position its appropriate 
circuit keys on the distribution panels are designated 
with the number of the particular position to which 
the circuit is connected, thus indicating to which 
point messages for this particular circuit should be 
circulated. 

Phonogram Cord Circuit. 

The phonogram cord circuit arrangement is shown 
in Fig. 7. The whole of the cord circuit apparatus, 
with the exception of the keys, plugs and lamps, is 
contained in an auxiliary apparatus unit similar to 
the telephone-telegram cord circuit unit, and is known 
as a " Unit Auxiliary Apparatus TL 2041." The 
answering side of the circuit is simply the standard 
C.B. arrangement. The calling side is arranged 
to discriminate between junctions to automatic 
exchanges and junctions to manual exchanges. 
Briefly, the circuit operation is as follows :-

When the calling plug is inserted into a jack 
outgoing to an automatic exchange it meets a high 
resistance earth on the sleeve of the jack. This results 
in the cord circuit relays HC and HCC operating, but 
not HD or HDD. Contact HCC 3 disconnects the 
engaged test circuit while HCC 2 lights the calling 
supervisory lamp. Loop dialling conditions now 
exist on the calling cord, and the operator completes 
the call in the normal manner. When the called 
party answers the reversal of the battery and earth 
at the automatic exchange causes the polarised relay 
DC to operate. Contact DC l extinguishes the calling 
supervisory lamp, thus giving standard supervisory 
conditions. If the calling plug is inserted into a jack 
outgoing to a manual exchange it meets a low resist­
ance earth on the sleeve of the jack. This results in 
relays HC, HCC, HD and HDD operating. The first 
two relays perform much the same function as on a 
call to an automatic exchange, while contacts HDD l 

and 2 substitute CB conditions for loop dialling 
conditions on the calling cord. 

Position Lamps and Traffic Indicators. 

Two lamps, one red and one green, contained·'.in 
one fitting, are provided on top of the suites at each 
operator's position. When the position is staffed, 
but not actually engaged on a circuit, the green lamp 
glows. When the operator plugs into an outgoing 



or incoming jack, the green lamp darkens and the red 
lamp glows. These lamps facilitate the distribution, 
to operators, of messages to be forwarded, the 
officer distributing the message being able to see at 
a glance which positions are disengaged. Referring 
to the cord circuit diagram in Fig. 7 it will be seen 
that it is the condition of relay I which determines 
whether the red or green lamp glows. 

Traffic indicators consisting of milliamperemeters 
fitted with suitable shunts, and calibrated to indicate 
numbers of positions, are mounted on the super­
visors' desks. One " Positions Staffed " and one 
" Positions Engaged" indicator are common to a 
certain number of phonogram and telephone-telegram 
positions. The indicators serving the phonogram 
suites can be seen in position on a supervisor's desk, 
on the right in Fig. 1. 

By comparing the readings of the two indicators 
for each group of positions the supervisors are able 
to see at a glance whether the staffing arrangements 
require attention. The circuit arrangement, which 
is quite simple, is shown in Fig. 7. 

Free Line Signalling Facilities. 

To provide an outlet to exchanges which have no 
direct junctions to phonograms, 7-digit dialling 
conditions are provided on a large group of outgoing 
junctions to National exchange. In order to save 
time in testing these junctions for engaged click, free 
line signalling facilities have been provided. The 
current for the lamps is drawn from the A.C. mains 
supply, and in order to prevent mains hum interfering 
with adjacent speaking circuits great care had to be 
exercised with the cabling and wiring. 

Listening Facilities. 

Facilities are provided for listening-in to any 
operator on the phonogram or telephone-telegram­
suites by wiring out the secondary winding of the 
induction coil at each position via the contacts of a 
relay to jacks accommodated on a listening-in panel. 

As the listening-in position is situated some con­
siderable distance away from the suites of positions 
it was necessary to take precautions against cross­
talk between operating positions arising from the 
long length of cable carrying the listening-in leads. 
It is for this reason that a relay has been provided 
in the circuit at each position. The listening-in taps 
are thus disconnected from the operator's circuit 
until listening-in is actually in progress on the circuit. 
A transformer has been provided in the common 
listening-in circuit to ensure that the action of 
listening-in does not introduce any appreciable loss 
on the circuit under observation. 

Any position may be extended from the listening-in 
panel to the supervisors' desks by means of double­
ended cords and extension jacks. The arrangements 
are such that even when a position is extended in the 
above manner the listening-in taps are not connected 
to the operator's circuit unless the supervisor is 
actually listening on the circuit. 

Observation Facilities. 

In the observation circuits, clip connections on the 
I.D.F. have been avoided. The points on the line 

circuits which have to be connected for observation 
purposes are cabled out to "Jacks, Test No. 17." 
The observation tapping circuits are also cabled out 
to" Jacks, Test No. 17." The jacks are mounted on 
the observation apparatus rack, where connections 
between the line circuit apparatus and the observation 
equipment are made by means of " Clips, Test, 
No. l/18B." The line connections on the M.D.F. are 
made in the usual manner by means of the standard 
test clip. . 

There are two observation panels equipped to 
accommodate thirty line circuits. The line jack and 
line lamp fields of the panels are connected in 
multiple. Immediately above each strip of line jacks 
is a designation strip to carry labels bearing the 
appropriate circuit code for each jack. The labels 
consist of " Pegs No. 15, White," suitably engraved, 
and are changed by the traffic staff to agree with the 
circuits connected to the panels at any time. The 
red and green lamps indicating exchange and 
phonograph operator conditions respectively are 
fitted at the bottom of the panel. 

When a line is connected up for observation, but is 
not actually being observed, the circuit arrangements 
are such that the tapping equipment is short circuited. 
This ensures that there is no loss on the circuit unless 
it is actually under observation. 

Ea rthing Scheme. 
Owing to the distance between the suites and the 

line relay equipment it was found necessary to devise 
a special earth wiring scheme for the whole installa­
tion, the purpose being to obviate false engaged 
conditions arising on the sleeves of the outgoing jacks 
at times when the load was heavy. In general, the 
arrangement consists of earthing the sleeve circuits 
of the outgoing junctions near the switchboards and 
not, as is usual, on the apparatus racks. In this way 
the P.D. between the tip of a plug and the sleeve of 
the jack of a disengaged junction is kept to a 
minimum. 

P hotogram Concentration Facilities. 
The phonogram section gives a 24-hour service, 

and must necessarily be staffed day and night. 
Arrangements have therefore been made to com:en­
trate on two suites (C and D) : 

(1) all the incoming exchange lines within the 
phonogram section ; 

(2) all the incoming exchange lines from the 
foreign section (on the second floor) ; and 

(3) all the incoming exchange lines from the 
telephone-telegram section. 

Ancillary Switching Cabinets. 
In order to make full use of the standard phono­

gram and telephone-telegram ancillary scheme, all 
the keys controlling the ancillaried lamps are 
concentrated at one point in the phonogram and 
telephone-telegram sections. The keys are mounted 
in special cabinets and are adequately labelled. The 
operation of the keys cuts in or out the different 
ancillaries as required. The keys are also used for 
clo�ing down or opening up suites as the traffic load 
vanes. 
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Problems Involved in the Preparation 
of a European Trunk Switching Plan A. C. TIMMIS, B.Sc., A.M.l.E.E. 

A" Commission" of the C.C.I.F. has been established to prepare a trunk switching plan for Europe. This article 
gives information concerning the problems involved and the investigations being carried out. 

Introduction. 

'f HE rapid growth of the international tele­
phone service, which is now generally admitted 
to have attained a high degree of efficiency, is 

due to the successful co-ordination of effort brought 
about by the C.C.I.F. A network of cables and 
repeater stations serves the greater part of western 
Europe, and a satisfactory telephone service is 
assured almost from any exchange to any other. 
Methods of operating and maintaining the inter­
national lines and the apportionment of the revenue 
have been settled. The next step is technical 
co-ordination of the national and international systems 
in such a way that the line plant may be designed 
and operated most economically. At the present 
time the general standard of transmission is by no 
means unsatisfactory, but as telephone instruments 
improve ·and long distance telephony becomes more 
widespread a still higher standard will be demanded. 

In 1934 the C.C.I.F. appointed a technical sub­
committee to study the problem and prepare the 
framework of a " Plan of Interconnection," or trunk 
switching plan, for Europe. The American Telephone 
and Telegraph Co., which operates a trunk system 
of continental dimensions, covering the whole of 
the U.S.A., has already a "Toll Switching Plan" 
which among other things enables on-demand service 
to be given all over the system. Engineers of the 
American Telephone and Telegraph Co. have given 
the sub-committee information regarding their plan 
and its application in America. Research work is 
now proceeding here .and on the Continent. 

During the assemblee pleniere of the C.C.I.F. at 
Copenhagen in June, 1936, the sub-committee was 
elevated to the rank of a " mixed commission " with 
technical and traffic members. The British Post 
Office is represented by one engineer from the 
Research and one from the Lines Branch, and one 
traffic member. A questionnaire has been issued by 
the commission with the object of finding out the 
present conditions in all European countries as 
regards the national lines which are used for inter­
national service. 

Technical Problems. 

Throughout this article the nomenclature adopted 
by the C.C.I.F. is used as far as possible. The 
" equivalent " of a line or speech channel is the 
apparent attenuation measured with an appropriate 
power at any speech frequency, usually 800 c.p.s. 
It is sometimes called " overall equivalent " and is 
usually a positive quantity, being the total losses 
in the circuit less the total gains. The American 
term " net loss " expresses this idea, whereas the 
term " equivalent " comes from " standard cable 
equivalent," now obsolete. 
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Although a modern 4-wire circuit may be extended 
almost without limit, certain factors which are 
negligible on the majority of inland trunks become 
increasingly important when we have to deal with 
distances of the order of 1,000 miles. Generally, 
but not invariably, these factors can be dealt with 
by increasing the equivalent of the circuits, but 
the overall equivalent of the whole chain of con­
nections is limited as regards its maximum value by 
the agreed standard of transmission. Hence the 
equivalent of the national circuits used to extend the 
international lines must be reduced. Though ·shorter 
than the international lines, they are more numerous 
and in some cases may be necessarily unrepeatered 
lines, the equivalent of which can only be reduced by 
using heavier conductors. Every decibel added to 
the equivalent of the international link means, sooner 
or later, heavy increase in the cost of the national 
lines. It is therefore essential to determine the best 
overall equivalents at which international lines can 
be worked, not only under present conditions but 
also after those improvements which may be indicated 
by a technical and economic study have been made. 

The most important of the C.C.I.F. rules (avis) 
which govern the design of national and international 
lines at present may be summarised as follows: 

(1) The" reference equivalent" of an international· 
call (from subscriber to subscriber) should not 
exceed 40 db. in 10 per cent. of the connections and 
34 db. in 90 per cent. of the connections. With the 
telephone instruments and subscribers' lines most 
generally in use this means that the total equivalent 
of the lines between terminal exchanges, including 
exchange losses, must not exceed 28 db. at 800 
c.p.s. in 10 per cent. and 22 db. in 90 per cent. of 
the connections. An international line (which may be 
made up of 1, 2 or even 3, international trunks) 
should have an equivalent of 2.6 db. when connected 
to national trunks at each end. This is derived 
as follows: 

An international trunk should be practically zero, 
say, 0.1±0.l neper to allow for variations. The 
equivalent of three such trunks joined together 
(the most severe condition which need be considered) 
would be 0.3±0.2 neper or 2.6±1.7 db. 

(2) An international line should transmit 
frequencies up to 2,600 c.p.s., the equivalent at this 
frequency being not more than 9 db. higher than at 
800 c.p.s. 

(3) Limits of noise, crosstalk and variation of 
repeater gain are stipulated for international but 
not for national lines. 

(4) Certain limits (by no means severe) of stability 
and echo effect are recommended for national lines. 



A complete trunk switching plan must obviously 
include rules covering the various characteristics of 
both national and international lines when used in 
conjunction, but there are certain matters, such as 
echo effects with and without echo suppressors, 
which have not yet been fully investigated. These 
will be discussed in the following section, under the 
appropriate headings. 

FACTORS WHICH LIMIT THE WORKING EQUIVALENT 
OF CIRCUITS. 

These limitations may be arranged more or less 
in order of importance as follows : 

(1) Variations of repeater gain and line attenuation. 
(2) Stability. 
(3) Echo effects. 
(4) Crosstalk and line noise. 
(5) Propagation time. 

Room noise has been omitted from the list 
because it may be assumed that a subscriber who is 
making an expensive long distance call will take care 
to have the room reasonably quiet. Moreover, room 
noise is outside the control of the designer. 

(1) Variations of Gain. 

Variations of gai.n are due mainly to variations 
of filament or anode battery voltage ; but there 
are slower changes such as those due to ageing of 
valves. When a valve is nearing the end of its useful 
life the gain varies considerably with change of 
filament current, so that the effect of battery variations 
is aggravated. The attenuation of underground 
cable pairs varies with temperature but in a slow 
and regular manner, so that periodical adjustments 
of the repeaters suffice to correct the equivalent 
of the circuit. With open wires or aerial cables, 
however, the variations are rapid and automatic 
alarms or compensating devices are required. At 
present most repeater stations of Europe depend on 
batteries for filament current. The anode current 
is often supplied through rectifiers from A.C. mains. 
In general the voltage regulation is such that overall 
equivalents do not vary enough to interfere with 
the service, but the variation should be reduced 
to enable the longer international circuits to be 
worked at a lower equivalent. To this end the 
C.C.I.F. has just recommended that repeater gains 
be maintained within ± 0.03 neper (± 0.02 for circuits 
with more than 12 repeaters) by the use of automatic 
regulators on filament and anode supplies. Assuming 
random addition, a change of ± 0.02 neper corresponds 
to ± 0.02 X y'25 =0 ± 0.1 neper for a circuit 
containing 25 repeaters. When this source of 
variation has been practically eliminated there will 
remain the slow changes mentioned above, but with 
a reasonable period between adjustments a range 
of less than ± 0.2 neper (say ± 2 db.) may be 
assumed on any international circuit. 

Variations have two distinct effects: 
(1) Long trunks have generally to be adjusted to 

equivalents several decibels higher than the minimum 
possible, lest the actual equivalent be reduced due 
to these variations to a point where the circuit 
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becomes unstable. Before this happens echo or 
other effects may become intolerable, but instability 
is the most serious, as it makes the circuit definitely 
unworkable. Hence, for through connections, pad 
switching, cord repeaters or similar devices must be 
used in order to keep the overall equivalent within 
the prescribed limits. 

(2) Satisfactory transmission cannot be assured 
over the whole system if the main links are liable 
to have a loss several decibels more than their normal 
values. 

The second effect is by far the more serious, for it 
cannot be overcome by cord circuit repeaters or by 
any means other than upgrading the shorter lines. 
As the shorter lines are much more numerous than the 
main trunks and are generally unrepeatered, their 
attenuation can only be reduced by using heavier 
conductors. It is evident that every decibel reduction 
in the equivalent of these lines will cost a very large 
sum of money, whereas the cost of repeatered lines 
does not depend so directly on their equivalents. 
Within a certain range, for instance, it may only be a 

matter of adjusting repeater gains. 
Pad switching offers a simple way to overcome the 

first effect, but if it is used variations do not call 
attention to themselves by producing instability 
and the second effect may easily be overlooked. 
The general standard of transmission must inevitably 
suffer in consequence. This is perhaps the strongest 
argument against the general use of pad switching. 

The method will be referred to again under 
" stability." 

In addition to these unavoidable variations, erratic 
changes occur due to varying contact resistances in 
jacks, potentiometers, etc. Such variations can be 
prevented almost entirely by the use of U links with 
firm contacts, as in the latest English and German 
practice, but there are many thousands of less 
satisfactory contacts on international lines which 
must remain for some years. 

It will be quite evident that the variation factor 
overrides all the others. Hence it is put first in order 
of importance. 

(2) Stability. 

A 4-wire circuit is stable, with both ends discon­
connected, when the equivalent measured in the 
usual way is between zero and 2.8 db., according to 
the terminal transformers. But a 2-wire circuit 
is only stable, under the same conditions, when 
its equivalent is from 1 to 12 db. or more, depending 
on the number of repeaters and the accuracy of 
the balances. This is the main reason why nearly 
all international trunks are now 4-wire circuits. 
When echo-suppressors are fitted, as they are in the 
longer trunks, the most severe condition as regards 
stability occurs when the local lines connected to 
each end have an impedance so different from the 
600-ohm compromise balance that together they 
provide a " stability " of about 5 db. ; i.e., the 
equivalent in each direction may be reduced 5 db. 
before actual singing occurs. 

In a very few cases somewhat worse conditions 
may occur, but the chance of two extensions with 

33 



worse impedances being connected to the same 
trunk is so remote as to be negligible. 

It is found by experience that a 2-wire or 4-wire 
circuit will be free from noticeable distortion due 
to incipient oscillation or " near singing " (to use 
the American term) if its equivalent is 4 db. above 
the value at which it is just stable. Hence there 
is a margin of 1 db. in the most severe case that 
need be considered. When an echo-suppressor is 
fitted, as is usual when the equivalent is small, 
the difference of 4 db. mentioned above is not required. 
The suppressor prevents circulating currents which 
give rise to "near singing," and, further, it limits 
the volume of any singing that may arise when the 
circuit is out of use, with both ends disconnected. 

There is some difference of opinion as to the precise 
value of stability which should be adopted, as 
the following table shows. 

Authority. Stability. 

British Post - 2.5 db., ends disconnected, with echo 
Office suppressor. 

2 db., ends disconnected, without echo 
suppressor. 

A.T. & T. Co. 5 db. in talking condition (for 2-wire and 
4-wire circuits, corresponding to zero with 
ends disconnected) .1 

C.C.I.F. 2 db., ends disconnected. 

One of the duties of the mixed commission will be 
to decide on stability values for different types of 
national and international circuits, and also to 
recomm"end methods of calculating the minimum 
equivalent from the point of view of stability. The 
present practice is to work international (4-wire) 
circuits at 4 to 8 db. equivalent for terminal traffic. 
As would be expected with this ample margin for 
variations, instability very rarely occurs. When, 
however, the connection extends to national lines, 
which may be 2-wire, repeatered or unrepeatered 
circuits, with an equiv.alent of 10 db. or more, a cord 
circuit repeater is often used and stability is reduced. 
In effect one more 2-wire repeater is added. It 
is the practice in America to use attenuators {pacts) 
on the majority of trunks, these pads being cut out 
to reduce the equivalent for through traffic. In 
Great Britain both cord circuit repeaters and pads 
are dispensed with by working the main trunks at 
zero equivalent, and connecting them together at 
the exchanges in the ordinary way. 

This very simple method lends itself particularly 
well to " on demand " working and does not give 
rise to trouble provided the circuit equivalents do not 
fall appreciably below zero. To take an extreme case, 
by way of example :-A chain of three zero circuits 
would be just stable (ends disconnected} at about 
3 db. With the most severe terminal conditions there 
would be a stability margin of 5-3 = 2 db. The echo­
suppressors would remove any risk of " near singing " 
distortion, but if two of the trunks chanced to be 

1 The A.T. &T. Co. allow a stabilityof-1 db. (ends disconnected) 
on circuits having one repeater only and no echo 
suppressor. 
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1 db. low in equivalent in both directions and at the 
same time both terminal impedances were at their 
worst-a very remote chance-the connection would 
be unstable. 

It does not follow, however, that the whole 
European trunk system could safely be worked on the 
basis of zero-loss 4-wire trunks. At the present 
time it is generally considered unsafe, and in some 
countries it is the practice to eliminate the mismatch 
of impedance at the junction of 4-wire trunks by 
means of the " link " connection or by cutting out 
the terminations. The reflection at the switching 
point has only a slight effect on stability, especially 
if terminal repeaters are fitted. There is another 
reason for its elimination which will be dealt with 
under (3). 

To summarise the position as regards stability: 
it seems probable that when the C.C.I.F. recommenda­
tion as regards variation of repeater gain has been 
fully applied, both to national and international 
lines, and contact resistances have been eliminated, 
instability will be of very rare occurrence and from 
this standpoint it will be practicable to work the 
international trunks at zero equivalent, although at 
the same time a number of national circuits may 
also have zero equivalent. Provided that maintenance 
tests are made at short intervals the slow changes 
of amplification mentioned above should tend 
to increase rather than decrease the equivalent. 
This seems to be so at present, judging by some 
typical measurements on six long international 
circuits. The maximum increase of equivalent 
(average of the two directions) was 2! times the 
maximum decrease from the normal value, so that the 
circuits tended to become more stable. The measure­
ments were made at the end of June, while temperature 
was rising, and possibly increasing resistance may 
have accounted for most of the observed change. 
Measurements taken on the same six lines during 
November gave no clear evidence of change due to 
falling temperature. It must not be overlooked that 
a number of international circuits will be provided 
by means of aerial line carrier systems on which the 
regulation may not be so close as on underground 
cable circuits. 

(3) Echo Effects. 
The phenomenon of electrical echo was first 

noticed on long 4-wire circuits adjusted to a low 
equivalent. Practically all the echo-suppressors 
now in use are fitted at intermediate repeaters on 
circuits of this type. The exceptions are suppressors 
incorporated in the terminal equipment of radio 
links, and the metal rectifier suppressors designed 
and adopted by the B.P.O. which are used at a terminal 
of a 4-wire circuit or in conjunction with a 2-wire 
repeater. On a simple 4-wire circuit the echo­
suppressor is most conveniently placed somewhere 
near the middle and need not be very quick-acting. 
It has only to operate before the echo current returns 
from the far end of the line. When one or more 
carrier channels are added to a 4-wire line, however, 
intermediate suppressors require the audio and 
carrier channels to be separated by means of filters. 
It is preferable to use terminal suppressors for this 



reason and because they can readily be cut out if the 
trunk is required for a voice-frequency telegraph 
system, or picture transmission. But terminal 
suppressors involve two difficulties:-

(1) Very quick operation is required to suppress 
the echo caused by reflection at the near end, 
since the propagation time between the " return " 
and " go " repeaters is practically zero. See Fig 1. 

GO 
i-.,.------- - - - - -

2 

FIG. !.-COMPLETE (DOUBLE) TERMINAL SUPPRESSOR. 

(2) The first few waves of the echo current, 
which must get through before suppression, may 
operate suppressor 2, and cut off the incoming 
speech. 

The differential connection in the metal rectifier 
suppressor and its very short operating time over­
come these troubles, enabling it to be used at either 
end of a 4-wire circuit or at any repeater in a 2-wire 
circuit. In Germany the difficulty was overcome by 
using two single-way echo-suppressors, one at each 
end of the line. The arrangement is shown in Fig. 2. 

FIG. 2.-SINGLE TERMINAL SUPPRESSORS. 

The suppressors must be very quick-acting; other­
wise the first part of the echo will get through to 
such an extent as to be noticeable. Suppressors of 
this type have disadvantages as compared with a 
complete (both way) terminal suppressor. Obviously 
they must be somewhat more costly; also, if two 
circuits equipped with these suppressors are connected 
together, and if to avoid "lock-out " (the danger 
of which has not been established) the suppressors 
at the junction are cut out, the end suppressors 
are liable to false operation by currents reflected 
from the junction. This is avoided by using the 
" link " connection or cutting out the terminations. 
Both these expedients are complicated and it is 
now generally agreed that they are not justified. 
The whole question, however, is one of those being 
studied by the mixed commission., 

Returning to the intermediate suppressors, which 
are mostly of the valve type in Europe and the relay 
type in America ; it has generally been assumed that 
the suppressor wipes out echo under all practical 
conditions. Actually, to prevent false operation by 
noise, the sensitivity of the suppressor is limited and 
a weak talker may fail to operate it. The echo is, 
of course, weak, but it may give the talker an 

impression of something irritating which he cannot 
define, associated with sibilant words like " sixty­
six." By a series of judgment tests, first made in the 
U.S.A. and repeated by the British, French and 
German administrations, an approximate relation 
between echo time and the minimum equivalent at 
which the echo is just tolerable has been established, 
with and without a suppressor. 

These tests were made by experts, using selected 
words and keeping the speech volume within a limited 
range. A subscriber would only notice the effect 
very rarely, for it is necessary that his transmission 
should be weak and reception good if the echo is to be 
audible. Therefore an equivalent substantially lower, 
giving a greater volume of echo when it occurs, 
could be tolerated in actual service. The problem 
is now being studied in all its aspects by members 
of the mixed commission, with the object of fixing a 
design curve which will show the relation between 
circuit equivalent and echo time to be used in 
calculations. 

Where a long 2-wire circuit is connected to each 
end of a 4-wire international line the total echo effect 
may be computed, using various assumptions and 
the judgrnent data mentioned above. The method is 
that used by the American Telephone and Telegraph 
Co. and its application to European conditions is 
being studied. One of the most interesting questions 
is how the several intermediate echoes in a 2-wire 
circuit affect the talker as compared with a single 
echo. It is a psychological problem and therefore 
incapable of exact solution, but some tests made 
recently in London indicate that the law of random 
addition gives a fair approximation. 

The echo effect cannot be ignored because it 
seldom occurs. It is most likely to be noticed on very 
long and expensive calls where regular users would 
be quick to complain. 

(4) Crosstalk and Line Noise. 

Intelligible crosstalk enables conversation to be 
partially overheard during silent intervals and 
cannot be tolerated, on the score of secrecy, if the 
crosstalk attenuation is less than about 55 db. This 
figure has been found a reasonable limit in practice, 
but the C.C.I.F. has now decided to aim at 65 db. 
for international lines having an equivalent of 7 db. 
The American Telephone and Telegraph Company 
adopts a limit of 60 db. for 99 per cent. of calls, 
based on probability. 

Crosstalk can generally be improved by reducing 
the equivalent of a circuit. If we imagme the disturbed 
circuit to be degraded, say, 5 db., by reducing the 
gain of the receiving amplifier, evidently the cross­
talk will be 5 db. weaker. Similarly, if an international 
trunk is upgraded from 7 db. to zero, the crosstalk 
attentuation becomes 58 db. instead of 65 db. This 
applies both to near-end and distant-end crosstalk. 
The crosstalk attenuation to be expected depends, 
according to the random addition law, on the 
distance over which the disturbed and disturbing 
circuits are adjacent. For example, a 400-mile circuit 
would have 6 db. worse crosstalk than a roo-mile 
circuit in the same cable, and might have to be 
worked at a higher equivalent in consequence. 
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Combined crosstalk from a number of circuits 
(babble) is unintelligible and ranks with power 
induction, etc., as " line noise." Babble is not 
disturbing as a background even if several decibels 
louder than the allowable volume of intelligible 
crosstalk, but the disturbing effect depends on the 
ratio between the speech and the babble, usually 
called the signal/noise ratio. If, therefore, we degrade 
the circuit to reduce the noise this ratio is unchanged. 
Evidently noise is not a factor tending to increase 
the minimum circuit equivalent. It is in fact an 
impairment, like limitation of frequency band, and 
must be dealt with by fixing maximum values for 
different types of lines. The problem is complicated 
by the infinite variety of types of noise, and the 
final judgment depends on economic considerations. 

