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E teach by post all branches of 
the following vocations and 

sreecialise in all examinations connec-
d te therewith. Our advice is 

always Free. 

Aviation Engineering. 
• Boiler Engineering 

Boiler Making. 
B.Sc. ( Engineering). 
Civil Engineering 

A.M.I.C.E. 
Quantities— Specifications. 

Commercial Art. 

Concrete and sSteel. Draughtsm nship • 

Electrical or • 

Electrical Engineering iesi  : 
A.M.I.E.E. 
City and Guil is. 

Engineering Mathematics 
Foundry Work. • 

STUDY 

Al' 

HOME 

YOU CAN HAVE A COLLEGE 

TRAINING IN ALMOST ANY 
CAREER FOR A FEW 

SHILLINGS MONTHLY 

IN 
YOUR 
SPARE 
TIME 

LET ME BE YOUR FATHER 
Unless vim are in touch with all 
branches of industry, you cannot 
ee s the possib emp ilities of loy-
ment, but with our gigantic 
organisation \‘ e are in touch 
with every sphere of activity 
and we know that in many 
trades and professions there ;tie 
more vacancies than there are 
rained men to fill them. 

\VE DC) NOT PROFESS TO 
ACT AS AN EMPLOYMENT 
AGENCY, BUT WE CER-
TAINLY ARE IN A POSI-
TION TO GIVE FATHERLY 
ADVICE ON ALL CAREERS 
A ND THE POSSIBILITY OF 
IPLOYMEN1"THEREIN. 

INE MOST' SUCCESSFUL. AND MOST PROGRESSI'VE 

coRnesposoesce COL.L.EGE Ile WORL.0 

Heat Engines. 
Heating, Ventilating and 

Lighting. 
Internal Combustion Engines 
Machine Designs : 
Theory of Machines 

Mechanical Engineering 
A.M.Inst.B.E. 
A.M.I.Mech.E. 
City and Guilds. 
Pattern Making. 
Mechanics. 

Metallurgy of Steel. 

Mine Electrician : 
A.M.E.E. 

Mining fall examinational. 
Motor Engineering : 
A.M.I.A.E. 

Municipal and County 
Engi  

M. and C.E. 
Naval Architecture. 
Pumps and Pumping 

Machinery. 
Radio Reception. 
ShipBuildine. 
Structural Engineering. 
Telegraphy and 

Telephony. 
Transport 

IF YOU DO NOT SEE YOUR OWN REQUIREMENTS ABOVE, WRITE TO US ON ANY SUBJECT. 

WE TEACH BY 

POST IN ALL PARTS 

OF THE WORLD 

DO NOT DELAY 
THERE MAY BE CHANCES FOR YOU 

TO-DAY FOR WHICH YOU MAY BE 
TOO LATE TO-MORROW. EVERY 
DAY COUNTS INA MANS CAREER 

Also ask for Our New Book T 
(FREE OF CHARGE) 

IT COSTS 

NOTHING TO 

ENQUIRE 

HE HUMAN MACHINE 

Note Address Carefully: 
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Eke era Lamp, 
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FOR GLAR -LESS HIGH-

EFFICIENC, LIGHTING 
This new fitting is the product of 

protracted experimental work and 

photometric tests. The glassware is 

of foreign manufacture and is specially 

designed to eliminate glare while 

at the same time high efficiency and 

light control are obtained. It is made in 

three pieces: an upper opal reflector, a 

FOR 100, 150 AND 

200 WATT LAMPS 

eam 

bottom pendant diffuser and a bottom 

detachable diffusing cap. The glasses 

are carried on a tripod frame attached 

to an all- porcelain lamp-holder, and 

are easily detachable by lifting the 

spun canopy which is arranged tcrslide 

up the suspension chain. Maintenance 

is thus a matter of extreme simplicity. 

.!î*IMIIMMElh 
lhe services of Ediswan lighting engineers are 

available to clients, bvithoui obligation, to 

advise on any Commercial Lighting problem. 

SWANLUX UNITS 
ra,t, No. 36078 , 

FOR LIGHTER ELEÇTRICITY 
• 

BILLS USE GorD LAMPS 
ROYAL M swrn 

,,,,,, 

tt 
PEARL 

ur lighting problems to EDISWAN 

155, CHARING CROSS ROAD, LONDON, VV.C. EDISON ¡SWAN ELECTRIC CO., LIMITED. 
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PITMAN'S 
PRACTICAL BOOKS 
ELECTRIC WIRING TABLES 
k. W. l'ERRES MAYCOCK, Mil/E., revised by F 
Raphael, M.I.E.E. A handy collection of tables for 
everyone engaged in electrical wiring installation for 
heating, power and lighting. The tables are accom-
panied by descriptive notes. This book is invaluable 
as an aid to quick and accurate calculations, and for 
reference. Sixth Edition. 3/6 net. 

ELECTRIC WIRING OF 

BUILDINGS 
By F. C. RAPHAEL, MIRE. This book is of immense 
service in the preparation, planning and carrying 
through of electric installation work in buildings. It 
covers the whole subject in detail and gives invaluable 
assistance to the wireman, foreman and contractor, etc. 
1/1 '6 nut. 

PRACTICAL TESTING OF 

ELECTRICAL MACHINES 
By L. OULTON, A.M. I.E.E., and N. J. WiLsos, M.I.E.E. 
A practical pocket manual giving the tests which are 
made on different types of electrical machines ; with 
,,aitirles and figure,. Second Edition. 6 net. 

SIR ISAAC PITMAN & SONS, LTD., 
PARKER ST., KINGSWAY, W.C.2 

Insulation troubles you can forget 
by using Spicers' Sistoflex 

SISTOFLEX 
(REGD.) 

BRITISH MADE 

INSULATING SLEEVING 
0.5 mm. to 30 m.m. 

USUAL COLOURS 

SUPPLIED ONLY BY 

SPICERS 
LIMITED 

INSULATION DEPARTMENT 

19, New Bridge St., London, E.C.4 
Telegrams: 

" Nykoping Lud, 
London" 

Telephones: 
City 6251 

Extension 49 

THE BEST OF 
OPPORTUNITIES 

More than 430,000 men have studied I.C.S. Elec-
trical Courses since 1894. A very considerable 
percentage of them now hold important and well-
paid positions. The reason for this is that these 
Courses are absolutely the best in the world, 
having been specially prepared and constantly 
revised for correspondence tuition by many 
experts of very high standing at a cost, exclusive 
of printing, of more than £80,000. 
If you wish to make rapid progress in the wonder-
ful and fascinating field of electricity, you owe it 
to yourself to obtain all particulars of I.C.S. 
Training and what it can do for you. Among our 
Courses are the following— 

Complete Electrical 
Engineering 

Electrical Designers 
Hydro- Electric 
Electric Lighting 
Electric Traction 
Steam Electric 
Gas Electric 

Engine and Dynamo 
Running 

Lift Operation and 
Maintenance 

Water-Power Electrical 
Mining Electrical 
Practical Telephony 
Wireless Engineering 

Professional Exams. 

Write to-day for our 80-page FREE BOOKLET, 

"ELECTRICAL ENGINEERING" 
stating the subject in which you are most interested 

International Correspondence Schools, Ltd. 
238 International Bldgs., Kingsway, London,W.C.2 

EllginEEre GClidE 
containing the widest selection of 
engineering courses in the world 
Study at home with The T.I.G.B. for a 
well- paid post. Become an A.M.I.C.E., 
A.M.I.Mech.E., A.M.I.E.E., etc. Training 
until Successful is Guaranteed. WRITE 
NOW for Free Guide, stating branch, post 
or qualification that interests you. to 
THE TECHNOLOGICAL INSTITUTE OF 

GREAT BRITAIN. 
24. Temple Bar House. London. E.C.4. 

Founded 1917. 19,000 Surr.essps.) 

The New Paper for . The New Hobby 
Everyone interested in Home Movie 
Making will welcome this brightly 
written and fully illustrated monthly 

magazine. 

HOME MOVIES 
and Home Talkies 

SIXPENCE 
Obtainable at all Newsagents. Bookstalls and Dealers, or Pest free 
nil. (Subscription rates; Inland and Abroad, 7s. 6d. per annum ; 
Canada. is. per annum), from George Newnes, Ltd., 8-11, 

Southampton Street. Strand, London, W.C. 2 
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ASK US HOW 
TO CUT YOUR 
LUBRICATING COSTS 
THE STREAM-LINE FILTER DELIVERS USED OIL 

IN A CONDITION EQUAL TO NEW & FIT FOR 

CONTINUED RE-USE IN ITS ORIGINAL SERVICE 

"I can highly recommend your 
filters to all engineers as an 
economical, efficient and safe 
investment, - says one customer. 

"The Stream-Line Filter is the 
most satisfactory means of clean-

ing lubricating oil that I have 
come across in 25 years of diesel 
work,'' writes a resident engineer. 

A Stream-Line Filter which costs 
£66 is saving over £350 per annum 
in the works of another customer. 

THE OS MODEL 

WE CAN ALSO 
GIVE UNEQUALLED PURIFICATION 
OF SWITCH ià TRANSFORMER OILS 

THE e 
LIST OF WELL-KNOWN USERS, 

COPIES OF TESTIMONIALS, FILTER C LT? g DETAILED CATALOGUES, REAM-LINt 
PLEASE WRITE FOR 

ETC. 
45, HORSEFERRY ROAD, 

LONDON, S.W. I 
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STRAND 
MAGAZINE 

FEBRUARY 

A NEW POEM 

The Fox Meditates RUDYARD KIPLING 

BRILLIANT STORIES 

A Misadventure in Paris 
The Juice of an Orange 
Musical Miranda 
The Young are so Hard 
The Tidal River 
Mr. Cronk at Sea 
The Correct Kit 

The Man on Ben Na Carve 
Wrong Foot Forward 

LEONARD MERRICK 
P. G. WODEHOUSE 
DENIS MACKAIL 
STORM JAMESON 
"SAPPER" 
W. A. DARLINGTON 
LORD DUNSANY 
H. H. BASHFORD 
OSMAR E. WHITE 

FASCINATING ARTICLES 

Some Remarkable Dreams: 

A Symposium 
contributed by 

Behind the Scenes at the 
Zoo Aquarium 

Approach Bids in Contract 
Bridge 

Algernon Blackwood, 
The Hon. Stephen Coleridge, 
Warwick Deeping, Mrs. H. O. 
Arnold-Forster, Stephen 
Graham, Storm Jameson, 
C. R. W. Nevinson and 
Morley Roberts 

E. G. Boulenger 

Colonel G. G. J. Walshe 

On Sale Wednesday, January 25th 

ONE SHILLING 
AT ALL NEWSAGENTS & BOOKSTALLS 

Lid. 
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QUICK AND 
EFFICIENT 
GREENBAT ELECTRIC TRUCKS 

Here is but another example of modern-
isation carried to logical and complete 

conclusion. 

Transport in and around a printing works 
is a matter needing extremely careful 
scrutiny if wasteful methods are to be 

avoided. 

The " Greenbat" Electric Truck provides 
the ideal modern method of transport— 
speedy, silent, handy around the presses, 
in the bindery and paper stores. 

A husky worker, economical and built to 
unique standards of accuracy and strength 
by acknowledged experts, is this " Green-
bat " Truck ! 

GREENWOOD& BATLEY LTD. 
ALBION WORKS LEEDS 
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About 
Battery 
Chargers 
It's as easy as ABC to satisfy both 
yourself and clients with a Westinghouse 
Battery Charger. 

By its use, batteries are charged at the 
correct rate as specified by the makers. 
This gives batteries a much longer, useful 
life—resulting in satisfied customers and 
an ever-growing clientele. 

Westinghouse Battery Chargers are al,o unique in 
that the original outlay is the only one. No 
attention is required once the batteries have been 
connected up ; and maintenance and replacements 
costs entirely eliminated 

Write for leaflet • P.E." giving ,full particulars. 

WESTINGtiOUSE 
BATTERY CHARGERS 

The Westinghouse Brake & Saxby 
Signal Co., Ltd., 82, York Road, 

King's Cross, London, N. I. 

11111\" EVERY USER OF A WESTINGHOUSE BATTERY CHARGER IS Ar 

THOROUGHLY SATISFIED ONE' 

Learn more about your wireless 
Study of this comprehensive and up-to-date work will 

result in both pleasure and profit. Its author is acknow-
ledged to be one of the most brilliant exponents of Modern 

Radio both in theory and practice, and this " Outline " is 
filled with knowledge. It should be on everyone's bookshelf. 

THE OUTLINE OF WIRELESS 
A Complete and Up-to-date Guide by 

RALPH STRANGER 

Obtainable at all Booksellers, or post free 9s. from George Newnes, Ltd., 

8-11, Southampton Street, Strand, London, W.C.2. 

Geo. Netvnes, Ltd 
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THE largest Sound Amplifying 
Equipment in this country has 
recently been installed by the 

B.T.H. Company to the order of the 
Blackpool Tower Co. Ltd. where the 
three popular places of entertain-
ment, the Tower, Winter Gardens, 
and the Palace, have been linked 
by telephone lines so that music 
and speech can be relayed and 
amplified to any of the dance halls, 
cales, lounges, etc. at will. 

This equipment comprises: 

Seven 40-watt Amplifiers, 13 
Microphones, 45 Eectro-dyna-
mic Loud-speakers. 

WHATEVER YOUR 

SOUND REPRODUCING DEPARTMENT 

igirement 

The NEW 10-watt 
undistorted output 
4-stage all- mains 
B.T.H. amplifier 
for Microphone or 
Gramophone input. 

AMPLIFYING 
EQUIPMENTS 

• Embody the experience of 10 years' 
production. 

• Of similar design to B.T.H. Reproducer 
Equipments installed and giving entire 
satisfaction in over 700 cinemas. 

• Utilise components such as :— 
Type RK. moving-coil Loud-speakers. 
Mazda Valves. B.T.H. Gramophone 
Motors. B.T.H. Pick-ups, etc. 

1 
REQUIREMENTS CONSULT 

A service organisation staffed with 90 
qualified engineers attached to depots 
in most large towns is available for 
installation or service purposes. 

The British Thomson-Houston Co., Ltd. 
ELECTRICAL ENGINEERS AND MANUFACTURERS 

Head Office: Rugby, England. London Office: " Crown House," Aldwych. 

Works : Rugby, Birmingham, Willesden, Coventry and Chesterfield. 

,\ I 
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W HEN dealing with mains voltages 
it is unsafe to use condensers of 

doubtful reputation. Voltage surges conse-
quent on switching in a load are often 
many times the normal. T.C.C. with their 
specialised experience of over 25 years 
research have developed various types of 
condensers to withstand these dangerous 
pressures. The type 87 has been specially 
designed to withstand surges of up to 650 
volts and is one used by leading mains 
equipment makers. Many other types art. 
made including those here tabulated. 

When building arty piece of apparatus 
for use on mains supply—the elimination 
of interference, etc.—eliminate trouble 
too—with the trouble-free condenser— 
T.C.C. 

Write for complete catalogue. 

T.C.C. 
ALL— BRITISH 

CONDENSERS 

Three Type 87 Condensers 
—all capable of withstanding 
SURGES of 650 v. Tested 
to 1,500 v. D.C. for 450 v. 
working. 

FOR THE 
ELIMINATION 
OF INTERFERENCE 
—and of Trouble 

THE NEW TYPE 87 
(With soldering tags.) 

Dimensions. 1 
Capacity i 

nls. I Height. Width. Thickness. 

i   
.. I ' tin. If in. e„ in. 

0.25 .. .. 21 in. t4 in. .:',, in. 
0.5 .. .. i 2k in. Il in. iu in• 

. ' 2i in. 2 in. .1.5 in. 
, 21 in. 2 in. if in. 

2i in. 2} in. 

Price. 
s. d. 

2 

3 8 
4 
8 

2 3 
2 6 

to 

OTHER TYPES OF T.C.C. CONDENSERS 

BUILT FOR MAINS OPERATION 

The iollowing high voltage condensers are suitable 
for working up to 400 volts peak, and are, therefore, 
safe for mains units, interference elimination installa-
tions, etc. Particulars are available on request of all 
other types. 

TYPES 80 AND 81 
(11"///t terminals.) 

Type. 

T.C.C. bu 

Capacit 
mfds. ' 

0.I 

0.25 

0.5 

2 

3 

Case Dimensions. 

Height. 

2 in. 
2 ill. 

2 ill. 

21 in. 
21 in. 
21 in. 
21 in. 
2f in. 
21 in. 

in. 
in. 

ill. 

Width. 

I; in. 
I/ in. 
If in. 
2 in. 

in. 
2 in. 
2 in. 
z in. 
2 ill. 

2 in. 
3 in. 
3 hi. 

Thickies. 

21 in. 

Price. 
s. d. 

2 0 

29 

2 3 

3 0 
3 9 
5 o 
6 
6 

ro 6 
12 0 

15 O 

i8 o 

7 
8 

THE TELEGRAPH CONDE \ISER CO., LTD, Wales Farm Road, N. Acton, London, W. 3 

92254 
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Must We Always 
Have One 
Million 

Unemployed ? 

