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BUILD YOUR FUTURE IN
ENGINEERING NOW

WITH NEWNES

Engineering Works Practice

To you, the engineer with initiative and ambition, this
latest edition of Newnes famous ENGINEERING WORKS

PRACTICE will pay you handsome dividends. It is planned to equip you
with knowledge you must have, in this age of quantity production, to gain a
position of responsibility-and the rewards that go with it. No matter
in which branch of engineering you seek technical aid and guidance,
ENGINEERING WORKS PRACTICE provides it.

WRITTEN BY 50 TOP -RANK ENGINEERS
Their lifetimes' experience is at your elbow-metallurgists, designers, development and
production engineers, experts in heat treatment, cutting -tool specialists, experts in sheet
metal work, tubes, pattern making, fuels, steam engines and boilers, pumping, workshop
practice, gears, jigs and tools, internal combustion, welding, power transmission, mining
machinery, etc. They wrote this work for you under the advisory editorship of E. J. H.
Jones, M.B.E., M.I.Prod.E., who rose from machine -shop foreman, jig and tool draughts-
man and estimator to Director and Works Manager of A.E.C. Ltd., and Director and
General Manager of Crossley Motors Ltd.

This New and Enlarged
Edition deals with-

Basic Processes and Machines-All fundamental
Workshop and Foundry processes. Metallurgy.
Die-casting. Lathework. Drilling. Gear Pro-
duction. Grinding. Wire -drawing. Drop
Forging, etc. * * *
Modern Methods and Materials-Welding and
Oxygen Cutting. Shipyard and Automobile
Welding. Brazing. Use of Mechanical and
Hydraulic Presses. Plastics Moulding. Treating
Materials. Special Steels, etc.* * *
Production Engineering-Quantity Production.
Materials Testing. Inspection Systems. Work
Study. Packing, etc.* * *
Installation, Operation and Maintenance-Testing.
Pumps and Pumping. Oil and Solid Fuels. Steam
Engines and Turbines. Power Transmission, etc.* * *

NEW SECTIONS AND FEATURES
Automation-An Aspect of Control Engineering .
Ceramic Cutting Tools . Plastics in Engineering .
Transfer Machinery . Electronics in Mechanical
Engineering . Investment Precision Casting . Appli-
cation of Pneumatic Equipment.
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Geo. Newnes Ltd., 15-17
Long Acre, London, W.C.99.
Please send me Newnes
ENGINEERING WORKS PRAC-
TICE without obligation to
purchase. I will either return
the work within eight days
or I will send the first pay-
ment of 15/- eight days after

I
delivery, and 15 monthly OCCUPATION
subscriptions of 20/- until
the sum of £15 15s. has been Living with Parents

paid. Cash price within eight YOUR SIGNATURE ..
(Or Parent signs if you are under 21)EW.18 Lodging Add-days is £15.Len --------

4 Volumes strongly bound in Rich
Green Leathercloth. 2,200 pages
written by engineers and specialists-
the fruits of their lifetimes' experience.
2,000 instructive action photographs,
diagrams, drawings and tables.
FREE ! " Workshop Calculations,
Tables and Formula," a time -saving,
work -saving pocket book. 192 pages.
124 illustrations. (Value 7s. 6d.)
12 Large -size Instructive Wall Charts
and Blueprints giving technical detail
in convenient form.

4 24 Unique Data Sheets containing
quick -ref. facts and figures.
Strong Chart Case for Data Sheets,
Charts and Blueprints. In Binding to
match volumes.

6 Two Years' Free Technical Consult-
ancy Service.

JUDGE FOR YOURSELF
YOU WILL RECEIVE THE

FOLLOWING

I
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Householder

NAME

ADDRESS
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Newnes
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SURFACE SPEED CONVERSION.... -

__

PLUS 2yeatis'FREE
Advisory Service
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THAT

66/a
L/o-pr)frtg.

YOU WANT IS
WAITING FOR YOU
IN THIS BOX ...

StNN'

*) *() )( Cy,

//,
No. 1217. One gross

Assorted Springs. A complete

Garage Service Kit. 42/- each.

If not, try another box in the Terry Assorted Springs range

-.:

-

No. 1200
Three dozen Assorted
Light Expansion Springs,
suitable for carburettor
control, etc. 13/6.

AO' ,..
Ay;-- .f.
>,_,,-

"-
-... No. 760

Three dozen Assorted
Light Compression
Springs. 1" to 4" long,
22 to 18 S.W.G., }" to
i" diam. 6/6.
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No. 98AExtra
Three dozen Assorted I"
to 4" long, I" to r diam.,
19G to I5G. 5/6.

 %

tl..,_:-.
1 ii,''''

No. 757
Light Compression,

1 gross Assorted, I( to
i ' diam., i" to 2i" long,
27 to 19 S.W.G. 15/-.

No. 753
Three dozen Assorted
Light Expansion r to i--
diam., r to 6" long, 22 to
18 S.W.G. 10/6.

,':,,,,

No. 758
Fine Expansion Springs.
1 gross Assorted It" to r
diam., i" to r long, 27 to
20 S.W.G. 15/-.

Cut production costs with
Terry's Wire Circlips. We
can supply immediately
from stock-from II" to I".

Looking for good Hose
Clips? Send for a Sample
of Terry's Security Worm
Drive Hose Clip and
price list.

See it
at your
Tool Shop

INTERCHANGEABLE
RATCHET

SOCKET SET
The Leytool Reversible Ratchet
spanner with Extension Piece for long
reach, a 9 -in. Tommy Bar and 7 Inter-
changeable Sockets, offers unbeatable
value. Everything a set of this kind
should do can be done more quickly and
easily with the handy Leytool Kit.

83/6 complete

FREE
Write for illustrated
catalogue of complete
range of "Leytools"

LEYTONSTONE JIG & TOOL CO. LTD
LEYTOOL WORKS  HIGH ROAD LEYTON LONDON E.IO

Telephone. LETtonstone 5012-3-4

We know exactly how difficult it is
to find springs for experimental
work . . . we've been making quality
springs for over 100 years. So, we
confidently offer you our excellent
range of small boxed assortments
which covers a very wide range.
We can only show a few boxes. Send
us a p.c. for our full list. If ever you
are stuck with a spring problem let
our Research Department put their
long experience at your disposal.

Have you a presswork problem ?

If so, the help of our Design Staff is
yours for the asking.

TERRY'S
for SPRINGS

Really interested in Springs?"Spring
Design and Calculations" 9th
Edition tells all-post free 12/6.

HERBERT TERRY& SONS LTD.
Redditch, Worcs.
(Makers of Quality Springs, Wirefornss
and Presswork for over 100 years)

* Permanent Magnets in action *

Aoripa n
Ni 4 yea/I,Gox
Incase you do, have an 'Eclipse' Pot Magnet
available to help you recover the nut.
This is one of many ways in which magnets
can help you.
Ask your tool dealer for descriptive literature.

PERMANENT
MAGNETS

Made by James Neill & Company (Sheffield) Limited
and obtainable from all tool distributors
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Sliding tip
for absolute
accuracy

You'll find a hundred uses for
the Rabone Nuflex ... a quality
flexible 6ft. rule in compact
case that fits snugly in your hand.
The Nuflex has a sliding tip for
absolute accuracy ... black figures
on white enamel for easier
reading ... stays rigid when you
want it so ... flexes easily if
required.
At 5/- it's top measure value!

RABoN
NUFLEX

SPRING STEEL RULE

ASK FOR NUFLEX AT YOUR

IRONMONGERS OR TOOL SHOP

. . . Here's my ' third hand ' for those
endless jobs that turn up around the house
and garage-obstinate jobs that call for a
really positive grip leaving both hands
free.

The Mole Wrench does just that, serv-
ing as super -pliers, clamp and hand vice
too. Get yours from a local ironmonger,
motor or motor cycle accessory dealer."

SELF- CRIP
WRENCH

7" 12/6 10" 15/.
Ask for a genuine Mole Wrench and look for the name on it

If in difficulty write to :
M. MOL° & SON LTD., BIRMINGHAM, 3

"Me
oM 619

Mole
Wre6ch

Sal

REPLACEMENT in. TUBE L8.10.0. £2 allowed on117
n. TUBE L7.10.0. old Tube

REBUILT 112, 14, 15 in.TUBES tI allowed on
T.V. TUBES j L5.10.0 L., old Tube
12 Months' GuaranteeiTERMS AVAILABLE OVER 20 WEEKS laTiggiNgEE

T.V. CHASSIS FOR SPARES
All this for only 9/6

56 Resistances including 7 variable
controls. 54 condensers including elec-
trolytics. Coils. 7 I.F. and R.F.
Transformers. 13 valve holders
(8-88A, 2-B7G and 3 octal). 4 trans-
formers - Mains -Output -Line -Frame.
Chokes 250 ma. Metal Rectifiers -
300 volts at 250 MA. Fuse Panel,
Scanning Coils, Focus Magnets. Plugs,
Sockets, Switch, Chassis Screws, Tag
Strips, etc. I.F. strip can be separ-
ated. Power pack can be used with-
out dismantling. These chassis have
been used, but were working when
stored. 6 page circuit and instruc-
tions showing position of each com-
ponent. Carriage 7/6.

HOME
RADIO

79/6
OR TERMS

A.C. OR UNIVERSAL MAINS. 5 valve
octal superhet. 3 w/band receiver. In
attractive polished cabinet. Dimensions 91"
x 184" x 1 Carr. and Ins. 4/6.

DUKE & CO. (Dept. H.7.)
(LONDON) LTD.,

621/3, Romford Road, Manor Park, F.12.
ILF 6001 /3.

Make tracks for
your Garden . . .

,
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For further details write to:-

And make them now with dry,
sunshiny days ahead and the long
light evenings of summer. What
are your materials ? Track
parts, a few lengths of wood, a
pound or so of mixed sand and
cement and whatever else your
ingenuity may suggest. So easy
is it to begin this boundless,
fascinating hobby. And what
an attraction it will be, and how
your friends will admire it !

There's twice the interest in a
garden that is served by a real
live working railway.

BASSETT - LOW K E LTD.
21, Kingswell Street, Northampton

London: 112 High Holborn, W.C.I Manchester: 28, Corporation Street
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33 - FIRST PAYMENT
8 MONTHLY PAYMENTS

OF 41'6 CASH PRICE 016 10 0

GAMAGES
for Britain's BEST TOOL VALUES

"PICADOR"
PULLEY PULLERS

3 Reversible Legs with freely located ball and socket
joints. Top plate with lin., 20 T.P.I. bolt. All of 60 ton
alloy steel. Retaining spring holds legs in place, while
allowing float. Additional hole in top plate permits use
as 2 -leg tool. Quickly dismantled and 21 /.
assembled. Capacity 4in.
Spares: Leg 3/-. Post & Pkg. 2/-.

4 Reversible Legs for either 2 or 3 leg use. 60 ton Tensile Steel, with 28 ton pins.
Legs matched to ensure even pull. 4in. capacity. 21/-. Post & Pkg. 2/-. 6in. 35/-,
gin. 60/-, 12in. 120/-. Post & Pvg. 3I-.

"Wolf" Lightweight
Electric SOLDERING IRON

For fine instrument work, radio and car
mechanics, model engineering, etc., for
professional and amateur. Rapid Heat -up,
Constant Temperature, Plastic Handle,
Straight Pencil Bit. Approx. 81in. long
(excluding bit). Weight 3oz. Mt. 24/6of flex. 225/250 volts, 25 watt
consumption. Post & Pkg. 1/6.
Lamer Size Available.

TOOL & MOTOR ACCESSORY LIST FREE

The Burgess

VIBRO TOOL
Amazingly versatile,
enables many difficult
industrial and work-
shop jobs to he car-
ried out with speed
and efficiency. Ideal
for etching identifica-
tion markings, etc., on
Steel, Brass, etc. 220/
250 volts A.C. Special points for Glass,

y,ostPotter etc&.,
Pkg.
extra.1/3. BAR

PRICE
GAIN 51/6P

NEW DE LUXE KIT. All accessories it
wooden case, ISM-.

Electric GRINDING & BUFFING
MACHINES

1/6 h.p. 230/250 v. single-phase A.C./D.C. Universal
Mains Motor. 5 speeds, 2,500 to 8,000 r.p.m. 4in.
Grinding Wheel and 4in. Rag Buff. T.V. and

£6/6/- or 9 Rmaothisy paymentsuppressed of 21/8.
As above but with Twin Grinders, 09.10.4 or 9 monthly
payments of 22/4. FLEXIBLE SHAFT for attaching
to Main Spindle Drive, 50/, Carnage 5/6 extra.

SMALLER MACHINES ALSO AVAILABLE.