(5) Propar;ation Time. 

The speed of propagation over a loaded line depends 
on frequency, being less at low and high speech 
frequencies than at 800 or 1,000 c.p.s. For ordinary 
telephony the result is that frequencies of 2,000 
to 2,500 c.p.s. arrive at the end of a long line some 
milliseconds after the middle frequencies of speech 
and are heard as " transients." The effect on 
intelligibility is slight, but the chirping sound of the 
transient is disturbing and limits a fairly heavy loading 
(such as 120 mH. at 2,000 yds.) to about 800 miles. 
The most usual loading for long continental cables 
is 44 mH. at 2,000 yds., for which the limit is 4,000 
miles. It would be quite possible to reduce the 

Automatic Door Operating Gear 
Complaints arise due to draughts in sorting offices 

as a result of the long periods in which the sorting 
office doors are kept open to facilitate the frequent 
passage of trucks of mail into and from the sorting 
office. The swing doors that are usually provided 
are generally operated by pushing the trucks against 
the doors, with the result that both the doors and 
trucks become damaged. 

An experiment has been carried out at Redhill 
Station sorting office, in which the doors are 
automatically operated by the interception of light 
rays on the approach of a vehicle. To ensure that 
there shall be absolutely no draught, two sets of 
doors are used, the space between acting as an 
airlock. The automatic gear is arranged so that one 
of doors closes before the second opens. 

The operation is performed by utilising the well­
known characteristics of selinum cells, whose 
resistance increases when subjected to a reduced 
intensity of illumination. Four cells, two for each 
door, are sunk in the floor under glass pavement lights, 
about 6 ins. square, while a 6-volt 6-watt lamp is 
fixed to the ceiling directly over each selinum cell 
on to which the light is focused. When the beam is 
intercepted, the resistance of the cell is increased 
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transient by degrading the circuit, but the question 
hardly ever arises in practice. 

It is found that if the time exceeds i sec. each way 
at middle frequencies, there is an extra delay between 
question and answer which may cause repetition and 
misunderstanding. The available 250 milliseconds 
has been divided into 150 milliseconds for the 
international line and 50 milliseconds each for the 
national lines to which it may be extended, with a 

C"ecommendation that all long international lines 
should have a velocity of at least 20,000 miles per 
second, corresponding to 44 mH. loading. A trans­
atlantic telephone cable is a possibility which must 
be provided for in the future, and therefore the full 
allowance of 250 milliseconds should not be used up 
on land lines. With this in view and to ensure that 
a call from, say, Hollywood to Moscow could be 
made entirely through cable, a lighter loading than 
44 mH. (or no loading at all) is now envisaged. On 
such lines multi-channel carrier working is possible 
and the transient effect is quite negligible. 

On heavily loaded cables, where transient effects 
might be serious, other limiting factors generally 
control the working equivalent of the circuits. 

Conclusion. 
Of the several problems which have been briefly 

oetlined in this article the question of echo effects 
is perhaps the most interesting. Various experiments 
are now being made here and in other countries and 
the whole problem of echo effects will form the subject 
of a separate article. 

and this is utilised to vary the grid potential of 
amplifying valves, the anode current of which 
operates relays controlling the door operating gear. 
A time lag is introduced by means of a potentiometer 
which varies the negative potential applied to the 
grid of the amplifying valve and so varies the time 
taken for the negative charge on the grid to leak 
away through a 2 megohm resistance before the 
anode potential can rise sufficiently to operate the 
relays. The time between the interception of the 
beam and the door opening in the fully operated 
position can be easily adjusted between 2t to 10 
seconds. The time the door remains in the fully 
open position is approximately 5 seconds. 

The valve amplifiers, condensers, potentiometer, 
etc., are contained in a cast-iron case fixed near the 
door. The operating gear is fixed over the door and 
consists of a ! h.p. 220 volt single phase A.C. motor, 
the speed reduction of which is obtained by means of 
spur gearing. 

The doors are opened by cams and bell crank 
levers, and are held in the open position by an 
electro-magnetic brake on the motor shaft. Hydraulic 
buffers are fitted to prevent bounce of the doors 
during opening. The doors are closed by springs 
when the brake is released. 



Modern Developments in Television 
Part I. Transmission Systems 

S. T. STEVENS 

In the first part of this article, which will be continued in the July issue of the Journal, the author details the requirements 
of the new television service and describes Transmission Systems now in use which employ mechanical or electronic scanning. 

Introduction. 

T
HE recent opening of the London Television 
Station has inaugurated in this country a new 
system of telecommunication and will have 

excited interest in this novel subject. In the following 
article an attempt will be made to outline the principles 
of operation of some of the devices used in this 
new art. 

It will be readily appreciated that the eye itself 
forms part of a very perfect television system, a 
system so perfect that the highest endeavour of 
human art will never be able to compare with it in 
efficiency. Scenes focused by the lens of the eye are 
projected on the retina whence the light produces 
sensations which are communicated to the brain. 
The way in which light effects stimulate the optic 
nerves is not clearly understood, but it seems probable 
that chemical effects are called into play. 

The simplest television system which can be con­
ceived is one which at the pick-up point simulates the 
eye and consists of a lens system which projects the 
scene to be televised on an artificial retina composed 
of multitudes of photo-electric cells (Fig. 1). Each 
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FIG. 1.-PRINCIPLE OF A SIMPLE TELEVISION SYSTEM. 

cell would be connected to the receiving point by a 
separate circuit containing suitable amplifiers. At 
the receiving point each circuit would be connected 
to a separate lamp on a screen similar to the artificial 
retina such that each lamp occupied a position on the 
screen similar to the position of the photo-electric 
cell to which it was connected. The system would be 
adjusted so that each lamp would be illuminated in 
proportion to the light falling on the photo-electric 
cell to which it was connected. This system may be 
described as the basic and ideal system of television. 

In order that such a system should be capable of 
presenting a few square inches of picture with a 
definition equivalent to the average half-tone repro­
duction as used for the reproduction of photographs 
in newspapers and magazines, it would be necessary 
to provide something of the order of 100,000 units 
each consisting of photo-cell, lines, amplifier and 
lamp. Such a system would, of course, be prohibitively 
costly, and inventors have tried to devise methods 
which would be economically possible. The obvious 
development would be to retain the photo-cells and 
the lamps but to use one connecting line and amplifier 
and to switch the line, at each end simultaneously, 
from unit to unit very rapidly. This modification 

would normally only allow illumination to appear 
from each lamp for the brief instant when it was 
connected to the line. Provided the repetition of 
illumination occurs sufficiently rapidly the eye will 
not appreciate that each spot of light has not been 
continuously illuminated. 

The rate of repetition necessary to avoid flicker 
depends upon the illuminator. For poorly illuminated 
cinematograph or television screens repetition rates 
of 25 per second are not too obvious. For brighter 
illumination a rate of 50 pictures per second is 
tolerable. With more brilliant lighting, such as is 
used for reading purposes, 50 pictures per second is 
too slow, as everyone who has tried to work or read 
in light from a 25 c.p.s. supply (50 pulses per second) 
will have been painfully aware. This suggests that 
if television equipments improve and present us with 
really brilliant pictures it may be necessary to 
increase the picture speed to 7 5 or 100 per second. 

Any system of mechanical switches to connect each 
light cell with its appropriate lamp would be difficult 
and expensive to construct and would also be liable 
to give trouble in use owing to the high switching 
speed necessary. Fortunately, science has provided 
a device admirably adapted to serve as a reliable 
switch, viz., the cathode ray tube in which a stream 
of particles of negative electricity serves as the 
moving switch arm. In the pick-up device this 
stream can be directed to pick up the energy from 
each photo cell or group of photo cells in turn and be 
caused to impinge on a fluorescent screen, the 
particles of which take the place of lamps and are 
stimulated into illumination by the impact of the 
electron stream. 

Other methods are available: for instance, a beam of 
light controlled by rotating mirrors to replace the 
moving switch arm. In this method a single photo­
electric cell can be used at the pick-up point and a 
single lamp at the receiving point. The illumination of 
the various points on the pick-up screen being focused 
on the screen in turn, while at the receiving end the 
light from the lamp is projected on the various points 
of the receiving screen in their proper order. Systems 
using moving light beams are generally referred to 
as mechanical systems. The traversing of the pick­
up screen by a beam of light or electron stream is 
termed " scanning," and the simplest method of 
scanning is to traverse the screen by a number of 
parallel and closely adjacent tracks either horizontally 
or vertically. Sometimes the scanning is effected by 
traversing the screen by a series of lines not closely 
adjacent but with the width of a track between them. 
The spaces between lines unscanned in the first 
operation are then scanned in a subsequent operation. 
The first method of scanning is called sequential 
scanning, while the second type of scanning is called 
interlaced scanning. 

Other methods of scanning have been proposed, 
but they usually involve additional difficulties in an 
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already complex problem so that all working systems 
at present use either sequential or interlaced scanning 
as mentioned above. It would be a rash person, 
however, who ventured to state that other methods 
of scanning would never be adopted or even that 
scanning itself might not eventually be dispensed 
with in favour of some nearer approach to an ideal 
system. The recent discoveries in connection with 
electron oscillators and electron multipliers open up 
possibilities of developments which may go far 
towards a more satisfactory solution of the television 
problem in the future. At the same time we must 
not lose sight of the remarkable advances that have 
been achieved in television during the last few years, 
nor withhold our admiration for the technicians who 
have made possible the extraordinarily good emissions 
which now appear from the London Station. 

PICTURE UNITS, SCANNING LINES AND FREQUENCIES . 

. 
Requirements for the New Television Service. 

The Postmaster -General's Television Advisory 
Committee has suggested that a television picture 
should not be inferior to a standard of 240 lines and 
25 pictures per second-that is to say, eight times the 
number of lines and twice as many pictures per 
second as the old 30-line low definition television. 
This may seem a big step, but definitions up to 700 
lines have been demonstrated. The increased 
definition, too, would seem to sound the death knell 
of mechanical scanning methods but, as will be 
explained later, these have been developed to a high 
stage of perfection and may even prove cheaper than 
electronic methods of reception. 

The shape of the picture in the Baird transmissions 
is a rectangle with a ratio of width to height of 4 to 3. 
This 4 to 3 ratio is that of the old silent films. The 

FIG. 2.-SEQUENTIAL SCANNING. 

shape of the picture in the Marconi-E.M.I. trans­
missions is a rectangle with a ratio of width to height 
of 5 to 4, this being exactly the ratio of modern 
talking films, so that there should be no waste of 
picture area when transmitting these. 

Sequential Scanning. Before progressing further 
the various relationships of line scanning and picture 
ratio will be examined. The Baird system uses 
"sequential" scanning, i.e. one line following 
another in progressive sequence. Fig. 2 represents 
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the top and bottom portions of the scanned area with 
the distance between the lines considerably enlarged. 
Thus to scan the 4 by 3 picture area the scanning 
beam " S" starts at the top left-hand corner and 
moves across this area from left to right horizontally, 
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being 4 units long or equivalent to 320 picture 
elements (240 x 4/3). As the frame scanning motion, 
which moves the horizontal line scan downwards, is 
operating during this time, the end of line 1 will be 
nearly 1 /240th part of the picture depth lower than 
the start of the line. On arriving at the right-hand 
side of the area the beam is returned to the left-hand 
side in 8 per cent. of the time taken for a line 
traversal, making the path of the " fly-back" 
practically horizontal. (Shown dotted in figure.) 
During this time a line-synchronising impulse is 
injected into the scanning circuit to keep the trans­
mitter and receiver in step. The scanning beam is 
again on the left-hand side but one picture element 
(1/240th of the screen depth) lower down than the 
preceding line. The second line is then scanned, 
describing a path exactly parallel with that of the 
first and immediately below it. This process is 
repeated so that the picture area is scanned in 240 
successive lines from left to right and top to bottom, 
the scanning beam finishing in the bottom right-hand 
corner of the area after one complete picture or frame 
scan. The scanning beam is now returned to the 
top left-hand corner in 5 per cent. of the time taken 
to scan one picture or the equivalent time of 12 
lines. A further 8 lines are masked off to form a 
black edging, so making the effective number of lines 
220. During the frame "fly-back" a frame synchron­
ising impulse is injected into the scanning circuit. 
At the conclusion of each line " fly-back " a further 
2 per cent. of the picture area is masked off to form 
a black edging, making 10 per cent. in all, so reducing 
the effective width of the picture to 320 � 32 =298 
picture elements. 

The waveform of the transmitted signal, shown in 



terms of D.C. working, is illustrated in Fig. 3. Usin� 
the arbitrary aerial current units of zero to 100, the 
total modulation for synchronising extends between 
the tolerance limits of zero to 5 and 37 ·5 to 42 ·5, 
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while the picture modulation (black to white) extends 
between the tolerance limits of 37·5 to 42·5 and 100. 

Interlaced Scanning. The Marconi-E.M.I. system 
is a little more difficult to understand. This system 
transmits 25 complete pictures per second, each of 
405 total lines. These lines are so interlaced that 
the frame and flicker frequency is 50 per second. 
The line frequency will then be 10,125 lines per 
second, or 405 x 25. Two frames, each of 202 ·5 lines, 
are interlaced to give the total of 405 lines with a 
complete picture speed of 25 per second. 

This may best be described with the aid of Fig. 4, 
which represents the top and bottom portions of the 
scanned area with the distance between the lines 
considerably enlarged. The line scan is left to right 
as before, also top to bottom with a quick return. 
The combination of the two motions produce the 
slightly sloping scanning lines. Starting at A, not 
necessarily at the beginning of a line, the spot com­
pletes the line AB, flies back in 10 per cent. of the 
line scan time (1/10,125 sees.) and traverses line 
CD and so on down the" dotted" lines of the drawing. 
At the bottom of the frame the spot travels along 
line GH, followed by JK. At this point the return 
stroke of the frame motion begins and returns the 
spot to Lat the top of the frame, taking the equivalent 
time of 10 scanning lines. A complete frame scan 
has been made since leaving A, so that 202! lines 
have been completed and the point L is half a line 
away from A. 

The line scanning is still carried on during this 
time and the single-line motion JKLM completed. 
The spot returns to the left and traces out line NO, 
which, due to L being half a line ahead of A, will be 
between lines AB and CD. Similarly the next line 
PQ will lie halfway between CD and EF, these inter­
lacing lines being shown chain-dotted to RS and 
finally to TU, at which point the frame return causes 
the spot to rise again to point A. 

During this time two frames will have been scanned 
occupying the time of exactly 405 complete lines, 
after which the cycle begins again. 

The waveform of the transmitted signal, the carrier 

of which is amplitude modulated, with a carrier 
value proportional to the D.C. component, as in the 
Baird waveform, is illustrated in Fig. 5. Signals below 
30 per cent. of peak carrier represent synchronising 
signals, these being rectangular in shape and extending 
downwards to effective zero carrier. 

Vision signals occupy values between 30 per cent. 
and 100 per cent. of peak carrier. 

The two systems are summarised and compared in 
the table below :-

Particulars 

Number of lines (nominal) 
Number of lines (effective) 
Type of scanning 
Ratio of width to height 
Frame and flicker frequency 
Picture frequency 
Line frequency 
Number of line-synchronising 

impulses 

Portion of line occupied by 
synchronising impulses 

Number of frame synchron­
ising impulses 

Portion of frame occupied by 
synchronising impulses 

System 

Baird Marconi-
E.M.I. 

-------
240 405 
220 385 

Sequential Interlaced 
4 to 3 5 to 4 

25 50 
25 25 

6,000 10, 125 

l between l between 
each line each line 

8% 10% 

l between 6-12 between 
each frame each frame 

5% Approx. 5% 

Frequencies Involved. The Baird picture shape of 
3 units height to 4 units width gives the number of 
units composing one line as being 240 x 4/3=320. 
One way of looking at this is to view the area as being 
made up of small square units of which there are 240 
in the height and 320 in the width. This means that 
the area is composed of 240 X 320 or 76,800 scanning 
units, which is 36·6 times more than in the 30-line 
television broadcasts. Therefore the definition will be 
36 times better than previously if all the range of 
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FIG. 5.-"\\'AVEFORM OF TRANSMITTED SIGNAL, INTERLACED 
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frequencies can be embodied in the picfure. The 
greatest difference between any two sequential 
scanning units is that of minimum to maximum 
illumination, or, black to white as viewed. The 
maximum frequency generated in one scan, then, is 
half the number of scanning units, i.e. 76,800/2= 
38,400. 

There are, however, 25 complete scans per second, 
so that the generated frequency becomes 38,400 x25 
=960,000 cycles per second, which is practically one 
megacycle per second. The frequency for any 
number of lines, picture ratio and pictures per second 
may be calculated from the formula: 
lines 2 x width x pictures per sec._ . 

f 
h 

. 
h 2 

-maximum requency 
e1g t x 

Calculating the frequencies transmitted by the 
Marconi-E.M.I. system the following result is 
obtained:-

405 x 405 x 5 x 25 
· 

1 x 4 x 2 
= 2,562,890 c.p.s. 

== 2,563 kc.p.s. 

For the purpose of wireless broadcast these 
frequencies have to modulate a carrier wave so that 
the total frequency spread required on a radio channel 
will be approximately 2! megacycles per second, or 
two and a half million cycles per second. 

A high quality sound broadcast may be obtained 
with modulating frequencies up to 10 kc.p.s. and a 
total band width of 20 kc.p.s., so that it will be seen 
that a 240-line television system would occupy as 
much space as 100 sound broadcasting stations. 
This explains the impossibility of accommodating 
such a system in the medium-wave broadcasting band. 
A broadly tuned radio receiver has a fairly uniform 
response when detuned 1 per cent. either side of the 
carrier frequency. Thus 1 per cent. detune either 
side of a carrier frequency of 1 megacycle per second, 
i.e. a wavelength of 300 metres, gives a band width 
of 20 kc.p.s., while the same 1 per cent. detune either 
side of a carrier frequency of 50 megacycles per secm:id, 
i.e. a wavelength of 6 metres, gives a band width of 
1,000 kc.p.s. This is much more like the frequency 
values required, so that it is only in the region of the 
so-called "ultra-short waves" that the great spread 
of frequency can hope to be accommodated. 

Circuit design has resulted in receivers having a 
2! megacycle per second response, such a circuit being 
shown in the second part of this article. 

TRANSMISSION SYSTEMS EMPLOYING MECHANICAL 

SCANNING. 

Spotlight Method (Baird). 
The spotlight method is a direct development of 

Baird's original patents and is used chiefly for close­
up or three-quarter-length images showing announcers 
giving educational talks, lectures, etc. The television 
signal is instantaneous and generated in the following 
way. 

A high intensity arc giving an intense source of 
light is focused on to a mask having a cut-out 
corresponding to the picture ratio, i.e. 4 : 3. This 
area is evenly illuminated. In order to accommodate 
the large number of scanning lines, 240, the scanning 
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disc has to be of a sufficient diameter. The disc ha:; 
a series of 240 small apertures pierced through it 
near the periphery, the holes in series forming a spiral 
trace. The disc runs in a vacuum case to reduce air 
resistance and keep the apertures clean. 

The cut-out mask is located between the source of 
light and the disc, being arranged so that the perfora-
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FIG. 6.-SPOTLIGHT METHOD OF SCANNING, 

tion nearest the periphery of the disc describes a line 
along the top edge of the mask cut-out when the disc 
is rotated in a clockwise direction, viewed from the 
light source. The aperture following the first is spaced 
from it such that after the first aperture has just left 
the mask area the second aperture begins to describe 
a line, also from left to right, immediately below that 
described by the first. As the disc rotates, then, the 
spiral series of 240 equidistant holes scan the mask 
cut-out in 240 lines, one complete scan being accom­
plished in one revolution of the disc. From the fore­
going it will be seen that the size of the perforations 
in the disc are interdependent with the diameter of 
the disc and the size of the mask cut-out area. 

The light from the arc passes through each perfora­
tion in turn as it is exposed to the lighted area of the 
mask cut-out, and will illuminate any object in its 
path. With the rotation of the disc the object is 
scanned with 240 lines and at a rate of 25 complete 
scans per second. The light reflected from the scanned 
object is picked up by four large photo-electric cells 
placed in a rectangular formation in front of the 
scanned object so that the scanning beam is not 
interfered with. In this way the maximum photo­
electric effect is gained from the reflected light. In 
the photo cells the light is converted into an electric 
current varying in sympathy with the varying amount 
of reflected light supplied by the action of the scanning 
beam. This current is amplified and finally modulates 
the radio carrier wave. The area of light found by the 
scanning action is not exactly rectangular, but owing 
to the large diameter of the scanning disc the lines 
can, to all intents and purposes, be looked upon as 
straight horizontal ones. 



Fig. 6 gives a pictorial representation of the spot­
light method of scanning. The sound side of the 
programme is picked up in the usual manner by means 
of a microphone. 

As explained previously every received television 
picture has to be synchronised exactly with the 
transmitter and synchronising signals have to be 
generated by the scanning apparatus so that they 
elm be superimposed on the picture modulation signal 
for this purpose. 

Low frequency pulses at 25 per second are needed 
for frame synchronisation and high frequency pulses 
at 6,000 per second (240 x 25) for the line synchronisa­
tion. These are generated by having the requisite 
number of slots cut in the scanning disc, distinct from 
the scanning apertures themselves, and placing a 
source of light behind these and allowing the chopped 
or interrupted light to focus on a single photo cell 
These pulses are amplified and injected into the vision 
signal in the control room. 

Film Scanning by the Spotlight Method. 
Talking films may also be scanned by a modifica­

tion of the spotlight method. Fig. 7 shows the system 
schematically. Light from the projection lamp or 
arc is concentrated by a condenser on to the film gate 
of a converted standard talking pirture projector. In 
normal talking film practice the film moves through the 
gate intermittently, one frame at a time, at a speed of 
24 frames per second. For the purpose of television 
transmission this speed is increased to the standard 
of 25 frames per second, and in the Baird film scanner 
the film is drawn continuously through the gate. By 
this means the vertical scanning is accomplished, 
leaving only the horizontal, or line scanning, to be 
accomplished. 

The continuously moving picture is focused by 
means of a lens on to a cut-out mask as before. 
Behind the cut-out is the scanning disc as before 
except that instead of the perforations in it forming 
a spiral to give both a vertical and horizontal scanning 
action the 240 perforations are set out equidistantly 
around a common circle. 

The speed of the disc-driving motor is as before, 
i.e. 1,500 revolutions per minute, and the motor is 
interlocked either electrically or mechanically with 
the projector motor so that the film and disc speeds 
are the same, i.e. 25 frames per second. The light 
passing through the scanning apertures is focused on 
a photo-electric cell, the resulting current being 
amplified for transmission as usual. 

On analysing the scanning action it is seen that if 
the picture were stationary on the cut-out mask that 
strip portion of the picture over which the perforations 
of the scanning disc pass would be scanned 240 times 
in the course of one revolution of the disc. If, after 
one perforation of the disc had scanned the particular 
line of the picture, the picture be moved upward 
1 /240th of its length a line alongside and below the 
previous line would be scanned. If this is repeated 
240 times, then, the whole picture can be scanned in 
the time taken by one revolution of the scanning disc. 
The sound track on the film is dealt with as in talking 
film projection, the increased speed of the film giving 
a slightly higher pitch to the sound, but this is not 

obvious. The synchronising signals are generated as 
before. 

Another type of Baird film scanner utilises a 
Farnsworth electron multiplier in place of the photo 
cell, and a much larger output with a smaller projec­
tion illuminant can be obtained by this means. _.., 

In yet a later type of film scanner the scanning 
disc is replaced by an electronic horizontal scanner. 
This and the electron multiplier will be explained 
later. 
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Intermediate Film System. 
For large interior and, particularly, exterior shots 

the intermediate film system of transmission has been 
developed by the Baird company. This is an extension 
of the film scanning system. The exterior shot is first 
taken by means of a sound film camera using 17 ·5 mm. 
specially sensitive film, the sound track being recorded 
at the same time on a narrow strip of the film between 
the sprocket holes and the edge, using the variable 
density method of recording. The film is then passed 
into a series of separate tanks over guide rollers 
wherein it is treated photographically by chemicals 
to develop, fix and wash it. 

While still wet the film is passed into a film scanner 
and scanned as detailed before. In order to reduce 
the number of perforations in the scanning disc and 
position them with greater accuracy, the disc may 
have 120 holes in it at 3 degrees angular spacing 
instead of 240 holes at l! degrees angular spacing, 
the speed being increased to twice the previous 
amount, i.e. from 1,500 revolutions per minute to 
3,000 revolutions per minute. It will be seen that the 
equivalent of 240-line scanning is so obtained. Sound 
signals and synchronising are carried out as usual. 

The main feature of the intermediate film system 
lies in the fact that a delay of only 30 seconds is 
introduced between the actual filming of the event 
and its actual transmission as a television signal. 
After scanning the film may be dried and stored for 
ahy future use. A photograph of the Baird Inter­
mediate Film Transmitter is given in Fig. 8. 
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vacuum tube, one end of which 
is coated on the interior surface 
with a photo-electric material, 
and is connected to a negative 
potential. The photo-electric 
layer is translucent, as it is in a 
very fine layer on a conducting 
backing. On this layer is focused 
by means of a lens the optical 
image of the scene to be 
transmitted. 

At the other end of the tube 
there is a circular anode punc­
tured at its centre with a small 
aperture A, square in shape and 
of size equivalent to one 
picture element. The action of 
the light on the photo-electric 
material negatively charged 
causes electrons to be drawn 
towards the circular anode under 
the influence of electrostatic 
acceleration. Owing to the 
irregular nature of the surface 
of the photo-electric layer these 
electrons would leave the surface 
at all angles and means have to 
be made to correct this tendency 
in practice. Let it be considered 
for the present that the electrons 
leave the cathode at right 
angles ; then an electron image 
of the original picture will be 
thrown on the anode, that is to 
say, if a florescent screen were 
placed in the path of the 
electrons or upon the anode, it 
would light up with the same 
tone distribution as the original 
optical image. 

FrG. 8.-BAIRD )NTERMEDIATE FILM TRANSMITTER. An electron can be deflected 
from its path either by an 

electromagnetic or an electrostatic field, and to 
produce a scanning motion to the beam of electrons 

The apparatus is not unduly bulky and could be 
mounted in a van and used to transmit from any 
outdoor events. Fig. 9 gives a schematic view of an 
intermediate film transmitter. In the Fernseh-A.G. 
system of intermediate film transmission, the film 
after being scanned is passed into a bath, where the 
emulsion is washed off the film, the film dried, 
re-coaled with emulsion, re-dried and fed into the 
film camera for further use. The film used is in a 

continuous loop, this being a great advantage both 
from the cost and size standpoint when it is realised 
that about 5,000 feet of film would otherwise be 
necrssary for one hour's television transmission. 