A very eminent politi-
cian recently expressed 
the opinion that we 
must, even in a time of 
prosperity, expect to 
have a large surplus of 

unemployed workers numbering in the 
neighbourhood of one million. A very 
depressing fact if true, but is it true ? 
This question was propounded by a 
well-known electrical engineer at a 
friendly after-lunch discussion at which 
we were privileged to be present. Our 
engineering friend stated that in his 
opinion the potential capabilities of 
modern manufacturing plant for pro-
ducing commodities was substantially 
in excess of the maximum possible 
world demand. He suggested that if 
this is actually the case the obvious 
remedy would he to introduce shorter 
working hours throughout industry. 
He agreed that for such a movement to 
be effective it would need to he world 
wide, and he admitted that as he was 
an engineer and not a politician, the 
ways and means by which such an 
effect could be brought about were 
beyond him. 

Getting Down 
It will be observed 

that the above argu-
To Terminals" ment is only indirectly 

concerned with the 

present state of unemployment which, 
it may be fairly stated, is purely 
temporary and due to dislocation of world 
credit. The point at issue is not " what 
is the cause of to-day's unemploy-
ment ? " but, " are the world's, and in 
particular, this country's factories and 
workshops now capable of producing 
far more goods than can ever be 
absorbed by the population which they 
serve ? " 
We think not. Let us bring the 

problem down to " terminals "—to 
paraphrase an old tag. Nearly every-
one who reads these words is engaged 
in some branch of the electrical pro-
fession. Ask yourself whether you have 
everything you would like to have in 
the way of electrical appliances. Pos-
sibly you have an all-electric house 
equipped with electric fires, cooker, 
electric clocks, hot plates and kettles. 
Perhaps you also have a radio-gramo-
phone, an electrical refrigerator, an 
electric toaster and a home talkie 
outfit. Your wife may have an electric 
hair-drier, an electric washing machine, 
an electric iron, heated towel racks, 
electric hot water supply, and you may 
possibly have fans for use in the summer 
and artificial sunlight equipment for 
use in the dark winter months. Perhaps 
you also have a perfect bell system, 
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efficient burglar alarm, and house tele-
phones installed. Your garage may be 
wired for lighting and power, and even 
equipped with a small battery charging 
plant which you can use for giving a 
boosting charge to your starter batteries 
in cold weather. Also, being an engineer 
and a practical man, you may have a 
workshop with a small electrically driven 
lathe and all the instruments which can 
gladden the heart of the man who wishes 
to experiment with, and test all kinds of 
new ideas. If you are blest with a family 
you may even have small mains trans-
formers installed at convenient points 
enabling you to work low voltage appa-
ratus such as an electric train set, or a 
lighting installation for a doll's house. 

If you have all these 
If things, there is at the 

moment not really a great 
deal more that you can wish for in the 
electrical field as far as your home is 
concerned, but remember that you are one 
in a million. Probably there are at least a 
dozen items mentioned above which you 
would like to have, providing you had the 
ways and means of obtaining them without 
keeping the income-tax collector waiting 
too long. 
There are at the present time about four 

million houses in this country which are 
wired for electricity, and there are between 
eight and nine million still to be wired. 
The time may come when all these con-
sumers and potential consumers have 
everything electrical that they could wish 
for, but we believe you will agree that 
this state of affairs is still a long way off. 

Until it arrives there is plenty of work 
waiting for electrical manufacturers, con-
tractors and retailers. The bulk of it will 
be done by the most enterprising in each 
group. See that you secure your share 
of it. 

We have just received 
Progress from the British Thom-

son-Houston Company an 
interesting statement of progress during 
the past year. This statement should be 

in the hands of every electrical engineer. 
It is a wonderful record of achievement. 
Every electrical engineer knows that this 
great company is famous for heavy 
electrical machinery, switchgear, trans-
formers, and turbo-alternators, and during 
the past year notable progress has been 
made in each of these sections. There are, 
however, many other branches of electrical 
activity where progress is being made at 
an equal rate. 

As examples may be 
instanced, a new type of 

A Few Examples electric clock, an electric 
stethoscope for medical 

use, electrically driven blowers and com-
pressors, gas boosters, mercury arc rec-
tifiers, diesel electric locomotives, electrical 
equipment for an aeroplane testing wind 
tunnel, gearless electric lifts, special plating 
generators capable of delivering 3,000 amps. 
at 7 to 14 volts, frequency changers, and 
motors large and small for all kinds of 
industrial purposes, including rolling mills, 
coal cutting machinery, woodworking, 
and papermaking machinery. The develop-
ment in fractional horse-power motors is 
also of interest, particularly noteworthy 
being the " Selsyn " unit which can be 
used for transmitting a small movement 
e.g., from a water level indicator or an 
instrument dial-reading, to a point remote 
from the origin. We have not yet seen 
one of these units in action, but assuming 
that they are up to the usual " B.T.-H." 
standard of performance they should have 
a very wide field of application in the near 
future. Talking films and public address 
systems form another interesting branch of 
activity. 

It may be pointed out that whilst 
routine production of stock lines may 
offer thé most remunerative return in the 
immediate present, the continued pros-
perity of any firm depends upon the 
development of new ideas and improve-
ments. 

It is good to know that our best electrical 
manufacturers not only realise this, but 
shape their policies accordingly. 
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STORAGE BATTERIE/ FOR EMERGENCY 
LIGHTING AND STAND-BY SERVICE 

By A. T. DOVER, M .I.E.E. 

Fig. 1.—A LARGE (4,000 AMP.-HOUR) STAND-BY BATTERY AT THE BANKSIDE GENERATING STATION 
OF THE CITY OF LONDON ELECTRIC SUPPLY Co. 

This battery is maintained in a fully charged condition by trickle charging. (Courtesy of The 
Chloride Electrical Storage Co. and the City of London Electric Supply Co.) 

Why Storage Batteries are Necessary for 
Emergency Lighting. 

NOTWITHSTANDING the increasing 
use of alternating current for 
electric lighting and the changing 

over of many direct-current systems to 
alternating-current supply, a source of 
direct current is still a necessity in installa-
tions where emergency lighting has to 
be provided to meet the contingency of 
an interruption of the main supply. The 
source of direct current is a storage battery, 
as this is the only apparatus in which 
electrical energy can be stored so as to 
be instantly available in emergencies. 

Necessity for Emergency Lighting. 
Emergency lighting is a necessity in 

power stations, hospitals, theatres, cinemas, 
concert halls and other places of public 
entertainment, large hotels, large banks, 
departmental stores, town halls, under-
ground tube railways, cement works and 
similar factories operating continuously, 
etc. In all these cases uninterrupted 
lighting is essential to safety and safe 
operation of the plant and processes. 
Moreover, in many large business premises 
and banks, time—particularly at certain 
seasons of the year—is of the utmost 
value, and even a short stoppage of work, 
due to an interruption of the lighting 
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or the electric supply for the modern 
accounting machines, may result in a 
heavy financial loss. 

Emergency Lighting in Theatres, Cinemas 
and Entertainment Halls. 

Emergency (dual) lighting is compul-
sory in theatres, cinemas and all entertain-
ment halls. The emergency 
(called " safety") lights must 
be illuminated the whole time 
that the public is present in 
the building, and must be 
fed from a source which is 
independent of that of the 
main lighting. Except in 
very special cases a storage 
battery must be installed to 
provide the independent sup-
ply for the safety lights. A 
special article on this subject 
was published in the Jan-
uary issue of this magazine. 

Emergency Lighting in Hos-
pitals. 

In hospitals emergency 
lighting is required not only 
in the corridors, staircases 
and wards, but also in the 
operating theatres. The light-
ing in the operating theatres, 
however, must be absolutely 
infallible, and even the con-
tingencies of the burning out 
of the lamp filament or the 
blowing of a fuse must be 
provided for. These contin-
gencies can be met by arrang-
ing that the special emergency lights in 
the operating lamp fitting of any theatre 
are controlled directly by a special relay, 
the operating coil of which is connected in 
series with the main lamp. 
The general emergency lighting and the 

special emergency lamps in the operating 
lamp fitting are supplied from a storage 
battery and are controlled by a special 
type of automatic switch which is described 
later. The scheme of connections is 
shown in Fig. 9. 

Emergency Lighting on the Trains of the 
London Underground Tube Railways. 

The importance of emergency lighting 

AC 

BaEtery 
Fig. 2.—How THE TRICKLE 
AND HIGH-RATE CHARGING 
CURRENTS ARE OBTAINED 

FROM A RECTIFIER. 
The trickle-charging cur-

rent is adjusted to the 
correct value (read on the 
milliammeter) by the lamp 
resistances, L. The high-rate 
charging current is adjusted 
to the correct value (read 
on the ammeter, A) by the 
resistance, R, this circuit 
being controlled by the 
switch, S. 

on the trains of underground railways 
cannot be over-estimated, and, therefore, 
some notes on the system adopted on the 
London tube railways will be of interest. 
The trains on these railways are made up 

of either one or two " train-units," a train-
unit consisting of one motor-coach coupled 
to one or two trailer coaches. 

The passenger compart-
ments of all coaches are 
fitted with two 12-volt emer-
gency lamps, located one at 
each end of the compartment. 
An emergency lamp is fitted 
in the motorman's cab, and 
one is also fitted in the 
tail-light fitting in addition 
to the ordinary tail-light 
bulb, which is supplied from 
the traction circuit. 
The emergency light› are 

supplied from a 48 ampere-
hour 6-cell Exide battery 
carried on each motor-coach, 
and are controlled by a relay, 
the operating coil of which 
is connected in series with 
the ordinary tail light. The 
emergency lights, therefore, 
come into operation either 
(1) with a complete failure of 
the traction supply (from 
which the ordinary lighting 
of the trains is obtained), or 
(2) if a defect occurs in the 
ordinary tail light. This 
arrangement ensures that light 
is always available for the 
tail light and in the motor-

man's and passenger compartments. 
The batteries are removed for inspection 

every 14 days. They are discharged to 
1.8 volts per cell before being recharged 
(at the train depot) and fitted to another 
train. 

Stand-by Supply in Power Stations. 
In power stations a stand-by supply, 

entirely independent of the main genera-
ting plant, should be available for the 
station lighting, the protective switchgear, 
and the vital auxiliary machinery. In 
both D.C. and A.C. generating stations 
this stand-by supply is usually furnished 
by a storage battery. 
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The battery has usually a moderate 
ampere-hour capacity. For example, at 
the Lots Road power station of the Under-
ground Railways of London a battery of 
62 cells of 2,764 ampere hours capacity 
at the '0-hour rate is installed for operating 
the main high-voltage 
switch groups and 
emergency lighting in 
the power house and 
control room. 

Stand-by Batteries for 
D. C. Distribution 
Networks. 

In many D.C. 
stations which supply 
the central districts 
of large cities where 
continuity of supply 
is of extreme import-
ance, a large battery 
of several thousand 
ampere-hours capaci-
ty is installed to act 
as a stand-by to the 
main generating 
plant. 
Examples of large 

stand-by batteries are 
to be found in all 
large cities in which 
energy is distributed 
on the D.C. system 
As a typical 

example of this may 
be mentioned the 
electricity supply 
in Stockholm, 
where in substations 
supplying the D.C. 
network in the city, 
there are installed 
stand-by batteries aggregating approxi-
mately 75,000 ampere-hours and invol-
ving a total of no less than 3,274 

individual cells. The batteries collectively 
can supply to the D.C. distribution system 
a current of approximately 40,000 amperes 
for one hour. 

A Large Central Station Stand-by Battery. 

Fig. r illustrates a large stand-by 
battery (244 cells, 4,000 ampere-hours at 
the bo-hour rate) at the Bankside genera-
ting station of the City of London Electric 

Supply Company. This battery is employed 
as a stand-by supply to the station bus bars 
to maintain the station lighting and auxi-
liary power supply in emergencies. It is 
capable of giving 2,000 amperes for one 
hour, and has, on occasions, given dis-

charges of 1,500 am-
peres for 45 minutes. 

Fig. 3.--W ESTINGHOUSE 500-WATT COPPER-
OXIDE RECTIFIER FOR TRICKLE CHARGING 
THE BATTERY ILLUSTRATED IN FIG. 4. 
(Courtesy of The Westinghouse Brake and 

Saxby Signal Co.) 

Stand-by Battery for 
Load Levelling. 

In many traction 
substations supply-
ing D.C. railways 
large batteries are 
installed for both 
stand-by and load 
levelling purposes. In 
these cases the bat-
tery works perma-
nently in parallel 
with the converting 
machinery: it assists 
the latter (viz., by 
discharging) at peak 
loads, and is charged 
at light loads, there-
by maintaining a 
more uniform load 
on the converting 
plant than would 
be possible otherwise. 
At the same time the 
battery is available 
for emergency service 
in the event of a 
breakdown of the 
converting plant. 
This use of a battery 
is somewhat different 
from that of the cases 
previously considered 
(viz., where the 

battery is used solely for emergency sup-
ply), and it also involves the employment 
of auxiliary plant (e.g., an automatic 
reversible booster) which is not required 
when the battery is used solelyafor 
emergency supply. 

EMERGENCY LIGHTING EQUIPMENT. 

How the Emergency Lights are Wired and 
Controlled. 

The emergency lights are usually wired 
on a separate low voltage circuit (25, 50 
or ioo volts), and are connected to the 
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Fig. 4.—PART OF A 120-CELL, b00 AM P.-HOUR, CHLORIDE STAND-By BATTERY AT OLYMPIA EXHIBITION 
BUILDINGS, LONDON. 

(Courtesy of Olympia, London, and The Westinghouse and Saxby Signal Co.) 

storage battery by an automatic switch 
which functions immediately an inter-
ruption occurs in the supply to the main 
lighting. The emergency lights are 
switched off automatically as soon as the 
supply to the main lighting is restored. 
The equipment additional to the emer-

gency lights comprises : ( 1) a storage 
battery ; (2) an automatic switch ; (3) 
means for recharging the battery after an 
emergency discharge, and (4) means for 
maintaining the battery always in a fully 
charged condition. 

Size of Storage Battery Required for 
Emergency Lighting. 

The ampere-hour capacity of the battery 
will depend upon the number of emergency 
lights and the power of these lights. 
Usually the emergency lights are of 
relatively low power compared with the 
main lights, and they are located only 
at essential points, as with this arrange-

ment the cost of the emergency lighting 
equipment is kept low. Particulars of 
standard equipments for emergency light-
ing are given in Table I. 

Cases When the Normal Lighting Intensity 
Must be Maintained in Emergencies. 

In power stations it is essential that the 
normal lighting intensity be maintained 
in emergencies. In some of the largest 
and most modern hotels in London this 
requirement is also considered to be 
essential for the public rooms, main 
corridors and staircases. In these cases no 
auxiliary lighting circuits are installed, 
but the appropriate main lighting is 
arranged so that it can be switched over 
directly to the battery in the event of 
failure of the normal supply. The voltage 
of the battery must, therefore, be equal 
to that of the supply system, and accord-
ingly the size and rating of the battery 
will be much larger than those given in 
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Fig.5.—TuE WEST-
INGHOUSE TRICKLE 

CHARGING EQUIP-

MENT FOR THE 

SWITCH OPERATING 

BATTERY AT A SUB-
STATION OF THE 

LONDON POWER CO. 
The battery is 

used solely for sup-

plying direct cur-

rent for the solenoid 

operating gear 

(closing and open-

ing) of the metal 

clad oil switches on 

the right-hand side 

of the illustration. 

(Courtesy of Lo ndon 
Power Co. ,.and 
Westinghouse B ah 1 
and Saxby Signa 
Co.) 

Table I. For example, at the Dorchester 
Hotel, London, the battery is of 300 

ampere-hours capacity at the io-hour 
rate, and can supply a load of zo kW. 

Again, in the operating theatres of 
hospitals the normal intensity of lighting 
on the operating table must be main-
tained under all circumstances, including 
even the contingencies of the blowing of a 
fuse and the burning out of the lamp 
filament. To meet this case, emergency 
ow-voltage lamps, equal in intensity to 

the main lamp, are arranged 
operating lamp fitting. 

METHODS OF CHARGING EMERGENCY 
AND STAND-BY BATTERIES. 

How a Battery is Maintained in the Fully 
Charged Condition. 

An emergency or stand-by battery must 
always be maintained in a fully charged 
condition in order that the full capacity 
of the battery may be available on 
emergencies. 

III till' 

TABLE 1.—PARTICULARS OF BATTERIES FOR STANDARD EMERGENCY LIGHTING EQUIPMENTS 

KEEPALITE" SYSTEM). 

Equipment 

reference 

Number 

of cells. 

Voltage of 

emergency 

lighting   

Ampere -hour capacity of 

Battery. 

Total load in kW. 

which the battery can 

supply for— 

No. circuit. r hour 3 hours ro hours r 3 

discharge. discharge. dischai ge. hour. hours. 

