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PLASTIC 

Is Waterproof, 

Highly Insulating, 

Corrosion-resisting, 

[Lasting and 

Inexpensive. 

"A Chip of the Old Block" 

SOME USES. 

TAPE 

Is Simple to Use, 
Adhesive, but 

Does not soil the 
fingers. 

Blow-lamps not 
necessary. 

Insulating conductors exposed to weather to prevent Bird 

Contact, etc. 

Insulating joints in manholes, between lengths of PERNAX 

sheathed cables. 

Insulating purposes generally, where the usual type of sticky 

tapes have failed. 

PERNAX is the only flexible insulating material that can be used in the open air without deteriorating 
more or less rapidly. 

When first introduced it was not possible to make ordinary PERNAX TAPE (though in itself 
perfectly waterproof) adhesive enough to be waterproof between its lapping edges, without the use of a 
special adhesion process when using the tape. 

Recent experiments, however, have developed PLASTIC PERNAX TAPE, whereby this difficulty has 
been overcome. 

By lapping PLASTIC PERNAX 1 APE on the cable without strain 
and by frictional pressure of the hand to assist adhesion a perfectly 
waterproof and highly insulating job will result. 

(Actual />110/og.apk) 
PERNAX cut away to show homogeneous result. 

This should be of special value when replacing ordinary insulating tapes 
which have failed through moisture absorbence, perishing or unwrapping 

PLASTIC PERNAX Sealing Ends have been totally immersed in water for Jong periods without any loss of 
insulation, which is not the case with ordinary insulating tapes. 

THERE IS NO OTHER lNSULA TING TAPE LIKE PLASTIC PERNAX 

BECAUSE IT IS MADE OF PERNAX. 

Manufactured only by 

CROYDON CABLE WORKS LTD., MITCHAM ROAD, CROYDON. 
Phone: THORNTON HEATH 2882 (4 lines). 



Eric11on Automatic Switch Board. 

Ii. 

Ericsson Telephone Equipment is made at Beeston, Nottinghamshire. 
This fine factory keeps well ahead in telephone development and progress. 
A manufacturing and technical experience extending over 50 years is 
helping us all the time to maintain a high level of telephonic efficiency 
and reliability. 
We manufacture, supply and instal complete automatic exchanges of the 
"director" and "non-director" types for any number of lines. 
Informative Literature sent free. 

ERICSSON TELEPHONES LIMITED 
67/73, KINGSWAY, LONDON, W.C.2 

Telephone: Holborn 3271/3 Work•: Bceston. Nott• 

TELEPHONE 
EXCHANGE 
EQUIPMENT 



"NEOPHONES " of the following 

types are now available : 

AUTOMATIC 

CENTRAL BATTERY 

MAGNETO 

BATTERY CALL 

INTERCOMMUNICATION 

"Extension " Instrument. 

�v. 

Another addition 
lo the 

"Neophone11 range� 

"Main" Instrument. 

These new extension telephones incorporate our patent 
anti-sidetone induction coil circuit and provide the 
unrivalled transmission efficiency and superior articulation 
for which the " Neophone" is noted. 
The "main " instrument includes a special four position 
switch, supervisory signal and hand generator, a separate 
bell set in bakelite case (not illustrated) with terminals 
for the cord, battery and line connections being provided. 

SIEMENS BROTHERS & CO.LTD. 

WOOLWICH, LONDON, S.E.18 
Telephone: Woolwich 1161 



Relay with cover re moved . 

Provided with pressed steel case and cover for 

indoor use (as illustration) or cast-iron case for 

exposed positions. 

Standardised··by the 

BRITISH POST OFFICE 

and adopted by many other important 

administrations. 

v. 

fulfil 1'1e 
varied requiremenls of 

Power, Alarm, Sign�/ 
ancl Telephone Circuils. 

Embodies the latest high-efficiency British 
Post Office type 3000 relay ensuring maxi
mum reliability in operation, with minimum 
current. 

The mercury contacts are in a separate 
compartment to the relay, the motion being 
transmitted by means of a glass rod, thus 
completely isolating the operating and local 
circuits. 

Supplied for D.C. operation, or with 
Westinghouse Metal Rectifier for A.C. or 
telephone ringing currents. In the latter 
ca�e a condenser can be fitted if required. 

Single or double make, break, or change
over contacts for currents up to 20 amperes 
at 250 volts A separate change-over spring 
set contact is provided in the operating 
compartment for signal or auxiliary 
circuits. 

Arranged for either self restoring or hand 
resetting. 

Relay with cover on. 

Telephone: Woolwich 1161. 
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AUTOMATIC ELECTRIC 
CO. LTD • 

.STROWGER WORKS, 
LIVERPOOL, ENGLAND. 



Associoted Company and Export Distributors 

INTERNATIONAL AUTOMATIC 

TELEPHONE CO. LTD. 

Norfolk House, Norfolk Street, Strand, 
London, W.C. 2., England. 
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FIFTY YEARS' step by step research and 

improvement in instrument building are 

behind this •M odern Master of the Rolls." 

Accuracy to B .S.I. Specification-straight 

viii. 

time lines and bold figures easy to read. Megger recorders are 

supervising, minute by minute, daily operations in mine, power

house and factory. Write for Publication X 21 3 - a profusely 

illustrated and informative brochure just off the press 
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For quick and economical 

Model No. 3a 
Tape Teleprinter 

te legraph tran smission 
The 

TELEPRINTER 
The British Post Office, fol
lowing their progressive 
policy, has been steadily re
placing Morse· Apparatus by 
Teleprinters during the last 
few years. 

This change-over enables I 00 
telegrams an hour to be 
dealt with on each circuit as 
compared with approxi
mately 30 by the Morse 
System. 

Today there are nearly 3000 
Teleprinters constantly at 
work handling telegrams 
with great efficiency and 
economy 

CREED & COMPANY, LTD., 

Telephone

Croydon 2121 

Telegraph House 

CROYDON 

Telex

Croydon Telex 1082 



SIGNS of the 
TIM ES 

The Budget has restored 

POLICE OPPORTUNITIES 
The Air Force is to be increased 

AVIATION MUST DEVELOP 
Pay cuts have been restored. 

CIVIL SERVICE 
Suitable to both sexes. Ages 15! to 24. 

PEHMANENT, PROGRESSIVE, 
PENSIONABLE POSITIONS. 

G.P.O. ENG. DEPT. 
CUSTmts AND EXCISE, INSPECTOR OF 
TAXES, ETC. 'bC:,��Pif:l�

l
��E REQUIRED. 

MATRICULATION 
There arc many ways of commencing a career, 
l.>11L Matriculation is the junipint·ort board tor 

all the best ones. 

We prepare cand1datu for all 

INSTITUTE EXAMS 
TECHNICAL, ACCOUNTANCY, 

SECRETARIAL, INSURANCE, ETc. 

E N GI NEERS and 
DRAUGHTSMEN 

All Dranches-Employers are 
advertising for them. 

TELEPHONY, RADIO and MOTOR 
ENGINEERING nrc expandlnit rapidly. 
There are lo ts of vaconcles. Our postal 
courses wlll moke you eligible, Advice 

•• 

on all careers Free.. 

Also ask for our New 
Book(Free of Charge) 

THE HUMAN 
MACHINE 

Secrets of Success 

CAN YOU 
CHANGE MY 
EXPRESSION? 

IF 60, YOU MAY BE 
THE ARTIST THAT 

COMME RCE 18 
WAITING FOR. 

Just try it for yourself, 
trace or draw the out· 
line and then put in 

the features 

There are hundreds of openings In connection with 
Humorous Paperi, Advertisement Drawing, Posters, 
Calendars, Cat1loeun, Textile D11l1n1, Book 

lllu1tratlon1, etc. 
60 per cent. of Commerci�I Art Work is done b)" 
"Free Lance Artists 11 who do their work at home 
and sell It to the hifhest bid�ers Many Commer· 
cial Artists draw ' retaining fees '' from various 
sources, others prerer to work full·timecmployment 
or partnership arrangement. We teach you not 
only how to draw what 11 wanted but how to make 
buyers want what you clraw. Many of our students 
wbo originally took up Commercial Art as a hobby 
have since turned it into a full-time paying profes· 
sion with studio and staff of assistant artists: 
there Is no limit to the possibilities. Let us send 
lull particulars for a FREE TRIAL and details of 
our course for your inspection, You wih be t:ndcr 
no obligation whatever. 

IL•� -,,, �J Art Dept. 24 � ... � 

ix. 

STUDY AT HOME IN YOUR SPARE TIME 

OPEN LETTER TO PARENTS 
Dear Sir or Mod>m,-Wheo your children first arrived they bro�rht with them a wonderful lot of 
1unsbint. Loter you became proud of tbe in1elliceoce they di1played, but still later you become 
11nxiou!I as to what would become of them in the ful\lre. Perbap' you were anxiou1 when you vi1u•• 
lised them as grown men And women. Even with plenty of money it i1 not always eaay to select 
the ri:ht cnrtH', aind n parent i1 1ometlmes inclined to as\c Rdvlce of some rel&tive and in ninety .. 
nine cases out of a hundred tho.t relative know• oothinrr at all about the pouibilitie• of employment. 
Why not let me relieve you of 1ome of yout anxieties? lo fact, why not let me be their Father? 
We do not profess to act as an employment agency, but the nature of our bu1iuess compels u1 to keep 
an eye upon the class of men and women that are wanted and who wantt them. There are tome 
people who manufacture an article aod put it on the market to 1ell. We do not do that, we work in 
exactly the opposite direction. We find out what emp)oyer1 want o.nd w e  train our student• to 611 
those jobs. We have to be expert1 in the matter of empJ.,yment, pro1te11 and prosperity. If you 
have any anxietiet at all as to what your 1ont and daugbtert 
should he, write to me, or better 1till, let them write to me per .. � 
sonolly -Fatherly Advice Deportment-and tell me their liku 
and di,likes, and I will give sound practical advice a1 to the 
pos1ibillciet of a vocation and how to succeed io it . . Yoon 1incerely, 

YOU C AN H AVE A CO LLE GE 

TRAINING IN ALMOST ANY CAREER 

FO R A FEW SHILLINGS MONTHLY 

Accountancy Exomlnatlona Insurance 
Advertising and Sales Manare· Mathematics 

ment Matriculation 
A.M.I. Fire E. Eum. Metallurgy 
Applied Mechanics Mining, all subj•cts 
Army Cutificatn Mining, El�ctric_al Englnoering 
Auctioneors & Eat ate Agonts Motor Engineering 
Aviation Engineerinf Motor Trade 
Banking Municipal & county Engineers 
Boilers Navnl Architecture 
Bcok-kuping, Accountancy and Pattern Making 

Modern Businoss Methods Police, Special Cours. 
B.Sc. (Eng.) Preceptors, College ol 
O.Sc (Estate Managemanll Pumps and Pumping Machinery 
OµiJd:ng, Architecture and Radio Service Engineering 

Clerk of Work• Road-Making and Malntenanco 
C•mbridge senior School Salesmanship 

Certificate Sanitation 
Civil Enelneering Secretarial Exams. 
Civil Service Shipbuilding 
All Commtrclel Subjects Shorthand t Pitman's) 

Commercial Art Structural Engineering 
Concrete and Structural Surveying 

Engin .. ring Teachers ol Handlcralts 
Draughtsmanship. All branches. Telephony and Telegraphy 
Enginaering. All branches; Transport Inst. Exams. 

allbjects and oxaminatlona Wti&hta and Measures Inspector 
General Education Welding 
O.P.O. Englneerlnc Dept. Wiralm Telegraphy and 
Heating and Ventilating Telephony 
lnduatrlal Chemistry Works Mona�n 

I( you do not see your own requirements above, write to 
us on any subject. 

HOW TO STUDY 
In your spare time when ii suits 
YOU. You fix your own Umc, you 
do not CO to your •tudlcs-lhe 
po;tman br!ng'l THEM TO YOU. 
There ls nothing that a. class-room 
teacher can show oo a blackboard 
that we cannot show on a white 
p"per. The lesson on a blackboard 
will be cleaned off, but our lessons 
are P.ERMANENT. A class-room 
teacher cannot give you a private 
word of encouragement, but n Cor
respondence Tutor can do so when
ever your work deserves It. On the 
other band he can, wberc necessary. 
p oin t o u t  you r mistakes 
PRIVATELY . 

TO S TUDENT S 
LIVING ABROAD 

01 on tbe higb seas, a good supply 
of lessons ts given, so that they 
may be dono lo their order, and 
dl'5patc�ed lo u• for examtnalloo 
anrl correction. Tbey aro then sent 
back with more work, and lo this 
way a conlirn,oru .stream of work is 
always in transit from tbe Student 
to us and from us to tho Student, 
therefore distance makes no 
dillcren°". 

IT IS THE PE R SONAL TOUCH 

I 
EVERY DEPARTMENT IS A 

WHICH COUNTS IN POSTAL EVER�
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TUITION TO HIMSELF. 

Dept, 24 THE BENNITT COLLEGE, SHEFFIELD. 
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The popularity of the bakelite handset type of telephone is world-wide, 
the convenience and pleasing appearance having received universal 
recognition. The further advantage of the Gecophone set-its self
contained nature, dispensing with the need for a separate bell-box
makes an instant appeal both to users and Administrations. This tele
phone is unsurpassed in efficiency and in the degree of side-tone suppression. 

For Automatic, C.B. Manual and Magneto 
systems. Also as a convertible. telephone, 
initially for use on Magneto systems, readily 
adapted for C.B. Manual or Automatic service. 

TELEPHONE 

COVENTRY 

WORKS 

Telephone: Coventry 4111 Telegrams: "Springjack, Coventry" 

London Office: MAGNET HOUSE, KINGSWAY. W.C.2 

BRANCHES AND AGENCIES THROUGHOUT THE WORLD 
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Recent Developments 
Lighting 

• 

1n Electrical 

W
ORLD- \VI DE interest havi�g been aroused 

in the remarkable performance of the 
electric discharge lamp, frequently referred 

to as the gas discharge lamp, the writer believes this 
to be a fitting opportunity to review the history, to 
present some of the technical details i11 abridged 
form, and to examine the possibilities of interior 
lighting with this form of lamp. 

HISTORICAL DEVELOPMENT OF THE ELECTRIC 

DISCHARGE LAMP. 

In the course of its evolution the discharge lamp 
has passed through at least six stages, as follows :

(1) The Geissler Tube. 
(2) The Cooper Hewitt lVIercury Vapour Lamp. 
(3) The Moore Carbon Dioxide Tube. 
(4) The Quartz Mercury Arc. 
(5) The A.C. Mercury Arc. 
(6) The modern Electric Discharge Lamp. 

The Geissler tube was undoubtedly the first 
attempt to produce an electric discharge lamp. This 
was of scientific interest only, as the light emitted 
was too feeble to be of any practical use. Further a 
very high voltage was necessary to operate the lamp, 
the \i\Timshurst machine or the Induction Coil being 
generally used for this purpose. 

The Cooper Hewitt tube is believed to be the first 
practical lamp of the luminous g<ts type. The light 
was obtained from a mercury arc formed between 
two electrodes in an exhausted glass tube about 18" 
long. The arc was struck by tilting the tube and 
allowing mercury to flow from one electrode to the 
other. The lamp was only suitable for direct current 
circuits. The consumption was approximately 300 
watts on a 100 volt circuit, with a lumen output of 
3600. 

The 111 oore tu be was the first practical discharge 
lamp for A.C. circuits. Carbon dioxide gas was 
raised to luminescence by a high tension discharge 
between two ends of a long glass tube fed from a 
step-up transformer. 

In the Quartz lamp the tube was made from fused 
quartz with the object of using mercury vapour at a 
higher temperature and pressure than the values 

VOL. XXVIII. G 
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employed in the Cooper Hewitt tube in order to in
crease the efficiency. A much higher candle-power 
was obtained from a lamp of smaller dimensions, the 
values for a 200 volt lamp being :-

Power consumption, including 
ballast resistance 

IVIean hemispherical candle-
power 

Total lumen output 

630 watts. 

3000 approx. 
18000 

" 

This lamp also was only suitable for direct current. 
A curve is shown in Fig. 1, taken from the Illum-
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FIG. 1.-\TMHATION JN VVATTS PER CANDLE OF A QUARTZ 
i'l'lERCURY ARC LAMP. 

inating Engineer Magazine, June, 1912, illustrating 
how .the watts per candle of a quartz tube mercury 
vapour lamp were found to vary with power input 
and therefore with the temperature. Although the 
lamp showed considerable promise as a competitor 
with the arc lamp, the high cost of fused quartz and 
the difficulty of suitably sealing the electrodes no 
doubt accounted for its failure to make progress. 

The A.G. Mercury Arc. It is well known that a 
mercury arc cannot be maintained under normal con-

85 



ditions on alternating current. Three-Electrode 
lamps have been constructed in which one electrode 
is connected to the central point of an auto
transformer, thus obtaining a uni-directional current. 
Based on experiments made with mercury arc 
rectifiers, M. Henri Georges constructed a success
ful A.C. mercury vapour lamp which was described 
in the proceedings of the Academie des Sciences, 
February 13th, 1920. The lamp had a tube 40 ems. 
long with an electrode at each end, and was 
operated at 3000 volts from a step-up transformer. 
The tube contained neon gas at a pressure of 1 cm. 
The discharge through the neon gas at the moment 
of switching on commenced the vaporisation of the 
mercury as in the modern forms of discharge lamps. 
The chief drawback to this lamp seemed to be the 
large size, as the lamp consumed 1 amp. at 3000 
volts, and power factor 0. 7 = 2100 watts. 

The �Modern Electric Discharge Lamp, as placed on 
the market 12 years later, is very similar to the latter 
lamp in detail. The high voltage starting difficulty 
has been overcome by the use of argon in the tube, 
and the working voltage reduced to normal value 
by the provision of electron-emitting cathodes. 

The successive steps have occurred approximately 
in decades as shown in the following table :-

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

Geissler tubes 
Cooper Hewitt rvlercury Arc 
Moore tube (C02) ... 
Quartz lamp 
M. Georges A.C. mercury lamp .. . 
Philips hot cathode sodium lamp .. . 
Osira (& others) cathode mercury 

lamp 

Y ea.r 
1890 
1900 
1900 
1910 
1920 
1930 

1932 
It would seem that in the development of the 

present day electric discharge lamp, insufficient credit 
has been given to the earlier work of M. Henri 
Georges on the A.C. mercury lamp. 

JVIODERN DISCHARGE LAMPS. 

Development of modern lamps has been along two 
different lines, viz., the cold cathode and the hot 
cathode lamps. A brief survey of the characteristics 
of these lamps will no doubt be of interest to those 
who have been unable to keep pace with the develop
ments which have taken place. 

Cold Cathode Lamps. 

The first type to come into general use was the 
small " neon " lamp consuming about 3 watts and 
giving about ± c.p. The light from this lamp was 
obtained from the discharge between two plate 
electrodes. A considerable proportion of the power 
taken was absorbed in a ballast resistance contained 
in the cap of the lamp. Other types of cold cathode 
lamps are to be found in practically all the tubular 
sign lamps so widely used for advertising purposes. 

The lamps are quite simple in construction, con
sisting of a well annealed glass tube about t" in 
diameter, absolutely clean, and free from air, ·with an 
electrode of iron or nickel at each end. As the name 
implies, it is unnecessary to heat these electrodes to 
enable the lamp to function properly. After exhaus-

86 

tion, a small quantity of the requisite gas 1s intro
duced into the tube before sealing. 

The lamps will operate on A.C. or D.C. circuits, 
but their use is practically confined to A.C. on account 
of the high voltages necessary to operate the tubes. 
On account of the negative resistance co-efficient of all 
gases a ballast resistance, or an impedance in series 
with the tube, is necessary, otherwise the current 
would rapidly increase after the discharge has started, 
and the lamp would be destroyed. The tubes require 
about twice the normal working· voltage to enable 
them to strike up. They are therefore fed from a 
transformer having a voltage regulation on the 
secondary side, of approximately 50%. 

Different colours are obtained by filling the tubes 
with different gases. Some of these are shown in 
Table I. 

TABLE I. 

Colour of Volts per Voltage drop 
light. Gas used. foot run of at electrodes. 

tube. 

Red Neon 150 150 
Blue Argon and Neon 

(with l\forcury) 
180 180 

Yellow-Whi.te .. Helium 160 160 
Yellow ... Helium in 160 160 

yellow glass 
tube 

Green . .. Argon and Neon 160 160 
(with Mercury) 
in yellow glass 

tube 

The luminous intensity is low, not exceeding 6 
candle-power per foot for the neon gas and being 
somewhat lower for the others. As an example the 
circular tubes, often exhibited in shops windows, are 
about ten feet in circumference, and are rated at 60 
watts. Their efficiency is of the order of 10 lumens 
per watt or less. 

As a general rule cold cathode tubes are filled with 
gases as distinct from metallic vapours. This 
enables the tubes to give their maximum intensity 
immediately current is switched on. 

Apart from advertising purposes, cold cathode 
lamps are of little use for general lighting. 

Hot Cathode Tubes. 

Reference has already been made to the negative 
resistance coefficient of cold cathode lamps, where
by an increase in current is accompanied by 
a decrease in voltage across the electrode. The 
lumen output from a discharge lamp increases 
with the temperature and watt consumption, 
hence the luminous intensity of a lamp can be 
increased by reducing the amount of series impedance 
and allowing more current to flow. If this is clone, 
however, what is known as " sputtering " is liable 
to occur. Sputtering is the name given to the coat
ing of the interior of the tube near the electrodes 
with solidified particles of the gas. If the lamp is 
over run in this manner, the gas pressure in the tube 
is reduced and the lamp is rendered useless. 

Obviously it is an advantage to employ a heavy 
current to obtain a lower voltage per foot run of 



lamp and to increase the light intensity without in
creasing the size of the lamp. 

Herr Pirani, of the G.E. Co., Berlin, discovered 
how to restrict the sputtering by employing a heated 
cathode in the lamp similar to that employed in a 
wireless valve. By this means the cathode drop is 
reduced from 160 to 20 volts, and the current may be 
safely increased from 80 to 100 times the normal. 
High candle-power is readily obtained with lamps 
constructed on this principle, burning on normal 
supply voltages of 200-250. 

Two main types of hot cathode discharge lamps 
have been developed on these principles, viz., the 
sodium and the mercury types. 

Sodium Type. Viewed from merely the efficiency 
standpoint this is the most promising lamp at present. 
The colour of the light is nearly monochromatic, 
practically all the visible rays being in the yellow part 
of the spectrum. As sodium only exists in vapour 
form at a temperature above 200 deg. Cent. a small 
quantity of neon gas is also introduced into the tube 
to facilitate starting. 

Fig. 2 illustrates the 100 watt " Philora " type of 
sodium lamp. Briefly, it consists of a glass tube 

FIG. 2.-CIRCUIT 
OF THE PHILORA 
SODilJM LAMP. 

18 inches in length, shaped to 
form a compact lamp about 8" by 
4". The tube contains a small 
quantity of sodium and is fitted 
with two heater filaments to form 
the electrodes. A resonant start
ing device is provided to give 
about twice the normal voltage 
for starting purposes. Imme
diately after switching on, the 
neon gas commences to glow 
\\·ith a reel light, the filaments 
being heated through a 1 i volt 
transformer winding. As the 
temperature increases the sodium 
starts to evaporate, the conduct
ing gas giving off yellow rays, 
and for a few minutes red and 
yellow rays are emitted. After 
6 or 7 minutes the sodium is com
pletely evaporated and yellow 
light only is emitted, the lamp 
giving about 4000 lumcns and 
consuming a total power of 100 
watts. 

The lamp is made from a special glass to resist the 
action of hot sodium vapour, and the light emitting 
portion of the lamp is enclosed in a vacuum jar 
(similar to a thermos flask) to reduce the heat losses. 

A sodium lamp for horizontal burning is now made 
in a straight tube 18" long. The operating mechan
ism is also simplified. 

High Pressure Mercun• Type. This lamp is 
slightly less efficient tha�1 the sodium type, the 
colour not. being entirely monochromatic, . but 
the lamp 1s less complicated in detail. As in 
the case of sodium, mercury does not exist in 
a gaseous form at normal temperatures, therefore 
� s_mall quantity of argon, or other suitable gas, 
1s introduced to assist in starting. At a suit
ably low gas pressure argon becomes a fairly good 

conductor, a start can therefore be made without an 
increase of terminal voltage. At least four different 
firms are supply,ing the market ·with this lamp under 
the names of Escura, Mercra, Osira and Sieray. 
Taking the Osira lamp as an example, the sequence 
of operations is as follows :-On switching on to the 
200-250 volt circuit, a current of 4-5 amperes imme
diately flows throug·h the medium of the argon gas 
which glows w,ith a faint blue light. The passage 
of this current heats the electrodes, which consist of 
tungsten spirals coated with oxides of alkaline earth 
metals, and also commences to heat the tube. At 
the moment of starting the voltage across the tube is 
not more than 20 volts. The mercury then com
mences to vapourise and the voltage drop across the 
tube increases. The tube becomes hotter and the 
light becomes more intense, and less blue in 
character, until all the mercury is vapourisecl. This 
stage is reached after 6 or 7 minutes. The lamp is 
then giving about 16,000 lumens of blueish white 
light, and consuming a total of 420 watts, with a 
voltage drop of 155. The negative resistance co
efficient does not obtain until all the mercury is 
vapourised. A disadvantage of the mercury type 
(not obtained with the sodium type) is that, should 
the lamp be extinguished it will take 3-8 minutes to 
re-light according to the ambient temperature. The 
high gas pressure in the hot condition requires a 
higher starting· voltage and therefore the lamp must 
cool to reduce the vapour pressure. 

It will be noticed that hot cathode lamps make use 
of metallic vapours for the light producing source 
which are inadmissible in the cold cathode type on 
account of lower operating temperatures. 

Some technical data reg·arcling discharge lamps are 
given in Table I I. 

TABLE II. 

PROPERTIES OF ELECTRIC DISCHARGE LAMPS. 

Neon ____ N_
a

_
m

_
e

_. ____ _ 
o_si_ ra 

__ [ Philo1: --1 
Particulars. 

I 
(i\Iercury) I (Sodium). (tubular 

H.P. , sign). 

Type 
Total watts 
Colour starting 

nonn<d 

Curren l starting 
,, normal 

C.P. when switched on 
Time to giYe full light 
Total S.C.P . .. . 

Total lumens 
Lumens per wall 
Time to re-light 
Average life of tube ... 
Price of lamp ... 

(without accessories) 

Hot cathode I Hot cathoclP I Co�

-

cathode 
420 100 60 per 10 ft. 
Blue Red Reel 
Blueish Yellow Red 

white 
5.0 amps. 
2.8 amps. 
30 
8.0 mins. 

1280 
16000 

38 
3-8 mins. 
2000 hrs. 

42/-

1.5 amps. 
.7 atnps. 

20 
IO mins. 
320 

4000 
·!O 

at once 
2500 hrs. 

48/-

, Intermediate 
I} according 
I to length 
1 12 

at once 
2000 hrs. 

I Variable 
I 

There is a smaller type of high pressure mercury 
lamp rated at 270 watts with an output of 9000 
lumens and an efficiency of 33 lumens per watt. 
There are also two other sizes of sodium lamps rated 
at 60 and 180 watts, with outputs of 2300 and 9000 
lumens and efficiencies of 38 and 50 lumens per watt 
respectively. 
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J'VlODERN FILAMENT LAMPS. 

Attention is now drawn to three distinct improve
ments which have been made recently to the gas filled 
type of filament lamp. 

The " Coiled Coil " Lamp. This lamp has been 
placed on the market by the d�fferent !n�mbers of the 
Electric Lamp Manufacturers Assoc1at10n. One of 
the main reasons for the relatively lower efficiency for 
high voltage low wattage lamI?s, is the incr�ased 
heat radiation from the long thm filament. This led 
to the adoption of the spiralised forms in the early 
days of the gas filled lamp. It _Jrns now been f<;>�ncl 
possible to reduce the losses still furthe�- b� c01hng 
the filament which has already been sp1rahsed. A 
40 watt lamp so treated has a normal efficiency of 
10.5 lumens per watt, which is an increase of 23% 
over the present type of 40 watt gas filled lamp. 

The lamp is guaranteed to give an average life of 
1000 hours and is retailed at the same price as thl'. 
ordinary 40 watt lamp. Sixty and 100 watt lamps 
are also obtainable at initial efficiencies of 15% and 
10% greater than those of the present type. 

The Krypton or Xenon Filled Lamp. In the issue 
of " Comptes Rendue " for June 4th, 1934, a further 
advance in the efficiency of filament lamps is described 
by M. Georges Claudes. In the previous develop
ment of the gas filled lamp, nitrogen was displaced 
by argon on account of its higher density. JVI. 
Claudes now proposes to displace argon by either 
krypton or even xenon. 

The relative density of krypton is twice that of 
argon, and xenon is 1! times that of krypton. The 
employment of very dense gases in lamp bulbs retards 
the disintegration of the filament when run at 
higher temperatures, with a consequent increase in 
efficiency. A drawback to the use of these gases is 
their rarity. According to M. Claudes, krypton is 
present in the atmosphere to the extent of only 1 part 
in one million, and xenon of 1 part in ten millions. 
He has, however, established a plant On a commercial 
basis capable of dealing with 800 cubic metres of air 
per hour. One of the tests described in his paper 
was to fill an ordinary lamp with krypton instead of 
argon. This could then be run at twice the rated 
voltage for several hours, whereas when filled with 
argon the lamp would last only for a few minutes. 
Some experimental 25 watt lamps, filled with krypton 
gave an increase in efficiency of 33% under normal 
life conditions. Further news of these lamps is 
awaited with interest. . 

Double F£lament Lamp. This lamp is constructed 
with two circuits and two filaments contained in one 
bulb. When one filament has burnt out a similar 
filament can be brought into use by turning the cap 
to bring a third terminal into position. A life of 
1000 hours is claimed for each filament. 

The cost of the energy burned by an electric lamp 
at ordinary lig·hting rates during its normal life of 
1000 hours is many times the cost of the lamp itself. 
Therefore, on the principle of increasing the lamp 
efficiency by shortening its life, it might be a profit
able alternative to run the filament at 10% higher 
efficiency, thereby reducing the useful life to 500 
hours per filament. 
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This calculation is based on the formula given 111 

B.S.S. 161 for general service lamps where 

(. standard efficiency )" 
equivalent life 

actual efficiency 

where 11 6 for vacuum lamps 
11 7 for gas filled lamps. 

COLOUR CHARACTERISTICS OF ELECTRIC LAMPS. 

Electric lighting has always beer� not:worthy. for 
its usefu·Jness in producing lights of various colours 
by means of tinted screens. 

The electric discharge lamps now enable almost 
any particular colour to be radiated direct without the 
use of filters. 

This is a direct advantage for such purposes as
( 1) Red beaco!1 lig!1ts for a�r?ch·?mes. 
(2) Bluish white highly act1111c lights for photo

graphic work. 
(3) Yellow light for street lig-hting. 
(4) Any colour other than white, flood lighting·, 

stage effects. 
Table II I gives comparative values of the efficiency 

when producing different coloured light by {a) direct 
radiation from electric discharge lamps, and (b) gas 
filled lamps, tungsten filament, with coloured filters. 

TABLE Ill. 

100 to 400 \\'alt lamps. 

Red 
H!Uf, 
Blue-while 
Yellow 
Green 
White (approx.) 

Lumens per watt. 

Discharge 
lamp. 

10-15 
8-12 

30-40 
50-60 

6-8 
6-8 

Gas filled with 
filter. 

3 
5 

10 
6 
6 

15 (no filter) 

It is seen that for all colours, except white, the dis
charge lamp is the most efllcient means of produci;1g 
light. Also, if the attempt 

.
is rnad_e to produce white 

light by discharge lamps, viz., helium, etc. , then the 
efficiency is actually lower than that of the gas filled 
lamp, or carbon arc lamp. This is unfortunate and 
indeed the stumbling block to greater use of the 
modern vapour lamps. Red is the only colo�r th�t 
is considerate to the appearance of human bemgs Ill 

artificial light. Even the so-called " daylight lamps " 
have never attained popularity, mainly on account of 
their bluish appearance when judged with normal 
general service lamps. This is _largely du.e to the 
effect of contrast. V\Then the ordmary gas light first 
made its appearance, it was of a distinct yellow 
colour. One will find it described in early periodicals 
as a brilliant white light. 

As' successive forms of lighting made their appear
ance they were each in turn described as brilliant 
white lights, viz., the batswing flame, gas burner, 
carbon filament lamp, vacuum carbon lamp, gas filled 
filament lamp. 

The change has been gradual from one type to 



another, and it is fairly safe to assume that if all 
lighting had been effected by " daylight " lamps, the 
objection to its bluish appearance would have now 
disappeared. 

At this juncture it is profitable to examine the pro
portions of reel rays emitted in the visible radiations 
of various lamps. Some approximate values are 
shown in Table IV. 

Name of lamp. 

TABLE IV. 

I Lumens per 
watt. 

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

-- -

Carbon filament ... 
Vacuum filament 
Gas filled filament 
Natural daylight* 
Sieray lamp 
Osira lamp 
Sodium lamp 

2.5 
8 

15 
7 

30 
40 
50 

Percentage of 
red rays. 

35% 
30% 
25% 
15% 
4% 
1% 
101 

/o 

* Gas filled filament type with tinted glass bulb. 

These figures are interesting as t�1ey show the lo�s 
in efficiency that must be tolerated 111 order to obtam 
the desirable reel rays. The effect of burning a day
light lamp under the following conditions should be 
criven a trial to 1-� appreciated :-
,..., ( 1) In a room lit entirely by ordinary metal 

filament lamps. 
(2) In a room lit entirely by a mercury discharge 

lamp. 
In case ( 1) it appears a light blue. In case (2) it 

appears a reddish white. These contrasts indicate 
that it should be possible to become accustomed to 
the use of light having a reclucecl percentage of reel 
rays, where actual colour discrimination is of little 
importance. 

There is also another means of introducing red 
rays into the luminous flux, from a mercury discharge 
lamp. There is a brilliant dye named Rhodamine 
which has the property of transforming light of 
various wave-lengths into reel light. Beneath the 
rays of the mercury discharge lamp, a surface painted 
with Rhodamine appears as a normal reel tint, whilst 
other reel colours appear brown or dark grey. An 
Osira lamp, contained in a deep conical shade painted 
with Rhoclamine to a bright red, will give mixed rays 
approximating to daylight, the lighting from such a 
source consisting of bluish white rays direct from the 
lamp augmented by pink rays reflected from the sur
face of the reflector. Some rough tests made by the 
writer indicates that a light approximating to day
light can be obtained by this means at a higher 
efficiency than by filtering· the rays from gas filled 
lamps. 

It will be observed that the light from filament 
type lamps is rich in reel rays. A direct connexion 
exists between temperature, colour and efficiency of 
all light emitting sources which are dependent 
on the radiation from incandescent bodies. The 
efficiency of lamps can therefore be determined simply 
by matching the colour of the lamp to be tested 
against a known standard. 

The fact may be illustrated by placing a 60 watt 
carbon and a 60 watt tungsten filament lamp on a 
photometer bench. Viewed in the screen of a 
Lummer Bradham Photometer when burning at 
normal voltage, the colours appear reddish yellow 
and yellowish white, corresponding to efficiencies of 
three and ten lumens per watt respectively. Now 
reduce the current flowing through the tungsten 
lamp, until the light from it matches that of the 
carbon filament. A simple measurement will show 
that the watts are reduced to approximately one half 
of the former value, and the lumens to one sixth, the 
result and efficiency for the tungsten lamp now being 
equal to the carbon lamp, · : :. , three lumens per watt. 

A similar effect can be obtained by matching the 
carbon filament to the tungsten. 

The relationship between efficiency, temperature 
and colour will he clear from the figures shown in 
Table V. 

TABLE v. 

Efficiency in 

I 
Temperatu:·e 

Colour. lumen_:__j)�watt. l-

--

0
-
C. -

-
-!

-----------
0.5 
3 

10 
40 

1200 
1850 
2320 
3200 

Bright red. 
Reddish yellow. 
Golden white. 
Almost white. 

An example of this may be noticed after nightfall 
in almost any main street. l'viotor car head lamps 
will appear to be nearly white in colour, when com
pared with the yellow rays from a passing tramcar, 
the comparative efficiencies being 16 and 6 lumens 
per watt respectively. 

EFFICIENCY RANGE OF ELECTRIC LAMPS. 
Before discussing actual lamp efficiencies it 1s 

desirable to fix a value for the lumens per watt 
resulting from an overall efficiency of 100 per cent. 

This will vary according to the colour of the light, 
as at a certain wave-length the luminous flux is at a 
maximum. Some useful information on this subject 
is contained in an article by IVIessrs. Harris & Jenkins 
in the Ge11eral Electric ]011mal, August, 1931. 

The ideal values for different colours are given as 
follows:-

Greenish yellow light 
Yellow light 
Natural daylight 

670 lumens per watt. 
360 
200 

" 
" 

" " 
" " 

The value of 670 lumens per watt is coincident with 
a light of greenish yellow, an unearthly tint of little 
practical use. The next tint to be of practical use is 
yellow sodium light at a maximum possible efficiency 
of 360 lumens per watt. It hl;LS been stated that Herr 
Pirani, of the G.E. Co. at Berlin, has actually 
obtained such a value under artificial conditions. 
The figure of 360 lumens per watt is therefore the 
absolute maximum that could be used for the ideal 
source. Similarly the same authority refers to the 
possibility of obtaining a value of approximately 100 
lumens per watt from a heated body at its point of 
maximum radiation, this however occurs at the un-
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workable temperature of 6400°C. The maximum 
value that could be attained in practice would be 
limited to 50 lumens per watt at the melting point of 
tungsten. 

It is interesting to trace how electric lamp efficiency 
has proceeded towards these ultimate figures. 

Looking back through the history of electric light
ing it will ·be noticed that the 60 watt lamp has always 
been the most widely used unit of low intensity, 
whether carbon glow lamp, tungsten vacuum, or 
tungsten filament gas filled type. 

Similarly the 400-500 watt lamp has held the same 
positon for lamps of high intensity, viz., open or 
enclosed arc lamp, mercury vapour lamp, high power 
gas filJed lamp, and finaIIy the electric discharge 
lamp. 

Fjg. 3 shows how the 60 watt filament lamp has 
improved in efficiency since the commencement of 
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Fm. 3.-lMPROVEMENT IN EFFICIENCY oi: FILAMENT 
ELECTRIC LAMPS, 60 WATT. 

practical electric lighting in 1890. Starting at 2.5 
and having reached 12 lumens per watt, there is now 
an indication, from the recelit improvements already 
described, that the efficiency for this size of lamp will 
shortly reach 20 lumens per watt. Taking the 
maximum possible value for filament lamps at 50 
lumens per watt, this represents an advance from 5% 
to 40%, a highly creditable achievement to the 
electric lamp industry. 
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Fig. 4 shows in a similar manner, how the 400 
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ELECTRIC LAMPS, 

watt lamp has improved. The figure of 6 lumens per 
watt for the open arc lamp appears, at first sight, to 
be too low a figure, as in past clays it was customary 
to refer to 10 ampere open arc lamps as having an 
intensity of 1000 candle-power. This high value is 
obtained only in a zone occurring at approximately 
45° from the vertical, the luminous intensity in aIJ 
other directions being remarkably low. 

The present figure of 40-50 lumens per watt for 
electric discharge lamps is likely to be increased to 
70 lumens per watt in the near future, as the value 
can be obtained with a sodium vapour lamp by 
reducing the losses in the auxiliary apparatus. 

Calculating on a maximum efficiency of 360 lumens 
per watt, this represents an advance from 1. 7% to 
19%. It will be observed that the modern electric 
discharge lamp is behind the filament lamp in 
relative efficiency, the order being 19% to 40% 
respectively. 

It is not generally recognised to what extent the 
efficiency of a filament lamp depends on the rated 
current of the lamp. A long thin filament radiates 
more energy in the form of heat than a short thick 
one for the same wattage. This wilJ readily be 
appreciated by turning to Table 2 of B.S.S.161, 1934, 
for General Service lamps, (or to any lamp makers 
list), where it will be seen that lamps of the 
same current rating have approximately the same 
efficiency, irrespective of rated voltage. From these 
declared values curves have been prepared in Fig. 5 
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FIG 5.-CoMPARATIVE EFFICIENCIES OF Low AND 
HIGH VOLTAGE LAMPS. 

showing the lumens per watt for various sizes of 
lamps at different rated voltages. The marked 
superiority of lamps made for low terminal voltages 
is shown in a striking manner. For example a 60 
watt 25 volt lamp is shown to give 40% more light 
than a 200 volt lamp of similar wattage. Aii these 
figures are based on lamps manufactured to give a 
life of 1000 hours. There has been some talk lately 
of rating lamps for a shorter life in order to obtain a 
higher working efficiency. In this connexion it is 



interesting to note that a special 200 watt lamp is 
made for photographic purposes giving 40 lumens 
per watt, with an average life of about two hours. 
It is also worth noting that a 12 volt 36 watt motor 
car bulb is equal in efficiency to a high voltage 500 
watt general service lamp, both being rated at 15 
lumens per watt. Fig. 6 shows how the efllciency of 
general service lamps varies in terms of the rated 
current irrespective of the rated watts. 
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suspended exactly 111 the centre. Assuming the 
luminous intensity to be of equal strength in all 
directions, and the reflection factor ·of walls at .3, 
and ceiling at . 7 respectively, then, on the basis of 
six sides of equal area forming a cube, the walls 
receive approximately 4/6ths of the total lumens. 