THA:\S:\1ISSION' YSTEMS EMPLOYING ELECTRO:-l!C 

SCANNING. 

The Image Dissector or Electron Camera and the 
Electron Multiplier. 

The principle of the electron camera is shown by 
Fig. 10 and consists essentially of a cylindrical 
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suitably placed deflector plates fed with scanning 
potentials via the leads x, x1, y, yl can be used in 
exactly the same way as the electron beam in a 
cathode ray tube. 

The speed with which the electrons shoot towards 
the anode is such that those in the path of the aperture 
A pass straight through and can be collected on an 
additional electrode behind the anode, yielding an 

x 

xi 
FIG. 10.-PRINCIPLE OF THE ELECTRON CAMERA. 

electrical signal corresponding to the density of the 
electrical image at that point. The electron image is 
scanned, then, by moving the electron picture from 
right to left and top to bottom, which is, in effect, 
moving the picture over the aperture instead of the 
aperture over the picture as in the previously 
mentioned scanning systems. 

In practice the electron beam is kept in a parallel 
path by using high anode potentials, thus increasing 
the electron acceleration, and by winding a layer of 
wire around the outside of the tube, thus forming a 
solenoid along its length when a suitable current 
flows in the winding. In a magnetic field a moving 
electron behaves exactly as a current-carrying con­
ductor ; if its direction lies absolutely parallel there 
is no force on it, but if it tends to move sideways or 
cross the field a force proportional to its sideways 
velocity acts upon it and keeps it in a parallel path. 
The action is far more complicated than this, actually, 
as the electron is given a circular motion as well as 
motion parallel to the field. 

Scanning is, in practice, carried out by two pairs 
of magnetic deflector coils placed outside the tube 
such that their resulting fields can give the required 
scanning motion when suitable saw tooth voltages 
are applied to them. The respective positions of the 
various coils can be seen in Fig. 11. 

It will be realised that the scanning aperture is 
exceedingly minute and the value of the electrons 
passing through it would give a current so small as 
to be lost amongst the various valve noises of any 
normal amplifying circuit. Amplification of these 
minute currents is made possible by the Farnsworth 
electron multiplier which is built into the electron 
camera assembly. 

The aperture anode of the electron camera described 
is replaced by a spun silver disc fitted very tightly 
into the tube. In the centre of this anode is fitted a 
protuberant aperture pointing towards the neck of 
the tube in which is situated the multiplier. Directly 
behind the anode is a silver disc, fitted in the neck of 

the tube, in which the scanning aperture is punched. 
The disc also forms one of the multiplier cathodes, 
another cathode being about six centimetres away 
at the far end of the neck. A ring anode is situated 
between these two cathodes. 

In the electron multiplier, use is made of the high 
secondary emissive properties of cresium. If an 
electron impinges with sufficient force on to a cresium­
coated surface then secondary electrons are released. 
With cresium the secondary emission ratio is 6 to 1, 
i.e. for every electron striking the coated surface 
six secondary electrons are emitted. 

In the electron multiplier the cathodes are composed 
of nickel coated with cresium. Now if an electron 
from the electron camera escapes through the aperture 
into the electron multiplier it is accelerated down the 
tube by the action of the ring anode. Around the 
multiplier tube is wound a solenoid as before, which 
keeps the electron in a parallel path. The resultant 
effect is to cause the electron to shoot through the 
ring anode and strike the cresium-coated cathode, 
releasing six secondary electrons. A radio-frequency 
potential (50 megacycles per second or more) is 
supplied to the cathodes in order to accelerate the 
electrons and so make their impacts sufficient to 
release secondary electrons. 

The six secondary electrons, under the influence of 
the radio-frequency potential and the ring anode, 
shoot back along the multiplier tube, their acceleration 
being sufficient to carry them through the ring anode 
and strike the apertured cresium-coated cathode. 
Again for each of the six electrons six more secondary 
electrons are emitted, i.e. 36 in all. These shoot to the 
other end again and each releases six more secondary 

I- - - - - - - - - -jr----""""'<JW-----, 

Y-T-- ----- - -
--

-
- - - --- -----, , 

I I 
I ' 
I r---., 
I I I 
I I 
I : I I I I I I I 

CArHODE oF 1 
CS St�V�R OXJOE � ___ J /"] 

I 
Aect: L&R.ArlNG I A.NOOE � 

I 
I 

II 
II 

,..... • .  L - - - - - - - - - - _____________ J I 
I 

SCANNING COILS 

I POLARISING - ii--------� 
VOLTAGE 
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electrons. i.e. 186 in all. Thus in a few oscillations 
an appreciable current is generated, and if the effect 
were left to develop, a current of amperes would result 
and burn out the tube. To prevent this, and collect 
the results of the electron amplification, a quenching 
frequency is applied to the radio-frequency oscillator, 
the quenching frequency being dependent upon the 
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amplification desired. The amplification is distortion­
less and the system holds great possibilities. Farns­
worth is building in America a television station with 
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FIG. 12. .\NOTHER TYPE OF ELECTRON CAMER.\. 

two cold cathode electron multipliers in push pull, 
developing a 20 k\V output. Tubes of th's type are, 
of course, water cooled. 

Another type of electron camera is shown in Fig. 12. 

A tubular target anode at the front end of the tube 
is used, the anode having the scanning aperture 
punched in the side facing the photo-electric cathode. 

FIG. 13.· F.\R:-iS\\'ORTH EtEC"TRO:-i l A�IER.\. 

The cathode is of the usual construction, cresium 
oxide on a spun silver disc. The optical image is 
focused down the length of the tube on to the cathode 
by using a long focus lens so that the anode is out of 
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focus. The electrons passing through the perforated 
anode, proportional to the light density of the picture 
element being scanned at that instant, are amplified 
by a small electron multiplier built into the target 
anode. The usual methods of electromagnetic focusing 
and deflection are used employing coils wound outside 
the tube. Such a camera, produced by Farnsworth, 
is illustrated in Fig. 13. 

When the film scanner was explained, reference was 
made to a photo-electric cell working on the electron 
multiplier principle. In this case the light from the 
scanning disc is allowed to fall on to one of the 
cresium-coated cathodes and the resultant released 
electrons multiplied in the tube. 

Another type of film scanner uses an electron camera 
with an electron multiplier, the horizontal deflecting 
coils only being operated giving a hori7.ontal scan, the 
vPrtical scan being given by the motion of the film. 

The I co11oscope. 

This device is a combination of photo cell and 
cathode ray tube, being the invention of the American 
scientist Zworykin. Television research has always 
held the human eye as being the perfect scanning 
system and the composition of the Iconoscope closely 
resembles that of the eye, the innumerable photo­
sensitive cells composing the photo-electric mosaic 
corresponding to the rods and cones of the retina of 
the eye. The nerve impulses due to the action of light 
on each of the rods and cones, however, operate the 
brain simultaneously over an equivalent number of 
transmission channels, but in its electrical counterpart 
only one transmission channel is available, so that the 
electrical impulses from each element of the mosaic 
have to be transmitted in a definite serial order. 

This special form of cathode ray tube 
is shown in Fig. 14. The glass em·elope 
is o[ a somewhat different shape from 
the normal cathode ray tube, being 
spherical in shape above the neck, and 
having a square plate, ,.,upported by a 
glass assembly, inserted from one ,.,idc 
at such an angle that a picture may be 
focused upon it from the exterior and 
the electron beam in the interior. 

The plate consists of a sheet of \·cry 

thin mica having a metallic coating on 
the back to which a wire lead passe,., 
through the glass envelope and plate 
assembly. This is termed the signal 
plate and, on the side exposed to the 
electron beam, has its face sprayed \\·ith 
m inute silver globule.., each of which i,., 
photo-,.,cnsitisecl with a suitable photo­
electric material ,.,uch as cresium. ..\ 

photo-electric mosaic is thus forme,l, 
each globule in effect constituting a 

l"o ' ' � separate photo-electric cell, it bcing­
estimatcd that therC' arc some three 
million elements on the mica sheet. 

The electrical action of the Iconoscope may best 
be explained with the aid of Fig. 15a which show,; 
the various parts in their actual physical relationship. 
PC is the photo-electric cathode formed by the 



mosaic while PA is the anode of the photo-electric 
combination, in practice this being a metal coating 
on the wall of the tube. The photo-electric material 
is insulated from the back metal plate by the mica 
sheet but has a capacitance to it shown by the con­
denser C. 

The circuit may be reduced to the conventional 
photo-electric cell circuit as shown in Fig. 15b. 
\Vhen light from the picture to be transmitted falls 
on the mosaic each element of it, represented by 
PC, emits electrons and charges the condenser C. 
When the electron beam, in the course of its scan 
of the mosaic area, impinges on a photo-electric 
element, that element receives electrons from the 
beam and discharges, or partially discharges, the 
condenser. The discharge current depends on the 
<:harge on the photo-electric condenser element and, 
therefore, on the light intensity on that particular 
element. The charge and discharge currents of the 
<:ondenser are transformed into signal voltages 
across the resistance R and applied to the grid of the 
first amplifying valve. Since the optical image on 
the mosaic will be inverted by the action of the 
focusing lens, the scanning electron beam will have 
to scan the mosaic from right to left and bottom to top. 

Since the scanning beam and optical image strike 
the same side of the mosaic, it is impracticable for 
the axis of both the electron gun and the lens to be 
at right angles to the mosaic plate. The plate is set 
perpendicular to the optical axis of the lens, since a 
standard lens is used, resulting in the scanning beam 
tending to give a keystone patterned scan. 

This effect is counteracted by a slight alteration in 
the scanning potentials fed to the magnetic deflecting 
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·coils which surround the neck of the tube. The 
electron beam is produced by a hot filament or cathode 
which emits· electrons in the same way as a wireless 
valve. The filament is surrounded by a negatively 
.charged shield which helps to concentrate the electrons 

into a beam flowing towards the first anode, the 
positive potential of which attracts them. A small 
hole in the centre of the anode allows a fine beam of 
electrons to escape through it, due to their accelera­
tion. Deflection of the beam is carried out by two 
pairs of magnet coils mounted at right angles to each 
other on a common yoke. The coils are fed with 
suitable scanning potentials from a time base. 

The resolution of the Iconoscope is actually better 
than the rest of the system is capable of transmitting, 
and it is therefore possible to scan an area considerably 
smaller than the full size of the Iconoscope plate. 
By changing the horizontal and vertical scanning 
amplitudes simultaneously the effect of moving the 
camera forward or away from the subject is obtained 
without any movement of the actual camera. If the 
scanning beam be adjusted to scan only a particular 
part of the mosaic, the effect of turning the camera 
may also be obtained. 

FIG. 15a.-PRINCIPLE OF THE lcONOSCOPE. 

The whole Iconoscope assembly is built into the 
form of a camera and as such is portable, being used 
for both internal and external shots. 

In this country it has been developed to a high 
state of perfection by the Marconi-E.M.I. organisation 
and is in regular use at the London Television Station 
both for direct scanning and for film scanning. For 
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the later purpose an intermittent film motion is used 
as in the normal film projector. 

In the foregoing television transmission systems 
those systems likely to be most used in this country 
have been explained. Other scanning systems have 
been developed, notably by Scophony, Ltd., who use a 

high speed lens wheel for film scanning and a rotating 
echelon for floodlight scanning. 

Loewe in Germany has also produced a film scanner 
for interlaced scanning having two sets of holes in 
the disc. one of which is masked alternately by another 
disc. The film moves continuously. 
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The Variation of the Holding Times 
of Telephone Calls E. D. GLAZIER, B.Sc. (Eng.) 

A brief exposition of the exponential holding time theory and its application to practical problems. 

W
HERE no restriction is placed upon the 
holding times of telephone calls such as local 
calls, it is found that these holding times 

follow very closely an exponential law. Thus the 
probability that a particular call chosen at random 
has a holding time greater than t units is given by 

t 
P<>t> = e -h' where e is the base of natural logarithms 
and h is the average holding time of all calls measured 
in the same units as t. 

Exponential Law. 

This law may be shown to follow from the two 
fundamental assumptions given below :-

1. The probability that a particular call in 
progress will terminate in a short interval of 
time, is independent of the length of time the 
call has been in progress. 

2. The probability that a call in progress will 
terminate in a short interval of time, is 
dependent only on the length of this short 
interval measured in terms of the average 
holding time. 

Hence, from the latter assumption, the probability 
that a call in progress will terminate in a time dt is 
given by dt/h, and the probability that it will not 
terminate in dt is (1 - dt/h) . 
By assumption 1, the law of independent proba­
bilities may be used to find the probability that the 
call will not terminate in two consecutive intervals ; 

this probability= ( 1- �) 2 

In a time t measured from the origination of the call 
there will be t/dt intervals and the probability that 
the call will not terminate in time t is given by 

(1 - itrt 

Hence the probability of a holding time longer than t , 
t 

P <> t> =Limit 
dt ___, 0 

( 1 - �) dt 

t 1 t2 1 t3 
= 1 - h + 2f . 112 -

3! 
. 

h3 . 
t 

= e- h 

The distribution of holding times, obtained from 
a pen record taken at a London exchange, is shown 
by the circles in Fig. 1, the full line indicating the 
exponential law. The proportion of calls having 
holding times longer than the average is e-1, or 
about 37 per cent., whereas the proportion with 
holding times below the average is 63 per cent. 

The use of this exponential assumption leads to 
much simplification in the mathematical solution of 
certain problems, for example, delay problems. 
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FIG. 1.-DISTR!BUTION OF HOLDING TIMES. 

Probability of a Call Continuing Beyond a Time t. 
A further property which may be shown to follow 

from the exponential relation, is that the probability 
of a call continuing beyond a time t measured from 
a certain instant is independent of the time the call 
has already been in progress. 

Consider a call which originates at time A and 
terminates at time B, as shown in Fig. 2. It is 

A c D 

� t'---1•�!-
FIG. 2 

required to find the probability, that such a call will 
continue for more than a time t when the origin of 
this interval is taken from a time C, at t' units after 
A. Then the following equation may be formed since 
the probabilities involved are independent of one 
another. 
Probability of a call being still in progress at D 

= Probability of being in progress at 
C x Probability, if in progress at 
C, of being still in progress at D. 

t' + t t' 
or e 

-
b: = e h x Probability, if in progress at C, 

of being still in progress at D. 
:. Probability of a call which is in progress at C 

t' + t 

b 
. 

·11 . D 
e- h t 

emg sh m progress at = ---V-= e - h' 
e-l1 

This result is thus independent of t' or the instant at 
which C is chosen. 

Average Duration of Congestion. 

The preceding results enable the average duration 
of congestion in a group of n switches to be calcu­
lated. Consider the call sequences and durations 
depicted in Fig. 3. The n switches considered are all 



' ii ! ' 
iA B 

�t1dt 
FIG. 3 

engaged during the interval from A to B. The 
probability of the n calls all continuing longer than 
a time t, measured from A, the inception of the last 
call, is 

(e-� Y =e- ¥-
The distribution of congestion periods is thus also 

exponential. 
The probability of the n calls continuing longer 

t + dt 
than t + dt is e - n . h 

. ·.Probability of one or more of the n calls releasing 
between t and t + dt, or the probability of a con-

nt t + dt 

gestion time equal to t is e T. - e h 
nt n. dt 

that is P<-t> = e -h (1 - e -11-) 
- nt ( dt 1 n2dt2 ) 

= e h 1 - 1 + n . 
h 

- 2 ! - h2 ... 

dt - nt 

= n . 
h 

. e h • • •  when dt is small. 

Average duration of congestion 

t=o 

J
oo n - n_t 

= 
o
t. he h. dt 

h 
n 

If p n is the proportion of the busy hour that all n 
switches are engaged, as determined from the 
Erlang lost call formula, then the number of 
occasions on which congestion occurs during a busy 
hour 

n 
Average time during which x out of n switches are 

engaged. 
The average duration of the condition of x switches 

out of a group of n being simultaneously engaged 
can be found by similar reasoning. 

Measuring time from the instant that the x'h call 
arrives, the probability that these x switches will be 
engaged longer than t is given by the product :­

Probability of the x calls not terminating before 
the end of the interval t x Probability that no calls 
will arrive in the time t. 

The latter probability depends on the traffic A 
offered to the switches, and assuming pure chance 
arrival of calls, the probability is given by e-A. � · 
This may be deduced by analogous assumptions to 
those used in the original deduction. 

Denoting the probability that x switches will be 
engaged longer than t by Px (>t), then 

t 

P, (> t) = (e - h Y x e-A. h 

Similarly Px(>t+dt) 

= e -(x +A) h 
-(x t- A). t + dt 

= e h 

. ·.Probability that the condition of simultaneous 
engagement of x switches will terminate between 
t and t + dt. 

- (x +A)_!.. -(x +A). 
t + dt 

=e h_e h 
- (x +A) t I dt 1 

2 
dt2 } 

= e � 1-l+(x+A) ·Ti -21. (x+ A). h2 
• •  

-(x +A). t dt 
or Px <-!)= (x +A) . e h h . . . . when dt is small. 

The average duration of this condition 

= � Px<-t> x t. 
t=o 

= J";. ( x + A) . e 
- (x I A) � 

h 
=x + A  

dt 
Ti 

If Px is the duration per busy hour of the condi­
tion of x switches simultaneously engaged, as deter­
mined from the Erlang formula, then the number of 
occasions per busy hour that exactly x switches are 

PX x +A 
engaged = -h-

= 
h 

. Px 

x +A 
For a group of 10 switches carrying 3.43 traffic 

units, the average lengths of time that various 
numbers of switches are engaged and the number of 
occasions per busy hour are given in Table 1 ; the 
average holding time assumed is three minutes. 

x 
No. of Switches 

Engaged 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

n=lO 

Conclusion. 

TABLE 1. 
PX 

Probability of X 
switches being 

engaged. 

0·033 
0·111 
0·191 
0·218 
0·187 
0·129 
0·073 
0·036 
0·015 
0·006 
0·002 

I Average Duration 
, of the condition 

of X switches 
engaged. 

(Minutes.) 

0·875 
0·677 
0·552 
0·467 
0·404 
0·356 
0·318 
0·287 
0·262 
0·241 
0·300 

Average No. of 
Occasions per 

busv hour that 
X switches are 

engaged. 

2·23 
9·84 

20·70 
28·00 
27·80 
21·60 
13·80 
7·50 
3·53 
1·45 
0·40 

By the use of methods such as those described, 
the exponential holding time assumption enables 
many practical and interesting problems to admit 
of easy solution. Care must be exercised, however, 
in the use of formul� which depend on this assump­
tion when the holding times are constant or nearly so. 
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Waterloo Bridge-Alteration 
of Post Office Plant H. WHENMOUTH 

The demolition operations now being carried out at Waterloo Bridge perparatory to the commencement of work on the 
construction of the new bridge have necessitated extensive alteration to Departmental plant and presented the telephone 
engineer with a unique problem in underground cable construction. The operations consisted, in effect, of two independent 
works on the north and south sides respectively. The author describes in this article the work undertaken at the Strand 
(north) approach to the bridge and will give details of the alterations at the Waterloo Station (south) end in a subsequent 

article. 

General. 

T
HE original structure was built in the period 
l 11-1 17 from designs prepared by ] oh n 
Rennie, and consisted of nine masonry arches, 

each of 120 feet clear span over the river, and 
approached from the north by a brick viaduct con­
sisting of sixteen 16-feet arched spans, and from the 
south by a similar viaduct of forty 16-feet spans. 

In 1923 unmistakable signs of sinking were 
observed at one of the central piers, and in 1924, 
after traffic had been limited by speed and weight, 
the bridge was clo ed for a period for remedial 
measures. A temporary steel bridge was constructed 
on the cast side of the main bridge. Opportunity was 
taken by the Department to lay 10 steel pipes under 
each of the footways on the east and we t sides of the 
temporary bridge, and 17 telephone cables, carrying 
the majority of the southward feed from the Tandem 

recommendation of the responsible advisory body 
that an entirely new bridge should be constructed 
was accepted by the London County Council after 
considerable opposition. The Bill for the reconstruction 
was, however, defeated in the House of Commons, 
and in 1932 the London County Council decided that 
the work of building the new structure should be 
undertaken irrespective of a Parliamentary grant 
towards the expense, and further, that the proposals 
should be modified to allow six lines of traffic instead 
of the four-line width originally proposed. 

The extra breadth required by the new plans 
necessitated the modification of the approaches to 
the temporary bridge ; at the north side the end 
span, weighing 1,000 tons, had to be lifted 5 feet, and 
at the south side the la t span swung some 30 or 
40 feet in an easterly direction to allow the line of the 
new bridge to be carried traight through. 

Fie. 1.-G&:-.ERAL \'JEw o�- BRIDGE. 

exchange, were diverted into these pipes. When this 
step was taken it was considered that the cables 
would remain in these positions until the reconstruc­
tion or alteration of the main bridge was completed. 

Comprehensive investigation into the condition of 
the foundations of the piers in the river bed revealed 
that the weakness could not be remedied by repair 
of the superstructure, and that the failure was due 
to the subsidence of the pier foundations. The 

-l 

even teen main cables crossed the temporary bridge, 
a general view of which is shown in Fig. 1, and it will 
be realised that the task of providing uninterrupted 
service on the circuits involved represented a most 
unusual engineering problem. The conditions were 
further complicated by the London County Council's 
decision to straighten the tram subway which passes 
under the north approach of the bridge and emerges 
on to the Victoria Embankment at a lower level. 



This work, in combination with the reconstruction of 
the buttresses on which the first arch would be sprung, 
necessitated the commencement of the diversion of the 
Department's plant at a point at least 40 yards north 
of the extremity of the temporary bridge. 
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route, and the pipes were then brought up to the 
surface in a temporary wooden manhole C built under 
the elevated footway, which had been constructed to 
allow uninterrupted facilities for pedestrian traffic, 
even during the actual raising of the span itself. 
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FIG. 2.-PLAN SHOWING PosT OFFICE PLANT INVOLVED. 

ivl unhole and Route Construction. 

The extent of the Department's work is shown 
diagramatically in Fig. 2. 

Detailed plans of a specially designed reinforced 
concrete manhole (incorporating the existing route of 
30 steel pipes and a 9-way nest of ducts feeding from 
the Strand), which was constructed in the dip of the 
supporting arches at A, are shown in Fig. 3. From 
this point 21 steel pipes were laid across to a smaller 
manhole at B, introduced to take the bend in the 

FOOTWAY 

- ''

;;, 

•• I -

SECTION BB. 

Steel pipes were then laid open under the ramp in 
three tiers of 7 pipes each, on a slope rising to 2 ft. 
6 ins. above ground level at the point D. The level of 
2 ft. 6 ins. was chosen so that the amount of slack 
left on the cables to permit the 5 feet upward move­
ment of the bridge should be reduced to the 
minimum. 

Two 12 ft. by 5 ft. by 4 ft. jointing pits were hung 
under the footway at the points E and F, and were 
connected by 10 steel pipes laid in the steel troughing 

I 
I 
I 
I 

FOOfWAY 

DIVERTED TRAM��.AY 

SECTION 'AA 

TUN\ 
FIG. 3.-DETAILS OF SPECIALLY DESIGNED REINFORCED CONCRETE MANHOLE. 
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FIG. 4.-ELECTRICALLY-DRIVEN SKILSA\\' STEEL-CUTTING MACHINE IN OPERATION. 

which formed a part of the support of the actual road 
surface. 

The building of the manhole at A was complicated 
by the existence of the arches under the roadway and 
the alterations being undertaken in connection with 
the straightening of the tram subway. It was necessary 
to strip the two adjacent arches and to add a 9-inch 
layer of concrete over the whole of the brickwork, as 
it was feared that the removal of the cushion of earth 
previously existing under the road surface would result 
in too direct a strain being thrown on to the arches. 
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Fie. 5.-CoMPLETED Jo1NTS tN l\!ANHOLE OUTSIDE 
BRETTENHAM HOUSE. 

Cabling and jointing. 
It was undesirable to have intermediate joints 

between the manhole at A and the jointing pits under 
the bridge footway, if this could be avoided. The 
cable drums were set up at D and the cables " fleeted " 
through B to the manhole at A. The back ends of the 
cables were removed from the drums and led away 
from the bridge along the terrace of Somerset House. 
The bights of the cables were then turned back and 
drawn through to the jointing pits at E and F, 
sufficient slack being left at D to allow the upward 
movement of the bridge to be made at this point. 
The existing cables at A, E and F had to be stripped 
of the encasing steel pipes, numbering 27 pipes in all. 
It will be apparent to those engineers familiar with 
this class of work that such extensive longitudinal 
splitting of pipes containing live cables presented a 
problem, the solution of which was made more 
difficult by reason of the close formation of the pipes 
in the bridge structure and the confined space 
available for the use of culling tools. In these 
circumstances, it was obvious that the time factor 
would not permit the use of the normal cutting method 
in which the tubes are cut with a diamond pointed 
chisel, particularly as it was desired to split lhe pipes 
for a minimum length of approximately 7 feet each. 

Several firms were approached with a view to the 
discovery of some suitable power-driven cutting 
machine, and it was decided to experiment with a 
portable hand tool marketed under the proprietary 
name of " Skilsaw "-in which a carborundum 
cutting wheel is driven at a high speed by a small 
electric motor mounted as an integral portion of the 
tool. A picture of the machine in operation is shown 
in Fig. 4. The experiment proved to be eminently 
successful ; a longitudinal cutting rate of approxi­
mately 7 feet per hour was obtained, and the whole 
of the pipes were stripped by this method without 
the slightest damage to the cables. 

The cables to be diverted contained a total number 
of 5,198 circuits, of which 2,274 passed through the 



FIG. 6. BANK OF HYDRAULIC LIFTING JACKS. 

footway box on the west side, and 2,924 were contained 
in the cables on the east side of the temporary bridge. 
The pedestrian footway on the west side was closed 
to traffic by the bridge authorities, but the eastern 
elevated wooden footway was extended to pass over 
the box on the east side and so allow work in the 
footway box to proceed uninterrupted, and, by 
adjustment, to permit pedestrian traffic to continue 

Raising of the Bridge pan. 
On Thursday, October 15th, at 5.30 a.m., the work 

of lifting the 1,000 ton bridge span was commenced, 
and the operation was completed at 12 noon on 
October 16th. During this interval in which the span 
was being raised a roadway was constructed, rising 
from a point outside Somerset House to a height of 
5 ft. 6 ins. at the point of connection with the new 

FIG. 7.-LEVEL OF BRIUGc ::.uk�·ALE BEl:-;G RAIS1':0. 

unobstructed even during the actual raising of the 
bridge span. 