I 14 25 15 21 30 0 .375 0.179 

2 26 50 15 21 30 0 .75 0 .358 

3 26 50 30 43 6o 1.5 0.716 

4 26 50 45 64 90 2.25 1.075 

5 26 50 6o 86 120 3.0 1.433 

6 50 roo 45 6 4 90 4.5 2.15 

7 50 roo 6o 86 120 6.o 2.866 

8 50 roo 90 129 180 9-0 4.3 
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Normally the battery is kept contin-
uously trickle charged at a very low rate, 
which is just sufficient to balance the loss 
of energy when standing on open circuit, 
but after an emergency discharge the 
battery must be 
given a quick 
recharge at the 
normal charg-
ing rate. 

Trickle Charg-
ing. 

This is a 
method of 
maintaining a 
fully charged 
standing bat-
tery in the fully 
charged con-
dition by pass-
ing a very small 
charging cur-
rent continu-
ously (i.e., day 
and night) 
through the 
battery. The 
current must 
just balance the 
losses (e.g., self 
discharge due to 
surface leakage, 
gradual sulpha-
tion, etc.) which 
occur in the 
particular bat-
tery on open 
circuit. 
Trickle charg-

ing is not a 
method of re-
charging a par-
tially dischar-
ged battery. 

Operating 
Coil 

A rinatare 

• 
Fig. 6.—STANDARD KEEPALITE" CONTROL PANEL 
wini COVER REMOVED. (Chloride Electrical Storage Co.) 
The " mains" switch is a double-pole switch for 

isolating purposes. The " charge " switch is a single-pole 
switch for high-rate charging, and is marked S in Fig. 7. 
The " lock-off " is a mechanical device for locking the 
contactor in the " off " or neutral position shown in the 
illustration. 

Advantages of Trickle Charging for Stand-
by Batteries. 

Trickle charging, when properly carried 
out, prevents any tendency for the 
electrolyte to combine with the active 
material of the plates. Thus the plates 
never become sulphated or sluggish and 
retain their full capacity for an indefinite 
period. 

Very little supervision and maintenance 
is necessary for a stand-by battery on 
trickle charge, owing to the entire absence 
of heating and gassing of the electrolyte. 
There is in consequence no loss of acid and 

scarcely any 
wear of the 
plates through 
scrubbing ac-
tion (which oc-
curs when a 
battery is gas-
sing during a 
normal charge). 
Hence the life 
is far longer 
than that which 
would be ob-
tained if the 
battery had to 
be worked un-
der the usual 
cycles of charge 
and discharge 
to maintain it 
in good condi-
tion for emer-
gencies. 
The electro-

lyte retains its 
original specific 
gravity, and 
very little sedi-
ment, if any, 
is thrown down 
from the plates. 
For instance, in 
the 4,000 am-
pere-hour, 244-
cell stand-by 
battery at the 
Bankside gen-
erating station 
of the City of 
London Elec-

tric Supply Company, the sediment, 
after years of emergency service and 
trickle charging, is insufficient to mark 
a clean stick. 

Current Required for Trickle Charging. 

The current required for trickle charging 
is very small—only a few milliamperes in 
some cases—as a modern Planté type 
stationary battery does not lose more than 
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2 per cent. per day of its ampere-hour 
capacity at the ro-hour rate. Thus, with 
a 90-ampere-hour battery (ro-hour rate) 
having an open circuit loss of 2 per cent. 
per day, the loss of ampere-hour capacity 

during 24 hours would be —1200 x 90 = 1.8 

ampere-hours, which must be compensated 
by the ampere-hours supplied by the 
charging current. 
Hence, the charging 4C.SuIpIy 
current = 1.8/24 ----- 
0.075 ampere, or 75 
milliamperes. 

In practice, the 
current is usually 
fixed slightly on the 
liberal side to take 
care of variations in 
the open circuit 
losses. The correct 
value may be ascer-
tained by observa-
tion of the specific 
gravity, voltage, and 
gassing of the cells, 
as explained in the 
later paragraphs on 
maintenance. 

CHARGING 
ARRANGEMENTS. 

The charging 
arrangements will 
depend upon the size 
of the battery and the 
nature of the main supply. 
Charging from A.C. Mains with Rectifier. 
When the main supply is alternating a 

rectifier outfit is employed to provide 
both the trickle charging current and the 
high-rate charging current for the standard 
equipments given in Table I. 
How the Trickle and High-rate Charging 

Currents are Adjusted. 
The trickle charging current is adjusted 

to the required value by suitable series 
resistances (usually lamps), and the high-
rate charging current is obtained by 
switching a resistance in parallel with the 
trickle charging resistance. Fig. 2 shows 
the general scheme of connections when 
a valve rectifier is employed. 

Alternatively, a small valve, or prefer-

ably a copper-oxide, rectifier could be used 
to supply the trickle charging current, and 
a larger valve rectifier for the high-rate 
charging current. 
The advantage of this arrangement is 

that the continuous trickle charge can be 
given very efficiently since the copper 
oxide rectifier may be rated for no more 
than the trickle charge current, i.e., 

it will work on prac-
tically full load. 
There is a slight ad-
vantage in that an in-
crease in the life of 
the valves is obtained, 
but it should be un-
derstood that modern 
gas-filled valves used 
for both trickle char-
ging and occasional 
full-rate charging 
work normally at 
about one-fiftieth of 
their full load output 
and experience has 
shown that under 

0/01 these conditions 
Coil several years' life is 

obtained. 
Where current is 

expensive the im-
proved efficiency and 
somewhat longer 
valve life might easily 
pay the extra cost of 
the combined form 
of charger. 

Motor Generator Set. 
When the high-rate charging current 

exceeds that which can be obtained from 
a valve rectifier, either a mercury-arc 
rectifier or a motor-generator set must be 
used (see THE PRACTICAL ELECTRICAL 
ENGINEER, November, pp. 98, 103, for 
diagrams of connections). In these cases 
the motor-generator set or mercury arc 
rectifier is used only for high-rate charging, 
and a small rectifier (valve or copper-
oxide type) is provided for trickle 
charging. 
As the high-rate and trickle charging 

currents are obtained from separate 
circuits a double-pole change-over switch is 
necessary to change over the battery 
to the appropriate charging circuit. 

Ma 

D. I? D.T. 
Contactor 

in Lights 

Spring 

Fig. 7.—CONNECTIONS OF " KEEPALITE" SYSTEM 
FOR A.C. MAINS. 
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Examples of Trickle-charging Equipments 
for A.C. Mains. 

Fig. 3 shows a copper-oxide (Westing-
house) 500-watt trickle charger for a 
stand-by battery (120 cells, Soo ampere-
hours at the ro-hour rate) installed at 
Olympia Exhibition Buildings, London. 
The high-rate charging current is supplied 
from a motor-generator. The battery is 
shown in Fig. 4. 

hi 

ir
i/CEhgarigpim'negnt 
5 

! R 

L Operating 
Coe 

Change-over 
Contactor Spring 

Fig. S.-CONNEC-
TIONS OF KEEPA-
LITE" SYSTEM FOR 

D.C. MAINS. 

Emergency Lights 

Fig. 5 shows the charging equipment 
for a switch-operating battery in one of 
the distributing substations of the London 
Power Company. Although not exactly 
stand-by service, the duty on this battery 
(and similar batteries in power stations) 
closely resembles that on a stand-by 
battery, as heavy discharges of very short 
duration (one or two seconds) are required 
at relatively long intervals. It is, of 
course, of supreme importance that the 

battery should be kept in a fully charged 
condition, and this is effected by -a copper-
oxide (Westinghouse) rectifier. 

Charging from D.C. Mains. 

When the main supply is direct current, 
series resistances are used for both trickle 
charging and high-rate charging, except 
in the case of a central station stand-by 
battery of the same voltage as the main 
bus bars when a booster set is necessary. 

AUTOMATIC CONTROL EQUIPMENT. 
Keepalite Automatic Switch and Control 

Panel. 

The automatic switch in the Keepalite 
system of emergency lighting fulfils two 
functions, viz. : ( r) It connects the emer-
gency lights to the battery when the 
normal supply fails ; (2) it reconnects the 
battery to the charging circuit when the 
main supply is restored and maintains the 
battery continuously on trickle charge 
during normal conditions. 
A typical control panel is illustrated in 

Fig. è,. This type of control panel is 
used in all standard " Keepalite " equip-
ments, and a slightly modified form is 
used in cinema equipments. 

In the standard type of control panel 
the automatic switch consists of a double-
pole double-throw contactor, the lower 
moving contacts of which are biased by 
gravity (and a spring if necessary) to the 
lower pair of fixed contacts. These con-
tacts are connected to the emergency 
lights, and the moving contacts are con-
nected to the battery. 

How the Automatic Switch Works. 
The Operating coil is permanently con-

nected across the main supply. Hence, 
as long as this supply is maintained, the 
armature will be attracted to the pole 
piece, the upper moving contacts will make 
contact with the upper pair of fixed 
contacts and the lower contacts will remain 
open. As the charging supply is connected 
to the upper fixed contacts the battery will 
be trickle charged all the time that the 
main supply is maintained on the operating 
coil. But immediately this supply fails 
the contactor will drop over to the lower 
contacts, and the emergency lights will be 
connected to the battery. When the 
supply is restored the contactor will switch 
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the battery over to the charging contacts. 
The battery may then be given a high-rate 
charge, if necessary, by closing the 
" charge " switch. 
The trickle and high-rate charging 

currents are indicated on separate am-
meters. 

Connections for Standard " Keepalite" 
System for A.C. Mains. 

Fig. 7 shows the connections for this 
system when the supply is alternating 
and the charging currents are supplied 
by a single rectifier according to the 
scheme of Fig. 2. 

Connections of Standard "Keepalite" 
System for D.C. Mains. 

Fig. 8 shows the connections when the 
supply is direct current. In this case 
the voltage of the battery is less than that 
of the D.C. mains, so that both trickle-
charging and high-rate charging can be 
effected from the mains by series resist-
ances. 

Connections of " Keepahte " System for 
Hospitals. 

Fig. 9 shows the connections for hospitals. 
In this case special provision is made to 
ensure continuous lighting in the operating 
theatres under all contingencies, including 
the burning out of a lamp filament or the 
blowing of a fuse. 
The operating lamp fitting has, in 

addition to the normal special type lamp, 
a group of low-voltage emergency lamps 
giving an illumination equal to that of 
the normal lamp. These emergency lamps 
are wired direct to the battery through 
relays, a separate relay being used for each 
operating lamp. The actuating coil of 
the relay is connected in series with the 
normal operating lamp, and under normal 
conditions this coil is energised and the 
switch in the emergency circuit is open. 
If, however, the supply to the operating 
lamp fails or the lamp filament burns out 
the relay loses its excitation and the switch 
automatically closes the emergency circuit. 
A double-pole isolating switch is incor-
porated with each relay for the purpose of 
isolating both the main and emergency 
lamps when any particular theatre is not 
being used. 

NOTES ON THE MAINTENANCE OF 
TRICKLE-CHARGED BATTERIES. 

Importance of Correct Rate of Trickle 
Charging. 

The trickle charging current must be 
maintained at the correct value, as too 

C Main Lighting Circuits 

o 
Stander-al 
Keepalite ) 

Panel 

o 

 î 
s cssrrs MTV SAVE 
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Emergency Lights 
 1-
Battery 

Theatre Emerge,' Circuit 

Theatre Main Circuit 

THEATRE N° I 

Fuses 

Relay 

Isolating Sw. 

e 

e 

Main Lamp 
mergency 
Lamps 

Operating Lamp 
Fitting 

e 

Fig. 9.—CONNECTIONS OF " KEEPALITE" SYSTEM 
FOR HOSPITALS. 

The emergency lamps in the operating 
lamp fitting in each operating theatre are 
wired directly to the battery, the lamps in 
each fitting being controlled by a relay which 
closes this circuit in the event of any interruption 
of current in the main lamp. 

high a current will eventually cause 
gassing and over-formation of the positive 
plates, and too low a current will cause 
sulphat ion. 
The correct value is the minimum 

current which will maintain the constancy 
of the specific gravity of the acid in the 
cells at its maximum value, which varies 
with the temperature, make and design 
of cell. Fairly common values are :— 
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Temperature °F. 50 6o 70 80 too 

Specific gravity .. 1.214 1.210 1.206 1.202 1.195 

The cell voltage is also a useful guide 
and should be between 2.20 and 2.3 volts, 
when battery ha; been fully charged and 
has settled down on trickle charge. 

In actual practice the trickle charging 
current is adjusted to its correct value in 
accordance with the indications of : (I) 
specific gravity; (2) tendency to gas; 
(3) cell voltage. When once the exact 
voltage corresponding to the correct 
trickle charging rate has been determined, 
this voltage can be used in future as an 
indication that the cells are receiving the 
correct trickle-charging rate. 

Careful records should be kept of these 
quantities, specific gravity, tempera-
ture, cell voltage, tendency to gas, 
which should be taken at weekly intervals 
on selected or pilot cells, together with 
similar readings at monthly intervals on 
all cells. 

Topping-up Water. 

Owing to the absence of electrolysis, 
the amount of topping-up water required 
for a trickle-charged battery is compara-
tively small. 
When adding water it should be poured 

to the bottom of the cell by means of a funnel 
and glass tube to ensure thorough mixing 
with the electrolyte. Give a quick charge 
until there is sufficient gassing thoroughly 
to mix up the acid and added water. 

Level of Electrolyte. 
If reliance is to be placed on specific 

gravity readings, the level of the electro-
lyte should be as constant as possible, 
and should never exceed Fin, from the 
normal level in cells of medium size. 
With open-type cells evaporation may 
be reduced by covering the top of the 
electrolyte with a thin layer (Fin. thick) of 
anti-spray oil film. 

Cleanliness. 
Very careful attention must be paid 

to cleanliness, as any accumulation of 
dust, dirt and cobwebs in positions where 

it can cause leakage of current between 
the terminal lugs of the cell will seriously 
upset the working of the battery, owing to 
the reduction of the trickle charging 
current by the leakage paths. With 
open-type cells the side supports for the 
plates must be kept clean, and with sealed 
cells the top of the sealing cover must be 
kept clean and dry. 

In dusty locations dust covers should be 
provided and the cells should receive a 
thorough cleaning and inspection before 
these covers are fitted and the trickle 
charging regime is put into operation. 

Recharging After an Emergency Dis-
charge. 

After an emergency discharge the bat-
tery should be given a complete recharge 
(at the high rate) with as little delay as 
possible, both in order to keep the plates in 
good condition and to restore the battery 
to its normal service. The charging 
current may have any convenient value 
between half normal and twice normal 
charging, but as soon as free gassing 
commences the current should be reduced 
to the half normal rate. 

It is very important that the battery 
should be absolutely fully charged before 
trickle charging is resumed, and to be 
quite sure of this condition the recharge 
should be continued until every cell has 
come up to its maximum specific gravity 
and voltage for a period of two hours. 

Precautions to be Observed When a New 
Battery is Put on Trickle Charge. 

When a new battery is to be put on 
trickle charge for the first time, it is very 
important that the active material of 
the plates should be in thorough working 
condition and stabilised before the trickle 
charging is commenced. Usually half a 
dozen cycles of charge and discharge are 
necessary to get the plates into this con-
dition. 
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NEON SIGNS 
By D. W INTON THORPE, A.M.I.E.E. 

There is undoubtedly an enormous field for the sale of Neon signs, and in 
this article Mr. Thorpe gives some useful advice that should help electrical 
contractors to take advantage of the business offered in this particular field 

IWAS about to 
start this article 
by saying that 

the Neon sign was 
the sign of the 
future. That would, 
however, give an 
entirely wrong im-
pression since it 
needs little more 
than a glance round 
any of our large 
towns to-day to find 
that it is the sign 
of the present. 
Nevertheless, f o r 
every sign of this 
sort which is work-
ing to-day, there 
will be ten signs 
working in a couple 
of years' time. 

It is surprising 
that the electrical 
contractor and re-
tailer in general is 
not being so quick 
to take advantage 
of the possibilities 
of selling these signs 
as one might expect 
from their obvious 
popularity and effi-
ciency. Probably 
the reason is to 
be found in a certain amount of 
mistrust which has been fairly naturally 
caused by one or two misapprehensions 
on the whole subject. If I can, in the 
following short article, clear away any 
of these misapprehensions, it may be that 
it will have the effect of making people in 
the retail trade realise what a gigantic 
opportunity they are missing if they 

FITTING UP A NEON TUBE ON A SIGN AT FACIA 
H EIGHT. 

See page 256 for practical notes re fixing. 

neglect to take the 
fullest advantage of 
the sale of Neon 
signs. 

Neon Signs Have 
No Filament. 

It must, first of 
all, be understood 
that the light pro-
duced in a Neon 
sign is unlike the 
conventional form 
of electric light in-
asmuch as there is 
no filament; that 
is to say, there is 
no piece of wire 
carrying the current 
from one terminal 
of the tube or elec-
trcde, as it is called, 
to the other. 