Now place four such rooms together as shown in 
plan Fig. 7, removing the inner walls, shown by 

_,,/ 

dotted lines to form 

--,-�----� 1000 LUMEN one large room. 

� LAMPS The result will be 
! 
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an increase in the 
amount of direct 
light on the floor 
and a decrease in 
the number of 
lumens absorbed as 
indicated by the 
shaded area in the 
elevation. The 
equivalent illumina
tion received by the 
walls per 10 feet 
cube now falls to 
2/6ths of the total 
lumens. 
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SERVICE LA�IPS. 

REFLECTION AND ABSORPTION. 
The subject of reflection and absorption is at least 

of equal importance to lamp efficiency in lighting 
problems. Except for the open type arc lamp 
no case can be called to mind, in which the 
total radiation from a light source can be utilised 
without reflection of some of the rays. vVith the 
majority of electric lamps only one fifth of the light 
is used in the form of direct rays. Successful light
ing therefore depends to some extent on the efllcient 
reflection of the indirect rays in the required direc
tion. It is the practice nowadays in lighting calcula
tions to employ the " Utilization Factor," i.e., the 
ratio of lumens measured in the working plane to the 
total lamp lumens. This might more aptly be called 
the '' lighting efficiency '' as it is a ratio of useful 
Aux to total flux. 

The utilization factor varies with 
(1) The Number of lights. 
(2) The Size of room. 
(3) The Position of light. 
(4) The Polar curve. 
(5) The Reflection factor of walls and ceiling. 
(6) System of lighting. 

With so many variables it is only possible to obtain 
an approximation to the utilization factor which is 
influenc�d very largely by items (2), (3), (5)

, 
and (6). 

(2) Size of Room. \i\Tith an increase in room 
dimensions, the ;�lative amount of light absorbed by 
the walls and ceil111g decreases. This point is illus
trated by the following example :-

Consider a room of dimensions 10 feet cube and 
illuminated by a lamp of 1000 lumens ot;tput, 

A. 

B. 

c. 

D. 

FIG. 7.-EFFECT OF RooM 

DIMENSIONS ON THE 

UTILIZATION FACTOR. 

lumen balance 
sheet for the small 
and large room is 
shown in Table VI. 

TABLE VI. 

Total lurnens 
Ceiling area in sq. feet 
Ceiling reflection factor 
Illumination received 

on ceiling 
Lumens reflected from 

ceiling 

Reflection factor of 
walls 

lllumination received 
on walls 

Lumens reflected from 
\Valls 

Lu mens received on 
floor as direct light 

Extra lumens due to 
removal of t\vo 
walls 

Total lumens received 
on floor A+B 
+ c + D 

Small room 
containing 1000 

cubic feet. 

1000 
100 

.7 
16.6% 

1000 x .166 
x .7 = 117 

.3 

66.6% 

1000 x .666 
x .3 = 200 

1000 x .166 
= 166 

483 

The same room 
forming one 

fourth part of a 
mom containing 
4000 cubic feet. 

1000 
100 

.7 
16.6% 

1000 x .334 
x .3 = 100 

.3 

33.4% 

1000 x .166 
x .7 = 117 

166 

233 

616 

In this example the utilization factor is increased 
from 48.3% to 61.6%, by quadrupling the size of the 
room and leaving other details unchanged. It should 
be borne in mind, however, that in increasing the 
area of a room the ceiling height is often also in-
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creased. If this practice had been followed in the 
above example, the increase in the utilization factor 
would not have been so great. 

(3) Position of Light. This factor also depends 
on the amount of direct light, that is unreflected light, 
received from the lamp. The direct light varies with 
the height of the lamp and the width of the room. 
Thus a lamp near the ceiling in a high narrow room 
may shed only 2t% of direct light on the floor, whilst 
a lamp relatively near to the floor in a wide room 
distributes 30% of its rays as direct light. Curves 
in Fig. 8 have been calculated to illustrate this point, 
and will also be found useful in many lighting calcula
tions. 
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(4) Polar Curve. The polar curve depends on the 
type of fitting employee!. If a fitting is not used then 
the curve for the bare lamp has to be considered. 

(5) Reflection Factor of Walls and Ceiling. The 
reflection factor is the ratio of the light reflected from 
a surface to the light incident upon it. The reflection 
factor varies through w,ide limits-from 15% for 
walls of a dark brown or red colour, to 70% for a 

clean white ceiling. It is not easy to obtain a reliable 
figure by calculation, as windows and blinds, 
furniture, ceiling, decorations and fittings all enter 
into the question. 

The luminous flux from a lamp suspended in a 

closed room is distributed as follows :-
( 1) A portion reaches the floor (or test plane) as 

direct light. 
(2) A portion is absorbed by the walls and ceiling. 
(3) A portion is reflected from the walls and 

ceiling on to the test plane. 
Let the total lumens from the source be A, the 

lumens received in the test plane as direct light be B, 
the lumens received on the test plane as reflected light 
be C. Then the incident lig'ht to walls and ceiling 
will be A- B. 

The reflection factor may be conveniently deter
mined experimentally in the following manner :-

(1) Suspend a lamp of known luminous intensity 
at a height in the room corresponding to the 
position the fittings will normally occupy. 

(2) Using a portable photometer, take a sufficient 
number of readings to obtain a fair average 
value of the illumination in foot candles in 
the test plane. Obtain the useful flux in 
lumens, from the area of test plane in square 
feet, multiplied by the average foot candles. 
This value corresponds tu item B + item C. 

(3) Place a black non-reflecting screen, below the 
lamp so arranged that no direct light falls on 
the test plane, the walls and ceiling being 
fully illuminated. 

(4) Take a further set of readings with this screen 
in position and obtain the lumens received 
on the test plane due to reflected light only 
(Item C). 

I tern B will then be found by subtraction and the 

ft . 
- f 

. c . re ection actor is A-=-:8-

A test to illustrate this method was carried out at 
the South East London Technical Institute, in a large 
room measuring 36 ft. by 36 ft. by 25 ft. high. A 

1000 watt 230 volt gas filled lamp was used for the 
experiment. This was suspended at 17 .5 feet above 
the test plane (i.e., 20 feet above the floor level). 
The total flux from the lamp was A = 16000 lumens . 
The average illumination from the unscreened lamp 
was 4.5 foot candle (or degrees, as is the common 
practice in illumination estimates) and the area of the 
room 362 = 1296 sq. feet. 

therefore B + C = 1296 x 4.5 = 5860. 
The average illumination with the opaque screen 

in position was 2.2 degrees. 

Therefore C 1296 x 2.2 
and B 5860- 2860 

2860 
3000 

Reflection factor 
2860 

1600 __: 3000 
= ·22 

The somewhat low factor is mainly clue to several 
large windows, which were covered by dark blinds. 

(6) System of Lighting. The 
·
three systems 

generally employed are :-
The direct system, in which as much direct light 

as possible is used without the use of diffus
ing glass. 

The indirect system, in which all the light used is 
reflected. 

The semi-indirect system, in which the direct rays 
are passed through diffusing glass in order 

·
to 

reduce the brilliance of the light source. 
Tbe direct system is preferred where it is desired 

to provide good illumination at a reasonable cost. 
The indirect system is employed where absence of 

shadow is particularly desirable, and where some 
degree of intensity is usually sacrificed to obtain this 
result. 

These two systems might be described as " Glare " 
versus " Gloom." A compromise is made by adopt
ing the semi-indirect system. 



CALCULATION OF LIGHTING COSTS. 

The changes in lamp prices and also the wide range 
of prices for electrical energy, are sufficient reasons 
to make the study of electric lighting costs of con
siderable interest at the present time. Also the 
advent of the electric discharge lamp should focus the 
attention of many lighting engineers on the subject 
of costs. 

Before the general acceptance of the lumen for 
the luminous rating of electric lamps the " mean 
horizontal candle power " was the unit in common 
use. In those days the actual spherical candle power 
was difficult to obtain owing to the lack of suitable 
measuring apparatus, such as integrating spheres or 
cube photometers and it therefore became the practice 
to employ the mean horizontal candle power as this 
value was easily obtained. 

. For t�10se
. 

accustomed to visualise their lighting 
111stallattons ll1 terms of the mean horizontal candle 
it is convenient to remember that the " reclucti01� 
factor ,

, 
f 1 

. Spherical candle power 
o a amp, 1.e., - . 

mean horizontal candle power 

is in the neighbourhood of 0. 8, so that the total 
lumens per lamp equals the mean horizontal candle 
power x . 8  x 4ir 

or ·total lumens per lamp = �Vl.H.C.P. x 10. 
Using this formula, lumens and mean horizontal 

candle power are simple ratios of 10. Also the terms 
" \Vatts per candle " and " Lum ens per watt " are 
readily ronverted by dividing into ten, thus 

watts per candle 
10 

lumens per watt 

10 
or lumens per watt = 

watts per candle 
• 

At one time it was the general practice to estimate 
lighting costs in pence per candle hour. Now that 
the lumen-hour has largely taken its place, the former 
unit is found to be inconveniently small inasmuch as 
it involves the use of several noughts after the 
decimal point. The writer therefore proposes to use 
a unit of 1000 lumen-hours, to be named the kilo
lumen-hour. This will be found useful in two ways, 

(a) because there are 1000 watt hours in a unit of 
electricity, 

(b) because modern tungsten filament lamps are 
guaranteed to give a life of I 000 hours, 

therefore, 

the cost of current per 
kilo-lumen-hour 

pence per unit 
lumens per watt 

and the lamp cost per price of lamp in pence 
kilo-lumen-hour total lumens from lamp 

The kilo-lumen represents the useful light received 
in a room ten feet square at an intensity of 10 foot 
candles. 

There is a natural tendency to adopt higher values 
of illumination consequent with improvements in 
electric lamps, and with the general decrease in the 
price of current. 

In connexion with the Brighter Post Office Move-

ment authority was obtained in 1933 to increase the 
standard of lighting in Public Offices to eight foot 
candles. This is still somewhat below the minimum 
now employed in many public buildings where a 
value of ten foot candles is customary. It is there
fore proposed to show some cost comparisons on the 
basis of ten foot candles of illumination. 

In Fig. 9 some curves have been prepared, accord
ing to the method previously described, showing how 
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the utilization factor varies with room dimensions. 
The rooms are square in shape with ceiling height 
in normal proportions. These curves are to some 
extent approximate, but nevertheless form a useful 
basis for the determination of cost comparisons. 

The following calculations may be taken as an 
example of the method outlined in this section. 

It is required to find the cost per kilo-lumen-hour 
to illuminate a room 36' square by 20' high to an 
intensity of 10 foot candles by the indirect system :-

Room area 1,296 square feet. 
· 

Room volume 26,000 cubic feet. 
Lumens .12,960. 
Utilization factor (Fig. 9) .38. 
Tota I 1 um ens req u i·red from lamps 

1,296 x 10 
-----:-38 - = 34,000. 

Minimum number of lamps to give uniform dis-
tribution = 4. 

Lumens per lamp approx. 8,500. 
Supply voltage 230. 

230 volt 500 watt lamps give 8,250 lumens at 
16. 5 lumens per watt. 

Nearest value of lumens available is therefore 
8,250. 

Cost of lamp 120d. 
,, ,, current 3d. per unit. 

Current cost 

(
a
) pence per unit = 

lumens per watt 

Lamp cost 

(b) 
price of lamp 

total lumens per lamp 

3 
t6K 

120 
8250 

.182d. 

. 0145d. 
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Cost per kilo-lumen-hour from lamps 
.182 + .014 '= .196cl. 

Total cost per kilo-lumen-hour received in test plane 

. 196 
- --

= .52d. 
.38 

Kilo-lumens received in test plane 
8250 x 4 x .38 = 12.6 

Total cost per hour to illuminate room 36' square 
at ten foot candles intensity 

12.6 x .52 = 6.Scl. 

ECONOMIC CONSIDERATIONS AND CONCLUSION. 
In this concluding section it is proposed to show 

how the new types and methods, described in 
preceding sections, may be utilised to the best 
economical advantage. It is necessary to examine 
the question of electricity charges in order that the 
choice between a flat rate or a two part tariff may be 
made. Current used for " lighting only " usually 
has a poor load factor, and the standing charges are 
therefore high. The following scales have been 
adopted by some of the London Supply Authorities : 

Flat rate. 3cl. to Sci. per unit. 
T�110 part ·ra.te. 

(a) Standing charge. £ 10 per kilo-watt of 
lamps fixecl.1 

(b) Running charge. td. per unit. 
To make comparisons of the two methods of 

charging for energy, the approximate number of 
burning hours per annum must be known. 

For a two part tariff the actual cost of current per 
unit will be : 

Pence per unit= 
Standing charge per K.W. in pence 

Number of burning hours 

+ running charge in pence. 

Using this formula the curve in Fig. IO has been 
plotted. 

A study of this curve reveals the fact that lighting 
may be very expensive under this system if the 
nu

.
mber o� hours per year is small. For example, an 

office hav111g good daylight facilities will not need 
more than 250 hours lighting per year, corresponding 
to a cost of lOcl. per unit. From this it is evident 
that :v�en mak.ing . arrangements for the supply of 
electnc1ty for hght111g purposes only, the terms of 
supply need careful consideration. Even at 1000 
hours per year, which is the generally accepted 
average value for lighting hours, the actual price is 
approximately 3d. per unit. 

Curves similar to the one shown in Fig. IO may 
be constructed to suit any particular two part scheme. 
An analysis of lighting costs may then be carried out 
by the same method as previously outlined. 

In order to do this effectively, it is convenient to 
arrange lighting schemes in order of quality, as 
follows:-

1 A much lower charge than this is made when electricity is 
used

. 
for purposes additional to lighting, i.e., power and 

heating. 
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First quality. For unobtrusive lighting, free 
from defects, entirely in harmony with archi
tectural details, as required in reception rooms 
and private apartments . 

Second quality. For lighting of good intensity 
during normal periods of darkness, as required 
in large offices, exchanges, test rooms, etc. 

Third quality. For lighting stores, workshops, 
garages, etc. 

Fourth quality. For lighting yards, loading 
banks, and basements and sub-basements 
where illumination is required for long periods 
throughout the year. 

To the interested reader, it will be apparent that 
with the wide choice of lamps and materials now 
available, some improvement could be effected in 
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many lighting installations. Advantage might be 
taken of the follo\ving :-

Filament Lamps of Low Luminous Intensity. The 
10-20% efficiency increase clue to the coiled coil 
lamp. The reputed double life of the twin filament 
lamp. The 33% efficiency increase clue to krypton 
gas (when commercial lamps are obtainable). 

Filament Lamps of High er Intensity. The 25% 
to 50% increase in efficiency clue to employment of 
series burning or heavy current lamps at low voltage. 
In some cases the improvement may be partly offset 
by the extra cost of cables. 

It is suggested that the original low voltage series 
system described many years ago by Mr. A. W. 
Ashton in his I.E.E. paper, May, 1912 might be 
given a trial now that power conclen�ers of an 
improved form are available. 

High. Pressure Mercu·ry Lamp. Although the 
colour ts at present not generally acceptable for in
door lighting, there is plenty of scope for experiment. 
It has been stated by Mr. Clifford Paterson, in a 



lecture before the Illuminating Engineering· Society, 
that, with the correct mixture of neon and mercury 
vapour, lamps giving exact daylight tints can be 
obtained experimentally. From experience gained 
by the writer, of reflectors treated with the rhodamine 
dye, referred to previously, it is believed that a room 
could be successfully illuminated by means of un
shaded mercury discharge lamps, provided that the 
walls and ceiling were tinted with rhodamine dye of 
the correct shade. The Croydon Corporation have 
also produced a lighting unit

. 
of agreeable colour by 

mixing the light from a 400 watt high pressure 
mercury lamp with the light from three 200 watt gas 
filled filament lamps. Their tests show an overall 
improvement of 60% in efficiency, as compared with 
the previous installation. 

Sodium Vapour Lamp. Further experiments by 
the writer revealed the fact that it is possible to mix 
the rays from a sodium discharge lamp with those 
from the tungsten filament gas filled type. In a 
room 20' square, normally lit by four 100 watt gas 
filled filament lamps, the addition of a 100 watt 
sodium lamp in the centre increased the average 
illumination from 6 foot candles to 10. The colour 
of the light was not ur:pleasant and resembled that 
of the yellow flame arc lamp. 

Under the heading of first quality lighting, not 
very much can be effected as regards economy. In 
order to meet the requirements previously set out, 
special lamps and light absorbing shades are liberally 
used, and cost becomes a secondary consideration to 
effect. 

Under the heading of second quality lighting, 
economies may sometimes be effected by careful 
choice of reflectors, and more efficient lamps. Alter
natively the standard of lighting may be improved at 
little extra cost. The colour of the light given by 
electric discharge lamps is unsuitable for this class 
of lighting, but improvements can be made by sub
stituting filament. lamps in the higher efficiency 
range and also by attention to reflection details. If 
no alteration to existing fittings is desired, the coiled 
coil lamps offer a ready means of improvement, up to 
an increase of 20% where low wattage lamps are in 
use. 

Basing an opinion on the results of experiments 
already referred to, it is suggested that some sort of 
colour corrected scheme of lighting using discharge 
!amps might be given a trial for third quality Jight
mg. 

As regards the fourth quality lighting, there 
appears to be no reason why filament lamps should 
not be displaced entirely by discharge lamps, where 
long periods of burning are needed. 

In conclusion, some cost comparisons are given 
for the four previously named qualities of lighting. 
These are based on :-

(a) Cost of lamps at Makers' list prices. 

(b) Lamp efficiencies from B.S.S.164 and llfakers' 
price lists. 

(c) Utilization factors from Fig. 9. 
(d) Cost of current at 3d. per unit. 

Cost of first quality lighting. This generally 
being of an expensive character, a representative 
cost may be shown by the use of 200 volt 60 watt 
general service lamps and employing the indirect 
system of illumination. 

The lumens per watt, from Fig. 5, are 10.2. 

3 
The current cost (a) = 10_2 

= .295d. 

The nominal lumens are 610 and the price of a 
lamp is 21d. 

21 
The renewal cost (b) -

610 
= .035d. 

The total cost per kilo-lumen-hour from lamps 
is 0.33d. 

Taking the utilization factor (Fig. 9) for a 
moderate size room at .25, the total cost of effective 
illumination in the room becomes 1.33 pence per 
kilo-lumen-hour, that is, the cost of illuminating· one 
hundred square feet of area, to a value of ten foot 
candles. 

Cost of second quality lighting. For offices and 
business premises, 60-100 watt lamps as direct units, 
or 150-300 watt semi-indirect fittings are now gener
ally employed. \'\Then used in rooms of 5000 cubic 
feet or less, there is little difference i11 the total work
ing cost, for the same intensity of illumination 
between : 

(a) 60 watt lamps direct lighting, 

(b) 200 watt lamps in semi-indirect fittings, 

the estimated cost per kilo-lumen-hour in either 
case being .67 pence. This could be reduced to .56 
pence by replacing the normal 60 watt lamps by coiled 
coil lamps and the 200 volt 200 watt lamps by 50 volt 
200 watt lamps. 

Cost of third quality liglzti11g. Larger areas to be 
illuminated are involved under this heading. This 
enables a trial to be made with electric discharge 
lamps, as these are not obtainable in units of low 
intensity. 

The Engineer to the Croydon Corporation has 
already shown that the light from high pressure 
mercury lamps can be successfully mixed with that 
from general service lamps. In order to obtain a 
light approximating to daylight the required lumen 
ratio is in the vicinity of 65% mercury to 35% 
filament type. Thus a 400 watt discharge lamp 
requires the equivalent of 600 watts in filament lamps 
blended with it, to produce the desired effect. 

From the foreg·oing it will be observed that the use 
of discharge lamps is restricted to units of high 
intensity. Some costs have been worked out to 
show the comparative cost of lighting by large units 
and these are plotted in Fig. 1 I. The lowest rating 
for each type is indicated by a short vertical line at 
the beginning of the curve. The curves for mixed 
lighting of sodium and mercury lamps with tungsten 
filament lamps are based on experimental figures 
giving the minimum proportion of red rays accept-

95 



able for working in average comfort. From these 
curves may be deduced the cost of providing third 
quality lighting by means of general service filament 
lamps, or by the mixture of discharge and filament 
types. 
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FIG. 11.-COMPARATIVE COSTS OF LIGHTING BY 
LARGE UNITS. 

For the sodium and filament mixture, the lowest 
available intensity is 4000 lumens. Such a unit 
would provide an illumination of ten foot candles for 
an area about 12 feet square, where semi-indirect 
light is employed, with a utilization factor of .38 
(Fig. 9) . 

Comparisons of three methods follow :-

Creeping of Underground Cables 
In various parts of the country telephone cables 

laid in ducts have shown a tendency to move slowly 
but persistently, in the same direction as the majority 
of the road traffic above them, that is to say, forward 
on the left of the road. 

In several cases cables have moved a foot or so, 
causing joints to break by being forced against the 
mouth of the duct . The trouble is certainly clue 
partly to vibration and perhaps also to the slight 
wave which travels along a duct underneath a heavy 
vehicle (which may have pneumatic tyres and there
fore produce no vibration in the ordinary sense of the 
word) and causes the cable to execute a feeble 
imitation of a surf rider, who progresses by sliding 
down the front of a travelling wave . As might be 
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TABLE VII . 

General Service 
Lamps. 

200v. 50v. 

Mixture of 
Sodium and 
General Ser
vice lamps. 

________ , ---- ----- ---
\Vatts taken by lamp 300 300 160 
Lu mens 4400 5100 4000 
Lumens per watt 14.7 17 25 
Cost per K.L.H. (Fig. 11) .24d. .215d. .18d. 
Utl. factor (Fig. 9) .38 .38 .38 
Cost per K.L.H. for the 

illuminated area .63d. .56d. .475d. 
Relative cost 100 89 75 

A saving of 25% in vvorking costs is possible by 
the use of a suitable mixture of general service and 
sodium electric discharge lamps . 

Cost of fourth quality lighting. For large areas 
the cost of light from the source per kilo-lumen-hour 
(from Fig. 11) is .095d. for the larger sizes of sodium 
or high pressure mercury lamps . 

The utilization factor for large interiors employing 
direct lighting is .6 or more . A minimum lighting 
cost of .16 pence per kilo-lumen-hour of illuminated 
area is therefore possible under the above heading. 
This figure is less than one half of the cost that would 
be incurred using high power filament lamps. 

In conclusion, the writer wishes to express his 
indebtedness to the Principal of The South East 
London Technical Institute for facilities to carry out 
the various tests referred to in this article; also to 
!\fr. Gosse, of Messrs. Philips Lamps, Ltd ., and Mr. 
Villers, of the General Electric Co., Ltd., for tech
nical details, and loan of the Sodium and the Osira 
lamps respectively. The writer also wishes to thank 
Mr. R. E .  Pooley, of the Testing Branch, London, 
for the use of some material from his personal file. 

expected, the trouble has been reduced by the recent 
change from solid .to pneumatic tyres for heavy 
vehicles. 

The question has been made the subject of a research 
investigation and measurements are being made with 
a view to obtaining a relation between measured 
ground vibration, for a vehicle of known weight and 
speed, and the rate of creepage. This should at 
least make it possible to predict whether creepage is 
likely to be serious on ·a new cable route. If it is, 
suitable clamping devices can be fixed when the cable 
is laid. At the same'time the whole problem is being 
studied with a view to analysing the cause of the 
trouble. 



Cross-talk 

C
ROSS-TALK is the result of capacitative or 

induc
_
tive transference 

_
of energy from a circuit 

carry111g an alternatmg current, such for 
example as a speech current, to an adjacent circuit. 

The measure or cross-talk value is defined either 
as the equivalent attenuation from sending end of 
disturbing circuit to listening end of disturbed circuit 
expressed in decibels or nepers, or as the ratio be
tween received voltage on disturbed circuit and sent 
voltage on disturbing line. 

The transmission engineer prefers to use the 
power ratio expressed in decibels as cross-talk to 
him is simply a limiting factor to repeater gain, the 
generally accepted standard being cross�talk attenua
tion value - 55 db. = maximum permissible repeater 
gain (i.e., maximum loss on the circuit between re
peater stations for zero line conditions). To the 
tester, however, the simple measurement of .the ratio 
of two voltages is bound to appeal, as it is possible 
to measure A.C. voltage ratios with accuracy, using 
apparatus which is not complicated and needs no 
previous calibration. The ratio is expressed 111 

millionths of the disturbing voltage. 
The relationship between the two methods of 

stating a cross-talk value is shown in the following 
example:-

100 millionths is a voltage ratio of 10,000, which 
is equivalent to a power ratio of 108, since power is 
proportional to the square of the voltage across equal 
impedances. A circuit having an attenuation of 80 
decibels (8 bels) has a power ratio input to output 
of 108, so 100 millionths is the same cross-talk value 
as is defined by saying that the cross-talk attenuation 
is 80 db. 

Since the first screened pair cable between the 
London Trunk Exchange and Broadcasting House 
was laid and tested, the Department's cable testers 
have had a standard visual voltage comparison cross
talk set, which could be hooked up when required 
from standard testing apparatus. The proper opera
tion of this set requires that any pick-up from out
side sources or the oscillator should be small and the 
same, whether measuring on the meter or on the line. 
The diag-ram of connexions is shown in Fig. 1. 

The points to be watched when wiring up the 
apparatus are :-

� 8'S --- TRANSFORMER. 

SENO REUfVE 

TERMINAT/o\'G IMPE!JANC£. 
,, 

, ,  
c 

1��1.----r:-:: ,J000.11. 
TRANSh)RM£R. 

Fm. 1.-CoNNEXIONS OF V1suAL CRoss-TALK SET. 

S. HANFORD, B.Sc., M.l.E.E. 

( 1) The circuit being " listened on " must be 
closed with its characteristic impedance. 

(2) The amplifier input impedance must be high, 
so that when put across either the circuit 
under test, or the potentiometer, it has no 
appreciable shunting effect. 

(3) The input transformer to the amplifier must 
be oriented rto reduce to an absolute minimum 
the pick-up from the oscillator and local 
external sources. To screen with a -f' iron 
box assis\ls, but does not entirely eliminate 
this pick-up trouble. The oscillator should 
be located well away from the rest of the 
apparatus. 

(4) The deflexion on the galvanometer must be 
the same before any line is connected to the 
receive terminals, whether the key is thrown 
to potentiometer set at zero or to '' line,'' 
and the balance to earth of the B and S trans
former windings must be adjusted by a con
denser, made of a short Ieng.th of V.l.R. pair 
between one end of the winding and the 
screen earth, so as to achieve this equality. 

The operation of the set is extremely simple; tone 
is put on the disturbing line, .the key is thrown to the 
line being '' listened-on,'' and a deflexion on the 
galvanometer is obtained which is made reasonably 
large by increasing the amplifier gain. The amplifier 
and galvanometer shunt being left untouched, the 
key is then thrown to the potentiometer, and the slide 
wire resistance adjusted until the galvanometer spot 
regains its former position. The ohms reading on 
the slide wire is then the measure of the cross-talk 
in millionths of impressed voltage. 

\i\Tith the advent of the Doust heterodyne oscillator, 
which is completely screened and has the output 
balanced to earth, and with .improvements in amplifier 
design particularly as regards balancing and screen
ing the input transformer, it was possible, gradually 
to improve this visual cross-talk set until it would 
give 5 c.m. 's deflexion on the galvanometer for one 
millionth of cross-talk and retain reliable operation, 
and this was the position when the Anglo-French 
(1933) cable was tested. 

The proposal to have a large telephone cable laid 
111 1934 by contractors, for audio and carrier working 

between Liverpool and Glasgow by the \Vest 
Coast route, made it desirable to have available 
for acceptance test work a cross-talk set which 
would be self-contained and portable, of wide range 
yet capable of reading down to 0.1 millionths, and 
easily controlled and operated. Such a set is 
illustrated in Fig. 2. 

The principle is exactly the same as that of the 
original hook-up set, but instead of using the 
potentiometer arrangement of two 1000 ohm ratio 
arms with an intermediate 2 ohm coil across which 
the 1000 ohm slide wire is connected, we have in 
this set an inductanceless resistance box, adjustable 
between 0.1 and 10 ohms, connected between two 
resistances of 50,000 ohms when the range of cross-
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CStllLAlOP 
listening test for 
cross-talk is nol a 
satisfactory thing lo 
specify. 

Fie. 2.-PoRTABLE C1wss-TALK SET. 

The visual sel, cvell 
with buzzer input, 
does give collsistent 
results irrespective of 
the person operating 
the set, although, for 
reasons which appear 
later, the amplifier has 
llot beell fully com
pensated aml high
frequency components 
of mixed frequency 
cross-talk arc some
what under amplified. 

talk to be measured is of the order of 1 to 5 
millionths. For large values of cross-talk the 50,000 
ohms resistances are replaced by 10,000 or again by 
5,000 ohms, so increasing the fraction of the lotal 
voltage across the potentiometer which the 0.1 ohm 
in the resistance box represents. The amplifier 
embodied in the set is an improvement on lhal used 
in 1933 and was designed by Mr. J. F. Doust, of the 
Department's research staff. It has four ranges of 
ampli'fication cont.rolled by a range switch, and also a 

variable output control operable on each range, 
giving a smooth variation of output over the par
ticular range at which the amplifier is set to work. 
The galvanometer is a Tinsley with a 10 c.m. scale, 
and .is provided with a high-grade shunt with short
circuiting press key. vVith these three controls it 
should always be possible lo set the spot at some 
reasonably large value for minute cross-talks, and to 
cul down deAexion to suit the scale for large values 
or when measuring attenuation of lines. 

Two such sets were made at Dollis Hill workshops 
during 1934, while the Liverpool-Glasgow cable was 
being laid by contractors, and all cross-talk tests 
made on the four repeater sections of the cable have 
been made with these sets. They have been com
pared with the sels used by the contractors and no 
discrepancies have been found. The wiring is, of 
course, screened pair throughout, and special pre
cautions have to be taken to avoid cross-talk in the 
keys. The degree of screening achieved can be 
judged from the fact that the scl and oscillator can 
be used side bv side as shown in the illustration. 

One of the g;·catest troubles with sets which depend 
on lhe human ear [or a decision as to equality of the 
received cross-talk and of a fraction of the disturb
ing lone, is that human cars vary; particularly is 
this so if the disturbing tone is speech or mixed 
frequency; in ·fact the official figure of recognised 
range of speech-listening tests of this nature is 7 
db's, i.e., one pair- of observers may judge the value 
at twice the number of millionths which another pair 
of observers consider it to be. Hence audio measure
ment of cross-talk is nol accurate, and individuals 
cannot rightly argue with each other about the results 
which they have obtained. For this reason a speech-

98 

It will be appre-
ciated that when 

measuring with pure lone the visual set is extremely 
accurate, as the exact amount of amplifi<'..ation does 
11ot matter, so long as it is the same with key to lille 
as it is with key to meter. 

For a rough estimate of speech cross-talk value 
all audio measurement with a reed hummer has been 
the Department's standard for some years, but for 
accuracy in cases where the value is over or near 
the specification limit, a v.isual indication of equality 
between received cross-talk and '1. fraction of the 
disturbing tone is essential. The problem of dealing 
with the full .range of speech frequencies has been 
occupying attention ill the Department for some 
two years-in fact, as success with the visual 
measurement method became assured, so it has been 
the desire to relate the cross-talk values over the 
frequencies in the speech band, to the mean speech 
cross-talk obtained .by averaging audio tests made by 
a number of observers. Some success has been 
achieved 'in this matter, the basis being the recog
nition that in speech as transmitted by telephone 
transmitters, by far the largest power is at about 
1100 to 1200 frequency, and t.hat frequencies below 
about 800 and above 1500 cycles, although esselltial 
for quality of diction and recognizability of individual 
voices, do not exist in the telephone circuits with 
anything like the intensity of the 800 to 1500 band. 
Hence the speech cross-talk value is mainly clue to 
frequencies in this band. 

Fig. 3 shows a curve of pair to pair cross-talk 
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measured at each 100 cycles over the audio range. 
The mean speech cross-talk value in this particular 
case is 300 millionths. If each of the individual 
values comprising the cross-talk frequency curve is 
multiplied by a factor which emphasises the import
ance of those round about 1100 and reduces the 
importance of those below 800 and above 1500, and 
these weighted values are averaged, a resultant 
weighted average which is very nearly equal to the 
mean speech value can be obtained. It is shown by 
the double arrow, the single arrow indicating the 
unweighted average. The shape of the weighting 
curve used is shown in Fig. 4 and this curve has been 
found to give mean values from 0 to 2 db's worse 
than mean speech in some 95% of a number of cases 
so far investigated. The elimination of difficulties 
of accurately determining the value of audio cross
talk for cable acceptance test purposes undoubtedly 
lies along the line indicated above, using a visual set 
and applying a weighting factor to a cross-talk 
frequency curve. 

The visual voltage ratio measuring set described 
above is shown in Fig. 2 with the Doust oscillator, 
which is the Cable Group's standard heterodyne 
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FIG. 4.-,VEIGHTING FACTOR CURVE. 

oscillator for work outside the laboratories. The 
cross-talk set can, of course, be used with low value 
potentiometer resistances for measuring directly the 
attenuation on a looped circuit, instead of using the 
Meyer method, and does not suffer from the dis
advantage that balances can only be obtained at 
certain frequencies, as is the case with the latter. 
The set was designed by the officers of the Depart
ment's Cable Group, and made in the Research 
Section workshops. 

Telegraph and Telephone Plant in the United Kingdom 

TELEPHONES AND WIRE MILEAGES. THE PROPERTY OF AND MAINTAINED HY 

THE POST OFFICE IN EACH ENGINEERING DISTRICT AS AT 31st MAR., 1935. 

! I 
Number of Overhead Wire Mileages. I Underground Wire Mileages. 
Telephones 
owned and --

Engineering 

maintained District. 
Exchange.* 

I by the Telegraph. Trunk. Exchange.* Spare. TEiegraph. Trunk. Spare. 
Post Office. 
--- --- ----- --

882,834 539 6,648 48, 199 5,579 London 37,010 221,410 3,779,837 176,278 
109,412 2,120 16,269 48,999 7,906 S. Eastern 5,009 72,584 378,975 S7,079 
125,454 4,312 37,080 79, 156 5,409 S. \Vestern 24,358 64,575 299,574 88,588 

86,967 4,234 39,146 73,527 11,713 Eastern 16,325 74,559 179,439 57,202 
136,766 5,373 38,660 59,735 20,735 N. l\lidland 7,393 192,566 344,875 107,721 
109,940 3,424 24,795 68,024 12,012 S. Midland 8,801 78,397 330,876 67,671 

74,527 2,972 26,868 60,369 8,475 S. \Vales 6, 186 62,608 168,757 36,207 
148, 107 4,618 23,847 61,864 13,928 N. Wales 8,223 102, 167 461,178 93,352 
191,989 984 6,052 28,168 9,903 S. Lanes. 7,751 127,969 674,046 85,635 
124,450 5,159 24,573 41,601 7,614 N. Eastern 11,702 102,795 351,224 48,424 

81,342 1,253 15,139 29, 164 !3,738 N. W' estern ' 5,385 69,897 256,331 96,990 

63,352 1,406 14,056 23,217 7,216 Northern 4,117 54,213 186,635 30,945 

31,479 3,045 11,268 12,940 1,169 Ireland N. 389 5,850 74,251 17,606 

91,354 4,549 28,121 43,102 8,165 Scotland E. 1,811 61,087 181,766 47,469 

113,724 3,986 22,649 35,443 5,644 Scotland W. 9,509 56,352 280,000 40,083 
-----

2,371,697 47,974 335, 171 713,508 139,206 Totals. 153,969 1,347,029 7,947,764 1,051,250 

Totals as at 

I 2,317,399 47,320 347,225 699,315 126,989 31 Dec., 1934 153,47!-J 1,254,936 7,910,285 1,045,834 

I 

* Includes low gauge spares (i.e., wires of 20 lb. or less in cables and 40 lb. bronze in overhead routes). 
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Electric Passenger Lift in 
G.P.O. Headquarters' 

the 
Building C. W. GOVElT 

T

HE lift recently installed in ! he G.P.U. Head
quartcr's buildi1�g for t�1e

. 
use of 1he Director

General and his staff rncorporates several 
special features, such as automatic door operation, 
the variable voltage system and collective control, 
and a general description, therefore, may be or 
in tercst. 

The capacity of 1he lift is 15 cwt. and it is balanced 
for 47 � % of its full load; the weight of the empty car 
with safety gear, etc., is 25 cwt. The internal 
dimensions of the car arc 5' O" wide by 3' 9" deep 
by 7' 9" high and it will accommodate comfortably 
six passengers including an attendant when required. 
The lif1 travels at a maximum speed of 360 feet per 
minute and sorves 1he Ground, First, Second and 
Third floors, the total travel being 51:¥- feel. Spring 
buffers are prov·ided in the pit al the bottom of the 
brick \\'ell for the car and balance weight, and there 
is ample clearance both in the pit and at the lop of 
the well for ovcrtravcl of the lift. The car and all 
doors arc constructed of steel, and are specially 
designed and finished in cellulosed enamel lo har
monise with the surrounding decorations. The 
doors, which are prov.idecl with vision panels, arc 
hung vcrlically in two halves from top tracks on hall 
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bearing hangers, and arc guided at 1he bottom in 
grooved bronze cills. The leading half door moves 
at twice the speed of the other half, and when the 
doors are fully open they are hidden behind a brick 
nib at the left hand side of the openings; the dimen
sions of the opening·s are 3' 611 wide by 7' 611 high. 
The doors are opened and closed automatically, by 
means of operating· levers and chains which are con
trolled by a small geared motor fixed at the top of 
1he car. In the event of a failure of the automatic 
apparatus the doors can be operated by hand pro
vided the car is opposite a landing opening. The 
doors are perfectly safe and silent in operation and 
exclude all draught from the well. Photographs of 
the car and doors are given in Figs. I and 2. 

The lift motor and winding g·ear arc situated at 
the top of the \\'ell at a level of 7' 611 above the motor 
room floor and are bolled lo a heavy cast iron con
tinuous bed plate which rests on a reinforced concrete 
capstone. Between the capstone and the three 
parallel supporting beams there are thick compressed 
cork pads to prevent I he 1 ransmission of vibration to 
1 he walls of the well. 

The maximum equivalent dead load , including the 
ll"eight of ancillary apparatus which is accommodated 

FIG. 2.-Tui; LIFT Doo11s. 



immediately below Lhe winding gear and on the Aoor 
of the motor room, is approximately 15 Lons. In 
order that this load could be safely carried it was 
necessary to sLrengthen wjth sLeelwork the support
ing walls and Lhe mot or room noor. A photograph 

or the motor and gear is given in Fig. 3. 

FIG. 3.-�IOTOI< 1\ND WINDING Gl!<llL 

The worm gear is the single wrap traction geared 
type, of heavy construction, having a gear ratio of 
21 : I. The worm wheel, which is above the worm, 
has a phosphor bronze rim and a cast iron centre, 
and the worm is forged solid with the steel shaft and 
coupled to the motor in the usual way by means of 
the brake drum. Double ball thrust bearings backed 
by self-aligning thrust blocks me provided lo take 
the end thrusts. The maximum loading on the 
teeth is approximately 570 lbs. per inch width or 
tooth, and the highest rubbing speed of the worm at 
the pitch line cenLre is about 800 feel per minute. 
Both the worm wheel and the traction sheave, the 
irim of which is made of semi-steel, are bolted lo a 
spider on a heavy steel shaft lo avoid the use of 
keys; with this arrangement the shaft is relieved or 
torsional stresses. 

SecLional i II ust rations of the special sheave, which 
has six grooves, and of ·the standard vee sheave are 
given in Figs. 4 and 5. 

Six steel wire ropes of 2" circumferem.:c giving a 
factor of saf ety , initially, of 26 are used. The ropes 
are of special" Scale," 6/19, ordinary lay construc
tion, and the w�ires, which are of t 11·0 differenL 
diameters, are formed 1-9-9 over a hemp core. The 
tensile strength or the centre and inner wires is 
100/110 tons per square inch and that of the outer 
wires 80/90 Lons per square inch. It is claimed that 
this type of rope, when used in conjunction with the 
peculiarly shaped sheave, has a considerably longer 
life than is usually the case with tract ion drive; bul 
as spring anchorages are provided for the ropes on 

VOL. XXVJIL. II 

this lift a longer life on this account also might be 
expected. 

T nstead of the usual round steel and H iron guides, 
machined -lee section guides are fixed lo the walls of 
Lhe well, and spring loaded self-aligning guide shoes 
are provided for the car and the balance weight. 