The cables at the manhole at A were pieced out and 
placed round the walls ; a photo of the completed 
joints is shown in Fig. 5. 

In the boxes at E and F it was found possible to 
" balloon " the cables, and the circuits were then 
diverted by cutting and jointing direct to the new cables. 

level of the raised span, and within the short space of 
four days, from the time of closing the bridge to 
traffic, the bridge engineers were again able to 
allow the normal passage of road traffic across the river. 

As a matter of interest to readers, two photographs 
are given, showing (Fig. 6) a bank of hydraulic jacks 
employed at the north end and (Fig. 7) the bridge 
level being raised. 
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A Simple Transmission 
Measuring Equipme nt 

L. E. R Y ALL, Ph.D. lEng.), A.M.l.E.E. 

and A. G. BURGESS, A.M.t.R.E. 

A description is given of a constant output I mW oscillator, a simple direct reading transmission measuring set and a 

I mW calibration unit. 

Introduction. 

T

HE recent increases of trunk circuits, and 
particularly of minor trunks between zone and 
group centres incorporating unit amplifiers, 

have led to a demand for suitable testing equipment and 
particularly transmission measuring apparatus. This 
equipment must he as simple as possible to operate, 
and since large numbers are required it must be 
cheap. Also it must be capable of operation from all 
forms of power supply which will be encountered, 
and the accuracy of measurement must be practically 
independent of the ftuctuations of the supply voltages. 
The performance of the apparatus which has been 
developed adequately meets these requirements and 
will no doubt have a consideraUe use in other fickb 
in which precise attenuation measurements at audio 
frequencies are required. 

The apparatus consists essentially of :- · 

(1) a constant output oscillator; 
and 

(2) a direct-reading transmission measuring set. 
A milliwatt calibration unit tor accurate ad1ustmcnt!' 

is also described. 

THE CONSTANT OUTPUT 0SCILLATOH 

The oscillator is of the 3-clectrode valve type in 
which the anode is resistance coupled to the tuned 
grid circuit. The amplitude of the oscillation is limited 
by the flashing of a neon tube, so that a constant 
voltage signal is generated. This is fed to a number 
of independent outputs through resistors of 600 ohms 
impedance. 

Fie. l .-S1MPL1Frnu C11tcun <ff CoNSTi'INT 
Ot:TPllT OSCILLATOR. 

The circuit design of the oscillator is shown in Fig. I 
and one form of the instrument, rack mounted for 
repeater station use, is shown in Fig. 2. The valve 
anode circuit is choke-capacity coupled to a step-up 
transformer across the secondary winding of which is 
connected a specially aged neon lamp in series with 
resistors R4 R5 and the primary winding of the output 
transformer T2. The feed-back winding is connected 
via an adjustable resistor Rl to the resonant circuit 
LL, Cl, tuned to the required oscillator frequency, 
and associated with the grid circuit of the valve. 
For repeater station use frequencies of 300, 500, 800, 
1,400 and 2,000 c.p.s. are available. The tapped 
output winding is connected to 4 output jacks via 
:;oo+3oo ohm resistors and the outputs are normally 
closed with 600 ohms. When set up the output is 

FIG. 2.-1 MW OSCILLATOR. 
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adjusted to 1 mW (±.07 db.) by means of the taps 
on the windings of the output transformer. Oscillation 
is obtained by reducing the value of the feed-back 
resistance to 1,000 ohms less than that required to 
produce oscillation with the tube flashed under 
adverse load conditions. 

The Controllinfj Action of the Neon Tube. 
The amplitude of the oscillation is limited to that 

which just flashes the neon tube. As soon as the 
tube flashes the limiting action prevents any further 
increase of the signal that is fed back to the grid 
circuit so that the oscillation does not tend to build 
up excessively. If there is no further controlling 
effect, the limiting action produces distortion of the 
wave form resulting in a total harmonic content about 
23 db. below the fundamental frequency signal. A 
second controlling effect, however, is obtained by 
use of the property of the " Beehive " type neon tube 
that the flashing voltage when the plate is negative is 
less than when the " Beehive " is negative. The neon 
tube operates as a rectifier and the rectified voltage 
obtained across the resistor R5, filtered by condenser 
C3, is fed into the grid circuit of the valve to increase 
the negative grid-cathode bias voltage. The valve 
amplification is reduced, which causes a reduction in 
the limiting action of the neon tube and of the rectified 
voltage. Thus a state of equilibrium is set up in 
which the neon tube is only just flashed. Due to 
the non-linear characteristic of the valve, one-half 
wave of the oscillation has a slightly greater maximum 
amplitude than the other, and this half-wave is 
used to flash the neon tube by suitably arranging the 
transformer and lamp connections. By this means the 
amplitude of the oscillation is maintained constant 
and equal to that which just flashes the neon tube, 
but very little power is absorbed by the tube so that 
the harmonic distortion is small. 

Performance Characteristics of the Oscillator. 
The following performance characteristics apply 

when one to three outlets are either short-circuited or 
open-circuited, with supply variations up to ±10% 
from normal, and measurements are made on the 
fourth outlet. 

Stability of Output Power. The change in output 
power from the " set up " value of 1 mW is less than 
O.l db., provided the temperature is constant, and 

FIG.3.-WAVEFORM OF 1 MW OSCILLATOR. 

this degree of stability is maintained over a period of 
years. 

Effect of Temperature Change on Stability of Output 
Power. With normal type neon tubes day to day 
temperature changes may produce a change in output 
of up to 0.15 db., other conditions being constant. 
With specially selected neon tubes this error can be 

reduced to well below 0.1 db. for large temperature 
changes. 

Frequency Stability. Under conditions given above 
the frequency change is less than 0.1 o/o. With reactive 
loads (Z0 = 600 �0) the change is less than 0.25%. 

Harmonic Content. A cathode-ray oscillogram of the 
wave form is shown in Fig. 3. The actual harmonic 
voltages given as percentages of the fundamental 
signal voltage are as follows :-

Harmonic 

2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 

lOth 
llth 

% of fundamental 

1·6 
l ·4 

l ·4 

l ·3 
l·l 
l·l 
0·9 
0·8 
0·7 
0·6 

Increased Outlets. The number of outlets can be 
increased up to 12, and the total maximum harmonic 
content is then approximately 5%. The other charac­
teristics are practically unchanged. 

Output Impedance. This is equal to the resistance 
in series with the output, i.e. 600 ohms. The constant 
voltage signal obtained across the windings of trans­
formers T2 ensures that the transformer impedance 
is effectively zero. 

Power Supplies 

The oscillator operates with 16 V or 21 V, 0.25 amp. 
A.C. or D.C. supply (or 4 V, 1 amp using valve VT 90) 
and 150 V anode supply (12 mA). A mains unit shown 
in Fig. 4 will supply up to a maximum of 6 oscillators 

t6V Hft-1 

5 

60 

To osCJllator 

2 

.J 

s 

6 

HT+2 

To '"s��:suring 
FIG. 4.-MAINS UNIT FOR 6 OSCILLATORS AND 6 TRANS­

MISSION MEASURING SETS. 

and 6 measuring sets simultaneously. Artificial 
anode loads are used to maintain the anode voltage 
reasonably constant when less than 6 oscillators and 
6 measuring sets are used. 

Other Applications of the Oscillator Design. 

The oscillator using the power supplies stated -will 
provide any output directly from the transformer T2 
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up to 30 mW without the output voltage changing 
more than I% and with a total harmonic content of 
less than 5%. If the load is non-reactive or reactive 
(�) the frequency change is less than 0.3°� and 
if the load is wholly reactive the frequency change is 
less than I%- With the larger anode voltages, these 
output powers can be increased. The design is there­
fore very suitable for generating the carrier signals 

600 

16""AC 600 

FIG. 5.-SDIPLIFIEO CIRCUIT OF TRANSMISSION :\[EASURING 

SET. 

for V.F. telegraph systems and all forms of A.C. 
signalling systems where the load conditions vary or 
constant output voltages are required. 

The large number of independent outlets that can 
be obtained, with the absolute reliability of the 
constancy of output, make it invaluable for laboratory 
use where measurements at an audio frequency arc 
made. 

A 2 to 1 frequency range in which the output does 
not vary by more than 0.1 db. and the harmonic 
content is less than 5%, can be obtained with a suitable 
tuning inductance and merely varying the tuning 
condenser. With step-by-step inductance changes in 
conjunction with a variable tuning 
condenser a frequency range from 
50 to 10,000 c.p.s. can be obtained 
with the same output characteristics. 

A DIRECT. READING TR,\NSM!SS!ON 
MEASURING SET 

The apparatus consists of a single 
;;tage valve amplifier, the output of 
which is applied to a rectifier 
voltmeter through a high resistance. 
A logarithmic scale is obtained by 
means of suitably shaped magnet 
pole-pieces. The circuit is shown in 
Fig. 5, the complete equipment 
suitable for rack mounting in Fig. 6 
and the scale shape in Fig. 7. 

The Meter Design. 

performance is obtained with the scale horizon­
tal, although vertical mounting can be used. 
A Westinghouse rectifier combination is associated 
with the meter and the full-scale deflection is obtained 
with an A.C. input of 1 milliampere. Due to the 
associated rectifier the impedance varies from 1,000 
ohms at full scale lo J0,000 ohms at 30 db. below full 
scale. This impedance is affected by temperature 
changes and the reading of the meter can only 
be made independent of temperature by adding a 
swamping resistance of 20,000 ohms in series. 
This also ensures that the load applied to the amplifier 
is reasonably constant and independent of temperature. 
Hence the effective full scale input is 21 volts, 1 
milliamp. A little consideration will show that it is 
not possible to obtain any degree of accuracy with a 
rectifier instrument intended to measure signals of 
telephone powers without an amplifier. Owing to 
the varying impedance of the instrument accurate 
reading can only be obtained if the input impedance 
is constant or very low compared with that of the 
instrument. 

Calibration of tlze Meter and .'\1 eler Accuracy. 

ince it is necessary lo calibrate the meter in 
association with the 20,000 ohm series resistor it is 
best calibrated in conjunction with a sample amplifier 
of the type with which il will normally be used. The 
meter accuracy is as follows :-

From 0- 20 db. the error is less than ± 0.25 db. at 
each db. calibration. 
From - 20 to - 30 db. the error is less than± 0.5 
db. at each db. calibration. 

Tlze A mplijier Design. 

The input signal is applied via a transformer 
( L : 5 step-up ratio) to the grid circuit of an indirectly 
healed amplifying valve (µ. = 12, Z = 3,000 ohms). 
The anode circuit is choke capacitance coupled to the 
load resistance of 10,000 ohms. Grid bias potential is 

The moving-coil meter consists of 
the most sensitive 3!-inch commercial 
instrument it is possible to obtain, 
consistent with accuracy and free­
dom from stickiness. The best 

FIG. 6.-DIREC'T HE \DING TRANSMISSION �IE.\SURING SET. FRONT ANO 

BACK \'rnws 
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obtained across a 600 ohm resistor in the cathode 
circuit and this, in combination with the high load 
impedance, ensures that the amplification is practically 
independent of supply voltage variations. The varia­
tions in amplification of different valves arc taken up 
hy the potentiometer. The input impedance of the 
:implific'r is more than 10,000 ohms over the range 200 

FIG. 7.-SCALE SHAPE OF 
TRAXS�llSSlO:-< :'llEASl_IRIXG 

SET. 

to 3,000 c.p.s. and more than 2,.500 ohms over the 
range!'">() to 10,000 c.p.s. The input can also be closed 
with flOO ohms. A 20 clb. tap is pro,·idccl on the 
secondary winding of the input transformer so that 
the range of the meter, which is normally 0 dh. to 
- 30 db. referred to 1 mW, can be increased to 
rnver the range -! 20 dh. to -10 db. 

The J>rrformancc of the Comf>ldc lnstmmc11t. 
Bal/cry mriations. The amplifier is intended to 

operate with an anode battery of 1 :m volts and a 
heater battery of 2l volts or U) rnlts, 0.2:> amps or 
.i volts, l amp. \\'Iwn operated from the mains 
power panel the maximum change in the meter 
reading is O. l db. for± 10° 0 supply voltage variation 
anrl 0.2 clb. for ± 1;3° ,, supply voltage variation. 

Vafoc ;1ariatio11s. A 40" �change in valve impedance 
produces a maximum error of 0.1 dh., while with an 
SO% change the error is 0.2 db. 

Frequency range. The errors normally present at 
frequencies ahove :J,000 c.p.s. due to the amplifier 
design and the rectifier in association with the meter 
arc corrcctecl hy means of resistor R!l and condenser 
C4. The error over the frequency range !lOO to :3,000 
c.p.s. is less than O.L> dh. as compared with the 800 
c.p.s. value, and docs not exceed 0.2•> db. between 
120 and 10,000 c.p.s. 

Input imf>eda11cc. (ker the range 200 to :�.OOO c.p.s. 

the input impedance is such that in making level 
measurements on circuits of noo ohms, the error is 
lf'ss than 0.1 db. 

Temperature error. The maximum error at ::1.11y 
point on the scale is less than 0.25 <lb. over a 
temperature range of 20c to 40°C. If, however, any 
<'ITor at full scale, which can he checked bv means of 
a l mW sign:il from a l m\\" oscillator, i� corrected 
by means of the potentiometer, the temperature 
range can he increased from O'' to ;)()'(' without the 
error exceeding 0.2•> db. 

Tn Set 11 f> t!ic In stru me 11 t. 
An input of l m\\" at a frequency between :mo and 

�,OOO c.p.s. (which can usually he obtained from a 

.. I mW " oscillator) is applied to the input terminals 
(closed OOO ohms) and 1 the potentiometer adjusted 

so that the needle reads zero. The set is then readv 
for use. If no previously calibratecl signal source 1s 
available the meter itself in series with a resistor of 
approximately 5,000 ohms can be used to measure a 
signal of 1 m\V from an oscillator. The accuracy of 
this calibration however, is affected hy temperature 
and should not he used if a more reliable method is 
available such as the l m\V oscillator or the I mW 
calibration unit about to be described. 

A 1 ::-.1\\' C.urnRATIO:-; Uxn 

The calibration unit shown in Figs. 8 and 9 is 
designed to give an accurate means of calihrating l mW 
of power from a generator of internal impedance noo 
ohms into a resistive load of HOO ohms. The supply to 

o.c. 
SU!'PLY 

F1<�. 8. -CrncnT OF I �1\\· C.11.1111uTmx l'.x1T. 

the metC'r is adjusted to Le J ,;");i V. This \·oltage is i11 
series \\'ith a resistor H:{ of HOO ohms and with one 
position of the key K it is supplied to the thcnno­
couplc T and gah·anomC't.cr C. \\'ith thC' key in another 
position thC' output Yoltagc of tl1C' (i(l(I ohm generator is 
supplied to the t hermorouplc and galvanometer. 
\Yhen the galvancmeter readings under the two 
conditions arc the same it follows that an E.'.\LF. 
of i.;);i volts is being den�lopcd in the Ef:O ohm out put 
circuit of the generator under test. This is the con­
dition required to give an output power of I m\\' 

r. 

I , 

FIG. 9.-1 )J\\' C11.1BRAT!OX CXJT. 

into a load of flOO ohms and is independent of the 
resistance of the thermocouple. \\'ith commercial 
tolerances on the accuracies of the ,·oltmetcr V and 
the resistor R3 the calibration of the A.C. source is 
accurate to within :.!:: 0.1 db., the internal impedance 
of the source being assumed to be noo ohms exactly. 

\\'ith the kf'y central the .-\.C. input is applied Yia 
a \\'estinghouse rcctit]cr to the n.c. voltmeter 
(connections not shown in fig. 8). Provided the 
deflection obtained is less than o.:l V (shown reel on 
the instrument) the thermocouple will not be o\'er­
loaded by the signal. 



The Maintenance Aspect of Overhead 
Construction Work R. C. C. BROWN 

The author reviews the relationship between methods of construction and fault incidence. An examination reveals that 
departures from standard methods of construction, due often to a desire to ensure speedy completion of work, often result 

in poor construction and a high fault incidence. 

Introduction. 

R
ECENTLY, under the a:gis of the External 
Plant and Protection Branch of the Engineer­
in-Chief's Office, an examination has been 

undertaken of the standard methods of construction 
of overhead line plant in their relation to the fault 
liability of the plant. Maintenance and construction 
works in progress have been observed, in an endeavour 
to ascertain to what extent, if at all, standard methods 
fall short of the practical requirements in the field, 
and it is proposed to deal with the conclusions arising 
from such observations. 

With economic considerations playing such an 
important and necessary part in the Department's 
programme, care must be taken that maintenance 
standards are not lowered. Speedy completion of the 
work necessary to connect a new subscriber (advice 
note work) must remain an essential, but it is of 
primary importance that the benefits of this are not 
nullified by the indifference, through faults, of the 
standard of service provided. 

No article of this nature could be complete without 
some reference to organisation difficulties and the 
demands of the system. Shortage of skilled staff, the 
lag in the provision of local underground plant and t:t:e 
urge to complete advice note work quickly contribute 
largely to the present fault position. Plant and staff 
deficiences will, however, diminish with the increase 
of development work now in hand and the compre­
hensive training provided for new entrants to the 
Engineering Department, while the requirements 
of speedy advice note completion, consistent with a 
higher standard of construction, can be attained, to 
some extent, by improved organisation and closer 
co-ordination between the maintenance and construc­
tion groups. 

Standard Methods of Construction. 
The maintenance procedure as set out in the 

Department's Engineering Instructions appears to 
cover all contingencies, and, while the functions of 
fault controls are outside the scope of this article, 
it is of importance to record that the machinery is 
available for the improvement of the fault position. 
Periodic inspections, annual renewals and the normal 
procedure for the authorisation of outstanding main­
tenance work make provision for the remedying of all 
plant defects. Only by this means can be avoided the 
vicious circle of increase of faults, more staff engaged 
on faulting, fewer staff available for maintenance 
work and a consequent further increase of faults. 

The " Engineering Instructions " relating to 
standard methods and design are reasonably compre­
hensive and no serious modification appears necessary. 
Departures from standard, prevalent in practice, 
arise mainly from the desire to ensure speedier com­
pletions of work, but no evidence exists that improved 
construction has resulted. Recent changes of design 
appear satisfactory under the restricted conditions 
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prescribed for their use, but their extended use under 
any conditions provides a serious fault factor. Covered 
drop wire and extension brackets are typical examples 
of new design which are frequently used with some 
lack of discretion. Fault incidence has, thereby, 
increased with the consequent tendency to condemn 
such changes in practice. Misleading conclusions will 
arise if information as to shortcomings of plant is 
based on misuse, and the importance of the adoption of 
standard methods cannot be too strongly emphasised. 

Strengthening of Lines. 

Analyses reveal that more faults are due to defective 
regulation than to any other cause and that line 
instability is a serious contributing factor. Many 
remedial measures are possible under current advice 
note works. Strengthening of lines to the permissible 
maximum of four poles per advice note, with the 
addition of stays at angles, would quickly effect 
improvement and would not seriously retard the 
advice note programme. \Vorks outside the scope of 
the advice note could be covered by estimates and 
could frequently be completed in conjunction with 
advice note works. 

The strengthening of a line is often deferred 
because of the suggested imminent provision of under­
ground cables, though too often, in these days of 
pressure, that is the excuse rather than the reason 
for deferment. But even where development studies 
are contemplated delays of two or three years are 
possible before the new cables are available, during 
which period further wires are added, usually on 
extension brackets without the additional support of 
arm braces, until good regulation becomes an impos­
sibility. Where the history of a line is available it is 
interesting to observe the increase in fault liability of 
the existing wires as new circuits are added and 
examination will often reveal that little or no 
strengthening has been done. 

Wayleave difficulties sometimes preclude the · 

provision of stays or permit stays only of inadequate 
spread. When positions for struts are not available 
added stability can be provided by the use of poles of 
heavier class. 

The Regulation of Wires. 
There is a serious danger in departing from pre-war 

standards, when, regardless of the number of wires, 
one vice per terminating point was considered essential 
for good regulation. Because of the saving of time that 
is effected, hand regulation has become very prevalent 
and contributes in some measure to regulation 
difficulties. This method provides no means of 
tensioning the wires equally, seeing that one wire 
must be made off before a second wire can be strained, 
which operation affects the tensioning of the first 
wire. Hand regulation, too, leads to damage to the 
surface of the wire due to the use of pliers for 
tensioning, while, to hold the strain while the termina­
tion is being made, additional turns are taken around 



the insulator, leading to further possible damage. 
It is argued by some workmen that experience 

teaches the correct tensioning of wires and that no 
theoretical application is necessary ; some regulate by 
the feel of the wires, other tie themselves to a fixed 
reading on the tension ratchet. Tension tests, which 
have been made on some completed works, reveal that 
correct regulation is arrived at only by accident, 
little regard being paid to temperature variations. 

Practical considerations have restricted the spacing 
between wires, consequently the dip is limited. Wires 
must be so tight that the risk of contacts is eliminated, 
yet sufficiently slack to permit of a considerable 
increase of tension due to fall of temperature and 
storms. Provision must be made for the increase of 
tension produced by the horizontal pressure of winds 
and the greater vertical loads due to the accumulation 
of snow and ice. The prescribed tensions take into 
account the foregoing factors and also provide a 
suitable factor of safety in respect of the breaking 
weight of the wire. With so many considerations 
involved it is impossible to develop a sixth sense in 
this respect. Recourse to standard methods and the 
use of regulation tables are the only safe means of 
regulation. 

New wires are frequently erected on lines where 
existing wires are already in bad regulation. In the 
absence of any provision for the re-regulating of 
existing wires there is no alternative but to conform 
to the same defective regulation with the new wires 
and faults will result. The urgency of completion of an 
advice note work will not always permit of the 
execution of the necessary maintenance work, though 
frequently in this respect more profitable use could 
be made of gangs. When the re-regulating is of such 
magnitude as to preclude of the possibility of its 
completion in conjunction with the advice note, 
advantage should be taken of the "outstanding 
maintenance works " procedure. 
The Use of Sleeves. 

Hand regulation is made possible by the wrapped 
bight termination, which is still largely used although 
the sleeve method of terminating is the standard 
method. Wrapped bight terminations have the 
disadvantage that they afford facilities for hand 
regulating and for " unpicking " and re-use of the old 
termination dming the re-regulating of wires. There is 
no evidence that these disadvantages can be offset by 
other considerations, as, in a recent examination of 
broken terminations, the wrapped bight was found to 
predominate. Breakages, probably due to corrosion, 
had taken place inside the wrappings and, where the 
free end of wire had broken, considerable difficulty 
was experienced in locating the fault. It is admitted, 
however, that it is difficult to get conclusive com­
parison between the two terminations since no 
information is available of the number of each type 
of termination in use. 

Breakages at sleeve terminations occur most 
frequently on the free end of wire at its point of entry 
into the sleeve. This defect will, in a large measure, 
be remedied if the free end of wire, on leaving the 
sleeve, is taken in an easy sweep to the insulator 
instead of being bent at right angles to the line wire. 
There is some evidence that such breakages at the 
sleeve are due to vibration and a method of holding 
the free end rigid may need to be introduced. 

· 

It is sometimes contended that the use of sleeves 
introduces an abnormal fault liability, but analyses 
reveal that wire breakages are comparatively few 
under normal conditions. Greater care and conformity 
to standards are essential in the use of sleeves. The 
correct number of twists should be inserted, black 
paint should invariably be used to seal the ends against 
the entry of moisture, and the use of pliers in lieu 
of jointing clamps should be discontinued. 

The Use of J Wire (wire covered with an impregnated 
cotton braiding) to reduce Faults due to Game. 

Numerous faults are caused by game flying into 
wires, and though inspection revealed that frequently 
defective regulation was a contributory cause, there 
is no doubt that, in many instances, game guards are 
ineffective, especially against a background of trees. 
It is suggested that the difficulty might be overcome 
by the use of J wire throughout where the number of 
wires is small, and where too many wires exist for the 
use throughout of J wire, it might be used on the 
outer positions of the arms. 

Leads on Distribution Poles. 
Mechanical and other damage to leads on distribu­

tion poles is generally attributable to the untidy 
condition of such leads and, in the main, it does not 
appear that the system of cleating or the type of 
cleat is at fault. The tracing of leads, on a congested 
pole, is a frequent cause of untidiness, leads being 
pulled from position and not restored. The most 
prevalent cause of disarray, however, is considered to 
be due to cable pair alterations on the block terminal, 
to meet line changes or to clear faults. Leads 
terminated at the bottom of the block are re-connected 
to terminals at the top and the necessary slack is 
obtained by removing the leads from their cleated 
positions on the pole and arms. 

Fault Incidence and Methods of Construction. 
Faults due to trees preclude the possibility of a 

decline in overhead faults during the comparatively 
fine weather of the summer months. Considerable 
improvement can be effected, however, by adequate 
lopping and the provision of good clearances during 
the erection of new lines. Comprehensive instructions 
have recently been issued in connection with tree­
cutting and there is no necessity to treat the matter 
in detail in this article. 

Many other instances are available to demonstrate 
the close relation between construction work and the 
fault incidence of plant. Faults on last spans to 
subscribers, not wholly due to the quarter-twist and 
horizontal formations but frequently caused by the 
unequal tension of wires due to hand regulation ; 
unsatisfactory layout of plant ; irregular methods of 
leading-in, all contribute their quota to the growing 
incidence of faults. The excuse is sometimes made 
that mass production methods in telephone construc­
tion must lead to a general lowering of standards of 
work. Output is, however, of prime importance in 
every industry, yet there is no general evidence 
elsewhere that quality is sacrificed for quantity. 
Standard methods define the quickest possible 
operations consistent with a high standard of work 
and relative immunity from faults, and departure from 
recognised procedure usually results in unsatisfactory 
conditions. 
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Centralised 
Control 

Routiner and Maintenance 
in Automatic Exchanges A. E. BROGDEN 

A description is given of a system of centrali ed routiner and maintenance control which has been installed on an 
experimental basis at Whitehall Exchange, London. and its results are discussed. 

I 11trod11ction 

I
N small automatic exchanges routine tests arc 
performed by means of manual testers which are 
portable and have to be connected by plugs and 

cords to jacks on the equipment to be tested. The 
various tests are applied, one at a time, by means of 
keys operated by the testing officer. 

Jn large automatic exchanges, routine tests are 
performed by automatic routiners which consist of 
testing apparatus assembled on a rack. Permanent 
cable and access selectors are provided to connect 
the routiner with each group of apparatus to be 
tested. \\'hen the routiner "start " key is operated 
each item is routine-tested individually, all the 
functions of one item being tested automatically 
before passing on to the next. Each routiner is 

points throughout the exchange the circumstances 
are not the best from a supervision point of view. 