How the Neon Tube 
is Constructed. 
I he Neon tube, 

or Neon lamp, con-
sists of a length of 
glass tube with a 
piece of metal, the 
electrode, inside 
each end and sealed 
into it, but with a 
metallic connec-

tion coming through the glass to the 
outside. This hermetically sealed tube 
is exhausted : that is to say it is reduced 
to as near a vacuum as is commercially 
possible, by pumping out all the air that 
is in it. When the tube is exhausted a 
very small quantity of gas is allowed into 
it. The gas which is let in is in many 
cases Neon gas, and it is from the name 
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,C. 
Main 

Supply 

THE SIMPLEST NFON SIGN CIRCUIT. 
Note fuses ( n L.T. side. 

of this gas that this particular form of 
lamp first took its name. Nowadays it is 
usual to find a number of various gases 
used in order to obtain various colours. 

Bending the Tube to Various Shapes. 

Before the tube is exhausted and gassed 
it can be bent into any desired shape, 
even, when required, into the shape of a 
letter, and when the sign is lighted up, 
the tube, being in the form of a letter, 
will give a penetrating glow in the form 
of that letter, or any other type of design. 

How the High Operating Voltages are 
Obtained. 

So much then for what we may term 
the mechanical side of Neon tubes. The 
electrical side of the Neon tube or lamp 
depends upon the principle of applying 
a very high voltage across the two terminals 
or electrodes. The voltages actually in 
use in commercial Neon signs to-day 
vary, for the most part, from 1,500 to 
6,000 volts, though there are on the 
market signs operating on lower voltages. 
This high voltage is obtained, in the case 
of alternating current, by means of a 
transformer, the low tension mains being 
connected to the low tension terminals of 
the transformer and the high tension 
terminals of the transformer being carried 
to the electrodes at each end of the tube 
to be lighted. When this high voltage is 
applied across the electrodes there is a 
discharge from one electrode to 
the other which is made possible 
by the presence of the gas in what 
would otherwise be a vacuum. 
According to the gas which is used 
and the amount of gas which is 
used, so we get the variation in 
colours and the depth in colours. 

Production of Neon Signs. 

That all sounds from the manu-

A,C. 
Main 

Supply 
• 

facturing point of view very simple. 
Actually, of course, the manufacture 
of Neon signs and Neon tubes 
generally is not a simple matter, 
but requires a very great deal of 
knowledge and skill. There are 
such processes as ageing and a 
multitude of other intricacies 
which enter into the production 

of Neon signs efficient enough 
to stand up to the service which is 
demanded of them. But this article is 
written, not for the person who may 
contemplate the manufacture of Neon 
signs, but for the person who contemplates 
the sale and erection of Neon signs. 

Static Discharge. 
Since the discharge in the Neon tube 

is in the nature of a static discharge, 
very little current passes. And what 
current does pass is converted almost 
entirely into light. It is as well to 
remember that with the ordinary filament 
type of electric lamp about 92 per cent, of 
the energy put into that lamp by 
electricity is given off in the form of 
heat. Only about 8 per cent. is left to 
be turned into light. Therefore, the 
ordinary filament type of lamp, useful 
as it is and indispensable as it is, 
is a highly inefficient piece of appara-
tus ; it is, in fact, only 8 per cent. 
efficient. If we could take that remaining 
92 per cent, and turn it into light instead 
of heat we should, of course, have a 
moo per cent, efficient piece of apparatus. 

Efficiency d the Neon Tube. 

The Neon tube gets much nearer to this 
desired efficiency. For if anyone places 
his hand upon a Neon tube while it is 
working he will find that it is quite cool. 
It is not, in fact, giving out any appreciable 

A CONDENSER OR BANK OF CONDENSERS PLACED ACROSS 
THE PRIMARY INCREASES THE EFFICIENCY. 
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SEVERAL TRANSFORMERS ARE NECESSARY W HEN A GREAT LENGTH OF TUBE HAS TO BE ILLUMINATED 

amount of heat; in other words, what 
little current is taken to operate a Neon 
sign is nearly all given out in the form of 
light. This, of course, is one of the 
strongest selling points in connection with 
Neon tubes, since the running cost of a 
sign fades into insignificance beside the 
running cost of an equivalent sign carried 
out in ordinary electric filament lamps. 
For obvious reasons, such as the intricacy 
of manufacture and the fragile nature of 
the sign when it is being conveyed to the 
point of erection, the Neon sign is, in the 
first instance, rather an expensive invest-
ment. But that it is a sound investment 
is beyond dispute. 

Fog-penetrating Power of Neon Tubes. 

Another small point in connection with 
the advantages of Neon tubes is to be 
found in the fact that the red Neon, that 
is to say the tube which is charged with 
actual Neon gas, has greater fog-penetrat-
ing powers than practically any other type 
of lamp. For this reason it has a much 

:-oke Coil 

L.T. 

Earthed centre point 
of secondar) winding 

THEORETICAL DIAGRAM OF CONNECTIONS FOR A 
SINGLE LETTER. 

greater advertising value where the site 
is one where fogs are at all prevalent, 
as in this country. 

Value of Neon Lamps. 

The obvious and most important ad-
vantage of Neon signs is, of course, that 
they do have a compelling power beyond 
anything which has yet been produced. 
It is impossible not to look at a Neon 
sign, whether you like it or not. Outline 
work, that is to say the running of a strip 
of Neon tubing round the outside of a 
building, even where there is no lettering 
attached to it, has an amazingly satis-
factory advertising value. Moreover, this 
form of Neon sign work is comparatively 
cheap, since most of the expense of 
bending the tubes is removed. 

Use of High Tension Supply Not Dangerous. 
Many people have a wholesome fear of 

any voltage above that used in the general 
distribution of electricity for domestic 
purposes. Yet a moment's reflection will 

CONNECTIONS FOR TWO-SECTION SIGN USING 
ONE TRANSFORMER. 
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remind these people that the voltage 
used for the sparking plugs on any motor-
car, whether provided by a magneto or a 
coil, is also of a very alarmingly high 
figure. In the case of Neon signs the 
voltage is high, but the high tension side 
of the transformer is so well insulated, so 
completely protected, that danger from 
this source can be entirely ruled out. 
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METHOD OF W IRING A " CLAUDEGEN SIGN FOR 

Signs Made Up in Sections. 
In most signs of reasonably large 

dimensions, what appears to be one sign 
is, in effect, a number of signs, representing 
sections of the whole. In the word 
" Restaurant," in three-feet letters, prob-
ably each letter and certainly not more 
than every two letters, would represent 
a separate sectional sign on their own. 

SOME PRAO TICAL POINTS. 
The wiring of Neon signs does not 

present any great difficulties. Alternating 

TO r 

 - A.C.  
co's 

TERMINAIS 

USE WITH AN A.C. SUPPLY' 

current is used in connection with trans-
formers, the latter allowing a voltage of 
between 5,000 and 15,000 volts to be 
applied to the electrodes. The diameter 
of the tubes ranges from 10 mm. to 30 mm. 
diameter, and the current from 15 to 250 
milliamps. 
The most convenient length for handling 

is usually up to 15 feet, but the highest 
efficiency is 
obtained in 
leaving thelength 
of tube as long as 
possible. The 
low tension 
wiring is quite 
straightforward, 
ordinary circuit 
wiring being run 
to the primary 
side of the trans-
formers. 

Points to Observe 
in Installing 
Neon Signs. 

Great care 
should be taken 
with high tension 
side of the trans-
formers to 
prevent leakages 
which might 
cause burning of 
the high tension 
cable. High 
tension wiring 
should be either 
of bare wire, or, 
if desired to be 
protected, run in 
glass tubing, and 

kept well away from all earthed objects 
such as walls, gutters and iron fixings. 
When making connections from the 

high tension rubber and lead-covered 
cable they should be protected either with 
the special joints for this purpose or by 
means of glass bell-heads, which prevent 
damp coming in contact with the installa-
tion. Half an inch air space should be left 
around electrodes passing through letters. 
Keep tubes i in. away from those of 
letter, except when run with compara-
tively low voltage, when they can be 
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placed in direct contact with face of letter. 
Only a comparatively few feet of tubing 
is required for one low voltage transformer. 

Transformers should be kept as close 
as possible to the tubes. 

PRACTICAL NOTES ON THE INSTALLA-
TION OF " CLAUDEGEN " SIGNS. 

All wiring should conform to I.E.E. 
wiring regulations, and rules laid down by 
the L.C.C. Fire 
Brigade Depart-
ment, the local 
supply company 
and any fire in-
surance company 
involved. 
The fireman's 

switch only is 
supplied with the 
sign. The low-
tension wiring 
comprises sup - 
plying, fixing 
and connecting 
all necessary 
wiring and fit-
tings from the 
supply com-
pany's terminals 
to the low-tension 
terminals of the 
transformers and 
to condensers 
where specified; 
also the fixing 
and wiring of the 
fireman's switch 
supplied with the 
sign. 
Fireman's 

switch is to be 
fixed about 9 ft. 
from ground 
level on face of 
building with the " off" position on top. 
Where D.C. is available a rotary con-

verter and hand starter are recom-
mended. 

Condensers may be in either position 
I or 2. As specified by Claudegen. 

What to Do if More than One Transformer 
is Supplied. 

The number and primary current of the 

transformers will be specified with the 
sign. If more than one transformer is 
supplied, a double-pole ironclad distribu-
tion board must be fitted and fixed in the 
low-tension circuit, in close vicinity to the 
sign, with a double-pole fuse for each trans-
former. Mains must be run from the 
supply terminals to this distribution board, 
and from the distribution board separate 
feeds to each transformer. 
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M ETHOD OF W IRING A " CLAUDEGEN " SIGN FOR USE WITH D.C. SUPPLY. 
The lower drawing shows how automatic control can be arranged. 

Method of Wiring. 
The wiring throughout should be in 

screwed steel conduit, and a 7.029 bare 
copper earth wire should be drawn through 
the tube with V.I.R. cables, earthing all 
switchgear and the condenser and the 
transformer cases to nearest lead watermain 
The mains must first be brought to the 

fireman's switch from main switch, which 
will isolate the whole sign in emergencies. 
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How TO ELIMINATE MAINS INTERFERENCE 
WITH W IRELESS RECEIVERS 

By "ELECTRODE" 

Interference from electric motors and generators, high-frequency medical apparatus, 
flashing signs, lifts, etc., is sometimes a considerable source of annoyance to wireless 
listeners. In this article our contributor deals with the most likely causes of mains 

interference and discusses the best methods of curing it 

M AINS interference 
with broadcast re-
ception is by no 

means a matter of new 
occurrence or discovery, but 
has assumed its present 
undoubted importance on 
account of a number of 
factors such as ( i) the in-
creasing number of listeners; 
(2) the improved sensitivity 
of sets ; (3) the increased 
use of mains supply to 
broadcast receivers; (4) the 
spread of electric supply 
generally; and (5) the increased use of the 
supply for domestic and industrial pur-
poses. 
Broadly speaking, general hum from the 

mains must be classified as an interference, 
since it certainly interferes with the 
enjoyable reception of a programme. 
Usually, however, interference from the 
mains is taken as referring to noises of 
the crash type, frequently called " man-
made " atmospherics, since they do fre-
quently amount in the aggregate to the 
same effect as continuous atmospherics. 

Avoidable Hum. 
Before considering this, however, 

necessary to deal briefly 
with avoidable hum. In the 
case of a mains set, hum 
of any sort is usually 
largely the fault of the set 
itself, but there are other 
factors that may also be 
active. In the case of a 
D.C. mains set, a hum at 
about 300 cycles may be due 
to really noisy mains. 

it 

--COO 
SILENCING A NOISY MOTOR. 
High frequency chokes in-

serted as shown help to 
make the condensers more 
effective by-pass paths for 
high frequencies. 

is 

SILENCING A NOISY MOTOR. 
This can be done by 

condensers, each of 2 mfds. 
or more. F is a fuse and 1( 
a resistance of from 5 to 
io ohms, which may be an 
additional help. 

Reversing the Mains-plug is 
Sometimes Helpful. 

The hum from a good 
A.C. mains set ought nor-
mally to be very small 
indeed, but frequently it is 
worse with one direction of 
the mains-plug than with 
the other. Mains sets 
generally work fairly effi-
ciently without an earth so 
far as aerial pick-up is con-
cerned, but an actual earth 
is usually very helpful in 
cleaning up hum. 

Noise From House Wiring. 
Hum may also be picked up on any set 

from the type of house wiring. Assuming 
metal-cased wiring — conduit or lead 
sheathing—discontinuity of bonding or 
omission of an earth may often bring up 
hum, even on a battery-operated set. 
This is particularly so if the metal casing 
is run everywhere on dry-seasoned wood 
and makes little contact with earthy 
walls of any sort. 

Lead Sheathing Must be Properly Earthed. 
The writer has known the D.C. supply 

to speak quite badly into a battery set 
when the earth was removed from the 

lead sheathing of the house 
wiring. In this instance, the 
casing was certainly moder-
ately well insulated until an 
actual earth connection was 
effected. In a similar case 
it was found, also, that 
considerable mains hum was 
picked up by an A.C. mains 
set when the earth was 
removed from the casing. 

1-E 
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A M ETHOD OF SILENCING A ROTARY RECTIFIER. 

In persistent cases of annoying hum the 
above points are well worth attention. 

The Listener's Own Appliances. 
Apart from the above types of hum 

interference, due to the listener's own 
premises, interference is also often ex-
perienced from vacuum cleaners, refri-
gerators, fans, etc., in the listener's home, 
without him being aware of the cause. 
No doubt it is stupid and slow of him not 
to correlate cause and obvious effect, 
but often he fails to do so. The practical 
man called in, perhaps, to investigate the 
matter is thus well advised first of all to 
make sure that the noise is not generated 
in the complainer's own premises. 

Noise-producing Devices. 
Assuming that the interference is de-

finitely traced to be coming from outside 
the listener's house, we may first consider 
the various types of electrical devices that 
are known to be noise-producers. These 
are :— 
(A) Motors and generators, A.C. and 

D.C. ; 
(D) Battery-charging rectifiers; 
(c) High-frequency medic al 

apparatus; 
(D) Flashing signs; 
(E) Electric ovens and heating 

pads, thermostatically controlled; 
(F) Neon signs; 
(G) Lifts ; 
(D) Tramcars and trolley buses; 
(1) Mercury arcs. 

Interference at High Frequency. 
Most interference has been 

found to be high frequency in 
character, and is due to sudden 
changes of current in the circuit. 

Thus, the making and breaking of 
commutators, contactors, keys, 
switches (including imperfect con-
nections acting as partial switches) 
are all liable to cause sudden 
changes of potential of some part 
of the circuit wiring, " shock-
exciting" it or a section of it into 
oscillation at high frequencies, often 
within the broadcast band. 

Two Types of Interference Caused. 

"fwo things may thus happen : ( I) 

the wiring may behave as a transmitting 
aerial and radiate waves which are picked 
up by the receiving aerial; (2) the high-
frequency currents so generated may travel 
along the supply wires and so get on to the 
internal wiring of the listener's premises, 
where they may be picked up by the 
adjacent aerial and/or lead-in, or it may 
become impressed on the set by its 
connection to the mains for its operating 
supplies. The second type of interference 
propagation is the more usual. 

Basic Principles of Remedies for Inter-
ference. 

All remedies for interference of the high-
frequency character are based on methods 
of (A) reducing to negligible proportions 
the H.F. voltages on sections of the 
mains or wiring capable of radiation; 
(D) restricting the H.F. voltages to as 
small a section of the mains as possible 
or to sections of the wiring remote from 
the receiver. 

Right of Complaint. 
The right of the listener to complain 

SILENCING DEVIl ES APPLIED TO H.T. AND L.T BATTER v-
CHARGING ROTARY RECTIFIERS. 

The mains condensers are all 2 mfds.; the L.T. condenser, 
.1 mid. upwards; first H .T. condenser, 4 mfds.; and 
second H.T. condenser, .25 mfd. upwards. 
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about mains interference is fully recog-
nised, and official organisation exists for 
dealing with it. Complaints should first 
be addressed to the B.B.C., who send a 
form to be filled up with full particulars. 
The complaint is then handed over to the 
Post Office for investigation, since the 
P.O. has technical representatives so 
widely spread all over the kingdom, while 
the B.B.C. has no such technical organisa-
tion. The P.O. then investigates the 
matter under the direction of the Radio 
Section at Engineering Headquarters. 
As the law stands, the P.O. has no 

authority, apparently, . to enforce the 
application of such remedies, but it has 
been stated that the 
owners of offending plant 
are usually quite willing 
to assist in the applica-
tion of remedies that have 
been shown to be effective. 

While, therefore, the 
chief work of interference 
tracking and silencing is 
one for large 
organisa-
tions, many 
practical 
men find 
themselves 
concerned 
with prob-
lems in con-
nection with 
the effective 
silencing of 
individual pieces of plant. Fortunately, 
as a result of the P.O. 's investigations 
a considerable amount of information 
is now available as to the methods 
which have been found successful in 
various cases. 

Noise From Motors and Generators— 
The considerable use of motors causes 

them to be a big source of interference 
which appears to be entirely of a high-
frequency character. Although locally 
severe it rarely extends to a greater 
distance than zoo yards. Usually 
becomes inaudible at 5o yards. 