GAMAGES, HOLBORN, LONDON, E.C.1. HOLborn 8484

`ZYTO SUPEFt' DO-IT-YOURSELF
TOOL KIT

A Superb set of full size, fully
guaranteed tools specially select-
ed for the home craftsman. 47

tools including Stanley adjustable
Iron -plane, Brace, Chisels, Bits,

Hammers, Hand Drill, Screw-
drivers, etc., and also a first-class
instruction book.
* Illustrated leaflet of " Zyto "

tool kits post free. *
Illustrated ,atalogue of tools and
machinery for wood and metalwork.
2/6 refunded on first order of 40/-

S. TYZACK & SON LTDTelephoneSHO. 8301
Ten lines34I-345 OLD STREET, LONDON, E.C.I

ONLY LONDON ADDRESS

hments SAWING  PLANING  SANDINGec.Array for GRINDING - BORING  POLISHING
The ML8 Multi -Purpose Woodworker
enables you to carry out all the major
woodworking operations fast and
accurately. New Attachments are
now available to include: MOR-
TISING, TENONING and THICK-
NESSING. It's the most
practical all-purpose
combination tool
available.

SEND TO DEPT. 5I43
FOR FULLY also available
ILLUSTRATED
LEAFLETS

ML8S SHORT BED UNIT
(suitable (or those not wishing to
turn between centres or mortise)

ML8
showing Circular

Saw and Planer
Mounted for operation

lityford ENGINEERING CO. LTD.,
BEESTON. NOTTINGHAM.
TELEPHONE 25-4222 (3 lines)

Save
Hundreds of working hours in your Drawing Office, Workshop,

Estimating Department, etc., by using

OMARO SLIDE RULES
Here are a few of our models:

STEEL & IRON SECTIONS 

f-* t

11,0 Z

 .1
Model P.I

Standard Quality
(glazed)

Price 7/6d.
(post free)

Special Quality
Principal dimensions and weights per foot or (unglazed)
square foot of steel and iron sections, i.e., of
Equal and Unequal Angles, T -Bars, Beams, Channels,
Rounds, Squares, Hexagons, Octagons, Convex
Feather Edges, Sheets and Flats. 2,989 Values,
Dimensions, etc.

Capacity Calculator for rectangular and cylin-
drical tanks and containers. Capacity scales 10-1,000
cu. ft. and 65-6,000 gallons.

Side I Weights and capacities of buttwelded
mild steel, cylindrical, dished -end tanks.

I NEW Now available
Kosine Civil Engineering Slide Chart

Side I Reinforced Concrete (Bending Calcula-
tions).

Side 2 Hydraulics.
K.2/K.4-Price Calculators
K.1/K.3-Steel and Iron Tube -Weight Calculator

and Weight Calculator for Non -Ferrous
Metal Tubes

K.I/K.2-Steel and Iron Tube -Weight Calculator
and Price Calculator, price

K.3/K.4-Weight Calculator for Non -Ferrous
Metal Tubes and Price Calculator, price

Side I

Full particulars of B.S.W. and B.S.F. bolts and
nuts, including Castle -nuts, Slotted -nuts, Lock -
nuts, Washers and Split -pins.
Side 2
Drill sizes for tapping and clearing. Also sizes
of screw heads and square head setscrews.

FREE GIFT

Price 4/3d.
(post free)

Model L.I I
Price 7/6d.
(post free)

Model K.S.
Price: LI 2s. 6d.

(post free)

15/6 post free.

15/6 post free.

15/6 post free.

15/6 post free.

Model S.3
Price 5/3d.
(post free)

with every order of six or more Omaro Technical
Charts or Kosine Slide Rules, we supply free of charge a complimentary
copy of our COCKTAIL SLIDE RULE (usual price 10/6) with 300 selected
recipes. Please apply for your free copy when sending your order for
Technical Charts and Slide Rules.

List of other models on application

KOSINE LIMITED, I BLENHEIM GROVE, PECKHAM, LONDON, S.E. I
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VALUABLE NEW HANDBOOK

FREE;;11;;;;;Ii
Have you had your copy of " Engineering Opportunities" ?
The new edition of " ENGINEERING OPPORTUNITIES "
is now available-without charge-to all who are anxious for
a worthwhile post in Engineering. Frank, informative and
completely up to date, the new " ENGINEERING OPPOR-
TUNITIES " should be in the hands of every person engaged
in any branch of the Engineering industry, irrespective of age,
experience or training.

We definitely Guarantee
" NO PASS-NO FEE "

 This remarkable book gives details of examinations and courses
in every branch of Engineering, Building, etc., outlines the
openings available and the essential requirements to quick
promotion and describes the advantages of our Special Appoint-
ments Department.

WHICH OF THESE IS
YOUR PET SUBJECT ?

MECHANICAL
ENGINEERING

Gen. Mech. Eng.-Main-
tenance - Draughtsman-
hio-Heavy Diesel-Die
Press Tool Work-Weld-

ing - Production Eng. -
ig & Tool Design - Sheet

Metal Work-Works Man-
gement - Mining - Re-

frigeration - Metallurgy.
AUTOMOBILE

ENGINEERING
Gen. Automobile Eng.-

aintenance & Repairs-
High Speed Diesel-
Garage Management.

ELECTRICAL
ENGINEERING

Gen. Elec. Eng.-Elemen-
tary & Advanced Elec.
Technology - Installations
-Draughtsmanship-Sup-
ply - Maintenance --.
Design.

BUILDING
Gen. Building-Heating &
Ventilation - Architecture
Draughtsmanship - Sur-
veying-Clerk of Works-
Carpentry and Joinery-
Quantities - Valuations.

RADIO &
ELECTRONICS

Gen. Radio Eng.-Radio
Servicing, Maintenance &
Repairs - Telegraphy -
Telephony - Television

& G. Telecommunica-
tions-Electronic Eng.-
Automation-Digital Com-
putors - Analogue Com-
putors-Data Processing-
Instrumentation.

CIVIL ENGINEERING
Gen. Civ. Eng. - Sanitary
Eng. - Structural Eng. -
Road Eng. - Reinforced
Concrete - Geology.

WE HAVE A WIDE RANGE OF AERONAUTICAL COURSES AND
COURSES IN FORESTRY, TIMBER TECHNOLOGY, PLASTICS,

G.P.O. ENG., TEXTILE TECHNOLOGY, ETC., ETC.
One of these qualifications would inc eeeee your earning power

WHICH ONO ?
A.M.I.Mech.E., A.M.I.C.E., A.M.I.Prod.E., B.Sc., A.M.Brit.I.R.E.,
A.F.R.Ae.S., A.M.I.M.I., L.I.O.B., A.R.I.B.A., A.M.I.H. & V.E.,
M.R.S.H., A.R.I.C.S., A.M.I.E.D., CITY & GUILDS, COMMON

PRELIM., GEN. CERT. OF EDUCATION, ETC.

THE BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY

410A, COLLEGE HOUSE,

29-31, WRIGHT'S LANE,

KENSINGTON, W.8.
Phone : WEStern 9861

WHAT THIS BOOK TELLS YOU

* HOW to get a better paid, more
interesting job.

* HOW to qualify for rapid pro-
motion.

* HOW to put some valuable
letters after your name ansi
become a " key -man " . . .

quickly and easily.
* HOW to benefit from our free

Advisory and Appointments Depts.

* WHERE today's real opportunities
are . . . and HOW you can take
advantage of the chances you
are now missing.

* HOW, irrespective of your age,
education or experience, YOU
can succeed in any branch of
Engineering that appeals to you.
144 PAGES OF EXPERT

CAREER -GUIDANCE

You are bound to benefit from
reading "ENGINEERING OPPOR-
TUNITIES," and if you are earning
less than Lao a week you should send
for your copy of this enlightening
book now-FREE and without obli-
gation.

POST NOW !
TO : B.I.E.T. 410A, COLLEGE

HOUSE, 29-31, WRIGHT'S LANE,
KENSINGTON, W.8.

Please send me FREE and without
obligation, a copy of " ENGINEERING
OPPORTUNITIES." I am interested in
(state subject, exam., or career)

NAME

ADDRESS

Only ad.stamp is
needed if

posted in an
unsealed envelope.

WRITE IF YOU PREFER NOT TO CUT THIS PAGE

'THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD
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Editorial and Advertisement Offices
" PRACTICAL MECHANICS "

George Newnes Ltd., Tower House,
Southampton Street, Strand, W.C.z.

© George Newnes. Ltd., r46o

Phone: Temple Bar 4363
Telegrams: Newnes, Rand, London

SUBSCRIPTION RATES
including postage for one year

Inland -

Abroad -

Canada -

20s. per annum

I8s. 6d. per annum

- I8s. 6d. per annum

Copyright in all drawings, photographs and
articles published in " Practical Mechanics " is
specially reserved throughout the countries signa-
tory to the Berne Convention and the U.S.A.
Reproduction or imitations of any of these are

therefore expressly forbidden

CONTENTS:
Page

Fair Comment .. 425
A Petrol Motor Lawn Mower 426
Is There a Future for Life

Spheres? 428
Commercial Time Switches..
How to Make a Transparency

Viewer 431
New Maps for Old .. 433
P.M. Two -Berth Cabin Cruiser 435
The MechaniKart ..  437
Science Notes .. . 439
Space Communications 44o
Evolution of the Fuel Cell
Mamba Control -Line Racer ..
Water on Venus
Ships' Stabilisers - .

Decarbonising the Bella 12.203
Toy Blackboard and Easel .

Building the Luton Minor
Trade Notes ..
Letters to the Editor ..
Puzzle Corner ..
Your Queries Answered

429

441
443
446

447
450
452
453
458
461
462
465

CONTRIBUTIONS
The Editor will be pleased to consider articles of a
practical nature suitable for publication in " Prac-
tical Mechanics." Such articles should be written
on one side of the paper only, and should include
the name and address of the sender. Whilst the
Editor does not hold himself responsible for manu-
scripts, every effort will be made to return them if
a stamped and addressed envelope is enclosed. All
correspondence intended for the Editor should be
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FAIR COMMENT
SECOND CHANCE FOR STEAM

AFEW months ago, when details of the revolutionary fuel cell first became
known, this device was tipped as the power unit for the motor car of the future,
which would be gearless and silent. Now comes news of another gearless and

silent motor car. This is not merely the prediction of a scientist describing what he
thinks might be formulated at some date in the nebulous future; this car already
exists. At the moment it is a prototype sports car with a fibreglass body which is
capable of over 120 m.p.h. and is powered by steam.

Steam cars of the past such as the White and the Doble have long been described
as the ultimate in private car travel. The sensation of unlimited power available and
the uncanny engine silence produced, according to steam enthusiasts, smooth, fast
and comfortable travelling, which even today has never been matched by the I.C.
engine. The experts have always admitted that the steam engine has a number of
most desirable features. The chief among these are silence, infinitely variable
speed, without the necessity for gear changing, low operating costs and tremendous
power. It is true that many of today's cars have automatic gear -boxes, but this is
achieved by the addition of extra machinery to the car, whilst the steam car achieves
the same result by eliminating both gear -box and clutch. The only controls in
the car in question are a foot throttle pedal, a hand lever and a starting switch.

Since the days of the early steam car, tremendous strides have been made not
only in the design of the actual steam units but also in the fields of metallurgy and
lubrication. Those enthusiasts who have always advocated steam as the ideal
source of power have maintained repeatedly over the years that, given the proper
amount of research, a modern lightweight steam engine which would compare in
every respect with the I.C. engine could be evolved. If the facts contained in the
report of the performance of the new steam car in America are true, the ideal
modern steam car unit would seem to have arrived.

Now for facts and figures. The car is powered by what is known as the Williams
steam power plant, which has resulted from over 40 years of research and develop-
ment. The actual Williams Steam Cycle, which is covered by patents, obtains high
thermal of using simple expansion without recourse to re -heating or re-
cycling or incorporating a vacuum exhaust. The engine is a vertical 4 -cylinder
in -line design with sin. bores and zin. stroke, single acting, uniflow expansion.
The engine is mounted in the normal engine position in the front of the car and
drives the rear axle via a tubular shaft. The 12V alternator, 3 -cylinder feedwater
pump, lubricating pump and condenser fan are all driven from the front of the
engine. The 19in. x 24in. monotube steam generator is mounted horizontally at
the rear. A pressure atomising fuel oil burner is used and working pressure steam
is available between 20 and 3o seconds after switching on. Steam is fed to the
engine at I,000 p.s.i. and at t,000 deg. F. and both steam pressure and tempera-
ture are automatically controlled.

One of the greatest disadvantages of the old-time steam car was that its consump-
tion of fuel oil was very heavy-it would only do about 14 m.p.g. This has appar-
ently been rectified in the latest design, where figures of 30-40 m.p.g. of fuel oil have
been quoted. The car will travel some 400 miles on less than 7 gallons of water.

The high performance of this car has been achieved by the research and experi-
ment of a small concern. What might the results be if the design of a lightweight
modern steam -power unit for the private car were seriously considered by the
world's motor car industry? It would be ironic if the power source abandoned-
so far as road locomotion was concerned-at the beginning of the century should
return as the motor car engine of the future. In any case, it would appear that
steam may be presented with a second chance.

The August, 1960, issue will be published on July 29th. Order it now !
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Lawn -mower with all modifications completed.

Close-up view of the drive assembly.

The 8o -watt lightweight charging set, available
from es-W.D. equipment dealers advertising

in these pages.

NEWNES PRACTICAL MECHANICS July, 1960

THIS article describes a reasonably cheap and satisfactory way of converting a hand lawn-
mower to petrol drive.