The system of centralised routiner and maintenance 
control which has recently been introduced at White­
hall exchange, London, sets out to remedy this defect. 
Tew features which constitute a departure from 

standard practice have been incorporated, and for 
this reason a description of the scheme may prove to 
be of general interest. 

Control Equipment. 
The key and lamp display panels of each of the 

15 routiners have been duplicated on centralised 
positions installed in a small room adjacent to one 
of the automatic switchrooms. Circuits used for 
reporting exchange faults, both by day and night, 

FIG. 1.-Yrnw OF TllE CENTRALISED POSITIONS. 

equipped with a key and display panel which provide 
for subsidiary features and give lamp indication of 
the particular item under test and the particular 
test in progress. 

The normal arrangement is to allot a particular 
section of the exchange equipment to an apparatus 
fault�man who controls the automatic routiners and 
attends to all faults arising in that section. After 
satisfying himself, by the application of the routiner, 
that a fault has been removed in a satisfactorv 
manner, the relevant fault docket is completed and 
returned to the fault record officer. 

The nature of each fault and the result of the 
investigation do not come to the personal knowledge 
of the responsible senior officer as a matter of course, 
and as the automatic routiners are situated at various 
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have also been extended to an incoming panel of 
the desk. The addition of signalling and speaking 
circuits between the desk positions and each routiner 
completed the arrangements necessary to pennit of 
the control of routine testing and fault clearance 
from the central point known as the control room. 

Essentially the principle consists of the distribution 
of exchange faults by a controlling officer who retests 
the equipment before it is restored to service in 
much the same way as is done by test clerks in the 
case of external faults. 

Fig. 1 is a view of the centrali ed positions which 
consist of three test desk units installed side by side 
providing nine panels. The duplicate control keys 
and indicating lamps of the 15 routiners in this 10,000 

line exchange arc distributed over eight panels, each 



panel catering for one or more routiners according to 
the space required by the duplicate equipment. 
Fault reporting and intercommunication circuits are 
concentrated on the ninth panel, known as the 
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FIG. 2.-CIRCUIT SHOWING PRINCIPLE OF CENTRALISED 
CONTROL AND DISPLAY. 

" telephone panel," which is shown on the extreme 
left. 

Details of the equipment installed on the panels 
are as follows:-

(1) On Routiner Panels 
Duplicate control keys and indicating lamps 
for each routiner. 
A master control key for each routiner. 

(2) On Telephone Panel 
Keys and lamps to provide facilities for 
communication between two head set tele­
phones and (a) each automatic routiner, 
(b) each fault reporting circuit. 
Alarm apparatus. 

On the face equipment green opals and black labels 
with white engravings have been 

functions transferred to the control room by the 
normal contacts of the master relays. When it is 
necessary to extend control to the routiners, as 
when clearing faults which entail adjustments, the 
master key in the control room is thrown, operating 
the master relays. By this single key-operation local 
control is restored and interruption prevented should 
the control room routiner keys be left thrown or 
accidentally operated during the progress of tests. 

Fig. 3 shows typical connections to the telephone 
panel. Circuits which provide bothway auto call and 
clear conditions in addition to speaking facilities are 
provided between each routiner and either control 
room position circuit. Individual 3-wire circuits are 
employed, the third wire being utilised for signal 
purposes. 

In addition to the special fault circuits the following 
have been extended to the control positions for fault 
control purposes :-

Bothwa y circuit to the test desk junction test 
position. 
Extension line on service P.B.X. 
Extension line on service P.A.B.X. 
Night service ENG. 
Night service teleprinter. 

Alarms 

Routiner alarms, both "prompt" and deferred," 
normally appear in the control room, which is treated 
as an exchange sub-section, but may be restored to 
the routiner sub-section at the discretion of the contro l 
officer. The night service fault reporting circuits are 
extended to an exchange alarm sub-section via a 
" night switching key " during periods when the 
control room is not staffed. 

General Maintenance Arrangements 

Routine testing and the clearance of all exchange 
plant faults, routine and non-routine, are under the 
control of a skilled workman class 1 (S.W.l) who is 

fitted in order to reduce eye 
strain to a minimum. All con­
nections are made by means of 
keys which permit of greater 
speed and are subject to a lower 
fault liability than plugs and 
cords. 

cnrRALISED CONTROL PANEL. ROUT lf'I[ R 

One to six additional relays 
for control purposes were required 
on each routiner according to 
the number of controls to be 
intercepted. 

Facilities and Circuits 

All general routines are con­
ducted from the control room, and 
it is essential that their progress 
shall not be interrupted in any 
way by the manipulation of the 
keys on the routiners. As will be 
seen from the diagram in Fig. 2 
the keys installed on the routiner 
are rendered ineffective and their 
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located at the telephone panel in the control room. 
This officer prepares dockets for all faults reported, 
maintains special faults records, passes details of 
faults to, and receives details of clears from, the 
maintenance staff. An assistant controls all routine 
tests, prepares dockets for all routine faults and passes 
them to the S.W.l. for distribution. 

Particulars of the fault are immediately passed over 
the fault control circuit associated with the routiner 
to the m1intenance officer appointed to that section 
of plant. He deals with the fault in the usual manner, 
local control of the routiner being restored when 
necessary, and phones particulars of the clearance 
back to the control officer. Responsibility for the 
expeditious "busying" and subsequent rem::ival of 
faults rests with the control officer, who confirms 
that faults have been rem::ived by carrying out a 
" retest " before the docket is passed to the fault 
record officer for completion of the standard fault 
records. 

It will be seen that the standard fault procedure is 
not departed from except that all exchange fault 
reports circulate via the control officer. The detailed 
procedure which has been adopted for the treatment 
of various classes of " calls held " and faults works 
smoothly. 

Between the hours of 8 p.m. and 8 a.m. the night 
service ENG. and teleprinter fault circuits are 
extended to the control room and switched to an 
exchange sub-section "prompt " alarm. The S.W.l 
on night duty deals with complaints and faults in 
the normal manner and prepares and completes 
dockets which are deposited in a special compartment 
in the control room. 

Time lost due to " busy " conditions makes routine 
testing of certain ranks of equipment impossible 
during normal hours of duty. The performance of 
these routines by the S.W.l on night duty is greatly 
facilitated by the use of " Centralised Control." 

Advantages of Centralised Control 

Under centralised routiner and maintenance control 
a far greater measure of supervision of fault clearance 
is exercised. The control S.W.l is personally dealing 
with every fault and ensures that it is satisfactorily 
cleared with the least delay. His experience is avail­
able to assist the staff in the clearence of faults and he 
is in an excellent position to co-ordinate the investiga­
tion of any faults where attention to various parts of 
the plant must be given by different maintenance 
men. He can readily test the app3.ratus after the 
clearance of faults, thus checking the quality of 
maintenance work and in this respect the circum­
stances are ideal. He is able to recommend special 
attention to portions of the equipment for the purpose 
of anticipating faults and also to recommend changes 
in the testing frequencies as a result of experience 
gained in operating the routiners. 

The advantage of an organisation which enables 
one officer to be in close touch with the fault position 
on all sections of the exchange plant is apparent. 
Any general failure of the exchange plant quickly 
becomes obvious to him and an abnormally high 
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fault liability on a portion of the equipment is readily 
detected. In short, satisfactory performance of the 
exchange equipment is checked by "keeping a 

finger on the pulse." 
As the preparation of dockets is confined to a small 

number of men, there is greater uniformity of practice 
and consequently records are more accurate. 

In estimating the advantages to be gained the 
increased fault liability due to the introduction of 
additional relay contacts in the routiners must not 
be overlookei. With a view to reducing this liability 
to a minimum it is prop::ised to employ standard 
3,000 type relays in future schemes. 

Conclusion 

Comparison of average fault returns for corres­
ponding six weekly periods before and after the 
introdu:tion of the scheme shows that, whereas the· 
faults detected by routiners had increased, total 
routine faults and total exchange faults had decreased. 
From this it m1y be assum�d that the routiners 
are being used to better purpose, and that in con­
sequence of this increased efficiency the question of 
reducing the frequency of overhauls and inspections 
of apparatus could be considered with advantage. 
Such a decrease would reduce the amount of time 
spent on work which is of a m::inotonous nature and 
therefore liable to be inefficiently performed. 

Although the scheme is most suitable for large 
director exchanges in which all items of plant are 
automatically routined, the advantages to be gained 
from centralised control may justify the installation 
of routiners in smaller exchanges for which they would 
not normally be provided. In this connection the load 
carried by the control room staff is of interest. In 
addition to controlling routine tests, performing 
"retests," etc., approximately 600 exchange faults 
per week-i.e. an average of one every 10 minutes�·­
are dealt with by the two officers. 

In sm:iller exchanges a larger proportion of routine 
testing is performed manually, and difficulty would 
no doubt be experienced in allotting a full load to the 
control officer on account of the inflexible nature of 
the duty. 

Although there has been no marked effect on written 
complaints or service ob3ervation returns, it is felt that 
more efficient supervision of the maintenance staff 
has maintained a higher standard of service, although 
differences in fault recording methods has rendered 
any reliable comparison somewhat difficult. Never-

' theless the results of the experiment are sufficiently 
promising to justify an extension of the scheme to 
another suitable exchange so as to enable a decision 
to be reached regarding its adoption as standard. 
It has been decided, therefore, to proceed with the 
scheme at Temple Bar exchange, London, where 
special precautions will be taken to ensure that a true 
comparison of both cost and fault results can 
subsequently be made. 

The construction work, including the installation 
of the desk, local distribution frame, cables and 
routiner modifications, was carried out by the London 
Engineering District. 



Young People's Telephone Exhibition E. C. BAKER 

The author describes the main features of the second telephone exhibition for young people held at the 
Imperial Institute, London. 

Introduction. 

A
FTER five years of exhibitions throughout the 
country a return was made to the Imperial 
Institute, South Kensington, the site where the 

Post Office publicity campaign first came into 
prominence with a telephone exhibition for young 
people in January, 1932, for the second Young 
People's Telephone Exhibition which commenced on 
the 14th December, 1936 and continued till the 16th 
January, 1937. aturally those who remembered 
the pioneer show were interested to see how far the 
Post Office's exhibition technique had been developed 
during the succeeding five years. Two points impressed 
them almost immediately. The first, that excellent 
though the 1932 Exhibition had been it had not been 
planned with such an economy of display, nor had 
it possessed such high polish and glamour. The second, 
that telecommunications did not dominate the show. 
in spite of the fact that the original title of the exhibi­
tion had been retained. Most of the activities of the 
Post Office were represented in some way or other. 

Cinema. 

The Post Office Film Unit, which was set up on the 
Lst October, 1933, contributed an integral part of the 
scheme. Films produced by the Unit, illustrating 
Post Office activities, were shown in the theatre 
adjoining the main hall. After each programme there 
was an impressive demonstration, on the stage, of the 
Research Branch's 250,000 volt impulse generator. 
The cinema show was seen by 50,000 visitors during the 
course of the Exhibition. 

Main Hall. 

The Film Unit was also responsible for the modern 
decoration, in cut-out photographs, above the model 
cable chamber which occupied one end of the hall 
(Fig. 1) ; at the other end was the Research display. 
Along one side of the hall was a set of demonstration 
automatic telephone switches with a painted back­
ground of exchange scenes and two models of 
telegraph offices, Kensington and N .E. Ware 

Fie;. 1 :\TonEI. CABLE CH\MRER. 

(Anywhere). 40,000 souvenir telegrams were sent by 
teleprinter between these two offices during the course 
of the Exhibition. The opposite side of the hall was 
occupied by dioramas illustrating Post Office uniforms 

FIG. 2.-CABLE CHRISTMAS TREE. 

from 1700 to the present day and depicting the loading 
of mails at the London Docks and at Croydon Airport. 
Between these dioramas were Air Mail and Imperial 
and Foreign Mail exhibits. 

The now well known telephone cable Christmas 
tree (Fig. 2), festooned with coloured electric lamps, 
occupied the centre of the hall with a stand on each 
side. One of these island stands displayed a Private 
Branch Exchange from which the children were able 
to speak by telephone from one point to another in 
the Exhibition and also to ring TIM ; the speaking 
clock was dialled about 11,000 times. A press button 
machine which displayed information about the 
Post Office Savings Bank also occupied a part of this 
stand. The second island stand showed a stamp 
cancelling machine in operation, a comprehensive 
exhibit of the Cable Ships, and working teleprinter 
and ABC telegraph instruments. 

Behind the cable manhole was a realistic model of 
the Post Office underground railway (Fig. 3), and an 
actual train was on view. 

Research Branch's Display. 
At the opposite end of the hall was the Research 

Branch's display (Fig. 4). Above this were four 
poster!' recently designed by �fr. Eric Frazer. A 
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f'IG. 3 . .  )foOEL OF POST OFFICE lINOERGROUND RAILWAY. 

Chinese navigator is shown setting his ship's course 
with the aid of a lode stone, then Wheatstone with 
his transmitter, then Dr. Watson registering intense 
surprise as he hears Profess0r Bell's voice in his 
telephone receiver (a painfully solid brick wall 
separates them), and, finally, Hertz experimenting 
with his wireless transmitter. On the Research stand 
was a Transmission Quality demonstration set 
consisting of two short lengths of cable in which there 

the line conditions being simulated by arrangements 
of wave filters. A Voice-Delay apparatus was also 
demonstrated, in which speech from an ordinary 
telephone transmitter was amplified and the output 
current used to impart varying magnetic intensities 
to a continuous steel tape which could be revolved 
at varying speeds. The e impressions were detected 
after the steel tape had travelled a short distance 
and were re-amplified and reproduced on a loud 

FtG. 4. \'JEW OF )[AIN HALL. 

were music transmission pairs and ordinary pairs 
respectively. By means of clips it was possible to 
insert either normal line conditions or screened 
conductor conditions between the radio-gramophone 
with its special high fidelity loud speaker, and a 
cathode ray oscillograph could be switched into 
circuit to illustrate wide band or narrow band 
reproduction. This demonstration advertised the 
service given to the radio public by the Post Office, 
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speaker. At a further stage in the movement of the 
tape it passed through an intense alternating field 
which dispelled the impressed magnetism and allowed 
the tape to be used for the next transmission. The 
results of driving the tape at various speeds caused 
considerable amusement among the children. 

Mails Exhibit. 

The Imperial and Foreign Mails exhibit showed 



FIG. 5.-AIR l\lAIL EXHIBIT. 

the mail routes on a large world-map on which various 
towns were connected electrically to a keyboard of 
press-buttons representing the towns. \\'hen the 
button was depressed a light appeared on the map 
against the town represented by the button ; this 
display proved a very popular test of geographical 
knowledge. The Air Mail exhibit was in the form of a 
map (Fig. 5) with associated keyboards where, by 
pressing the appropriate button, visitors were able 

to the modern air liner Heracles ; with an interjected 
scene of Gladstone speaking in 1861. 17 ,OOO copies of 
this frieze, attractively printed in folder form with 
red covers, were presented to visitors. 

Along one side of the Art Gallery above the main 
hall a working scale model of the " Up Special " 
night mail train was displayed (Fig. 6). The Gallery 
was converted into a realistic imitation of a railwav 
station and a huge photograph of the railroad exit from 

Ftc. 6.-vVORKING :'lloDEL OF THE KIGHT MAIL TRAIN. 

to see at a glance the illuminated route of the Air 
Mail and the saving of time effected in the conveyance 
of a letter by air to the selected town. 

Along each side of the hall was a large illuminated 
silhouette frieze depicting the progress of message 
transmission from the time of the immortal 
Pheidippides, who covered the 150 miles from Athens 
to Sparta in two days in summoning help for the 
Athenians after the capture of Eritrea by the Persians, 

a London terminus filled the far end. Opposite the 
model train was a full sized photographic representa­
tion of the Travelling Post Office (Fig. 7). The model 
train passed around the 200 foot track 4,000 times 
during the Exhibition. The electric motor of its 
engine thus revolved 27 times, and it is not surprising 
that when the Exhibition closed the bearings were 
showing signs of wear. There were 35,000 visitors to 
this gallery. 
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Fie. 7.-TRAVELLINe POST OFFICE EXHIBIT. 

Power Supplies. 

Electricity for power and lighting was supplied from 
the University generating station ; the total loads 
for the Exhibition were 46 kW for lighting and 7.5 kW 
for power, and 24,000 units were consumed. Eight 
miles of wire were used for the power and lighting 
circuits and ! mile for telephones and amplifiers. 

Opening. 
The exhibition was opened on Decem­

ber 14th by Lord Iliffe, in the presence of 
Lord Snell, Chairman of the London 
County Council, and other distinguished 
visitors. The London County Council 
co-operated in arranging for conducted 
parties of school children, and 150 of 
these parties visited the exhibition. 

General. 
There was the usual crop of lost 

articles, and at the end of the Exhibition 
an unclaimed residue remained of 23 
school caps, 17 odd gloves, 7 pairs of 
gloves, 9 belts and sundry scarves, 
lunches, etc. A number of the children 
adopted ingenious methods of avoiding 
the loss of articles or smaller children for 
whom they were responsible. One small 
girl, who was a frequent visitor, always 
had a younger sister attached to her by 
a length of string. One day a tiny girl 
was secured, after the fashion of 
Andromeda, by a barrier cord to one of 
the pillars. Her piercing wails brought 
members of the Exhibition staff post haste to her rescue. 

A look-out was kept for the young genius who was 
in constant attendance at the 1932 Exhibition and 
who became known as " the boy who· knows every­
thing," but he did not visit this second exhibition ; 
one hopes, of course, that all is well with him. A 
worthy successor to him appeared in a lad who spent 
most of his time each day of the Exhibition at the 
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Conclusion. 

Research counter, and told the staff 
there that he intended to join them as 
soon as he was old enough. He got to 
know all the members of the staff by 
name and, for relaxation, used to go to 
the Souvenir Telegraph Office and send 
telegrams to them. 

The Exhibition wound up with a 
social evening at which all the Exhibition 
staff were present, and they took that 
opportunity to make a presentation to 
Mr. \V. ]. Bentlctt, who was leaving 
exhibition work after four years as 
Engineer - in - Charge of Post Office 
exhibitions. Mr. Bentlett had used his 
abilities to great efiect on this work, and 
there is no doubt that he can be 
accounted as largely responsible for the 
high standard which has now been 
reached in exhibition technique, and 
speakers at the presentation emphasised, 
too, the high regard which he had won 
for himself from every member of the 
Exhibition staff. 

The daily crowds of children, often accompanied 
by their parents, bore witness to the popularity of 
the Exhibition (Fig. 8). Such a show may not give 
immediate returns by an increase in telephone 
subscribers. It creates, however, in both the older 
and younger generations the feeling that the G.P.O. 

Fie. 8.-GENERAL \'mw OF EXHIBITI01'. 

is not a soulless Government Department but a live 
force whose staff are very human, keen on their job, 
anxious to provide facilities required by the public 
and desirous that the facilities already provided should 
be known to the public. The good relations established 
in this type of exhibition will bear fruit since to-day's 
schoolchildren are the Post Office customers of 
to-morrow. 



A Route Distance Recorder 
R. 0. BOOCOCK, B.Sc. (Eng.I 

and W. E. T. ANDREWS 

This article de�cribcs a ml'thod of thl' accuratl' routl' mca�url'mcnt and �pacinl! of loadinl! points by ml'an� or a tli,tann• n'l"ortll·r 
dri,·en from the sidel·ar �hed of a motor-c)·dc l'ombination. 

1 ntroducl i011. 

T

HE IH'<I\"\' innl'a"l' in I runk and j111wt ion l r;t!°iic, 
following the n:duction in tarilts o\·l·r two .''L'ab 
ago, m·c:l· . .;,;itatc<l the 11q:�cnt provi,;inn of mam·. 

1 ww trunk anc l junction ra blt•s. In tlw Eastern J )i,;trirt 
:-.orne 400 mik,; of route n:quired ac'L'uratl' measun·ml'nt 
for cable specifications and the spacing of loading 
points. 

In the initial stages, measun·ment was maclc i.,· 
chain a ncl pins, this being regarded as the standard 
mcthocl. It must he admitted. however. that the 
romlit ion,; under which men are callee I upon to perform 
chain ml';1suring duties ;ire not condncivc to n·lial>lc 
results. l "nless arrangements arc made for n1-

opcration h.'• a thircl member of the party (with ;1 
vehicle) . the cha in measurcrs must oi neressi t !' I><· 
hunlenccl with stakes . hammer, maps, tape, pcrsu11al 
requisites, etc. The measurement of long rural routl'"· 
sometimes during inclement weather, thus becoml's ;111 
exacting task, slow pwgress and nnreliahlc re,;ult s 

hcing almost inc,·itahle. ..\,; an examph> , it was sc·\·11 
that at least IH.,000 chain lengths would he involYcd 111 
the measurement in hoth clircctions of 400 rout\' 
miles and this \\·ould occupy· tl1c c·qui,·alent of tw" 
nwn's time for six months. 

:\part from the attl·ndaut disacl\·;111tagl's, it app<:an·d 
that chain mc•asnring from an cflicic11c!· standpoint wa" 
not in kl•\•ping with present-clay standarcls, and dfort" 
were, therefore, made to devise a h:·ttcr sy,;tem . .-ud1 
as an electrical or mechanical recorder. 

· 

A hancl measuring wheel has, it is bclievecl, been 
sometimes used for t his purpose hut it is a slow mctlw1l 
a11d vcrv liable to errors due to deviations from the 
straight: . .\bo, a man pushing a whcd in front of him. 
for mill· after mile, presents a rather ludicrous picture. 

The recorder, however, in its latest form, rnahlc� 
measuring work to he carried nut with clignity. and 
its degn·c of cflicicnry is such that the 400 m iles of 
route quoted abm·c can he measure1l in the cqui\·al(·1ll 
of two men's time for three weeks. 

First Exptrimrnts. 

An accnracv of about I vard in 2,000 was ainu.:d 
at in spacing loac.ling points 

.
tu allow as much margin 

as possible for latn unforcsePn deviations in t lu· 
duct or cable track. The sidl'rar wheel of a motor­
n·de comhinat ion seemed to he the most suitahk 
\�·heel for driving a recorder. the h:1ck wheel of ;1 

combination heing subject to spin or slip and tlw 
front to steering dl'\·iations. 

The lirst te,;ts m:•cle were primarilv to determine tl11· 
dPgrl'C of arcnran· which won lei he oht ained. :\ 
suhscrihl'r',; ml'tcr, from a C.B. telephone cxc:h:uigc, 
was rewound for low \·oltagc working and j oined via 
the motor cycle b:tttery to a brush and a cam lixed 
to tl1e siclecar wheel. Headphones were connected via 
a two-volt tapping from the hattcry to the auxiliary 

E 

<"ollt:tc-ts cl[ tli(• lllctc·r lo pr11\'(• its n·gular 1>)>l'L1t11111 t" 

1 he siclt-c;1r 11hsnn·r. Till' clegre\· .,f acn1ran-, .111d 
n>11siste1 1c·\· 11{ n·,;ulh ohtaitl\'cl, sl10\\'t'd tl1at lurtlwr 
C'Xperi11wn-ts \\'ere justified. 

For tl1t• Jh·xt l'Xperinwnt tla· cam and l1n1�h W<'.l"l' 
n:pbrecl Ii\· a ll('xihlc spcc•do111\'ll'r nii>le drin· frnrn 
the siuct·ar \\'hl'd to a car type distril111tor, the ,-.111• 
of the latter lwing moclilied to givl· one• contact per 
wheel n•\·olution. 

. · lll-mcd1a11£cal i'osi/i;·" /)rif·<' l<t'c urda. 
:\l thi,- ,;tag,, it w;1s t•,;tahlislu·d tl1at rdi.1hlc l'l'Sllit" 

could lw oht :1ined. ;1ncl it \\·as n·ali�l'cl that the reconkr 
co11ld not 11111\· hi' ust'cl t11 chl'rk rl1ain-111l';i,;11rcd 
dista11n·�. hut ;1

-
lso to n·nircl thl' n·cp1ir\'d llH':1sun·mt·11t' 

and sp:wing wit hont pn •\·ious chaining-. The limit i11g 
Sj>l'l'd. hm\·\·\-l'r, ;11 which tht· dt·ctri1·:dl.\· npt•ratl'd 

meter worked satisfactorily w;1s ahottl :lO niiles p<·r 
hour a11d although such a speecl wa,; in ii,;clf atlcquatl' . 
:t grcatl'r factor of �afct!' was ncccssar.'·· Furthermon·, 
a posit i\·c mechanical drive to the mc�ter 11r recordl'r 
was cksirahlc. 

Fig. I illu,;trates the recorder 1111w 11,;cd. Tlit· 
flexible ,;pcedomctcr rahlc is clin•ct coupled to tlit· 
centre needle which in turn is .�l'arl'd h.\· a IU to I 
worm n•clurtio11 u11it to the digit recording part of :1 
suhscrihcr's meter. The rcdurtio11 gear is parked wit le 
grease and the r<'corcler ha,; sh11w11 no apJlreciahll' 
signs of \\'c•ar :lft('r nc:1rly two .\"l':trs' use. 

Fig. 2 show,; the ml'I hud of dri\·c from t li<" 
wheel. The wheel spindle \\".b drilled through tlw 
centre ;1nd a square ended spindle, llxccl to a hub 
cap, was passed through the wheel spindle to engag1· 
with the tlexiblc cable drive. The casing of the lattl'r 
is fixed to and is concentric with the wheel spindle. 
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When the operation o( the recorder is not required it i::. 
disconnected by simply replacing the inner spindle and 
rap by the normal cap. The drive is positive through­
nut, no friction couplings or grub screws being used. 

FIG. 2.-:\TETHOD OF DRIVE FROM SIDEC \R \\·11EEL. 

The centre hand revolves once per wheel revolution 
,1ncl the dial is divided into tenths. The digit counters 
record the wheel revolutions and fractions of a wheel 
revolution are shown by the centre hand. 

l'se of Recorder. 

Experiment has shown that for a passenger of 
average weight a sidecar tyre pressure of 38 pounds 
per square inch gives the most consistent results. 

As the recorder reading for a given distance varies 
slightly with tyre wear, it is necessary to obtain the 
reading for a standard distance before the machine 
is used for actual route measurement and loading 
point spacing. At Cambridge, where the motor cycle 
is stationed, a distance of 2,000 yards (i.e. the standard 
loading section length) has been carefully chain 
measured along a straight unfrequented road on the 
outskirts of the town and the position denoted by 
marking posts. This standard length is occasionally 
traversed two or three times by the motor cycle 
before the latter is driven to the actual site of the 
route to be measured. 

It is important to ensure that the combined weight 
of the passenger and load in the sidecar is approxi­
mately the same in actual use as for the calibration 
runs. l t  is also important that the tyre pressure is 
maintained at 38 pounds per square inch. 