—And Its Cure. 
The cure is to form a low-impedance 

path for the high-frequency currents to 

flow to earth, for example, by the con-
densers, each of 2 mfds. or more, as shown. 
Sometimes it is necessary to insert an H. F. 
choke in each mains lead (see diagram) 
to increase the H.F. impedance of the 
mains and so make the condensers more 
effective in shunting the high frequencies 
to earth. Occasionally a resistance of 5 
to vo ohms, as shown at R, is also 
of assistance. These methods apply equally. 
to D.C. motors and to A.C. motors of the 
commutator type (induction motors give 
very little trouble). 

Fitting the Silencing Devices. 
The silencing devices should be fitted 

as close as possible to 
•  the machine with very 

short leads and also with 
a short heavy earth-lead. 
It is interesting to know 
that adjustment of brush 
position can also help to 
reduce interference. 

.4.. 

-r 
rt, 

SILENCING TREATMENT FOR FLASHING SIGNS. 
The lead A B in top picture is " shock-excited " into 

oscillation and high frequency currents follow the dotted 
path. The left bottom figure shows the addition of a pro-
tective screen, and on the right a quenching circuit is shown. 

Interfere n e e 
from Gen-
erators. 
Generators 

produce both 
high- fre-
quency and 
low- frequen-
cy interfer-
ence. In the 
case of small 
machines 

the interference is generally of the high-
frequency type and is amenable to the 
same treatment as for motors as already 
shown. 

Real low-frequency interference is ex-
perienced due to ripple on large supply-
machines, and is usually only experienced 
on mains-operated sets, where the cure is 
improved smoothing. The same is true 
in the case of ripple on D.C. supplies 
derived from mercury-arc rectifiers. 

Rotary Rectifiers and Battery Chargers. 
Rotary rectifiers give rise to H.F. 

interference in the same general manner 
as motors and over the same general sort 
of distance. Direct radiation may be 
aggravated by batteries on charge on the 
D.C. side. 



Febrita;\ THE PRACTICA L ELECTRICAL ENGINEER 261 

How Rotary Rectifiers are Silenced. 
A general method of silencing such 

rotary rectifiers is show in the diagram, 
where it is again often found of advantage 
to use a resistance of 5 to 1 o ohms as 
shown at R. A rotary rectifier for L.T. 
and H.T. battery charging is ais) shown, 
with the silencing devices that have been 
found helpful. Chokes are of advantage 
in the H.T. leads, as shown, a suitable 
choke consisting of about 20 yards of the 
necessary gauge of wire wound on a former 
of about 8 in. diameter. 

Why a Fuse Should be Fitted. 
In applying smoothing c(nulensers in all 

the above cases it is advisable to fit a fuse 
or other protective device to protect the 
mains in the case of the condensers ever 
being broken down by a heavy surge. 
Alternately, of course, much moi:e highly 
rated condensers can be used. 

rî rti 
HIGH FREQUENCY MEDICAL APPARATUS. 

The patient acts as a good aerial, in addition 
to the high frequency currents sent back to the 
mains. 

Flashing Signs. 
These consist, in their simplest form, 

of a contact or switching device operated 
either automatically or by thermostat 
or the like. The simplest type of circuit 
is that on page 260 (top picture), which 
locates the point of interference to the 
lead A B. When the switch is closed 
AB is mains-voltage above earth, but 
when the switch is opened the potential 
of A B falls to zero and causes the capacity-
to-earth of A B to discharge through the 
path shown dotted. 

Using a Constant-potential Screen as a 
Cure. 

One form of cure is to surround the 
apparatus by a constant-potential screen 
as shown in the left-hand picture, with 

the condensers shown. An alternative 
method is shown in the right-hand picture, 
which has a choke in the mains and 
a quenching circuit across the contact. 
The choke should be as near as possible 
to the contactor, and should preferably 
be screened. The first method is con-
sidered to be generally the better, but 
the second is of advantage if the apparatus 
cannot be screened or if it is some distance 
away from the switching mechanism. 

Multiple-contact Signs. 

Multiple-contact signs are exactly 
similar in principle and are amenable 
to the same treatment. This method of 
silencing is also applicable to electrical 
ovens, heating pads and other devices using 
thermostatic control. 

High-frequency Apparatus. 

Apparatus generating and using high-
frequency currents as part of their opera-
tion are naturally serious offenders— 
the most serious technically, although 
fortunately not so numerous. Notably 
in this dais comes H. F. medical apparatus 
of the so-called " ultra-violet-ray " class. 

This uses a frequency somewhere 
between 6o and 150 kc. (2,000 to 5,000 
metres) and is effectively a " spark" 
transmitter, stepped up to the patient, 
the high-frequency currents flowing 
through his effective capacity to earth. 

The Only Cure for Interference from 
High-frequency Apparatus. 

With this type of apparatus, as at 
present designed and made, the only cure 
is the construction of a complete metallic 
screen, large enough to enclose both 
patient and apparatus. This method of 
cure is too expensive to commend itself 
to the user, except in the case of large 
installations, such as hospitals, etc. In 
smaller cases, however, a small screened 
cage may be practicable. Future improve-
ment involves redesign of the apparatus, 
and would no doubt be helped also by 
the use of valves as generators instead of 
spark methods. 

Neon Signs. 

Another type of high-frequency 
apparatus is met in neon signs. These 
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are made both for low-frequency and for 
high-frequency operation, the latter usually 
being installed indoors to avoid risk of 
shock. Although using the same method 
of generation as in the medical apparatus, 
the fact of the H.F. secondary being closed 
on the tube should make them less 
objectionable. Interference is, however, 
experienced on account of currents between 
the H.F. secondary and primary, these 
being due jointly to insulation and to 
capacity. A capacity screen between the 
windings is of help. 

In some cases the H.F. step-up trans-
former consists of two transformers, and 
improvement can be effected by joining 
the primaries in parallel and the secon-
daries in series, joined at those ends nearer 
to the primary. Adjustment of slight 
out-of-balance capacity to earth can be 
made by a small capacity to earth at a 
suitable point along the tube as shown. 
Screening of the whole apparatus is, of 
course, an excellent cure as in the case 
of medical apparatus. Little trouble 
seems to have been experienced from low-
frequency neon signs. 

Lifts. 
In the case of lifts, several types of 

induction motor are in use and some give 
very little trouble. Those that are noisy 
can be helped by H.F. chokes in the 
mains and the mains bridged on the 
controller side of the chokes by two 
condensers each of at least 4 microfarads. 
It is usually necessary to apply further 
silencing to controller noises, a suitable 
arrangement being 2 microfarad con-
densers across each contactor, or better 
still a condenser-resistive " quench" 
circuit of the type already described. 
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A SCREENED AERIAL LEAD-IN IS A GREAT HELP 
TO THE LISTENER IN ELECTRICALLY " NOISY 

DISTRICTS. 

H F 
Transformer 

HIGH EREQUEN, I.:ON SIGNS. 
A small balancing condenser to earth is 

usually of help. 

The same general treatment also applies 
to D.C. motors. 

Tramcars and Trolley Buses. 
Several successful methods of cure have 

been developed, but as treatment of this 
interference is in the hands of an authority 
or corporation there is no need to discuss 
them here. 

Curing Incoming Interference at the 
Listener's Premises. 

Since most of the H.F. interference 
enters the listener's house by the mains, 
and is radiated or induced by the house 
wiring, additional help can usually be 
obtained by H.F. filter devices applied to 
the mains where they enter the house. 
Condensers, as for motor-smoothing, are 
usually an improvement in noisy districts, 
and, if insufficient, can be implemented 
by chokes in the mains. The chokes must, 
of course, be of adequate copper to carry 
the A.C. or D.C. current of the house load. 

Methods of Reducing the Interference. 
Interference can often be reduced by 

altering the direction of the aerial, also 
by using a" counterpoise " earth. Recently 
it has been found that improvement can 
mostly be effected by the use of a screened 
lead-in from the aerial to the receiver. 

Some Interesting Circuits. 
Some interesting circuits for the elimi-

nation of interference with radio reception 
are given in a booklet entitled " The De-
sign and Construction of Radio Power 
Units," published by The Telegraph Con-
denser Co. We have made arrangements 
for a copy of this book to be sent free 
to interested readers who apply to The 
Telegraph Condenser Co., Ltd., Wales 
Farm Road, North Acton, W.3, mention-
ing the name of this magazine. 
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THE CHANGEOVER PROBLEM IN 
ELECTRICALLY DRIVEN FACTORIES 

By ROBERT RAWLINSON 

In the January issue Mr. Rawlinson outlined the various questions which 
arise when changing over from D.C. to A. C. In this article he deals 
thoroughly with the problem of determining the horse-power required 

0 NE of the first problems that arise 
before commencing any alterations 
to the factory drives is:—" How 

many horse-power do the factory machines 
require to drive them ? " 

Measuring the Horse-power Required. 
By far the best way is to measure the 

actual power which the driven machines 
demand. This is quite easily done by 
measuring the current and kilowatts 
which the original motors take, and, 
after working out and deducting the losses 
in the motor, esti-
mating the actual 
horse-power which is 
supplied to each driven 
machine. Suppose that 
there are a group of 
io machines driven by 
one D.C. motor, which 
is of the compound 
wound type and fitted 
with interpoles, then 
the procedure should 
be as follows :— 

Arrange matters so 
that each driven mach-
ine can be fully loaded; 
that is to say, have 
the largest size of 
article which is to be 
worked on in the 
machine, or arrange to 
take the heaviest cut 
on the hardest material 
which it is usual to 
work on the machine 
in question. 

Preliminary Readings. 

Before starting the 
motor it will be 

+ 1 TO MAINS 

CONNECTION DIAGRAM OF A CONIPOUND 
W OUND D.C. MOTOR. 

This diagram shows the connections 
between motor and starter, the main 
switch and fuses being omitted for clear-
ness. Note that terminals A and AA 
may be interchanged, depending upon the 
direction of rotation of the motor. 

necessary to measure the resistances of 
its various circuits so that the losses in 
them can be calculated. If a Post Office 
box type Wheatstone bridge is available, 
this can be used, but as an instrument 
of this type is seldom available in the 
average factory, the measurements we 
require can easily be computed from volt-
meter and ammeter readings. 

Equipment Required. 

The instruments, etc., necessary to 
make the tests will depend to a certain 

extent upon the size 
  of motor which is 

under investigation. 
Suppose that the motor 
nameplate is stamped 
as follows :-

20 h.p., 440 volts, 
38.5 amps., 650 r.p.m., 
1.3 shunt amps. 

The equipment 
selected should thenbe: 
A.. 

B 

C 

D 

V oltmeter 
reading to 
500 vol t 
(to measure 
main volts). 

ammeter 
reading to 50 
amps. (to 
measure main 
amps.). 

V oltmeter 
reading to 15 
volts (t o 
measure loss 
volts). 

ammeter 
reading to 15 
amps. 
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ELECTRICALLY DRIVEN BLOWING FAN FOR 
CINEMA ORGAN. 

This illustration depicts the D.C. motor driven 
blower which supplies the necessary air to the 
organ in a large cinema. It will eventually be 
converted to A.C. and the method on which the 
conversion should be made is described in this 
and later articles. (Metropolitan- Vickers.) 

E 
F 

(to measure no load amps:). 
revolution counter. 
accumulator of about 6 volt-
(a car battery is very suitable). 

Multi-range Voltmeters and Ammeters. 
Note that the voltmeter A must always 

have a maximum reading greater than 
the voltage of the supply to the motor. 
It may very conveniently be of the multi-
range pattern and in this case voltmeter C 
may not be required. For instance, a 
very suitable and commonly used instru-
ment for maintenance work has four 
ranges of 1.5, 15, 150 and 600 volts, and 
it is clear that an instrument of this type 
will take the place of both A and C. 
The same remarks apply as regards the 
ammeter. If a multi-range instrument 

is available, it can be used instead of 
B and D. These multi-range instruments 
are very useful in maintenance work 
and should be available to the maintenance 
electricians of any reasonable-sized factory. 

The Resistances to be Measured. 
In order to calculate the losses, we must 

measure the resistances of the following 
windings of the motor :— 
I. The armature. 
2. The interpoles. 
3. The series (or compound) coils. 
We must also measure the current 

taken by the motor when running without 
any load, i.e., with the belt off, uncoupled 
or out of gear as the case may be. How-
ever, let us for the moment consider only 
the measuring of the resistances. 

Connecting Up for Resistance Measure-
ments. 

The accumulator battery should be 

SWITCH 

CONNECTIONS FOR TAKING RESISTANCE 
READINGS. 

This diagram shows the connections between 
motor, battery, switch and ammeter when 
taking resistance readings. Note that in some 
cases of large motors it may be necessary to con-
nect a resistance in the circuit to limit the 
current to a reasonable value. When this is 
necessary the resistance should be connected 
between the switch and ammeter, as shown 
dotted. The switch must be closed only for 
the few seconds required to take readings, so as 
to avoid heating the windings and running down 
the battery. 
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fully charged and it should be 
taken, together with a single-pole 
knife switch (mounted and about 
50 amps. capacity) and the 
instruments B and C previously 
mentioned, to the motor. The 
battery should be connected 
through the knife switch and 
ammeter B to the motor terminals 
as follows :—With the usual type 
of D.C. motor starter it will 
be found that there are three 
cables entering the motor terminal 
box, two of these being of heavy 
section and the other one con-
siderably smaller in size; this will 
be clearer on reference to the 
diagram of connections, which 
shows the heavy cables in thick 
lines and the smaller one thinly. 

The Procedure. 
Proceed now in the following 

manner :—Remove the heavy 
cables from the motor terminals 
and connect in their places the 
cables from the battery, am-
meter and switch, so that one 
terminal of the battery is con-
nected to one motor terminal, 
the other battery terminal being 
connected to one knife switch 
terminal. The remaining knife 
switch terminal must be connected 
to the ammeter and the free 
side of the ammeter should then 
be connected to the second 
motor terminal in place of the 
other heavy cable. 

MEASURING THE INTERPOLE RESISTANCE. 
The operator is holding one point on terminal AA and the 

other on the brush arm, while he reads the voltage drop 
across the interpole winding. In this case the current is 
fed into the machine by the two leads which are connected 
to the two left-hand side terminals A and YY. (Metropolitan-
Vickers.) 

Main Switch Must be Off. 

These connections are as shown and 
it should be noted that the main switch 
must be " OFF" before any connections 
are altered or made, and that the knife 
switch must be kept open until we are 
ready to take readings. For these con-
nections a fairly heavy cable should be 
used. The following table may be taken 
as a rough guide, but the cable size given 
need not be very strictly adhered to if we 
remember that the heavier the cable the 
better, within reason. 

TABLE OF CABLE SIZES. 

Motor Nameplate. 
Full Load 
Current. 

Approximate Cable Size 
for Resistance Measure-

ment Connections. 

Up to 15 amps. 
15 " 50 
50" 100 
I00, 150 
150 „ 200 

IP 

3/.036 or . 003sq.in. 
7/.044 .0I 
19/. 044 " . 03 
19/.064 , . 06 
19/.072 " . 075 

Before Taking Any Readings. 
The next step is to locate the points 
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in the motor and its terminal box across 
which voltmeter readings are to be taken 
with the instrument C. Referring to the 
first figure we can see how the various 
circuits are connected up inside the motor 
and in the terminal box, and it will be 
clear that to measure the voltage across 
the armature we must make our voltmeter 
connections on two segments which are 
under brushes of opposite polarity. To 
measure voltage across the interpole 
windings we must make connections, one 
to the lead from the armature to the inter-
poles (this is usually situated on one 

INTERNAL W INDINGS OF A FOUR-POLE COM-
POUND-WOUND MOTOR. 

We have here the arrangements of the windings 
and connections in a four-pole compound-wound 
D.C. motor. The voltmeter connection points 
are marked, as described in the text, VI, V2 
and V3 for armature, interpole and series 
windings respectively. 

brush arm) and the other to the terminal 
AA in the terminal box. All other points 
of connection are available in the terminal 
box, so there will be no necessity to open 
up the motor to make them available. 
These points are made clearer by the 

figure which appears above, giving the con-
nection diagram of a four-pole motor of 
the compound wound type, the points 
for connection being marked VI for the 
armature, V2 for the interpoles and V3 
for the series. 

A Convenience for Taking Measurements. 
It is very convenient if we have a pair 

of points attached to flexible cables for 
use when taking measurements with 
the voltmeter, and as such details may be 
very easily and quickly constructed, it is 
as well to provide ourselves with them. 
The illustration shows the details and con-
struction of such a pair of contact points 
made from material such as may be 
found in maintenance shops. 

The Readings to Be Taken. 

The readings which we are going to 
take are for the purpose of measuring the 
resistances of the following circuits :— 

I. Armature winding. 
2. Interpole coils. 
3. Compound or series coils. 
In order to calculate the resistance it 

will be necessary to measure the current 
or amps. flowing when the knife switch 
is closed and at the same time we must note 
the voltage across the terminals of each 
winding. Having got these readings, we 
can very easily calculate the resistance 
of each separate winding and we shall then 
use this resistance to compute the efficiency 
and power output of the motor. 