In common with quite a number of the motor lawn -mowers on the market today, the
conversion described is not for a self-propelled mower; only the cutting cylinder is driven and
for most users this is sufficient.

It is interesting to observe that the majority of motor lawn -mower manufacturers today are
incorporating the four-stroke engine instead of the two-stroke; the engine used is of the
former design, and performs the work admirably.

The Unit
The unit required is now available in good supply, and can be obtained from ex-W.D.

depots, new or second-hand, at prices ranging approximately between £3 to £8; it is known
as the 8o -watt Lightweight Charging Set, Cat. No. ZB.11761.

-If a new engine is purchased, this is supplied crated for tropical conditions, and is complete
with a set of spares sufficient to outlast the lawn -mower; a set of maintenance tools and an
instruction manual are also included.

Brief details of the engine are given below:
Bore tfin. Magneto Ignition.
Stroke t4in. v Fan Cooled.
Cubic Capacity 35 c.c. Splash Sump Lubrication.
Approx. r.p.m. 3,000.

A Petrol Motor Lawn Mower
Using an ex -Government unit

By J. M. Holmes
Engine

Remove the engine from its cradle. Take off the rectifier and the associated electrical parts,
petrol tank and carburetter. (Note the existing carburetter is of the suction type without
throttle control, and is therefore not suitable.) Remove the starting pulley. The pulley end
bearing casing can now be unbolted and drawn off complete with bearing, revealing the
alternator field windings, etc. These should also be removed. Replace end bearing casing
and fit a driving and starting pulley as shown in Fig. 2. A suitable carburetter, Type 379,
complete with air filter, cable and bar -mounted throttle control, can be obtained from Messrs.
Amal Ltd., Holdford Road, Birmingham 6. Jet 22 and 8mm. bore should be specified when
ordering.

This carburetter has a clamp -type fitting and is easily fitted to the engine by means of two
213A cheesehead screws and adaptor (Fig. t).

The magneto end of the engine should not be disturbed. The engine can now be mounted
on the engine mounting plate (Fig. 3) by using five 2BA. x tlin. hex. hd. bolts, and support
packers (Fig. 4).

Petrol Tank
The existing petrol tank which is provided with a tap and screw cap can be'used. Fig. 5

shows the necessary modifications.
In the prototype the gauze petrol filter, which is situated within the neck of the petrol tank,

had a tendency to rattle. This should be squeezed slightly so that it is oval; it will then be a
tight fit in the petrol tank filter neck.

To complete the tank, the existing flexible hose must be removed. A tapered end is left; to
this fit approximately 8in. of Ain. bore wire -reinforced transparent plastic hose.

Lawn -Mower Modifications
By removing the chain cover, the chain and cylinder driving sprocket are revealed. These

items must be removed. In place of the driving sprocket fit the adaptor detailed in Fig. 6 and a
Sin. dia. Picador " V " belt pulley bored tin. dia. A hole *in dia. must be drilled in the
chain cover through which the adaptor will project. Fig. 7 shows this assembly.

Next, fit the main engine support plate (Fig. 9) to lawn -mower side plates by means of four
tin. Whit. bolts and nuts, by drilling four sin. dia. holes in both lawn -mower side plates to
suit. The petrol tank support bracket (Fig. 8) can now be bolted to the main engine support,
and the petrol tank secured by petrol tank fixing bolt (Fig. to). This is one of the original
petrol tank bolts modified.

The Silencer
This must he secured to the lawn -mower frame, and a suggestion of how this can be accom-

plished is given in Fig. j x. In most cases, it will be found necessary to reduce the length of
the flexible exhaust pipe, but before doing this make sure that enough flexibility is available,
and that the free movement of the lawn -mower handle is not impeded.

All that now remains to be done is to bolt the engine, with mounting plate, to the main
engine support plate, using fin. Whit. hex. hd. bolts and nuts, fit the " V " belt, and the throttle
control on to the lawn -mower handle and connect the flexible petrol feed pipe to the carburetter.

Hints on Starting
When cold, wind the starting cord on the starting pulley tightly in a clockwise direction,

close the choke on the carburetter, open the throttle to about Ain., and give a strong steady
pull on the starting cord. Immediately the engine commences to run, open the carburetter
choke, and set the control to a suitable speed. It will be found that if the throttle is set to
about lin. open, this will suit most operating conditions.

For starting when warm, proceed as above, but the carburetter choke must be left open.
The " V " belt should not be too tight, as this will slow the engine when it is being started,

thus reducing the size of spark from the magneto ignition system. Driving belt tension can be
adjusted by means of the slots provided in the engine mounting plate (Fig. 3).

An attempt was made to incorporate a starting handle in place of the pulley and rope, but
sufficient revs could not be obtained with this method and the original rope starting as described
was reintroduced.
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Fig. t.-Carburetter
adaptor.

3/4 t-1/6"

11/2d6

` 2 holes 3/16"dia
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Fig. z.-Assem-
bly of motor driv-

ing end.
Engine
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Fig. 5.-Petrol
modifications.
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3
77/4"

103/4" Fig. 3.-Black M.S.
engine mounting

plate.
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3/5"dia

Fig. 4.-Engine support
driving pulley.

Drill and tap to suitcutting cylinder shaft
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Fig 8.-Petrol8 tank support
bracket. Olin- X
fin. black M.S.)
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Fig. 7.-Cutting cylinder
drive assembly.
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Fig. lo.-Modification to petrol tank fixing bolt. Fig. t .-Method of securing silencer to lawn n nicer frame.
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IT is surprising that in our age of Sputniks
and space -rockets that human survival
on the high seas has to rely on open

lifeboats. Anyone who has experienced a
really strong gale at sea will agree that this
old type of lifeboat is not really fit to defy the
raging elements. We have all the evidence
that in a number of ship disasters in recent
years alone conventional lifeboats either
could not be launched or they crash -launched,
were battered against the hull of a sinking
ship or they capsized. Survivors in open
lifeboats have not infrequently been washed
overboard or died of starvation.

Is it not time to consider something more advanced?
What about a lifeboat of spherical shape? An idea for such a life sphere is shown in the

illustration. There may be much room for improvement, but at least a life sphere would be
better than open lifeboats in many respects, and no worse in others.
The Requirements

A modern lifeboat must provide shelter from the elements. It needs a reliable communica-
tion system, and some sort of propulsion if only to travel short distances. Conditions in the
life sphere would be safe enough for survivors to wait until they were picked up.

The spherical body is best suited to withstand external forces and pressure, it also provides
most room for least surface.

A periscopic stabiliser containing lead ballast at the baseof the sphere would render the sphere
stable enough for launching. A water ballast compartment into which sea -water enters after
launching would stabilise the sphere further.

When full, the water ballast compartment could be sealed, or there could be a restricted
flow out. It is obvious that the water does not actually add to the weight of the sphere when in
the water, but any tilt of the sphere will be counteracted by the water ballast, which, in a
sealed compartment will move with the sphere. Sea -water ballast thus employed will mean
no added weight while the sphere is carried on the ship.
The Outer Deck

Although it would be preferable that the life sphere should have an unobstructed and smooth
exterior surface, something like an outer -deck would be needed to pick up survivors out of the
water. The outer -deck should be constructed so that it offers least resistance to water pounding
on to it.

The interior design could be as illustrated. There would be a top compartment for radio
control (this is essential), a centre deck with seats and a lower deck with bunks for injured
survivors. There would also be emergency toilets, drinking water compartments and food
stores; perhaps heating, too.

A sphere 26ft. in diameter could accommodate rto persons under normal conditions and a
considerable number more if necessary.
Propulsion

Propulsion of the sphere could be by means of a type of engine which sucks in water and
discharges it at a high rate.. The discharge could be directed into one or two of four discharge
pipes, all situated at right angles to each other, thus controlling the direction the sphere is to travel.

Apart from the outer deck the sphere would be completely enclosed, sealed off by watertight
doors or hatches.
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AERIAL

LEAD BALLAST
PERISCOPIC RETRACTABLE STABILISER

- -

15 PERSONS

ill SEATED SURVIVORS
60 PERSONS

WATER BALLAST FILLING FROM SEA,
BUT RESTRICTED FLOWOUT

111 ill they make the lifeboat obsolete ? By Karl H. Albers.

DESIGN DATA
Outer diameter of sphere .. 26ft.
Surface area of sphere .. 2,123sq.ft.
Normal capacity, persons .. t to

Dead Load
skins of plastic or similar
sheeting at 41b. per sq.ft... 8,4921b.

Structural webbing at eft.
centres, aluminium ribs,
or similar, at zolb. per
sq.ft. . 2r,23o1b.

Structural material to
decks, at 81b. per sq.ft. 8,2641b.

Plant and equipment .. 1,x zolb.
Ballast (lead)  5,000lb.

Superimposed Load
Average weight of lost.

per person
Provisions for each person

281b. .

Sea water ballast ..
Total weight ..

Buoyancy
Weight of water displaced

by sphere at nominal
draught of 8ft. 3in., ac-
tual distance of lower
deck to water surface is
Oft. sin. . .

18,5oolb.

3,roolb.
77,8721b.

 143,578lb.

143,60016.
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TIME switches may be used in the auto-

matic home to perform many opera-
tions at preset times, keeping time

either with sunrise and sunset (solar system)
or with G.M.T.

Among the many possible applications are
automatic switching of porch and other out-
side lights, immersion heaters to provide
hot water when required, electric heaters to
warm the house before rising or coming home
from work or to switch on an electric stove
and start the meal cooking. A radio could be
switched on together with a tape recorder

Fig. Warm Welcome " time switch

IFig. 34.-" Relyon " MB/TS Switch. 1

in the owner's absence to record a programme
he does not want to miss. They can be used
to switch passage and staircase lights on and
off at preset times and shopkeepers can use
them to switch off window display lights at,
say, midnight.

Time switches are of special use to poultry
keepers for additional lighting and heating
at certain times increases the egg yield.
Almost any type of time switch can be used
for automatic feeding.

When the house is to be left empty for a
period, it is a good idea to wire up a few lamps
with a time switch so that would-be burglars
believe the house is occupied.

Commercially available time switches will
be dealt with first.

The " Warm Welcome " Time Switch
This is shown in Fig. 33. It is very cheap,

will switch mains or battery electrical
systems and is suitable for use with electric
fires and radiators, small cookers, and all
forms of lighting. The dial is set to the number
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COMMERCI
TIME SWITC

By E. V. King

They have many
applications in

the home
of hours delay that is required and after that
number of hours the circuit will switch on.
It can be reset easily and cancelled if neces-
sary. It is available from most electrical
suppliers and showrooms. For safety an
earth (green wire) connection is necessary.

Relyon MB/TS Switch
This is a reasonably priced switch very

suitable for use in the home for all forms of
time control. It is shown in Fig. 34. It needs
no winding, and is suitable for A.C. mains
only, and will switch up to 2oA. Slightly
modified versions can be obtained for giving
artificial dusk, etc., for increased egg produc-
tion in chicken houses. Wiring is quite
straightforward, the red lead being in the
switched circuit. In the case of domestic
immersion heaters which may be wired with
a time switch the thermostat may be left in
position, this is

ro earth (green

Si Switched
52 contacts

Live (red)

Mains

Neutral (black)

Sangamo
5 251 Time switch

or similar
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Sangamo S251
This is a small neat time switch also ideal

for use by the home mechanic and will per-
form the same functions as the switch des-
cribed above.

Fig. 35 shows this switch fitted with a day -
omitting device especially useful for shop-
keepers and Fig. 36 shows the switch fitted
with a solar dial. When solar dials are fitted
to any switch (often this has to be done at the
works) the correct dial for the latitude of the
location must be considered. Although
the difference in this country is not great,

Immersion heater (earthed
properly)

r - -

1(3
L _ _

Red

Black

Optional
thermostat Neon indicators

Fig. 35 (top left).-Sangamo S251
time switch.

optional

Fig. 36 (top right).-Sangamo switch fitted
with a solar dial.

Fig. 37 (bottom).-Wiring to control an immersion heater.
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Fig. 38.-Venner QP
switch.
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si Switched Mains
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(or similar)

Clock
terminal

0
V Red

t Black
Earth
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Red

Driveway
lamp in

Waterproof
Cover
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earthed

Fig. 39.-Wiring for a
drive -war light.

On lever Slot for
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Safety
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Fig. 4o.-A useful reconditioned time switch.

surplus American dials are often quite useless. Sangamo dials are
zoned approximately as follows:

Zone I. British Isles south of 51 deg. N. (almost through Dover).
Zone 2. 51 deg. to 53 deg. N. (through Hunstanton).
Zone 3. 53 deg. to 55 deg. N. (through Gretna).
Zone 4. British Isles north of 55 deg. N.

Thus places such as Gretna and Dover have the choice of two suitable
dials.

Fig. 37 shows the complete 'wiring for this switch where it is used
to control an electric immersion heater in a hot water tank.

Venner QP Switch
This is a well tried time switch suitable for most uses in the auto-

matic home and easily fitted by the amateur electrician. The usual
precautions are taken, especially making sure the red lead is in the
switched circuit. A diagram showing how this switch is wired for a
drive -way light is shown in Fig. 39.