FIG. 4.-SPECIAL SHEAVE. 

hu 

FIG. 5.-STANDAIW VEE 
SllllAVE. 

ln addition to the usual safety devices, such as 
electro-mechanical door locks and contacts, limit 
switches, etc., two centrifugal speed governors are 
provided, one for the car and the other for the balance 
weight. The governors act in the following manner : 
-If the speed of the lift exceeds its normal maximum 
value by a small percentage, the governor causes the 
electric supply to be cut off from the lift motor and 
controller, and the brake is applied. Should, how
ever, Lhe speed for any reason, become excessive a 
spring loaded grip is mac.le to act on a ny rope, con
nccLed to a drum under the car and balance weight 
respectively; and, as the lift continues lo move, Lhe 
drums rotate and actuate screw clutches which in 
Lum cause the safety jaws Lo grip the guides; the 
car and balance weight are thus brought gradually 
and smoothly to rest. lllustralions of the governor 
and safety gear arc given in F�gs. 6 and 7. 

The lift moLor is 20 B.H.P., D.C., 240 volts, shunt 
wound with inter-poles and gives a high starting 
Lorque with low starting current. The commutatOI
is of ample dimensions and has carbon brushes of 
large contact area. The bearings are self-aligning 
and bushed with while metal. The electro-magnetic 
brake is shunt wound and the shoes, which arc lined 
with Ferodo, are held on by a pair of helical spr.ings. 

Although the electric supply 1:0 the building is 
direct current at 220 volts it was considered desirable 
in this case to adopt the variable voltage system 
since, as is generally recognised by lift engineers, 
this system gives the best results for high speed 
lifts, where comfortable travelling and good noor 
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done automatically, and the making and breaking of 
heavy and destructive currents are avoided. 

The motor-generator is mounted on a heavy con
tinuous cast-iron bedplate )Vhich rests on a reinforced 
concrete capstone, insulated from the floor of the 
motor room by means of thick compressed cork 
pads. The set is designed for high efficiency w.ith 
low consumption at all loads, particularly at light 
loads. The generator is of the multi-polar type with 
inter-poles. A centrifugal speed governor is fitted 
at one end of the shaft to cut off, automatically, the 
electric supply to the motor should it develop an 
excessive speed. A thermal relay, which operates 
in about 15 seconds, is also provided to protect the 
motor from overheating. The motor-generator 
starts up automartically immediately a call is made 
and it continues to run from 1 to 5 minutes longer 
than the lift. If calls are made at intervals of less 
than the adjusted time limit the set continues to run. 

Photographs of the motor-generator, the controller 
and floor selector panel, etc., are given in Figs. 8, 
9 and 10. 

FtG. 8.-MoToR-GENERATOR SnT. 

An illuminated pos1t1on indicator is fitted in the 
car and under the lintel at each landing opening to 
show the position of the car in the lift well and the 

FIG. 7.-SAFl!TY GllAR. 

finding are important considerations. With this 
system a motor-generator is employed; the motor is 
connected to the supply mains, and the armatures of 
the generator and lift motor form a permanently 
closed circuit. Reversal and speed regulation of the 
lift motor are obtained by simply reversing the gener
ator shunt field and varying its strength which is 
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direction in which it is travelling. Signal lights and 
a buzzer are also provided in the car. 

With the collective control system all ca11s are 
registered and dealt with in strict sequence accord
ing to the direction of travel of the car. A set of 
buttons is provided in the car for despatching it to 
any floor; and '' up '' and '' down '' buttons are 



. -

FIG. 9.-CONTROLL!lll. 

FIG. 10.-FLOOR SELECTOR. 

fitted at each intermediate landing and single buttons 
at the terminal landings, for calling the car to any 
Aoor. The operation without an attendant is as 
follows :-

If the car is at the Ground floor and is despatched 
to, or called from, say, the Third floor, and imme
diately afterwards another call is made from, say, 
the Second floor, the car will first stop al the Second 
Aoor and when that call has been dealt with and the 
doors have been closed, the car, without further 
operation of a push button, will proceed to and stop 
at the Third Aoor. Similarly all calls arc dealt with; 
but the car will nol reverse its direction of travel 
until all calls in one direction have been answered, 
so that with this system no time is lost in moving 
Lhe car up and down uneconomically. The interval 
between the automatic opening and closing of the 
doors is set at 9 seconds. 

vVhen an attendant is operating the car a key 
switch is turned Lo " with attendant " position and 
the operation is as follows :-

If a call is initiated while the lift is in motion or 
while the car is stationary at a floor, with the land
ing door closed, a signal light indicates to the 
attendant that a call has been reg·istered and this 
light remains on while there are any unanswered 
calls. Under these conditions the buzzer will not 
sound. If, however, a call is registered while the 
car is stationary at a floor, and the landing door is 
open for more than Len seconds, the buzzer sounds 

continuously until the landing door is 
closed. The signal light shows until 
all calls have been answered. 

The sounding of the buzzer is a 
signal Lo the attendant to close the 
doors by pressing a special " up " or 
" down " button in the car and when 
this has been done the car automatically 
proceeds to the Aoor corresponding to 
the registered call, thus eliminating the 
need for a call indicator system in the 
car. The doors open automatically 
when the car arrives al a floor and close 
when a button, either in the c;ar or 011 
the landings, has been pressed; but t he 
doors may be re-opened by pressing a 
special button in the car before the lift 
has moved . 

A " stop " button is also provided in 
the car to stop the lift in case of 
emergency. 

The lift was designed and installed 
by Messrs. Waygood-Otis, Ltd., of 
London, and incorporates several of 
the firm's patents . 
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The Use of a Surveyor's Level to Solve 

an Engine Problem E. J. c. DIXON, s.sc.(Eng.), A.M.1.E.E. 

T

HE problem was how to cure the longitudinal 
oscillation of a horizontal engine-generator 
set along its axis? The effect of the oscil

lation had been to ·wear out the side face of the engine 
main bearings which were costly items to replace. 
The engine contractor had repaired the bearings and 
readjusted them with the aid of his " clock "

a special dial micrometer gauge which registers 
changes in the distance between the webs of the 
crankshaft balance weights (Fig. 2(a) ). Shortly 
afterwards the set developed a precisely similar 
longitudinal oscillation and a further replacement 
of bearings soon became essential. The effect on 
the bearings can readily be imagined when it is 
stated that the amplitude of the oscillation wast inch 
and the weight of the flywheel about 5 tons. The 
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FIG. 1.-LAY-OUT OF ENGINE-GENERATOR SET. 

l 

odd behaviour of this engine was the more difficult to 
account for since an exactly similar engine in the 
same room gave no trouble of a similar nature and 
many theories were advanced to explain the oscil
lation. Amongst these was a sug·gestion that an 
asymmetry in the generator windings gave rise to a 
longitudinal force which varied with the rotation of 
the generator ! The generator had been supplied by 
a different contractor from the engine contractor, 
which is not unusual in repeater stations and other 
places where they use prime movers, and the atten
tion of the engine contractor had been confined to the 
engine. Before arranging with him for a further 
bearing replacement, therefore, it was decided to 
make an investigation of the overall level of the 
engine-generator set. 

(a.) bill &111rit Mmn (o�oiu Ulb11tM A -.o 6. 

Fm. 2.-METHODS OF CHECKING ALIGNMENT. 
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A dumpy level was borrowed from the Office of 
\,Yorks and, having been checked for collimation 
error, was set up in such a position that the depth ot 

the engine and generator shafts below collimation 
level could be measured by means of a metre rule. 
To each measurement was added the radius of the 
shaft in ems. at the point of measurement and the 
level at each bearing was thus deduced. Fig. 2(b). 

The engine was of the horizontal single cylinder 
type with a large flywheel followed by a flexible 
coupling of robust webbing which connected the 
engine shaft to the generator shaft carrying the 
" A " and " B " armatures. (Fig. I). There were 
seven bearings in all, two on the engine bed, one 
pedestal bearing on a plinth, supporting the flywheel, 
two pedestal bearings for the '' A '' generator and 
two bearings in the " B " generator casting. The 
shaft varied in diameter from St inches to 3 inches 
as measured by callipers. The metre rule was fitted 
with a plumb-bob and was strongly illuminated, while 
level readings were being taken. It was found 
possible to read accurately to 0.25 millimetre, i.e., 10 

mils approximately. The corresponding accuracy of 
the engine tester's " clock " was 1 mil change in 
crank-web spacing which was found to correspond 
with half a millimetre difference in level between 
bearings 1 and 3. (Fig. I). 

At the outset it was found that the generator shaft 
level was 2 millimetres below the engine shaft mean 
level and that the engine shaft sloped down towards 
the generator. It was decided to use No. 1 bearing 
as a reference level and lo raise the generator to that 
level. This was done by inserting shims between 
the generator bed and bearings. The engine con
tractor was then called in to repair the engine bear
ings. The final measurements showed a small drop 
in engine level relative to the generator (Fig. 3). 

�•!.!.!_i.O_ll_l 
&01�tnot u1Hri .l-.. 1. J> .1 .J .I. j, 
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FIG. 3.-BEARING LEVELS. 

The longitudinal oscillation was removed, however, 
and the set has since been promoted from standby to 
working set, and run for nearly a year without any 
trouble. 



The Unit Automatic Exchange No. 12 c. G. GRANl and 

E. M. COOKE 

Introduction. 

I
N the early part of 1929 the Department com

menced installing· rural automatic exchanges 
known as Unit Auto. Exchanges No. 5. 

These exchanges were designed to work i1; un
attended and unheated buildings, a�1d emboch.ec! a 
number of novel features, with the am; of o�ta1�1!ng 
a low capital cost per line consistent with rehab1hty, 
low maintenance costs, and a small current consump
tion. In the design of these exchanges certam 
of the facilities usually given on the larger auto 
exchanges were omitted and all calls. other than those 
between subscribers on the same u111t auto exchange

. were made dependent on the service of an operator of 
a nearby manual switchboard. The nearby exchang�e 
became known as the " parent " of the U.i\.X. 
Calls from subscribers on adjacent auto exchanges 
to subscribers on a unit auto exchange also had to be 
handled by an operator. 

. . 
At this period it was not considered economical 

to introduce automatic working in exchanges of 
approximately 1000 line7 and under, excep.t where 
such an exchange could form part of. a satellite area. 
Therefore, as the parent of the U.A.X. \�1as usually 
an exchange of under 1000 lines the handlmg of calls 
to and from a U.A.X. by operators was an acceptable 
practice, since the number of calls where autor1:1atic 
inter-working could be introduced was comparatively 
small. 

As the science of automatic switching developed, it 
became apparent that automatic working could be 
introduced on an economical basis in all sizes of 
equipment, and the programme of general auto
matisation is now going forward, with the result 
that manual boards will become fewer in number and 
more centralised. The inter-working between ex
changes must be effected without the intervention of 
operators, otherwise calls between two U.A.X's a 
comparatively short distance apart would have to be 
handled by an operator at a remote manual switch
board, and use made of two lengthy junctions to com
plete the call. AILernatively, use would have to be 
made of special equipment which would enable the 
operator, after obtaining the connexion, to clear 
down most of the junction route leaving the two 
U .A.X. subscribers connected over a comparatively 
short route. 

It was eventually decided that the case would best 
be met by the introduction of a new standard U.A.X. 
which would provide through-dialling, together with 
numerous other facilities. This U.A.X. has been 
termed the Unit Auto Exchange No. 12. 

FACILITIES AND GENERAL. 

Numbering Scheme. 

A 3-digit numbering scheme is used for sub
scribers' numbers. The initial digit, which is 2, is 

absorbed by the selector. This gives a multiple 
range of 200-299, which is av�ilable on y1e ir_i�t�l
lation of the initial 25 line umt. P. B.X. fac1hl1es 
(2-10 lines) are provided thro.ughout the . multiple 
with the exception that the maximum of 10 Imes c�n
not be provided on levels of the selector servmg 
junctions. Th.e juncti�n 

.
route. to the parent ex

chano-e is obtamed by d1all111g either 0 for the opera
tor �r 9 for the automatic switching equipment, 
c01�bined use being made of the one group of junc
tions for both classes of call. 'i\Then a coin box sub
scriber dials 0, a separate calling lamp, suitab�y 
designated, is lit on the manual boar�!, and this 
obviates the need for the operator to listen for a 
special tone which is necessary on the U .A.X. No. 5 
equipment. . 

Provision is made so that when subscribers make 
a repeat call they secure access to a different selector, 
and on the route to the parent manual board the 
selector multiple wiring is so arranged that junctions 
I and 2 are transposed on alternate selector banks. 
This ensures that the subscriber is not left without 
service to the pai-ent operator owing to a faulty 
switch or junction. 

. On the initial supply of units, levels 6, 7 and 8 will 
be available as single digit dialling-out codes to 
adjacent exchanges. The codes 1, 3, 4 and 5 will 
normally be spare and connected to N. U. tone, but if 
necessary, arrangements could be made to use levels 
3, 4 and 5 for dialling-out codes. 

Fig. 1 is a trunking diagram showing the con
ditions for a U.A.X. No. 12 working to a parent auto 
exchange, and also having routes to both an adjacent 
auto and an adjacent manual exchange. 

Ta11de111 TVorhing. 

It has been visualised that this small type of 
U.A.X. may work to the parent exchange via a 
larger type of U.A.X. , the intermediate exchai;ge 
thus acting as a tandem exchange. In connexion 
with this type of working, arrangements are made at 
the tandem exchange for relaying to the parent 
exchange, 0 level calls originated by the dependent 
U.A.X. This enables a subscriber on the dependent 
U.A.X. to reach the manual board by dialling 0 once 
only. vVhen a subscriber on the dependent exchange 
dials 9 he will obtain access to the auto equipment 
at the tandem exchange and is then virtually in the 
position of a subscriber on that exchange and will 
have to dial a further digit 9 to reach the parent auto 
equipment. 

In order that the No. 12 equipment should be suit
able for use in existing U.A.X. No. 5 buildings, and 
also so that it could be kept in a unit form, it has not 
been provided with the facility described above for 
relaying 0 level calls, and is, therefore, unsuitable for 
use as a tandem exchange. 
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'i\Then the parent ex
change is a minor ex
change, means will be pro
vided for extending the 
calls to a demand centre in 
such a way ,that the sub
scriber's switchhook will 
give supervisory signals to 
the controlling operator. 
vVhen the parent is a zone 
centre with both long 
distance and local suites in 
the same building, joint 
access to the junctions will 
be given from both suites, 
the call being answered on 
the local suite and subse
quently transferred to the 
long distance suite. 

Manual Hold and Re-ring. 

r--------. 

l--Y--1� AA<M l 

l'vianual hold is given on 
0 calls to the parent 
manual board, and as the 
subscriber originates his 
trunk calls over this route, 
the re-ring facility has been 
provided, though this can 
be utilised only when the 
parent exchange manual 
board is of the sleeve con
trol type. 

Unit Auto Exchange 

FIG. 1.-TYPICAL TRUNKING DIAGRAM. 

Trunk Offering and Assistance. 

A trunk call can be offered and completed by the 
parent exchange operator over any junction in the 
route from the parent exchange. vVhen the operator 
dials a free subscriber's number ringing is applied 
immediately, but should the subscriber's line be 
engaged, engaged tone and flash are returned to the 
operator, who, by the momentary operation of her 
ringing key, can connect to the line and offer the call. 
1:he operator subsequently receives a supervisory 
signal when the subscriber's line is free, and can then 
complete the trunk connexion by a further operation 
of her ringing key, which will cause the subscriber to 
be rung. 

The trunk offering circuit has been so arranged 
that it can be used also for assistance purposes for 
example, the monitoring of a call from a subsc�iber 
who has complained of difficulty in obtaining a 
number. 

Trunk Calls. 

Subscribers will be instructed to dial O for trunk 
calls and the initial demand will be taken by the O 

level operator, who, in the case of a manual or auto 
group centre exchange, will control the call. 
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Ordinary subscribers are 
permitted to dial-out to 
non - parent exchange 
manual boards either over 
a direct junction from the 
U .A.X. or via other auto 

exchanges. Manual hold is provided on this type of 
connexion, an exception being the call to a manual 
exchange, obtained via a non-director exchange over 
a junction that already provides for the metering of 
calls originated by the subscribers on the non-director 
exchange. Under these conditions calls originated 
by the U .A.X. subscribers will also be metered, 
multi-metering being provided where necessary. 
Metering will not be effected on calls to manual 
boards from which manual hold is given. 

Coin Box Subscribers. 

On the U .A.X. No. 5 equipment it is necessary for 
subscribers to dial 01 in order to reach the parent 
manual board. To enable coin box subscribers to do 
this, without the insertion of coins, requires a special 
circuit at the coin box instrument, embodying a relay 
which operates and holds, only when 0 is dialled. 
This relay removes the short circuit from the dial 
impulsing springs so that 0 can be followed by the 
digit 1. As the new standard equipment requires 
only a single 0 to reach the parent manual board, 
special call office arrangements will no longer be 
required. 

Since coin box subscribers have to insert coin:; 



before they can dial digits other than 0, they will be 
barred from dialling-out to manual boards other than 
the parent. To provide this facility would entail the 
identification of coin box subscribers at the non
parent manual boards, and, further, in pressing 
button A to speak to the operator their fee ·would be 
collected though the called subscriber may not always 
be available. In addition, the operating procedure 
would be further complicated when handling calls 
greater than unit fee. Hence, it has been so 
arranged that N. U. tone -is given when coin box 
subscribers attempt to dial to non-parent manual 
boards. Coin box subscribers will also be limited to 
unit fee automatic connexions, N. U. tone being re
turned if excess fee connexions are attempted. 

Multi J\r[ etering. 

This facility has been provided so that ordinary 
subscribers. on a U.A.X. can dial to subscribers on 
auto exchanges that are more than unit fee distance 
away. Additional apparatus is associated with each 
junction relay set, which responds to the code or 
routing digits dialled, and connects the metering wire 
to the appropriate pulse lead. The design of the 
apparatus is such that 1, 2, 3 or 4 fee metering can 
be obtained. The number of routing digits to the 
different exchanges in an area will depend both on the 
number of junction routes over which the call passes 
(this, owing to dialling and signalling limitations, 
will not be allowed to exceed three) and on whether 
single or two-digit dialling-out codes are used at any 
of the intermediate exchanges. It has been neces
sary therefore to provide a flexible arrangement so 
that metering discrimination, i.e., the fixing of the 
appropriate fee, can be effected after the dialling of 
1, 2, 3, 4 or even 5 trains of routing digits. 

'i\Then the number of codes to be dealt with is large, 
a common equipment is added on the basis of one 
common equipment per group of junctions. Such a 
scheme is possible, as the common equipment is not 
used for all calls, and the time that it is held is short. 

Though the multi-metering equipment is primarily 
used for the determination of the appropriate fee, it 
is also used for the important function of barring 
coin box subscribers who attempt either excess fee 
auto calls, or calls to manual boards other than the 
parent, and for barring ordinary subscribers from 
making calls to exchanges which, though physically 
attainable, should not be allowed owing to fee, 
dialling, or transmission limitations. 

The multi-metering equipment is also used to 
ensure that a subscriber employs the correct routing 
to. an. exchange, and does not, either inadvertently or 
with mtent to defraud, set up a call over a circuitous 
route. Such misrouting, if permitted, would by its 
unnecessary use of switching and junction plant 
jeopardise the grade of service. 

When a subscriber attempts to dial any of these 
barred conditions the route is broken down and N. U. 

tone returned. 
A further use for the multi-metering equipment is 

to provide for manual hold on calls to manual boards 
obtained via the auto equipment of other exchanges. 
Under these conditions the calls are not metered. 

The Parent Exchange. 

The answering equipment for 0 level calls will 
normally be terminated on the " A " positions, and 
as operators of other exchanges are not permitted to 
dial through the U.A.X. No. 12 t� the parent ex
change, it is not necessary to provide for t�rou?h
signalling on the parent exchange cord ctrcmts. 
11 A '' type cord circuits will be used, and fitted 
where necessary with call timing equipment. Ancil
lary working will be provided except where the traffic 
from the U.A.X. is small, two sets of lamps and 
jacks being required, one set for answering calls fr

_
om 

ordinary subscribers and the other for answering 
calls from coin box subscribers. Calling lamp lock
out will not be provided. 

If the parent exchange is automatic and access to 
the automatic equipment is required, the relay set 
terminating the junction will connect it to a selector 
when the subscriber makes a level 9 call. 

For calls outgoing to the U.A.X. the operators 
have direct access to the junctions via multiple 
appearances on the manual board. Access to the 
junctions can also be given to the parent exchange 
auto subscribers from selector levels, which will be 
connected, via auto-to-auto relay sets, to the special 
relay sets terminating the junctions. At present 
such access will be restricted to U.A.X's within unit 
fee distance until such time as multi-metering is also 
available at the parent exchange. 

Non-Parent Manual Exchange. 

The provision made at such an exchange will 
generally follow that described above for the parent 
manual board equipment, except that no answering 
equipment is required for coin box subscribers as they 
are barred access to all manual boards excepting 
those at the parent exchange. 

Non-Parent Auto Exchange. 

As will be seen from the trunking diagram (Fig. 1) 
the junctions incoming to these exchanges will be 
terminated on a selector via the bothway equipment. 
This will give the U .A.X. subscriber access to the 
auto equipment, and where required he will be given 
access to the manual board from the 0 level of the 
first selector. 

For calls to the U.A.X. the manual board operator 
will have direct access to junctions via multiple 
appearances on the manual board. Access to the 
junctions can also be given to the auto subscriber in 
the manner described for the parent exchange case. 

Traffic Incoming to the U .A .X. 

The junctions will normally be worked both-way, 
and the incoming portion of the terminating relay 
sets will be connected to early choice contacts of the 
banks of the line finders. The line finders are of the 
homing type, which ensures that the time of con
n�xi?n of a )uncti

_
o� to a selector circuit is normally 

w1thm the mterd1g1tal pause of a through-dialling 
subscriber or operator. Further, with so short a 
finding time, it is not necessary to instruct the opera
tors at exchanges directly connected to the U.A.X. 
to wait for dial tone. Arrangements have been 
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made, however, for engaged tone and flash to be 
given should dialling occur before a selector is con
nected. 

Service Levels. 

It will normally be arranged for the subscriber to 
dial " O " for special services, exceptions being the 
92 level for the service P. B. X., and the 93 level for 
Rural Party Lines. Coin Box subscribers will be 
barred all Service Levels, except Party Lines (93) 
when in the unit fee area. It will be noted that as the 
digits 9 and 99 (when via a Tandem U.A.X.) are 
required to reach the parent automatic equipment, 
these digits will have to prefix the normal service 
codes. 

Tones. 

Standard dial, ringing, engaged and N. U. tones 
are provided, which, though generated by vibrating 
and inter-acting relays, are barely clistinguishable 
from those generated by a machine. 

Alarms. 

As the junctions between a U.A.X. No. 12 and its 
parent or tandem exchange will invariably be worked 
both way, it was not considered practicable to pro
vide for the automatic extension of alarms. The 
arrangements, therefore, are similar to those pro
vided on the U.A.X. No. 5 equipment, in which the 
parent exchange operator dials the test number at 
intervals of not less than 4 hours. If no alarm con
ditions exist, the operator will receive a special tone 
known as '' inverted ringing tone,'' but she will 
receive N. U. tone if any of the following faults exist 
such as blown fuse, charge fail, 2 motion switch 
stuck off-normal, earth on the engaged tone and hold 
leads. Absence of any tone will inclicate failure in 
the tone equipment. 

Forced Release. 

The subscriber's line circuit contains the usual L 
and K relays, and in addition, has a P relay which 
acts as a lock-out relay when the subscriber is 
forcibly released from the selector circuit. The 
forced release condition is used to prevent congestion 
ocr.urring on the selector circuits clue to P.Gs. on 
subscriber's lines, and also to clear down connexions 
on which the called subscriber is held. 

Traffic Met er s. 

A traffic meter will be associated with each allotter 
circuit, and will be arranged to register when a 
demand is made for a selector circuit, either by a 
local subscriber or an incoming call, when all selec
tors are busy. The meter will, therefore, provide a 
record of overflow traffic. An overflow meter will 
also be provided on each g-roup of junctions outgoing 
from the U.A.X. 

CONSTRUCTION AND EQUIPMENT DETAILS. 

Provision of Units. 

The Unit Automatic Exchange No. 12 has an 
ultimate capacity of 100 lines (Subscribers and J unc
tions) and can be built up in unit form as the 
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exchange area develops. A complete exchange is 
made up of five totally enclosed units as follows :

One Auxiliary Unit accommodating the M.D.F., 
Testing Equipment and Relay Sets providing 
common services. 

Two" Units Auto. No. 12A "(25 Line Units). 
Two" Units Auto. No. 12D "(20 Line Units). 

Should the requirements of the area be small it is 
not possible owing to apparatus limitations, to instal 
a Unit Auto No. 12B to cater for initial demands. 

The units, which a1·e 6' !Of' in height, are 
arranged for fitting in the exchange in the following 
order:-

Direction of Growth. 

t 11911 
Aux. "A" "B,, j .. A,, "B., 
Unit Unit Unit Unit Unit 

� 
(25 Lines) (20 Lines) 

�11n11-,,_ -<-210"->- �111�"->-

PLAN VIEW. 

f<'ront and .rear views of partially equipped units are 
shown in Figs. 2 and 3. A brief description of the 
units follows :-

11 uxiliary Unit .. 

This unit acr.ommodates the Main Distribution 
f<'rame, Testing Equipment and Relay Sets contain-

FIG. 2.-AUXll.IAl<V UNIT. 
fRONT AND REAR \llEWS. 
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FIG. 3.-UNIT AUTO No. 12A. 
FnoNT AND REAn Vrnws. 

ing the common apparatus, -i.e., Ringing, Tone, Time 
Pulse and lVIeter Pulse equipment. 

The enclosing of the N!.D.F. is a novel feature. 
In previous types of Unit Automatic Exchange the 
M.D.F. and testing equipment were fitted adjacent, 
but external, to the cabinet, and were subject to faults 
and corrosion of metal parts due to the deposition of 
moisture. In the Unit Auto Exchange No. 12, how
ever, with the enclosing of the M.D.F. tliis trouble 
will be eliminated. 

An ultimate capacity for six Protectors H.C. & T. 
and six Fuse lV[ountings, is provided arranged in two 
vertical rows of three fitted at the bottom front and 
bottom rear respectively. Fitted immediately above 
the protectors is the testing equipment, and above 
the fuse mountings the relay sets. 

In this unit the bottom of the cabinet under the 
fuse mountings is constructed of removable wood 
battens which are cut to receive the incoming cables 
and when these are in situ the joints and seams in 
the battens are sealed with bituminous compound. 

The unLt has six doors-fitted one at the top and 
one at ·the bottom, front and rear, one at the bottom 
left hand side and one at the right hand side (covering 
the cable run) viewed from the front. The .top doors 
give access to the testing equipment, relay sets, strips 
connexion and cable run; ·the bottom front and rear 
doors give access to the protectors and fuse mount
ings respectively, and the bottom left hand side door 
gives access to the 1st vertical of the protectors and 
fuse mountings to facilitate cabling and jumpering. 

Mounted on the cabinet above the bottom left 
hand door, but external to the unit, is a bracket 
supporting a Telephone No. 162F wi.th Bell Set No. 
25, which are normally connected to ·the Exchange 
Service line and have the number 290, but which may 
be used as a testing instrument as required. 

Units Auto. No. 12-Types A a.11d B. 

These units are similar in construction, but differ 
in width and capacity. 

The units accommodate the subscribers' line relays, 
meters, selectors and associated uniselectors, junction 
relay sets and multi-metering relay sets. 

Each unit is fitted with four doors, one at the top 
and one a.t the bottom, front and rear, giving access 
to the cable run and unit I.D.F. and the automatic 
apparatus respectively. 

/\ hole is left in both sides of the units near the 
top so that a clear run is left for the cables through
out the upper compartments when .the units are in 
position. 

The strips connexion, cable run and unit I.D.F. are 
separated from the lower portion of the uni.t by a 
sheet steel bulkhead which permits work to be carried 
ou.t on the strips connexion without the apparatus in 
the lower por·tion being exposed. 

Ge11era.l Co11str11ct-io11. 

All units are constructed of mild steel framework 
and sheet steel cavity cabinets, and the doors are 
clamped against fabric covered rubber cord thus 
making the units airtight. 

When the units are being lined-up, the door which 
covered the cable hole in the auxiliary unit is removed 
and fastened over the cable hole in the right hand side 
of the last unit, a wooden gasket being fi,ttecl round 
the cable holes between each pair of units to keep 
them airtight. 

The rack framework of each unit is constructed of 
It" x 111 x 3/16" mild steel angles to which the 
interior of the cabinet is securely fastened. 

The selectors and relay sets are mounted on 
pressed steel channel type shelves of standard con
struction, but of varying lengths to suit .the width of 
the framework on which they are fitted, and with 
special drillings for cable supports. 

In the auxiliary unit, two channel type shelves are 
fi.tted in the upper portion at the rear. 

In the 25 and 20 line units, three channel type 
shelves are fitted-one at the front for the selectors 
and two at the rear, the upper shelf carrying the 
muL�i-me�ering relay sets and the lower one carrying 
the 1unct1on relay sets. 

A fuse panel is mounted in each unit near the top 
of ·the framework on the left hand vertical viewed 
from the front. 

In the auxiliary unit the M.D.F. verticals consist 
of two lengths of mild steel angle secured to the 
framework and suitably drilled to accommodate .the 
jumper rings and horizontal mild steel bars on which 
the protectors and fuse mountings are fitted. 

The line testing equipment, equivalent to Case Test 
D.9262, is mounted on wooden panels above the pro
tectors, the complete assembly being hinged and 
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secured to the framework by means of suitable 
brackets. 

In the 25 and 20 line units the mountings fo
.
r the 

subscribers' line relays, resistor coils, and line finder 
uniselectors are accommodated on a hinged frame
work. The allotter uniselector and associated relays, 
which are provided in the 25 line unit only, are also 
mounted on this framework. This arrangement pro
vides access to the wiring side of these circuits which 
would otherwise be obscured by the junction relay 
sets. 

In the 25 and 20 line units battery jacks are pro
vided on the basis of three per unit. Two of these 
are fitted on the front of the framework on the right 
hand vertical viewed from the front-one in each of 
the upper and lower compartments, and the third 
jack in the lower compartment, at the rear of the 
framework, on the right hand vertical viewed from 
the rear. In the auxiliary unit two battery jacks are 
provided, one at the front and one at the rear. 

Cabling and Wiring. 

In previous designs of U.A.X's the cabling be
tween the M .D .F. and the units and the inter-unit 
cabling was exposed, thus necessitating the use of 
lead covered cable to prevent low insulation faults. 
In the Unit Auto. Exchange No. 12, however, this 
cabling is totally enclosed, with the result that it is 
possible to use switchboard cable with consequent 

/st. 25 Lme Unit 

M.QF. 

Bank Contact� 7-30 

economy and increased adaptability. As an 
additional precaution against low insulation faults all 
conductors in cables, jumper wires, and wires in 
forms are enamelled. The general cabling arrange
ments are shown in Fig. 4. 

Apparatus Details-General. 

The apparatus components include 10 level (5 on-
5 off) 25 contact uniselectors which are used as line 
finders, and 25 contact uniselectors of various level 
capacities employed as line finder allotters, meter and 
time pulse distributors, etc. 

The selectors are of the Strowger 2-motion type 
and function as both group and final selectors. 

vVith the exception of the subscribers' line circuits 
the standard Post Office '' 3000 '' type relay is 
employed throughout this equipment together with 
the No. 100 type meter. 

The subscribers' line circuits· (L, K and P relays) 
conform to normal standard main exchange practice 
by utilising the Post Office '' 600 '' type relay. 

Jacked-in Equipment of the Units. 

Five of the circuits involved have been accom
modated in the units on a jacked-in basis as follows : 

(1) (a) Tone and Time Pulse Equipment-Relay 
Set No. 3092. 

(b) Ringing and Meter Pulse Equipment
Relay Set No. 3093. 

Main Cabling 
/st. 20 Line Unit. 

&nkContacls :Jt-!JO 

llth.StepO/FCOllns. 

To2nd 
2Sline 
Unit 

Nole.! 

Allotter �: 
----- -----1-l.-P•_ts_es_J_<o n_es _e_tc_. _ _,.----l-�-1fl9, Tones etc. = 

Cammon Eqpt. 
70Se/r. Molt.& J11nc& 
qtFMeterStripsConn 

...._..__ __ _ 
Pulses, Tones etc. Ring "lbnesetc 

NoTEs.-1. 
2. 
3. 
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Misc 

Miscellaneous Cabling 

FIG. 4.-CABLING SCHEMATIC. 

The complete selector multiple cabling between units to be provided initially. 
Fuse mountings, protectors and 25 pair cables from the M.D.F. to the 1st unit to be provided as required. 
Cabling between 2nd 25 line unit and 2nd 20 line unit as between !st pair of units, 



(2) Link Circuit-Selector No. 3149. 
(3) B/Vv Junction Circuit to Auto and Manu;il 

Exchanges-Relay Set No. 3307. 
(4) :Multi-metering Equipment-Relay Set No. 

3310. 
(5) M ulti-mctering Common Equipment-Relay 

Set No. 3311. 
All these items follow normal standard jacked-in 

practice, but in the i'vl ulti-metering Relay Set a cross
connexion field is provided to arrange for the meter
ing conditions. This is done by means of strappings 
on strips connexion which also terminate the bank 
connexions of the uniselectors involved. These 
uniselcctors and strips connexion are mounted in 
adjacent positions on the relay sets. The strips 
connexion arc singled-sided and the uniselector bank 
wiring is terminated on the inside notch of the tags, 
thus leaving the remainder of each tag free for 
strappetl connexions, etc. 

On Relay Set No. 3310, to facilitate strapping, the 
spare cotle tag is duplicated at regular intervals. 
This avoids the use of long lengths of wire and con
sequent congestion. The strappings can be made 
vertically, in the notches provided at the extremity 
of the tags, with �\i\fire, Copper, Tinned No. 25, 
S.W.G. \Vhere code tags have to be passed by a 
spare code strap, the connexions from the spare code 
tags adjacent to the code tags are made with 
insulated wire. 

A view of the general lay-out of this relay set is 
shown in Fig. 5. 

FIG. 5.-Mu1:r1-MErnHING 
RELAY SET. 

Building and Site. 

Exh."'st Box 
lt!lrol 
7/Jnk 

The building, which is of the Post Office Standard 
Type A (General) is similar in construction to that of 

the Unit Auto. Exchange No. 5, incorporating cavity 
walls to guard against temperature variation. The 
internal dimensions of the building arc as follows :-

Width-7' 7", length 14' with a clear height of 
8' 9". 

Three classes of" A " type buildings are available 
-brick, stone and the " flooded area " type. In 
the latter type the building is of brick construction 
with the floor raised to cater for a 2 ft. nood line 
above ground level. 

Fig. 6 shows the building and exchange lay-out. 
A typical site measures 60 ft. in length with a 

frontage of 20 ft., but must at least be of sufficient 
length for two building units to be placed end to e11d 
behind the building line and to provide for soakaways, 
a call office (Kiosk No. 3), a footpath to the door at 
the rear and a reasonable clearance for the pole or 
underground lead-in. 

Power Plant. 

The power plant equipment is similar to that used 
in existing types of unit automatic exchanges-three 
schemes being available. 

If the public supply is A.C. an automatically 
operating single battery power plant will be pro
vided. This scheme is similar in general principles 
lo that described by Messrs. H. C. Jones and H. S. 

't\'aters in the P.0.E.E. Journal, Vol. 26, Part 2, 
under the tit!C' '' Small Automatically Controlled 
Power Plants.'' 

If the public supply is D.C., or if there is no public 
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PIG. 6.-BUILDING 1\ND EXCllANGE L\Y-OUT. 

supply available, a double battery charge/discharge 
scheme with a dynamotor or petrol engine charging 
set will be installed. 

The lay-out for each of the above schemes is shown 
in Fig. 6. 
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CIRCUIT NOTES. 

It is not proposed to describe the whole of the 
circuits in detail, as in general they follow standard 
lines. The special circuit arrangements used in the 
U.A.X. No. 5 equipment', in order to secure economy 
in current consumption, have not been perpetuated. 
The circuits, however, contain a number of novel 
features which have been introduced to provide the 
additional facilities, and it is proposed to deal with 
these at some length. 

Subscriber's Li11e Circuit. 

On reference to Fig. 7 it will be noted that the L 
and P relays both have their 5.5 ohm windings short 
circuited. The reason for adopting this method of 
making the relays slow acting, is that the relays are 
of the 600 type, and the provision of the normal 
copper slug on this type of relay would have neC'es
sitated the introduction of a new piece part. 

The Coi11 Box Discrimi11ati11g S'ignal. 

The discriminating signal to indicate that a coin 
box subscriber is calling, is obtained by the simple 
expedient of removing the earth from the meter in the 
line circuit and replacing it by battery. vVhen a 
coin box subscriber originates a call, this battery 
causes relay CB in the selector circuit to operate and 
lock. Should the coin box subscriber attempt to 
dial-out over a barred route (shown as level 7 in 
Fig. 8, relay CC will be prevented from releasing by 
earth via level 7 of the vertical marking bank, CB 
change-over operated, CC make, and C change-over 
normal. A change-over contact of CC connects N. U. 
tone to the line. The coin box subscr,iber is per
mitted to use the route to the parent manual board, 
and under these conditions a low resistance battery 
is passed forward via the D wire and contacts JC, 
lVIC, and CB operated, which will operate relays CB, 
\VS, and \VR in the relay set (Fig. 9). 

If the coin box subscriber were permitted access 
to the parent auto exchange the strap (Note 1, 
Fig. 8) would be removed so that relay CC 
would not apply N. U. tone. No signal is passed 
into the relay set until relay B in the selector releases 
and connects through the battery from the coin box 
subs.criber's meter. This battery causes only relay 
CB 111 the relay set to operate, which has no imme
diate effect on the junction signalling conditions. 
Should, however, the coin box sub;;criber attempt 
an excess fee call N. U. tone will be applied from the 
multi-metering equipment shown in Fig. 10, and the 
junction route cleared down by the release of rela)' 
HJ. 

-

Combined use of one group of junctions for 9 a11d 0 
calls. 

vVhen an ordinary subscriber makes a call to the 
parent manual board, a high resistance battery is 
connected to the D wire which causes only relay \VS 
to operate in the relay set. This arranges the 
jun?tion .signal�ing conditions, so that a battery 
calling signal 1s connected via relay DD to the 
positive line operating relay LA at the parent end, 
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FIG. 7.-SlJBSCRIBER's LINE CIRCUIT. 
Norn.-1. On C.B. lines meter to be connected to battery. 

2. For dead numbers connect - , + and P to 
NU - , NU+ and NUP respectively. 

a typical circuit of which is shown in Fig. 12. The 
operation of relay LA causes the ordinary subscriber's 
calling lamp to be lit, and an engaged test to be placed 
on the outgoing junction multiple. If, however, the 
call had originated from a coin box subscriber, the 
additional operation of relays CB and \1'/R in Fig. 9 
would have caused an earth to be applied to the 
negative line, wliich would have operated relay LB 
at the parent end (Fig. 13) causing the coin box 
calling lamp to light. If either an ordinary or coin 
box subscriber makes a call to the parent auto equip
ment, loop calling conditions are applied to the 
junction, which operate both relays LA and LB at 
the parent exchange. This causes a loop to be 
placed across the lines to the incoming selector, which 
on seizure operates relay SvV. Change-over con
tacts of this relay disconnect the calling equipment, 
and connect the junction to the selector. If the 
U.A.X. is directly connected to a parent exchange 
to which auto access is not required, the insertion of 
a strap in the selector circuit provides a holding 
circuit for relay CC, and applies N. U. tone to the 
subscriber's line, when the digit 9 is dialled. 

The foregoing signalling conditions combined with 
the bothway use of the junctions have necessitated, 
under idle circuit conditions, the simultaneous appli
cation of battery and earth to both ends of the 
junction lines. \iVhile under ideal conditions this 
would cause no trouble, in practice the voltages at 
either exchange will vary, causing current to flow 
between the two batteries, and this condition may be 
further aggravated by the existence of earth potential 
differences. In the design of these circuits the false 
operation, or holding, of the signalling relays by such 
currents has been prevented by the insertion of series 
metal rectifiers. On referring to the circuit element 
shown in Fig. 13 it will be seen that these rectifiers 
are placed virtually back to back, so that current flow 
in either direction is prevented. 
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Norn.-1. Insert strap when parent is manual and UAX is not trunking via tandem. 

2. Insert strap when parent auto exchange is excess fee to C. B. subscribers. 

F 

3. Insert screws in first and intermediate lines of junction and P. B.X. groups. 

4. Banks F03, 4 & 5 strapped and wired as bank F02. 
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5. On 25 line unit terminals 05 and 06 to be strapped to earth when 20 line unit is not equipped. 
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HJ 

FIG. 9.-BOTH\VAY ]UNCTION RELAY SET. 

of the tens and 
units digits, the 
selector behaves 
like a normal 
final selector hav
ing 2-10 P.B.X. 
facilities. Should 
a spare sub
scriber's number 
(the bank posi
tion of which is 
being used for a 
junction outlet) 
be dialled, the 
selector will 
switch to the 
outlet if it is free. 
On the operation 
of the switching 
relay H, an earth 
is returned over 
the D wire from 
the relay set 
operating relay 
CC, which will 
return N. U. tone 
to the calling 
subscriber. The 
operation of re
lay CC will pre-

NOTES. 
I. \Vhen parent exchange is manual and not 50v, disconnect straps " y " and insert straps " s." 