Taking the Readings. 
Haying made all the connections and 

ascertained the points at which measure-
ments must be made, as previously des-
cribed, we are ready to make our tests, 
and to do this we should proceed in the 
following manner :—The person who is to 
take the measurements should be accom-
panied by an assistant who has paper and 
pencil at hand to note the readings ob-
served. The assistant should have set 
out his sheet in the form of a typical 
record sheet so that all readings can be 
entered readily under the correct headings 

The Resistance Readings. 

After filling in the preliminary informa-
tion, such as nameplate particulars and 
meter numbers, the taking of the resistance 
readings may be proceeded with as 
follows :—The voltmeter points are first 
held in contact with two commutator seg-
ments which are under brushes on adjacent 
brush arms, and the knife switch is then 
closed. This will cause both the ammeter 
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and voltmeter to show a deflection and 
their readings should be noted and 
entered on the record sheet. The knife 
switch should be opened as soon as the 
readings are taken. 
The procedure should now be repeated 

for the interpoles, making voltmeter 
connections, one to the lead from brush 
arM to interpoles and the other to terminal 
AA, closing the knife switch and entering 
the voltmeter and ammeter readings on 
the record sheet as before. The readings 
for the series coils (if any) must now be 
obtained, the same procedure being fol-
lowed and the voltmeter connections being 
made to terminals Y and YY. When a 
voltage and current reading has been 
obtained for each of the three circuits 
(i.e., six readings in all) we have completed 
this part of the test and have sufficient 
information to calculate the circuit resis-
tances which we require. The normal 
connections between motor and starter 
should now be replaced. 

Uncouple the Motor from Its Load. 

The next stage is the taking of the no-
load losses of the motor and in order to do 
this the machine must be uncoupled from 
its load. It is not sufficient merely to 
take the load or work off the driven ma-
chines. The belt should be removed if 
the drive is of this type, or, if the motor 
drives through a coupling, the bolts or 
links should be removed. In the case of 
gear drives it is best either to remove the 
motor pinion or, if this cannot be done, 
slew the motor round so that the gearing 
is out of mesh. It is advisable to make 
quite sure that the pinion is well clear of 
the driven wheel in these cases, and to 
clamp the motor so that any vibration 
will not cause it to move into mesh while 
running. If this is not done, there is a 
possibility of serious accidents. Having 
now made sure that the motor is dis-
connected from any kind of load we may 
take the no-load readings. 

The Meter Positions. 
In order to measure these losses we le-

quire readings of the main volts and 
armature current when the motor is 
running unloaded at full speed, and to 
obtain these readings we must connect 

our meters as follows :—The voltmeter A 
should be connected across the mains, 
and the most convenient position to do 
this is to connect the meter across termi-
nals A and YY in the terminal box. To 
read the armature current, ammeter D 
should be inserted in the line which runs 
from the starter terminal marked A to the 
motor terminal A (or AA, depending on 
the direction of rotation). The diagram 
on page 270 will make these connections 
quite clear. 

reir. 

POINTS FOR VOLTMETER MEASUREMENTS. 
The actual point consists of a length of brass 

rod pointed at one end and with a hole for the 
cable drilled in the other end. A brass washer 
should be sweated on to the rod as shown, to 
form a location for the handle which is made 
from a piece of hardwood, fibre, • bakelite or 
ebonite to the dimensions given. A length of 
about six feet of flexible cable should be soldered 
into the rod, and the whole should be assembled 
by threading the cable through the hole in the 
handle and then pushing the handle on to the 
point-rod, on which it should be a good tight fit. 
If some shellac varnish is smeared on the rod 
before the handle is fitted it will set and make a 
good joint between rod and handle. A spade 
terminal at the end of the flex facilitates con-

nections. 

Taking the No-load Readings. 
Having made these connections the 

no-load readings may be taken, and in 
order to do this it is only necessary to 
start the motor up in the normal way by 
means of its starter and then read the 
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deflections of the meters, entering them 
up in the correct places on the record 
sheet. 

The Load Readings. 
Having now taken all the preliminary 

readings, the motor may be recoupled 
to its load and the separate load readings 
taken. The positions of the instruments 
will be the same as for taking the no-load 

MEASURING THE ARMATURE RESISTANCE. 

Note that the voltmeter points are on the edges of two segments which are 
beneath two adjacent lines of brushes. When making these resistance measure-
ments on ir ge machines it will sometimes be necessary to use a millivoltmeter 
when the circuit resistances are of a low value. (Metropolitan - Vickers.) 

measurements which have just been macle, 
so that it will be unnecessary to make any 
further connections, although it will 
probably be necessary to put ammeter B 
in place of ammeter D. The belt or 
coupling bolts should be replaced or the 
gear should be put back in mesh, depending 
upon the type of drive, and having made 
sure that the motor is firmly bolted down, 
we are in a position to take the readings 

which will enable us to calculate the 
horse-power required by each driven 
machine. 

The Horse-power Required to Drive the 
Lineshaft. 

When everything is ready as described 
above, the motor may be started up 
in the usual way, and when it is up to 
full speed, the main volts and armature 

amps. should be 
read and noted 
down on the 
record sheet. 
There should be 
no work in any 
of the driven 
machines while 
this reading is 
being taken, and 
it fast and loose 
pulleys are fitted 
(as is usual), all 
belts should be 
running on the 
loose pulleys. In 
other words, for 
these readings we 
want to get the 
power required 
to drive the line-
shaft only. There-
fore, all machines 
which are driven 
from the line 
shaft should be 
stationary. 

The Horse-power 
Required by 
Each Mach-
ine. 

The next stage 
is to take the 
power required 

to drive each machine separately, and 
tor this purpose it will be necessary 
to load up each machine in turn and take 
main volts and armature amps. readings 
in the same manner as already described 
for taking the power required to drive 
the lineshaft. The best procedure is to 
have work ready by each machine, i.e., 
if it is a lathe, have a piece of metal to 
turn, preferably of as large a size as the 
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lathe will accommodate and of the hardest 
grade which is usually machined in that 
particular lathe, and when taking the volt 
and amp. readings take a fairly heavy 
cut at a rather fast feed and speed so that 
the load on the lathe is about as severe 
as will generally obtain in its normal 
work. 

How to Load the Driven Machine. 
If one of the driven machines happened 

to be a sand mill we would arrange 
matters so that there was sufficient 
sand to fill the trough and so 
place the mill on full load, while 
a pump or fan would be loaded 
up to its full capacity and greatest 
pressure. 

Taking the Machine Load Readings 

When the arrangements for 
loading each machine are com-
plete, the readings may be taken 
as follows :—Start the motor and 
put machine No. i in work. All 
other driven machines should be 
standing idle at the time. As 
soon as the load is steadily applied, 
take a reading of main volts and 
armature amps. as before and 
note on the record sheet. When 
these readings have been taken, 
the driven machine may be shut 
down, since we have the informa-
tion needed to calculate the 
horse-power required by it. 
The volt and amp. readings when 

the motor is driving the seccnd 
machine only should now be ob-
tained in the same manner, care 
being taken that the second 
driven machine alone is working— 
all others being idle—and after 
these readings have been taken 
and noted, the same procedure 
should begone through for the third 
machine, and so on until all the machines 
which the motor drives have been dealt 
with and the corresponding volt and amp. 
readings noted down on the record sheet, 

Working Out the Results. 

\Ve have now obtained all the readings 
we require and may proceed to use them in 

our calculations to determine the horse-
power required by each driven machine 
when it is fully loaded. The working 
out is only simple arithmetic and to make 
it quite clear we give here as an example 
some typical figure.i that might be ob-
tained. If the reader will follow through 
the working of these, the method will be 
obvious and the following remarks will 
assist in gaining a mental picture of the 
processes involved. 

TAKING THE SERIES RESISTANCE. 
The points are held on terminals Y and YY whj , 

voltage drop across the series (or compound) windiiig-. is 
measured. (Metropolitan- Vickers.) 

Resistance Readings. 
In order to obtain the resistances of the 

armature interpole and series windings 
we must follow Ohm's Law and divide the 
volts drop across the winding by the current 
in the winding. The result of this simple 
division will give us the ohms resistance 
of the winding at the time the measure-
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ments were taken. Suppose, for instance, 
in our example the drop across the 
armature is 4.42 volts when a current of 
13 amps. is flowing through it; dividing 
4.42 by 13 we get 0.34 ohm, the resistance 
of the armature winding. This division 
should be done for each circuit, the ohms 
beinz entered down. 

The No-load Readings. 
It is quite clear that the motor will 

require some power to make it run, even 

TERMINA 

ECPX. 

1.  
STARTER 

 • 

Ç;I:? 

you[m.p-tR 

CONNECTIONS FOR NO-LOAD AND LOAD 
READINGS. 

This diagram gives the connections for 
the no-load and loaded readings. In the case 
of the load readings it may be necessary to 
put ammeter B (see text) in place of am-
meter D. The main switch and fuses are 
omitted for the sake of clarity. 

although it is not carrying any load. 
The gross no-load watts are obtained by 
multiplying together the main volts and 
the armature current taken at no-load. 
Now the armature, series and interpole 
windings have resistances, the ohmic 
values of which we have just worked out, 
and because of this they give rise to losses 
even when the motor is running on 
no load. The loss in these windings is 
easily obtained by squaring the no-load 

current (i.e., multiplying it by itself) 
and then multiplying by the number of 
ohms in the winding. For instance, the 
armature resistance is 0.39 ohm hot 
(see below) and the no-load current 
1.9 amps. in our example, so that we have: 
Current squared x Ohms = Watts loss 

1.9 X 1.9 X 0.39 = 1.4 watts 
By doing this for each winding we obtain 

the watts lost in each, and we must then 
add the separate losses together to obtain 
the total no-load copper loss. Having 
got this the nett no-load watts are cal-
culated by subtracting the total no-load 
copper loss from the gross no-load watts. 
In the example we have :— 
Gross no-load watts — Total no-load 

copper loss = Nett no-load watts. 
836 — 2 834 

Although the copper loss on no-load is 
negligible in this case, instances can arise 
where neglect of this loss introduces 
errors. It is advisable to form the habit 
of always taking the no-load copper loss 
into account for this reason ; hence its 
appearance here. 

The Summary. 
The calculations which have so far been 

made must now be summarised so as to 
be more conveniently used when dealing 
with the load readings. The resistances 
of armature, interpoles and series windings 
must be added together, giving the total 
main copper resistance (0.5108 ohm in 
our example). The nett no-load watts 
should also be entered in the summary. 

An Important Point. 
It is very important that the losses 

should be calculated on the assumption 
that the motor is hot and for this reason 
it is desirable to take all the readings 
after the motor has been working for a 
full day and is well warmed up. If it is 
impossible to do this and the readings are 
taken when the motor is cold, it will 
be necessary to multiply all resistancesby 
1.15 so as to allow for the increase when 
the motor temperature rises. For in-
stance, in our example the resistances were 
taken cold, the armature coming out at 
0.34 ohm; when this reading is trans-
ferred to the summary it is put down as 
0.39 ohm, which is 0.34 X 1.15. It will 
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be realised that the series and interpole 
resistances should be similarly adjusted. 
Note also that this adjustment is performed 
in working out the no-load copper loss, 
the motor being hot when the no-load 
readings were taken. 

The Position at this Stage. 
We now find that all our preliminary 

readings are simplified into two quantities: 
I. Total main copper resistance (hot). 
II. Nett no-load watts. 
These two figures are sufficient to enable 

us to calculate the horse-power developed 
by the motor for any input current, it 
being only necessary to introduce one 
other very simple quantity to take account 
of the resistance of the contact between 
brush and commutator. It should be 
noted that the voltages at which the 
no-load and load readings are taken must 
not differ by more than about 5 per cent. 
if accuracy is to be obtained. 

How to Calculate the Horse-power. 
We are now in a position to calculate 

the horse-power required to drive, first, 
the lineshaft only, and then each driven 
machine in turn. Taking the case of the 
lineshaft only, we find that we have two 
readings, main volts and armature amps. 
The armature amps. in flowing through 
the windings of the motor will give rise 
to a loss which should be entered as 
"copper loss watts" on the record sheet. 
The amount of this loss is equal to the 
armature current squared multiplied by 
the total main copper resistance, being, 
in our example :-

7 X 7 x 0.5108 = 25 watts. 
To this copper loss we must add the nett 

no-load watts, which we have already 
calculated, and the watts lost in the brush 
contact. The approximate value of this 
brush contact loss is easily arrived at by 
multiplying the armature current by two., 
and the three losses can now be added 
together to give us the total losses occur-
ring in the motor at this particular input 
current. 

Take the Losses from the Input. 
We must now calculate the input watts 

which are equal to the main volts times 

the armature amps. (i.e., 440 x 7 = 
3080 watts in the example), and from 
this figure we must subtract the losses 
which we have already calculated. It 
will be clear that by taking the losses from 
the input we have the output left, this 
being expressed in watts. Following this 
through in our , example, we have 
873 watts losses from 3080 watts input, 
leaving us 2207 watts output. 

The Horse-power Output. 
All that now remains is for us to convert 

the watts output to horse-power, which 
we may easily do by dividing by 746. 

The Horse-power Taken by the Driven 
Machines. 

Having now calculated the horse-power 
taken by the lineshaft, we can easily 
arrive at that required for each driven 
machine by going through the same 
procedure. In order to obtain the power 
demanded by the machine only it will be 
necessary to subtract the lineshaft horse-
power from each machine's calculated 
horse-power. 

Final Notes. 
We have now calculated the horse-

power taken by each driven machine 
and it is only necessary to make a note of 
the speeds at which the various driven 
machines are running when fully loaded. 
This information should be noted down at 
once; its use will be obvious later, when 
we come to discuss the installation of the 
new A.C. motors which are being put in 
when we change over. 

Not for Series Motors. 
Before closing this article it must be 

noted that the method of testing described 
cannot be applied to series wound or 
heavily compound wound motors. These, 
however, are almost invariably used for 
driving cranes or other duties involving 
only one driven machine, and for this 
reason the output for change-over purposes 
may be taken as the nameplate output, 
neglecting other aspects which will be 
considered later. The testing method is 
for the shunt or light compound wound 
motors usually installed for group drives. 
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PRACTICAL METHOD/ OF USING THE 
CATHODE RAY OICILLOGRAPH 

By ELECTRODE 

In an article which appeared in the November issue our contributor 
discussed the general principles of the Cathode Ray Oscillograph. The present 
article outlines the methods which can be used for applying this instrument to 
the solution of practical problems in Power Stations, Works and Laboratories. 

TI 1 E general diagrams and notes 
given here are intended to help 
the practical man in applying the 

oscillograph to 
the various pur-
poses indicated. 

Use as an A.C. 
Voltmeter 
Taking No 
Load. 

One general ap-
plication of the 
instrument that 
can be indicated 
is its use as an 
A.C. voltmeter 
taking no load. 
For example, with 
a Cossor oscillograph with 350 V. 
on the anode—as might be used on 
a tube for visual observation—the deflec-
tion is 1 mm. per 
volt applied to the 
deflecting plates. 
Thus 20 v. D.C. 
would displace the 
spot by zo mm., 
while an alternating 
voltage of 14.14 V. 
R. M.S. would have 
a peak of 20 v. and 
would give a line 
departing by 20 

mm. on either side 
from the position 
of the undeflected 
spot. With any 
other value of accel-
erating voltage the 
deflection can simi-
larly be calibrated 
by a D.C. voltage 

(b) 

Fig. I.—USE. OF THE CATHODE RAY OSCILLOGRAPH 
FOR SYNCHRONISATION OF ALTERNATORS OR COMPARI-

SON OF THEIR FREQUENCIES. 
In (a) the machines are assumed to have no earth 

connection. At (h) they are assumed each to have one 
side earthed. 

circuit of high 

and used in this way to measure an A.C. vol-
tage, remembering that the line moves out 
to points corresponding to the peak voltage 

(which is 1.414 
times the R.M.S. 
value). The cur-
rent taken by the 
deflecting plates is 
extraordinarily 
small—so small 
indeed, that they 
form almost a 
" no load" electro-
static device—so 
that the instru-
ment can be used 
in this manner 
without any appre-
ciable effect on a 

impedance. 

POWER STATION APPLICATIONS. 
So far the 

cathode-ray oscil-
lograph does not 
appear to have been 
much used in power 
station practice, 
although a number 
of factory appli-
cations have been 
devised. 

Fig. 2.-51\1 I LTANEOUS ACTIVATION , ,: BOTH 
PAIRS OF PLA'1.1..S BY EQUAL VOLTAGES OF \ ARYING 

PHASE. 
A, V1 and H1 in phase; E, V1 and 11 1 9o° out ot 

phase ; G, V1 and H1 180° out of phase (i.e., V1 
and H2 in phase). 

Phase Determina-
tion and Syn-
chronisation. 