Fig. 38 shows this switch fitted with a Solar Dial which would be
highly suitable for the above circuit.

The Swiss firm of Sauter Automatic Controls manufactures both
clockwork and synchronous types for complete mains operation.
The Sap unit will switch 25A. on z4oV. A.C. and will thus deal
with most cookers on full load. The address of the London agents is
7o Dudden Hill Lane, London, N.W.io.

Reconditioned Time Switches
Good, serviceable reconditioned time switches are available very

cheaply from surplus dealers in Lisle Street, London, W.1, and Messrs.
Donohoe, 2 Upper Norfolk Street, North Shields. One purchased
four years ago for La IOS. is still working. It is shown in Fig. 4o and
is still available at the same price. It has a 14 -day clockwork move-
ment and can be set for on/off at any part of the 24 -hour dial. Fig.
41 shows another time switch recently bought as reconditioned
for 37s. Both are rated at 5A.
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How to Use the Switches

Fig 42 shows the simple circuits required with various switches.
Where single pole switches are used care must be taken to make sure
that the phase (red) lead is the one which is cut out or there will be
danger of shock when removing lamps, etc., from circuit. The switch
should be mounted above the level of young children and contacts
should be inaccessible. Where daily resetting is necessary make sure
that sufficient light is available to do it properly. If the unit is fitted
outside or in a garage, a completely enclosed metal watertight box,
properly earthed is required. Outside fitting is not recommended.

Some switches, such as that in Fig. 41 must be mounted perfectly
vertical or they will not switch on again automatically. The red pointer
must be placed at the top.

Setting the Switches
The switch when fitted must be set to the correct time. This is

usually done by rotating the dial (with the numbers on) until the
correct time in hours (i.e., 7.3o is 7i hours) is shown at the red
pointer or other pointer marked " TIME." The clock must be wound,

(Continued on page 432)

Micro switch

Terminal block

Switch actuating Time mark
lever (must beat top)

Micro svititch Lever locking
spring device

Key
wind

Setting
-levers

I g. 41.-Another reconditioned timeswitch suitable for use in the home
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Fig. 42.-Time switch wiring (earth omitted); a-clockwork motor (2
terminals); b-synchronous motor (4 terminals); c-synchronous motor

(3 terminals).
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Fig.
An exploded and
cutaway view of
the viewer
showing general
arrangement.

R.

Edwards

gives

details
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Wooden lens holding frame

THE viewing box shown in Figs. x and 2
was designed for 2f in. square trans-
parencies in the standard 2fin. square

holders. Smaller size colour films suitably
mounted will give a satisfactory enlargement.

The writer has found that batteries have a
bad habit of running down just when they are
wanted, so efforts were made to find a suitable
mains voltage lamp which did not emit too
much heat. The Philips so -watt film viewing
lamp answers this purpose admirably.

The lens used is a Sin. square piano -convex
type, din. focus, and diffusion is by means of a
piece of flashed opal glass, zlin. square.

Making the Base
Sheet brass was selected for ease of solder-

ing, and a piece x4in. square 26 gauge is
required.

A large size electric soldering iron will
greatly simplify the construction, as this
enables the operator to have sufficient heat at
his command. Well cleaned and tinned edges
will ensure that no difficulties arise. A small
vice and two pieces of fin. x tin. strip mild
steel with square edges are useful for bending
over the brass to form a clean edge.

Bend to form rolled edge

'16 holes -1.56
1

1 j" ventilation

46

5IY
,Make a left hand and a right hand side panel

Fig. 3.-Layout of one of the sides.

Live wire through switch Top holding screw

Bulb holder

Neutral wire to bulb

Earth wire to frame

Bulb

Ventilation holes

Flex to Spin plug

Opal glass holder

Finger recess cover

Slide aperture

How to make a

TRANSPARENCY VIEWER

Fig. 2.-The completed viewer.

Commence by marking out the frame and
base section (Fig. 4) allowing fin. turn up all
round. The two large square holes should be
cut out roughly and filed to shape when the
frame is completed. When finished and the
base is attached, the whole should appear as at
bottom right of Fig. 4.

An accurately cut block of wood 3in.
square by fin. thick is useful for checking the
lens mount from time to time during con-
struction.

Slide and Diffuser Holder
Next cut out and prepare slide and opal

glass holder, soldering on the slide guides (A

measures 3 in. x fin. and B, 2/in. x
and cranked pieces (Fig. 5). Solder into the
frame.

Mark and cut out sides (Fig. 3) allowing
all round which can be trimmed and

filed to frame size after soldering. The half -
round recesses are to enable the slide to be
pushed right through with the fingers, but
may be omitted if considered difficult to
construct. They are made by cutting out the
shape shown top right of Fig. 4 and bending
round as shown, soldering the fin. radius
edge around the curve of the opening in the
side. The slide can, of course, be pushed
through with another transparency if the



432
\so:\ \\.\\

Rectangle
2iin.

x
24 in.

/2
Frame formed

after bending

3146'
square

1114, 3j6/
/4

Fig. 4.-Hore to mark out and assemble the
frame and base sections and form the finger

recesses.

finger recesses are omitted. Tin all edges of
frame and sides, and solder together.

The Lampholder and Switch Plate
Form the plate as shown in Fig. 5 and cut

holes for toggle switch, bush and securing
screws. An important point is to solder on a

MATERIALS REQUIRED
z6 gauge sheet Brass, about 14in

square.
S.B.C. Brass lampholder.

I 3A, 25oV one-way toggle switch.
square flashed opal glass.

I 3m. x 3M. x ryin. focus, plano-
convex lens, obtainable from The
British Optical Lens Co., Victoria
Works, 315 Summer Lane, Bir-
mingham, 19.
IoW film viewing lamp. (Philips
Electrical Co.).

3 -pin plug 5A (fused at 2A).
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Ventilation holes

76

B,

Finger
recess

covers

Shape
formed

Plan and elevation after bending and
(bung A;rB, below

A, B,
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4 BA brass nut for attaching the earthing wire
of the 3 -core lead. The top cap of the cord
grip S.B.C. lampholder is cut off, leaving the
screwed portion. This allows room for the
wiring to enter from behind. Fig. 5 shows
the completed switch plate.

Two 4 BA brass nuts are fixed to the inside
of the frame to take the securing screws of the
lamp and switch holder.

Lens Securing Frame
To hold the lens in position and to enable

removal for cleaning, a wood frame is pre-
pared, shaped at the back edge to the lens
contour and rebated sufficiently to cover the
thickness of the edge of the body. (Figs.
and 5). The frame is held in position by four
small wood screws, two at each side.

Cut a piece of opal glass to the size required
and slide into position. Hold this in place by
nipping down the ends of the cranked pieces.

Ventilation
Drill in the base under the lamp position, a

number of %in. holes, also some *in. holes
in the top side of frame as shown in Fig. 3 this
will provide sufficient ventilation to the
lamphouse.

A piece of white card in the base curving up
to the lower edge of lamphouse opening is
sufficient to improve and diffuse the light.

Screw on, or attach with suitable adhesive,
round rubber feet, at each corner of base. The
whole box can be painted with synthetic
enamel with the wood lens frame in a' con-
trasting colour.

Finally, a length of three -core, braided or
plastic covered lead, is connected with a
soldering tag attached to the earth wire and
screwed to earthing point provided. A 5A,
three -pin plug (fused at zA) is suitable for
plugging to a standard socket outlet.

Wooden frame for
lens.

Curved to fit lens

16

Al er bending
and joining

A to B

Fig. 5.-Slide and diffuser holder, lampholder and switch plate and lens securing frame.

COMMERCIAL TIME SWITCHES (Automatic House)
(Continued from page 43o)

or if electric (synchronous) and not self-starting a device will be fitted
to flick the mechanism over.

The " on " lever must now be moved to the exact time at which the
circuit is to be made. To do this the lever lock must be released,
in Fig. 4o the large central locking nut or ring is loosened while in
Fig. 41, the small lever in the middle of the dial is lifted. Note that
the longest or trailing edge of the lever is set to the time otherwise
there may be an error of over an hour. Setting within ten minutes
is quite easily done. The " off " lever is now set in the same way.
Verify that in setting one the other has not been moved and lock the
levers in position with the small lever or locking ring.

The switch requires ,no more attention except to wind it (if clock-
work) every t4 days (etc.) or to reset the on/off times. A solar dial

can be fitted by the makers and the times of on/off will alter automati-
cally with sunrise and sunset, i.e., if you set the lights to come on
3o minutes before sunset in 'winter, it will still do the same in summer.
The author prefers to leave all time clocks showing G.M.T. and to
check them every three months with the radio time signal.

Availability of Time Switches
All the time switches shown with this article are available from

stock and can be ordered from electrical suppliers, poultry equipment
dealers or at retail prices from the makers or their representatives.

Since a solar dial switch is not suitable for immersion heater
switching the truly automatic home may have three or more time
switches situatedhy the appliance controlled, or better still in a small
" control room." The switches being labelled and fitted with small
neon lamps to show when the circuit in question is on. An artist's
impression of this is shown in the heading sketch.
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new
maps

for old
modern techniques

described by
G. Reynolds

AcURATE, up-to-date maps are essential.
The old and time-honoured orthodox
ground survey by triangulation is time-

consuming without a veritable army of
surveyors and costs are high. Fortunately
wartime experiences in aerial photography of
enemy -held country have been turned to
peaceful purposes.

A new profession, part science part art, has
sprung into being since the cessation of
hostilities. Profiting from new techniques the
aerial photogrammetrist has come to lighten
the burden of the cartographer and surveyor.

Basically his job entails the provision of new
maps and the revision of old ones by aerial
survey methods, but the technique is powerful
and can be turned to mineral and oil prospect-
ing, to agricultural and geological surveys,
even to archeological research.

Method Used
The camera used is mounted in the aircraft's

fuselage pointing vertically downwards. The
film is exposed automatically at regular
intervals as the plane flies across the area to be
surveyed on level parallel courses. Successive
photographs overlap each other by 6o per
cent. of their area and each strip overlaps the
previous run by 3o per cent. In this way at

Fig. 2.-Wild A.5 stereo -spotting machines in use.

Fig. 3.-The plotting pencil of a Wild A.5 stereo -plotter at work
on a large-scale map of railway sidings.

Fig. 1.-Method of survey photography. The aircraft is a Percival Prince.
Distance between two

vo--- positions of aircraft
when taking photographs

Observeii
eye eye -base)

Stereoscope
lens

Photographic
print

Fig. 4.-Diagram
illustrating the
three - dimensional
model produced by
examination of a
pair of air photo-_
graphs with a

stereoscope.

Area common to both photo -
graphs as it would appear

in nature to a giant with
eyes as far apart as the
distance between two
successive positions of the
aircraft (air base).

Observer's
eye

Stereoscope
lens

Photographic
print

Space model
in mind of
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Fig. 5.-The varying rock
strata can be clearly seen from

this aerial photograph.

least two pictures are taken of every part of
the district under survey (see Fig. z).

From contact prints a mosaic, a vertical
panorama, of the entire area is built up. The
mosaic, being more easily interpreted by the
layman than a largely symbolic map, is often
sufficient for the purpose in hand. Detailed
maps, including relief contours, can easily be
drawn from the prints by stereoscopic plotting
instruments when required.

The Cameras
Aerial cameras are usually equipped with

lenses of 5 to 6in. focal length taking a 7 to gin.
square negative. The definition of modem
lenses is really remarkable, an object 3M. wide
being clearly distinguishable in a negative
taken from z,000ft.

Many types of aircraft have been used for
these surveys including D.H. Rapides,
Oxfords and Bristol Freighters. This last
machine is particularly suitable for work far
from the home base of the surveying com-
pany for, in addition to its survey duties, it can
transport all the equipment required by the
expedition. The Percival Prince aircraft was
specially developed for aerial photography
(see Fig. s).

Once the area to he mapped has been
photographed the stereo -plotter is brought
into service. Fig. z shows Wild A.5 stereo -
plotting machines in use. Each pair of
adjacent prints is projected on to a drawing
table and viewed through special binoculars
which permit each eye to see only one picture
and thus give a three-dimensional view of a
small area of terrain in exaggerated relief.
(see Fig. 4). At this stage any distortion
caused by the aircraft not having flown on an
absolutely level cause can be corrected.

The operator also sees a white dot in his
field of view and manual controls are provided
with which he can steer this dot along any
ground feature or trace out contours with it.
A pencil coupled to the control draws
appropriate lines on the map (see Fig. 3).
Contours can be plotted with sufficient
accuracy in open country to justify a eft.
interval. In forests and densely -vegetated
country the plotter can only follow the height
of the tree tops and accurate ground contour-
ing becomes impossible.

Fig. 7.-Volumetric estimates of
timber stands can be obtained from

this aerial photograph.

Oil Prospecting
Aerial photogrammetry has been used in

Africa and the Middle East to prospect for oil
and to investigate mining resources of both
tin and gold. Exposures taken with different
light filters enable geologists to identify rock
types and a stereoscopic examination of the
photographs will determine details of out-
crops, faults and dip slopes. The tone and
texture of vegetation assist in the identifica-
tion of the underlying rock type. Oblique air
photographs often show geological details not
seen on. verticals (see Fig. 5). Fig. 6 shows a
dam under construction.