2. When multi-metering is required, disconnect straps " t." 

3. 
4. 

Insert strap "w " when working to non-parent manual exchange. 

Insert strap " q " when working to parent exchange. 

Use of Levels fo·r both Ju11ction Outlets and. Sub
scribers' Lines. 

vVhen the digit two is dialled for a local call, the 
selector (Fig. 8) is stepped to the second level, and 
relay LD is operated via the vertical marking bank. 
A contact of LD completes the release magnet circuit. 
The switch releases, and when the off normal springs 
return to normal relay LC operates. On the receipt 

vent the re
operation of relay 

LD, which will restrain the application of ringing, 
and the connecting through of the negative and 
positive lines. Should, however, all junctions in 
that group happen to be busy, the subscriber will 
receive engaged tone instead of N. U. 

If a dialling-out code is dialled, e.g., 7, the selector 
will be stepped to this level, and will cut-in and test 
for a disengaged junction. If all outlets are busy, 

ro Rfl.A't SET FOR BOTHmW JU/,'CT/ON FIU 9 

k'A 

MB MC MA EF 

CUF 
SF 
8 

<h.j-.� 
KR 
8 

41._'4 Ml>l2S ..-- KR 
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'I200 

y�l 1"'1---+----l-+--+--+-r--+--------_._--_.._�� � 5£� 
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FIG. 10.-CIRCUIT OF MULTI-METERING RELAY SET. 
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Fm. 11.-CoMMON MULTI-METERING SET. 
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relay BR will be operated when E releases on the last 
contact of the junction group. A break contact of 
BR will release relay G, and thus allow the rotary 
magnet and relay G to interact, driving the selector 
over the subscribers' lines that follow the junction 
group until the 11th contact of the level is reached. 
Engaged tone will be returned to the calling sub
scriber, and an earth from the S springs over the D 
wire will operate the overflow meter. 
Multi-Metering Equipment. 

'i\Then a junction relay set (Fig. 9) is used on 
routes to auto exchanges it will be necessary to equip 
each junction relay set with multi-metering equip
ment as shown in Fig. 10. The function of this 
apparatus is to count the trains of impulses dialled 
over the junction until a point in the call is reached, 
at which one of the following conditions can be 
determined :-

( 1) The appropriate fee lead to be connected to 
the meter wire. 

DU 
(2) 

(3) 

(4) 

(5) 

The call is either to a spare code or cannot be 
allowed to a coin box subscriber. 

The call is either to a spare code or cannot be 
allowed to an ordinary subscriber. 

The call is to a manual board barred to coin 
box subscribers and manual hold is required 
for ordinary subscribers. 

The call is to a manual board not barred to 
coin box subscribers and manual hold 1s 
required. 

The uniselector driving magnet receives a pulse for 
' 1 every digit dialled over the junction until discrimina

•M tion takes place, and five levels of this switch are 
� available for strapping to the various relays. The 
- operation for a typical code to an auto exchange 985 

is as follows : The switch responding to the digit 9 
steps to contact 10. (The normal position of the 
switch is on contact 1). Earth is then extended over 
the wiper of 1Vr:tvI3 and contact 10 which is strapped to 
relay SA. This relay operates and locks, causing 
the earth to be transferred to level MM4. The 
switch then responds to the digit 8, and the wipers 
come to rest on contact 18 of 1vIM4, which would be 
strapped to relay SB. Relay SB operates and 
switches the earth to MM5. The switch responding 
to the final code digit 5, comes to rest with its wipers 
on contact 23. This contact on MivI5 is strapped to 
the appropriate meter fee lead, e.g., 3 fee, and 
relays lVIB and MA operate. Contacts of lVIA and 
!VIE connect the meter lead to the 3 fee pulse lead 
while break contacts of these relays cut the uniselec� 
tor stepping circuit. 

Such a call would be barred to a coin box sub
scriber, and the operation of relay CB in the junction 
relay set, extends an earth over the CB lead into the 
multi-metering equipment, which on the operation of 
IvIA causes relay EF to operate. Relay EF operates 
relay !VIC and contacts of these two relays connect 
N. U. tone to the line. The operation of EF also 

1400 

releases the junction 
switching relay HJ, whi:h 
breaks down the junction 
route. 

If a code dialled is 
excess fee to both ordin
ary and coin box sub
scribers, or is a dead code, 
the bank contacts are 
strapped to relay EF, 
which in conjunction with 
MC applies N. U. tone. 

Fm. 12.-PARENT EXCHANGE RELAY SET, SLEEVE CONTROL. 

Should the multi-meter
ing equipment associated 
with the junction relay 
set be inadequate to deal 
with the required number 
of codes, additional appar
atus (Fig. 11), common to 
a group of junctions, is 
provided. When it is re
quired ,to take the com
mon equipment into use 
earth is extended fro� 
one of the bank contacts 
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of levels MM3, 4, 5, 6 or 7 to one of the 7 
wires connected to the 7 wipers of the common 
equipment uniselector. Relay SE which is connected 
to all these wires is therefore operated and contacts 
of SE connect relay K to the common equipment test 

U.A.X 
� 

• 

-..J--t--r-

JUNCTION 

FIG. 13. 

PARCNT EXCHANGE_ 

-
+ 

wire. If the common equipment is free, K operates 
together with its relief relay KR, thereby connecting 
the necessary leads through to the common equip
ment. The slow relay SF will also operate and dis
connect relay SE from the 7 wipers of the common 
equipment. The next train of impulses will step the 
uniselector in the common equipment, and at the end 
of the train the selector bank and contact of this 

�lllJLaJ!"'-Jl """ !!.trr lu:rr �v 
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these conditions when a manual board code is dialled, 
the bank contact is strapped to relay MA which 
operates and brings in relay MC. A contact of MC 
prepares the manual hold circuit by applying an earth 
to the MH relay in the junction relay set. Should, 
however, a coin box subscriber attempt such a call 
relay EF would also be operated, thereby causing the 
route to be broken down and N. U. tone returned to 
the calling subscriber. 

When it is required to give a coin box subscriber 
access to a remote manual board, the bank contact is 
strapped to a special lead to operate relay MC alone, 
and so apply manual hold. 

Ringing Tone and Time Pulse Equip111e11t. 

This equipment is shown in Fig. 14. When relay 
MS is operated, the three relays X, Y and Z operate 
and release in cyclic order, performing a complete 
cycle in approximately 200 milliseconds. A contact 
of relay X is used to step an 8 level uniselector and 
the banks of this switch are suitably connected to 
provide ringing and ringing tone periods, engaged 
tone and flash, and S and Z and meter pulses. 

IJ£r£R PCJl.UJ. (turr.J 
5 Z 4 3 I Z 

I RISE ALARM CCT. 
I LINE UNrT. 

I, ro ml-;;-;;;;;-

I 
i 

� 

FIG. 14.-COMMON EQUIPMENT, TONES, PULSES, ETC. 

equipment are used to extend earth to the required 
discriminating relay. It should be noted that the 
common equipment is not arranged for switching 
from wiper to wiper, as can be clone in the individual 
multi-metering equipment. 

If a relay set attempts to switch to a common 
equipment and finds it busy, relay K will fail to 
operate, therefore, when the slow to operate relay 
SF operates, it will complete a circuit for relay EF, 
which will operate and return engaged tone to the 
c:illing subscriber. 

A further function of the multi-metering equipment 
is to provide for manual hold on calls to manual 
boards obtained via distant auto equipment. Under 
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The remainder of the circuit is on similar lines to 
those used in the U .A. X. No. 5 and contains the test 
number equipment. The chief differences are that 
when the start condition is applied, the ringing 
vibrator is run continuouslv on the trembler bell 
principle which enables dial tone to be obtained from 
a suitable tapping on the transformer; further, the 
use of twin contact relays in the comrnon equipment 
has obviated the need for the duplication of contacts 
as was done in the No. 5 equipment. 

In conclusion, the authors desire to thank Messrs. 
General Electric Company, Ltd., for the photograph 
of the multi-metering relay set, and !\fr. A. J. C. 
Henk for details of cabling arrangements, etc. 



A Method 
Faults 

of Locating High Resistance 
in Loaded Cables 

A. ROSEN, Ph.D .. A.M.1.E.E:. 
(Messrs. Siemens Bros. & Co., Ltd., 

Woolwich) 

INTRODUCTION. 

L_J IGH resistance faults are generally trouble

! 1 some to locate as they are usually variable in 
nature. The value of the fault resistance is 

liable to change erratically and as a rule is affected by 
the strength of the current passing through it. 
Hence in these cases, methods of location which 
depend upon more than one reading being taken, 
during which time the fault is assumed to remain 
constant, do not give accurate results. 

The method to be described depends essentially on 
a change in the fault resistance, and therefore it can 
be applied in cases where other methods fail. Briefly, 
it consists of measuring the impedance of the faulty 
conductor wit\1 earth return by means of an alter
nating current bridge, and noting the values as 
the fault resistance changes. From the readings 
obtained and the phase constant of the circuit, the 
distance of the fault can be calculated. 

THEORY. 

Let the attenuation and phase constants of the 
circuit be (3 and a respectively, and the propagation 
constant 

Y = (3 + jo. 

Let the fault be at a 
distance l from the measur
ing end, and let the distant 
end of the line be terminated 

FIG. 1.-Pos!TION OF b 't h . . 
FAULT IN LINE. 

y I s c ara�tenstlc im-
pedance, Z0 (Fig. 1). 

. vVhen the fault has a resistance RP the measured 
nnpedance 

Z 
(Z0 + R,) cosh yl + Z0 sinh yl 

(l ) I = Zu-=---"-�.,--���-'---'-�--"-��� Z0 cosh yl + (Z0 + R1) sinh yl · 
. .  

· 

vVhen the fault changes by an amount oR to R2, 
the measured impedance 

22 = 
20 

(Z0 + R2) cosh yl + Z0 sinl�J'! 
Z0 cosh yl + (Z0 + R2) sinh yl .

. . .  (Z) 
The change of impedance Z, - Z2 = oZ = oZ/8 

oR 
{cosh -yl + (1 + R1/Z0) sinh yl} 

{cosh-yl + (1 + R2/Z0) sinh-yl} ... (3) 

oR. e-2Yl/D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3a) 

where D = l + (R, + R2)/2Z0 + R1R2/4Z02 
- { (R, + R2)/2Z0 + R1R2/2Z02} e-2I1 + (R,R2/4Z02)e-1'1 

Let the angle of D be 0. Now oR is of zero angle, 
and the angle of e-2Yl is - 2al. 

:. e = - (2al + 0) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4) 
VOL. XXVIII. 

Thus 0 will be small 
(a) when R1/Z0 and R2/Z0 are small compared 

with 1, i.e., for small values of fault resist
ance; 

(b) when Z0 is of small angle (i.e., when dealing 
with loaded lines), and 2al is approximately a 
multiple of rr. 

Fig. 2 shows the manner in which 0 varies with 
the ratio R/Z (assuming the fault varies about a 
mean value R), and with the angle 2al; attenuation 
effects are neglected. 
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FIG. 2.-VARIAT!ON OF ERROR WITH PHASE CHANGE 
AND WITH MAGNITUDE OF FAULT. 

\i\Then 0 can be neglected, the distance of the fault 
is given by 

l = - 8/2a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . ... . . (5) 
It will be observed that the angle 8 is always 

negative and that the location is independent of the 
actual value of the fault resistance. 

The magnitude of the change in the fault resistance 
is given by 

oR = oZ e2f31 • • . . . • . . • • • • • . • • • • • • • • • • • • • • • . • • • • • • • • • • •  (Sa) 

METHOD OF TEST. 

� 6fil 
(a! (�} 

. 

FIG. 3.-!MPEDANCE 
MEASURING BRIDGES. 

(a) Series inductance bridge. 
(b) Series condenser bridge. 

The impedance bridge 
used should preferably be 
one of the series type, in 
which the resistance com
ponent A is read directly. 
In the series inductance 
bridge, Fig. 3(a), Z = R 
+ jwL, and in the series 
condenser bridge, Fig. 3(b), 
Z = R - j/wC. 

If successive vector values of Z = A + jB, 
obtaine? �s the fault resistance changes, are plotted, 
the resistive component A along a horizontal axis 
and the.reactive component B vertically (Fig. 4), the 
locus will be a straight line when e is in the neigh
bourhood of nr., n being a negative integer, i.e., 
when the change in the impedance is practically all 
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f z,/�'!.--
B z,/ 

Fm. 4.-Locus OF 

IMPEDANCF VECTOR 

WHEN FAULT RE

SISTANCE CHANGES. 

resistive. (The locus will be a 
straight line for all values of e 
when R/Z is sufficiently small). 
If the angle measured from the 
A-axis to the locus in a clockwise 
direction is - 8, then e = n7r + 8. 
Since a is very nearly propor
tional to frequency, by a suit

able choice of frequency it is possible to arrange that 
E> is approximately equal to 111r. Fig. 2 shows that 
the error in neglecting 0 is greater for even values 
of n than for the odd values; e.g., with R/Z = 10 
when 2al = 179°, 0 is 1° whereas when 2al is 359°, 
0 is 5°. Hence it is preferable for large faults to 
select odd values of n. 

To determine suitable testing frequencies, two 
preliminary sets of readings are taken with a small 
frequency interval between them, such that n will be 
the same for both. Let these be f 1 and f 2, and let 
the corresponding values of 8 be 81 and 82 respec
tively. Then since a � 2rrf v CL, where C, L are 
the capacity and inductance per unit length respec
tively. 

l= 
111r + ()2 
47rf 2,,/ CL 

82-81 ( ) 
4rr(f 1 - f 2) v CL ....... ... . .. . 7 

This gives a rough value for l which is then used 
to calculate a frequency at which e = nir, n being 
preferably odd, i.e., 

f = n/4,,/CL l ..................... ..... ... ....... (8) 

= nrr(f1 - f2)/(82 - 81) ... . ................ (Sa) 

If a test by another method has been made which 
gives the approximate position of the fault, the pre
liminary readings would not be necessary, and 
equation (8) can be used directly. 

A series of readings is then taken at this frequency, 
and an accurate value for 8 obtained. It is desirable 
to use two or more frequencies which are multiples 
of the lowest, in order to obtain check values. 

In applying the above equations, it should be 
remembered that n, El and 8 are all negative. 

DETERMINATION OF THE PHASE CONSTANT. 

The phase constant may be conveniently deter
mined by means of an A.C. bridge, using the 
" open " and " closed " method. If Z1 Zc are the 
respective impedances with the distant end of the 
line open and short-circuited, then 

1 2h sin iii 1 
a = 2T; 2mir + tan-1 l _ h2 ) ............. (9) 

where hf-./! = v (Zc/Zt) 
l1 = total length of line, 

and mis ar. iceger. 
When t:1e angles of Zt and Z0 are the same, 

sin iii = 0, and equation (9) simplifies to 

a. = inir/l, . . ............ . ... ... . .... .. . . ...... . . .... (10) 
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Hence a simple method is to adjust the frequency 
until the angles of the " open " and " closed " 
impedances are the same, and then to use equation 
(10). The angles are the same when RtCt = R0C0 
for the condenser bridge, or Rtf Lt = Re/Le for the 
inductance bridge. 

The value of m is determined from the approx11nate 
relation 

a� 2irf ,,/CL. 
C the capacity and L the inductance per unit length 
refer to the conditions under which the test is made, 
i.e., a single wire with earth return. The capacity 
is approximately 1.6 times the mutual capacity of a 
side circuit for a multiple-twin cable and 1.9 times 
for a star quad cable. The inductance is approxi
mately one-quarter of the inductance of a pair for a 
coil-loaded cable (side circuits only loaded) and one 
half for a continuously loaded cable. 

EXPERI�IENTAL VERIFICATION, 

A trial was carried out on a 4-mile length of con
tinuously loaded 14-pair cable. The pairs were 
looped up to form a long length and an artificial fault 
was inserted in one wire at a distance of 4 miles, 
measurements being made on the pair. vVhilst good 
agreement was obtained with the formul� for small 
values of the fault, there was a marked discrepancy 
for the larger values. This was attributed to the 
following cause :-

The capacity system of a balanced pair is as shown 
in Fig. 5. Each of the wires AB has a capacity to 

FIG. 5.-CAPAC!TY 

SYSTEM OF 
BALANCED PAIR. 

earth C0 and there is a capacity 
Cw between them. Under normal 
working conditions the potentials 
of A and B are symmetrical with 
respect to earth and effective 
capacity is Cw + tC,. When a 
large resistance is inserted in 
series with one wire, the sym
metry is disturbed. The effective 

capacity is no longer Cw + !Cc and consequently the 
characte-ristic impedance- -no-longer has the same 
value. This was verified by inserting equal resist
ances in each wire of the pair, so that the bala nee to 
earth was not disturbed, and it was found that the 
discrepancies disappeared. 

In practice of course, a fault would occur only in 
one wire, and hence a test on a balanced pair would 
leacfto error. The difficulty was overcome by start
ing with an unbalanced circuit, i.e., using one \vi re 
of the pair with earth return. In this case, looping 
up to form a long circuit was no longer possible, 
owing to the induction between circuits in the same 
cable using earth return. The effect.of a long cable 
was simulated by a resistance-condenser combination 
which was adjusted for each frequency to the charac
teristic impedance ef the cable under the new con
ditions, and the artificial fault was inserted between 
the end of the line and the network. 

The results are shown graphically in Fig. 6, in 
which the impedance is plotted for the four fre
quencies 915, 1830, 2745 and 3660 cycles, correspond-



FJG. 6.-EXPERIMENTAL RESULTS USING VARIABLE ARTIFICIAL 
FAULT RESISTANCE. 

ing lo 2u.I = respectively. The 

characteristic impedance is of the order of 200 ohms, 
and it will be seen that for small values of fault 
resistance (up to 20 ohms, i.e., R/Z = 0.1) the locus 
is a straight line for all cases, and e is equal to 
- 2o.I. In the neighbourhood of 2nl = rr and 2rr, the 
locus is approximately straight for quite large values 
of fault resistance; at 2o.I = rr it is more nearly 
horizontal than at 2a1 = 2rr, confirming that the error 
is less for odd values of 11. 

PRACTICAL APPLICATION. 

A high resistance fault on a submarine cable had 
been tested by the Reid method, 1 during which the 
fault had varied from 12 to 1488 ohms : the results 
varied from 3.94 to 4.62 miles from one end, with a 
mean of 4.36 miles. 

The A.C. bridge method.was applied, the impedance 
of the faulty wire being measured with the other 
wires of the quad put to earth. The bridge used is 
shown in Fig. 7, a 10: 1 ratio permitting variations 
of 1/100 ohm to be easily observed. 

cilt 

FIG. 7.-SERIES CONDENSER BRIDGE USING 10: 1 RATIO. 

It was then found that the fault had practically 
disappeared, and during· the time of waiting for the 
fault to reappear, the phase constant was measured. 
Actually, the faulty wire was used for this measure
ment, the other wires of the quad being put to earth. 
(Had the fault been observable, the second wire of 
the pair would have been used. The balance between 
the wires of the pair is such as to give the same values 
for the constants, whichever be used. The results 

l" Cable Testing," by E. S. Ritter; I.P.O.E.E. Paper No. 104. 

of the phase measurements are shown in Fig. 8. 
Since a is very nearly proportional to frequency, it is 
more convenient for interpolation to plot a/f against 
frequency. 

•28 

27 
"I'.. 
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4 6 8 10 12 14 16 18 2ox102 
FREQUENCY-CYCLES PER SECOND. 

FIG. 8.-\TARIATION OF a/f WITH FREQUENCY. 

Towards the end of the second day a small 
variation of the fault was observed and a series of 
readings was taken at three frequencies. The results 
are shown in Figs. 9, 10 and 11. The deduced 
position of the fault is shown in the following table : 

TABLE. 

I I 
e f a a 

e e -

radians 
-

cycles f I degrees. radians. 2a 
x 103 I 

per naut. nauts 
·--

750 0.2695 I 0.2021 - 102.2 - 1.785 ' 4.41 
1500 0.2583 I 0.3874 - 196.3 - 3.426 4.42 
2250 0.2580 0.5805 - 295.4 - 5.156 4.44 

I 
Mean. 4.42 

�.J t-���--��-+--'r"-���--1 
93-2 

.31.J 

"Frequenc!I 750 C!Jcles 
8=-/02·2° 

Variation of Modulus 
=41 Ohms. 

.314 .J/5 316 
A - ohms. 

FIG. 9.-TEST ON SUBMARINE CABLE. VARIATION OF 
IMPEDANCE AT 750 CYCLES. 
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Frequency 1500 cycles. 
B=-t.96·J0 

Variation of Modulus = 

4·2 ohms. 
-61��--����--����...L...��_;;;;;;;j 

300 301 302 303 
A -Ohms 

F1u. 10.-TEsT oN Sum1ARINE CABLE. VARIATION OF 
IMPEDANCE AT 1500 CYCLES. 

The observed change of modulus ranged from 
4.7 to 3.75 ohms, corresponding to a change of fault 
resistance of about 8 ohms. The agreement between 
the three sets of readings to less than one per cent. is 
remarkable, considering that the fault variation was 
only 0.2 per cent. of the loop resistance of the pair. 

Up till the time of ·writing, it has not been found 
necessary to remove the fault, but the agreement 
with the D.C. Reid test and other evidence show that 
the location obtained by the impedance-variation 
method is accurate to one per cent. 

CONCLUSION. 

The location of high resistance faults is generally 
a tedious process. Faults disappear completely for 
days, and become tantalisingly variable when they 
reappear. The method described above may require 
considerable patience in waiting for the necessary 
changes of resistance; the more variable the fault, 

/0:35pm 

� 
t§-301--�--�---4-----l'--�-1---��--t 

t 
'Q 

Frequency cc.50 cycles 
B==-2.95·4° 

Variation of Modulus= 
.3·7.5 ohms. 

FIG. 11.-TEST ON SUBMARINE CABLE. \T.IRIATION OF 

IMPEDANCE AT 2250 CYCLES. 

the sooner the measurements can be completed. It  
is capable of a good degree of accuracy even when 
the fault is quite small, and should prove useful as a 
complementary method to those already known for 
the purpose. 

The author wishes to express his thanks to the 
Research Section of the Post Office Engineering 
Department for co-operation in the practical tests 
described, and will be glad if readers who try the 
method will communicate to him the results of their 
experiences. 

Telephone Line Insulators of Various Types 

A Research Report dealing with comparative tests 
on porcelain, glazed and unglazed, American glass, 
pyrex glass and black composition insulators has just 
been issued. The tests were carried out both in the 
laboratory and also on insulators which had been 
exposed to the weather for two years in various 
districts. Consideration was given also to tests 
carried out on i·ecovered composition insulators. 

Unglazed porcelain insulators deteriorate on ex
posure to a greater extent than the glazed type, and 
the loss of insulation resistance cannot be recovered 
by cleaning. The tests on recovered composition 
insulators show that a very large percentage fail the 
specification tests on the reduced requirements for 
recovered insulators. The tests show that the 
original characteristics of g·Iazed porcelain insulators 
can be restored, after a period of exposure, by clean
ing, and the general conclusion is that they are 
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superior to compos1t1on insulators which undergo a 
permanent deterioration. 

The American double shed glass insulators are also 
inferior to glazed porcelain insulators in respect of 
lower initial D.C. resistance, and in that they are 
permanently affected after a period of exposure. A 
direct comparison with Pyrex glass insulators was 
not possible since only Pyrex glass insulators of the 
single shed pattern were available. Pyrex glass 
insulators were, however, found to have a high A.C. 
insulation resistance even under adverse atmospheric 
conditions. It is for this reason that they have been 
used to a considerable extent in the U.S.A. on open 
wire lines where carrier working is employed. 

The general question of the suitability of glass as 
an insulator material is being investigated at length 
by an E.R.A. committee on which the Post Office is 
represented. 



Ultra Short Wave Radio Telephone Circuits 
to Northern I rel and A. J. A. GRACIE, B.Sc., A.M.l.E.E. 

I 11troduction. 

T
HE general expansion in telephone traffic 

following the reduction in trunk tariff rates, 
brought into force in October, 1934, neces

sitated the provision, at short notice, of additional 
circuits to Northern Ireland. This necessity imme
diately raised the question of utilizing radio circuits 
for spanning the sea portion of the route as a possibly 
cheaper alternative to a submarine cable. 

A previous article1 described an experimental radio 
circuit, operative on wave-lengths round 5 metres, 
which was installed in 1933 for communication across 
the Bristol Channel between Lavernock and Hutton 
and which was extended at each end to Cardiff and 
to vVeston-Super-!viare respectively. This circuit 
was operated on traffic for data purposes for over a 
year and, considering the experimental nature of the 
apparatus, the circuit proved very stable. It was 
therefore decided to develop a multi-channel equip
ment on similar lines and a six-circuit radio equip
ment was designed and constructed in the Radio 
Laboratories at Dollis Hill. This equipment, when 
assembled, was set up for test purposes at two points 
near Bristol and Cardiff and measurements of fre
quency constancy, transmission stability, cross-talk 
and such matters vitally affecting the performance of 
the equipment were carried out. These tests were 
still in pr?�ress and slight modifications to the equip
ments ansmg from the results of the tests were in 
process of being carried out, when the urgent 
demand for additional circuits to Northern Ireland 
arose. 

A quick survey of the relative economics of radio 
versus submarine cable as a means of conveying the 
speech across the North Channel showed that the 
radio circuits seemed likely to be the cheaper alterna
tive, besides possessing some other incidental advant
ages. Enquiries from British contractors revealed 
�hat sui.table ra.dio equipn�ent could not be produced 
m the time available and 1t was therefore decided to 
transfer the Post Office six-circuit equipment from 
the Bristol Channel to the North Channel. 

Sites. 

A survey was therefore made and, in carrying out a 
search for possible sites, the following requirements 
were borne in mind-(a) the two sites should be with
in optical range of each other since .the behaviour of 
ultra short waves is liable to become erratic over non
optical di�tances, (b) they should be reasonably near 
to a public power supply and to a main telephone 
route, (c) they should be at least a quarter-mile from 
a main road to avoid interference from motor car 
ignition systems, (d) an area approximately 300 yards 

1 P.O.E.E. Journal, Jan. , 1933. "Ultra Short Radio 
VVaves." F. E. Nancarrow, 

by 80 yards should be obtained to allow for possible 
future expansion, (e) the sites should preferably slope 
downwards in the direction of transmission, (f) the 
annual rental should be small. It will be realized 
that the various requirements were in some respects 
contradictory, but two sites were eventually selected 
which fulfilled requirements very well. One of these 
w'.ls situated near Ballygornartin, a village about Zt 
miles N. V\T. of Belfast and having an elevation of 800 
feet above sea level, while the other was on Enoch 
Hi

.
11 about l mile east of Portpatrick, in "\i\Tigtown

sh1re and some 250 feet above sea-level. The 
distance between these two points was about 36 miles, 
but the elevated situation of the Ballygomartin site 
allowed an optical path between the two centres. 
The appr�ximate location of the sites is shown in Fig. 
I. The site at Enoch Hill wao within one mile of the 
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Portpatrick radio station which transmits telegraph 
and telephone messages to ships on wave-lengths 
ranging from 160-650 metres, and it was feared that 
harmonics of these longer wave emissions might 
cause interference to reception on the ultra short 
wave circuits. As it happened, however, the main 
transmitter at this station was in process of conver
sion from spark to valve working and hence it was 
possible to give consideration, in the design of the 
output circuit, to the prevention of even feeble radia
tion on the higher harmonic frequencies. The steps 
taken proved adequate, no interference eventually 
being experienced. 

Erection. 

As soon as the site question had been settled 
arrangements were put in hand for the leading-in of 
the necessary power supply and land line extension 
circuits, for the erection of the aerial system, and for 
the provision and erection of the huts to house the 
radio equipments. This work, which was put in 
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hand in early October, involved among other things 
the laying of a new telephone cable, in existing ducts, 
from the Portpatrick site to Stranraer (approximately 
6 miles) and the provision of two miles of I-I.T. power 
line on the Irish side, but by mid-December opera
tions were sufficiently far advanced, in spite of bad 
weather, to allow the radio apparatus lo be trans
ferred to its new quarters. The completion of tlic 
power supply arrangements, assembly of the appar
atus, connexions to land-lines and aerial systems, and 
charging of batteries occupied a further fortnight, 
and it was not until Saturday, December 22nd, that 
it was possible to conduct the first radio tests across 
the channel. It speaks well for the design of the 
radio equipments and for the preliminary testing 
work carried out across the Bristol Channel that, two 
days later, one circuit was brought into commercial 
use and early on Xmas day, four additional circuits 
were handed over for traffic purposes as part of 
London-Belfast and Glasgow-Belfast trunk circuits, 
the sixth circuit being retained as a speaker circuit. 
It should also be mentioned that, since Xmas day, 
the circuits have been in practically continuous use, 
apart from a short withdrawal, one at a time to 
enable some aerial modifications to be carried out. 

Equipment. 

The general arrangement of huts and aerials is well 
illustrated in Fig. 2 which shows the receiving hut 

FIG. 2.-ENOCll H11.1. SITE. 

and receiving aerials on the Enoch Hill site. The 
hut is of wood, some 26 feet by 20 feet, and contains 
the apparatus room in which are situated the radio 
(receiving), land line terminating and battery charg
ing equipments, a battery room, and office accom
modation. A similar hut, some two hundred yards 
away, is used to house the transmitting equipment. 
The aerials, which are designed to concentrate the 
transmitted and received energy in the desired direc
tions, are suspended from 40 foot telegraph poles and 
consist of a number of half-wave radiators-mostly 
of the horizontal type-fed in phase. All the trans
mitting arrays, six on each site and each tuned to a 
slightly different frequency, are grouped in close 
proximity to each other, with the receiving aerials, 
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also grouped together, situated �ome two hundred 
yards away in order to minimize " throw-in " be
tween the go and return paths in each radio '' four
wire 11 circuit. Since the photograph w�s taken, 
reflec�ing curtains and additional radiating curtains 
have been added to the arrays, each of which gives 
an energy concentration, compared with a simple half
wave doublet, equivalent lo an increase of transmitted 
or received power of 12 decibels. The radio fre
quency energy is feel lo or from the aerials by parallel 
open wire transmission lines, rigidly kept at con
stant spacing by pyrex tube separators, and special 
quarter-wave lines are used to match the impedance 
of the array systems to the surge impedance of the 
lines-thus obviating renexion losses. 

Twelve radio frequencies in all are used, six in 
each direction, the corresponding wave-lengths all 
lying between 4 and 6 metres. One set of the trans
mitting apparatus is shown in Fig. 3, the six trans
mitters being shown mounted one above the other on 

FIG. 3.-TRANS�llTTER B,\\'S, IVITll COVEil REMOVED. 

the right hand side of the photograph. The incom
ing speech on each channel is amplified and is then 
passed to a " Class B 11 modulator equipped with 
two ten-watt valves of rather special L.S .SX type, 
the output of which is arranged to modulate the volt
age applied to the anodes of the high-frequency oscil
lator. This oscillator consists of a pair of valves of 
somewhat similar type to the modulator valves, but 



with a higher " m " factor, working in push-pull in 
a self-excited circuit, reaction being applied between 
the grid of one valve and the anode of the other valve 
through a small condenser. The anode circuit of 
the oscillator is tuned by a variable condenser \l'hich 
is specially compensated to correct for variations in 
the transmitted frequency clue to temperature 
changes and by means of this condenser and by the 
use of secondary cells for ali power supplies, the 
frequencies of the transmitters arc maintained 
sufficiently constant to give the necessary degree of 
transmission stability. The high frequency powe1· 
output from each transmitter is of the order of 5 

watts. 
A general view of the receiving equipment is shown 

in Fig. 4. The receivers used arc of the super 

common oscillator, through a .buffer amplifier to 
obviate cross-modulation, to all the radio frequency 
oscillator-detector stages. Provision is made for the 
automatic switching-in of a spare quench-frequency 
oscillator in the event of a failure of this component. 
The high frequency stages arc shown on the top 
right hand side of the photograph, with the quench 
oscillators below; the centre panel is occupied with 
monitoring and power-supply apparatus and at the 
bottom of the left hand rack are mounted six line 
amplifiers for controlling the speech level delivered 
to the radio transmitters and above, test oscillators 
and speech level measuring equipment. Tests have 
shown that the automatic volume control of the 
receiver output results in a very constant transmis
sion equivalent of the overall circuit and no provision 

FrG. 4.-Rl!clllvrn BAvs. w1T11 covrn REMOVED. 

regenerative pattern, a type which is extremely 
efficient at the frequencies employed and which com
bines the merits of low cost, an enormously high 
amplification in a minimum number of stages, and 
automatic control of output volume. As in the case 
of the transmitters, individual radio-frequency 
circuits arc used for each speech channel, but the 
supersonic " quench " frequency is applied from a 

of voice-operated devices is necessary. Each radio 
path is operated at a gain of 5 decibels. 

As previously stated, all power supplies to the actual 
radio equipments are provided from secondary cells. 
These are charged from the power supply mains via 

copper-oxide rectifiers, no machines being used. A 
special " noating battery " arrangement is employed, 
the bRttery voltag·es being kept at constant levels, 
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within very fine limits, by means of thyratrons which 
control the charging currents. A photograph of one 
of the charging panels is shown in Fig. 5. The four 
batteries, two 30 volt 72 amp. hour for filaments and 

F10. 5.-THANSMITTRil POWER Cumcu:. 

300 volt 16 amp. hour and 150 volt 16 amp. hour for 
anode supplies, enable the circuits to be maintained 
in working order for some eight hours in the event 
of a power supply failure. 

The radio equipments are designed for unattended 
operation, and experience during the first five months 
of this year has shown that very few troubles are to 
be anticipated. 

Connexion between the radio circuits and the land 
line circuits is effected through suitable transformers 
at the radio sites and hybrid coils are provided at the 
terminal exchanges, normal '' four-wire '' trunk 
working thus being adopted. Ringing is effected by 

500/20 cycle tone generators: Th� radio circu�ts 
on the Irish side normally terminate m Belfast, while 
on the Scottish side, three circuits are normally 
extended to London, one to Liverpool and the remain
ing two to Glasgow. The signal noise ratio on the 
radio circuits measured by a volume indicator having 
a flat response up to 4000 cycles averages 47 decibels, 
and the level of noise on the -0verall trunks-which 
are lined up as 3 db. circuits--compares well with 
the submarine cable routes and is sufficiently low to 
enable the circuits to be extended, if desired, to the 
Post Office overseas radio links. 

Advantages. 

The radio apparatus described is comparatively 
inexpensive to produce and annual maintenance costs 
should be low due to the low power and to the small 
number of valves used, while the equipments have 
already demonstrated that they are capable of pro
viding reliable links in the general telephone network. 
There is thus good reason to believe that the use of 
ultra short wave circuits threatens to become a 
serious competitor to the use of submarine cables 
over short sea-routes, particularly in cases where, 
due to rocky sea-beds, tidal action and shipping, 
maintenance costs of cables are liable to be high. 
Although the chances of failure of individual circuits 
for short periods is greater in the case of the radio 
circuits than in the case of the submarine cable, there 
is much less likelihood of an extended breakdown of 
a number of circuits simultaneously, as was well 
exemplified over the 1934 Xmas period when, due to 
the exceptionally stormy conditions, several cable 
circuits were rendered inoperative. 

An additional advantage offered by the radio links, 
in the matter of costs, is that additional circuits can 
be added, one at a time if necessary, to meet actual 
traffic requirements and thus the desirability of pro
viding spare circuits at the outset, to meet possible 
future traffic growth, does not arise. Further it 
would be a comparatively simple process to shut 
down one or more of the radio circuits if not irequired 
-say at night-time-by remote control from the 
terminal exchanges or adjacent repeater stations, 
thus economising in power and valve costs. 

In conclusion, it will be appreciated that the rapid 
manner in which the circuits described above were 
brought into action was only rendered possible by 
the close co-operation of several Branches of the 
Engineer-in-Chief's Office, by the untiring efforts of 
the staff of the Scotland-West and Nor th Ireland 
districts, and by real hard work on the part of 
members of the Radio Experimental Group whose 
dubious, though possibly adequate reward, was to 
spend Xmas day watching " bob calls " passing 
successfully to and from our friends in Northern 
Ireland. 



Recent Developments in Telephone Repeater 
Station Power Plant F. w. G. DYE 

Introduction. 

T
ELEPHONE repeater equipment has formed 

the subject of many recent articles, each of 
which has dealt primarily with the repeater 

itself. The associated power plant has not been 
described in any detail and this perhaps was natural 
as, until quite recently, development and new design 
were confined to the actual amplifying equipment. 
The original design of power plant has been adequate 
to meet the conditions imposed by the introduction 
of any new type of repeater at existing stations and 
development had necessarily to be deferred until ne\\· 
stations were required, which occurred during the 
latter part of 1934. New stations, at vVhitchurch 
(Salop), Kidderminster and Oxford, had then to be 
considered in connexion with the London-Liverpool 
cable, and the opportunity was taken to design the 
power plant to embody the following features which 
experience had proved to be desirable :-

(a) Continuously floating filament and anode 
batteries. 

(b) Automatic voltage regulation of floating 
generators. 

(c) Automatic voltage regulation of filament dis
charge circuit. 

(d) Automatic starting of standby engine. 

BATTERY SUPPLIES. 

There are three separate battery supplies required 
in a modern repeater station, the voltages and uses 
of which are given in Table I. For simplicity, they 
will be referred to under the Department's designa
tion of " A," " B " or " C " Battery. 

Departmental 
designation. 

" A " Battery 

" B "Battery 
" C "Battery 

TABLE I. 

Voltage. 

24 

130 
10 

Purpose. 

Filament heating and 
relay circuits. 

Anode potential. 
Grid priming. 

" A " Battery. All relay circuits 111 the station 
are connected to this battery via a choke in the 
negative lead. The choke is required to prevent 
voltage fluctuations across the filament circuits, due 
to the back ErvIF set up by the relays on release. 

Only 21 of the 24 volts are used for the actual 
filament circuits, 3.0 volts being dropped in the 
resistance of the automatic voltage reguJa.lor. Four 
valve filaments are connected in series requiring, in 
a 4-wire double stage repeater, a total of 12 volts, 
i.e., two four-volt and two two-volt valves per 
repeater. The remaining voltage is dropped across 

resistance spools and is used for automatic grid 
priming and adjustment of filament current. In 
2-wire and 4-wire single stage repeaters four-volt 
valves are used throughout, requiring a total of 16 
volts. Insufficient voltage remains to provide all the 
grid priming required and a C battery supply is 
therefore necessary for both these types of repeater. 

" B " Battery.
· 

This supply is required for the 
anode potential to the valves. Prior to 1933, 130 
volts were provided on l\'Iessrs. Standard Telephone 
and Cables' installations and 150 volts on :Messrs. 
General Electric Co's installations, but all valves 
have now been standardised to work with 130 volts 
on the anode and ,the B batteries at all new 
stations have this voltage. 

" C " Battery. As already mentioned, this supply 
is required only at stations in which 2-wire or 4-wire 
single stage repeaters are installed. Two 10 volt, 
16 ampere-hour batteries are provided and used alter
nately to furnish a current of 10 milliamperes through 
a potentiometer from which 4 and 8 volt tappings are 
taken to the grid circuits of the repeaters. A 
variable resistance is connected in series with the 
potentiometer to maintain the current of 10 milli
amperes and an alarm contact type of milli-ammeter 
is provided to indicate any variation in current. As 
the batter.ies are of small capacity, they are charged 
from the working A battery and no special 
equipment is required other than the necessary 
change-over switches, resistances and indicating 
instruments. 

CONTINUOUSLY FLOATING A AND B BATTERIES. 

Experience has proved that the system of con
tinuously floating batterjes is an economical one, 
permitting the use of much smaller machines and 
batteries compared with the charge and discharge 
scheme, with a consequent reduction in capital costs 
and building dimensions. Prior to the new design 
of plant it was the practice to install duplicate 
batteries, each having a capacity sufficient for a 
discharge of 48 hours, and to work them on a charge 
and discharge basis. The charg•ing generators had 
outputs sufficient to complete a charge in 9 hours. 

The first installation of the new design was pro
vided at Whitchurch and is of an experimental 
nature. The batteries and generators are provided 
in duplicate and worked on the continuously floating 
basis. The A and B batteries consist of 12 and 
65 cells respectively, and they are floated at 2 volts 
per cell to provide 24 volts and 130 volts. This is 
contrary to usual practice, which is to fl.oat at 2.15 
volts per cell to maintain the battery in a fully 
charged condition. If this procedure were adopted 
it would result in an A battery voltage of 25.8 and 
a B battery voltage of 139. 75 which values are in 
excess of those required. A power wastage would 
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therefore occur which, at the maximum values of 
floating current, would be considerable. An alter
native would be to provide 11 cells and 60 cells for the 
A and B batteries, in which case 24 and 130 volts 
would be obtained by floating at 2.15 volts per cell, 
but these voltages would immediately drop to 22 and 
120 in the event of a failure of the floating genera
tors. 