Fig. i shows 
how we could join 
separate alternators 
or other A.C. sources 
to each pair of 
plates; in (a) the 
machines are 
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assumed to have no earth 
connection and that no 
direct earth connection is 
permitted; in (b) the mach-
ines are assumed each to 
have one side earthed. As-
suming, further, that they 
are of equal voltage and of 
the same frequency, we will 
get a line at 45° as shown 
at A in Fig. 2 if the phase is 
such that V, and H, are 
always in phase together. 
If they are not in phase 
(or if the phase of one can 
be controlled so as to bring 
them out of phase) the 45° 
line opens out into an 
ellipse as shown at B. It 
should be mentioned that 
the sensitivity of departure 

o from phase is remarkably 
high. 

Sensitivity of Departure 
from Phase. 

Thus, if we have a line of 
8 to ro cm. length, a differ-
ence of phase of only I° 
between V, and H, is suffici-
ent to cause the line to open 
into an ellipse with i mm. 

opening between its sides. This sensitivity 
can be increased, for example, by using 

Fig. 3. — 
D ETER-
MINATION 
OF PHASE-
DIFFEREN CE 
BETWEEN 
Two COM-
PONENTS. 
Phase 

angle is 
A C B. 

(a) 

Ripple 

e\/:\/:\/•"\*/\*.":/ -1 

D.C. 

(b) 

Fig. 5.—PERCENTAGE RIPPLE OF D.C. MACHINE OR SOURCE. 

bigger deflections, even if they go well off the 
screen when an equally small visible open-
ing means a correspondingly smaller 
difference of phase. 

Continuing with Fig. 2, if the 
phase-difference is continuously 
changed we would get the deflec-
tion opening from the line of A 
through a narrow ellipse to various 
ellipses such as B, C and D. When 
the phase becomes 9o° the design 
becomes a circle such as shown at 

(a) 
Fig. 

E. Continuing further, the ellipse turns 
the other way, as shown at F, until finally 
when V, and H, are 180° out of phase— 
that is V, and 11 2 are now in phase—we 
get a line tilted at 135° as shown at G. 

Measurement of Phase Difference. 

The ellipses such as those shown can 
be used to measure the phase-difference 
between two voltages. Thus, Fig. 3 can 
represent the picture of an ellipse, either 
traced or photographed from the tube. 

Fig. 4.—W AVE FORM OF ALTERNATOR. 

(a) Circuit arrangements. (b) Typical pictures; 
top, pure wave form on r/i time-sweep; centre, 
on a/r sweep; bottom, 2/I sweep showing 
harmonics in wave form. 

If we draw the minor and major axes 
AB and CD respectively, we can 
construct the isosceles triangle ACB 
when the apical angle ACB represents 
the phase difference. 

Synchronisation. 
The practical application to 

synchronisation is obvious 
from the above since it repre-
sents the case, already 
considered, when the phase of 
one component can be con-
trollably varied until an abso-
lutely in-phase line at 45° is 

obtained, while the fact of the line being 
exactly at 45° is also an indication of 
the two machines being exactly of the 
same voltage. 

6.—EXAMINATION OF RIPPLE W AVE-FORM, D.0 
BEING EXCLUDED BY THE CONDENSERS. 
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Sample 
OC. 

Amplifier rT, 
7-, fn, 
Base 

Fu 7.—CHARACTERISTICS OF SOUND INPUT 
(E.G., NOISE, SPEECH, MUSIC, ETC.) 

One Observation Checks Two Practical 
Operations. 

Two practical operations are checked 
in one observation. The phase-relations 
between current and voltage can also be 
examined, for example, by applying the 
voltage to one pair of plates while deflection 
in the other dimension can be obtained by 
a coil carrying the current. 

Comparison of Frequency. 
This application i in-

cluded at this point 
because certain aspects 
of it are related to the 
above, while others have 
bearing on further applica-
tions. A simple case might 
be that Uf comparing two 
machines which are of very 
nearly the same frequency. 
The general connections 
would again be as in Fig. 1. 

Voltages Nearly Equal. 
If the machines are also 

of nearly equal voltage the 
type of picture 
would be 
one which 
changes con-
t i nu ally 
through line, 
to ellipse, to 
circle to line, 
etc., passing 
continually 
though all the 
conditions 
shown in Fig. 
2 as the two 
slightly differ-
ing frequen-
cies fall in and 
out of step. 

Voltages Un-
equal. 

If the 

S 

Fig. 8.—EXAMPLE OF OBTAININC. CAUSE AND 
EFFECT" CURVES. 

Circuit for tracing hysteresis loop of iron 
sample. 

voltages are unequal the pattern will 
vary between a line and an ellipse. 
The difference of frequency is indi-

cated by the cycles of 
changes-per-second. When 
the machines are of exactly 
the same frequency, the 
pattern will become a per-
fectly steady one of the type 
already shown in Fig. 2, 
according to the phase. 
Thus identity of frequency, 
voltage and phase can be 
checked in one single obser-
vation, which appears not 
a bad accomplishment for a 
single instrument. 

Wave-form of Alternating 
Voltages. 

Before considering the 
further case 
of using 
the oscillo-
graph for the 
comparison of 
two frequen-
cies of widely 
differingvalue, 
however, it is 
perhaps desi-
rable to con-
sider the use 
of the oscilo-
graph for de-
termination of 
the wave-form 
of machines 
such as alter-
nators, or out-
put of trans-
formers. 

ji 
Fig. 9. — PHOTOGRAPHIC RE-
CORD OF HYSTERESIS LOOP 
OBTAINED WITH APPARATUS OF 

PREVIOUS FIGURE. 

Fig. lo.—COMPARISON OF FREQUENCIES OF DIFFERING 
ORDERS. 

(a) circuits for elliptical (or circular) time-scale at low 
frequency with higher frequency superposed on vertical 
deflection. (b) 8 to i frequency comparison. 
An improved method is to make the time base in the 

form of an•ellipse so that its back and forward strokes 
are both visible with the higher frequency imposed on 
them. Voltage across C and R will be 9o° out of phase, 
and adjustment of R will cause the spot to trace anything 
from a horizontal line up to a circle. In the case shown, 
if the low frequency is 50 cycles the higher frequency 
N x F =8 x 50 -= 400 cycles. 
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How This is Done. 
This is simply done by applying a time-

base to the horizontal plates while the 
source under examination is joined to the 
vertical plates as shown in Fig. 4 (a). 

Time-base Voltage. 
The time-base voltage should be one of 

saw-tooth form. The machine shown is 
assumed as being non-earthed. The 
quest.on of adjusting the t;me base is of 
special importance. 

Correct Adjustment of Time Base. 
The time base should be adjusted so 

that it is either equal to or lower than the 
frequency of the machine. Thus with a 

Fig. 11.—ACTUAL PHOTOGRAPH OF 21 TO I 
FREQUENCY COMPARISON. 

The low frequency is 50 cycles. It will be 
seen that there are 21 cycles of the higher fre-
quency to one of the 50 cycles, i.e., the higher 
frequency is 21 x 5o = 1050 cycles. 

5o-cycle machine, the time-base would be 
adjusted to 1/5o of a second, giving a 
pattern of one cycle of the alternator to 
one sweep of the base, as in the top 
picture of Fig. 4 (b). The base could, of 
course, be made 1/25 of a second, giving 
2 cycles per sweep as shown in the middle 
trace of Fig. 4 (b) , which shows (as does 
the upper figure) a wave-form free of 
harmonics. On the other hand, the bot-
tom picture shows the same 2 to r design 
for the wave-form of a machine which has 
a pronounced harmonic. 

General Wave-forms. 
The arrangement of Fig. 4 (a) is, of 

course, the general type of scheme for 
the examination of any wave-form, i.e., to 
apply the voltage to be examined to the 

plates giving vertical deflection and to 
apply to the other pair of plates a time-
base voltage of the saw tooth. In 
cathode ray work, as in all practical work, 
written instructior s may help the beginner 
very appreciably; but they are not a 
substitute for actual experience. No 
doubt, every reader realises this important 
fact. The frequency of the time-base 
must, of course, be chosen to be suitable 
for that of the phenomenon to be examined, 
but a little experience soon guides the 
new user in this matter. 

Ripple on D.C. Machines. 
A further power-station application, 

however, may be illustrated at this point, 
since it shows the effects of combining 
D.C. and A.C. It is the case of examining 
the ripple of a D.C. machine or rectifier 
system. The arrangement is shown in 
Fig. 5 (a) , which assumes a typical 3-wire 
D.C. generating system with mid-earth. 

Use a Potentiometer to Apply the Vol-
tage. 

It is desirable to apply the voltage under 
examination by means of a potentiometer, 
so as to be able to keep the deflection just 
on the screen. In the case of a mid-earthed 
system this means that two potentio-
meters are necessary, as shown in the dia-
gram. The time-base is of the saw tooth 
form already discussed. When the D.C. 
source is inert the pattern on the tube is 
the simple time-base line occupying the 
position marked as zero. Switching in 
the D.C. generator with the polarity as 
indicated in the diagram, then raises this 
line bodily by the amount of the D.C. 
applied via the potentiometers. 

How the Ripple will be Shown. 
If the D.C. is entirely free from ripple 

the pattern will still be a perfectly clean 
line. If, however, ripple is present it will 
then show as serrations of the line, the 
depths of the serrations being proportional 
to the ripple. Since the mean height is 
proportional to the D.C. voltage (as would 
be read by a voltmeter) the percentage of 
ripple can be determined. The picture 
of Fig. 5 (b) shows a typical appearance 
on examining a D.C. system working off 
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a mercury-arc rectifier fed by 6-phase A.C. 
against a time base of 1/50 of a second. 

Examining the Ripple Only. 

If it is desired to examine the ripple 
only, the arrangement of Fig. 6 should be 
adopted. The D.C. is then excluded by 
the condensers which continue to pass the 
ripple component. The full A.C. com-
ponent can then be utilised, giving a bigger 
picture of the ripple effect. This arrange-
ment is very valuable in examining the 
efficacy of smoothing devices, permitting 
check of progressive improvement (if any). 

FACTORY AND WORKSHOP 
APPLICATIONS. 

Various applications to factory and 
workshop practice follow on the lines 
shown above. For example, examination 
of wave form and ripple are almost more 
appropriate to the development workshop 
(or engineering laboratory) than to the 
power station itself. An application which 
has been described before the Institution 
of Electrical Engineers is that of studying 
the nature of machine-noise in factories 
and workshops. The general scheme is 
shown in Fig. 7, utilising a microphone 
and amplifier and examining the output 
of the amplifier against a time-base. 

Simultaneous Plotting of Cause and Effect. 
A number of workshop applications can 

and have been devised to permit quick 
check of repeated operations such as tests 
or of operations concerned in the pro-
gressive adjustment of a product. A 
typical method is to apply to the hori-
zontal dimension a deflection varying in 
accordance with the cause and to the verti-
cal dimension a deflection varying in 
accordance with the effect. A direct 

graph of cause and effect is thus directly 
traced on the screen. 

Hysteresis Loops. 
An example is shown in Fig. 8 for the 

delineation of hysteresis in magnetic 
materials. The sample of material, say 
a bundle of iron wires, is inserted in a 
solenoid with one end close to the tube, 
so that when the alternating current is 
passed through it the spot is deflected 
vertically. This movement of the spot 
is in proportion to the magnetic induction. 

Applying a Horizontal Deflecting Voltage. 
A horizontal deflecting voltage is applied 

by tapping across a part of the potentio-
metric resistance in series with the sole-
noid. This voltage is proportional to 
and in phase with the current. The pat-
tern on the screen is a curve of the type 
shown in Fig. 9. The axes may be marked 
by first opening the switch, thus removing 
the horizontal deflection from the solenoid, 
then by removing the solenoid and closing 
the switch to give the horizontal axis. 

Comparison of Different Frequencies. 
The case of comparing two frequencies, 

nominally or very nearly alike, has already 
been discussed. The oscffiograph can 
also be used for comparing frequencies that 
are very different in value, i.e., one is 
many times the other. In this case, the 
lower frequency can be used as a time base, 
showing the number of cycles of the higher 
frequency that exist in one cycle of the 
lower. Thus a saw-tooth voltage of 
known frequency can be used in this 
manner. If however, a good sinusoidal 
source is available, e.g., the 5o-cycle mains, 
this can be used as a time-base, with 
very satisfactory results. 
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ELECTRICITY IN THE HOTEL AND CATERING 
INDUSTRIES 

The firm of J. Lyons and Company is recognised as one of the most successful 
in this particular branch of activity. Our readers will be interested to 
see from this article how this enterprising firm utilise electricity for promoting 
the efficient running of their famous establishments and their allied hotels 

THE MAIN GENERATOR STEAM SETS AT THE STRAND PALACE HOTEL. 
One triple expansion and two compound Belliss & Morcom engines direct coupled to a 300 kW. and 
two 220 k W. Crompton D.C. generators (215 volts). The diesel and semi-diesel sets are not shown. 

" M ODERNITY and comfort—these 
are the keynotes of the Strand 
Palace Hotel, one of London's 

most luxurious and up-to-date hotels. 

One of the Largest Hotels in Europe. 
The Strand Palace has 980 bedrooms. 

There is only one larger hotel in Europe, 
and that is the sister building, the Regent 
Palace Hotel, which has 1,050. 

Private Generating Plant. 
Although this hotel is situated in the 

heart of London, it is equipped with its 
own private generating station in the 

basement of the hotel. There are three 
steam sets consisting of :— 
One 300-kilowatt Belliss & Morcom 

triple-expansion steam engine, coupled 
to a Crompton Parkinson generator. 
Two 220-kilowatt sets each consisting 

of a compound Belliss & Morcom steam 
engine, direct coupled to a Crompton 
generator. 
One 120-kilowatt set consisting of a 

6-cylinder Deutz diesel engine direct 
coupled to a Crompton generator. 
One 33-kilowatt set consisting of Gard-

ner 2-stroke semi-diesel engine direct 



278 THE PRACTICAL ELECTRICAL ENGINEER February 

coupled to a Crompton generator. 
The secondary equipment, which is 

required by the L.C.C. Regulations, con-
sists of one 33-kilowatt set consisting of a 
Gardner semi-diesel engine and Crompton 
generator, and one 15-kilowatt set of the 
same type. 
The supply throughout is direct current. 

The generating voltage is 215, which allows 
a drop of 5 volts on the cables, the supply 
voltage being 210. 

THE LIGHTING, HEATING AND POWER DISTRIBUTION PANEL: STRAND PALACE HOTEL. 

The supply panels and the distribution 
panels, which are subdivided for lighting, 
heating and power, follow the best 
standard practice. 

Automatic Change-over for Secondary 
Supply. 

The double-pole change-over switch is 
used to put secondary lighting on the 
ordinary automatically, should the secon-
dary lighting fail. It cannot, of course, 
act in the reverse direction owing to the 
very heavy load on the ordinary lighting. 
The change-over switch consists of two 
contactors, together with a voltage relay 

which is normally closed when the secon-
dary lighting is on. 

In operation, the voltage-control relay 
is permanently connected to the secondary 
supply, and when the main circuit is 
alive, the relay contacts are held open, 
thus keeping the change-over switch main 
contacts open. As soon as the secondary 
voltage fails, the relay contacts close 
and in turn cause the change-over switch 
to pull in and complete the secondary 

circuit, this being now fed from the main 
supply. When the secondary circuit is 
again resumed, the switch is automatically 
put back to its initial position. 

In order to satisfy L.C.C. requirements, 
the additional contacts had to be fixed 
in a remote position from the main switch 
so that the two supplies were not adjacent. 

The diagram gives an idea of the working 
of this. (See page 280). 

In the scope of this article it is not 
possible to deal in detail with the whole 
installation. We have, therefore, picked 
out some of the more interesting items for 
detailed description. 
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The Smoke Density Indicator. 
It is interesting to note that a photo-

electric smoke density indicator is fitted 
into the chimney stack in the basement 
of the hotel. The arrangement of the cell 
and exciter lamp is as illustrated in the 
December issue of the Magazine, but the 
density indicator, warning lamp and bell 
circuits have been specially planned by 

CIRCUIT DIAGRAM OF THE GENERATING STATION AT THE STRAND PALACE HOTEL. 

the firm's own engineering staff. 

The Electric Time Stamper. 
Another very interesting item is the mag-

neta electrically controlled time stamper. 
An electric clock in the basement closes 

a contact once a minute, and through a 
relay closes a mercury switch which sends 
an impulse to all the time stamps which 
are in use in various parts of the building, 
thus keeping them all in exact synchronism. 
By the courtesy of the engineers, we are 

279 

enabled to give herewith a circuit diagram 
of this arrangement. Notice the 
- watt lamp and 3 - microfarad 

condenser which are connected in parallel 
across the mercury switch contacts. 
The lamp keeps the circuit " charged," 
and prevents a time lag in the 
operation. The condenser prevents arcing 
across the contacts and also assists the 

instantaneous operation of the device. 

The Silent Signalling System. 
One of the most interesting devices is 

the maid-finder. If one of the maids on 
any floor is engaged in a bedroom, and is 
wanted by a guest in another bedroom, 
her exact location can be ascertained. 
The guest presses a button in his room; 
this flashes a light signal outside his room 
and also in the service quarters. The 
message is instantaneously flashed to 
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THE AUTOMATIC CHANGE-
OVER. 