In forestry surveys volumetric estimations
of timber stands can be made from photo-
graphs while the use of infra -red film or
filters enable a separation of the species. Fig.
7 shows a forestry survey and some of the
volumetric estimates of timber stands are:
(8) Tree height Soft., 88 trees to the acre;
upper hill slope; 6o per cent. hard woods,
4o per cent. soft woods. (sq.) Tree height
45ft.; io8 trees to the acre on lower slopes;
4o per cent. birch and poplar; 6o per cent.
soft woods. (z7) Tree height 45ft., 104 trees
to the acre; wet flat ground; so per cent.
birch and poplar; coo per cent. spruce. The
height may be determined from stereoscopic
views showing both base and tops of trees.

Aerial map making is more rapid than
orthodox surveying (in jungle, ground survey
may be virtually impossible), less expensive
and in recent years its accuracy has become as
good as that obtained by normal methods.

Fig. 6.-Dam under construction.
From contact prints such as this, maps
are prepared with contours at 5ft.
intervals for estimation of reservoir

capacity at various levels.
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Continuing Floorboard Details

THE height of the supports must be lined
up so that the floorboards do not rock,
and this might be tested with a straight-

edge of one of the floorboards. Note the
outside board on each side will have to be
shaped to fit the curvature of the hull.

Access is often wanted to the bottom of the
boat, so that it is advisable to make the centre
three boards joined together with an odd piece
of batten at each end and in the centre. The
outer boards can be screwed down with some
I lin. brass screws. Do not cramp up the
boards tightly against one another. Instead,
leave a gap which can be gauged the same for
each board by using a spacer cardboard when
screwing down.

Before finally screwing down the floor-
boards it is advisable to paint the undersides
of the boards and the bottom or bilges of the
boat. For the latter surfaces which are almost
always wet or damp a bitumastic paint might
be thought more suitable than the customary
oil paint. This should be applied up to the
chine batten; above this point oil paint should
be used. Be sure to clean out the bottom of
the boat before painting, a vacuum cleaner
will be most useful in removing sawdust from
crevices.
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Fig. 23.-The fore deck framing.
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The P.M. 2 -Berth Cabin
Cruiser
The Cabin Floor

This floor is composed of four pieces of
tin. x 6in. flooring. As it need be only a
little over zoin. wide it can be fitted directly
upon the zoin. frame stretcher. Thus, the
floor level will be lower than that of the cock-
pit. This is helpful in providing more cabin
head room. In order to accommodate the full
width of the floor it may be necessary to cut
small notches in frames 2 and 3 (Fig. x9). At
frame x the two outside boards will have to be
tapered in to about half their width at their
extreme forward ends. The two outer planks
can be screwed down in position after paint-
ing, but the two centre planks should be
battened together and made to lift out to give
access to the bilges, as with the cockpit
boards.

Side Deck Carlins
The carlins for the side decks are next to be

considered and these are supported by knees
secured to the top ends of the frame members.
It is now necessary to consider the removal of
the stretchers across the ends of the frame
members as these should have been left in

Floor board notched into frame

Sheer batten

Side deck knee.

Galvanised
0/ bolts.

Shelf

Sheer
batten.

Plywood skin.

Boards rest on
stretcher

Vertical line.

Cockpit coaming

Carlin ends
at this
frame

Siete futtock
of frame 1

Part 3.-Concluding floor details and
framing for the fore deck and cockpit coamings

place during the work on the floor. In order
that there may be no likelihood of the gun-
wale losing its shape during the fitting of the
carlins temporary stretchers may now be
bolted across the frame members about 6in.
below the gunwales which will not be so
much in the way as those at the extreme ends
of the frame members. Thus, remove one
stretcher at a time and shorten as necessary
and bolt on lower down.

Refer to Fig. zo and note that the knees are
3iin. wide and are sawn from the ends of the
side members of the frames when the
stretchers have been removed.

The knees slope upwards
towards the centre of the boat
and this slope should corre-
spond with the slope on the
top edges of the transom, i.e.
there is a rise of 3in. on the
centre line. It is advisable to
start with frame 6 and check
the slope with a straight -edge
as well as sighting from the
transom line. Thereafter, the

. slopes at the other frames may
be all done by sighting from the

Fig. 19 (Left).-Section of the
cabin floor.

Fig. 20 (Left).-Longitudinal
members attached to side deck
knees, and Fig. ax.-Carlin ends

at frame 1.

Fig. zz (Right).-Details of the
fore deck.

Side
members
of frame 1.

stern, securing with one nut and bolt and
tapping up or down as required to get  the
correct slope and then drilling the other bolt
hole and securing. No knees are required for
frame 1.

Cutting the Knees to Length
Before attending to this operation be sure

that the boat is level across its width by
placing a straight -edge across from gunwale
to gunwale and resting a spirit level on it.
Wedge up the chines until dead level is
indicated.

From points 8in. from the outside edge of

Beam ends housed into gunwales and
bolted to side member of frame 1.

Main fore -deck beam.

Secondary fore -deck
beam.

Secondary/
deck battens

1 *
Main deck

batten.

Breast hook (an
off -cut of the

keelson).

III`Stem.

7M

False stem.

-- 53/4°
Gunwale

11/4"thick filler piece to take
mounting of forward mooring

cleat to be well screwed to deck beams,
gunwale and 'clack batten (8-2"x10 galvanised screws)

Filler piece screwed \I4-Slopeto match 11/2"rise. 11/4"x3/4°

to gunwale upon unw
which rests the 1Fei
loser end of the . Tii11/4'x3/4" 14i(3/4"windscreen side 11

members. suit distance across gunwales.--..-
Cuvature to match that of main deck beam.

I To

171)*

suit distance
across gunwales.
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the gunwale a vertical line is drawn to indicate
the end of the knee (Fig. 2o). A variation is
to be found at frames a and 2. At frame x
there is no knee but a notch is sawn and
chiselled in the vertical frame membei to
take the end of the carlin (Fig. 21). The
length inwards at frame 2 will be about 5fin.
but is best checked by springing the carlin
into position and securing on the top of the
knees with G -cramps and scribing the lines
for the recess to be cut in each for the carlin.
It should be noted that the line at which the
cut is made will not be square except at frame
4 and the carlin in position will help to get
the correct angle easily.

Two housings will have to be sawn in the
transom for the extreme ends of the carlins.
These will need to be about fin. in depth.
The carlins can now be screwed into place with
brass screws.

The Shelf
Two similar members to the carlins are

fitted underneath the knees to the side mem-
bers of the frames (Fig. zo). The object of
the shelf is to give support to the knees as
well as to generally stiffen up the gunwales of
the boat. Remember that the side decks have
to take the weight of the crew scrambling
alongside, and, of course, the knees take the
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22 and 23, and should be of some 'fin. or
x fin. thick Parana pine or oak. They should
be carefully fitted to all four members to
which they are attached,

Finally, the filler pieces are glued and
screwed in position. Any slight protrusions
above the level of the beams can be removed
with a smoothing plane.

This completes the fore deck except for
covering which operation (Fig. 24) is better
left for the time being whilst attention is
now given to the construction of the cabin
framework.

Cockpit Coamings
The cockpit is lined on the inside of the

carlins by the coamings (Figs. 20 and 24).
These members are made from timber

x sin. If they are to be painted at a
later stage, they can well be made of Parana
pine. On the other hand mahogany coamings
look very fine and are best left natural colour
and varnished. This arrangement would look
well with a natural mahogany transom. The
coamings are screwed to the ends of the knees
and the carlin. They reach from the transom,
into which they are housed, about fin. and
end at frame 4.

It is of interest to note in passing that at this
stage the boat could very rapidly be completed

Fig. 24. -This stage shows the cabin framing and the cockpit coamings.

weight of the cabin as well as any passenger
who might be reclining on the roof.

These members are notched into the frame
for tin., and are then securely screwed in
position with a fin. x No. 8 brass screws.

The Fore Deck
The fore deck is supported by two deck

beams and the breast hook, details of which
are given in Figs. 22 and 23. As these beams
are called upon to bear a fair amount of
weight they may be notched into the sheer
battens. They are then screwed into position
from outside the boat with some ain. x No.
so galvanised screws well countersunk in the
plywood skin. The top curvatures of these
members should be the same.

The central deck batten is housed into the
main deck beam and the secondary beam. A
small housing may be necessary in the breast
hook to take this batten. Two smaller deck
battens are also fixed across the two deck
beams.

At this stage one must bear in mind the
requirements of a strong point at which to
fix the mooring cleats at a later time, and it is
better to do this before the deck covering is
fixed. These filler pieces are shown in Figs.

MATERIAL'S REQUIRED FOR THE CABIN
At Frame 4

2 door uprights 4ft. 9in. x tfin. X fin.
2 cabin side supports aft. 6in. x zfin. x fin.

roof beam 4ft. 6in. x tin. x 6in.
2 middle rails aft. 7in. x sfin. x fin.

At Frame 3
roof beam 4ft. 6in. x sin. X 4fin.

2 cabin side supports eft. 6in. X din. x fin.
At Frame 2

i roof beam 4ft. x tin. x 41 in.
2 cabin side supports aft. 6in. x x f in. x fin.

At Windscreen
a roof beam 3ft. 6in. x tin. x 4fin.
2 cabin side supports aft. Sin. x 'fin. x fin.

windscreen aide supports aft. tin. x a fin. X
fin.

a windscreen bottom rail 3ft. 6in. x atin. x fin.
2 filler pieces gin. x t tin. x fin.
2 ties from carlin to sheer batten 9 in. x 'tin.

x fin.
Roof of Cabin

2 cabin carlins 6ft. x 'tin. x fin.
1 centre roof batten 6ft. x tfin. x
4 side roof battens 6ft. x afin. x fin.

Plywood
2 cabin side panels 6ft. Sin. x 2 ft. 6in. x tin.
a windscreen panel 3ft. zin. x zft. x tin.
2 roof panels 5ft. 6in. x zft. 6in. x tin.

bulkhead panels 4ft. Sin. x aft. 6in. x tin.
Side Decks

2 pieces 8ft. x at. (approx.) x tin.
2 pieces 4ft. 6in. x aft. (approx.) x tin.

Foredeck
pieces zft. 6in. x 'ft. toM. (approx.) x tin.

The plywood covering for the cabin and decks
can be cut from: 2 sheets 8ft. x 4ft. x tin.

2 sheets 6ft. x 4ft. x tin.
Cabin Door

4 verticals 4ft. 6in. x tfin. x fin.
6 rails min. x t fin. x fin.
z plywood panels 4ft. 6in. x join. x tin.

Materials for Fore Deck
Breast hooka piece ift. 6in. x ttin. x sf in.
Beam t piece 3ft. 6in. x fin. x 3 tin.
Beam t piece aft. x fin. x 31in.
Main batten t piece eft. 6in. x fin. x 'fin.
Side battens 2 pieces tft. Sin. x fin. x fin.

for use as an open run -about. The fore deck
and side decks could be finished and a
coarni lg run the full length from frame a to
the transom. Some cross seats could be
improvised and the boat is ready for painting.
It is possible for the constructor to use the
boat like this and to convert it later to the
full cabin cruiser design with very little
trouble.

Next Month
In the next instalment full constructional

details of the cabin will be given. Its general
appearance can be seen in Fig. 24 and as a
preliminary to commencing construction we
have included above the list of materials
required.

OUR READERS ASK
a. -The caption to Fig. a mentions that
frame a is shown set up first. Is this correct?

No. The caption should read: " Frame 7
braced in position on the building form."
Frame 7, i.e. the transom, is of course actually
shown in the photograph.

2. -Under frame a in the Materials List, you
mention " Bottom futtocks, a piece eft. 6in.
x fin. x 3fin., but on the drawing of the
frames the width is not 3fin. but coin. Which
is correct?

The drawing is correct. The Materials List
should read: " 2ft. 6in. x fin. x

3. -In the Materials List the floor support
width is 5in. but on the frame drawings it is
4in. Which is correct?

Neither is incorrect. The 5in. width is
ordered to allow for waste in fitting.

4. -The notches for stringers and battens in
frame 7 are marked a *in. x tin. and yet the
Materials List indicates sizes of 'fin. X tin.
Which is correct, please?

The drawing is correct and the dimensions in
the Materials List should be a tin. x

5. -Should 2M. bolts be used at all the points
shown in the frame assembly drawings or
would brass screws be as good?

Bolts are to be preferred, although riin.
x No. so brass screws could be substituted.

6. -The Materials List shows only two pieces
of wood for the stem. No mention is made of
the size of the piece to which the hog is
fastened.

In Fig. 2 the lower piece and the piece rising
to the left are cut from the length of 21in. x
3fin. timber (see also Fig. 4). The web piece
shown 5in. across is cut from the aft. x 24in. x
6in. piece specified in the Materials List.
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PART 3

Final assembly details
and notes on karting

By Arthur W. J. G. Ord -Hume

Assembling the Drive Wheels
THE next stage in the construction is to

assemble and fit the rear drive wheels
and sprockets complete with brake

assemblies.
The rear wheels are supplied with exten-

sion spools to which are bolted the 72 -tooth

, 0

12
21

belt
bolt, castle

nut and split pin 267/2'
R=106-'

of 514"

[34'
Detail of bearing.