(j() 

2,000 yards is equivalent to a recorder difference 
reading of about 900, depending on the condition of 
the tyre. A difference of more than 1 yard (i.e. 
about .5 on the recorder) between successive runs 
over the standard 2,000 yards indicates something 
a.miss, such as a slow puncture in the sidecar tyre. 
Similarly, unless the road is very winding, there should 
not be a greater difference than 2 yards in successive 
readings over a 2,000 yards loading section on the 
actual route. In practice it is found that successive 
readings taken with the recorder differ less than 
successive measurements taken by chain. Distances 
are normally checked by traversing the route twice. 

l t has been found that the most accurate results 
are obtained when the motor cycle is run on the same 
side of the road as the proposed duct or cable track, 
thus minimising errors due to bends in the road. 
Hence if the proposed route crosses from one side of 
the road to the other, the route on each side of the 
road is measured separately and the road crossing 
measured by a tape. 

Similarly, portions of the route which would cut 
corners on wide grass verges, or which would otherwise 
deviate appreciably from the line taken by the sidecar 
wheel, need to be separately chain or tape measured. 
Such conditions, however, are infrequent. 

Some allowance, as indicated by experience, is 
::.ometimes necessary when the motor cycle is swung 
out from the side of the road to overtake stationary 
or slow moving vehicles. 

In busy towns, owing to traffic obstructions, and 
also along very winding roads, it is best to chain 
measure in the first place, but in every case the motor 
cycle recorder is used to check roughly these measure­
ments. A more accurate check is, of course, possible 
when it is made under quiet traffic conditions, e.g. 
in the early morning. 

Although a speed of 30 m.p.h. can be maintained 
along an open road, the average speed will vary 
considerably, depending on the conditions of the 
route and the time taken at stops for calculations, 
records and chain or tape measurement of short 
sections. 

Conclusion. 

Over 500 miles of ne� cable route in the Eastern 
District have now been satisfactorily measured and 
spaced for loading points by the above means. Of 
this distance about 36 miles was chain measured 
through congested town thoroughfares. The method 
has also been used to advantage for the measurement 
of pavings and grass margin under which ducts were 
to be laid. 

In conclu::.ion, the authors hope and anticipate 
that the recorder will continue to prove its worth 
in the many additional cable schemes which are now 
being planned. 



Notes and Comments 

Sir George Lee, 0.8.E., M.C., B.Sc., M.l.E.E. 

W
E were particularly pleased to see the name 
of the Engineer-in-Chief in the first Honours 
List o[ the new reign, for we regard the 

knighthood con ferrecl on him as a recognition not only 

of his personal services to the country but of the work 
in the whole sphere of telecommunications carried 
out by the Post Office Engineering Department 
under his able guidance. 15,000 

telephone calls by 8 per cent. increases of no fewer 
than 191,204 telephones and l,3i I call offices were 
recorded, and the line mileage grew by 722,000 to a 
total of 12,496,000 miles. 

Despite the numerous rate and rental concessions 
there was a record surplus, after charging interest 
on capital, of £12,539,110. 

\Ye congratulate those responsible for the marked 
change in Post Office policy in recent years on the 
extremely fine results obtained. 

The Speaking Clock 
Readers of the article on the Speaking Clock which 

appeared in the January issue of the JOURNAL 
will be interested to learn that from the inauguration 
of the time service on July 24th until the end of 
l 936, 5,153,638 calls were made to the clock. 

Binding 
This issue is the first of Volume 30 and readers are 

reminded of the binding facilities which are available 
for past volumes. Full details will be found on page 80. 

Ten-Year Index 
A few copies of the Index of Volumes 19 to 28 are 

still available. Copies may be obtained at a price of 
6d. per copy from the Managing Editor or through 
local agents. 

Circulation 
Just over a year ago we were able to announce that 

for the first time the quarterly sales of the JOURNAL 
had passed the 10,000 mark. The demand has since 
grown so steadily that 14,000 copies of the present issue 
have been printed. An increase of 40 per cent. in so 
short a time appears to indicate that the policy of 
the Board of Editors is meeting with general approval. 
The Board is not resting content but is always pleased 
to receive suggestions regarding improvements. 

Sir George is best known for his pioneer work 
in radio communication which gained him 
world-wide recognition. His interest in this 
branch of telecommunications is still very 
active, and among the many offices he holds 
he is the Chairman of the Radio Research 
Board, a Vice-President of the American 
Institute of Radio Engineers, and a Vice­
President of the Institution of Electrical 
Engineers. 

10,000-

We offer Sir George our sincere congratulations 
on his latest honour. 

Post Office Accounts 

The Post Office Accounts for 1936 show 
that new records have been achieved in almost 
all directions. The number of telegrams 
increased by over 2 6  per cent., long distance 
telephone calls by 15.5 per cent. and local 
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T. Walmsley, Ph.D., M.lnst.C.E., A.M.l.E.E., M.l.R.E. 
Dr. T. \\"alm;,ley has been appointed Stall Engineer 111 

charge of the new Branch at I feadquarters charged with 
the studv and control of s\·s tcm<; of line cltstnbution of 
broadcast programmes. · 

.\fter receinng early t•clucatlon in the loeal Grammar 
school at Burnley he had seH•ral years' <'xpenence as a 
student and junior assistant\\ ith St'\ <·ral electric supply 
authorities. He joined the :\letropolttan Power Section 
of the Post Office in .\ugust, 1908. In 1<120 ht• was trans­
ferred to the \\'ireless Section, and after acting as 
resident engineer during the erection of Hugby racl10 
station from 1923to1925, returned lo 1 Ieaclquarters at a 
time when developments on short-\\ a' c transmission 
were being actively pursued. For several years he was 
engaged on the design of external equipment such as 
masts and aerials and was responsible for an original 
design of beam antenna which is used on some Post 
Office services. In 1933 he was appointed Assistant 
Staff Engineer and took charge at Headquarters of all 
radio development and construction work. 

Dr. \\'almsley has done important work on committees 
of the Department of Scientific and lnduc;trial E�esearch 
and has also contributed papers to the [nstitution of 
Civil Engineers, the Institute of Electrical Engineers and 
the Institute of Radio Engineers. He shared with 
Colonel Angwin an award of the Telford Premium of the 
Institution of Ci\·il Engineers for a paper on Rugby 
lfadio Station and has twice been awarded the Duddell 
Premium by the Institution of Electrical Engineers for 
papers on antenna systems. The speedy development oi 
the new Branch at Headquarters under his able guidance 
can be assured and this new extension of the Department's 
activities will be watched with livcl�· interest by all of 
his colleagues. A. J. G. 

R. M. Chamney, B.Sc., Assoc.M.lnst.C.E., A.K.C. 
H. '.\I. Chamney entered the service of the )iational 

Telephone Company in August, 1909, and until the date of 
the transfer was chiefly engaged on research work in 
connection "ith local lines and transmission. 

,\fter the transfer he joined the Post Office Hesearch 
Section and became closelv associated with the late Mr. 
C. Hobinson in line transr;,ission measurements and the 
de\·elopment of the long hoped for telephone repeater . 
.\lr. Chamney was in at the start of this development, 
early trials with the Shreeve and Brown microphone 
amplifiers being followed by enthusiastic work after the 
acquisition of a Lieben Russ valve and De Forrest .\udion, 
which were about the only thermionic devices then 
available. 

The pioneer work that had been done proved invaluable 
during the war period when :\lr. Chamney was engaged 
on the making and ma.intenance of repeaters to augment 
the lines of communication. All the apparatus for these 
repeaters, including valves, was designed and produced 
m the Research Section. In the post-war years de\·elop­
ments proceeded at a great pace and the literature of the 
l.P.O. E. E. bears witness to the activities of Hobin son 
and Chamney in the telephone repeater field. 

Difficulties naturally arose as the use of repeaters 
extended and the distance o\·er which speech was 
transmitted increased. These were successfully overcome 
by many ingenious devices, a notable example being the 
Echo uppressor developed by .\lr. Chamney with .\lr. 
C. Hobinson, an invention which is used all over Europe 
at the present time. 

In 1927 Mr. Chamney was transferred to the Trans­
mission Section under Mr. A. B. Hart, and in 1932 his 
activities were transferred to the Inland Transmission 
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Mcie c,f the Line" Branch. where he was direct!\· concerned 
in the prm·ision of " Zero " 4-wire backbOne circuits. 

Mr Chamney hnngs to hi!> new position as head of the 
Lm<•s Branch a remarkable continuity of experience of 
all th<' modern ach·ances in !in<' transmission, and with 

his well-known energy and 1::nthus1asm it is certain he 
will maintain that high standard of technical progress 
and efficiency of the British Communications network 
which has been the ideal of his able predecessor. 

F. 0. R. 

Retirement of Capt. J. G. Hines, M.l.E.E. 
( aptam Hine" rl'tired. after a Post Offict' �erv1cc 

of -I� y<•ar" on Fcbruar�· i6th. Ht• t•ntercd the Engmeenng 
I >epartmcnt in January, 1900. 

Book Review 

" Hadu Clpt'ratmg <]ul'slimh and \nswcrs," (S1,th 
Ed1t1<•1t . hy \rthur I{. ::'\ 1lson and J. L. J lornung 
-1.!i PI IOI ill 15s. .\k(;nl\\-l l1ll Puhhshmg ( o. 

Ltd 
Tl11s h1111k 1s \I ntll' ll specially for stu<lenb and 

operator::- who are about to takl' the United States 
Co"ernmcnt exam1nat10n for a radio operator's hcencc 
Thi quest101h cm er a wide range of subject;,, i11clud111g 
\ alvt'. An and Spark transmitters · recci,·ing apparatu-., 
d1rcct10n finder-,, storagt• battt•nes and broadcasuni:: 
tl .tnsnutters. 

,\ large proportion of the questions deab \\ 1th 
specialised equipment \lhich is ne,·er seen or used 111 
tl11s country, e.g .. \_!uestion .! 1s " I lo\\ many amperes 
doc" the filament of a L'\' .?O-! ( .?.10 \\'att) tube dra" ; 
\\hat is thl' propt•r filament n1ltage and current fo1· a 
1·v .zo4 A tube and for al.\ . ..!1 1 (50 watt) tube; · 

\s slup operators arc examined as to their knowledge 
11f the construction and working of equipment \\ hich 
they "<JUld actually he called on to handle, and as 
British ships arc almost wholly equipped with 13ntish 
apparatus, a large number of these questions would not 
furnish ust•ful information to British candidate� 

At the time of the transfer of the :\ational Telephone 
Company to the Post Office in January, 191 i, he was 
appointed to the Executi,·e Engineer's position in the 
City Internal Section, London. During the vVar he served 
'' ith the Signal Service and at the conclusion of the War 
he was placed in charge of the Technical Section in the 
London Engineering District and at once commenced 
the preparation of a scheme for the division of London into 
automatic exchange areas. The scheme not only included 
the preparation of complete plans of the area but abo 
the necessary economic calculations in order to show the 
relative advantages of the various possible schemes. 

The method!> employed were described in his paper 
read before the lnstitution of Post Office Electrical 
Engineers and later before the Institution of Electrical 
Engineers. 

In 1931 Captain Hines was appointed Staff Engineer in 
charge of the Lines Branch at llcadquarters, following 
:\lr. A. 1:3. Hart. During his tenure of office the main 
backbone circuits were converted into underground 
-1-wire circuits worked on the "zero" loss principle, and 
this, together with the " Demand " system, stimulated 
traffic to a remarkable degree. I le became the chief 
Hritish delegate on th<' third C. H. of the C.C. I. F. and took 
very great interest in international telephony. 

Captain Hines leaves the Department with the best 
wishes not onlv of l11s own staff, but also of verv numerous 
friends all over the country who have knO'wn him in 
t•arl1cr days or ha' e experienced his kindly and helpful 
attitude during the many visits that he has made to 
every District, and it is safe to say that his popular 
personality will leave a great blank in the Engineering 
l>cpartmcnt and that his loss will also be felt in Head­
quarter:; Building', where he was known almost as well 
as 111 his own Department. 

R. M. C. 

Thert· are, howe\ er, a large number of questions which 
an• of a general character which might be asked about 
any type of equipment, e.r, .. Question 376, "State 
Ohm's Law rn full. !lo\\ would you find the resistance 
111 " circuit if tht• voltage and current arc known ? " 

There is a considerable amount of interesting 
111for111ation in this book Ill regard to United States 
practice and some of the answers occupy SC\'eral pages 
g1nng particulars of radio transmitter" ";th complete 
w1nng diagrams. 

One curious omission occur:,, there is no reference to 
thl' alarm signal. Possibly this is because auto alarm 
apparatus is not fitted to American ships. One would 
expect, howe\'er, that operators would be called upon 
to kno" something of this signal which has been 
authorised by 111ternat1onal regulations. 

To sum up, this hook will have some interest for 
designers of equipment who seek information rc�arding 
.\mcrican practice, and it might also be of limited 
interest to operators, but it is considered its chief sphere 
of application will be in the United States. The fact 
that it has run into six editions testifies that it meets a 
definite demand \. J. G. 
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Book Reviews 
"Instrument Transformers," by B. Hague, D.Sc. (Lone!.), 

Ph.D. (Glas.), F. C.G.I., D.I.C., l\I.I.E.E., etc. 
634 pp., 300 ill. Pitman, 35/-. 

In the measurement of large currents and high voltages 
and also in the design of protective devices it becomes 
necessary to introduce transformers so that these measure­
ments or operations may be made safely and convemently 
on secondary circuits. Introducing these transforn_iers 
makes it very necessary, however, to take precautions 
that errors, clue to ratio, phase displacement, etc., are 
not introduced and that the use of transformers 
does not become a source of breakdown in the supply 
svstem. 

· The design of these transformers is, therefore, of the 
highest importance and a need has been met by. this 
book in which the author has dealt very comprehensively 
with the theory, construction, performance and methods of 
testing so that full information may be available _for 
designers, engineers, test rooms and research laboratories. 

The first part, forming half of the book, deals with the 
theory and characteristics of instrument transf?rmers, 
and the second part with the instruments used m th�ir 
testing. The third, fourth and fifth parts deal with 
testing and methods of test, a number of me�hods bemg 
included which, while not generally adopted m practice, 
the author feels should be put on record as they may 
prove useful in other fields. 

A useful preliminary chapter summarises a numbe� of 
national specifications so that the differences of techmcal 
practices followed in different countries may be clearly 
seen. The book is completed by a number of appendices 
and a very complete bibliography, a large number of 
references to c011temporary literature being also included 
in the text. 

There is no doubt that the book should prove valuable 
to designers and to the staff of test rooms and research 
laboratories, while the advanced student who is consider­
ing specialisation will also find it a most useful text book. 

J.:!\Ic.G. 

"Outdoor High Voltage Switchgear," by R. ·w. Todd, 
A.M.I.E.E., Assoc. A.I.E.E., and \V. H. Thompson, 
A.M.I.E.E. 436 pp. 259 ill. Pitman, 42/-. 

Although dealing mainly with switchgear for outdoor 
high voltage substations, the greater part of the subject 
matter also applies to plant installed in buildings, the 
main exception being the effect of atmospheric conditions 
on the design of insulators. 

Following a preliminary chapter on the layout of 
outdoor substations, the difficulties in design, manufac­
ture and testing of H.V. insulators of all kinds are dealt 
with. Details of air break switches for load breaking and 
isolating purposes are followed by a full discussion of 
contacts, arc interruption phenomena and the effect 
of re-striking voltage. This leads up to the considerc:tion 
of the design of oil circuit-breakers and metal clad switch­
gear and the methods employed to quench the arc formed 
on breaking the circuit, while consideration is also given 
to connections and to protectiYe gear against lightning, 
surges and faults. 

The book is chiefly intended for designers, dealing as 
it does with the theoretical and practical aspects of 
design in detail, but will be of interest to all concerned 
with the use design and maintenance of E.H.T. supply 
systems. 

J. Mc. G. 
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Principles of Radio Engineering," by R._ S. Gla.sg�w, 
:w.s. 520 pp. 344 ill. 24s. :!\1cGraw-Hill Pubhshmg 
Co., Ltd. 

This book is intended primarily as a text book for 
students of electrical engineering, and is based on lecture 
notes used by the author for a number of years in a course 
on radio communication given at \Vashington University. 
Thus, although this is a new book the subject matter has 
been in use for instructional purposes and has been 
tested out. 

A knowledge of fundamental lav,·s of electricity and 
magnetism is assumed. Alternating current theory is 
covered very thoroughly but concisely in Chapter r of 
27 pages, so this does not seriously encroach on the 
subject matter. 

Chapter 2 deals with series and parallel resonant 
circuits, while Chapter 3 is on the properties of coils and 
condensers. This chapter contains much useful matter 
on magnetic alloys and their use at high frequencies. 
The subject of electrolytic condensers is also touched 
upon. 

Chapter 4 is on coupled circuits while Chapter 5 deals 
with oscillating circuits. Chapters 6 to 13 cover the 
whole range of valve technique from fundar_nental 
properties to audio frequencies, amplifiers. rad10 fre­
quency amplifiers, oscillators, modulat10n, detect10n 
and receiving systems. 

The book is completed by a most useful chapter on 
antenn� and wave propagation, which contains much 
information on transmission lines with which the 
competent radio engineer must nowadays be familiar. 
Methods of coupling radio equipment to lines aud lines 
to antenn� are well described. 

The author, in dealing with electromagnetic radiation, 
has avoided the vector method in favour of the less 
concise but more generallv understood methods of 
the integral calculus. This is considered to be an 
advantage as the former method calls for specialised 
mathematical knowledge. 

To sum up this seems to be an excellent work. It is 
not overburdened with mathematical analysis, but 
when such analysis is necessary it has not been avoided. 
It contains information which, if not original, can be 
obtained only by consulting a number of other works 
such as Terman, Pierce and Johnson or some of the 
numerous papers which have appeared in recent years. 
It can therefore be recommended as a text book for 
students and as a reference book for engineers. One 
of its great advantages for the former purpose is the 
collection of numerical problems at the end of each 
chapter. The book is on principles rather than practices, 
and thus voice-operated devices and privacy apparatus 
used on radio telephony, although referred to, arc not 
described. On the other hand the negative feed back 
amplifier is described and a brief analysis of its principles 
is giYen. 

::\othin<> appears in this book about filters. Although 
a comprehensive treatment of this subject requires too 
much space for a volume of this kind, it is thought that 
a brief and concise treatment of this subject would have 
enhanced the value of the \rnrk, particularly as much of 
the groundwork is covered in the section on transmission 
lines. 

The book is fully referenced and appears to be 
reasonably clear of errors. A misprint in expression 9 
on page .J. is noticed, in which " dwt" should read "dt." 

A. J. G. 



The Institution of Post Office Electrical Engineers 
RETlRED �!EMBERS. 

The following members, who have retired from the 
Service, have elected to retain their membership of the 
Institution:-

G. C. Geisler, 65 Kensington Gardens Square, 
Hyde Park, \V.z. 

A. Kemp, II Fairway, Sedgeky Park, Prestwich, 
Manchester. 

COHHESPONDING :VIEMBEW-i. 

Tl;e following have been elected : --

S. ]. Kanjilal, B.E., C.E., A.M.l.E.(Ind.), Posts 
and Telegraphs, Calcutta, India. 

N. B. Fletcher, Posts and Telegraphs, Malacca, 
Malaya. 

RECENT ADDlTlO�S TO THE ]�S'.LTlTTIO:\ 
LIBl{ARY. 

1249 Elementary Sun·ey of 2\lmlern Phvsics.-G. F. 
Hull. (1936, . .\mer.) 

l2_5Cl Photography To-clay.-D. _-\ . Spencer. (Jy30.) 
125 1 Principles of Raclio Engineering.-R. S. Glasgo\\·. 

(r936, Amer.) 
1252 Physical and Chemical Constants and Some 

Mathematical Functions.-G. \\-. C. Kan' and 
T. H. Laby. (r936.) 

. 

Junior Section Notes 
Aldershot Centre 

The meeting on February 24th ''as devoted to a 
lecture on " Secondary Cells," by :\fr. J. E. Porter. 
The construction and operation of both old and new 
types of secondary cells were described, and the lecturer 
then 11·ent on to deal \\·ith the recent designs of p<rn er 
plant ·with which these cells \\·ere used. 

Great interest \\·as displayed in the automatic methods 
-of battery supply to he used with 1T .• .\.Xs., and smaller 
non-director automatic exchanges, and an interesting 
discussion brough t  a very informati,·e and enj ovable 
evening to a conclusion. 

Edinburgh Centre 
The following meetings ha\'e been held since the 

fast issue of the J Ot:RN.'l.L :--

January IIth, 1937.-" Colour." :\lr. J. :\I. \\"right. 
January T8th, 19_)7.-" :\Ia intenance." :Vlr. F. _.\ 

Hough, J\l.Sc. (Eng.) , A.C.G.l. 
February 1st, 1937.-" Unit . .\uto E xchanges, 

Xo. 7." :ur. D. B. Whyte. 
:\larch rst, r937. "Cable Balan cing." \Ir. \\'. 

::\lcKendrick. 

The Committee are indebted to the authors oi th ese 
instructive papers, each of \\-hich proniked interesting 
discussion. ::\lr. ::\Ic1-�enclrick' s paper on " Cable 
Balancing " >\as illustrated by lantern slides kindh- lent 
by the Engineer-in-Chief's Training School. 

There has been an improYecl attendance at these 
meetings, but the Committee feel that greater ad\·antage 
could be taken of the educative facilities offered by tlie 
Centre, and "·ould be glad to enrol man\' more menibers. 

The local prize of £1 rs. for the best paper read before 
the Centre during the 1935/36 session has heen awarclecl 
to Mr. D. G. Buchanan for his paper un " Petrol from 
Coal." 

1253 Tele \·ision Optics : . .\ n l ntrncl uction .-- l. \I. 
\lyers. (1936.) 

Interference Suppression : the Causes am! l'i1re 
of Electrical Interference 11 i th lfacli< > J{ccep­
ticm .- Belling & Let', Ltd., Hesearch l l>.'pt. 
(HJ36.) 

1255 
125(i 

\la thematics for the ::\lillion.-L. Hoghen i iq36,) 
Differential and Integral Calculus. \'nl. l.­

R. Courant,Trans. by
-
E. F. ::\lcShane(HJ_H cunt.). 

1257 Differential and Integral Calculus. Yol. n.­
E. Courant. Trans. by E. F. \JcShan e. 1.1c136, 
cunt.). 

Electricity and '\Jagnetism for Enginc·l·ring 
Stuclcnts.-c\. \\'. Hirst. (1936.) 

1260 

Drafting for Engineers: c\ Textbook of Engineer­
ing ]lra\\ ing.- - C. J ,_ Svensen. (1935, .-\mcr.' 

Specifications for Bu ilding \\'orks. \\'. L. 

1261 
Ewrshed. (1935.) 

Electrical I nsulating :\laterials: . .\n En_gi11el·ring 
Treatise on the Production, Characteristics ancl 
1 'ses of Electrical lnsulating· \laterials.---1-I. 
\\ 'arren. (1931.) 

Differential Equations for Electrical Engiiwers. 
-P. Franklin. (1933, .\mcr . ) 

Classical Theorv of Elcctricitv and \lac:netism. 
:\l. _-\braham. , l{ewl. bv H. l�edmer. T

0
rans. bv 

J. Dougall. (i932, co;1t.) 
, 

Manchester Centre 
The programme for the second half of the 1"'36.17 

session is as folloll's:--

J anuarv l rth. --·-" Automatic Exchange ( 'lc-rk of 
\Vurks." E. Greem\'liml, Esq. 

January l6th. -\'isit to Connollys' Cable \\'mk'. 
Februa1y ::mcl.-" Advice Xote Control." . .\. jrJIJes, 

Esq. . 
. 

February c>th.-Visit to I<ochclale Fire Statiuu. 
Februar�' l8th.-" Precision Testing. " (;_ H. 

Hodsc;n , Esq. . 
February 24th.-E \ ·ening Yisit to British O:oc_n::L·n 

Company. 
}\[arch 9th. -" Voice Frequency l\:cysemling from 

l\Ianual Exchanges. " \V. C. HuH, Esq., _'\. . \ll . E E. 
�\larch 1 3th .-Yisit to Fergusson Pailin & Cumpany . 
. .\ pril 1 :;t.---" Hein forced Concrete a ncl lts 

Appl icat ions." \V. Davies, Esq. 
,.\pril roth. �Visit to :\lanchester 'fown Hal!. 
.\pril 2oth.-. .\nnual General \kcting , follm\ed hy a 

De hate. 

Three c:octremely interesting \ isits \\·ere paid during 
the first half of the session to the \fanchcsfrr I locks, 
a :\liner's l{cscue Station and to the i\lanchcstn utfice 
of the .-\lliecl :\e\\'spapers, Ltd. The Yisit l<l the news­

paper office "·as preceded hy a talk a fe11· dav,; before 
by the Publicity :\ lanager of the _\!lied 2\ewspapcrs, this 
being the first occasion on which the Centre has had 
a paper from a lecturer not 011 the sta1t ,,f the 
Department. 

The attendance at meetings during the Jiht halt of 
the session ,\·as rather poor,. but it is anticipated that 
an impron:ment will be apparent during the second 
half of the programme as the new members realise the 
advantages to be gainecl from the a ttl'ncla11ce at Juniur 
Section meetings. 
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Portsmouth Centre 
At the annual general meeting the follmYing officers 

"ere elected for the I936-37 session:-
Chairman-:\ fr. G. G. H. Ogburn, Inspector. 
Yice-Chairman-:\lr. H. J. Eobinson. 
Secretary-Treasurer-:\Ir. C. H. Hishon. 
Committee-:\fr T. Pearce, :\Jr. P. 1\:t'nn>rnl, l\Ir. 

J ,. E. Elgar. 
The monthly meetings to date have proyecl very 

successful, and it is hopccl that the further meetings 
11ill mePt with similar support. The following papers will 
he rc>a cl :---· 

February 24th.-" Transmission '.\'otes," by :\Ir. 
Y. Smith, .-\sst. Engr. 

March 23rd.-" Our Ideas," by :\lcssrs. \Yhittle 
aml Jarrett (Youths in Training). 

_;pril 21st. -" Elementary Principles of A.C. 
:\lachines," by .:\lr. G. l\lillen, Asst. Engr. 

It is again pointed out to members that the library 
facilities are aYailable and that arrangements are in 
pro,gress for the visit to the Pirelli Cable \\'orks. 
Further details of this will be given in due course. 

It is gratifying to note that the meetings arc receiving 
the foll support of the supen·ising officers, some few of 
,,·hich are ah,·ays to be seen at the meetings. 

ruder the auspices of the Portsmouth Junior Centre 
a well-attended Staff Dinner took place at the Savoy 
CafC. Southsea, on D'ebruarv 26th. 