As the open circuit voltage of a secondary cell 
when fully charged is 2.1 volts, each battery when 
first connected to the load is allowed to discharge 
for a short period until the voltage has reduced to 
2.0 volts per cell. The floating generators are then 
connected and their automatic voltage regulators 
maintain a voltage of 24 and 130 across the A and 
B batter.ies for the remainder of the floating 
period, which is one week for each set of batteries. 
At the encl of this period, the second set of batteries 
is put into service in the manner described above and 
the first set is given a short reconditioning charge 
from the second A and B generators to make 
good the capacity lost during their floating period. 
As the generators are duplicated, it will be seen that, 
in effect, a reserve machine is available in the event 
of a failure of the one on floating duty and, in view 
of this, the battery itself will very seldom be called 
upon to serve the equipment unaided. Comparatively 
small batter,ies can therefore be used and it was 
decided that their capacity need be sufficient for only 
one hour's supply. 

The output of the generators is that required under 
floating conditions, but the generators must also be 
capable of normal charging duties, and as the ampere 
hour capacity of the batteries is small, they can, if 
necessary, recharge the batteries in 4-5 hours. 

A comparison between the sizes of batteries and 
generators for the original and new design of plant 
is shown in Table II. The maximum discharge 
current for the A and B supplies has been assumed 
to be 100 amperes and 15 amperes respectively for 
both designs. The 15 amperes include a small per
centage for emergency lighting. 

TABLE II. 

A-hr. capacity at 9 hour 
Generator outputs. rate. 

Design; .. 
A B A B 

---

Original 4,800 580 600 70 

New 400 60 100 15 

It will be appreciated that the elimination of audio
frequency ripple from the floating generator is of the 
utmost importance. Any fluctuation of battery 
supply to the repeaters will of course be amplified 
and result in noisy circuits. This possibility be
comes more serious where two or more stations on a 
cable route are employing the floating system as each 
would add its complement of noise to the circuits. 
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The elimination of generator ripple therefore forms 
an .important part of the specification for floating 
type generators. A smoothing circuit is necessary 
consisting of a choke coil and, when required, electro
lytic condensers. The permissible limits of audio
frequency fluctuations from the generators are as 
follows:-

Noise measured across the generator terminals 
without smoothing equipment must not exceed 
that equivalent to 2 milli-volts R.M.S. of 800 
c.p.s. noise per D.C. volt generated, at full load 
current. 

The noise of A generators, which for the pur
pose of the above test have a voltage of 25 volts, 
must not exceed that equivalent to 50 milli-volts 
at 800 c.p.s. The corresponding figure for B 
generators is 262 milli-volts as these machines are 
tested at a D.C. voltage of 131 volts. These values 
were specified .in order to ensure that generators 
having reasonably small noise-content would be 
obtained. Further values, covering the ultimate 
limits of noise at the bus-bars in the repeater room 
are:-

" A " Gene·rators. 
vVhen floating across the station A battery 

via the smoothing circuit, the noise measured at 
the bus-bars in the repeater room must not 
exceed that equivalent to 0.5 milli-volts R.M.S. 

at 800 c.p.s. at any value of current from ± to 
full load. 

" B " Generators. 

The test to be similar to the above except that 
the noise measured must not exceed that equiva
lent to 7 milli-volts R.M.S. at 800 c.p.s. 

Under these conditions the respective batteries play 
an important part in the elimination of noise, as they 
provide a low impedance shunt path for the generator 
ripple. In view of this the lay-out of the plant must be 
such that the shortest possible route is obtained for 
the cables between the batteries and power board, in 
order that the resistance shall be kept as small as 
possible. A further precaution is taken by arrang
ing each battery in two halves standing side by side, 
with the connexion between them at the end remote 
from the power board. A " loop " circuit is thereby 
formed which results in the battery inductance being 
reduced to a minimum. The reduction of inductance 
is more important than the reduction of resistance, 
since it has been found, in the majority of cases, that 
the A.C. ·impedance of a secondary cell battery has 
an inductive reactance which, at 800 c.p.s., is greater 
than its effective resistance. In view of this, 
generators having a low frequency ripple are most 
likely to fulfil the conditions. 

Low frequency ripple is also preferable to high 
frequency due to the fact that the ear is considerably 
less sensitive to low frequency notes than to those of 
the order of 1000 c.p.s. of equal amplitude. This 
fact can be seen from the curve in Fig. l which has 
been reproduced from a report issued by the Comite 
Consultatif International. The weighted values 
indicate the amount of disturbance caused at different 
frequencies relative to that at 1050 c.p.s. for equal 
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FIG. 1.-RELATIVE DISTURBANCE OF DIFFERENT 
FREQUENCIES. 
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values of disturbing voltage, e.g., the disturbance at 
a frequency of 400 c.p.s. would be only 0.2 of that 
at 1,050 c. p.s. . 

As the disturbance effect is a funct10n of frequency 
as well as of amplitude, an instrument capable of 
measuring only the latter is not alone sufficient. The 
measuring set actually used for the . generator ti;sts 
is one designed by the Research Sect.ion an�

, 
coi:s1sts 

essentially of a valve-voltmeter havmg a weight
ing '' network in the input which gives an overall 
frequency response similar to the curve shown 111 

Fig. 1. In this way an allowance for frequency is 
provided and a result obtained which is a measure 
of the disturbing effect as distinct from actual 
disturbing voltage. 

'i\Tith the A and B generators at vVhitchurch 
floating with full load current, the noise level at the 
output of a 2-wire repeater on full gain, measured 
across a non-reactive resistance of 600 ohms was 
found to be - 76 db. below 1 milli-watt. 

AUTOMATIC VOLTAGE REGULATION OF FLOATING 

GENERATORS, 

The most important requirement to ensure the 
complete success of the continuously floating battery 
scheme is constant voltage from the floating 
generator. This will enable the battery to be kept 
in a satisfactory condition and at the same time pro
vide a steady voltage for the discharge circuit, this 
latter condition being especially necessary when the 
load comprises the filament and anode circuits of 
telephone repeaters. The usual hand-regulation is 
inadequate as it cannot immediately cope with the 
output current and speed variations that normally 
occur under working· conditions. Some automatic 
device must therefore be adopted and an automatic 
voltage regulator is being used with excellent results. 

The regulator is manufactured by Messrs. Isenthal 
and is of the vibrating contact pattern depicted in 
Fig. 2. The contacts K and H are vibrated by the 
eccentrics G which are belt driven from the generator 
shaft. The contacts alternately short-circuit and 
insert the resistance 'V in the field circuit of the 
generator and produce an average value of field 
current which will maintain the correct voltage. The 
relative position of the short-circuiting contact H, 
and the resulting value of field current is controlled 
by the movable core C of the solenoid S which is con
nected across the generator terminals. In the event 
of the generator voltage tending to rise, the core C 
lifts the contact H and causes a longer '' break '' 
period which results in a reduction of field current 

Fm. 2.-VIBRATING CoNT.ICT VoLTAGE REGULATOR. 

and corresponding· restoration of voltage. The 
reverse operation occurs should the generator voltage 
tend to decrease. The spring F is provided for 
initial adjustment of the solenoid core and the con
denser L absorbs contact sparking. The commutator 
E is operated by a handle passing through the front 
case of the regulator and provides a means. of dis
connecting the regulator and also of reversmg the 
polarity of the contacts. This latter operation is 
carried out daily and reduces the wear on the 
contacts. 

By means of these regulators the A generator 
voltage is held at 24 ± 0.5 volts and the B genera
tor at 130 ± 2.0 volts, from no load to full load. 

AUTOMATIC VOLTAGE REGULATION OF FILAMENT 

DISCHARGE CIRCUIT. 

As previously mentioned, 21 volts are required for 
filament heating. This is obtained from the A 
supply, the 24 volts being reduced to 21 by means of 
a regulating resistance in the positive lead. The 
regulator is variable and is common to the number 
of filament circuits that will load it up to its maximum 
current carrying capacity. In the original design of 
power plant a hand operated regulator was employed 
and consisted of a large number of low resistance 
strips connected in series, the required number being 
introduced into the circuit by means of a rotary 
switch. This form of regulator was mounted upon 
a power board, known as the Voltage Control Board, 
and in the majority of stations at least two were in 
use, each having a capacity up to 80 amps. To 
facilitate distribution to the repeater racks, the volt
age control board was situated midway in the gang
way between the racks running the whole length of 
the repeater room. 

The function of the regulator was to provide a 
means of maintaining the filament voltage constant 
while the A battery voltage was diminishing 
during its discharge period. The resistances in the 
regulator were graded and had individual values such 
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that a voltage of 21 ± 0.5 volts could be maintained 
at the filament fuse panels at any value of current 
up to the maximum for which the regulator was 
designed. A contact voltmeter was provided for 
each regulator, the contacts of which could be set to 
operate a visual and audible alarm in the event of the 
above limits being exceeded. 

In the floating battery scheme the need for voltage 
regulation of the filament circuit is not so apparent, 
as the A battery supply is maintained at constant 
voltage by Lhe floating generator. A voltage 
variation can only occur when for any reason the 
floating generator is shut clown and the battery only 
is serving the repeaters. \iVhile this condition is 
admittedly rare it must nevertheless be catered for 
and a regulator is therefore provided with the new 
design of plant, but here again the automatic type 
has been adopted instead of the hand controlled. 
The regulator used is a pilot operated carbon pile 
pattern, supplied by J. Stone & Co., and is depicted 
in Fig. 3. As will be seen, the overall dimensions 

Frc. 3.-CARBON Pll.R VOLTAGE REGULATOR. 

are reasonably small and the regulator, together with 
a fuse panel of similar size, is mounted at the encl of 
a repeater rack. The voltage control board is no 
longer required and the wide gangway clown to the 
centre of the repeater room that was necessary for 
its accommodation has been dispensed with. This 
has resulted in a considerable saving in floor space, 
the repeater racks being installed across the whole 
wjdth of the room with normal gangways at the 
sides. 

12� 

The operation of .the automatic regulators depends 
upon the well known property of carbon to change 
in resistance with varying degrees of compression. 
The main regulator consists of a stack of carbon 
rings the mechanical compression of which is con
trolled by the position of an armature rotating 
between the poles of an electromagnet. The initial 
compression is obtained by a spring which has a 
torque opposing that exerted by the armature when 
the latter is being influenced by the field of the 
electromagnet. The electromagnet is connected 
across the discharge circuit at the point where a 
constant voltage is required. If, due to a variation 
in applied volts or a change in load current, the volt
age at this point alters, the correct field strength will 
no longer be obtained, and the armature will rotate, 
with a resulting change in pile resistance, until once 
again the desired discharge voltage is obtained across 
the electromagnet. The armature will now come to 
rest · on account of the state of equilibrium existing 
between the forces exerted upon it by the electro
magnet and the spring. 

As seen from the photograph in Fig. 3 and the 
circuit arrangement in Fig. 4, two regulators are 
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actually employed, the larger, which carries the main 
current, being actuated by the smaller " pilot." 
This arrangement is necessary when close limits of 
regulation are required as the pilot regulator with 
its light construction is a much more sensitive com
ponent than the main regulator. Each pile of the 
main regulator will carry 25 amps. and the regulator 
can be constructed with three of these piles connected 
in parallel, givjng a maximum current carrying 
capacity of 75 amps. The overall regulation 
guaranteed for the combined pilot and main reg·ula
tors is 21 ± 0.25 volts. In actual practice closer 
regulation than this is maintained. 

AUTOMATIC STARTING STANDBY ENGINE. 

Long trunk circuits have as many as ten repeater 
stations en route and the whole of the repeatered 
circuits in the cable would fail if the A or B 
supplies at any one station failed. Adequate 
emergency arrangements must therefore be provided 
at each station to guard against this possibility which 
would most likely be caused by a failure of the power 
mains serving the floating generators. Large 
batteries could be used with capacity sufficient to 
maintain servjce for the maximum anticipated period 
of power mains failure, but this would annul the 
economic advantages already enumerated. 



The emergency arrangement adopted is the pro
vision of a stand-by oil engine which will start-up 
automatically in the event of a mains failure and 
continue to drive the floating generators during the 
breakdown period. Continuity of service is thereby 
assured and the need for a power plant attendant 
during a mains failure is obviated. In addition, the 
automatic feature renders it unnecessary to staff the 
repeater station at night. 

A Jay-out of the plant-supplied 
Austinlite, of Birmingham-is shown 
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111 Fig. 5. 

Each set consists of a squirrel cage motor coupled 
to shunt wound A and B generators, each of 
which has an lsenthal automatic voltage regulator 
connected in its field circuit. The nominal speed of 
the motors is 1500 R.P. IvI. Mounted on the end of 
the shaft of each set is a solid steel flywheel and half 
of a magnetic clutch. The other half of the clutch is 
carried on a short shaft end on to, and in line with, 
the generator shaft. This short shaft also carries a 
pulley which accommodates two vee belts coupling 
up to the stand-by engine which is mounted centrally 
between the two sets. The engine is of the twin 
cylinder, horizontally opposed Diesel type, running 
on light Diesel oil and is water cooled vici a radiator 
whose fan is belt driven from the engine shafting. 
Mounted on the bed-plate of each scl is a centrifugal 
switch, belt driven from the generator coupling and 
a high and low speed centrifugal switch, belt driven 
from the engine and controlling the operation of a 
decompressor and fuel injection solenoid mechanism, 
is also provided. 

Referring to the diagram in Fig. 6, the operation 
of the automatic engine-starting equipment, assum
ing that set No. 1 is running on floating duty and 
that a failure has occurred to the A.C. mains serving 
the motor of Lhis set is as follows :-

The set will begin to slow down and when 5% 
reduction in speed occurs, the contacts VSl of the 

centrifugal switch driven from the generator shaft 
will "make," providing 24 volts via SWI to the 
coil of contactor RI, which operates. This contactor 
has two pairs of contacts, one pair completing a 
locking circuit for the contactor and the other pair 
provjding 24 volts via switches SvV3 and S\N4 to 

ro 
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(a) the coil of contactor R2 via the normally 
operated contacts of RS; 

(b) the clutch starter solenoid CS I ; 
(c) the magnetic clutch CL! associated with Set 

No. 1. 
Contactor R2 operates and discon

nects the Al and B l  generators from 
their batteries in order to prevent the 
circuit breakers tripping on the reverse 
current which would flow due to the 
1·eduction in speed of the set. The 
clutch starter CS 1 also operates. This 
component is a solenoid, the plunger 
of which carries a contact which slides 
over four studs and during its operat
ing time of approximately four seconds, 
short circuits in steps the resistance 
LR l in series with the magnetic clutch 
CL!. The clutch starter thus supplies 
an increasing current to the clutch 
which is thereby " eased-in " in a 
manner equivalent to that adopted in a 
car, and ensures that the drive applied 
to the engine is a comparatively 
gradual one. Both halves of the clutch 
are '' solid '' when the resistance 
LR I is completely cut out and the 
momentum of the fly wheel is sufficient 
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f1G. 6.-CIRCUIT OF AUTOMATIC ENGINE-STARTING EQUIPMENT. 
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to turn the engine shaft via the vee belt drive. 
The engine is normally decompressed and will 
remain so until it has attained a speed of 
200 R.P.M. when the low speed contacts of the 
centrifugal switch CSL-which is belt driven .frOJ_n 

the engine-will open and remove th.e short c1rcu1t 
from contaclor R4. This contactor will now operate 
and its contacts provide 24 volts Lo energise the 
decompressor solenoid DS, the plunger of which is 
arranged to give the engine full compression and also 
to turn-on the fuel. The engine will now fire and 
run up to the speed which is sufficient to close the 
high speed contacts of the centrifugal switch CSI-1. 
These contacts complete the circuit for contactor RS 

which operates and 
(n) provides a locking circuit for itself; . 

(b) removes a short circuit from an " economy " 
resistance in series with the decompressor 
solenoid DS; 

(c) opens the circuit of contactor R2. 
Con1ar.tor R2, in n�leasing, restores the A and 

B floating· generator circuits and normal con
ditions obtain except that the engine instead of Lhe 
motor is driving the generators. The whole of the 
operations described, from the instant of mains 
failure to that of the restoration of contactor R2, 
occupy no more than 12 seconds, during which time 
the repeaters are being served by the batteries only. 
As previously mentioned, the battery voltage is the 
same as the floating generator voltage so that the 
repeaters are in no way affected by a mains failure. 

Contactor R3, clutch starter CS2 and magnetic 
clutch CL2 are associated with Set·No. 2 and operate 
if this set is running instead of Set No. I. The LR 
resistances in series with the contactors adjust the 
various currents to the required value. 

Referring to Fig. 6, it will be seen that by means 
of switches S\i\TI, S\\12 and S\-\14 the set which will 
continue to run from the engine, in the event of a 
mains failure, can be selected. This facility is neces
sary when both sets are running, one charging one 
set of batteries and the other floating the remaining 
batteries across the repeaters. Under this condition, 
the switches ;ire put to the position that will ensure 
the floating se1 being driven from the engine should 
the mains fail. 

Switch S\i\13 is normally in the AUTO position, 
but, by operating to the HAND position, it will be 
seen that 24 volts are applied to the automatic start
ing equipment and the sequence of operations pre
viously described-less the energising of co11tactor 
RI-will take place resulting in the starting of the 
engine. By this means, the equipment can be routine 
tested as required. 

The contactors, etc., are mounted on the left-hand 
panel of the switchboard depicted in Fig. 7. 

The batteries and associated change-over switches 
have been omitted from Fig. 6 for the sake of 
simplicity. The switching has been arranged to 
enable either of the A batteries to be floated or 
charged from either of their respective machines. 
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The two A batteries can also be paralleled if 
necessary, as can also the two A generator� �nd 
the combination Aoatecl across the repeaters . Similar 
facilities are provided for the � 

.
batteries

_ 
and 

generators. A two-positton switch 1s 111clucled 111 tl�e 
field circuit of each generator, whereby the automatic 
regulator can be replaced by normal, hand c?ntrolled 
rheostats when the generators arc req u1rcd for 
battery charging . 

CONCLUSION. 

The continuously floating method of worl�ing
_ 
made 

possible by the automatic fe_atures e1
�
1bod1ed 111 the 

plant described has resu_lte? 111 � cons.1derable red�c
tion of capital costs, budding d11nens1ons

. 
and m

_
am

tenance charges. A further advantage 1s obta111ed 
in the constancy of overall circuit perform.ance, d.ue 
to the battery supplies to the repeaters be111g· mam
tained at a fixed value by the automatic voltage 
regulators. l t  will be appreciated that this con
dition becomes especially desirable on a cable route 
employing a number of repeaters. VVith the charge
discharge scheme, occasions must arise when the 
B batteries at two or more repeater stations are 
simultaneously approaching the end of their dis
charge period which will result in a slight reduction 
of repeater gain and a corresponding degrading of 
all the circuits concerned. The introduction of the 
new plant will therefore contribute to an increased 
efficiency on long distance telephone circuits. 



Telephone Transmission-VI. 

T

HE main principles upon which transmission 
systems are based should now be understood 
from the previous articles in this series. It 

remains to apply them to the line network so as to 
design the plant in a sound manner. 

In this country the lines connecting towns, 
exchanges and subscribers are classified as follows : 

Long trunks (over 25 miles radial distance). 
Short trunks (under 25 miles radial distance). 
Junctions. 
Subscribers' lines. 

Junctions connect together exchanges whose 
distance apart is such that not more than two unit 
fees are involved (the unit fee being one penny). 
This definition is being modified to meet future con
ditions whereby the junction will cover four unit fees. 

It will be evident that traffic as a whole can be 
divided into types in the same manner and indeed the 
engineering and traffic aspects naturally run together. 

A town may have one or more local exchanges 
and from the normal intercourse of the population, 
together with the small fee chargeable, the traffic 
will be large. After the immediate environs of the 
township are passed the traffic falls into the short 
trunk group where, with a lesser community of 
interest and a higher fee, the volume of traffic 
becomes reduced. Cases, of course, do arise in 
certain areas where two large townships fall within 
the short trunk fee range, but these are not very 
numerous. In large cities the local fee area may 
be more extensive than in small towns, London 
having a radial distance of 12� miles from Oxford 
Circus for a 2d. fee, whereas in smaller towns this 
distance becomes 7� miles. 

Beyond the short trunk limit comes the main trunk 
service. The fees being proportionately increased 
and the community of interest less, the volume of 
traffic is smaller in amount than on the short trunk 
service. The proportion of circuits provided in each 
group will naturally vary with the traffic demand and 
therefore in general terms the further the lines are 
projected the smaller will the number of such lines 
be. 

It is a generally accepted fact in all communica
tion systems that long distance traffic must take 
precedence over short distance traffic, since the cost 
of long distance communication both to the vendor 
and the consumer is greater. Taking railways as an 
analogy, an expensive and high-speed express, carry
ing as it does valuable traffic, must take precedence 
over slow trains. In the same manner a long distance 
telephone line held up for a local line clearance is 
most undesirable because its greater revenue-earning 
capacity is being wasted. It pays, therefore, to foster 
the long line and spend money upon it with greater 
freedom. Faults on long lines are expensive 
luxuries, therefore more expensive terminating, pro
tection and switchroom gear must be used. 

For these reasons the backbone system of long 
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distance trunks has been provided on a firm and 
sound basis with the most efficient plant that can be 
obtained consonant with the ability of the circuit to 
give its proper financial return. As the grade of 
circuit decreases in importance money can be saved 
by cheaper construction. 

Turning now to the transmission aspect, the main 
backbone circuits are relatively few compared with 
junction and subscribers' lines. If then by suitable 
technical methods the backbone trunks can be made 
very efficient in transmission, for the same overall 
efficiency the junctions and subscribers' lines can 
be made up from lighter guage conductors. Since 
the latter are so very much more numerous a very 
great economy can be realized. 

The general lay-out, therefore, for an economical 
t�ansmission scheme is to provide for the long 
distance trunks connecting the main cities on a 
" zero " loss basis as described in Article V, and to 
throw back towards the subscriber's line as much as 
possible of the total permissible transmission loss. 

The British Tra11sm.issio11 System. 

The ideal of providing all exchanges with direct 
lines to all other exchanges to which there may be 
traffic is impracticable. A system whereby tratEc is 
segregated into definite channels by collecting and 
distributing networks is therefore necessary. 

The country has been divided up into a number of 
units called groups of exchanges, the groups them-· 
selves being further grouped into a considerably 
smaller number of zones. Each group of exchanges 
is made dependent on one exchange usually in 
the largest central town availa>ble. This exchange 
is known as the group centre and acts as a collect
ing and distributing centre for all traffic circulating 
to and from all exchanges outside the group. The 
size and shape of the group will depend on the 
density of population, community of interest and 
geographical features of the locality. Some groups 
in the more populated areas are so small geographi
cally that they embrace an area of only 100 or so 
square miles; on the other hand some groups cover 
large tracts and have lines from the group centre to 
outlying exchanges of 100 miles in length. 

The zones have a zone centre exchange in a large 
central city to collect and distribute traffic from and 
to a number of groups. Every group centre has 
lines direct to its zone centre and also to every 
exchange in the group where the cost can be ,reason
ably justified. In principle every zone centre should 
have direct connexions to every other zone centre, 
but in practice owing to lack of direct traffic this has 
not been found economical in certain cases. 

Fig. l shows the present zone centres and the 
method of routing the traffic between them. The 
letter D indicates that direct lines already exist. 

Fig. 3 shows the existing group centres. 
For long distance traffic the normal routing is as 
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from the local exchanges 
to the group centre are 
provided on what is 
known as a "No delay" 
basis, that is to say the 
number of circuits on a 
route is increased when 
the times that all circuits 
are engaged becomes 
noticeable. 

No delay circuits are 
worked, with few excep
tions, on a junction 
signalling basis. 

FIG. 1.-ZoNE TO ZoNE PRIMARY ROUTING. 

The trunk service be
tween zone centres is 
operated on a Demand 
basis, where a certain 
large percentage of the 
calls are put through on 
Demand, that is to say, 
the subscriber is not re
leased but obtains his 
call without having to 
hang up. The basis of 
provision is such that 
less trunks are used 
than with the " No 
delay '' service. 

follows :-The subscriber at an exchange is switched 
via his group centre to the zone centre and thence via 
the remote zone centre to a second group centre and 
on to the requisite exchange to which his corre
spondent is connected. This is shown diagram
matically in Fig. 2. 

Sub Minor Group Zone Zone Group Minor Sub 

FIG. 2.-NORMAL ROUTING OF LONG DISTANCE TRAFFIC. 

In theory all long distance communication should 
conform to the routing shown; in practice, however, 
there are variants which alter the problem. It is 
clearly reasonable to set up trunk circuits in addition 
to the foregoing where the traffic justifies this action, 
and in practice many zone centres are provided with 
direct circuits to group centres in other zones and 
conversely some group centres have lines to several 
zone centres. London has direct circuits to group 
centres such as lVIiddlesborough, Hull, Hanley, 
Exeter, etc., and Derby as a group centre has lines 
to London, Manchester, Leeds, Sheffield, Notting
ham and Leicester as well as to its proper zone 
centre, Birmingham. The elimination of unneces
sary operating together with the speed of service will 
justify this course where the community of interest 
is such that heavy traffic exists. 

· 

Provision and M� ethod of Operation. 

The provision of trunk and junction circuits must 
be regulated on some definite plan so as to avoid 
wastage of plant. The junction and trunk circuits 
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Toll Areas. 
Associated with the larger zone centres situated 

in big commercial cities are a number of group 
centres at no great distance from the zone centre and 
each other. The community of interest between 
these exchanges is great and the traffic correspond
ingly heavy. It pays therefore to set up rapid com
munication facilities covering the area concerned and 
to work a group to group service direct or via the 
zone centre exchange on a no delay basis. An 
area thus constituted is termed a Toll area. The 
London Toll area comprises roughly the counties of 
Kent, Sussex, Surrey, Essex, Middlesex, H ertford 
and parts of Bucks, Berkshire and Hampshire. 

Transmission Design. 
It has been laid down that as a basis in this country 

the line transmission loss between any two exchanges 
should not exceed 15 db. except in the obviously 
difficult sparsely populated areas where a small pro
portion of subscribers on an exchange cannot other
wise be served except at prohibitive cost. 

It has already been stated that all zone to zone 
links are now· planned on a basis of zero loss and 
therefore the full 15 db. is available for distribution 
elsewhere in the system. The group is thus the unit 
area for transmission purposes. Every exchange in 
a group must thus be able to reach the zone centre 
with a total loss of 7 .5 db. 

In many cases zone to group circuits are now pro
vided by means of lig·ht guage cables and amplifiers. 
Circuits so set up can be operated at " zero " loss 
if worked on a four-wire basis, but should oscillation 
occur during operating due to temporary discon-
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nexions at one end the resulting disturbance to sub
scribers and other circuits in the cable would be 
severe. vVere it possible to use echo suppressors on 
all these circuits this difficulty would be avoided, but 
as this is ruled out on grounds of expense the safe 
limit has been found in practice to be 3 db. This 
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link may thus be set down as having a maximum 
permissible loss of 3 db. 

The junction or short trunk circuits from the group 
centre to the dependent exchange can thus have a 
maximum limit of 4t db. 

These allowances are sufficient for traffic circulat-
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ing throughout the entire system and circuits having 
losses not exceeding these figures are suitable for 
long distance or inter-zone work and may be called 
" Z " circuits. 

Since the group is the unit area for transmission 
purposes it follows that the allowances quoted are 
suitable not only for the long distance traffic, but 
also for inter-group or '' G '' traffic within a zone. 

Within a multi-office area any two exchanges must 
be able to communicate without exceeding the 
standard allowance, but since the junction circuits 
provided for " Z " and " G " traffic have losses of 
only 4.5 db., plant based on this figure would be 
wasteful. Any two junctions which may have to be 
connected in tandem can be provided on a maximum 
basis of 6.5 db. for each junction. This gives a 
margin of 2 db., but allows of an economical guage 
of cable. Such junctions are called " G2 " circuits. 

Circuits handling direct traffic (" D ") only be
tween two exchanges in such an area and not avail
able for tandem switching are allowed a maximum 
allowance of 12 db. 

Fig. 4 and the following table show typical con
nexions together with the line allowances. It will 
be noticed that in cases where the local exchange has 
not direct connexion to its group centre the junction 
allowance must still be within the 4.5 db. figure. 
All figures quoted are maxima. 

Circuit. 
Zone centre to zone centre 
Zone centre to group centre 

in another zone 
Zone centre to group centre 

in the same zone ... 
Group centre to group centre 
Group centre to rumor 

exchange 
Group centre to dependent 

exchange via a minor ex
change 

Group centre to rumor ex
change for switching 111 

multi-office area 
Any two exchanges for 

terminating traffic only ... 

Type. 
z 

z 

z 

G 

Z&G 

Z&G 

D 

Allowance 
db. 

0 

3 

3 
3 

4.5 

4.5 

6.5 

12 

This then is the transmission plan for this country. 
The new figures have only been adopted recently and 
although very much transmission upgrading has been 
done years will pass before all the links are within 
the limits set down. Old plant with useful life can
not be ruthlessly scrapped nor can it always be 
modified to work satisfactorily on modern lines, but 
:1s opportunity occurs the work is undertaken to 
bring the lines within standard. 

It will no doub� be realized that the huge majority 
of calls do not incur the whole transmission loss 
of 15 db. For instance, more than 75% of calls 
between say London and Liverpool exchanges are 
to and from subscribers in these cities, thus one and 
more often both zone to group links are cut out. 
Transmission upgrading was started with the inter
zone links so that the maximum benefit would be 
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realized both in transmission of long distance calls 
and in economies in local networks. It may be 
assumed that, taking average transmitters and 
receivers, 90% of traffic in this country is within the 
standard thus described. 

The transmission plan as outlined above is not in 
any sense a finality. Unquestionably in the near 
future a zero loss zone to group link will be possible. 
Transmission losses can then be expended entirely in 
what may then be called the local system. It is ever 
the desire of the transmission engineer to throw 

a. within group. 

12db. 
MINOR MINOR 

0 • 0 
6·5db. 6·5db. 

MINOR GROUP MINOR 

b. be/ween groups m same zone. 

TOTAL LINE LOSS i3db 

(I\ 
--- 4·5db.----- 3db. 4·Sdb. 

DEPENDrnT MINOR GROUP GROUP MINOR 

TOTAL LINE LOSS 12db. 

(2) 0 O>----tl·.__----j.---,d-b-. -<·-----0 
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C. In/er Zone Calls. 
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0 0 • 
---4·Sdb -- 3db. 

DEPENDENT MINOR GROUP 
• Odb . •  >db 

ZONE ZOt�E 

TOTAL LINE LOSSES 15Jb. 

• 0 
4·5db. 

GROUP MINOi;! 

FIG. 4.-TYP!CAL CALLS. REVISED TRANSMISSION STANDARDS. 

these losses further and further back so that he may 
realize a great economy in the cheapest possible 
local line network. 

The future inevitably holds enormous changes 
both in technical advance and methods of construc
tion. Good transmission is not only a necessity, 
but a valuable and sound business investment. The 
work already clone on the present plan in giving 
really first class transmission on the trunk system 
has, together with the demand service of rapid con
nexion, been the greatest aid in keeping the British 
telephone service ever expanding during the recent 
years of depression. These two factors have made 
the service not only popular but a business necessity, 
and have had no small influence on the telephone 
surplus. 

Co11clu.sio11. 
These articles have been compiled with the hope 

that the subject of Transmission in its widest sense 
both .theoretical and applied, may become mor� 
popular and intelligible to those whose work is both 
too arduous and removed from the subject to study 
the more academic and mathematical ·works on the 
the_me. The author hopes that by keeping each 
article to a short length and by treating the matter 
in a rather different manner from the usual the 
interest of readers may have been stimulated. 

The '.1-uthor wish�s to acknovvledge the very help
ful assistance of hrs colleagues in preparino- these 
articles and to Messrs. Stratton and Lux�on for 
extracts from their Institution Paper No. 153. 



The House Exchange System 

I 11lrod 11clio11. 

A
S a means of communication between a number 

of internal stations, intercommunication or 
house telephone systems possess certain 

important advantages over branch exchange systems. 
Chief of these are the ease and rapidity of connexion 
afforded and the ability to obtain connexions without 
the aid o[ an operator at a central point. Private 
intercommunication systems, however, suffer from 
the serious disadvantage that they are completely 
divorced from lines lo the public exchange. 

The advantages to be gained by the linking up of 
an intercommunication system with public exchange 
lines have long been realised, but certain difficulties, 
concerned principally with mechanical design, have 

Fie. 1.-TELEPllOXE li.:TERCOM. No. I. 

hindered the satisfactory solution of the problem. 
As far back as 1915, circuits for a house telephone 
system with exchange facilities were developed by 
l\fr. Blight, o[ the Post Office Engineering Depart
ment, and after the war some mechanical design 
work on the system was carried out at Holloway 
Factory, but it was found dillicult lo reduce the 
apparatus to a convenient size. 

In 1931 various alternative designs were brough t 

to the notice of the Department and it was cleciclcd 
to conduct an investigation to determine whether 
any of these would be suitable for adoption as a 
standard. As a result of this investigation a system, 
which fulfils the Department's requirements, has 
been developed. It is suitable for installations 
which up to the present have been served by-

(a) Private intercommunication systems supple
mented by direct exchange line installations. 

(b) Private Branch Exchanges. 

(c) Plan Number extensions. 

W. LOWNE and 

T. G. MORRIS 

FACILITIES. 

In order to appreciate the facilities offered it will 
be appropriate to distinguish between the various 
types of station which may be associated with the 
system. 

(1) An internal extension station is a station 
equipped with a special telephone set pro
vided with plunger keys, as illustrated in 
Figs. I and 2. The two sizes of apparatus 
available are shown. 

(2) A main station is an internal station equipped 
with a unit or units in addition to the special 
telephone set. The units contain signalling 
and switching apparatus used in connexion 
with incoming calls from the exchange or 

FrG. 2.-TcLEPllONE lxrnnco�t. No. 2. 

from the external extension station. A com
bined unit, as used on systems with one 
exchange line and an external extension 
station, is shown in Fig. 3. 

Fw. 3.-Ui.:rT TRANSFER lNrnncoM. No. IA. 
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(3) An external extension station is a two-wire 
extension equipped with a C.B. or Auto 
microtelephone and a bell set. One external 
extension only may be connected to any 
installation. 

The following schedule indicates the main facilities 
afforded by the system :-

0 n Local Jntercommunicatio n Calls. 

(a) Direct calling between all internal extension 
stations on the system. 

(b) N"on-secrecy. 
(c) Engaged signal only if the called internal 

extension station is engaged on an exchange 
call. 

(d) Direct calling of an external extension station 
from all internal extension stations. 

(e) Calling of all internal extension stations from 
an external extension station via the main 
station. 

(f) Conference facilities, i.e., facilities fm speak
ing from any station to all or any number of 
stations on the system simultaneously. 

On Exclrnnge Calls. 

(a) Direct connexion from any internal extension 
station to the public exchange system over 
any exchange line connected to the instal
lation. 

( b) Direct access to the exchange lines may be 
barred to chosen stations. These stations 
may, however, originate exchange calls via 
the main station. 

(c) Connexion (via the main station) of an external 
extension station to the public exchange 
system over any exchange line connected to 
the installation. 

(d) Incoming exchange calls may be answered a� 
any predetermined station. This station is 
known as the main station and is provided 
with special unit equipment. Arrangements 
can also be made for equipping any one of 
the internal extension stations as a 2nd-choice 
main station. On such installations, the 
functions of the 1st-choice main station can 
be transferred to the 2nd-choice main station, 
when desired, by the operation of a key, or 
keys, at the 1st-choice main station. 

(e) An incoming or orig·inated exchange call 
with the exception of directly dialled calls 
originated by the external extension station, 
may be transferred from any station, to any 
other station connected to the installation, 
without breaking down the exchange con
nexion. On installations with two exchange 
lines, an internal extension station may hold 
one exchange line while transferring a call 
incoming on the second exchange line. If 
an exchange call is to be transferred to an 
internal extension station which is barred 
direct exchange facilities, or to an external 
extension station, the transfer must be 
carried out indirectly, i.e., via the main 
station. 
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(f) Any internal exter�sion st
_
ation may l�old an 

exchange call while makmg a call wi.th any 
other station on the system. While the 
exchange line is being held, the outside s�b
scriber is unable to overhear a conversation 
between the station to which he is connected 
and the party called by the same station. In 
addition on installations with two exchange , . . . 
lines, any mternal extension stat10n not 
barred direct exchange facilities, may hold 
one exchange line while making a call on the 
second exchange line. 

(g) On engaged exchange lines, an audible en
gaged test is given on pressing the exchange 
line button. It is unnecessary to n�move 
the microtelephone from its rest while making 
this test-the test is operative whether the 
microtelephone is lifted or not. 

(h) Secrecy is given on exchange connexions. 
:Monitoring facilities may, however, be 
allowed at the main stations or any of the 
internal extension stations if desired. 

Night Service. The external extension statiou 
may be allowed night service facilities. 
Under these conditions, incoming exchange 
calls will ring the external extension station 
bell in addition to operating the indicator 
(and alarm bell) at the main station. The 
external extension station when connected for 
night service cannot receive local calls from 
internal extension stations (except by switch
ing at the 1st-choice main station). 

Extension Bells. The exchange or external ex
tension alarm bell circuit may be extended to 
any point or points on the system, but .on 
certain installations it is not possible to give 
discrimination and it becomes necessary, in 
these cases, to test for the calling line by 
means of the instrument plunger keys. The 
extension of the exchange line alarm bell 
circuit will enable incoming exchange calls 
to be received at these points during the 
night. The instrument buzzer signals may 
be similarly extended if desired. 

INSTALLATIONS. 

Standard types of telephone set and main station 
unit are used on all installations irrespective of the 
type of public exchange concerned. The telephone 
sets for use at internal stations are available in two 
sizes, the smaller size being equipped for one 
exchange line and up to 5 local stations and the 
larger for two exchange lines and up to 10 local 
stations. One station additional to the numbers 
quoted may be accommodated by appropriating the 
home station key on each telephone set for this 
purpose. On installations of either of the above 
sizes one external extension station may be connected 
in lieu of an internal extension station. 

Four types of main station unit are available:
N" o. 1 contains calling and switching equipment 

for systems with one exchange line and with
out an external extension. 



No. lA is a combined unit and contains calling 
and switching equipment for one exchange 
line together with signalling and switching 
equipment for an external extension station. 
One indicator only is associated with the 
external extension line and serves as the 
extension calling indicator and a clearing 
indicator for exchange calls switched through 
to the external extension. 

No. 2 contains calling and switching equipment 
for systems with two exchange lines and with
out an external extension. 

No. 3 contains signalling equipment for an 
external extension and equipment for switch
ing this extension to either of two exchange 
lines. This unit is fitted in addition to Unit 
No. 2 at main stations on systems with two 
exchange lines and an external extension, con
siderations of space having rendered it 
impossible to combine the apparatus in one 
unit as with unit No. lA. 

The telephone sets and units are equipped with 
plugs and cords and are connected to jacks at the 
terminal points of the cable feeding the station. The 
plugs and jacks have been standardised so that it is 
possible to wire an installation with a capacity for 
two exchange lines and 10 stations at the outset and 
to fit the smaller size telephones and units initially. 
The larger size equipment may then be directly 
plugged-in to replace the smaller when the capacity 
of the latter is exhausted. 

A lay-out for the maximum condition of two 
exchange lines, ten internal and one external exten
sion station with a second choice main station is 
given in Fig. 4. 

UNIT TRANSFER 
INTCM:NG2 

TELE, INTCM: 
N O:& 

I. ST. CHOICE MAIN STATION 

N O T E S . 

TELE, /NTCM: 
N0:2 

2.ND, CHOICE MAIN STATION 

/, THE OIAGRAM SHOWS T H E  MAXIMUM N UMBER OF STATIONS THAT MAY 8£ CONNECTED 

2 .  THE A DDITIONAL UNIT, T R A NSFER, JNTCM. N02(SHOWN DOTTEO) Wlll BE FITTED O N LY 

WHEN A 2.NO. CHOICE MAIN STATION IS REQUIRED. 

standard case being used for both sizes of apparatus. 
A dummy dial is fitted at the front of the case and 
the complete telephone set includes a plug (with 
buzzer) and the appropriate desk cord, 6 feet in 
length. vVhen working to an automatic exchange 
the appropriate Dial Auto No. 10 is fitted in lieu of 
the dummy dial. 

The sloping top of the case accommodates the 
plunger keys with designation strips adjacent. 
Double-sided slip-in paper labels with the numbers 1 
to 5 printed on one side and 6 to 10 on the reverse, 
are used with the designation strips. Space has been 
allowed below the numbers on these labels so that 
any aditional designation which the subscriber desires 
may be inserted. The numbers corresponding to 
internal stations with restricted facilities and to 
external extension stations are specially marked on 
the labels and the exchange code and number is 
entered opposite the exchange keys. The exchange 
keys are coloured red, the local keys black and the 
conference key green. 

On the larger instruments with two exchange 
lines, there are also two trigger keys coloured red 
and situated immediately above the exchange keys 
with which they are associated. These triggers are 
peculiar to the larger telephone set and their function 
is discussed later. 

The mechanical arrangement of the plunger keys 
is such that when depressed consecutively (except 
while the conference key is in the operated position) 
only one key may remain fully operated at any time. 
If a local key is in the operated position the depres
sion of a second local key completely restores the 
first. 