Make 2 of lesteel
rod. Drill through
longerons and damp
over shaft. Do not
over tighten -shaft Free clip 1/1 '

3/44
.1/4 ,must be free to 2 off 20 G mild steel

rotate - Drag clip toff 20 G. mild steel
Fig. 24.-Brake torque shaft detail. Note that the shaft is
inserted through the chassis holes from the left-hand side.
On the right is shown the assembly of the brake pulley to
the 72 -tooth drive sprocket; concave side of pulley
facing in towards chassis centre -line.

drive sprockets. The actual " drum " of the
brake is a yin. dia. " V " groove pulley. Two
are required and they are obtainable from any
large tool store or hardware factor. The
pulley is bolted through the holes provided to
the drive sprocket. Note that the flat side of
the pulley (not the hollow face) should be
against the sprocket.

The brake torque shaft is of tin. o.d.
mild steel tube of about 16 gauge and it is
located in plain " U " bearings on the
longerons. This is shown in Fig. 24.

Now make up the two foot pedals. These
are both the same but handed and may be
made either of steel tube or channel, as
detailed in Fig. 25.

NEWNES PRACTICAL MECHANICS

Separate end (to facility e
threading shaft thru' make belt
chassis) made of picks up here
3/4"x 17 G. tube

Bearing
Split pin
thru'

shaft -ft

Plain
washerwasher

j_

'0.D. tube

21/;

51/1' -344.
Bend clip round4 _ilqver and rivet

lo, beltA

r Wholes I 14

21-3,41)1/ 4"

r". -ft

Drag clip

' Rear -0-
- Detail of lugs

on shaft

1/; Brake tie rod
picks up here

1/;dural
rivets thru'

belt

72 tooth
sprocket

18 bore in
pulley hub

5/16 bolts thru'
existing holes

437

This is the stage you should have
reached at the completion of

last month's instalment.

The brake tie -rod is made of fin. dia. mild
steel and the assembly of the brake is detailed
in Fig. 26.

The brake is self -energising and is made
from two lengths of " V " belting. These
are connected up as shown. It is most
important that the assembly should be fitted
as drawn, as, if the direction of the " V "
belt is reversed, the brake will lock on.

Engine
The engine may be either the J.A.P. S.8o

or the Clinton A.49o. It is mounted on the
left-hand engine table and the drive is
transmitted through a fin. Renold chain.
The length of the chain is approximately
72 links.

First of all, fit the 1z -tooth sprocket in the
engine drive shaft. This is attached with a
grub screw and a key. Place the engine on the
mounting table and see that the drive sprocket
which is attached to the drive shaft is in line
with the sprocket attached to the wheel. For
best all-round performance, the drive shaft
sprocket should have 12 teeth, giving a 6:
reduction.

Clutch
Karting enthusiasts seem divided as to the

need for a clutch, but, should Mechanikart
builders desire to fit one, Messrs. H. A. Wills
Ltd. can supply a special centrifugal clutch
to fit both the J.A.P. and the Clinton engine.
It is affixed to the engine drive shaft with a
key and a grub screw. The s s -tooth drive
sprocket is then fitted to the square extension
shaft of the clutch and locked with a nut.

When the clutch is incorporated, the
engine must be moved further inboard
towards the centre -line of the chassis in
order to keep the sprockets in line.

With a clutch, it is possible to start the
engine with the recoil starter. The clutch is
set to transmit at about two thousand r.p.m.
and power take-up is very quick. The ad-
vantage of the clutch is that, if the kart should
skid off the track, the engine will not stop.
Also it is possible to start the kart single-
handed with ease.

Chain Guard
The chain guard is made of strip steel,

preferably about tin. thick so that there is
little possibility of its being inadvertently
bent to foul the chain. The provision of a
chain guard is a mandatory requirement
(Fig. 28).
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Fig. 25.-Detail of the foot pedals. Two are
required, handed.

Throttle Control
Details of the throttle control are shown in

Fig. 29. If two engines are to be used, the
cable clip on the chassis is modified as shown
to take the two cables which are supplied
with the engines. The second engine,
incidentally, must be of counter -clockwise
rotation and is fitted in the same manner as
the first motor.

Ignition Cut-out
It should be possible for the driver to stop

the engine in an emergency from the driving
position. With efficient brakes, it will be
found in practice that the kart will stop in a
very short distance. The normal earthing
tag on the sparking plug is satisfactory, failing
which the plug lead should have a spade clip
end to enable the lead to be pulled off.

On later engines of the Clinton type,
provision is made for the earthing of the
ignition and a connection is embodied on the
flywheel magneto casing to which an earthing
switch may be fitted. The switch (one will
cater for two engines) is mounted in a
convenient place on the steering column.
One lead is taken from the earthing connec-
tion on the engine into the switch. The
other switch connection is to the chassis.
The wire end can be looped round a Parker-
Kalon screw and screwed into the chassis.

Finishing Off
With the steering handlebars central, check

that the front wheels are in the correct align-

1/4"H 294 H

11/2

11/4.

51/2

2 holes
for 114"
bolts

3/4

Fig. 28.-Chain guard detail for Clinton engine.
Make from fin. thick or so gauge MIS plate.
The chain guard for the Y.A.P. engine is

similar.

Weld
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ment, adjustment being effected by the ad-
justable ends of the tie -rods.

The seat -back may be upholstered if
required, failing which a customed seat -back
and squab is available from H. A. Wills Ltd.

Check all nuts and bolts for security.

Fuel
The correct fuel for the J.A.P. S.8o is a

two-stroke mixture made up of 18 parts petrol to
one part of oil. It is advisable to use ordinary
commercial petrol.

With the Clinton, it is recommended that
it should be run in for the first two tank -fulls
of fuel with a mixture of pint tot gallon of
regular fuel. Once run in, the mixture should
bet pint of oil to 2 gallons of petrol. The

1/4"washer
brazed on

Note: If engine vibration is
excessive, drill two tin. wide
strips of kin. thick M.S. to
sandwich under each pair of
bolt heads and the mounting
table.

77 7777i;g!

Plain nut

Lock washer

Engine base
plate
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turn the handlebars a few degrees to obtain
full lock on the steering.

Under normal conditions it is almost
impossible to turn the Mechanikart over. On
corners it will help balance the kart if the
karter leans into the corner. The brakes
should only be used for stopping as the
throttle can be used for slowing down if
necessary at very sharp corners during a
race_ With practice it will be found that it
is possible to drive " flat out " all the time as
the low centre of gravity keeps the Mechani-
kart on an even keel irrespective of the

of pedal

Fig. 26.-The assembly of
the brake linkage.

B.S.F bolt

Longeron

3/8"o x1/1
spacer 3/8"

long

\Lock nut

21; bolt
threaded to head

1"
thread /

Lock nut
Fork end

i

1-I4
I

Iii
I

I II

PlainIHC
linuta1ndi

washer split pin
Large 1/4"wash2r

oil and petrol must be mixed in a separate
container and preferably strained before
filling the tank, as is normal two-stroke
practice.

Karting
The R.A.C. Regulations state that all kart

drivers must wear crash helmets, goggles (or
a visor) and thick gloves. The driver is also
advised to wear thick clothing to minimise
possible abrasions.

With the driver in place, turn on the fuel
and depress the accelerator about an inch.
Have an assistant push the kart whereupon
the engine will start.

If the clutch is fitted, the motor may be
started by using the recoil starter. As the
clutch is fully automatic, there is no additional
control required. -

The steering is very positive, and until the
karter gains the " feel " of the machine
he should be cautious. It is only necessary to

3/eiOD.x 1/4 I.D.
spacer 11/464 long
loose fit in

pedal

Plain washer

(4-3(
Castle nut

and split pin

Fig. 27.-Detail of the engine attachment
bolts. Chain tension is varied by raising
or lowering the engine on these screws.

sharpness of a bend or chicane in the track.
On a wet surface, the Mechanikart can be

made to skid in a spectacular manner in
absolute safety and it is a sound scheme to
encourage such skids in order that one may
cultivate one's reactions to such an occurrence.
In this manner also may be taught skid -
control in ordinary motoring by actual skid
practice.

Several different types of tyre are also
available for the Mechanikart including the
smooth, broad -faced racing " slick " which
has almost no tread.

What of kart tracks? Avoid using the
Mechanikart on a sandy beach unless the
sand is damp. Dry sand will blow into the
sprocket chain and accelerate wear; wet
sand will stick to and corrode the chassis.
Smooth grass is suitable, although one can
skid very easily on damp or wet grass. A
loose cinder track tends to wear tyres rather
more quickly but makes for a spectacular
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show with plenty of skids on corners.
Concrete or tarmac makes an ideal surface for
karting and the many disused airfields
throughout the country are already being given
a new lease of life by the many new kart clubs
which perform on them.

Licences
No driving licence is needed to operate a

kart, nor is there any age limit. If, however,
it is the intention of the karter to enter for
races, the driver must hold an R.A.C.
Competition Licence which costs 5s. per
annum. For racing, if the competitor does
not hold an ordinary driving licence, he
will have to undergo observation prior to
competing in a kart event. This observation
is made whilst the driver covers the circuit
at " competitive speed " for to minutes.

Karts on the Highway
It is not permissible to drive an ordin-

ary kart on any part of the public
highway without embodying extensive
and costly modifications to comply with
the Road Traffic Act. If the constructor
wants to build a miniature car, he is
well advised to construct one of the
many different types of successful car
designs which are available rather than
undertake a kart conversion. Karting
is an inexpensive sport-and it should
remain that way.
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1/:castle nut
and split pin
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spacer line long
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Bowden outer sheath
located through 14"hole
in U piece

Fig. 2.9.-The assembly of the throttle tie -rod and linkage.
This may be used for one or two motor installations.
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Bend rod as
required

Stop (washer and split pin)

14
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2 holes
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1/4' bolt

Washer and ---f
split pin

Plain washer
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Detail of rod attachment

1/2 I Washer and
split pin

Pick up on
existing chassis bolt
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-VII! Compressiontej. Washer spring
Lock nut

Grub screws to lock
throttle cables

Drill and tap
1/4" B. S.F.

Unique American Runabout
THE latest American outboard craft, the

Evinrude " Jetstream," combines the ad-
vantages of an ordinary hull at low speeds
with those of the hydrofoil concept at high
speeds. As can be seen from the photograph,
two raft. pontoons are mounted to the hull
on folded arms. These are lowered into the
water as the maximum speed with the primary
hull is approached, when the primary hull
raises clear of the surface and the craft planes
on its floats.

Solar Heating
AMEMBER of the Institute of Patentees

and Inventors, Mr. A. Capps, has invented
a practical system of solar heating which will
allow the extension of this method to most
latitudes. Heat is collected from the sun by

The Evinrude " Yetstream."

Detail of throttle tie rod
and cable clip

parabolic reflectors which lie longitudinally
on the roof of the inventor's bungalow. These
are made of aluminised Terylene film and
are adjusted automatically. The sun's rays
are thus focused to heat boiler pipes lying
along the focal centre of the mirrors and the
resulting steam used, on the principle of the
heat pump, to keep the house cool in the
summer.

To overcome the lack of sunshine during
the winter, the ground under the concrete
raft on which the bungalow is built is used
as a heat store. Between the bungalow and
its foundation is a thick layer of sawdust
contained in a water -tight envelope and it is
this which keeps the heat in the ground.

Infra -red Detector
NEW apparatus incorporating infra -red

devices may when perfected replace some
forms of defence radar. This new system
will show on a screen the actual objects which
it sees instead of the " blip " of light produced
by conventional radar. It cannot be jammed,
needs no transmitter and its equipment is
simpler, cheaper, smaller and lighter.

Driverless Trolleys
VI SITORS to the recent Mechanical Hand-

ling Exhibition at Earls Court, London,
were shown a demonstration of E.M.I. Elect-
ronics Ltd. Robotug driverless trolleys. These
operate by following a wire through which a
low -frequency A.C. current is passed. Sensing
coils on the front of the trolleys are used for
this purpose. As a safeguard to avoid col-
lisions the control unit of each Robotug
energises the section in front of it and de -
energises the section behind, ensuring that
there is always one dead section between two.
vehicles. Instructions can be fed into the
control unit so that the Robotug will call
automatically at 75 or more loading or -

unloading points and then return to the start-
ing place.
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Fig. r. A model of a
large horn antenna, to
be soft. in length and
the aperture loft: x

zoft.

One of the uses of the
installation will be to
take part in commu-
nication projects
sponsored by the
A.N.A. S.A.

Although single
telephone channels
will be used in the
experiment, the
objective is to deter-
mine whether tele-
vision " broadband
signals " (the equiva-
lent of about 900
telephone channels)
could also be
transmitted.

Such broadband
signals cannot now be
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antenna to receive radio energy from essenti-
ally one direction, and less than one -millionth
as much from other directions. The result is
greater concentration on the wanted signal
and less pickup of " noise " from other
directions, especially the radiation from the
ground, than for conventional antennas.