The toast of " The Post Office Engineering Depart­
ment" ,,-as proposed by :'\lr. F. \Y. Friday, A.:\I.I.E.E. 
(Sectional Engineer), and replied to by .:\fr. T. Cornfoot, 
:\I.LE.E. (Superintending Engineer). 

:\Jr. F. Gibbs gan� the toast of "The Yisitors," to 
\1·hic·�1 :\fr. Spafford (Surveyor) responded. 

Tlll' "LP.O.E.E. Junior Sections " was proposed by 
:\Ir. C. P. Millen, A.M.l.E.E., and replied to by .Mr. 
C. J. \\'illmot. The toastmaster was Mr. C. J. \\'cbster. 

During the eyening an excellent musicc11 programme 
·,,·as rendered. 

Preston (Lanes) Centre, 1936-37 
The Centre has heen most successful. There has been 

a marked increase in the attendance at all meetings, 
and what is most important, a ,·cry "lively" interest 
shown in each paper gi,·en. especially at " Question 
Time." 

The membership this session is 40. A \'CIT pleasing total. 
Tlw programme carried out was <JS follmYs : 

::-,;OY., HJ3<' 
Dec .. llJ3b 
Jan., I<J37 
Feb., HJ3/ 
:\lar., H137 

T. A. B. Harrison 
\ \'. J-;:. Hinningham 
E. T. Edleston 

"Electric Organ s." 
"Cathode H.av Tubes. " 

" I\aclio-Tele1"isi on." 
G. H. \\'ornl '' Dvnamos." 
T. S. \Yvlie " High Tension T rans-

\\'e externl our very grateful thanks to 
speakers for their excellent contribution. 

1nission.') 
the above 

\Ye would like to make a special appeal to all our 
members to be present at the Annual General :\Jeeting 
to be held in the usual place, on April 2 1st, 193/-

L. H. 
Southampton Centre 

The 1()36-37 session has so far been successful with a 
membersllip of 48. The following officers \Yere elected 
for the ensuing vear :-

Chairman.:__ C'. S. Hale. 

7:2 

Secretary-Treasurer---::\'. E. Dodridge. 
Committee--Messrs. E. Andrews, · 1\.. 

F. Baker, R. ::\laggs, C. F. :\Jidclleto11 
Jennings. 

The programme for the session \\'as :­
October 15tll.--" Subscribers' Fittings," 

\\'hite. 

J. \Yhite, 
and L. T. 

by R. J. 

);o\·ember I 8th.-" Oclcl Thoughts on Trans­
mission," by V. Smith. 

December l7th.-" Some Traffic Views of Engineers' 
\,York," by F. V. Florance. 

January 21st.-" Internal Combustion Engines," 
by K. F. D'letcher. 

February l8th.--" l'nclergrouncl Construction," by 
C. Hislop. 

:\Iarch l8th.-" Teleprinters," by E. G. Miller. 
_\ Staff Dinner under the auspices of the Southampton 

Centre (Junior Section) of the l.P.O.E.E., took place in 
the Lounge Hall of the CiYil Sen-ice Sports Club on 
Friday, January l,'jth. There \\·ere 81 members and 
Yisitors present. In the absence of :\lr. T. Cornfoot, 
:\T. I.E.E. (Superintending Engineer), .'.\Jr. Y. Smith 
(Assistant Engineer) gaye the toast of " The Depart­
ment," which was replied to by Mr. F. \\'. Friday, 
c\..::\1.I . E.E. (Sectional Engineer). The " Southampton 
Centre Junior Section " was next given by Mr. G. F. 
Millen, A.J\1.l.E.E., ancl replied to by �. E. Drnlridge 
(Local Secretary). The "Visitors" was given by F. 
Baker (Committee), and was replied to by J\lr. Hynaston 
(Traffic Superintendent). 

The chair was taken by l\lr. H. Gilpin (Inspector) 
in the absence of ::\1r. C. S. Hale (Chairman Junior 
Section). 

The company included our colleagues from the 
Portsmouth, 1.Vinchester and Ne\\' Forest sections. 

;\n excellent paper was reacl before the Southampton, 
Junior Section at Ogle Road Lecture Room, on Thursday 
January 21st, entitled " f nternal Combustion Engines,' 
by .N. L. D'letcher, of the Portsmouth J imior Section. 

Mr. D'letcher gave a detailed history ancl explanation 
of the internal combustion engine, both Petrol and Diesel, 
illustrated by excellent diagrams and explanatory 
notes. The paper was appreciated by all. Senior Section 
members present were F. \Y. Friday, .Esq., A.l\I.I.E.E. 
(Sectional Engineer), S. }foocly, Esq. (1\ssistant 
Engineer), F. Y. Florance, Esq. (Assistant Traffic 
Superintendent) and A. Blanchard, Esq., of the 
\\'inchester Staff. 

:\lr. Friday expressed appreciation of the lecture. 
C. S. Hale, Esq. (lnspector), \1·as Chairman. 
The sixth meeting of the 1936/7 session was held at 

Ogle Hoacl on February l8th, ancl a paper by C. Hislop, 
entitled " Unclergrouncl Construction and l\ly Day's 
\\.urk," was reacl to an audience of 40. 

Prior to the meeting a presentation was macle to 
:\Ir. )._ F. :\Iockford, Local Secretary, Southampton 
Centre Junior Section. :;:934/6, of a canteen of cutlery, 
suitably inscribed. The presentation \\-as macle by 
:\lr. F.\\'. Friclay, .-\.J\I.I.E.E. (Section Engineer.). 

A tribute was paid to :\fr. \Iockforcl by �\lr. Friday, 
>1ho spoke of the forming of the Centre and its good 
\\·ork. 

.'.\fr. :\Iockford, in reply, saicl the success in the past 
had been clue to help giYen to him by the Committee, 
especially ::\Ir. C. F. ::\lidcllcton. The paper \\·as read 
and questions put re Balancing Cables, etc. l\Tr. Friday 
ga 1·e a brief resume Oil the characteristics of cables 
ex-Factory, and gave an explanation why the cables were 
not scheduled at the Factorv. 

\'isitors from the Traffic Branch were present. 
_-"., Yott> of thanks was given by :\fr. F. \Y. Baker and 

seconded by i.lr. E. Andrews. 
The earnest support of all members is requested in 

fon,·arding suggestions and subject matter for the 
HJ3/ '8 session. 

The Chairman, Secretarv and Committee wish to 
thank all members for their' support during the 1937/8 
session. 



District Notes 

North 

CJVK OPE:\'J.'.\G OF 
BI IC\11.'.\GIL\:\I. 

Wales 

TELEP HOKE JIOU. E, 

l In January .!lst. 1937, the Cerelllonial Opening of 
1 l·lephom• l!ouse "<h performed by the Chancellor of 
tbt· E:-..chequl'r, .\Jr. ::\e\'ille Chamberlain, "Im was 
mtroduccd. ln· the Postmaster-General, :\lajor Tryon. 
Mail\' influential guests were among the 400 \\ho wen· 
prcs�nt, and the proceedings were opened by :\lr. Braund, 
the Po!>tmaster-Sun·e,·or of Birmingham, asking :i\lajor 
T1 yun to address the gathering. Folio" ing this the 
Chancellor in his speech made humorou� references to 
thl· tdcphonc in its early days and recalled e:-..periments 
with telephone recC'i,·ers, with a piece of string as the 
luw. "hich lw had carried out with one of the sons of 
the gn·at Jluxley when they \\ere boys at �chool. 

.\ftcr declarmg the building open, :\I r. Challllwrlain 
operated a switch which inaugurated a sound tour of 
tlw building. Details of this intercstin� schenw arc 
g1' l'n later . 

. \ \Ote of thanks to :\lr. and :\lr,,, Challlhl·rla111 \\a-. 
1110\l'll In· tlw Lord :\layor of Birmingham. 

:\lr. Fi111lkner, the Superintending E11g111t•t·r, rdt•rrcd 
tu thl' rapid growth of the telephone system of the world 
and dre" attention to the all-important part "hich the 
tbcrm1011 1c nth e had taken in the ell' \ elopment of the 
::.c1cnce of telephonic communication. 

Tlw cen•mony was electrically recordl'<l l>y the 
B.B.l.. and broadcast in the e,·ening programme of 
tht· :\lidland Hegional Transmitter. 

.\ftl'r the official opening refreshments \\l'l'l' se1Ted 
aml tlw ,guC'sts conducted in parties on a tour of the 
l>m lei 111 g. 

rill' photograph sho \\s :\lr. �e' lilt· Chamht•rlain 
makmg some happy remark in thl' coursl' of his speech, 
with \fr. Faulkner on the right e' identh l'nJoymg the 
1oke On the left (with clasped hands) is the l'o-.tmaster­
< �eneral, also smiling. The background 1s a crazy screen 
depictmg the chief architectural and industrial features 
, f Birmingham. 

F111:111eer111g Dl'tazls. 
fhc t•ngineering and general organising arrangemenb 

"ere undertaken entire!\· by the local staff of the various 
branchC's concC'rncd. E\·er;- detail was carefully planned 

to operate with that exact precision necessary for 
perfect co-ordination. 

One of the chief features of the openiug ce1emony 
was tht: production of a " sound " picture, incorporating 
the sounds of the operation of power generators, auto. 
telephone apparatus. and including the District 
:\1anager's Department, by thC' operation of adding 
machines in the ,\ccounts Section. together with the 
noise produced by a coin sorting and counting machine, 
the latter forming an important link in the collection of 
telephone kiosk ices. 

This " sound " pictun· \HLS obtained hy means of 
microphones fitted in ' arious parts of the building. 
Till' microphones abo incidentally ser\'ed for the 
requirements of the B.H.C. in connection "ith their 
Blattnerphonc recording, which \\as included in the 
e,·ening Xews broadcast programme. The "hole of the 
sound programme was amplified, and fed to loud-speakers 
�ituated in thC' cC'rC'monial hall for tht' benefit of the 
guc:,t� . 

. \bout one nule of "inng """ necessary from the 
'anou"' microphone points to a control room centrally 
situated in which the B. B.C. ms tailed the necessary 
apparatus for their recording, "luch was actually carried 
out at Broadcasting House o,·er special Jines. 

ln order to prcl\·ide suitable �ignalling throughout the 
microphone net\\ ork for the benefit of the \'arious 
commentators, a common feed from the amplifil•r output 
\\'as connected to head-gear recl'i' ers installed at each 

microphone point, and by this ml'ans the commentators 
"ere able to listen to thl' "hole program ml', and so 
determ111e the precist• point at "h1ch their particular 
script was required. The monitor control circuit \\as \\'ired 
thrnugh breakjacks in the control room. so that if 
nt•ct•ssan· each comml·ntator tould hl' 111structed 
111d1ncluallY "ithout 111krrupt111� or 111tl'rfonng \\'ith 
t hl' other 1 ls ten mg porn b. 

Cons1<lerable rehl'arsmg "as nl'Cl'ssar� hl'forehand, 
and the commentators "ere chosen from thl' ,·arious 
stath concerned ll\· means of test aud1t1ons Finally, 
-.cnpb were prl'pa�Td relating to l'ach spec1tic subject, 
and a state ol 1wrkctu111 "as reached dunng the 
rehearsals \\·hich guaranteed the success of thl' scheme. 

\ circuit \\'as also arranged to 11l11minatl' an C'lectric 
lamp of symbolic design, ,,1t11atecl on the platf?rm 
iablc, so that whl·n the Chancellor 01wrakd a switch 
\\hen declaring Tdephone I lousl' formally opened, 
this lamp was 11lum111ated 111 synchronisation with a 

signal lamp situated Ill the pcl\\er room, ''hich sen·ed 
as the starting signal for the fir'>t portion of tht• sound 
c•flect "· \\'hich \\'ere arranged in the follo\\'ing order :-

( r) Po1l'er Hvv111. Stcu·ting up of generators, air 
bl<l\\ ers, and emergency oil plant, \\'ith 
description ln the commentator. 

( i I .1 pparat11s llvv111 1Je111011strator Set. The com­
plete sequence of a call "a-. broadcast and 
detailed bY the corn men ta tor. 

3 District 11i anager's .1 cco1111ts Hoo111. -From here 
the sound of adding machmes was broadcast 
with a commentary of details of the number of 
:;tafI engaged and the amount of work handled. 

The sound of the operation of the automatic 
coin sorting and countmg machine was also 
included at this point. 

4 T1'1mk and Toll Switch Room. The general room 
·' noise " was broadcast, with a " close-up " 
effect of telephonist!:> handling general calls 
and enquiries. A feature of this commentary 
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was the special arrangement of the script, 
which was read simultaneously by hni tele­
phonists and resulted in a pedect impression 
of telephone traffic, without mYolvmg actual 
calls. 

It was also necessary to provide a high degree of 
illumination on the platform to facilitate the taking of a 
film by the news reel camera men and for the press 
photographers. This was effected by smt.ably placed 
floodlights of incandescent type, consummg a total 
power of 15 kilowatts. The resulting ligh�- was of the 
order of 30,000 candle-power, and the chffusJon was 
such that glare was practically excluded. 

REGIONAL TRAINIKG SCHOOL. 
Arrangements have been made for the Birminghar;1 

Regional Training School to take over as from Apnl 
next the A and B courses for Youths in Training, thus 
relieving the Central School at Dollis Hill. 

Youths from the South \Vales, the .�·forth ::\Iidland 
and the North ·wales Districts will be catered for. The 
programme at present arranged allows for about 300 
youths to be trained during the six months._ . 

The other classes alreadv held cover tmtton m :­

Plumbing and Jointing. 
Overhead \Viring. 
Subscribers' and lT.A.X. Fitting. 
Overhead Foremen's Duties. 

On these courses some :-loo men \\·ill pass throu(!h the 
school in the six months. 

The accommodation question still remains acute as 
it has not yet been possible to find suitable permanent 
premises and the work is, therefore, being carried .out 
under conditions which militate to some extent agarnst 
the high efficiency which is aimed at. The results 
obtained, however, indicate fully that the school JS 

functioning well, and that the classes are a real source 
of advantage to the men and to the Department. 
Mr. R. SHEPPARD 

Mr. R. Sheppard, Assistant Engineer in the Technical 
Section of the North \Vales District died on 23rd February 
following a serious operation. 

Mr. Sheppard, who was promoted to Shrewsburv in 
1935. began his career in Birmingham with the Kational 
Telephone Company in 1910. He played an active part 
in the conversion of the extensive Birmingham area 
telephone exchanges to director automatic working. 

He served with the Royal Engineers during the Great 
\Var and had considerable active service in France. 

\'\'ell known in local cricketing circles he was both a 
first wicket batsman and a fast bowler and had played 
for the Birmingham Civil Service Team on a number of 
occasions. 

His passing has left a gap which ·will be difficult to 
fill. Respected by all for his ability and sound judgment 
he was held in great regard by all who knew him for his 
kindness and understanding. His devotion to duty, 
unselfishness, honesty of purpose and an unfailing sense 
of humour were indicative of a great character-that of a 
perfect gentleman. 

Scottish Region 

GLASGOW AUTOMATIC TELEPHONES. 
The programme for the conversion of the Glasgow 

telephone exchanges to automatic working is making 
substantial progress. The multi-office area will comprise 
a central exchange together with 34 satellite exchanges. 
Director working will be provided. 

A new site has been acquired in Pitt Street, Glasgow, 
on which a new building "-ill be erected to accommodate 
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the Central exchange, the automanual switchboard, 
mechanical Tandem, the maintenance control centre 
and the repeater station. . The initial equipment of the automanual exchange will 
comprise 315 positions and 10,000 subscribers' equipments 
will be provided initially. The Central exchange JS 

designed to accommodate two 10,000 line units. The 
sites of all but one of the satellite exchanges have already 
been acquired, and an intensive building programme 
arranged with the OfficP of \Yorks. The first automatic 
exchange to be opened will be Halfway, due to be 
completed in �\ugust, r937. Four other exchanges 
will be opened early in 1938, and the peak of the 
conversion work will be reached in 1939 when the Central 
exchange and Trunk exchange transfers will be made 
together with ten other exchanges. The completion of 
the conversions is anticipated in 1942. 

The Office of \Vorks experienced considerable difficulty 
with the building foundations in Pitt Street, the 
site being unstal)le due to proximity to the l�iver 
Clyde, and an extensive system of piling was found to be 
necessarv. These difficulties have now been oYercome. 
but a delay of approximately six months in the building 
programme for the Central building resulted. 

In the meantime, telephone development in Glasgow 
has proceeded apace consequent upon the trade 
expansion which is being experienced amongst �he 
heavy engineering trades in the District, includmg 
shipbuilding on the Clyde for the Admiralty, " Queen 
Mary's" sister ship ?\lo. 552, and other works ansmg 
from the national rearmament programme. These 
operations haYe necessitated special steps being taken 
in the existing manual exchanges to cover the develop­
ment work entailed in providing for telephone services 
up to the transfer dates of the respective exchanges. 
Close co-operation is being maintained between the 
Sales, Traffic and Engineering staffs to ensure that there 
is no failure to meet the demands of the public, nor 
wastage of plant by over-provision. Manual equipment 
released from areas in England now being cmwerted 
to automatic working is being utilised extensively, 
and a large local switchboard fitting staff is employed 
in adapting and completing the switchboards on site. 

c\BEl-ZDEE.:\-DU?-iDEE-EDIXBURGH CAnl-ZIEE 
CABLES. 

Two ·cables, :.q Pr./40 for "Go" and "Eeturn" 
respectively, are being provided and the work, which 
is being carried out under contract for the Department 
by l\lessrs. Standard Telephones & Cables, Ltd., of 
\Voolwich, is making good progress. Particulars of the 
laying of the submarine link across the Tay Estua_ry 
were given in the JouRXAL for January 1937· Specral 
difficulties were experienced in respect of the Firth of 
Forth crossing as the wood troughing containing cables 
along the permanent way on the Forth Bridge was full 
and required renewal. The opportunity was taken of 
replacing the wood casing by special steel casing and 
providing new cables. Technical particulars of this work 
will appear in a future issue of the JOURNAL. There is 
urgent need of additional trunk circuits north of 
Edinburgh, and it is anticipated that the new cables 
will be brought into use in July, 1937, to afford relief 
to the summer season's traffic. 

OPENI:::\G UP OF TELEPHOXE EXCR\XGE 
SElffICE OX lSLAY. 

On February 3rd and 4th last the completion of the 
vvork involved in extending the telephone service to 
Islay, one of the islands of the Inner Hebrides, was 
completed. U.A.X. No. 12 type exchanges were opened 
at Port Askaig and Port Charlotte and a countrv 



satellite exchange at Portnahaven, parented on Port 
Ellen, was brought into service. 

The other work inYolved in the extension, of which 
note has been made in a previous issue, was the provision 
of land lines and a submarine cable connecting Islay 
to the Mull of Kintyre, and the opening of a C.B.S.2 
Manual Board at Port Ellen and U.A.X. No. 12's at 
Bowmore and Kildalton. The country satellite exchange 
equipment, one of the first to be brought into sen·ice in 
Scotland, is working satisfactorily. 

RETIREMENT OF l\IR. J. W. \VAR�OCK 

A large and representative gathering met in the 
office of the Telephone Manager, Scotland West Area, 
on Friday, February 26th, 1937, to bid farewell to 
:\Ir. J. \V. \Varnock, Area Engineer, on the occasion of 
his retirement from the Service on reaching the age 
limit. 

Mr. Richardson, �.\rea Engineer, presided, and Mr. F. I. 
Ray, Telephone Manager, presented Mr. \Varnock with 
a testimonial as a token of the esteem in \vhich he was 
held by both the outdoor and indoor staffs. The various 
speakers paid tribute to J\fr. V/arnock's work as an 
organiser, as an engineer and as a colleague. ::VIr. \Yarnock 
acknowledged the gifts and the sentiments expressed 
in a suitable reply. 

Mr. \Varnock entered the service of the Xational 
Telephone Co. in 1893. He received an all-round training 
and acquired a sound practical knowledge of both the 
internal and external workings of the Telephone Service. 
He was associated with the pioneers of the telephone in 
Glasgow, and was responsible for the maintenance of 
the first switchboard installed in the city. 

Transferred to the Post Office Service on January rst, 
1912, as an Assistant Engineer, .Mr. \Varnock was 
promotecl to executive rank in 1929, when he took charge 
of the Glasgow South Section. On the introduction of 
Regional \Vorking in February of last year, he assumed 
the role of )uea Engineer. His total service amounted 
to almost 44 years. 

Mr. \\'arnock takes with him the high esteem and the 
best wishes of the staff in his retirement. 

Book Review 

"Wireless Engineering," by L. S. Palmer, D.Sc. London; 
544 pp. 353 ill. Longmans, Green & Co. 21/- net. 

This book is a revised and augmented edition of the 
author's " \\'ireless Principles and Practice," published 
in 1927. 

In the present work the copious bibliographies 
accompanying each chapter of the earlier edition have 
been omitted and about lOO pages of new matter have 
been included dealing with more recent developments in 
radio communication. The new matter includes infor­
mation on the production, propagation and reception 
of ultra-short waves, the recent advances in knowledge 
of the ionosphere and its action on the propagation of 
wireless waves. Other topics which have been added 
include quartz oscillators, copper-oxide rectifiers, H.F. 
feeder lines, radio cable links and magnetron and other 
micro wave oscillators. 

It is not clear why the change has been made in the 
title as the changes and additions have not altered in 
any way the character of the work, and the earlier title 
is considered to be more appropriate. In a work on 
wireless engineering one would expect to find informa­
tion on the actual design of transmitting and receiving 

South Western District 

BRISTOL-PLYMOl'TH 12 CHANNEL CARRIE!\. 
SYSTEM. 

A further stage in the development of telephone� 
engineering was reached in December last when the 
above experimental system was successfully introduced. 
It was instrumental in affording considerable relief 
during the exceptionally busy Christmas period, owin;�· 
to the number of additional circuits which it provided at 

short notice. 
The present equipment provides for 36 circuits between 

Bristol and Exeter and the same number between 
Bristol and Plymouth, and of the 72 circuits so made 
available, 47 are in use. The remaining channels are 
at present reserved for the purpose of obtaining data 
regarding the stability of the system under workinc;· 
conditions. 

The circuits have been working satisfactorily during 
the period for which they have been in use, and the 
absence of background noise is a noticeable feature of 
the transmission. 

It is understood that an extension of the existing 
equipment is under consideration, which will double the 
number of channels now available. 

South Lanes. 
\YYTHE�SHA\VE �\UTO::\IATIC TELEPHONE 

EXCHAXGE. 
The above-named telephone exchange was opened on 

Saturday, December I 2th, 1936, when approximately 
500 subscribers were transferred from the Didshury, 
Sale, _.\ltrincham ancl Gatley exchanges. 

The transfer was effected with only three fault�. 
It is the 25th automatic telephone exchange opened in 
the Manchester area since the introduction of automatic 
working into the South Lancashire District in 1930. 

RADCLIFFE AUTO:\HTIC TELEPHONE 
EXCHANGE 

The above-named telephone exchange was opened on 

Saturday, February 2oth, 1937· 
It was a " perfect " transfer. It is the 26th automatic 

telephone exchange opened in the Manchester area since 
the introduction of automatic working into the South 
1�ancashire District in HJ30. 

equipment with typical examples of plant in the form Clf 
working drawings, etc. 

The subject of radio-telephone services connected tu 

land networks could haYe been treated more fully as 

only the simplest tvpe of equipment is de�cribed. · . .  .\ 
bare reference is made to Yoice-operated devices (smgmg 
suppressors), hut nothing is said about other associated 
equipment such as priYacy devices and col!1pamlon". 
More extensive information on the efficiency and 
matching of feeder systems and some treatment of wave 
filters is also to he recommended. 

One or two minor errors have been noticed, e.g., the 
note on p. 411 states that the Proc. of Inst. of P.O. 
Elect. Engs. are published by H.M. Stationery Office. 
while the meaning of the note on page 413 is not clear. 

The book as a whole is of a high standard and will 
deservedly receive continued popularity as a text-book 
on the principle of radio communication. It should be 
pointed out, however, that it does not cover the whole 
requirements of the City and Guilds syllabus, although 
it goes well beyond it in several directions. 

A. J. G. 
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Staff Changes 

Xame From 

\Yalmslev, T. 
\Yalmslev, T. 
Chamnev, R. :VI. 
:\fanning, F. E. A. 
(;racie, A. J. A. 
Jolley, E. H. 
Barker, P. L. 

· .
---

. -. 1 -A.SE , E -in-C.O. 

l<.oe. E. A . .. 
Beighton, T. A. 
Barker, P. L. 
!foe. E . . .\ . .. 
Beighton , T. A. 
Jan-is, R. F. J. 
Franklin, R. H. 
Smith, H. G. 
Hopps, F 
Gittnrd, H. \Y. 
Brown, A. H. 
Crosse, J. 
J.!illarcl, A. E. 
:\loon. F. H. 
Bro\\·n, E. l' 
Hobbs, H. 
Sharp . J. 
Ho,Yard, A. A. 
Challinor, \\-. 
E,·ans. T. 
llennison , l\. T. .\. 
Treglown , P. G-. 
Harrold, E. J. 
Claxton. H. L. 
\Yilcox, A ... 
l'alk. le. 
ELhYanls, \\·. J\:. 
mnws, E. E. 
Smith, E. I\. 
Thomas , G. E. T. 
Smith, \\' 
](irk. J H. 
. .\dlington, J 
.-\ttenborough, C. E. 
Beet. H. D 
Cooper, N. A. 
Dutton, J. A. 
Fernev hough, J. B. 
(;oochYin, T. L. 
Hallichn-, C. L. 
Harden'. I'. 
llinton. H. 
Hunt,.\ .. .\. 
]an-is, E. 
�lainwaring, C. 
:\lattlwws, G. T. H. 
::\rn·n-, L. G. B. 
l\obE'1�ts. A. 
}foberb, E. \\'. 
Si m pson, E. 
Smith, H. B. 
Todd. H. F. 
\Yhitehouse, . .\. 1-l. 
\\'il liams, E. 
Clarkson, ·w. H. 
Finney, P. 
Burgess, C. L. 
Gonlbonrn , R 
Hvman, H. L. 
Pi

.
ckworth, G. L. 

Stears, A. D. S. 
Blaiki e, J. H. 
Hutchison, .J. S. 
Frnish, J. 
"'alker, T. 
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I 
Ac:g.

_ 
StaffEnfr, E.-in-C () 

A.S. E., E.-m-( .0. 
i Actg. A.S.E., E.-in-C.O. 