The exchange keys have three positions of rest, 
normal, intermediate, and fully operated. 
The last is the calling and speaking position 
and the intermediate is a " hold " position 
which the key automatically assumes from 
the fully operated position when a local key 
or a second exchange key is subsequently 
depressed. In the fully operated position 
two sets of springs X and H are operated, 
the former being released when the key is 
restored to the hold position. The local keys 
have two positions of rest, normal and 
speaking, and a non-locking or ringing 
position when fully depressed. When pres-
sure is released the keys automatically 
restore to the speaking position. The con
ference key when depressed brings into 
operation a locking bar which allows any 

J. THE EXCHANGE L I N ES MAY 8£ BROUGHT INTO THE MULTIPLE AT A NY POINT ON THE SYSTEM. 

number of local keys to be depressed con
secutively and to remain in the speaking 
position when pressure is released. Fm. 4.�LAY-ouT FOR Two ExcHANGE LINES AND TEN INTERNAL 

AND ONE EXTERNAL EXTENSION STATIONS. The action of replacing the microtelephone 

APPARATUS. 
Telephone Sets. 

The external appearance of these sets can be seen 
from Figs. I and 2. The mechanism is mounted on 
a metal base and is enclosed in a moulded bakelite 
case havini�r a cradk for the Telephone No. 164-one 

on its rest automatically restores all keys to 
normal. The trigger keys have been provided on 
the larger instrument to enable one exchange key 
to be released from the hold position to normal 
while retaining the second key in the hold position, 
this facility being required when transferring ex
change calls. 
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Fig. 5 shows the larger telephone set with cover 
removed. The plug and jack used with the set may 
also be seen in the illustration. The plunger key 

FIG. 5.-TELEPllONE INTERCOM. No. 2 WITH 

COVER REMOVED. 

mechanism may be removed as a unit leaving in siill 

the spring banks and cabling and each spring bank 
is also removable as a unit. 

Fig. 6 shows the set with the plunger kev 
mechanism removed. The buzzer associated witl1 

FIG. 6.-TELEPBONll INTERCOM. No. 2. COVER AND 

PLUNGER KEV UNIT REMOVED. 

the set is mounted on the plug external to the tele
phone and may be seen in the picture. 

The instruments are equipped with a 3-winding 
anti-sidetone induction coil and the relavs which are 
mounted on detachable brackets are of tl�e Post Office 
600 type. In order to minimise the possibility of 
cross-talk, one twisted pair per exchange line is pro
vided in the desk cords. Strap connexions are 
provided in each instrument so that the circuit may 
readily be modified to give monitoring or trunk 
offering facilities in lieu of secrecy. Terminal points 
have also been provided in the instrument to facilitate 
the fitting of a loudspeaker telephone should it be 
decided to offer this facility at a later date. 
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Units. 

As with the telephone sets, all the units are housed 
in a standard size moulded bakelite case. Indicators 
and lever keys are mounted on the faceplates and 
" Exchange Call " buttons, the function of. which 
is explained later, are accommodated at the sides of 
the case near the bottom. 

An internal view of unit No. 2 is shown in Fig. 7. 
Eyeball type indicators and standard lever keys are 
used and the relays are all of the Post Office 3000 
type. Metal rectifiers are connected in parallel with 
the D.C. type indicators to prevent chattering to 
ringing current. 

FIG. 7.-Ui>;IT TRANSFER INTERCOM. No. 2. 

The units work on C.B. principles, but may be 
fitted on installations working to any type of public 
exchange. \Nhen the installation is connected with 
a local battery exchange it is necessary to fit auxiliary 
apparatus units at the exchange line terminations. 
The auxiliary apparatus unit used for C.B.S. ex
changes is similar to that already in use with private 
branch exchanges. The auxiliary apparatus unit 
used in conjunction with magneto exchanges provides 
automatic ring-off facilities and resembles the unit 
already in use with the group service system except 
that a low resistance line relay is used in order to 
provide C.B. transmission. 

]unct£on Boxes. 

These are constructed in two sizes having 30 and 
48 terminals per strip respectively. A view of the 
smaller size box with cover removed is shown in 
Fig. 8. 

The junction boxes are built up of 4 bakelite term
inal strips enclosed in a moulded case of the same 
material. The terminals are staggered and the front 
portions arc drilled in order to facilitate cross
connexion by means of special link wire of square 
section. This construction also allows the necessary 
switchboard wire jumper connexions to be made on 
the front of the strips. Typical link and jumper wire 
connex•ions may be seen in the illustration. 
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operated in this pos1t1on, bul the common spring 
bank is released thus connecting the telephone to the 
" A " and " B " lines. The called station answers 
by Ii fting the microtelephone which is automatically 
conncctec.l to the " I-IL " and " R " lines by the 
operation of HM I. llolh stations provide a battery 
feed for transmission purposes and at the termination 
of the call the replacing of the microtelephones 
restores the instruments to normal, the local key at 
the calling station being released automatically. 

If the wanted station is engaged on a local call, 
the caller will break into the conversation. If the 
wanted station is engaged on an exchange call the 
caller's buzzer will operate (as described later) to 
give an engaged signal. 

Internal Station Calling External Station. 

The circuit of the external extension auxiliary 
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The junction .boxes have been c.le
signed so that it is normally possible 
lo feed two instruments from each 
intermediate box and three instruments 
from a terminal box, but special junc
tion box arrangements are necessary at 
first choice main stations. 
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The system has been designed to 
operate eflicient:y on voltages between 
18 and 28 and the current required on 
a system \\'ith : wo exchange lines and 
I 0 extensions under conditions of 
maxi11111m demand is of the order o[ 
1.3 amps. The power supply will 
normally be obtained vin a power lead 
from the exchange, but where this is 
not available a 24 volt battery of 
primary cells will be installed. A 
trickle-charging sel consisting of 11 or 
12 secondary cells together with a unit 
for charging from (n) Power Lead or 
(b) A.C. mains is in course of develop
ment. This will allow a high resist
::ince poll'er lead to be provided to serve 
subscribers situ::ilcd at considerable 
dist::inces from the e xcha nge . 

NOTES:. 
I CO,IJ/.ION SPRINCBAN< IS OPERATED WHEN A LOCAL K£Y IS rutLY 0£PRESSCO. 
2. l+HEN EXCHANGE LINE SUP€RVtSICJN IS R£QUIR£D li£J.IOV£ STRAP/·2 lCONllfCT STR,4P2·J. 
J, WHEN A STATION IS TO 8£ BARRED DIRECT ACCESS 70 THE EXCHANGE, ROIOYE LINKS 

DA& DBd CONNECT LINKS 01A & o's ( fHES� CONNEXIONS ARE MADE AT THE JU.\'CTIO.V 6C:.f"S) 
Fie. 9.-C'1Rcu1T nF l!'iTERNAI. STATION w1T11 Two ExcHANGE LINES. 

CIRCUIT DESCRIPTION. 
Inlemal Station Calling Intemal Stal.ion. 

The circuit of the telephone set provided at internal 
stations is shown in Fig. 9. 

The caller removes his microtelephone and fully 
depresses the key adjacent to the number of the 
wanted station, thereby operating the common spring 
bank and the local key springs lo extend earth to t he 
" B " line of the required station. An audible signal 
is given at the called station by earth received on the 
" R " line and connected via the exchange key 
springs (H3), cradle switch springs (HM!) and 
buzzer to battery. 'i\Then the caller removes his 
finger from the local key the latter partially restores 
to a " speaking " position. The L springs remain 

apparatus, which is housed in a unit at the main 
station, is shown in Fig. 10. 

The external extension station is allotted a number 
on the system in the same way as the internal 
stations, and the calling procedure at the internal 
station is as described above for a call between 
internal stations. Earth received on the " R " line 
at the external extension auxiliary apparatus operates 
relay BZ and via its own contact (BZ3) causes this 
relay to release and re-operate in succession. A 
series of pulses is applied to line via contacts BZl 
and 2 and the magneto bell at the external extension 
station is rung throughout the period that the local 
key is held depressed. 

The external extension station answers by lifting 
the microtelephone thereby operating relay L in the 
auxiliary apparatus unit and removing relay BZ 
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Fm. 10.-CmcuIT oF EXTERNAL EXTENSION UNIT, USED ON 
INSTALLATIONS WITH TWO EXCHANGE LINES. 

from the " R " line. On the operation of relay H 
via the calling station's telephone loop, the through 
connexion is completed. Relays L and H together 
with the retard RA which is in circuit at the internal 
station serve to provide the necessary transmission 
feed. The conditions when the external station is 
engaged on a local or exchange call are similar to 
those described in connexion with a call between 
internal stations. 

External Station Calling M ai11 Station. 

All calls originated by the external station must 
circulate via the main station. On lifting the micro
telephone at the external station, a loop is completed 
to operate relays L and Q in the auxiliary apparatus 
unit (Fig. 10). Relay L closes a circuit for the 

operate relay " G " which at G 1 removes earth from 
the " D " wire to prevent intrusion by another 
station. Contact G2 removes the exchange indicator 
and condenser from the line. The earth applied to 
the C wire also serves to complete a circuit for the 
buzzer of any internal station depressing the key 
corresponding to this exchange line. Connexion of 
the telephone to the exchange line is completed via 
closed exchange line key springs and the operated 
contacts of relay AA. The H3 springs of the 
exchange key serve to. connect the '' R '' and 
'' Common '' wires thus providing an engaged 
(buzzer) test to any station attempting to make a 
local call to the station engaged on the exchange 
line. 

Internal Station Calling Exchange. 

The exchange lines may be tested by depressing 
the appropriate exchange key before or after lifting 
the microtelephone. If the exchange line is engag·ed 
the calling station's buzzer will operate as described 
above. If the exchange line is free relay AA operates 
and the resulting sequence of operations is exactlv 
similar to that described under incoming exchange 
calls. If the installation works to an automatic 
exchange the caller will receive dialling tone and may 
proceed to set up a connexion. 

External Station Calling Internal Station. 

The external station first gains the attention of the 
main station by lifting the microtelephone. The 
main station then calls the desired internal station 
in the normal way and requests this station to call 
the external station, i.e., the call is reverted. 

External Station Calling Exchange. 

The external station gains the attention of the 
main station attendant who proceeds to test the 
exchange lines. \iVhen a free line is obtained the 
attendant operates the appropriate " Extension to 
Exchange " key on the main station unit (Fig. 10), 
thus switching the external station telephone direct 

calling indicator and in addition prepares the speak- ;):�c• 
ing circuit. Relay Q serves no purpose on a local call. , , 

The main station answers by removing the micro- g:E::=i=:;:=========ffi========��==i 
telephone and depressing the plunger key situated 0' 

0
' 

adjacent to the external extension number on the 
telephone set. Relay H then operates via the tele
phone loop and completes the speaking circuit. 

Incoming Exchange Calls. 

These are received on indicators forming part of 
the unit equipment at the main station. The circuit 
for the unit apparatus used at first and second choice 
main stations on installations with one exchange line 
is shown in Fig. 11. 

A a c I) 01 A a D 
IN IN IN !N IN our cur T ()(JT 

£XCHANGE 
CALL 

The main station answers by lifting the micro
telephone and depressing the appropriate exchange �--......,., 
key 

.
on the telephone set (Fig. 9). If the call is in

com.mg on th� first exchange line, relay AA operates 
-via the D wire to earth at a normal contact of relay 
G (�ig. 11)-;--and locks over its own contact. Relay 
AA 111 add1t1on extends earth via the " C " wire to 
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to the exchange line. The throwing of this key also 
serves to operate relay G (Fig. 11) and to connect the 
" R " and " Common " wires so that engaged test 
conditions are g·iven to local callers. Relay Q 
operates from exchange battery and operates relay 
QR. At the termination of the call, relays Q and 
QR release and QRl completes a circuit to operate 
the clearing indicator at the main station. 

External Station Calling Exchange (Night Service). 
Under night service conditions the external station 

is switched permanently to an exchange line by 
operation of two keys labelled " Extension to Ex
change " and " Alarm Off (Night Service) " respec
tively. These keys appear on the main station unit. 

Under these conditions internal stations may make 
use of the night service exchange line when this is 
not in use by the external station, but exchange calls 
made by the internal stations on the night service 
line are non-secret to the external station. 

\Vhen the Alarm Off (Night Service) key is 
operated, NS! (Fig. 10) disconnects the clearing 
indicator and NS2 leaves the operation of relay G 

dependent upon QR!. If the installation is working 
to an automatic exchange, relay Q responds to the 
dialled impulses; QR remains operated, however, 
thus holding relay G to maintain a " guard " on the 
line. 

Transference of Exclwnge Calls. 
(a) One Exchange Line in use. If a station speak

ing on an exchange line desires to transfer the 
exchange call to another station (with full facilities) 
on the system, the local key corresponding to the 
distant local station is depressed (the exchange key 
being thereby released to a " hold " position) and 
the distant local station is requested to " pick up " 
the exchange line in question. To do this the distant 
station depresses the appropriate exchange key 
whereupon the distant station's buzzer operates from 
the engaging condition applied to the " C " wire by 
the first station. Buzzer tone is passed back to the 
transferring station who will then release the 
exchange call from his instrument by replacing the 
microtelephone, thus restoring the exchange key and 
releasing the guard relay G. 

(b) Two Exchange lines in use. If on an instal
lation with bwo exchange lines the main station i.s 
talking· on one line when a call comes in on the second 
line, the main station may depress the second ex
change key (thus automatically restoring the first 
exchang-e key to a " hold " position) and accept the 
call. This call may then be transferred to another 
station on the system by depressing the appropriate 
local key (thus restoring the second exchange key 
to the " hold " position) and desiring the distant 
local station to pick up the second exchange line. On 
receipt of the usual tone the main station operates 
the trigg·er key associated with the second exchange 
line which serves to release the relative exchange key 
and thus allows the distant station to take the 
exchange call. The first exchange key has mean
while remained in the " hold " position and, by 
again fully depressing this key, the main station may 
continue the conversation on this exchange line. 

Without the trigger keys, the only means of trans
ferring the call would be by operation of the cradle 
springs which would result in a clearing signal being 
given on the first exchange line. 

Conference Calls. 

vVhen it is desired to make a conference call, the 
stations which will participate are first called in
dividually. The conference key is then depressed, 
bringing into operation a locking bar which allows 
any number of local keys to be depressed consecu
tively and to remain in the operated position when 
pressure is released. The keys corresponding to the 
stations which are remaining in readiness are then 
re-operated and the conference call may proceed. 
Each station provides a battery feed for trans
mission purposes. 

Calls to and from Stations with Restricted Facilities. 

Any chosen internal station may be barred direct 
access to the exchange lines, but may be allowed 
exchange calls at the will of the main station opera
tor. In the telephone sets fitted at these stations the 
AA and AB relays are connected to the multiple D' 

wires (Fig. 9) and therefore to the "Exchange Call" 
buttons situated on the main station units (Fig. 11). 

If an exchange call is to be allowed the main station 
attendant will test for a free exchange line. When 
this is found, the internal station is instructed to 
depress the appropriate exchange key on his instru
ment, causing buzzer tone to be passed to the main 
station operator who then holds clown the appro
priate " Exchange Call " button, at the same time 
replacing the microtelephone. The operation of the 
" Exchange Call " button completes a circuit for the 
AA relay of the calling station to earth at the normal 
contact Gl. 

If an internal station desires to transfer an 
exchang·e call to a station with restricted facilities 
(including the external extension station) the ex
change line must first be transferred to the main 
station. 

Conclusion. 

The combination of facilities afforded by this 
system is peculiarly suitable for installations in 
private residences and small offices where it is 
important that operating attendance be reduced to a 
minimum. As a further step in this direction it is 
possible to extend the alarm circuit so that any 
internal extension station may answer an incoming 
exchange call and thus dispense entirely with the 
services of an attendant at the main station. This 
obviates the undesirable practice sometimes resorted 
to on cordless boards of leaving aU extensions in 
parallel on an exchange line. 

It is intended to limit the application of this system 
to small installations and the apparatus described 
will be available in July. The development of appar
atus for installations with 3 Exchange Lines and up 
to 15 stations is contemplated, but for larger instal
lations a P.A.B.X. would probably be more suitable. 

The major part of the circuit and mechanical design 
work on this system has been carried out in con
junction with l'viessrs. Ericsson Telephones, Ltd. 
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Post Office Telephone and Telegraph 
Convention B. 0. ANSON. M.l.E.E. 

I

N the January issue of this Journal it was 
announced that the first Post Office Telephone 
and Telegraph Convention would be held at The 

Hayes, Swanwick, Derbyshire, from May the 24th to 
!\fay 30th. 

The Convention was held, as arranged, and the 
opening ceremony took place at 6.15 p.m. on Friday, 
the 24th, when Sir Donald and Lady Banks received 
the guests and visitors. From the start the Convention 
was an obvious success and much of the credit must 
be given to the glorious weather that continued 
throughout the perio<l. A very large number of the 
visitors arrived at The Hayes about 5 p.m., having 
just completed long and pleasant motor drives from 

constituency and the response to his speech was ma<le 
by the Director General, who proposed the Post
master-General's health amidst much enthusiasm on 
the part of the visitors. The Convention was also 
addressed by loud speaker from New York where 
Mr. T. G. Miller, the Vice-President responsible for 
the Long Lines Department of the American Tele
graph and Telephone Company, spoke on the signi
ficance of the occasion. Mr. Phillips, the Director 
of Telecommunications, replie<l to Mr. Miller's 
speech. 

It was a great misfortune that, owing to a clash
ing of dates, the Conference of the Association of 
He�d Postmasters was being held in Edinburgh at 

Cot.. Sm DoN,1LD ,1ND L11ov BANKS wrTli MEMBERS OF THE ORGANISING COMMITTEE. 

various parts of the country. Approximately 300 
Post Office officials and their wives sat clown to 
dinner on the first evening and the number continued 
to the end of the period somewhere between 250 and 
300. There were well over I 00 ladies present 
throughout the Convention. 

It was unfortunate that the Postmaster-General 
could not adhere to his original intention of being 
present, but he addressed the Convention from his 
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the same time, but it was felt that this should not 
entirely separate the two bodies and an interchange 
of greetings, as between the Association and the 
Convention, took place. We hope, of course, that 
next year more favourable circumstances will permit 
of more Head Postmasters attending the Convention. 

The opportunity at Dinner on the first evening 
was taken by Captain B. L. Barnett formally to 
welcome Sir Donald and Lady Banks to the Con-



vention and the Director General in a very happy and 
inspiring speech responded. 

The arrangements that had been made by the 
Committee to ensure visitors to the Convention 
rapidly getting together proved excellent. Each 
visitor was given and asked to wear a name badge 
which also showed from which Department or Office 
the visitor came. Stewards were appointed to ensure 
that on this first evening visitors should not be left 
unintroduced to their colleagues, but it has to be 
placed on record that these stewards had nothin� to 
do as the visitors found excellent means of gettmg· 
together and making each other's acquaintance. 

It was very gratifying to the Committee that l\fr. 
F. R. Gardiner, the Deputy Director General, found 
it possible to break his journey from Edinburgh to 
London on Sunday, the 26th, and to stay at the Con
vention until Monday evening. 

The Film Unit of the Post Office had put on an 
excellent cinema show, which ran throughout the 
period of the Convention and was in complete work
ing order on the first evening. Also, under the 
guidance of Captain Cohen, of the Research Station, 
a very fine set of exhibits and technical demonstra
tions had been arranged in the Lecture Hall, and the 
records show that about 95% of the visitors attended 
these demonstrations. Perhaps the figure may have 
been higher as the cinema show was frequently full 
and people standing, and it may be that, as the 
demonstrations were in the same room as the cinema 
show, the remaining 5% visited the demonstrations 
but were not recorded. 

An excellent series of visits to the beauty spots of 
Derbyshire and interesting industrial works had been 
arranged by the Entertainment Committee and were 
generally supported by thirty to sixty persons per 
outing. These visits included excursions to Dove
dale, Bakewell, Monsal Dale, \Velbeck Abbey and 
Chatsworth, with visits to Rolls Royce \V arks, Glap
well Colliery, Grassmoor Colliery, Sheepbridge Iron 
\Vorks, D.P. Battery \l\Torks, Ericsson's Telephone 
'Narks, Boots' Factory, Stanton Iron \l\Torks, and 
the \V or ks (or shall we say Studios) of the Crown 
Derby Pottery. It was remarkable the number of 

people who, in spite of the glorious weather, desired 
to go clown a coal mine. 

Later in the week loud speaker addresses were 
received from _Mr. H. P. Brown, Director General 
of Posts, Telegraphs and Telephones, Melbourne 
(responded to by Col. Lee, Engineer-in-Chief), a�cl 
Capt. J. \l\Tebb, Director General of Telephones 111 

Egypt (replied to by Mr. M. C._ Pink, Deputy Con
troller, London Telephone Service). 

An excellent series of four Lectures had been 
arranged as follows :-

Saturday, 25th of May. "Publicity," by A. G. 
Highet. 

lVIonday, 27th of l\Tay. " New Telephone and 
Telegraph Developments," by Captain B. S. 
Cohen. 

Tuesday, 28th of J\!Iay. " Telephone Finance," 
by Sir Henry Bunbury, K.C.B. 

\V ednesclay, 29th of May. " Automatization of 
the Telephone," by H. Dive, M.B.E. 

These lectures were in all cases most appropriately 
prepared for the purpose they were intended to serve 
and stimulated free discussion, often of a very inter
esting character. From the first it was understood 
that, in discussing these lectures, the informality of 
the occasion should be fully utilized to enable each 
speaker to express his views freely. 

The games section of the activities was naturally 
a great success as the weather was so favourable and 
it is interesting and gratifying to record that, in some 
cases, the prizes were won by guests of the Con
vention who, of course, were not members of the 
Post Office staff. 

In a cricket match between London and the Pro
vinces which was played on \Veclnesclay, the 29th, 
London won easilv bv 89 runs. 

From numerou� e�1quiries that have already been 
made as to the date of the Convention next year, it 
would appear probable that, if the Convention is not 
an annual event, it is likely to be one of frequent 
recurrence, and the Committee wish to express their 
appreciation to all concerned for the hearty co
operation that was a characteristic feature of the 
whole of the proceedings. 

50 C.P.S. Valve-Maintained Tuning Fork 

A 50 c.p.s. valve maintained tuning fork has been 
developed for checking the speed of teleprinter 
motors where a frequency of 50 c.p.s. from controlled 
A.C. mains are not available. The fork is intended 
to be used in conjunction with a Synchroscope (Panel 
Teleg-raph No. 34) or a Telegraph Distortion and 
Margin Tester, and a special unit has been developed 
to enable the synchronous motor of the synchroscope 
to be driven from the fork. In order that any 
number of synchroscopes or telegraph distortion and 
margin testers may be operated from one fork, the 
output is arrang·ecl to drive a telegraph relay and 
the feed for the various units is taken from the tongue 
of this relay. The power supply for the valves used 

with the fork may be obtained from D.C. supply 
mains of 100-250 volts. 

In the design of the fork unit all causes of variation 
of frequency except temperature (i.e., supply voltage 
variations, etc.) have been reduced to negligable 
proportions, and with an ordinary steel fork and the 
temperature changes likely to be experienced under 
normal conditions, the fork will not vary from the 
standard frequency by more than ± 0.1 per cent. 
This will be quite satisfactory for the purpose in 
view, but could if desired be reduced by the use of 
an ellinvar fork and/or temperature control. Trials 
of the unit under practical conditions are to be under
taken. 
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Gas Explosions: Precautionary Measures P. J. RIDD, M.1.E.E, 

R
EADERS of the Journal will, it is thought, be 
interested to learn of recent developments in 
connexion with precautionary measures to 

reduce the risk of poisoning or explosion due to the 
presence of gas in manholes and other jointing 
chamber:s. The developments have been based upon 
the report of a committee on the subject, and are 
designed chiefly to reduce the extent of the use of a 
naked flame in manholes. 

Lighting of J1!lanholes. 

Following the decision to substitute the present 
Acetylene Gas Handlamps by Electric Handlamps, 
a specification has been prepared and contracts are 
about to be a warded for the first supplies of Electric 
Handlan1ps. These will he of a light portable ·type 
to provide lighting for about 10 hours per chai·ge, 
but tests are also being made with a heavier type of 
electric lamp unit suitable for use in manholes where 
extensive works, necessitating shift duties, are re
quired to be carried out; the heavier portable battery 
will give not less than 30 hours continuous illumina
tion avernging about 12 candle power. The battery 
will be placed on the roadway or footway and one or 
two lamps with long flexible leads suitably protected 
will be connected to it. Switching will not there
fore 1be necessary in the manholes. 

Wiping of Joints. 

Considerable progress has been made in standardiz
�n� the " Pot and Ladle " method of wiping cable 
JO.mts. A 1�ew metal po� has ·been introduced (Fig. I) 
with the object of reducrng the risk of accident from 
�he spilling of metal in the course of lowering a pot 
mto a manhole. The new type of pot has been very 
favourably received. 

flefore Use. Untlcr Vacuum. Under Pressure. 
FIG. 2.-i1'1Ec1us1c,\I. JOINT s11owrnG SECTIONS nmot:GH 

HOUSINGS ,\ND RINGS. 

jointed tubes. To adapt the joint for the purpose 
required in cabling work, a copper tube extension, 
with collar, is provided and permanently wiped to the 
lead cable and a domed copper cylinder with similar 
collar is provided to contain the wire joints. The 
copper parts in contact with the rubber ring are 
tinned to avoid deleterious action of the copper on 
the rubber. In assembling the joint the outside of 
the rubber ring and the inside of the housing are 
greased with castor oil to provide an easy fit and to 
prevent the pinching of the rubber by the clamp. A 
nozzle is fitted permanently to the. sleeve cap of the 
joint to permit of pressure testing the joint or for 
desiccation purposes. Fig. 3 shows a typical joint 
using copper tube of an external diameter 2�". 
Other tubes are on trial of diameters 311 and 3f'. 

FIG. 3.-AuxTL!ARY Jo!NT USING MECHANICAL JOINT, 

FrG. 1.-NEW METAL PoT, 

Mecha11ical Joi11ts for Cables. 

Trials have been made of mechanical types of 
sleeve joints for auxiliary joints. One of the types, 
which has been introduced and favourably reported 
upon, is shown in Fig. 2. This joint consists of 
a rubber ring, which is essentially a double U 
washer, with a metal housing in hvo sections which 
are clamped round the collars of two cylindrical butt 
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The experiment has been confined initially to 
auxiliary joints and, as a result of the favourable 
report which has been received, it has been decided 
to extend the experiment. Laboratory experiments 
a1·e also being made with a similar type of mechanical 
sleeve joint for use on through cable joints. 

Drying of Joints. 

The introduction of Silica Gel for the drying of 
cable joints has given g·eneral satisfaction, The 



disposition of the cotton gauze pockets in a typical 
joint is shown in Fig. 4. iVIore than 1 ton of Silica 
Gel has been used <luring the last six months for the 

ELEVATION 

cylinders of desiccating pumps. A motor desiccator 
has been adapted for use with Silica Gel and is in 
experimental use in the London Engineering District . 

FIG. 4.-TYPJC,\L )OINT WITll POCl(ETS FUil Sll.ICA Gi;1 .. 

A novel feature of the adapted pump is 
the use made of the heat of the exhaust 
of the petrol motor for the drying of the 
Silica Gel which has become saturated 
in use. Two identical drying cylinders 
are provided and are connected alter
nately by stop cocks to the cable under 
desiccation. The Gel in the cylinder 
not in use for this purpose is at the 
same time heated as described above 
and recondi tioned for further service . 

drying of joints and a considerable 
increase in this rate of use may be 
expected. The use .of Silica Gel is at 
present specified 011 new construction 
work in manholes, 011 the assumption 
that greater risk is incurred by the use 
of a flame in manholes than in other 
types of jointing chambers, but recent 
events have demonstrated that the 
necessity for the curtailment of the use 
of naked flames in surface boxes, and 
even al buried couplings, is sca.rcely 
less urgent . It is desirable therefore 
lo extend the use of Silica Gel and 
there is 110 reason why the Gel should 
not be used in any joints where the 
work necessitates the replacement of 
the existing sleeves and where the 
slightly larger dimensions of the re
quired sleeves are permissible. 

Joints on certain working caibles 
have already ben dealt with. A graph 
of a typi cal case is shown in Fig. 5. 
It will be seen that a steady increase 
of practically 1,000 megohms per day 
was obtained during a period of 12 days 
with a final reading of 21,500 megohms 
per mile. 

J 

It has been shown that Silica Gel may be used as 
a substitute for Calcium Chloride in the drying 
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The adapted desiccator is shown in Fig. 6. 

Palladium Cho ride Gas Leah Indicato'I' and Sa.[ ety 
Lmnp No. 2. 

Some 2,800 Palladium Chloride Gas Leak Indica
tors (Fig. 7) ·have been issued and all workmen 
employed on the underground works should now be 
in possession of the indicator. There is no doubt 
this indicator meets a Jong felt need, but it is regret
table to have to record that in the case of four recent 
explosions there were failures to make the standard 
tests which would have given warning of the 
dangerous conditions . 

It has been noted that some of the Palladium 
Chloride solution issued to meet early demands is 
of a colour which, in the absence of gas, stains the 
test paper a darker colour than the reference face 
plate of the indicator. This is receiving attention, 
but, in the meantime, no practical di fTiculty should 
arise in distinguishing the somewhat darker brown 
stain from the grey-black or black stain indicative 
of the presence of gas. 
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Fm. 7.-PALLADIUM C11LoRIDll G11s INorcATOR. 

Experience with the first 100 Safety Lamps No. 2 
(Fig. 8) has justified an extension of the trial and 
200 additional lamps have been placed on order. It 
may be expected that sufficient Safety Lamps No. 2 
will be made available to substitute Safety Lamp 
No. 1 for use in all Urban areas. 

ivfuch interest has been taken by Local Authorities 
1n various parts of the country in the precautionary 

Fw. 8.-S.1Fuv LAMP No. 2. 

146 

measures adopted by the Post Office for the detection 
of gases. Enquiries have ibeen received from 
lVIunicipal Engineers and the Engineer-in-Chief has 
been glad to furnish information and to supply copies 
of Departmental Instructions. The importance of 
the subject is stressed in a report issued by the 
Ministry of Health on " Accidents in Sewers "1 

which report is worthy of the study of all Engineers 
concerned with underground operations. 

The measures adopted by one of the London 
Boroughs on the lines of those recommended in the 
Ministry of Health report were discussed recently in 
a paper read before the Institution of fvlunicipal and 
County Engineers and published in the Journal of the 
Institution dated April 9th, 1935. 

Discussions have recently been conducted between 
the Department and representatives of the Insti.tution 
of Gas Engineers and the National Gas Council of 
Great Britain and Ireland with the object of establish
ing a procedure to facilitate the notification of leak
ages and to make provision for co-operation by the 
Post Olhce and Gas Undertakers, where desirable, 
with a view to expediting the clearance of the leak
ages. Reference was made to the fact that in the 
case of some recent explosions it was known that the 
Gas Undertakers were aware, some time prior to the 
explosion, of the existence of leakages in the neigh
bourhood of Post Ofllce plant and it was suggested 
that the explosions might possibly have been averted 
had timely advice of the leakages been given to the 
Post Olli.cc. The representatives of the Gas Under
takers have agreed to arrange in future, for advices 
of any serious leakages which might affect Post 
Office plant to be given at the earliest possible 
moment and it is hoped that this will prove effective 
in reducing explosion risks. 

It is probable also that the Post Office will agree 
to an extension of the arrangements already existing 
in London iby which certain Gas Undertakers are 
permitted to remove manhole and box covers in 
emergency for the purpose of ventilation. It will, 
however, be a condition necessary to such consent 
that the Gas Undertakers shall indemnify the Post 
Office against accidents caused by the removal or 
improper replacement of covers by employees of the 
Gas Undertakers. The arrangement will not be 
regarded as giving Gas Undertakers' employees a 
general right of access and it is not intended that 
access should include right of entry to Post Office 
man !1ol�s. further, during normal working hours, 
application by telephone will be necessary for the 
attendance of Post O�ce workmen when it is desired 
lo raise covers and in any other case, notification of 
any covers lifted \\'ill be required. 

1 " Accidents in Sewers," published by H.is Majesty's 
Stationery Office (1934). Price 2d. 



Liverpool New Parcel Post Office R. S. PHILLIPS, A.M.1.E.E. 

General. 

T
HE site for the new Liverpool Parcel Post 

Office, which has an area of 44,00Q sq. ft. , 
was acquired as far back as 1913, but, due 

to the Great 'vVar and subsequent financial stringenc)'.> 
building operations were not commenced until 
February, 1933. The Office, which is the se�ond 
largest of its kind in the Kingdom, was officially 
opened on October 2nd, 1934, by Sir H. Kingsley 
Vv ood the Postmaster-General. 

The
' 

basement of the building consists mainly of a 
garage and space for .storing bags of parcels aw�it
ing shipment from Liverpool. The garage, which 
accommodates seventy postal vans, and its associated 
workshop occupies 15,400 'sq. ft: and is equipped 
with a travelling crane, power driven petr.ol pumps, 
hydraulic pressure washing I?la�t, a sprinkler fire 
extinguishing system and ventilat111g plant to remove 
the exhaust fumes. The latter consists of main and 
auxiliary apparatus. T�e main p�ant is c::ipable of 
dealing with 18,500 cubic ft. of air per m111ute and 
extracts from the main portion of the garage through 
hollovv compartments built round the main pillars in 
the basement. The fumes then pass through ducts 
in the garage floor to the atmosphere. The re
mainder of the garage is ventilated by the auxiliary 
plant which extracts through two grids fitted in an 
iron ductwork. 

Bags of parcels, which are made up in the Sorting 
Office on the ground floor and have to await ship
ment from Liverpool, are dropped through hoppers 
in the Sorting Office floor and fall down spiral chutes 
(shown in Fig. 3) to the basement storage space, 
where they are placed in various groups according 
to their destination. 

The Sorting Office, with an area of 26,400 sq. ft., 
occupies almost the whole of the g·round floor. 

Parcels, after being delivered to the Office in vans, 
are dropped through balanced trap doors in the load
ing platform and fall on to a conveyor band (parcel 
conveyor) which delivers them to the Sorting Office 
floor. They are then sorted into bags which are 
either dropped down the spiral chutes to the base
ment storage space to await shipment, or down other 
chutes to a second conveyor band (bag conveyor) 
which delivers the bags back to the loading platform 
for despatch by the postal vans. Some idea of the 
numbers of parcels and bags which this office will 
deal with will be gained from the fact that approxi
mately 7-l: million parcels and 750,000 bags of parcels 
were handled in the Liverpool Parcel Post Depot 
during the year 1934. 

Customs officers, who are permanently attached to 
the Post Office for the purpose of examining parcels 
from abroad, occupy a portion of the first floor.. The 
remainder of the floor consists of retiring rooms, 
clerical offices and a large space for storing many 
thousands of cleaned empty bags. 

The dining room, kitchens, and additional offices 
occupy the second floor. 

Three enclosures for the lift ·winding engines and 

control panels are built on the roof of the buildi.ng. 
Brief descriptions of some of the plant of particular 

interest to members of the Engineering Department 
are given below. 

Electricity Supply. 
The electricity supply, which is three-phas�, four

wire, fifty cycles at a voltage of_ 230 between 1111e _and 
neutral, is received from the Liverpool Corporat10�, 
a duplicate service being provided. The two mam 
cables each four core, are terminated on a four pole 
chang�-over knife switch mounted on a. switchbo�rd 
in the basement, the operation of the switch en.ab!mg 
either of the supplies to be connected to the bu1ldmg. 
The switchboard bus bars are fed through a 400 
ampere, triple pole, oil immersed circuit breaker. 
Three double pole, 150 ampere service boxes, one of 
which is connected to each phase via an ammeter, 
0-200 amperes, control the lighti�g circuits w�ilst 
60 ampere service boxes are p�ov1ded for

. 
the h�ts, 

bag cleaning machine and heatmg plant c1rculat111g 
pumps. In addition to the Corporation's meter each 
of the three main lighting circuits and the power 
circuit is provided with a meter. 

In a building of this nature the standard of 
illumination is necessarily high and the total power 
of the lamps installed is 62 kilo-watts. The total 
horse power of the motors is 104 and it is estimated 
that the annual consumption of electricity for the 
building will exceed 200,000 units. 

Lifts. 
The building is served by three modern electric 

lifts, two goods and one passenger, which were built 
and installed by Messrs. Pickerings, of Stockton. 
The full load capacity of each lift is 30 cwts. and the 
maximum speed 200 ft. per min. Dual control is 
provided in each car and pushes installed on the land
ings operate a buzzer combined with an indicator 
fitted in the car. 

The winding engines-motor, brake, and gearing 
-and control panels are installed in specially built 
enclosures on the roof of the building. The 30 H.P. 
motors are of the variable speed A.C. commutator 
type with full load speeds of 960 revs. per min. and 
240 revs. per min, corresponding to car speeds of 
200 ft. per min. and 50 ft. per min. respectively, the 
latter of course being the landing speed. Traction 
drive is employed for two of the lifts and drum drive 
on the third and in each case reduction from the 
motor speed to the car speed is effected by over-type 
worm and worm wheel reduction gearing. 

Cam type safety gear is fitted on each car and 
balance weight. These cams operate and clamp the 
car and balance weight on their respective guides in 
the event of any of the suspending ropes breaking or 
slackening. Limit switches, which automatically 
stop the car before it reaches the bottom or top of the 
lift well, are provided. The efficiency of modern 
gearing is such that lifts are not usually self sustain
ing and an emergency handle is, therefore, fitted in 
the car. Vilhen operated, this handle disconnects 
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the lift supply and applies the brake.. In addition, 
the drum drive lift is fitted with a switch which auto
matically stops its motor if the car or balance weight 
is brought to rest from any cause. 

Conveyors. 

(a) Parcel Conveyor. This conveyor, which has a 
Ieng.th of 60 feet, carries parcels from the loading 
platform (Fig. I), outside the main entrance to the 
office, and delivers them to trolleys in the Sorting 

Fm. 1.-l',\RCBLS ENTERING Till! CoNVEYOI<. 

Office. On entering the conveyor at 
the loading platform the parcels arc 
carried some distance horizontally, 
after which they are lifted almost 
vertically to the Sorting Office floor by 
means of a twin band conveyor. One 
of the bands being corrugated in 
section is capable of preventing the 
parcels slipping during the lifting 
period. Fig. 2 shows the delivery encl 
of the conveyor in the Sorting Office, 
the photograph being taken before the 
erection of the protective wood and 
metal surround. A system of coloured 
lamps installed at the delivery encl and 
lighted by switches at the loading- plat
form inform the attendant of the 
type (Collections, Foreign, Locals) of 
parcels which are being carried and 
thereby facilitates sorting. \Novcn 
cotton is used in the manufacture of 
the bands which are 36 inches in width 
and run on hollow cylindrical steel 
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rollers at a speed of 150 ft. per min. This conveyor 
is capable of carrying a load of 800 lbs., being driven 
by a 3 H .P . motor. Plant for extracting dust from 
the bands is installed on the ho.rizontal section of the 
conveyor and consists of a brush in contact with the 
underside of the band, the dust being co11ected in 
the box which houses the brush gear. 

(b) Bag Conveyo·r. This is somewhat similar in 
construction to the parcel conveyor except that it 
has a length of 165 feet, the bands are 42 ins. in 
width and it is designed to carry a load of 1 ,200 lbs. 
The conveyor is erected in the basement under the 
Sorting Office floor (Fig. 3) and delivers bags of 
parcels to the loading platform. The bags are 
dropped through four chutes on the Sorting Office 
floor to the conveyor band, shock absorbing pads of 
sorbo rubber being fitted under the bands at those 
points where the bags leave the chutes. As in the 
case of the parcel conveyor the bags are raised to 
the loading platform by' means of a corrugated band 
(Fig. 4) and dust extracting plant is installed. 
Silence of operation was considered important and 
both conveyor motors are therefore specially designed 
for silent running. 

:Messrs. Sovex, of Southwark, London, built and 
installed both conveyors. 

Bcig Clea.ning Plant. 
The mail bags are periodically cleaned by bag 

·cleaning apparatus of the latest type which is in
stalled in the basement. The machine is of the 
Eureka1 (Herbst Patent) type (Fig. 5) and consists 
of a suction fan which extracts the dust from the 
bags when they are held on a specially shaped spout. 
The bag is drawn sharply into the unit " inside out " 

-still held by the operator-and is then pulled down
wards from the machine and the operation repeated 
t? re-turn the bag to its original side. Thus, both 
SHJes of the bag arc cleaned and, furthermore, the 

t ·w. S. Snell. 1'.0.E.E. ]011mttl, Vol. 27, Part 4-" I\ 
New Mail Bag Cleaner." 

Fie. 2.-DELIVERY END or PARCEL CoNvErnR. 



operation of re-turning the bags is d�ne 
automatically and not by hand wtuch 
was the case with the older types of 
machines. The average output of a 
machine of this type is approximately 
500 bags per hour. A grid and inspec
tiuu winuuw are filled in the spout, the 
former to intercept anything which may 
have been left in the bags and to pre
vent the bags being drawn into the 
machine. This plant was provided by 
Messrs. s. Ho\\·es, of vVembley. 