In conjunction with the horn, a highly
sensitive receiver is required. The receiver
will utilise extremely low -noise amplifiers,
either a pair of " parametric amplifiers " or
" masers," or a combination of one each. The
central element of a parametric amplifier is a
semi -conductor. Maser is short for " micro-
wave amplification by stimulated emission of
radiation." The central element is a ruby
crystal contained in a liquid helium
" refrigerator " at a temperature approaching
absolute zero-about 460 deg. below zero (F.).

One of the initial and crucial problems in
these experiments will be tracking speeding
satellites precisely, and for this purpose Bell
Laboratories will devise its own special
equipment. Data predicting the " passes "
of satellites will arrive in coded form and
the new equipment will rapidly convert

SPACE COMMUNICATIONS
THE American National Aeronautical and

Space Administration are experiment-
ing with station -to -station radio signals

reflected from man-made "radio mirrors" in
outer space.

If the experiment should prove this sort
of communication to be technically and
economically feasible, it could point the
way to a network of terminals for sending
telephone calls and live television to distant
parts of the world by way of fixed satellites. By
the same token, " orbital post offices " would
be a possibility. (See Fig. 2.) Letters would
be converted to radio signals and flashed
instantaneously across the oceans of the world
by a satellite relay station. While such a service
would employ standard letter forms, it would
be cheaper and faster than present mails.

The name " fixed " has been given to these
satellites because they orbit around the earth
at the same speed the earth rotates on its
axis. As a result, they always maintain the
same position over a given point on the earth.

The A.N.A.S.A. satellite will be used as a
" radio mirror " for transmission experiments
between the Bell Telephone Laboratories, in
New Jersey, and the Jet Propulsion Labora-
tory; at Gladstone, California.

The first station -to -station radio signal to
be reflected from a man-made radio
mirror " in outer space was transmitted last
January, by a research group at the Bell
Laboratories. At that time, a signal was
beamed to a sooft. aluminised balloon far
above the earth, after a series of tests, designed
to perfect the technique of ejecting and
inflating a folded plastic sphere at high
altitudes, had been made. The folded sphere
was ejected at a high altitude; inflated in
space by the air and chemicals contained
inside, and rose to a maximum altitude of
over 25o miles. As it settled back into the
earth's atmosphere, wind carried it far over
the Atlantic Ocean. Air pressure at the lower
alititudes caused it to deflate and fall.

The Ground Station
The experimental ground station for send-

ing and receiving telephone messages by way
of man-made satellites is taking shape on a
'hilltop at Holmdel, New Jersey.

The station, under construction by Bell
'Telephone Laboratories on Crawford Hill,
will " bounce " radio signals off the " sky
mirror " satellite. It will have control
buildings and two large antennas for
communication experiments with
objects in outer space. (See Fig. 3.)

Using "Talking" Satellites
By D. S. Fraser

carried over present submarine cables, and
cannot be transmitted directly by radio
between widely separated points because
the signals are blocked by the earth's
curvature.

The microwave radio signals to be used in /
the experiment will be analysed to obtain
information about transmission effects. The //

elo

04--Incoming mail

Radio transmitter

ell Po
°ONl

mg.?

Scanner

data will be studied to discover the reflection
characteristics of satellites in orbit.

The satellite experiments probably will be
preceded by test transmissions of signals
using the moon as the reflector. The signals
will be received and transmitted between
A.N.A.S.A's. Jet Propulsion Laboratory
tracking station in California and Holmdel.

The Antennas
Heart of these communication experiments

will be the antennas and the transmission
techniques. The Holmdel installa-
tion will include a
dish -shaped com-
mercially available
antenna to transmit
signals and a horn -
shaped antenna will
be the receiver. The
latter antenna was
designed by Holm-
del engineers and is
a large version,
adapted for tracking
of the horn -reflector
antenna which was
originated some
years ago at Holmdel
for radio relay use
in the Bell System.
(See Fig. r.)

The horn -reflector
design permits the

Satellite
Radio

4t

receiver

Printer

Fig. 2.-How an " orbital post office"
would work.

the information into a form suitable for
controlling the antennas.

Transoceanic Communications
It would appear that these experiments will

ultimately lead to the use of satellites for
transoceanic communications in the future.

Large ground installations would be
required to provide a television channel across
the ocean. It would need zoo kilowatts of
2,000 megacycles microwave power. It
would require t5oft. antennas. But these
things, or parts of them, are already being
done by the Bell Telephone Company for
other reasons.

While such installations would be expen-
sive, the equipment is all on the ground where
it can be installed and repaired, and changed,
if necessary. Aloft, would be merely a number
of i ooft. spheres or balloons in orbit. Attempts
to put a balloon into orbit are being made at
present.

Fig. 3.-The base for a low -noise horn antenna under construction
at the satellite communication station site at Holmdel, N.J.
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BEFORE we describe the various types

of voltaic or electrolytic cell it would be
as well to establish the fundamental

principles underlying the electro-chemical
processes involved.

Principle of Electrolysis
When a current of electricity passes through

a solution of a salt or an acid some of the
dissolved substance is carried to the points
where the current enters and leaves the
solution. The vessel in which this reaction
takes place is called the electrolytic cell and
the solution is known as the electrolyte. This
electrochemical reaction is known as electro-
lysis and the conductor by which the current
enters the cell is called the anode and that by
which the current leaves the cell is known as
the cathode.

As an illustration of the basic principles
governing electrolysis, consider the experi-
ment shown in Fig. 1. The three cells are
connected in series with a battery and the
contents of each cell are as named. The
anodes are marked positive and the cathodes
negative and the current travels from positive
to negative in each cell.

When the current passes through the first
cell it is found that a certain quantity of
copper is deposited on the cathode and the
same quantity of copper goes into solution
from the anode. When the current passes
through the second cell, a certain quantity of
silver is deposited upon the cathode (negative
electrode) and exactly the same quantity of
silver goes into solution from the anode, or
positive electrode. Finally, when the current
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A 3kW power unit utilising 4o hydrogen/oxygen cells linked in series.
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Evolution of the FUEL CELL
The revolutionary hydrogen/oxygen fuel cell put into perspective by F. Colin Sutton

passes to the third cell, oxygen is evolved at
the anode and hydrogen at the cathode.
Moreover, if the respective gas bubbles are
caught over inverted tubes placed over the
two platinum electrodes, it will be found that
the volume of hydrogen collected from the
cathode is exactly twice the volume of
oxygen that has been trapped in the tube
suspended above the anode. In other words,
the quantities of copper and silver deposited

2. The mass of any substance liberated by a
given quantity of electricity is proportional
to the chemical equivalent of that sub-
stance.

Before proceeding to a description of
different types of cell let us consider for a
moment a very elementary type and show
why such a cell would not fulfil industrial
requirements.

Consider the reactions arising from the

Fig. 1.-The basic principles of electrolysis

and the quantities of oxygen and hydrogen
evolved are proportional to the quantity of
electricity that passes and are independent of
the size and shape of the cells and electrodes
or of the concentration of the solutions.

From these facts Faraday formulated two
fundamental laws:
r. The mass of any substance liberated is

proportional to the amount of electricity
that passes.

simple case of a copper plate and a zinc plate
immersed in a dilute solution of sulphuric
acid contained in a glass vessel. The two
plates will be at different potential and if this
difference were measured it would be found
to be 1.8V., the copper plate being at the
higher potential. Provided that the surfaces
of both plates were of perfectly pure metal,
no bubbles would be found on either plate.

If, however, the copper plate and the zinc

plate were connected electrically by a wire,
then a current would flow from the copper
plate through the wire to the zinc plate and
a mass of bubbles would emanate from the
copper plate and the zinc plate. This
arrangement then becomes a cell and from it
a current of electricity can be obtained.

HaSO, + H2
ZN H2 -4- SO4 -20-Z11SO4 + H2

The H2SO4 molecules dissociate (in dilute
solution) to SO, and hydrogen ions, the SO,
attacks the zinc, forming zinc sulphate, and
the hydrogen ions are evolved as gas on the
copper plate.

It is the energy given out by this chemical
reaction that maintains the output of current.

However, there is a limit to the duration of
the vigour of this reaction, for gradually the
copper plate becomes coated with hydrogen
bubbles. This has a double effect. It
increases the resistance of the cell by virtue
of an increasing area of copper becoming
coated with hydrogen bubbles and thus
diminishing the effective area of copper, and
it also lowers the E.M.F. (voltage) of the cell.
The cell is then said to polarise. If some
means is taken to remove the bubbles from
the surface of the copper, as for instance by
agitation, then the cell becomes depolarised
and the reaction starts again with renewed
vigour.

It follows, therefore, that an effective cell
must possess within itself the power of
depolarisation.

The Leclanche Cell
This well-known cell is illustrated in Fig. 2.

Here depolarisation takes place through the
agency of manganese dioxide. The carbon
electrode in the centre is encased in a con-
glomerate of manganese dioxide and powdered
carbon. This unit stands within a porous pot.
The interspace between the porous pot and
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the glass sides of the cell contains ammonium
chloride as the electrolyte. A zinc electrode
dips into the electrolyte, When the chlorine
ion attacks the zinc electrode, forming zinc
chloride, the ammonia ion (from the am-
monium chloride), which is liberated at the
carbon plate, dissociates into ammonia, which
dissolves in the solution, and hydrogen
which reacts with the manganese dioxide to
form water and manganous oxide.

In spite of this the cell polarises rather
quickly, but after a rest it recovers. It
possesses the advantage that the current does

Electrolyte of
ammonium chloride

Mixture of granulated
carbon

and manganese dioxide

Fig. z.-The Leclanche cell.
not attack the zinc when no current is passing.
It is, therefore, a cell that is used far inter-
mittent duty, such as electric bells, telephones,
etc.

The Daniell Cell
This is an example of a cell where depolar-

isation is much more effective and a very
constant E.M.F. is given, but the chemical
reactions do not stop when the circuit is
broken and it has to be dismantled when not
in use.

It consists of a zinc rod as the negative
plate and this dips into a porous pot containing
a solution of sulphuric acid. This pot is
placed within a wider copper vessel which
contains copper sulphate. The porous pot
prevents the two fluids from mingling. The
copper vessel is itself the positive plate of
the cell.

The sulphuric acid is decomposed into
hydrogen and SO4 ions. When a current
passes the SO4 ions attack the zinc, forming
zinc sulphate, and the hydrogen ions pass into
the copper sulphate forming sulphuric acid
and liberating copper ions. These are depos-
ited upon the copper plate and there is
no polarisation. Had hydrogen bubbles been
deposited upon the copper cell, then polar-
isation would have taken place. The E.M.F.
of the Daniell cell is ro8V.
Bichromate Cell

In the bichromate cell the positive pole
consists of two carbon plates linked together
electrically and between which is the negative
zinc plate. The resistance of this cell is low
because the plates are placed close to one
another. The electrolyte is a mixture of
potassium bichromate and sulphuric acid.
The sulphuric acid attacks the zinc, liberating
hydrogen. The hydrogen ions travel to the
carbon plates, give up their charge, and are
oxidised by the bichromate to form water,
the bichromate thus acts as a depolarising
medium. The zinc electrodes are lifted up
out of the liquid when not in use. The
E.M.F. of this cell is about 2V.

The Cadmium cell is used as a standard
reference cell and is not used to give current
productively. Its E.M.F. is very constant
at 1.618V. and remains so for years. The
cell consists of various substances contained
in an H-shaped glass vessel with platinum
electrodes sealed through the glass (Fig. 3).
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The Storage Cell or Battery
A variation of the electrolytic cell is the

storage cell or battery, as used in motor cars.
This is used to store a charge of electricity and
when this charge is nearly exhausted, it is
re -energised up to strength again from an
outside power source.

In the storage cell lead grids replace plates
and the electrolyte consists of ro parts of
water to one part of sulphuric acid, and the
interstices in the grids are filled with lead
sulphate before charging, and after charging
the interstices in the positive grid are filled
with lead peroxide, while the negative
grid is filled with a porous spongy
lead. In the charging process the
SO4 ions travel to the anode and
form lead peroxide as shown in the
following equation:
PbSO4 2H20 + SO4 =

Pb02 2112SO4

The E.M.F. of a freshly charged
storage cell of this type is 2.1V. and it
yields 75 to 8o per cent. of the energy
spent in charging it. The test for
knowing when to stop charging an
accumulator is to note when all the lead
sulphate on the negative grid is converted
into lead; for at this point hydrogen gas
starts being given off and the cell ceases to
work reversibly.

The basic difference between the primary
voltaic cell, the secondary cell and the
electrolytic cell is that in the first of them the

Cadmium sulphate
saturated solution)

Fig. 3.-The cadmium cell.

chemical change is autogenous, in the second
the current sets up the chemical change during
charging and the chemical reaction continues
when the cell discharges; while in the case of
the electrolytic cell the conditions are neutral
in relation to chemical change.

The capacity of a cell is measured in
ampere -hours or in milliampere -hours (Fig.4).