This is controlled by a no-
volt relay housed in a sepa-
rate compartment, and in 
case of failure of the second-
ary- generator sets, it changes 
over the secondary lighting 
circuit on to the main 
generator. 

whatever room the 
wanted chamber-maid 
may be in. 

General Arrangement of 
System. 

Each floor is divided 
into a number of sections, 
each section having ap-
proximately twelve 
rooms. In each floor 
service a control board 
is fitted containing a 
number of lamps corre-
sponding to the number 
of sections on the floor. 
In addition a set of 
pushes operating corri-
dor section. lamps for 
calling any maid to the 
service if required, and 
a system of plugs so 
arranged that any floor 
section or sections may 

be linked to any other or others in any 
possible combination during certain hours 
when some of the maids are off duty, are 
provided. Sometimes only one maid 
remains on duty, when all sections can 
be linked. When one or more sections 
are linked, provision is made to indicate 
which section is calling. 

Call lamps are fitted outside each bed-
room, and in the corridors (situated at the 
junction) two-light fittings suspended from 
the ceilings are provided, one such fitting 
per section. One lamp of each fitting is 
the ordinary call signal from the bedroom; 
the other denotes to the maid that a meal 
previously ordered is waiting in the 
service. This second lamp is operated 
by pushes provided in the service and is 
cleared from the service. 

The Electric Maid Finder, 
The operation of the entire signal 

system is as follows :-

• 0 

;f-

:=1 

Urrelibià. n  

, n1:1141:1aRy 

urf-eQ. 
CIRCUIT OF THE AUTOMATIC CHANGE-OVER. 
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A guest desiring the ser-
vice of a maid depresses 
a push in the bedroom. 
This lights up the lamp 
outside her room, one of the 
lamps of the corridor two-
light fitting on that section, 
and also the section lamp 
on the service board. The 
maid, seeing one of these 
lamps, will easily locate the 
room, since, of course, it is 
only one of perhaps 
twelve under her con-
trol, attend to the call, 
and clear it from outside 
the door. 
A push with a lamp above 

is fitted in the corridors, 
one per section, for the use 
of visitors wishing to call a 
maid from the corridor. Not 
only the lamp above, but 
that on the corridor section 
fitting and the correspond-
ing lamp on the service 
board for that section, are 
illuminated, so that the maid can easily 
locate the call. 

Maid-Finder 
Lamp. 

At certain 
times during 
the day the 
maids are busy 
in the bedrooms 
making beds, 
and tidying. 
In these cir-
cumstances, 
she would be 
unable to see 
any call which 
might be made 
for her. To pro-
vide for this, a. 
maid- finder 
lamp is in-
stalled in 
every bed-
room. This 
works in the CIRCUIT OF THE ELECTRICALLY CONTROLLED TIME STAMPER 

An electric clock closes the relay once a minute thus 
f ollowin g tilting the mercury switch and sending an impulse' to all 
manner :—  the time stampers. 

TRANSMITTER FOR PAGE CALL 
INDICATORS. 

bound to 
the lamp 

An Ingenious Idea. 
A single pole switch in 

the form of a door bolt is 
inserted into the door frame, 
this being normally " off " 
when the door is shut and 
the bolt in its socket. This 
bolt switch is in series with 
the maid-finder lamp which 
in turn is connected to 
every bedroom lamp on 
that section. When a maid 
enters a bedroom for the 
purpose already mentioned, 
she must pull the bolt out 
so that the switch is closed. 
Should a call be made from 
any of the bedrooms on her 
section, the maid- finder 
lamp in that room is illumi-
nated, together with the 
usual lamps previously men-
tioned. 
The object of this switch 

being in the form of a bolt 
is that when the maid leaves 
the room for good, she is 

push the bolt in, thus putting 
out of circuit. If it were an 

ordinary 
switch, she 
might forget to 
put it " off" 
and the maid-
finder lamp 
would be illu-
minated with 
every call on 
the section, so 
causing 
annoyance to 
the guests. 

Night 
Operations. 

During the 
night—say 
after II p.m.— 
all floor maids 
are off duty, 
and the night 
porter has to 
attend to any 
calls made 
during that 
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THE ELECTRIC PAGE. 
Here we see the inside of the electric page 

mechanism. 

THE ELECTRIC PA4;E. 
If a visitor enquires fur any guest 

staying in the hotel, the room number of 
that guest is flashed on suspended signs in 
every part of the hotel. 

period. In the hall-
porter's office, 
situated on the 
ground floor near 
the entrance, a sig-
nal lamp board is 
fitted having a lamp 
for every section on 
every floor. 
A change- over 
switch is provided 
to put all floor sig-
nals on to the night 
system. In this 
case, of course, any 
call from a room 
is indicated on one of 
the lamps in the hall-
porter's office, and 
he attends to same. 

Ordering Meals from 
Bedroom. 

The Meal Call is 
operated in the 
following manner: 
When a guest 

111111: 
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orders a meal from 
the bedroom, the 
message is tele-
phoned to the Still 
Room in the base-
ment. In this room 
there is a board 
containing a push 
for every section of 
every floor. The 
meal is prepared 
and the tray put on 
an elevator with a 
slip giving the room 
number, and it is 
automatically taken 
to the correct floor. 
When the meal is 
despatched, the 
push corresponding 
to the floor and 
section for that 
meal is depressed. 
This indicates on 
the section lamp in 
the floor service and 
on one of the lamps 



February THE PRACTICAL ELECTRICAL ENGINEER 

of the two-light fitting on that section. 
Also, of course, on any maid-finder which 
may have been put in circuit. The maid 
is therefore made aware of the meal 
awaiting her in the service to be taken 
to the room. This system is patented. 

Panel Heating in Rooms. 

Panel heating of the latest design has 
been installed in every bedroom. There 
are independent controls, so that every 
resident can adjust the heat exactly to 
his or her liking. Every bedroom has a 
telephone with facilities for local and long-
distance calls. 

Lifts and Elevators. 

Five high-speed electric lifts, travelling 
at the rate of 500 ft. a minute, communi-
cate with all floors. Continuous elevators 
or " delevators" bring meals from the 
kitchens to the bedroom floors. 
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THE SILENT SIGNALLING SYSTEM. 
Note the light above the door, and the single-

pole switch in the form of a door bolt. 

MOIL 5.1I-Ere IGMALLIMIG 5Y37CM SOILMATIC DIAGRAM, 

CIRCUIT OR THE SILENT SIGNALLING SYSTEM. 

Electric Dish Washers. 
All the washing - up 

equipment is new and 
up to date. Dishes and 
silver are washed by elec-
trical machinery and 
sterilised. The plant can 
deal with 120,000 pieces 
an hour. 
A loud speaker signal-

ling system is used in 
the kitchen. 

The Electric Page— 
" Pageing." one of the 

nuisances of hotel life 
in the past, is replaced by 
a system of signalling 
installed in every one of 
the public rooms. If a 
visitor enquires for any 
guest staying in the hotel, 
the room number of that 
guest is flashed on sus-
pended signs in every 
part of the hotel. 

—and How it Operates. 
This apparatus con-

sists of a number of 
indicators prominently 
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A VIEW OF THE SCREWED PILLARS WHICH WORK THE 
VANISHING W ALL AT THE TROCADERO RESTAURANT, W . 

permanent magnets. For ener-
gising these electro-magnets there 
are three circuits and these three 
circuits when operated from the 
transmitter are adapted to be 
energised sequentially, causing the 
rotor to be rotated in a step by 
step manner. 
When an enquiry is made at the 

counter, the enquiries clerk 
operates the transmitter giving 
each numeral of the bedroom 
number separately. The discs 
rotate to these numerals and when 
they get opposite the clear glass 
aperture on the indicators, the 
power circuit is automatically cut 
off, a warning bell rings, and lights 
are illuminated behind the number. 
When another bedroom is required 
from the same rotor, the trans-
mitter is operated in a similar 
manner and the numerals adjust 
themselves to the new number, 
some discs rotating perhaps ten 
steps, others only one or two 

situated in the public rooms of 
the hotel. These indicators are 
controlled from a transmitter in 
the charge of the enquiries clerk 
in the front hall. Four calls may 
be displayed at one time and left 
illuminated until answered or 
cancelled in favour of further calls. 
Each indicator comprises four 

rotors, and each rotor has four 
discs, each disc being rotated 
independently. On each of these 
discs are a number of numerals 
and letters and by suitably operat-
ing any three in a row, any bed-
room number in the hotel can be 
displayed. This, of course, is 
repeated on the other indicators. 
The numbers intended for display 
are brought to a position imme-
diately behind a square of clear 
glass on the black glass front of 
the indicators. 
The positional control of each 

rotor is effected by means of the 
action of fixed electro-magnets 
upon permanent magnets mounted 
on the rotor. Each rotor has 
mounted thereon a number of 

THE MOTOR WHICH ACTUATES THE VANISHING W ALL. 
The gears are driven from the motor and are intercon-

nected by Spicer shafts and universal joints. 
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THE VANISHING W ALL AT THE TROCADERO. 
This photo shows the wall in position. 

THE VANISHING \\ ALL AT THE TROCADERO. 
Here we see the wall half way through the floor. 
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TH E SELF-OPENING DOOR AT THE 
" OXFORD " CORNER HOUSE. 

Showing the door opening as the 
waitress. intercepts a beam of light 
which normally falls upon the photo-
electric cell. 

steps. A delay action is incor-
porated on the transmitter, so 
that the power is not automati-
cally cut off until the last disc 
has assumed the correct position. 
When the call on that rotor is 
cancelled, the lights are auto-
matically switched off, thus giving 
no display. 

This system is patented. 

The Vanishing Wall at the 
Trocadero. 

The Empire Room, which is 
about 82 ft. long and 67 ft. wide, 
can be divided into two by touch-
ing an electric switch. This 
causes a remarkable " vanishing 
wall," 13 ft. high and 67 feet long, 
to rise up through an aperture in 
the floor. 

This wall, which weighs about 
19 tons, is complete with all 
decorations synchronising with the 
other walls of the room, even to 
the illuminated tassel fittings. 
It contains doors which are glazed 
to correspond with the principal 
doors, and which, by a special 
electrical device, automatically 
lock themselves when the wall 
is put in motion. Thus, the 
possibility of " losing " a waiter, 
who might otherwise vanish with 
the wall when it disappeared in 
the floor is entirely obviated. 
The movement of the wall is 

controlled by push buttons in the 
service room. One button is for 
lowering the wall, another is for 
raising it, and the third is for 
arresting the movement of the 
wall in any position whenever an 
emergency arises. 

Limit switches are provided for 
stopping the movement when the 
wall reaches the upper and lower 
positions. The wall is raised and 

THE MECHANISM WHICH CAUSES THE DOOR TO OPEN. 
Showing the arrangement of the actuating mechanism. 
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CLOSE-UP VIEW OF THE DOOR-OPENING MECHANISM. 
When the beam of light outside the door is interrupted it causes a relay to close the contacts of 

a powerful solenoid which actuates the door-opening mechanism. 

lowered by means of five screwed pillars 
which are spaced equally underneath it 
and which are operated by worm gearing; 
the gears being driven from a single motor 
and interconnected by spicer shafts and 
universal joints. The arrangement of 
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CIRCUIT OF PHOTO-ELECTRIC AMPLIFIER WITH 
DELAYED ACTION. 

Function of apparatus :—No anode current 
(relay open) when light is falling on the cell. On 
interrupting the beam of light, anode current 
immediately rises iclosing relay). When the beam 
of light is restored relay remains dosed (anode 
current flows) for a predetermined period. Should 
beam be interrupted before anode current has 
died away, same will rise to its maximum. It 
will be noted that the period for which door re-
mains open is proportional to the rate of cutting 
the beam of light. 

this is illustrated in the accompanying 
photographs. The wall was installed by 
Messrs. Waygood-Otis, Ltd. 

The Self-opening Door. 
Space does not permit of our dealing 

in detail with many of the other interesting 
electrical devices which we saw in the 
course of our visit to these establishments, 
but readers will be particularly interested 
in the self-opening door which is giving 
very satisfactory service in the Oxford 
Street Corner House. The action of this 
can be clearly seen from the accompanying 
photographs. As the waitress approaches 
the service depot she intercepts a beam 
of light which normally falls upon the 
photo-electric cell shown on the right of 
the picture. This causes a relay to close 
the contacts of a powerful solenoid which 
actuates the door opening mechanism, as 
can be clearly seen from the above 
photograph. 
We are indebted to the electricai staffs 

of these establishments for their assistance 
in compiling this information. 
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The Editor invites correspondence from readers on any subject of general interest 
to members of the electrical engineering profession. Letters should be addressed 
to THE EDITOR, The Practical Electrical Engineer, 8-II, Southampton 

Street, Strand, W.C. 2. 

Using a Commutator Stone. 
SIR,—I should be glad if you would let me know 

how a commutator stone can be used on the 
commutator of a D.C. motor while the motor 
is running on load. If the motor was switched 
on to supply and run up to speed, would the 
brushes be raised off the commutator before the 
speed dropped to any extent ? Or would the 
slight remanent field magnetism cause a voltage 
at the commutator when the speed is running 
down ? 

H. STEVENSON (BROTTON). 
A commutator stone can be used on the commu-

tator of a D.C. motor whilst the motor is running 
on load, preferably on a fairly light load, with the 
brushes bearing on the commutator, of course. 
After the machine has been shut down, attend to 
the brushes if necessary, bedding them down to the 
commutator in the usual way by using a strip of 
medium or fine-glass paper stretched over the face 
of the commutator,the abrasive surface to the brushes, 
and pulling the glass paper to and fro until the 
brushes bear evenly over the whole surface. Finally, 
clean out all traces of carbon and copper dust from 
the commutator, risers and end turns of the 
armature. 

Effect of Sawing or Filing Steel. 
SIR,—Recently I have had reason to trim the 

ends of fin, steel bars (about 75 carbon) with 
a machine saw. At the end of the sawing opera-
tion I have noticed that the steel possessed 
magnetism, a state shown perfectly by the steel 
particles upon the bar (shall we say" sawdust "). 
Continuing my observations, I placed in the saw 
a length of steel, which, after testing, was found 
to be devoid of magnetism, and, as already stated, 
the bar possessed a certain amount of magnetism 
after being sawn. Upon placing a length of iron 
in close vicinity (fin. diam.) the steel particles 
were attracted by it, but after adhering to this 
bar for a few seconds, they fell away. Can you 
please inform me why this occurs, and also from 
where does the magnetism come ? 

" STUDENT (Sheffield). 

Before magnetisation the molecules of the steel are 
arranged in such a manner that the resultant 
magnetism is practically nil. 

The effect of sawing or filing the steel is to dis-
turb the molecules so that the saw dust, and some-

times the material of the bar itself, exerts a certain 
amount of free magnetism after sawing. The 
particles of dust are really tiny permanent magnets 
which will, therefore, adhere to a bar of iron. They 
soon become magnetically weakened owing to their 
minute size. That is the reason they fall away 
from an iron bar after a few seconds. 

Size of Welding Transformer. 
SIR,—How can I estimate approximately the 

capacity of a single-phase transformer, as used 
for low voltage resistance welding machines ? The 
primary is 250 volts; the secondary, 1-4 volts. 

J. F. D. (Walsall). 

It is not clear from the question whether the 
querist requires (a) to estimate the kVA capacity 
of a transformer from its dimensions, or (b) to know 
the size of welding transformer required for a given 
service. 
In the absence of further data it is assumed that 

(b) is desired. 
The power required for resistance welding varies 

considerably with the conditions, such as material 
to be welded, size of weld, type of weld, and time 
allowable. 

The following are typical figures for butt welding: 
Iron bar, I-in, dia. Time, 3 secs. Power, 2 kW. 
Iron bar, I- in. diam. Time, 18 secs. Power 

12 kW. 

A Price Reduction. 
SIR,—We would advise you that as and from 

the 1st January, 1933, we are reducing the price 
of our Lewcodensers, Type 0 and W from 2s. to 
is. 6d. 
The increasing and constant demand for these 

condensers has enabled us to reduce our factory 
costs, and we therefore have much pleasure in 
passing same on to the public. 

THE LONDON ELECTRIC WIRE COMPANY 
AND SMITHS, LTD. 

We have pleasure in passing on this information 
to our readers.—{En.] 

Owing to the rapid progress in the design of 
electrical apparatus and to our efforts to keep our 
readers in touch with the latest developments, we 
give no warranty that apparatus described in our 
columns is not the subject of Letters Patent. 
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Our Handbook " ENGINEERING OPPORTUNITIES" contains a vast amount 
of useful information and indicates many ways in which a successful career may 
be planned and followed. It is not merely a pamphlet, but a 250-page book of 
reference that will alter your entire outlook and earning power. 

Among other things, our Handbook outlines courses in all branches of Engineering. 
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In the last seven Examinations B.I.E.T. students 
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We undertake to return full fees to any unsuccessful candidate. This 
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" ENGINEERING OPPORTUNITIES " should really be in your hands, irrespective 
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Send for your copy to-day— FREE and POST FREE. A specialist's 
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