Henling. 

The building is heated by a low 
pressure hot water system supplied 
from lwo steel sectional boilers situated 
in the basement and two centrifugal 
pattern circulating pumps are installed 
to improve the rate of circulation. The 
total heating surface provided is 
13,200 sq. ft. Standard type cast 
iron sectional radiators are fitted 
on all floors with the exception of 
the Sorting Office, where it was con-

FIG. 4.-RISEH 0AND OF 0AG CONVEYOR. 

sidercd this type Qf radiator would not only restrict 
the noor space, but would hamper the movements of 
the sorters wheeling parcel trolley ·baskets. This 
office is therefore heated by forty-seven panel type 
radiators fitted on the ceiling and supplied from the 
hot water system on the floor above. The approxi
mate size of each of these units is 9' O" x 3' o•. 

VOL. XXVll!. 

Fie;. 3.-UNDERS•DE or.- 0,1c; CoNVEYOR ,1ND Sl'm"L C11un;s. 

L 

FIG. 5.-0,\G CLE,\NING l'vl,\ClllNll. 

Co11c/11sio11. 

The lifts and conveyors were built and installed 
in accordance with specifications prepared in the 
Engineer-in-Chief's Office, Power Branch, and the 
building together with its equipment is a typical 
example of a modern Parcel Post Office. 
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Newcastle-Carlisle Cable and The Roman Wall 

I
NCLUDED in the programme for the extension 

of the British interurban telephone system is 
an underground cable between Newcastle and 

Carlisle. The cable is protected by ducts where it 
passes through '' built up areas '' and elsewhere is 
of the armoured type laid direct in the ground. Four 
pairs of 40 lbs. screened conductors and 156 pairs of 
20 lb. conductors are provided and the cable when 
completed will form a valuable link between the two 
backbone underground routes which traverse the 
country from North to South, the one in the East 
through Newcastle-upon-Tyne and the other in the 
West through Carli;le. 

That the British Broadcasting Company proposes 
to open its new broadcasting station for the North 
of England somewhere in the near vicinity of the 
cable is now an open secret and the requisite con
ductors for broadcasting purposes have, therefore, 
been included. The cable has been supplied and in
stalled by Messrs. Siemens Bros. 

A particularly interesting feature associated with 
the work of installation of the cable is that it is laid 
for the greater part of its total length of approxi
mately 53 miles along the so-called '' Military road '' 
and that this road follows for many miles the course 
of the great Roman Wall, the greatest monument of 
Roman history extant in this country. 

it was levelled by the constructors of the road, the 
lower courses being utilised as an excellent ready
made foundation for a portion of the width of the new 
road and the debris as cc penning " for the remainder. 
Consequently, for many miles the remains of the wall 
in various stages of preservation lie immediately 
below the metalled surface of the present road which 
is by degrees being widened and levelled and gener
ally improved so as to form an additional artery for 
vehicular traffic across the North of England. 

The Roman Wall was built of masonry with a 
maximum thickness of approximately ten feet and 
it originally stood some twenty feet above the ground 
level. I ts construction was commenced in the time 
of the Emperor Hadrian, about 123 A.D., and for 
this reason it is commonly known as Hadrian's vVall. 

The conjectural sketch here reproduced will give 
some idea of the appearance, section and proportions 
of the wall and of the fosse or ditch which accom
panied it on its North side. There were substantial 
stone built forts or camps astride or abutting on the 
South side of the wall at approximately four mile 
intervals. lVIilecastles were provided at every Roman 
mile, i.e., about 1,678 yards, and two turrets between 
each milecastle and the next. Numerous detached 
forts also existed in the vicinity and were obviously 
part of the defensive system which the Romans found 

FIG. !.-CONJECTURAL DRAWING OB THE ROMAN WALL. 

necessary to establish to 
keep the Caledonians with
in the bounds considered 
legitimate for them. In 
such a huge system of 
defence works communica
tion would be a most im
portant consideration. The 
turrets which have been 
mentioned were advantage
ously situated and served as 
signal towers and by these 
means signals could be con
veyed from end to encl of 
the line of the wall with 
despatch. The turrets were 
spaced approximately 540 
yards apart. The sugges
tion has been made, but not 

The cc Military road " is also known as " Wade's 
road " because its construction as a military pro
vision has generally been attributed to General Wade, 
the great military engineer and pridge builder. As 
Wade died in 1748 and the construction of the road 
did not commence until 1751 such a supposition can 
hardly be correct. 

When the road was originally constructed nearly 
two hundred years ago, the Roman Wall existed 
abo".e ground and acros� country for many miles in 
a fair state of preservat10n except that it had been 
extensively denuded for local building purposes, but 
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accorded much credence, 
that a system of communication by means of a brass 
tube was employed between turrets. No evidence 
has been found to support such a contention. 

The Roman Wall with its associated forts, mile
castles and turrets is now protected under the Ancient 
Monuments Act of 1931 and will consequently receive 
attention by the Ancient Monuments Department of 
the Office of Works in whose capable hands it will 
be preserved for the nation. 

Some fine specimens of the wall are exposed on 
private property above ground, but for the most part 
as intimated, the remains of the wall lie beneath th� 



macadamised surface of the military road. It has 
been disturbed and more or less demolished along its 
whole length and at no point is it intact. 

The excavation for the new cable was for the most 
part along the greensward which lined the side of 
the road, a plough being employed for the removal 
of the surface, the trench then being deepened by 
means of the spade. In carrying out this work tons 
of hewn sandstone blocks which had once formed 
part of the wall, but which had been displaced as 
previously described, were removed and the buried 
wall was encountered and exposed at several points. 
It was found still to be in distinct formation and fair 
state of preservation \\'hich, however, varied from 
place to place. Extreme care \\·as exercised in order 

Fie. 2.-PLouc111Ne THE TRACK. 

to avoid unnecessary damage and, in view of the con
siderable distance for which the cable was ]aid in 
proximity to the wall, the disturbance was surpris
ingly small. From time to time discoveries of coins 
and other valuables have been made in the vicinity of 
the wall principally near to, or within the camps and 
forts associated with it, and other objects of great 
archieological interest have been unearthed. Need
less to say the numerous workmen employed in lay
ing the cable kept a sharp look out for anything of 
value, but no " treasure trove " was discovered. 

One small object of considerable interest was, 
however, found near to the site of one of the turrets. 
It was a spherical ball of whinstone which is a local 
basaltic rock composing the great whin sill which 

flG. 3.-LAYl!\G OUT TllE CABLE ON ROLLERS. 

stretches across the north of England from the 
Pennines to the North Sea, terminating as the famous 
Farne Islands of Grace Darling fame. The whin
stone occurs in greater profusion in the locality in 
question than the sandstone of which the wall is 
almost exclusively constructed, and outcrops as 
immense and picturesque crags to the north of Halt
whistle. The stone ball is now exhibited in the 
museum of the Newcastle Society of Antiquaries, 
Black Gate, Newcastle-on-Tyne. 

fvlr. Parker Brewis, !vi.A., F.S.A., Vice-President 
of the Newcastle Society of Antiquaries and a recog
nised authority on the Roman Wall, informed the 
writer that the Roman soldiers were undoubtedly 
aftlicl:ed with an acute form of boredom during their 
long intervals of idleness when the Caledonians 
thought fit to leave them unmolested and that they 
occupied themselves with various games and pur
suits. One such pursuit no doubt was the manu
facture of stone balls similar to the one found which, 

Fie. 4.-LIFTING THE CADLE INTO THE TRENCH. 
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FIG. 5.-BAl.LISTA BALL FOUND Ot.;IUNG Ol'El!ATIONS. 

Book Review 

" Pdnciples of Electric Power Transmission by Alter
nating Currents." H. \;\/addicor. 449 pages, 164 illustra
tions . .:.:;hapman & Hall. 21 /- net. 

·This book is intended primarily for more advanced 
students pursuing a course in electric power transmission : 
il contains, however, a large amount of data of a practical 
nature suitable for the day lo day problems of the powc1· 
transmission engineer. \Vhilc the approximate methods 
of treating the subject of both short and long transmission 
lines are dealt with in sufficient detail for prnctical use, 
l'igorous methods of solution for long transmission lines 
containing all the more imporlanl mathematical methods 
of treatment arc given. Two full chapters are devoted 
lo Line Construction and Insulation and form an excellent 
survey of current practice and principles of design. The 
chapters on Cables have been tho1·oughly revised since 
the last edition and present an up-to-date picture of all 
the most recent developments, especially those in con
nexion with very high voltage cables of the oil filled and 
pressure types. The chapter· on Economic Principles and 
Calculations, a subject which is loo often neglected 
altogether in tcxl books, deals with this most important 
aspect in a way which is no doubt suflicienlly detailed 
for the students for whom it is intended. The frequent 
variations since the war in prices of labour, plant and 
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however, were intended, so Mr. Brewis says, for a 
more serious purpose than amusement. The whin
stone ball is two and one eighth inches in diameter 
and weighs 9� ozs. Mr. Parker Brewis explained 
that the stone ball was one of a type generally known 
amongst archreologists as a Ballista Ball, i.e., a ball 
used as a missile, and that it was intended for dis
charge from some form of catapult used in military 
operations. The Ballista was a machine of this 
type, invented and employed centuries before the 
Roman Empire reached its zenith. In fact it seems 
clear that Archimedes, the celebrated Greek Physicist 
and G eometrician, who was born about 287 JJ.c., was 
the inventor of this instrument as well as many 
others of a similar type for m ilitary purposes. The 
generally accepted idea is that in ancient times 
Ballistre were employed for discharging stones and 
Catapultre for throwing darts, but modern thought 
has suggested, so the writer is assured, that the 
reverse was the case. 

A photograph of the Ballista Ball, found in 
November at a point near Whittle Dene, kindly 
taken for this Journal and supplied by Mr. Parker 
Brcwis, appears on this page and photographs of the 
cable laying operations are also included. 

F.G.C.B. 

materials have made the handling of this matter par
ticularly difficult in a lcxl book which cannot be 1·e,·ised 
frequently. From the point of view of the communication 
engineer, the subject of dangerous rises of cu!'l'ent and 
dangerous voltage rises must be of preponderating 
importance, and the chapters devoted to the causes and 
effects of these phenomena are particularly thorough. 
Protective systems and apparatus are fully dealt with and 
numerous methods of preventing surges of current rn· 

voltage are described. The method of calculating the 
magnitude of fault currents from the reaclances in circuit 
is of particular interest. No attempt appears lo hm·e 
been made to deal with the subject of Telephone or Radio 
T nterference which is necessar·ily a matter of considerable 
importance to lransmission engineers and may seriously 
affect the route chosen for a power line : nor is the subject 
broached of induced voltage in communication circuits 
clue to fault curre11ls from the power system, though it is 
satisfactory lo note that po\\'er engineers ha,·e other 
weighty 1·easons for endeavouring to avoid heavy fault 
currents. The book, as a whole, is of very great value 
and indicates nol only a profound knowledge of the sub
ject but also the author's ability lo condense the funda
mentals in a concise and practical form. 

P.B.F. 



Notes and Comments 

Silver Jubilee 

T
HE Post Office participated in many ways in 

the Jubilee celebrations and in addition to 
decorating and flood lighting buildings, the 

Engineer>ing Department was called upon t? perform 
many ·interesting tasks outside the sc.oi:e of its n�rm�I 
duties. Among these wa·s the prov1s1on of a c1rcu1t 
and device for firing the hon-fire in Hyde Park from 
a press button which the King depressed �n Bucking
ham Palace. This was arranged to operate a relay 
which connected a 12 volt battery across a piece of 
resistance wire enclosed in a box of highly com
bustible material. The arrangements were entirely 
successful and the bon-fire burst into flames imme
diately. 

\Ne offer our congratulations to those of our 
colleagues to whom Jubilee medals were presented. 

Sixpenny Telegrams 
The telephone has proved so serious a competitor 

to the telegraph that, despite the complete reorgani
zation and modernization of the latter service, it 
has not yet been possible to do more than effect 

reductions in the annual Joss on telegrams. The 
Postmaster-General's step in re ... introducing sixpenny 
telegrams will, therefore, be enthusiastically ,�·el
comed within 1"11e service as a means of encourag'111g 
fresh traffic. \Ve feel confident that this bold 
decision will be as successful as the recent reductions 
in telephone tariffs and charges 1n attracting fresh 
business and trust that it will shortly enable the 
telegraph service to show a profit. 

Dr. Michael I. Pupin 
\Ve regret to have to record the death on March 

12th of Dr. M·ichacl I. Pupin, the distinguished 
physicist whose researches have left a permanent 
mark on the scroll of telephone history. 

Dr. Pupin's career was a remarkable one for, 
star.ting life as a shepherd boy in Serbia, h e  became 
Professor Emeribus of Electro - Mechanics at 
Colombia University and had a long list of scientific 
developments and inventions to his credit. To tele
phone men the outstanding one of these was the 
invention of the Pupin loading coil which marked a 
vast step forward in the solution of the problem of 
long distance communication, 

Retirement of Major H. Brown, o.B.E., M.l.E.E. 

The 1·etirement of Major Brown from the post of 
Deputy Engineer-in-Chief on June 30th, sho!'tly after 
reaching 60 years of age, removes yet another name from 
the rapidly diminishing list of engineers who were cradled 
in a Telegraph Instrument Room, where their earlier 
diet was the Morse alphabet and their stronger food 
" Slingo and Brooker " and " Preece and Stubbs." 
Many of them have had the unique expedence, while 
making their varied contributions to the development of 
the telephone system of to-day, of being called upon to 
assist in the advent of a new telegraph system in which 
their beloved Morse has no place; but Major Brown is 
more fortunate than those who have preceded him for he 
has stayed to see the return of the" sixpenny telegram," 
to the 1885 example of which he probably owes his ent1·y 
to the Birmingham Post OAice in 1890. 

Six years' service as a telegraphist was followed by 
four years as a clerk in the South Midland District Super
intending Engineer's Office at Birmingham; then came 
the plunge into the deep waters of practical engineering 
work-a Sub-Engineership at Coventry; after this, in 
turn, charge of the Stafford Section; the South Midland 
District Estimates Section; and (as Engineer, First Class) 
the Belfast Section. A yea1· of travelling in connexion 
with the inventory of the National Telephone Company's 
plant was followed by promotion to an Assistant Staff 
Engineership in the Survey Section, where a very 
strenuous time was spent under the guidance of the late 
Sir \;\lilliam Slingo in preparing evidence for the arbitra
tion proceedings to determine the purchase price. 

On the outbreak of war JV!ajor 13rown took up duty as 
Assistant Director of Army Signals (Home Defence) : in 
1915 he was appointed to the command in France of No. 5 
Telegraph Construction Company and for his services 
was awarded the Order of the Bdtish Empire. 

Major Brown from the beginning of his service had 

, , 

I 

given much thought to the problem of securing increased 
efficiency in the organization of engineering work and 
when in 1927 it was decided that a Commission of Enquiry 
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should visit Sweden, he was selected as one of the 
members, the others being Mr. E. J. Wilby, also of the 
Engineering Department, and Mr. H. Buckland, of the 
Accountant General's Depai·tment. Valuable information 
was obtained in Sweden, and, after an examination of the 
outdoor construction work in all the engineering districts, 
Major Brown and Mr. Buckland visited the United States 
for the purpose of obtaining first-hand knowledge of the 
organization in the large American telephone centres. 

Promotion to the rank of Assistant Engineer-in-Chief 
came on 1st Septembe1·, 1929, carrying responsibility for 
the control of the efficiency organization both at Head
quarters and in the Districts; and in April, 1934, he 
became the first holder of the office of Deputy Engineer
in-Chief. 

Since 1929 Major Brown has undertaken a large 
amount of Committee work and among the more 
important of his responsibilities of this type have been 
his membership of the Motor Transport Committee which, 
under Mr. E. Raven, C. B., recommended the present 
system of maintenance by the Engineer-in-Chief of both 
the postal and engineering fleets, and his chairmanship of 
the Standing Joint Committee which was instituted to 
deal with the numerous questions arising out of the 
revision in January, 1930, of the engineering workmen's 
establishment. 

It is always difficult to say with confidence what part 
of the work of a man of Major Brown's type and calibre 
will ultimately prove to be of the greatest value, for the 
full harvest of pioneer work is seldom reaped either visibly 
or quickly. When, however, one's mind ranges over the 

past seven years and sees a picture in which some of the 
prominent features are a decreased volume of engineering 
work, a steady increase in effective output per man 
and a large number of employees whose services could not 
be retained, there seems little doubt that the discussions 
and negotiations with representatives of the staff must be 
awarded pride of place. The directness of approach to 
the subject under treatment; the willingness to listen to 
the statement of the men's point of view; the knowledge 
of the practical conditions or the evident desi1·e to acquire 
it-in short, the obvious wish to deal honestly with each 
and every man-created an atmosphere of confidence and 
goodwill of lasting benefit to the public service, the best 
interests of which are the vital consideration. l\lfajor 
Brown's sense of humour was an asset of no small value 
in these discussions, but " the other side of the table " 
will agree that it never caused him lo deviate from the 
opinion that if an item of work can be well done in one 
manhour, 61 man-minutes represents inefficiency! 

It is a pleasure to know that, in this instance, retire
ment does not spell immediate cessation of contact with 
his colleagues-Major Brown's services are retained for a 
time to assist in the negotiations between the Post Office 
and the Tramway Authorities which, it is hoped, will 
establish a mutually satisfactory basis for the avoidance 
of disputes ar!sing out of the electrolysis of underground 
cable sheaths In tramway areas. We wish him success in 
this last official undertaking and, on its conclusion, a 
long and happy leisure to watch the continued develop
ment of the public services to whose progress he has made 
a contribution of which he may well be proud. J.W.A. 

Col. A. S. Angwin, D.S.O., M.C., T.D., M.l.E.E. 

Col. A. S. Angwin, D.S.O., M.C., T.D., M.I.E.E., 
after leaving East London College and training as an 
engineer with Messrs. Yarrow & Co. joined the Post 
Office Engineering Department in 1906. Until the out
break of war he was stationed at Glasgow where he 
became well versed in all branches of District work and 
particularly in underground construction. 

During the war Col. Angwin served al Gallipoli, in 
Palestine and on the French front, and was awarded the 
Distinguished Service Order and Military Cross for his 
services. 

On being demobilised he joined the Radio Section of the 
Engineer-in-Chief's Office and was actively engaged in 
the design and construction of the Leafield and Rugby 
vVireless Stations. He was promoted to Executive En
gineer in 1920, Assistant Staff Engineer· in 1925 and in 
1928 he became Staff Engineer in charge of the Radio 
Section. 

In 1933 he was promoted to Assistant Engineer-in-Chief 
and now receives further advancement to the post of 
Deputy Engineer-in-Chief. Among other things Col. 
Angwin has identified himself particularly with the ques
tion of interference with wireless reception and with the 
introduction of television. During the last few years he 
has represented the Depar·tment on the Television Com
mittee and recently visited America in this connexion. 

Outside the office, Col. Angwin has taken an active 
part in the affairs of the Institution of Electrical En
gineers and he is also an associate member of the 
Institute of Civil Engineers. He also acts as an 
examiner of the City and Guilds of London Institute. He 
is well known in Teri-itorial Army circles, with whom he 
still maintains a very live interest, being at present the 
Deputy Chief Signal Officer to the Eastern Command. 

Col. Angwin is the popular Chairman of the Enginee1·
in-Chief's Sports Club and all grades will be unanimous 
in congratulating· him on attaining his new rank. 
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J. Innes, B.Sc., M.1.E.E. 

l'vJr. J. Innes is well-known to readers of the Journal, 
of which he was i\lanaging Editor from 1931 ti ll i\larch of 
this year. During the same pel"iod he \\'as also Secretai·y 
of the Institution of Post Office Electrical Engineers, and 
his keen interest in the Institution and Journal has con
tributed much to the welfa1·e of both. 

He began his career at Headquarlers, but afler two 
years in the Lines Section went out to serve in the field, 
and during the ensuing fourteen ycnrs he supen·ised 
practically el'ery kind of work for which lhe Engineering 
Department is responsible. 

\;l,lhen the South African Government required an 
Engineer to advise them on the introduction of an Auto
matic Telephone system in the Johannesburg and Cape 
Peninsula areas, ;\Ir. Innes was selected, and <luring the 
year he spenl in Soulh Africa he laid down 1he principles 
on which the automalic system there has been designed 
and extended. To-day it is recognized that his judgment 
on that important matter was sound and farseeing. 

On his return from South Africa he served first in the 
Test Section where he obtained an intimate knowledge 
of cable design and manufacture. On transfer to the 
Equipment Section he showed equal versatility in dealing 
with exchange equipment problems. 1 t may not be 
generally known that he was closely concerned in the 
negotiation of the agreements between the Post Office and 
its contractors for the supply of underground cables and 
exchange equipment. 

Two years ago he visited America where, in addi lion 
to a catholic interest in technical developments, he devoted 
considerable attention to the financial and economic 
structure employed in American telephone business. 

In discharging the duties entrusted to him he has 
enjoyed throughout the co-operation and confidence of 
his colleagues and the enthusiasm of his staff. His 

G. F. O'dell, B.Sc., M.l.E.E. 

Mr. G. F. O'dell, who takes over the Exchange Equip
ment and Accommodation Branch, entered the Post Office 
Engineering Department by open competition in Octobe1·, 
1909. After a period of training in the Engineer-in
Chief's Office, and in the old Central Metropolitan 
District, he was posted to the Willesden Section in i\Iay, 
1910. In that Section he was engaged principally on both 
internal and external construction. In November, 1910, 
he was transferred to the Central Telegraph Office under 
the late Mr. James Fraser. At the end of August, 1911, 
he visited America in company with Mr. F. G. Turner 
under a scholarship scheme initiated by the Engineer-in
Chief of that date (Major W. A. ]. O'Mcara). Altogcthe1· 
he spent fifteen months in America, and during that time 
had experience in all phases of the telephone industry, 
including manufacture, operation, and maintenance. In 
addition he acquired his first experience of automatic 
telephony, which was a comparatively new development 
at that time. On his return to this country he was posted 
to the Telephone Section of the Engineer-in-Chief's Office 
to assist Mr. B. 0. Anson who was then engaged on the 
development of automatic telephony to meet lhe requi1·e
ments of this country. He very soon became interested 
in the trunking aspect of automatic telephony, and for a 
time was engaged solely on that work. Mr. O'dell's con
tributions to the theory and standardization of trunking 
are of international importance and too well-known to 
need recapitulation here. In March, 1927, he became 
executive engineer in charge of automatic maintenance, 
and in March, 1928, he took charge of the trunking group 
which was formed at that time. On June !st, 1932, he 

appointment as Assistant Engineer-in-Chief will furnish 
the opportunity to apply his varied knowledge and 
experience in a wider field and his many friends and col
leagues will wish him well in his new sphere. 

C.A.T. 
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became assistant staff engineer in charge of telephone 
development, and remained on this work until receiving 
his present position. During this period he has been 
chairman of the Nomenclature and Symbols Committee 
and of the joint Committee of manufacturers and the 
Department charged with the imp01·tant task of introduc
ing the 3000 type relay into all telephone circuits in place 
of the various types made by individual manufacturers 
hitherto. The standardization of the two-motion selector 

by the development of the type is to be known as the 
2000 type is now proceeding and doubtless Mr. O'dell 
will be sorry to leave this work before its completion. 

Mr. O'dell has written a number of papers, chiefly on 
trunking, for the Institution of Post Office Electrical 
Engineers, and has contributed to this Journal on more 
than one occasion. In December, 1926, he read a paper 
on trunking before thr Institution of Electrical Engineers. 

B.0.A. 

The Institution of Post Office Electrical Engineers 

RETIRED MEMBERS. 
The following members, who have retired from the 

Service, have elected to retain their membership of the 
Institution :-

G. F. Greenham, M.B.E., M.I.E.E., 16 Court Lane 
Gardens, Dulwich, S.E.21. 

J. M. Shackleton, M.I.E.E., " Ballitore,'' Cranes 
Lane, Ormskirk, Lanes. 

S. F. \Vhetton, 128 Stainbeck Lane, Chapel Allerton, 
Leeds 7. 

A. E. White, A.M.I.E.E., 35 Chandos Road, S., 
Chorlton-cum-Hardy, l'vianchester. 

Local Centre Notes 

North Eastern Centre 

The final meeting of the 1934-5 Session was held on 
March 12th, when Mr. R. Lyle, H.C.O. of Leeds, read 
a paper entitled "The Negotiation of Wayleaves and 
�ctivities Incidental Thereto." The widely popular sub
ject attracted a large and enthusiastic gathering. 

On May 1st, 50 members participated in a visit to the 
L.N.E. Raihvay signalling school at York. The various 
systems of automatic signalling were demonstrated by 
means of working models and the members were also 
privileged to see the whole of the apparatus installed at 

Junior Section Notes 
Aberdeen Centre 

Mr. J. M�I ntos�, Eft_iciency Engineer, Edinburgh, ga\'e 
a paper entitl�d Pohc� Telephone Signal System " at 
our last meetrng. In view of the projected installation 
?f a  system at Aberdeen, the subject was of great practical 
rnterest and a valuable discussion followed. 

Aldershot Centre 
The 1934-5 Se�sion of. the abo\'e Centre has proved most 

succes�ful, and 111struct1ve, as may be gathered from the 
follow111g programme. Papers read before the Centre ·

" Rural Automatic Exchanges," by Mr. A. 0IL 
Clatworthy. 

· 
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" Random Notes on Transmission," by l\fr. F. V. 
Padgham. 

" Brief Outline of Electric Light and Power Instal

" 
lation. and Maintenance,'' by Mr. H. J. Ebbage. 

Altern�trng Cui-rents of Audible Frequency for 
Testrng Purposes," by Mr. E. Brown. · 

\V. "Wilson, 42 Springwood Avenue, Allerton, Li\'er
pool. 

CORRESPONDING MEMBERS. 

The following ha\'e been elected :-

C. van der vVateren, c/o Di\'isional Engineer, 
G.P.O., Cape Town. 

vV. \Vithiel, Mojare, Virginia Avenue, Cape Town. 
R. W. Murrell, P.O. Box 713, Salisbury, S. Rhodesia. 
G. R. Turtle, Egyptian State T. and T., !Vfedina 

Queen Nazli St, Cairo. 

this important railway centre in connexion with tele
graphic and telephonic communication. 

Scotland West Centre 

An outing, which proved interesting and instructive to 
the l\Iembers participating, took place on the 13th May, 
when the Glasgow Corporation Power Station at Dalmar
nosk was visited. The event closed a useful session, the 
programme of which was comprehensive. A good m·cr
age attendance was maintained at the meetings. 

" The Megger," by Mr. C. F. White. 
" Transmission Testing," by i\fr. J. vV. Branson. 

A visit was also made to the works of Messrs. Hack
bri.dge Cable Coy, when about 24 members spent a 1·e1·y 
enjoyable afternoon, following the processes of cable 
manufacture from the raw material to the completed 
cable. The tour extended over a period of three hours. 
Excellent facilities were provided for the comfort of the 
party, groups of eight being conducted by three very 
effic!ent guides. No trouble was spared, and a skeleton 
staff was kept on duty to demonstrate the numerous 
machines. 

The party was the.n entertained to an excellent tea, at 
the conclusion of which our gratitude for such hospitality 
was expressed by Mr. S. H. Allen. 

On April 16th, the Annual General Meeting was held 
and . officers were elected for the 1935-6 Session. Th� 
Cha11·man, IV�r. S. H. Allen, paid special tribute to the 
excellent serv1c�s rer;ide:ed by. Mr. R. Smith, as Secreta1·y 
of the Centre since rts 111cept1on, and proof that this was 



recognised by all was made known by the hearty applause 
which these words brought forth. He also mentioned 
that the Centre was going to miss him very much, but at 
the same time congratulated him on his promotion to 
Inspector's rank. 

Cambridge Centre 

Interest has been maintained during the Session 1934-35 
and the attendances have been very good. A very high 
standard was set by those members who 1-ead papers, and 
it would be invidious to single out any paper for special 
mention. 

The programme for the second half of the Session was 
as follows :-
Jan. 4. Visit to Cambridge Auto. Exchange. 
Feb. I. " Graphical Statistics "-1\fr. A. L. Challis. 
Mar. I. "Radio Interference " - l\fr. \V. E. T. 

Andrews. 
,, 15. " Internal U.C.C."-Mr. H. G. Smith. 
Members were pleased to welcome Capt. Cave-Browne

Cave to the meeting of the I st February and l\fr. \V. M. 
Osborn to the meeting of the !st March. 

At the Annual General Meeting on 5th April Mr. A. ]. 
Stearn was appointed Secretary. Mr. H. Kitteridge, the 
retiring Secretary, was warmly thanked for his services 
since the formation of the Branch. 

By the time these notes appear the annual outing will 
have taken place. This year a visit to Messrs. H.M.V. 
Co's \Vorks at Hayes, Middlesex, has been arranged. 

The programme for 1935-36 is in course of preparation, 
and it is hoped that papers will be forthcoming from 
members who have not previously contributed. 

T.C.L. 

Chester Centre 

The I 934-5 Session opened on October 8th, 1934, under 
the Chairmanship of Mr. ]. C. Spiers (C. I.). The 
membership reached a total of 30, an inc1-ease of 7 over 
the previous year. 

During the Session 12 papers, cm·ering a wide range of 
subjects relative to the telephone service, were read, and 
two nights were devoted to the exhibition of some of the 
Department's films, viz., " Methods of Renewing Poles," 
" The Telephone \Vorkers," and " The Manufacture of 
High Tension Cables." 

A visit was made on March 9th to Liverpool Telegraph, 
Repeater, and Trunk Test rooms which afforded a very 
pleasant and instructive afternoon. -

The average attendance was 22, which, as the area is 
scattered, the Committee think very good. The Chair
ma� and Committee wish to thank all for the way in 
which the members pulled together to make the Session 
such a success. 

Dundee Centre 

Arrangements were made for Mr. A. T. ] . Beard, of the 
Engineer-in-Chief's Office, to give his paper on the " Pro
vision and Maintenance of Repeatered and Amplified 
Circuits " at our meeting in March. There was a good 
attendance, and the discussion was proof of the interest 
the paper evoked. 

Edinburgh Centre 

At the March meeting Mr. D. Imlach 1-ead a paper on 
" Transmitters and Receivers," which evoked a good 
discussion. 

A l?rge number of our members paid a visit to the Cor
porat10n Gas \Vorks at Grantcn on the 8th April. These 
works are up-to-date and possess the most modern equip
ment. Our thanks are clue to ]. Jamieson, Esq., Gas 

Engineer and Manager, for the privilege of the Yisit, and 
the admirable arrangements made for conducting the 
party. 

Mr. A. T. J. Beard, of the Engineer-in-Chief's Office, 
delivered his paper on the " Provision and Maintenance 
of Repeatered and Amplified Circuits " at our last meet
ing of the Session, on 30th April. The paper was full of 
interest and, if time had permitted, more of our members 
would have taken part in the discussion, which was keenly 
sustained. 

Fenny Stratford Centre 

A 1·ery interesting and instrnctive Session has just been 
concluded. Notwithstanding that the Centre is a small 
one, and that there is not much scope to increase the 
present membership of 20, no less than 12 papers were 
1-ead during the 1934-5 Session. The general excellence 
of the papers read was such that the selection of two, fo1-
consideration by the Senior Section Committee in con
nexion with the Annual Prize Competition, was a matter 
of some difficulty. 

Glasgow Centre 

A successful Session was brought to a close on 29th 
March when Mr. ]. Graham read a paper on "Trunk 
Demand Working "; a lively discussion followed and a 
thoroughly enjoyable evening was spent. The meetings, 
of which six have been held during the Session, have 
proved interesting and informative; the atmosphere is 
cordial and encouraging. Several visits by members of 
the parent body have been made, our visitors have joined 
in the discussions and where possible have filled in gaps 
with information and views from a different angle. 

The committee are busy arranging the programme for 
1935-6 and there is no doubt that, as in former years, the 
subjects will be attractive and up to standard. 

Opportunity is taken to thank our contributors for their 
services and to remind others that the benefits of p1-e
paring a lecture cannot be overestimated. Our thanks 
are clue also to the parent body for the use of slides and 
for their co-operation and to our friend who supplies the 
lantern. 

T.N.A. 

London Centre 

The past year has seen rapid strides in the growth of 
the membership in the Metropolis. The latest available 
figures befo1-e going to print show that the present 
membership is 550, an increase of 100% on last year's 
total; an encouraging result of a year of hard work! 

No less an achievement has been the holding of 56 
meetings in the seven sections comprising the Centre. 
The division of London into seven areas enables members 
to save time and money in travelling and the Programme 
Sub-Committee to consider the particular needs of each 
area separately. 

Visits of the best technical interest were paid to the 
London Air Port at Croydon, our own Research Station 
at Dollis Hill, the Post Office Tube Railway at Mount 
Pleasant and the National Physical Laboratory at 
Teddington. These visits were attended up to the limit
ing numbers, the first three being duplicated with second 
visits, so heavy was the demand from members. In this 

:onnexion the Committee desires to express its regret that 
1t has not yet been able to arrange a second visit to the 
N.P.L. 

A ?tting climax to this interesting year was on the 
occas10n of the Annual General Meeting, held as usual at 
Denman Street on May 17. The Superintending Engineer 
was warmly welcomed, ai�d in the course of his ensuing 
remarks drew a verbal picture of events which had 
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occurred during his last twenty-five years' association 
with the Department. The incidents were no less sur
prising than delightful, and from them we drew the moral 
-one must be up-to-date, and the best way is to assume 
membership as soon as possible. 

Following this we listened to a very interesting paper 
given by Mr. Gibbon on the subject of " Recent Develop
ments in External Construction." Our sincere thanks 
are due to the Supt. Engineer, our President and the 
other members of the Senior Section who supported the 
meeting. The Committee also desires to place on record 
an expression of its warm appreciation of the valuable 
help given by Messrs. C. W. Brnwn and E. ]. Hill in its 
past year's work. 

Manchester Centre 

The past Session has proved equally successful as its 
forerunners and the reports furnished at the Annual 
General Meeting held on April 15th showed the Centre 
to be in a flourishing condition. 

The election of officers for the forthcoming Session 
resulted as follows : 

Chairman-W. Davies. 
Vice-Chairman-R. Kibble. 
Hon. Secretary-·w. H. Fox. 
Hon. Treasurer-E. H. Frowde. 
Committee-G. Hodson, J. Lawton, R. S. I. Ogden, 

G. Pratt, R. Sephton, C. Wood. 
It has been agreed to reduce the annual subscription to 

2/- and it is hoped that the present membership of 90 
will be considerably augmented as a result. 

Subscriptions are now due and should be remitted to 
Mr. E. H. Frowde, c/o Toll Test, Telephone House, 
Salford 3. 

A further Essay competition is to be held on the same 
lines as last Session. Two prizes of £1 Is. Od. each and 
Certificates of Merit will be awarded for the best essays 
contributed by local members on any subject relevant to 
the work of the Junior Section. Entries must be in the 
hands of the Local Secretary on or before Saturday, 
September 14th, 1935. 

The Committee will shortly be commencing work com
piling the new programme and would welcome sugges
tions from members regarding suitable papers or places 
of interest to which visits may be arranged. 

W.H.F. 

Newcastle-on-Tyne Centre 

We have completed a very successful 1934-35 Session, 

during which papers on the following subjects were read : 

1934. 
Nov. 9. 

Dec. 14. 

1935. 
Jan. 11. 

"Unit Auto No. 4 P.A.B. X.," by Mr. T. B. 
J. Dent. 

" Construction in Relation to Maintenance," 
by !\fr. W. F. Smith (Sectional Engineer). 

" Engineering Repair Service," by Mr. R. 
Richardson. 

Feb. 8. " Four Wire Repeater Circuit," by Mr. T. 
Wood. 

Mar. 8. " Wireless Interference and Investigation," by 
Mr. S. Thompson. 

We are indebted to Mr. W. F. Smith, Sectional En
gineer, Mr. S. L. Helman, Assistant Engineer, Mr. A. K. 
Robinson and the past and present Secretaries of the 
Senior Section for their support, encouragement and 
valuable assistance, also to Mr. C. W. Brown and his 
staff at Dollis Hill for the loan of slides, etc., which have 
given an added interest to the papers read. 
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The Annual General Meeting was held on April 5th, 
1935, when the following officers were appointed:

Chairman-Mr. J. B. Croney. 
Vice-Chairman-Mr. S. Thompson. 
Hon. Secretary and Treasurer-Mr. T. B. J. Dent. 
Committee-Messrs. Hazlewood, Cook, Richardson 

and Hill. 
Auditors-Messrs. T. G. Taylor and J. P. Smith. 

We are now embarking on the 1935-36 Session and an 
interesting programme, which we hope to issue at an early 
date, is being compiled. 

We offer a welcome to all members of the staff to our 
meetings, and those desirous of becoming members of the 
Junior Section may obtain information from the Hon. 
Secretary, Mr. T. B. J. Dent, P.O. Engineering Depart
ment, Telephone House, Carliol Square, Newcastle-on
Tyne. 

Peterborough Centre 

A meeting was held at the Telephone Exchange, Bridge 
Street, Peterborough, on Friday, May 17th, 1935, for the 
purpose of establishing a local centre of the Junior 
Section. 

Mr. J. M. Owen, Sectional Engineer, presided and 
welcomed the interest in the undertaking. He said that 
the Junior Section was for the benefit of the men and 
that he had no doubt that the venture would be a success 
and that the interest in the centre would not lag in the 
future. 

Mr. C. A. Carpenter, the Local Secretary of the North 
Midland Centre, then gave a short outline of the con
stitution and rules, and made a special mention of the 
library facilities. A number of questions were answered 
by Mr. C. A. Carpenter and Mr. J. M. Owen. 

It was decided to establish a Local Centre at once with 
an initial membership of 40 and the result of the election 
of officers was as follows :-

Chairman-Mr. ]. Mc.A. Owen, Sectional Engineer. 
Vice-Chairman-Mr. R. W. R. Porter. 
Secretary-Mr. V. P. List. 
Treasurer-Mr. C. Welch. 
Committee-Messrs. R. W. H. Clewer, J. W. E. 

Ball, J. E. Daniels, J. D. Andrews, E. Hands 
and R. G. Gaut. 

Auditors-Messrs. L. K. Kisby, and E. F. Baxter. 
A reference library will be available at the Section 

Headquarters. 
A programme of the forthcoming Winter Session will 

be compiled as soon as possible and a copy sent to all 
members. 

Southend-on-Sea Centre 

The 1934-5 Session proved to be another very successful 
one. The papers contributed covered a variety of sub
jects, including " Underground and Overhead Develop
ment " (E. W. Miller), " Motor Transport Ignition 
Systems " (J. H. Kellet and M. E. Fryatt), " Trunk 
Demand Working " (R. Foulsham), and an abridged 
version of the Senior Section paper " Some hints on 
Maintenance and Fault Control " (by the Sectional En
gineer, Major H. Yorke Starkey). 

Papers have again been submitted for the annual prize 
competition, in which last year one of our members, Mr. 
D. J. Porter, obtained a certificate. 

The Annual General Meeting has recently been held, 
and arrangements for next Session's programme are now 
in hand. Mr. L. C. Frampton has been appointed local 
Secretary. 



District Notes 

South Wales District 
Pontypridd Automatic Exchange was opened on Satur

day, !st June. This exchange, which was installed by 
the Automatic Electric Company, replaced a C. B.12 
exchange which had been in service for 22 years. The 
exchange is accommodated in a new Post Ofllce building 
which was opened on 16th May by the Assistant Post
master General, Sir Ernest Bennett. The equipment is of 
the most up-to-date line finder type with an initial 
multiple capacity of 500 ordinary and coin box lines and 
calling equipments for 420. As all but I 0 of the latter 
arc already allocated, it is necessary to provide further 
extension immediately. Assistance traffic is provided by 
the Cardiff manual board which is approximately 12! 
miles away. In order to provide additional junctions 
necessary to carry this traffic and also to carry junction 
development for Pontypridd and exchanges in the valleys 
beyond, a new 104pr/40 lb.  loaded underground cable has 
been provided between Cardiff and Pontypridd by Messrs. 
Siemens Brothers. 

Pontypridd stands at the head of the Taff, Rhondda and 
Cynon Valleys and while working manually acted as 
junction lending centre for all the exchanges in these 
valleys. The transfer of the manual board to Cardiff on 
conversion to automatic working made it necessary, tu 
provide facilities for· these exchanges to be able to dial 
through the Pontypridd equipment in order that their 
trunk calls may be completed via the Cardiff manual 
board and that they may also have access with each other. 

On 30th May Carmarthen exchange was transferred 
to automatic working. This exchange was formerly of 
the C. B.S. No. 2 type and the new automatic equipment 
is of the same type as that provided at Pontypridd. The 
init�al equipment is for 500 lines multiple and 400 calling 
equipment. The exchange opened with 357 subscribers. 
The formal o[Jening of the exchange was the subject of a 
call between the Bishop of St. David's and the Assistant 
Postmaster General. Sir Ernest Bennett's reply was 
broadcast from loud speaker equipment fitted in the room 
in ll'hich the ceremony ll'aS held. 