Exec. Engr., E.-in-C.O. 
Exec. Engr., E -in-CO. 
Asst. Engr., Eastern 
Asst. Engr., ); . :\lid land 
Asst. Engr., S. :Vlidland 
Actg. Exec. ,Engr. E.-in-C.O. 
Actg. Exec. Engr., S. \i\'ales 
Actg. Exec. En gr., S. :Vlid land 
Actg. Exec. Engr., E.-in-C.O. 
..\ctg. Exec. Engr., E.-in-C.O. 
Actg. Exec. Engr., S. \Vestcrn 

. .\sst. Engr., );.E. Reg 
Asst. Engr., S. \Yales 
Asst. Engr., Scot. Reg. 
[nsp . . "\. Ireland 

lnsp., S. \Vestern 
lnsp., S. Lanes 
l nsp .. S. '.Jidlancl 
lnsp., S. \Vestern 
l nsp., London 
l nsp., London 
I nsp., f .ondon 
1nsp., S. Lanes 
ln sp., E.-in-C.O. 

lnsp., S. \Yestern 
Tnsp., E.-in-C.O. 
ln sp., E.-in-C.O. 
Insp., E.-in-C.O. 
lnsp., E.-in-C.O. 

lnsp .. Scot. Reg. 
In sp. , E.-in-C.O. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
i\lecll.-in-Charge, Gr. T, l'lpnoui.h 
S.\\'.l, S Lanes 
S.W.l., :\'. \\'ales 
S.\\'.1., :\.\\'ales 
S.\\'.f, ::\.\\'ales 
S.W.1., ); _ \Vale s 
S .\\'.l., ); . \Va les 
S \\'.f.,::\. \\'ales 
S. \\'.l., N. \'\'ales 
S.\\·.r., ::;- , \Valeo 
S.\\'.l., N. V\'ales 
S. \\'.l., l\. \Vales 
S.\\.T., N. ·wales 
S. \\'. l., X. \Vales 
S.W.1 , :\'. \\'ales 
S. \\'. l . ); \\'ales 
S.\\'.f., ".'\. \\'ales 
S.\\'. l ., X. Wales 
S.\\' I.. X. \\'ales 
S.\\'.I., X. Wales 
S.W.T., N. Wales 
S.\\'.l., K. \\'ales 
S.\\'. l., K \\'ales 
S.W.l., N. Wales 
S.W.1., "f. v;estern 
S.\V.l., N. \Vest ern 
S.\\'.I., S. 'Nestern 
S.\V. l., S. Lanes 
S. \V.1. , X. 2\liclland 
S. \\'. T., Eastern 
S.W.1., Cupar R. Stn. 
S.\\'. I., Scot. Reg. 
S.W.I., Scot. Reg . 
S.\\'.l., Scot. Reg. 
S.W.l, Scot. Reg. 

I_ To · 

I . .\ctg. Staff Engr., E.-11�-C.O.� �1 
! Staff Engr., E.-in-C.O. 

Actg. Statl Enp-., E.-in-C.O. 
A .S. E , E.-in-C.O. 
A.S.E ., E.-in-C.O. 
...\ctg. A.S.E., E.-i n-C.O. 
.\ctg. Exec. Engr., E.-in-C.O. 
.·\ctg. Exec. Engr., S. \Va les 
..\ctg. Exe�:. En gr., S. :Vlidlancl 
Exec . Engr. , E.-in-C.O ... 
Exec. Engr., S. \'\'ales 

Exec. Engr., S. :Vlidland 
Exec. Engr., E.-in-C.O . . . 
Exec. Engr., E .-in -C.O . . . 
.Exec. Engr., S. \i\'estern 
Actg. Area Engr., 'N.E. 1\.eg . 
Actg. Exec. Engr., S. \Vales 
.-\ctg. Area En gr., Scot. Reg. 
Chief lnsp., N. lrelancl 
Chief [nsp., S. \\'estern 
Chief lnsp., S. Lanes 
Chief ln sp .. E.-in-C.O. 
Chief lnsp., S. \\'estern 
Chief 1nsp., London 
Chief 1nsp ., London 
Chief lnsp., London 
Chief lnsp., S. Lanes 
Ch ief ln sp , E.-in-C.O. 
Chief lns p. , S. \\'estern 
Chief Tnsp., E.-in-C.O. 
Chief 1nsp., E.-

in-C.O. 
Chief lnsp., E.-in-C.O. 
Chief lnsp., E.-in-C.O 
Chief Tnsp .. Scot. Reg. 
Chief lnsp., E.-in-C .O. 
Chicl lnsp , E.-in -C.O . 
Chief lnsp., F.-in-C.0. 
Tech. Asst., l'\ottingham 
lnsp .. S. Lanes 

lnsp., :\. \\'ales 
lnsp., l'\ \\'ale"> 
1nsp., ':\'. \\'ales 
lnsp., ::\. \\'a Jes 
T nsp., K. \\'ales 
Insp., X. \,\'ales 
Tnsp . . X. Wales 
1nsp .. ::\. \\'ales 
lnsp., ); . \\'ales 
Tnsp., ::\. \,\'a les 
lnsp., N. \Yales 
lnsp , N. \\'ales 
Insp., ::\.\\'ales 
Tnsp , K. \\'ales 
lnsp , X. \\'ales 
lnsp., .'.\ \\'ales 

Insp., N. \\'ales 
Tnsp., :\. \\-ales 
l nsp., ::\. \\'ales 
Insp .. :'i'. \Vales 
Tnsp., X. \\'ales 
lnsp., N. \\'ales 
Insp., ::\ \\'estern 
Tnsp., :\' \\'estern 
lnsp., S. \\'estcrn 
Insp., S. Lanes 
I nsp . . N . :\'lid larnl 
Tnsp , E.-in-C.O. 
Insp., Baldock R. Stn. 
Insp., Scot. H.eg. 
1nsp., Scot. H.eg. 
lnsp., Scot. Reg. 
lnsp., Scot. R eg. 

Date 

2-2-:37 
1-3-:n 
1-:3-37 

21-1-37 
24-2-:37 
24-2-:37 

l3-12-3!i 
:H-I-:n 

UJ-l l-:311 
l.J.-l2-31i 

1-2-37 
To be fixed later . 

:1-9-:rn 
3-9-31i 

10-l l-3!i 
To be fixed later. 

24-2-:n 
2+-2-:n 

28-1 l <3!i 
14-12-31\ 

+-10-:rn 
ii-l2-3ii 

I !i-l l-:3ii 
1-1 l-:30 

1-1-37 
18-!l-:rn 
7-10-3!i 

22-l 1 -3!i 
1:l-10-:3!i 

+- l L-:{ti 
+-11 -:Hi 
-1-l I -:3!i 
+-1 t-:rn 
l-11-:{!i 
l-1 O-:{!i 
10_,.,_:rn 
2:5-n-:rn 
lO-J .. ;n 

!i-8-:l!i 
20-1-:rn 

l 7-L2-:rn 
22-11-:rn 
28-1 t-:rn 
l\l-l 2-3!i 

I -7 -:l!\ 
H-8-:rn 

21-H-:rn 
22-:3-:l!i 
1fi-8-:rn 

10-l 1-:Fi 
2ll-9-:rn 
2!i-+-:rn 

2\J-12-:{ii 
2li--1-:{!i 

:w-12-:rn 
I 7-15-3!i 
2.J.-fi-3(i 

l-7-3(i 
l-l l-3!i 

l-3-3!i 
. 7-12-3!i 
30-12-:rn 
10-l2-3!i 

3-1-37 
18-10-3!) 

8-11-31) 
9-1-37 

;)-12-36 
12-10-3!i 
l li-l0-3G 

5-1-:n 
8- l l-:3ti 



Name 

Whyte, W. J. 
Ritchie, \V. H. 
McLean, A. 
Jardine, C. T. 
:VlcGregor, J. R. 
Fazacherlcy, H. 
Suggett, J. W. H. 
Baker, H. 
Bentley, \V. C. B. 
Bristow, \V. T. 
Burgess, A. E. 
Cannell, J. A. 
Greenaway, C.R. 
Laurence, C. 
Milam, A. E. E. 
Paterson, J. 
Pollard, A. J. 
Rivis, ] . W. 
Smith, L. . .  
Soar, \V. D. 
Stevens, H. E. 
Thornton, F. H .. 
Walton, J. J\I. 
White, E. l\l. 
Cooper, E. B. 
Dean, J. E. 
Foskett, G. E. 
Fraclley, \V. 
\fanning, G. _\. 
Parker, \V. ] . 
Scotcher, \V. H. 
\Vorthington, D. C. 
Howlands, E. J. 
Wilson, A. E. T. 
Peters, B. 
Hodgkinson, .-\. A. A. 
Wallace, A. 
Beebv, A. V. 
Brealey, E. C. 

Richards, P. vV. 
Crabb, G. T. 
Traynor, \V. S. 
Huxley, G. F. 
O'Connor, H. 
Devan, H . . .  
McPhail, A. 
:VlcLeod, N. 
Bissett, W. T. 
McGregor, J. H. 
McDougall, R. S. 
McMillan, R. S. 
Haines, J. P. 
Failes, W. J. 
Gordon, W. ]. 
Keith, E. 
Calderwood, R. 
Brown, J . .. 
Stewart, H. 
Cameron, H. A. 
Mclndoe, T. 
Fraser, \V . . . 
Smellie, D. M. 
McBeth, H. A. 
Turner, A. G. 
McGovern, M. P. P. 
Quinn, F . . . 
Malcolm, \V. A. S. 
Williamson, F. R. . .  
McLeod, J . . . 
Thomson, G. M. 
Allen, R. A. 
Marks, T. A. 
Rowell, P. C. 
Stone, W. C. 
Welburn, R. 
Birkenshaw, T. 

l'RO�!OTIONS-cuntin1ted. 

From 
-· �- 1 ----- -

. . . . · S. W. l., Scot. l(eg. 
S.\V. I ., Scot.. !Zeg. 
S.\\'.1., Scot. Eeg. 
S.W.l., Scot. Reg. 
S.W.1, Scot. Reg. 
S.'v\'.T., N. \Vestern 
S. W. I ., N. \\' estern 
S.\\'.I., E.-in-C.O. 
S.W.l., E.-in-C.O. 
S.\\-.T., E.-in-C.O. 
S.W. I . . E.-in-C.O. 
S.W.l., E.-in-C.O. 
S.W.l., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., N. Midland 
S.\V.I., London 
S.\V.I., London 
S.vV.I., S. Lanes 
S.\V.l., N. \Vestern 
S.\V.I., London 
S.\V.I., London 
S.\V.T., London 
S.\V. l., S. Lanes 
S.\\'.I., N. \Vestern 
S.\V.1 ., St. Albans R Stn. 
S.W.l., N.E. Eeg. 
S.\V.I., N.E. Reg. 
S.W.I., N. Midland 
S.\\'.l., N. Midland 
S.W.I., N. Midland 
S.vV.I., S. Lanes . .  
S.\V.I., S. Lanes 
S.\V.I., S. Lanes 
S.W.I., Scot. Reg. 
S.W.T., Scot. Reg. 
S.W.I., Scot. Reg. 
S.\V.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.vV.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.\V.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.\\'.I., Scot. Reg. 
S.\V.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., Scot. Reg. 
S.W.I., S. Midland 
S.W.I., S. Midland 
S.W.I., S. Midland 
S.W.I., S. Midland 
S.W.I., S. Midland 
S.W.I., N.E. Reg. 

To 

Tnsp., Scot. Ecg. 
lnsp., Scot. Eeg. 
lnsp .. Scot. Heg. 
1 nsp . .  Scot. Ecg. 
I nsp .. Scot. Heg. 
I nsp .. N. \\'estern 
T nsp., .:\. \\' estern 
fnsp , E.-in-C.O. 
fnsp., E.-in-C 0. 
I nsp., E.-in-C.0. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.0. 
lnsp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
Tnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
Tnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
lnsp., E. in-C.O. 
Insp., E.-in-C.O. 
lnsp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
lnsp., E.-in-C.O. 
Insp .. E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., N. l\ilidland 
lnsp., N. Midland 
Insp., X Midland 
Insp., S. Lanes 
Insp., S. Lanes 
l nsp., S. Lanes 
Tnsp., Scot. Reg. 
lnsp., Scot. Reg. 
lnsp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Heg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 

! Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Eeg. 
Insp., Scot. Reg. 
lnsp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., Scot. Reg. 
Insp., S. Midland 
Tnsp., S. Midland 
Insp., S. Midland 
Insp., S. Midland 
Insp., S. Midland 
Insp., N.E. Reg ... 

Date 

10-1-37 

23-2-3ti 

23-12-:rn 

22-3-.16 

10-11-36 

7-2-37 

23-8-3() 

25-11-3{) 

30-8-3fi 

28-G-3fl 

27-0-3() 

20-0-36 

30-8-3fl 

24-10-3() 

13-8-3() 

15-8-3f) 

11-10-3() 

1-4-3() 

7-{l-3() 

27-9-3() 

10-5-3() 

10-2-37 

l 9-0-3fl 

28-2-37 

5-9-3{) 

31-10-3(i 

8-ll-3(i 

24-9-3(i 

2-1-37 

12-12-3() 

lll-5-30 

31-10-3G 

9-1-37 

23-1-37 

9-1-37 

0-1-37 

24-10-3() 

30-7-3() 

3-1-37 

1-2-37 

18-10-3fl 

23-10-3fl 

l-10-3f) 

2ll-7-36 

12-9-3() 

5-1-37 

lll-10-3() 

ll-4-36 

28-12-36 

22-11-3() 

8-11-30 

4-1-37 

23-2-30 

22-ll-3fl 

lll-10-30 

19-11-30 

rn-10.30 

12-9-3fl 

12-9-3() 

12-9-3() 

16-11-3() 

23-2-3() 

20-12-3() 

30-11-3() 

25-2-3() 

25-2-36 

26-2-3() 

23-3-30 

24-8-30 

2ll-12-30 

1-7-3H 

1-7-3() 

27-12-3fl 

12-12-36 

7-2-37 

10-1-37 
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Name 

:Rushworth, M. 
Hall, V. 
Simpson, H. 
Batchelor, \'\'. 
[eacock, F. A. 

Rell, R. J. B. 
Billman, B. C. 
Browne, J, E. 
Dann, J. V. 
Hartley, A. L. 
Loome, T. H. 
Parker, C. E. H. 
h'.ee\·e, C. \V. 
Self, G. A . .. 
Stearn, A. J. L. 
Turner, E. J. V. 
Babridge, R. E. 
Brewer, W. E. 
Brock, S. 
Cohu, M. 
Crossing, R. G. 
Dennett, E. H. Y. 
Barfoot, T. R. 
Jones, S. 
O'Brien, E. J, 
Paul, W. C. 
Piggott, T. W. 
Smith, E. H. 
Spencer, H. H. 
Webb, C. D. 
\\'illiams, N. l'. 
l'arker, J. 
Proctor, R. 
:\Iarsland, ], P. 
Phillips, C. 
Banham, S. H. 
Harris, H. B. 
:\larks, S. J. 
Pawlby, R. L. 
Tibbitts, J. E. 
Simmons, F. G. 
Orchard-Carter, A. \V. 
Culverwell, \V. L. 
Walker, T. E. 
Oates, R. 

Name 

Goodchild, L, F. . . 

Name 

Corkett, H. 
Sheppard, R. 
Swincllehurst, R. J. E:. 
Cunninghame, R. J. _'.\l. 
Hills, l A. E. 
Baxter, F .. , 
fl1tcroft, ] , 0. 
Clark, J. H. 
\Vimpenny, E. V. 
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PROMOTIONS-·continued . 

I 
From 

. � -S-.\-\'-.I-.,-N.E. Reg. 
S.\\'.L, N.E. Reg. 
S.\V.L, X.E. Reg. 
S.\\·.i., Scot. Reg. 
S.\\'.I., X. :\Iidland 
S.\\'.I., Eastern 
S.\V.1., Eastern 
S.\\'.l., Eastern 
S.\\'.I., Eastern 
S.\Y.I., Eastern 
S.\Y.I., Eastern 
S.\\'.l., Eastern 
S.\\'.1., Eastern 
S.W.l., Eastern 
S.\\'.I., Eastern 
S.\Y.I., Eastern 
S.\'\'.I., S. \'\'estern 
S.\V.I., S. Western 
S.W.I., S. \'\'estern 
S.\\T.I., S. Western 
S.\V.I., S. \Vestern 
S.\V.I., S. \Vestern 
S.\V.I., S. Western 
S.\V.I., S. Western 
S.\V.I., S. \Vestern 
S.W.I., S. \Vestern 
S.\\T.I., S. Western 
S.\V.I., S. \Vestern 
S.\V.I., S. Western 
S.\V.I., S. \Vestern 
S.W.I., S. \Vestern 
S.\V.I., S. Lanes 
S.W.I., S. Lanes 
S.\V.I., S. Lanes 
S.\Y.I., S. Lanes 
S.\V.I., Test Section, London 
S.\V.I., Test Section, London 
S. \V.II., N. Wales 
Draughtsman II., S. Western 
Draughtsman II., S. Western 
Draughtsman II., London 
Draughtsman II., S. Western 
Draughtsman II., S. Wales 
Draughtsman II., N.E. Reg. 
Draughtsman II., N. Wales 

I To 
- - - ·  

--------
Insp., N.E. Reg. 

I 
lnsp , N.E. Eeg. 
Insp., N.E. Reg. 

Insp., Scot. Reg. 

I 
Insp , X. 711idland 
l nsp., Eastern 
Insp., Eastern 
Insp., Eastern 
I nsp., Eastern 
Insp., Eastern 
I nsp., Eastern 
1 nsp., Eastern 
lnsp., Eastern 
Insp., Eastern 
Insp., Eastern 
Insp., Eastern 
Insp., S. \Vestern 
Insp., S. \Vestern 
Insp., S. \Vestern 
Insp., S. \Vestern 
Insp., S. \Vestern 
Insp., S. \'\'estern 
Insp., S. Western 
Insp., S. \Vestern 
Insp., S. \Vestern 
Insp., S. Western 
Insp., S. \Vestern 
Insp., S. Western 
lnsp., S. \Vestern 
Insp., S. \Vestern 
Insp., S. \Vestern 
lnsp., S. Lanes 

' Insp., S. Lanes 
i lnsp., S. Lanes 

Insp., S. Lanes 
Insp., Test Section, London 
lnsp., Test Section, London 
lnsp., ::\. \Vales . .  
Draughtsman I., S. \Yestern 
Draughtsman I., S. Western 
Draughtsman I., S. Eastern 
Draughtsman I., S. Western 
Draughtsman I., S. Wales 
Draughtsman I., N.E. Reg. 
Draughtsman I., S. Midland 

APPOINTMENT. 

Insp., London 

Asst. Engr. 
1-\sst. Engr. 
�>-\sst. Engr. 
Chief. lnsp. 
Chief I nsp. 
Chief Insp 

From 

Rank 

lnsp. 
Draughtsman I 
Draughtsman l I. 

DEATHS. 

To 

Proby. Asst. Engr., London 

London 
-:\. \\'ales 
E.-in-C.0. 
�. \\'ales 
f,ondon 
S. Lanes 
N. \Vest 
London 
N.E. Reg. 

District 

Date 

10-1-37 

17-1-37 

17-1-37 

Hi-10-36 

23-0-36 

To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 
To be fixed later. 

6-8-36 

11-11-36 

11-11-36 

10-1-37 

11-11-36 

11-11-36 

1-1-37 

17-1-37 

Date 

7-1-37 

', Date 
-- '1 - -- ---- ---1 3-12-36 

31-1-37 

18-2-37 

, , I 0-12-36 

30-12-:J(j 

:?0-2-37 

28-12-36 

10-12-30 

10-12-36 



Name 
-

-
-
--

------
Harris, L H. 
Tamplin . G. R. 
Tavlor T. A. 
Iniran; , c. P. 
Affleck. D. B. 
Spears . G. 
ChorleY. J. W. A. 
Clarke: . .\. C. \\' . y 
Cooper . . \. B. 
Ste,-enson, H. C. 
Thompson, J. 0. 
de Courcy. F. J. 
Hann1an.

· B. L. G. 
Hibbs, ::'\. L. 
Kilvington, T. 
Lillicrap, H. G. 
Neate. A. D. 
Read , R . \. 
Soper. D. c 
Mew, R J. 
Turner, A. F. 
Chorley. J. \\'. A. 
Smith . A. E. 
Warne, G. c. 
Lewis , H. c. 
Dunn. c. 
Cook. c; ll. 
,\ck ,\. F. 
!{urnary. F. J. 
Jfocklitsch, E. h F. 

Name 

Hines, Capt. J. G. 
Fletcher, Capt. J. E. 
\Varnock, J. \\'. 
Stanton, ] . D. 
Buchanan, J. 
Cory, B. G. 
Kefr, A. D. 
Kirkwood , D. 
Smith, F. 1\1. 
Lloyd, H. P. 
Woods, E. J. 
H.athbone, E. J. 
Chambers, H. A. G 
Saltmarsh, �- c\. 
Geisler : G. C. 
Spicer, F. 
Fawcett, T. \Y. 
Ho lman. H. ll. 
\pplegate. C. J. 

Blasson, C. .\. 
Butcher. C. F. 
Huson, \V. T. 
\Villiams. C. 
\Vynne. T. H. 
Burn, T. 
Spray . F. J. 
Falshaw, P. E. 
Utting, \\'. A. 
Trist, W. E. 

TRANSFERS. 

Rank From 

. \..S.E. E.-in-C.O . 
Exec. Engr. S. \Vales 
Exec. Engr. S. \Vales 
.\sst. Engr . E.-in-C.O 
Asst. Engr. E.-in-C.O 
. -\sst. Engr . E.-in-C.O . 
Pro b. Asst. Engr. E.-in-C.O. School 
Pro b. \sst. Engr. E.-in-C.O. School 
Pro h. . \sst_ Engr. E.-in-CO School 
Pro b. Asst. Engr. E.-in-C.O. School 
l'rob. Asst. Engr. E .-in-C .O. School 
Pro b. Asst. _Engr. E.-in-C 0. School 
Pro b. . \sst. Engr. E.-in-C.O. School 
Pro b. Asst. Engr. E.-in-C.O. School 
Pro b. Asst. Engr. E.-in-C.O. School 
Pro b. Asst. Engr. E.-in-C.O. School 
Pro b. Asst. Engr. E .-in-C.O. School 
Pro b. Asst. Engr. E.-in-C .O . School 
Pro b . . .'\sst. Engr. E.-in-C.0. School 
Pro b. Asst. Engr. E.-in-C.O. School 
Pro b. Asst. Engr. I\. Wales 
!'rob. Asst. Engr. S. Lanes 
Chief lnsp. S. \Vales 
Chief Insp. London 
Jnsp. s. Midland 
Tech. Asst. Xottingham 
Insp. Rugby R. Stn. 
T nsp. Rugby R Stn. 
lnsp. Portishead R Stn. 
lnsp. E.-in-C.O. 

To 

-------- -----
Eastern 
s. \Yestern 
E.-in-C.U. 
Eastern 
I\. ::VIicllancl 
Scot. Reg. 
s. Lanes 
T.onclon 
E.-in-C.O . 
Scot. Heg. 
Scot. Reg. 
- " l relancl 
E.-in-C.O . 
X. \Yales 
E.-in-C.O. 
S. \Vestern 
S. ::VIiclland 
N. E. Reg . 
E.-in-C.O. 

Test Section, London 
E.-in-C.O. 
E. -in-C.O. 
S. l\Iiclland 
E.-in-C.O. 
s. \Vales 
Exeter 
:N. E. Reg. 
N. l\lidland 
S. \Vestcrn 
S. \Yestern 

EETIREMEN TS. 

Rank 

I -Staff Eno-r 
Asst. Suptg. Engr. 
Area Engr. 
Exec. Engr. 

Exec. Engr. 
Asst. Engr. 
Asst. Engr. 
Asst. Engr. 
Asst. Engr. 
Asst. Engr. 
Asst. Engr. 
Asst. Engr. 
Chief Insp. 
Chief Insp. 
Chief lnsp. 
Chief Insp. 
lnsp. 
lnsp . 
Ins11. 
lnsj> 
lnsp. 
Insp. 
lnsp . 
Insp. 
Insp. 
lnsp. 
Insp. 
Insp. 
Insp . 

E.-in-C.O. 
N.E. Reg. 
Scot. Reg. 

: E.-in-C.O. 
N. \Vestern 
S. Wales 
Scot. Reg. 
S. \Vestern 
N. Midland 
N. Wales .. 
E.-in-C.O. 
E.-in-C.O. 
N. -western 
N. Midland 
London 
London 
London 
Lonclon 

! London 
�. \\-estern 
Eastern 
S. \\' estern 
S. Lanes 
London 
Scot. Reg. 
S. \Yestern 
London 
S. Lanes 
S. Eastern 

District ! 
-- -: �

-- -. I 

Date 

1-2-:n 
l7-l-37 
:31-l-37 
8-12-36 

f'-1-37 
21-2-37 

l - l -:17 
I - l -37 

1-1-:n 
J -l-:l7 
1-1-:n 
1-1-37 
1-1-37 
1-1-37 
l-1-37 
1-1-37 
1-1-37 
l-1-37 
1-1-37 
1-2-37 

31-l-37 
14-2-37 

:1-1-37 
14-1-37 

:�-1-37 
24-1-37 

:1-1-37 
1-1-37 

14-2-:37 
2:1-1-37 

Date 

28-2-37 
20-1-37 
28-2-37 
17-2-37 

31-12-36 
23-2-37 

2-2-37 
31-12-36 
31-12-36 
31-12-36 
31-12-36 
31-12-36 
31-12-36 
31-12-36 

31-1-37 
31-1-37 

17-12-3(; 
31-12-36 

l-1-37 
31-1-37 

31-12-3() 
31-12-3(; 
31.12-:rn 

:H-1-37 
31-12-3() 

18-1-37 
5-3-37 

16-3-37 
17-12-36 
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CLEl<ICAL GIUdlES 

l'ROMOTIONS. 

:Name 

:-iuttle, E. C. 

Jones, F. E. 
Halsall, T. P. 
"Ic Brien, T. B. 
Gullancl, G. \\. I. St. C. 
Brewer, T. D. 

From 

Staff Officer, E.-in-C.O. 

J-i.C.O., S. \Vcstern 
H.C.O., X. Western 
C.O , X. Ireland 
C . O. , l\. \Vestern 
C.O., E.-in-C.O. 

-I To 

I _.\ssistant lnspector of Clerical 
Establishments, l feadyuarters 

Staff Officer, S. \\'estern 
.-\ctg. Staff Officer, S. Lanes 
..\ctg. H.C.O , X Ireland 
Actg. H.C.O., X. Western 
_.\ctg. E:-;:cc. Officer, E.-in-C.O. 

Date 

l 8-2-37 

1-2-:n 
1-2-37 

27-12-3(i 
18-2-37 

21-12-3(i 

l<.ETIREME1'TS. 

Jones,]. W. 
\i\Tilliams, D. 
\\'ood, G. . . 
Powis, G. E. 
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