In common with the rest of the country the South 
Wales District has been intensely active with Telegraph 
Publicity. On May 31st the speeches of the Postmaster 
General and the Prince of \Vales in the new hall at the 
Central Telegraph Office were relayed by land line and 
broadcast through loud speakers to a select company in 
the Head Postmasters' rooms at Cardiff and Swansea. 

Jn connexion with the Jubilee Week festivities, the 

Prince of Wales was at Cardiff on Saturday, 11th May, 
and one major feature of the celebrations consisted of a 
Pageant of South Wales Industries. The Department 
participated in this by providing a two-ton lorry decorated 
to symbolise the world wide activities of Post Office com
munications. A floor pattern switchboard was placed in 
the centre of the lorry and at this was seated an operator 
in Welsh costume. At each of the four corners of the 
lorry was seated an operator dressed to represent the 
countries of Japan, Italy, Argentine and India. Supported 
by two telegraph poles across the chassis was an enlarged 
scale model of a Hand Micro Telephone inscribed with 
the words " Wales Speaks to the World." A photograph 
of the arrangement is shown. 

Eastern District 

CAMBRIDGE AUTOMATIC EXCHANGE . 
The Cambridge telephone system was successfully 

changed over to automatic working at 1.30 p.m. on 
Saturday, May 4th, when some 3200 subscribers and 209 
trunks and junctions were transferred. 

The new exchange replaces the ex-N.T.Co's C. B. 
exchange erected in 1909. The Non-Director system has 
been adopted, involving the provision of Cambridge main 
exchange with satellite exchanges at Cherryhinton and 
Girton, the exchange equipment being manufactured and 
installed by l'vlessrs. Standard Telephones & Cables Ltd. 

The automatic equipment for the main exchange, which 
caters for 3400 subscribers' lines, is distributed over four 
floors of the new Cambridge Head Post Office building. 
Provision has also been made for 600 subscribers' lines at 
Cherryhinton and 200 subscribers' line at the Girton 
exchange. Standard Strowger equipment is used except 
that heavy duty uniselector finders of the Bypath type ar·e 
employed as line finders. 

The exchange power plant consists of two 17 k.w. 
motor generators, with duplicate batteries of 1050 ampere 
hour capacity and ringing plant giving the usual standard 
facilities. 

The auto-manual switchboard consists of seven 3-
posi ti on and two single-position sections, comprising 3 
J.E.13., 14 A, 3 Delay, 2 Enquiry and 1 Plugging-up, 
positions, all of which ha\'e been equipped with Free Line 
Signals and Chargeable Time Indicators. 

The scheme has provided through dialling facilities for 
27 exchanges in the Cambridge and adjoining areas, 
exchanges as far apart as Thetford, Norfolk, and Bishops 
Stortford, Herts, having through-switching via the auto
matic plant at Cambridge. 

Two exchanges of the U .A.X. type were installed at 
Trumpingt·on and Tevcrsham under the transfer scheme. 
The Trumpington exchange is of the 50/200 advance 
supply type, and the equipment has been arranged for 
through dialling to the main automatic plant. At Tever
?ham. two Uni.ts Auto. No. 6 have been provided with 
iunctrons termmated on the Cambridge manual switch
board. 

The main exch�nge building also houses the trans
for�er network and through and terminal amplifying 
equipment served from the A.C. mains for the London
Cambridge cable. 

The external work in connexion with the transfer in
volved the provision of over 50 miles of underground 
ca?les having � t�tal single wire mileage of over 6000 
miles and termmatmg about I 0,000 pairs of wires on the 
various M.D. Frames. 
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South Western District 

AN ANTI-CREEPING DEVICE FOR USE 
IN COUPLINGS. 

Early in 1935 it became necessary to give attention lo 
a serious case of creeping of the Taunton-Minehead cable 
in the Bishops Lydeard, Crnwcombe and Washford areas 
over a distance of approximately 5,000 yds. Couplings 
No. 8 are installed throughout, except at the loading points 
and it was necessary to pull back the cable lo its original 
position and to fit some type of Anti-Creeping Device. 

A description of the device actually used may be of 
interest. The basis of the design originated in the 
faunton Section, but the description to follow includes 

some slight modifications introduced by the Engineer-in
Chi<'f. 

O.rechon of Cr••? -
Wood bloCk� •bc:N'• 6. 
btklw cablit. fill.rig loosti'f 

PUnlloeNlf�J 

81bs Lead Sl\HI 

�� 
-:'."' Nuts 6. oolts 

r'f'P�lf"gpl\S 
6.colt•rs 

� 
lud�tmtf' 
ll•ngeas"""'f'd 
Wllh� 

No2 

It will be seen from the associated drawing that, afte1· 
the cable had been dressed down on the " Creep-out 11 

side of the joint, a strip of 8 lb. sheet lead, approximately 
1011 long, was sweated to the lower half of the cable 
sheath and another piece, of similar length, was dressed 
around but not fixed to, the upper half of the sheath. The 
edges of both lead sheaths were firmly clamped between 
the Oanges of the coupling, using nuts and bolts instead 
of the usual pins and cotters. In on.ler to obtain efficient 
sealing of the coupling the remaining portions of the 
flanges were packed with 8 lb. sheet lead served with 
compound No. 2. To ensure that the lead sheets will 
remain rigid, wooden blocks, cut to fit inside the coupling 
and around the cable, were placed above and below them. 
Any movement of the blocks due to further creeping-out 
of the cable will cause these blocks to wedge tightly on to 
the cable owing to their tendency to enter the tapered 
portion at the end of the coupling. 

Buckling of the cable due to creeping-in at the other 
end of the coupling was restricted by means of further 
wooden blocks which fitted the couplings, but did not grip 
the cable. 

At " pull through " points the length of the lead strip 
011 the" Creep-out " side was increased to 15 inches. 

ROUGH 'WORK IN THE SCILLY ISLANDS. 
The telegraph cable connecting St. Mary's in the Scilly 

Isles with the mainland at Porthcurno, Cornwall, broke 
down in December last. After some preliminary tests, the 
fault was handed O\'er to the Submarine Department and 
taken up by H.M.T.S. "Alert." The Commander 
ultimately decided to lay a new shore end and the landing 
of this was undertaken on the 19th December and the 
following days. A landing party was formed of Mr. 
V. C. Pendry, a gang of 5 men of the Plymouth Section 
(who were on the island in connexion with another minor 
inter-island fault) and 5 casual labourers engaged at St. 
Mary's. 

The cable had to be hauled in from below water mark 
to the cable hut, over rocks and up the face of a clilT for 
a distance of about I 00 yai·ds. On the evening of the 19th 
December it was temporarily srcurcd in position, and 
was permanently fixed by Mr. Pendry and the casual 
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labourers on the following days by clamping and cement
ing into the cliff face and rocks. The heavy seas running 
mac.le it impracticable to use ladders and the work on the 
cliff face had to be done from a bosun's chair. High 
winds, heavy seas and frequent 1·ainstorms made the con
ditions extremely difficult and unpleasant for the men 
engaged, who were wet through for the greater part of 
each day. 

The photograph shows the shore end being paid off 
from the ship's lifeboat by some of the crew of the 
" Alert 11 and being hauled over the rocks at the base of 
the cliff by the landing pa1·ty. This was taken during 
some of the quieter moments and gives no idea of the 
tough job that in reality it was. 

South Midland District 

Increased activity, due to the extended main under
ground programme has been experienced in this district 
and the following cables have been completed during the 
last few months:-

1. Ryde-Sandown-Shanklin-Ventnor. This is a 60 
pair, 20 lb. cable and was provided under overall 
guarantees by Messrs. Pirelli. In some sections it was 
drawn over five other cables in the same duct, but this did 
not lead to any undue difficulties and a rate of progress of 
about one mile per week was accomplished. 

2. Bournemouth-Southampton No. 2 cable is a 104 
pair, 20 lb. cable and is to be used with amplifiers. It 
was provided by I\Iessrs. Pirelli and loaded by the Depart
ment, a good rate of prog1·ess being maintained. Its 
provision will allow a considerable lightening of the 
existing aerial route which at present is considered by 
some to disfigu1·e the countryside through the New Forest. 
An interesting feature was the arrangement made for 
co-operation between this district and the South vVestern 
District in connexion with the group and final tests which 
res�ilted in a consid�ra�lc saving of time. A Testing 
Othcer· fro�1 each d1strrct collaborated throughout the 
route and 1t was found possible to maintain a rate of 
progress of one loading section group test per day. 

�· Southampton-Chichester No. 2 cable, mainly 60 
pair, 20 lb., was provided in a similar manner to the 
Ryde-Ventnor cable and in this case opportunities for 
co-operation with the South Eastern District were 
obtained. 

MECHANICAL EXCAVATOR USED FOR DUCT 
TRENCHING IN CONNEXION WITH THE 

LONDO�-LIVERPOOL BACKBONE ROUTE. 
The photograph shows a mechanical excavator of the 

bucket-chain type used by a duct-laying Contractor for 
the trenching in the Shipston-on-Stour to Oxford section 
of the l .on<lon-l .iverpool main cable ro11te, 



The excarntor is driven by a 45 H.P. petrol motor and 
five men were employed for its operation; one being the 
dri\·er, two preparing and roughly leYelling the track (lo 
ensure a vertical trench) and two tr·imming the trench. 

The minimum \\'idlh necessary for the operation of the 
exca\·ator is JO feet and, subject to a certain amount of 
re-lining up, normal curves can b� taken. The sp�ce 
occupied rather limits the use

. 
of this excm·ator to w1c�e 

grass margin and the acl�1al width ?f trench exca�·ated is 
two feet, which was considerably wider than requu-ed for 
the ducts to be laid. 

Thes·e limitations and the fact that the soil throughout 
contained a large amount of shale and soft rock, prevented 
a comparison of cost with manual excan1tion from being 
impn�ssivc; the best progress made in one day by the 
machine being 388 yards. 

North Wales District 

JU:TIREillENT OF illR. F. FLANAGAN, 

ASSISTANT ENGINEER, STOKE. 

011 19th April Mr. Frnncis l'lnnagan, Assistant 
Engineer, Stoke Section, 1·etired al the ;ige limit, after 
39 years with the National Telephone Comp<1ny and the 
Post OAice. 

Mr. Flanagan was born in Chesler in 1875 and entered 
the National Telephone Company al tlrnl town in 1896 as 
a \\layleavc Oflicer, and his skill in conducting difticult 
negotiations remained with him to the end. Later he 
became an Engincrring Inspector and after the trnnsfer 
to the Post Oflice he served as a Senior Inspector, Chief 
Inspector and Assistant Engineer. In Stoke-on-Trent 
he has seen the gradual com·ersion from O\·erhead wmng 
to unde1·grn1111cl systems and the transfer t�> automatic 
working in 1927. 

Mr. Flanagan was fo1· many years a successful 
amateur actor, and his genial presence, his bonhomie and 
inevitable cigar will be greatly missed among his 
colleagues in the Section and North \Vales District who 

gave Mr. Flanagan a cordial send off with a writing 
bureau and an all mains \\'ircless set as a tangible sign of 
their goodwill. 

TERMINATION OF CABLES AT WHITCHURCH 
REPEATER STATION. 

There are two cables lo be repealered at Whitchurch 
Repeater Station, the Birmingham-Liverpool, 35� pair/25 
lb. plus 4 pair /40 lbs. screened, and the London-L1verpool
Glasgow, 360 pair/25 lb. and 4 pair/40 lb. screened. The 

cables arc terminated on lest tablets each of which accom
modates 24 pairs, and the attached photograph gives a 
good idea of the sub-diYisi(>n of the cables for termination. 
A cable containing 24 pai1·s can be connected to each test 
tablet. 

THE \\IARSOP PETROL DRILL. 
This tool is a portable mechanical drill for breaking up 

roatl surfaces, and consists of a light two stroke petrol 
engine caJTying a small supply of fuel, and arranged to 
give about 1800 blows per minule to the d.-ill. The tool 
is completely self contained and is of reasonable weight 
for· use by one man. Considerable use is being made of 
the tool in the Birmingham area a11d it has been found 
capable of breaking up all types of hard rnad surfaces. 
It has been found particulady uspful on small \\'orks such 
as road crossings, or opening fo1· access for fault clearance 
purposes. 

v\/Oilll30URNE U.i\.X. 

A U.A.X. of the Department's No. 7 type Wits brought 
into sen·ice al \�'ombourne al 9.30 a.m. on 26/3/35, the 
first of this type in the North \Vales District, 135 sub
scribers and 21 junctions being changed m·e1'. The 
facilities provided arc of some interest, direct communica
tion by means of dialling out codes with subscribers on 
8 auto and 2 manual exchanges being provided. 
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Staff Changes 

Name. 

Angwin, Col. A. S. 
Innes, J. 
O'dell, G. F . .  .. 
Vickery, W . .. . 
Baldwin, D. Z. 

Mobbs, H.J . ... 
Tamplin, G. R. 
Beer, H. G. 

Britton, F. T. 
Brent, W. H . ... 
Baines, J. 
Edwards, J. J. 
Gibson, W. W. M. 
Smith, H. S . ... 
Bentlett, W. J. 
Husband, S. J. 
Hodge, H. R. 
Pirie, H. A. 
Wood, J. A. 
Still, W. 
Elliott, G. 
Burrows, W. N. 
Pierson, J. H. 
Waterhouse, L. R. 
Skea, J. 
Wearn, R. G. 0. 
Adams, W. R. 
Anderson, F. 
Bell, W. T. 
Buckley, G. 
Clayton, W. 
Coombes, R. G. 
Englefield-Bishop, C. G. 
Erratt, R. S . ... 
German, A. G. 
Gerry, P. R. C. 
Hall, A. W . .. . 
Kelly, T. S . .. . 
Cooper, vV. 
Lafosse, L. P. 

Manley, E. H. 
Mitchell, H. B. 
Myers, B. L . ... 
Postance, J. C. E. 
Potts, C. M . .. . 
Sayers, C. F . .. . 
Shearing, M. R. 
Stanley, J. W. 
Sundewall, J. R. 
Taylor, E. A. 
Taylor, R. 
Young, G. 
Bailey, A. P. 
Har.nah, W. 
Moore, J. J. 
Hartley, C. A. 
Philipson, W. 
Hills, J. E. 
Andrews, vV. E. T. 

Askew, E. A . ... 
Chambers, C. R. 
Day, W. S. C. 
Dell, H. H. 
Duffield, H. 
Knights, G. A. 
Manning, J. R. 
May, E. G. A. 
Such, R. C. 
l\kCarthy, G. W. 
Green, E. S . ... 
Wheatley, S. J. 
Ingram, E. 
Forbes, G. A .... 
Beresford, T. vV. 
Pickford, F. W. 
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PROMOTIONS. 

From. 

Asst. E.-in-C.O. 
Staff Engr., E.-in-C.O. 

Asst. Staff Engr., E.-in-C.O. 
Exec. Engr., E.-in-C.O. 

Actg. Exec. Engr., E.-in-C.O. 
Asst. Engr., E.-m-C.O. 
Asst Engr., S. Wales. 

Asst. Engr., E.-in-C.O. 
Asst. Engr., N. Wales. 
Asst. Engr., Eastern. 

Asst. Engr., N. Eastern. 
Asst. Engr., E.-in-C.O. 
Asst. Engr., E.-in-C.O. 
Asst. Engr., E.-in-C.O. 
Asst. Engr., E.-in-C.O. 
Asst. Engr., E.-in-C.0. 
Chief Insp., N. Wales. 
Chief Insp., E.-in-C.0. 

Chief Insp., Eastern. 
Chief Insp., E.-in-C.0. 

Chief lnsp., London. 
Repr. Officer, Cl. II., Northern. 

S.W.I., N. Ireland. 
S.W.I., N. Eastern. 
S.W.l., Scot. East. 

S.W.I., N. Midland. 
S.W.I., E.-in-C.O. 

S.W.I .. Rugby Radio. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.0. 
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.0. 
S.W.I., E.-in-C.O. 

S.\V.1., Scot. West. 
S.W.I., E.-in-C.O. 
S.W.I., E.-in-C.0. 
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.0. 
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.0. 
S.W.I., E.-in-C.0. 
S.W.I., S. Wales. 

S.W.I., Scot. West. 
S.W.I., S. Lanes. 

S.W.I., N. Eastern. 
S.W.I., E.-in-C.O. 

S.W.I., S. Eastern. 
S.W.I., Eastern. 
S.\V.I., Eastern. 
S.\V.I., Eastern. 
S.VV.I., Eastern. 
S.VV.I., Eastern. 
S.W.I., Eastern. 
S.VV.I., Eastern. 
S.W.I., Eastern. 
S.W.I., Eastern. 
S.W.I., Eastern. 

S. W. I., Testing Branch. 
S.W.I., Testing Branch. 
S.W.I., Testing Branch. 

S.W.1., N. Ireland. 
S.W.I., Scot. West. 

S.W.I., N. Wales. 
S.W.I., N. Wales 

To. 

Deputy E.-in-C.O. 
Actg. Asst. E.-in-C.0. 

Actg. Staff Engr., E.-in-C.O. 
Asst. Staff Engr., E.-in-C.O. 

Exec. Engr., E-.in-C.O. 
Exec. Engr., E-.in-C.O. 
Exec. Engr., S. vVales. 

Exec. Engr., E-.in-C.O. 
Exec. Engr., N. Midland. 

Exec.' Engr., S. Lanes. 
Exec. Engr., N. Eastern. 

Exec. Engr., E-.in-C.O. 
Exec. Engr., E-.in-C.O. 
Exec. Engr., E-.in-C.O. 
Exec. Engr., E-.in-C.O. 
Exec. Engr., E-.in-C.O. 
Asst. Engr., N. Wales. 
Asst. Engr., E.-in-C.O. 

Asst. Engr., Eastern. 
Asst. Engr., E.-in-C.0. 

Asst. Engr., London. 
Chief Insp., Northern. 

Insp., N. Ireland. 
Insp., N. Eastern. 
Insp., Scot. East. 

Insp., N. Midland. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
Insp., E.-in-C.O. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 
lnsp., E.-in-C.0. 
Insp., E.-in-C.0. 
Insp., E.-in-C.O. 
Insp., E.-in-C.0. 

lnsp., Scot. \Vest. 
Insp., E.-in-C.O. 
lnsp., E.-in-C.0. 
lnsp., E.-in-C.0. 
lnsp., E.-in-C.0. 
lnsp., E.-in-C.0. 
lnsp., E.-in-C.0. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.0. 
lnsp., E.-in-C.0. 
lnsp., E.-in-C.O. 
lnsp., E.-in-C.0. 
Insp., E.-in-C.0. 
lnsp., S. Wales. 

lnsp., Scot. West. 
Insp., S. Lanes. 

Insp., N. Eastern. 
Insp., E.-in-C.O. 

lnsp., S. Eastern. 
Insp., Eastern. 
lnsp., Eastern. 
I nsp., Eastern. 
lnsp., Eastern. 
lnsp., Eastern. 
Insp., Eastern. 
Insp., Eastern. 
Insp., Eastern. 
Insp., Eastern. 
Insp., Eastern. 

Insp., Testing Branch. 
lnsp., Testing Branch. 
Insp., Testing Branch. 

lnsp., N. Ireland. 
Insp., Scot. West. 

Insp., N. Wales. 
Insp., N. Wales. 

Date. 

1-7-35 
1-7-35 
1-7-35 
8-5-35 

12-3-35 

12-3-35 

8-5-35 
14-5-35 

1-8-35 

14-5-35 
2-7-3.5 

14-5-35 
14-5-35 
14-5-35 
14-5-35 
14-5-35 

1-5-35 
1-6-35 
1-6-35 
1-6-35 
1-6-35 

1-12-34 
10-11-34 

10-3-35 

1-1-35 
23-3-35 
19-8-34 

1-l-3b 

28-10-34 
24-11-31 
24-11-34 

14-10-34 
19-8-34 
19-8-34 
30-9-34 

19-8-34 
6-9-34 

17-11-34 

26-5-35 
13-10-34 

7-11-34 

24-11-34 

5-7-34 
3-7-34 

8-12-34 

17-3-35 

8-4-34 
11-12-34 
17-11-34 

1-9-34 
13-10-34 
19-8-34 

25-1-35 
15-11-34 

14-4-33 
28-4-35 

30-3-35 
8-4-35 

To be fixed 
later. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

5-7-34 

4-1-35 

7-11-34 
7-5-35 



Name. 

Barnes, J. L. ... 
Rowlands, W. 
Hardy, J. 

Spence, L. 
Soper, vV. A. 
Hind, B. C. 

Name. 
---- ·· - - --

Brown, Major H. ... 
Gibbon, A. 0 .... ... 
Gadsby, G. J .... ... 
Wither by, J. c. ... 
Hills, w. H. ... ... 
vVhetton, s. F. ... 
Flanagan, F. . .. ... 
Attrill, P. F. ... ... 
l\IcLeod, N. ... ... 
MacMillan, F. s. ... 
Temple, H. A. ... 
Disspain, G. w. ... 
White, E. J. ... ... 
Lee, J. w. ... ... 
Farrow, A. A. ... 
Simpson, c. R. E. . .. 
l\IcHardy, R. ... 
\Valker, A. H. ... 
Baker, G. F. ... . . . 
Johnson, R. . .. ... 
Mushens, A. T. ... 
Mitchell, J. N. ... 
Strevens, E. ... . .. 

Name. 

Miller, E. H. 
Clark, S. J. 

Name. 

Miller, A. ... . . . 
Blake, D. E. ... . .. 
Clarke, c. w. ... 
Brooke, c. H. . .. 
Voss, L. c. ... ... 
Coombes, R. H. ... 
Williams, c. H. M. ... 

Name. 

Wilcock, A. ... ... 
Lawrence, J. A. ... 
Cooper, w. H. B. ... 
J efis, H. ... ... 
Pooley, E. H .... ... 
Todhill, H. ... ... 
Roberts, W. G. ... 
Masters, E. J. ... 
Dixon, J. ... ... 
Seymour, R. A. ... 
Probert, G. A. ... 
Birnie, R. c. ... ... 
Duggan, w. G. ... 
Roberts, w. J. . . . 
Surman, vV. L. ... 
Heenan, J. P. ... 
Crook, F. ... ... 
Newson, F. w. ... 
Rapkin, L. W. ... 
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PROMOTIONS (continued). 

From 

S.W.I., N. Wales. 
S.W.I., N. Wales. 

Draughtsman, Cl. II., N. Wales. 

To 

Insp., N. Wales. 
Insp., N. Wales. 
lnsp., N. Wales. 

Draughtsman, Cl. II., N.E. 
Draughtsman, Cl. II., L.E.D. 

Actg. Draughtsman, Cl. I., N.E. 
Draughtsman, Cl. !., L.E.D. 

Draughtsman, Cl. II., E.-in-C.0. Draughtsman, Cl. I., E.-in-C.0. 

RETIREMENTS. 

Rank. 
- . 

Deputy E.-in-C.O. 
Asst. Staff Engr. 

Exec . Engr. 
Exec . Engr. 
Asst . Engr. 
Asst. Engr . 
Asst. Engr. 
Asst . Engr. 
Asst. Engr. 
Chief Insp. 
Chief Insp . 

Insp . 
Insp . 
Insp. 
Insp. 
Insp. 
Insp. 
Insp. 
Insp. 
Insp. 
Insp. 

Draughtsman, Cl. II. 
Draughtsman, Cl. I. 

DEATHS. 

Rank. 

Insp. 
Insp. 

Rank. 

Asst. Engr. 
Asst. Engr. 
Asst. Engr. 
Chief Insp. 

Insp. 
Insp. 

TRANSFERS. 

I 

Draughtsman, Cl. I I. I 

From 

E.-in-C.O. 
London. 
Eastern. 
London. 

E.-in-C.0. 
N. Wales. 
London. 

APPOINTMENTS. 

From. I 
Prob. Insp., E.-in-C.0. 
Prob. Insp., E.-in-C.O. 

Prob. lnsp., S. Midland. 
Prob. Insp., N. \,Vestern. 

Prob. Insp., Eastern. 
Prob. Insp., s. Lanes. 
Prob. Insp., E.-in-C.0. 

Prob. Insp., s. Midland. 
Prob. Insp., N. Western. 

Prob. lnsp., London. 
Prob. Insp., N. \,Vales. 

Prob. Insp., Scot. West. 
Prob. Insp., London. 
Prob. Insp., London. 

Prob. Insp., N. Midland. 
Prob. Insp., N. Midland. 

Prob. Insp., London. 
Prob. Insp., London. 
Prob. Insp., London. 

District. 

-

E.-in-C.O. 
E.-in-C.O. 
s. Wales. 
E.-in-C.O. 

N. Eastern. 
N. Wales. 

N. Eastern. 
E.-in-C.0. 

London. 
E.-in-C.O. 

London. 
London. 

N . Eastern. 
s . Eastern. 

Northern. 
Northern . 

Testing Branch . 
London . 

s . Wales. 
Northe1 n . 
s. Lanes . 

L.E.D. 

District. 

London. 
S. Wales. 

To 

London. 
E.-in-C.0. 
S. Wales. 

E.-in-C.O. 
Testing Branch. 

E.-in-C.O. 
E.-in-C.O. 

To. 

Insp., E.-in-C.O . 
lnsp., E.-in-C.O. 

Insp., s. Midland. 
Insp., N. Western. 

Insp., Eastern . 
Insp., s . Lanes. 
Insp., E.-in-C.0. 

Insp., s . Midland. 
lnsp., N. Western . 

Insp., London. 
Insp., N. Wales . 

Insp., Scot. West. 
Insp., London. 
Insp., London. 

Insp., N . Midland. 
Insp., N. Midland. 

Insp., London . 
Insp., London . 
Insp., London . 

Date. 

4-5-35 

11-4-31 

To be fixed 
later. 

2-7-34 

1-5-35 

17-6-35 

Date. 

30-6-35 

30-4-35 

28-2-35 

9-3-35 

29-4-35 

30-4-35 

30-4-35 

15-5-35 

24-5-35 

12-3-35 

30-4-35 

31-3-3'5 

31-3-35 

27-4-35 

12-2-35 

10-5-35 

27-5-35 

30-4-35 

31-5-35 

30-5-35 

15-6-35 

21-3-35 

30-4-35 

Date. 

20-5-35 

16-5-35 

Date. 
--

10-3-35 

10-3-35 

1-4-35 

1-4-35 

24-5-35 

1-6-35 

1-6-35 

Date. 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 

1-6-35 
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Name. 

Norris, J. W . ... 
Stapley, G. R. 
Branston, A. J. 
Britton, A. D. 
Wardrop, C. G. 
Endecott, A. H. 
Plumpton, F. E. 
·winter, F. 
Alston, G. J . ... 
Wilcher, F. B. 
Tinto, J. M . ... 
Glazier, E. V. D. 
Collins, J. E . ... 
Easterling, C. E. 

Harding, J. P. 
Clarke, \V. J. F. 

Hickox, \V. F. 
\Vheeler, L. K. 
Ellen, L. W . ... 

Hopkinson, E. 
Hall, G. K. 
\Vatt-Carter, D. E. 
Burgess, A. G. 
Neate, A. D. 
Trueman, G. F. 
Burr, D. \V . .  .. 
Wells, L. A . .. . 
McMillan, F. N. 
Bird, J. 
Yells, H. M . ... 

Humphreys, L. W. 
Clifford, F. G. 
Chilver, L. W. J. 
Winkley, W. J. F. 
Lamb, A.H . ... 
Branston, E. C. 
Spratley, E. W. F. 
Kerner, S. 
Walters, J. R. 
Loughlin, J. J. 
Arthur, J. C. C. 
Moffatt, J. J . ... 
Sawyers, L. F. 
Kent, S. T. E. 
Lauderdale, F. S. 
Russell, A. R. 

Halton, T. J. V. 
Brian, R.H. 
Smith, N. D . ... 
Dennis, H. 
Mead, A. C . ... 
Stevens, S. T. 
Batt, T. D. 
Alexander, G. E. 
Milton, A. G . ... 
Barnsdall, L. G. \V .... 
Baxter, E. C . .. . 
Daniel, R. G ... . 
Charles, E. E. 
. Morgan, J. L. W. 
\Vadeson, D. E. 
Easton, \V. 
Smith, J. R. G. 
Phillips, H. A. 
McEachan, J. 
Groves, F. \V. 
Kelly, F. 
Beardmore, R. J. 
Varney, R. E. H. 
Eustace, J. 

Hayward, R. \V. 
Barber, B. D .... 
Smart, J. H. C. 
Richardson, C. A. 
Fuller, \V. 
Freeman, J. H. 
Turner, E. 
Laver, K. S. 
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APPOINTMENTS (continued). 

From 

Prob. Insp., London. 
Prob. Insp., S. Lanes. 
Prob. Insp., London. 
Prob. Insp., London. 
Prob. Insp., London. 

Prob. Insp., E.-in-C.O. 
Prob. Insp., S. Midland. 

Prob. lnsp., Eastern. 
Prob. lnsp., S. Lanes. 
Prob. lnsp., E.-in-C.O. 

Prob. Insp., S. \Vestern. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. I nsp., E.-in-C. 0. 

Prob. Insp., London. 
Prob. lnsp., E.-in-C.0. 
Prob. lnsp., S. Eastern. 
Prob. Insp., N. \Vales. 

Prob. Insp., London. 
Prob. lnsp., N. Eastern. 
Prob. lnsp., N. Eastern. 

Prob. lnsp., London. 
S.W.I., E.-in-C.O. 
U.S.\V., E.-in-C.O. 
S.\V.II., S. Lanes. 

U.S.W., London. 
U.S.W., London. 

S.W.II., E.-in-C.O. 
U.S.W., London. 

U.S.W., E.-in-C.0. 
S.\V.Il., St. Albans Radio. 

S.\V.II., London. 
U.S.W., London. 
U.S.\V., London. 

S.W.11., N. Eastern. 
S.\V.II., London. 

S.W.II., E.-in-C.O. 
U.S.W., London. 
U.S.\V., London. 
U.S.\V., London. 
S.\V.II., London. 
S.W.II., London. 
U.S.\V., London. 
U.S.\\'., London. 

S.\V.II., N. Eastern. 
S.\V.II., London. 

S.\V.Jl., S. Lanes. 
S.W.ll., N. Midland. 
S.W.11., E.-in-C.O. 

S.W.11., N. Midland. 
S.\V.11., London. 

S.\V.11., Testing Branch. 
ll.S.\V., London. 
S.\V.11., London. 
S.\V.11., London. 

S.W.1!., N. Mid'.and. 
U.S.\V., E.-in-C.0. 
U.S.W., E.-in-C.O. 

S.W.11., Rugby Radio. 
S.W.I., E.-in-C.O. 
S.\V.II., London. 

Unest'd Draughtsman, E.-in-C.O. 
S.\V.11., Londcm. 

U.S.\V., S. \Vestern. 
Draughtsman, Cl. II., No1·thern. 

S.\\T. I., London. 
U.S.\V., London. 

U.S.\V., S. \Vestern. 
U.S.\\T., London. 
U.S.\V., London. 
S.\V.II., London. 
U.S.\V., London. 

S.W.II., S. Lanes. 
U.S.\\I., London. 
U.S.W., London. 
U.S.\V., London. 

S.W.II., Testing Branch. 
U.S.\V., London. 

To 

lnsp., London. 
Insp., S. Lanes. 
Insp., London. 
Insp., London. 
lnsp., London. 

Insp., E.-in-C.O. 
Insp., S. Midland. 

Insp., Eastern. 
Insp., S. Lanes. 
Insp., E.-in-C. 0. 

Insp., S. \Vestern. 
lnsp., E.-in-C.O. 
Insp., E.-in-C.O. 
Insp., E.-in-C.O. 

Insp., London. 
lnsp., E.-in-C.O. 

Insp., S. Eastern. 
lnsp., N. \Vales. 
Insp., London. 

Insp., N. Eastern. 
Insp., N. Eastern. 

lnsp., London. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.0. 
Prob. lnsp., E.-in-C.O. 
Prob. lnsp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.0. 
Prob. Insp., E.-in-C.O. 
Prob. lnsp., E.-in-C.0. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. lnsp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
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Prob. Insp., E.-in-C.O. 
Prob. lnsp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. lnsp., E.-in-C.O. 
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Prob. lnsp., E.-in-C.0. 
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Prob. Insp., E.-in-C.O. 
Prob. lnsp., E.-in-C.O. 
Prob. I nsp., E.-in-C. 0 . 
Prob. Insp., E.-in-C.0. 
Prob. Insp., E.-in-C.0. 
Prob. lnsp., E.-in-C.0. 
Prob. Insp., E.-in-C.0. 
Prob. lnsp., E.-in-C.O. 
Prob. lnsp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.0. 
Prob. Insp., E.-in-C.O. 
Prob. lnsp., E.-in-C.0. 
Prob. Insp., E.-in-C.O. 
Prob. lnsp., E.-in-C. 0. 
Prob. Insp., E.-in-C.0. 
Prob. Insp., E.-in-C. 0. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. Insp., E.-in-C.O. 
Prob. lnsp., E.-in-C.0. 

Date. 
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1-6-35 
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1-6-35 
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APPOINTMENTS (continued). 

Name. From To Date. 

Oakford, E. R. ... ... . .. U.S.W., London. Prob. Insp., E.-in-C.0. 1-6-35 

Moore, s. J. . . .  ... . .. . .. S.vV.II., London. Prob. Insp., E.-in-C.O. 1-6-35 

Stone, A. A. ... ... . .. ... Youth-in-Training, London. Prob. Insp., E.-in-C.O. 1-6-35 

Laver, F. J. M. ... ... . .. Open Competition, Dec., 1934. Prob. Insp., E.-in-C.O. 1-6-35 

Bamford, K. D. ... ... . .. Open Competition, Dec., 1934. Prob. Insp., E.-in-C.O. 1-6-35 

Morris, D. w. ... ... . .. Open Competition, Dec., 1934. Prob. Insp., E.-in-C.0. 1-6-35 

Neill, T. B. M. ... . .. . .. Open Competition, Dec., 1934. Prob. Insp., E.-in-C.O. 1-6-35 

Harris, R. J. . . . ... . .. .. . Open Competition, Dec., 1934. Prob. Insp., E.-in-C.O. 1-6-35 

Hayman, H.W. s. ... . .. ... Open Competition, Dec., 1934. Prob. Insp., E.-in-C.O. 1-6-35 

Greenman, L. H. ... . .. . .. Open Competition, Dec., 1934. Prob. Insp., E.-in-C.O. 1-6-35 

l'vlew, R. J. ... ... ... . .. Open Competition, Dec., 1934. Prob. Insp., E.-in-C.O. 15-6-35 

Cheek, P. ... ... ... .. . Open Competition, Dec., 1934. Prob. Insp., E.-in-C.0. 4-6-35 

Bradford, H. J. .. . ... . . . Unest'd Draughtsman, E.-in-C.O. Draughtsman, Cl. II., E.-in-C.0. 1-4-35 

Alexander, H. c. A. . .. . .. U nest 'd Draughtsman, E.-in-C.O. Draughtsman, Cl. II., E.-in-C.0. 1-4-35 

Evans, c. I. ... ... .. . .. . U nest 'd Draughtsman, E.-in-C.O. Draughtsman, Cl. II., E.-in-C.O. 3-4-35 
Earner, E. c. ... . .. ... .. . Unest'd Draughtsman, E.-in-C.O. Draughtsman, Cl. II., E.-in-C.O. 12-4-35 

Baker, N. H. ... ... ... ... Unest'd Draughtsman, E.-in-C.O. Draughtsman, Cl. II., E.-in-C.O. 5-5-35 
�fanners, H. F. ... ... ... Unest'd Draughtsman, E.-in-C.0. Draughtsman, Cl. II., E.-in-C.O. 10-5-3& 
Flatt, H. H. ... ... ... .. . Unest'd Draughtsman, E.-in-C.0. Draughtsman, Cl. II., E.-in-C.O. 2-6-35 
Turner, H. B. ... ... ... Unest'd Draughtsman, E.-in-C.O. Draughtsman, Cl. II., E.-in-C.O. 3-6-35 
Brain, c. c. F. ... . .. .. . Unest'd Draughts1nan, s. \Vestern. Draughtsman, Cl. II., S. Western. 1-3-35 
Pead, H. H. ... ... ... ... Unest'd Draughtsman, L.E.D. Draughtsman, Cl. II.' L.E.D . 11-3-35 
Davenport, D. B. ... ... ... Unest'd Draughtsman, L.E.D. Draughtsman, Cl. II., L.E.D . 22-3-35 
Simpson, G. E. ... ... . .. Unest'd Draughtsman, N. l\Iidland. Draughtsman, Cl. II., N. Midland. 19-5-35 
Dunn, R. H. .. . ... ... ... Unest'd Draughtsman, s. Midland. Draughtsman, Cl. II.' s . Midland. 28-5-35 
Stephens, T. w. ... ... ... U nest'd Draughtsman, N. Midland. Draughtsman, Cl. II., N . Midland. 4-6-35 

CLERICAL GRADES. 

RETIREMENTS. 

Name. Rank. District. Date. 

Tyson, J. ... .. . . .. . .. Staff Officer. Scot. West. 30-6-35 

Thomburn, w. H. ... ... . .. Staff Officer. s. Midland. 31-8-35 

W'alker, A. T. . . . . . . . .. Staff Officer. N. Midland. 27-11-35 

Bailey, w. R. . . . . .. .. . Higher Clerical Officer. Scot. West. 22-7-35 

Thompson, J. T. . . . ... . .. Higher Clerical Officer. s. Eastern. 9-8-35 

Scouller, w. H. ... ... .. . Higher Clerical Officer. Scot. East. 1-9-35 

DEATH. 

Name. Rank. I District. 

I 
Date 

·- -- -
1

------
E

-
.-

-
in

-
-

-
c

-
.o

-
. -

-
--- -- �-5�35 . lmpett, C. vV. Executive Officer. 

PROMOTIONS. 

Name. From. To. I Date. 

Baker, A. J. ... . .. . . .  ..  . Exec . Officer, E.-in-C.0. Actg. Staff Officer, E.-in-C.O. 22-4-35 

Griffis, J. J. ... ... . .. ... C.0., E.-in-C.O. Actg . Exec. Officer, E.-in-C.O. 22-4-35 

Ford, A. W. ... .. . ... . .. c.o., E.-in-C.O. Actg . Exec. Officer, E.-in-C.O. 22-4-35 

Collett, L. c. . . . . . . ... . .. c.o., E.-in-C.O. Actg . Exec. Officer, E.-in-C.O. 22-4-35 

Boyd, R. ... . . . ... .. . Actg . Exec. Officer, E.-in-C.O. Exec. Officer, E.-in-C.O. 31-5-35 
Burton, A. E. .. . ... ... c.o., E.-in-C.O. Actg . Exec. Officer, E.-in-C.O. 31-5-3& 

Schofield, w. H. .. . ... ... Actg . H.C.O., s. Midland. H.C.O., s. Midland. 1-3-35 
Simpson, W. w. . . . ... . .. c.o., s . Midland. H.C.0., Testing Bch., Birmingham. 7-4-35 
Fewster, T. ... ... .. .  .. . Actg . H.C.O., Northern. H.C.O., Northern. 

I 
1-4.35 

Keith, H.J. ... ... ... ... c.o., Scot. West. Actg . H.C.O., N. Midland. 1-5-35 
Cullen, M. . .. ... .. . . .. c.o., Scot. West. Actg . H.C.O., Scot. West. 1-4-35 
Binnington, T. c. ... ... ... H.C.0., N. Ireland . Staff Officer, N·. Ireland. 22-3-35 
Penfold, Major F. ... . .. ... H.C.0., s . Midland. Staff Officer, s. Midland. 1-9-35 
Barratt, D. .. . ... ... .. . H.C.O., S . Lanes. Staff Officer, s. Lanes. ro be fixed 

later. 
MacLachlan, D. . .. ... ... H.C.O., Scot. East. Actg. Staff Officer, Scot. East. do. 
Cullen, M. ... ... ... ... Actg. H.C.O., Scot. \Vest . H.C.O., Scot. West. 11-5-35 
Keith, H. J. ... ... ... ... Actg. H.C.O., N . Midland. H. C.0., N. Midland. 1-7-35 
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PROMOTIONS. 

N ame. 

Slater, L. H . ... 
Lawrie, T. 
Roberts, E. J. S. 
Dineen, W. 

Nimmo, G. 
Lothi an, H. S. 
Johnston, F. 
Dunkerley, H. W. 

From 

C.O., N. vVestern. 
C.0., Scot. East. 
C.O., S. Midl and. 
C.O., S. Eastern. 

C.O., Scot. West. 
C.O., Scot. East. 
C.O., Northern. 
C.0., S. L anes. 

To 

H.C.O., N. Y\'estern. 
Actg. H.C.O., Scot. East. 

H.C.0., S. Midland. 
H.C.O., S. Eastern. 

Actg. H.C.0., Scot. West. 
Actg. H.C.O., Scot. East. 
Actg. H.C.O., Northern. 
Actg. H.C.O., S. L a!'cs. 

Date. 

11-5-35 
1-9-35 
1-9-35 

To be fixed 
later. 
23-7-35 

1-9-35 
22-4-35 

To be fixed 
later. 
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