In recent years there has been considerable
development in the manufacture of dry cells.
Some have an E.M.F. of 1.7V. and give
112 A.h., a current of IA., and have a negli-
gible resistance. In addition, high-tension
batteries can be obtained with E.M.F.s as
high as r5oV., this high current being obtained
through linkage of a lot of small cells in
series.
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Hydrogen -Oxygen Fuel Cell

We now come to consider the latest
development of generating electrical energy
by non -mechanical means. This unit is
known as the hydrogen -oxygen fuel cell. In
principle it is simple; for it depends upon
the opposite effect to that of the electrolysis
of water. It is the invention of Mr. F. T.
Bacon, of Cambridge, and possesses several
very ingenious features.
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Fig. 5.-The characteristics of a single fuel cell.

The cell contains the conventional two
electrodes, one of which is supplied with
hydrogen and the other with oxygen. An
ingenious method of ensuring as large as
possible effective surface area has been
achieved by fashioning the electrodes from
porous metal.

If it can be imagined, by way of illustration,
that each electrode is of an infinitely small
honeycomb structure it can be understood
how the effective surface area is multiplied
many times by the number of interfaces on
to which the hydrogen and oxygen gases can
be adsorbed. The use, therefore, of porous
metal for the electrodes is a step towards
the honeycomb conception.

Between these two electrodes is a solution
of potassium hydroxide. This serves the
normal function of an electrolyte; it has very
low resistance and allows the separation of
the molecular forms of the two gases and
facilitates the passage of the ions from one
electrode to the other and carries an electric
charge with them.

At the oxygen electrode some of the gas
which has been absorbed on to the surface of
the electrode reacts with water according to
the following reaction:

H .OH + 02- ---> OH -OH -
water oxygen hydroxyl ions

The two hydroxyl ions migrate to the other
electrode where they combine with the
hydrogen adsorbed on its surface:

OH- + H+ --> H .OH
hydroxyl ion hydrogen water

Thus, electrons, negatively charged, are
accumulated on the hydrogen electrode and
are lost from the oxygen one.

If the cell is left in this condition the
hydrogen electrode becomes negatively
charged with ,respect to the oxygen electrode

(Concluded on page 462)

Battery Type Pos. Neg. Electrolyte
Cell Potential

Open Discharge

Lead -acid - Pb02 Pb H2SO4 2'14 VI to 1.46
Nickel -iron NiO2 Fe KOH v34 P3 0.75
Nickel -cadmium NiO2 Cd KOH v 34 P3 0.75
Silver -zinc Ago Zn KOH 1,86 . p 55 I'S
Silver -cadmium Ag0 Cd KOH 1.34 P3 o.8

Fig. 4.-This table gives the characteristics of five common battery types, and is reproduced by
kind permission of the Editor of " Product Engineering."
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Eligible for class A racing and conforming to F.A.I. specification

THIS model is designed for the control -
line enthusiast and anyone else associ-
ated with model aircraft flying clubs,

where the advice of experienced control -line
flyers can be obtained. Although simple to
build, this is not a beginner's model. The
prototype already has one Concours d'Ele-
gance to its credit in a competition which
covered the whole of Surrey A.T.C. As an
illustration of its flying capabilities, it has
already reached oo m.p.h.

Construction
Start by cutting out the wing, which is in

two pieces ; one full span 34f in. X fin. and
the other 25in. x rfin., at the widest pont
kin. thick. Glue the two pieces together and

The fuselage during construction.

allow to dry, then taper the section of the
wing from kin. at the root to fin. at the tip.
Use a small plane and cut from the underside
only. Cut templates from the sections shown
on the plan and shape the wing to the correct
contour, finishing with fine glasspaper.

A slot is cut in the centre section of the
wing to accommodate a piece of hardwood
fin. x fin. X tin. and another in the port
wing for a piece of fin. plywood (lead -out
guide). Drill the hardwood 6, BA for the
bellcrank pivot bolt and also drill the ply-
wood lead -out guide as shown on the plan.
Glue both pieces in position. Insert a koz.
weight into the starboard wingtip and glue
a small silk or nylon patch on to hold it in
place.

Cover the whole wing with lightweight
tissue (rag) doped in position and allowed to
dry. Apply a coat of sanding sealer and rub
down with flour paper.

The Fuselage
Cut out the fuselage sides, formers, cowl,

block, crutch and plywood insert, which
are all marked on the plan. F1 is fin. ply-
wood and must be drilled 6 BA for J -bolts
as shown. Assemble F2, F3 and F4 to the
crutch and allow to dry: check that the, for-
mers are square with the crutch. Glue on the
fuselage sides, holding them in place with
rubber bands while the glue dries.

Bend the undercarriage to shape, as shown
in the plan (bottom right), and make the
J -bolts. Bolt the undercarriage to F1 and
glue into the fuselage. A small plywood
insert, tapered to fit, is glued between the
fuselage sides, rubber bands holding it while
it dries.

Cut out the nose block and glue in place.
Cut out the trough fairings (handed) and
underside of cowl, then glue the trough in
place, followed by the cowl bottom and finally
the trough fairings.

As shown in the plan, glue a small piece
of plywood to the rear of the fuselage

where the rear anchor bolt comes through
and a piece of fin. plywood to reinforce
the tailskid. Sand down smooth and cover
with lightweight tissue, doped on. Give one
coat of sanding sealer and rub down with
flour paper. A small blob of solder on the
nuts on the J -bolts will stop them undoing.

The Fuselage Top
This consists of a block of balsa, two engine

bearers fin. x fin. and two pieces of fin. x fin.
balsa which are fitted together with the engine
bearers and the wings, which are already
shaped. Cut the block to shape first and then
hollow it out where the wings pass through
to the exact contour required. Then hollow
out as shown fore and aft of the wings.
Cut a small slot (shown dotted in the plan)

into the rear of the
block for the ply-
wood fin.

The engine bearers
are cut and shaped to

Underside view.

fit the underside wing contour (see plan).
The port engine bearer has two slots cut in
the underside for the lead -out wires; the
starboard bearer has its inside radiused for
bellcrank clearance. Both bearers are drilled
6 BA for engine mounting bolts, although
bolt holes will vary according to the engine
used (see plan). Cut the two strips of
fin. x fin. balsa, and shape the end so that
the strip follows the plan outline and
meets at the tail with a mitre joint.

Assembly of Fuselage Top
Insert one 6 BA bolt for bellcrank pivot in

the centre section and glue the wing in place.
Make sure that the wing is horizontal and
allow to dry. Two 6 BA bolts will be needed
for each engine bearer. Cut a small piece
of 22 s.w.g. wire to fit across the bolt heads,
and solder it into the slots in the heads.
The fuselage block will need hollowing out
carefully where the bolts meet the block.
Glue the engine bearers in place and allow to
dry. Then drill through both the block and
engine bearers *in. dia. and glue the dowel
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rod tin place. Glue the fin. x kin. balsa
strip in place, holding it with pins to the
correct contour, and allow to dry. Sand the
top to its final shape, dope the tissue on and
allow to dry. Then give one coat of sanding
sealer, allow to dry, and rub down with flour
paper.

The Fin
Cut the fin from iin. plywood and sand

to shape on the port side only. Glue the fin
in place in the slot provided (see plan).
Cover with the lightweight tissue, doped on,
and allow to dry. Give one coat of sanding
sealer then rub down with flour paper.

Cut a kin. plywood spinner disc (see
plan). Cut out the centre of the disc, then
cut it in half. Glue one half to the fuselage
top and the other half to the underpan.

Tailplane and Elevator
This unit is cut from one piece of fin.

obechi kin. X I7 in. Shape the tailplane
and sand to the correct contour. Cut away
the elevator and drill 6 BA where shown.
Cut the tape hinges in pairs and glue one set
to the upper side of the tailplane, the others
to the upper side of the elevator. Mount the
elevator in place and glue upper tailplane
hinges to lower elevator side and upper
elevator hinges to underside of tailplane.

Close-up view of the engine.

Controls
From a piece of r6 s.w.g. duralumin, cut

out the bellcrank and elevator horn. Drill
the places marked on the plan. Bend the
elevator horn as shown and fix to the elevator
with a 6 BA bolt. The push -rod is of 16
s.w.g. spring steel wire and should be bent
as shown. The lead -out wires are from 22
s.w.g. spring steel wire and should be passed

SPECIFICATION
ENGINE = 2.5 c.c. MAX. TANK = xo c.c. MAX. WING AND TAIL AREA = 186 sq. in.
WHEEL DIA. = r5 in. LINE LENGTH = 52 ft. 3 in. MAX. WEIGHT = 24..69 oz.
COCKPIT DEPTH = 3'94 in. COCKPIT WIDTH = x97 in. PILOT'S HEAD = i in. MIN.
This spec. is for F.A.I. and S.M.A.E. " A " Racers known as the international class.
All measurements are minimum and should not be under this on the aircraft when built, unless otherwise stated
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through the points indicated (see plan) and
twisted to secure. The outside ends should
be bent to a diamond with about fin. running
parallel to the wire (see plan). Before bend-
ing a small piece of plastic tubing should be
passed onto the wire. This is to bind the
main shank to the tin. end. Insert the push -
rod from the top of the bellcrank and solder
a washer in place to stop it coming free.
Insert the end into the hole in the elevator
horn, fit a washer and solder. Bolt the ele-
vator horn to the elevator with a 6 BA bolt.
Mark the position of the tailplane on the
fuselage top block, then screw it in place
with four lin. woodscrews. Fit the bellcrank
to the pivot bolt, attach the nut and put a
small blob of solder on the nut to stop it
coming free. There is a nut on either side
of the bellcrank, one to lock the bolt and the
other to lock the bellcrank; both should be
soldered. Check the controls for equal
movement and if there is any variation a
small adjustment at the bend of the push -rod
can be made. A slight error in the bending
will give you unequal movement.

The Tank
This is a ioc.c. tank and must not exceed

the measurements given. There are two
vents which are soldered to the outside and
a right-angle feed pipe which goes to within
fin. of the rear wall of the tank. The feed
pipe must not be less than Ain. from the
side wall and the bottom of the tank.

The tank is formed from shim brass or
tinplate and all joints must be well soldered.
It is made in two pieces, a wrap round piece
which forms the sides and top of the tank,
and another piece which forms the back,
bottom and front of the tank. These pieces
are shown on the right of the plan. A small
piece of shim brass or tinplate should be
cut and two slots cut in the ends, large enough
to take two +in. woodscrews, for mounting
the tank to the fuselage. This is soldered to
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the top of the tank. It will need bending
slightly to clear the bellcrank pivot bolt.
The idea of the tank being adjustable is
so that the feed to the engine may be modi-
fied. Mount the tank centrally in the fuselage.

Checking the Assembly
A small piece of win. dowel rod should be

glued into the top half of the fuselage and
should locate in the slot in the plywood
insert described earlier (see plan). Fit the
two halves of the fuselage together, check for
alignment, then drill two holes in the top
of the fuselage for the two anchor bolts (see
plan). These holes should first be reinforced
with ply- or hard -wood scrap. The anchor
bolts are made from cut down cycle spokes
and should be bent and fitted as shown in
the plan through the underpan bottom and
through the fuselage top. Keep the spoke
just short of the top.

(Concluded on page 466)
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through the points indicated (see plan) and
twisted to secure. The outside ends should
be bent to a diamond with about fin. running
parallel to the wire (see plan). Before bend-
ing a small piece of plastic tubing should be
passed onto the wire. This is to bind the
main shank to the tin. end. Insert the push -
rod from the top of the bellcrank and solder
a washer in place to stop it coming free.
Insert the end into the hole in the elevator
horn, fit a washer and solder. Bolt the ele-
vator horn to the elevator with a 6 BA bolt.
Mark the position of the tailplane on the
fuselage top block, then screw it in place
with four lin. woodscrews. Fit the bellcrank
to the pivot bolt, attach the nut and put a
small blob of solder on the nut to stop it
coming free. There is a nut on either side
of the bellcrank, one to lock the bolt and the
other to lock the bellcrank; both should be
soldered. Check the controls for equal
movement and if there is any variation a
small adjustment at the bend of the push -rod
can be made. A slight error in the bending
will give you unequal movement.

The Tank
This is a ioc.c. tank and must not exceed

the measurements given. There are two
vents which are soldered to the outside and
a right-angle feed pipe which goes to within
fin. of the rear wall of the tank. The feed
pipe must not be less than Ain. from the
side wall and the bottom of the tank.

The tank is formed from shim brass or
tinplate and all joints must be well soldered.
It is made in two pieces, a wrap round piece
which forms the sides and top of the tank,
and another piece which forms the back,
bottom and front of the tank. These pieces
are shown on the right of the plan. A small
piece of shim brass or tinplate should be
cut and two slots cut in the ends, large enough
to take two +in. woodscrews, for mounting
the tank to the fuselage. This is soldered to
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the top of the tank. It will need bending
slightly to clear the bellcrank pivot bolt.
The idea of the tank being adjustable is
so that the feed to the engine may be modi-
fied. Mount the tank centrally in the fuselage.

Checking the Assembly
A small piece of win. dowel rod should be

glued into the top half of the fuselage and
should locate in the slot in the plywood
insert described earlier (see plan). Fit the
two halves of the fuselage together, check for
alignment, then drill two holes in the top
of the fuselage for the two anchor bolts (see
plan). These holes should first be reinforced
with ply- or hard -wood scrap. The anchor
bolts are made from cut down cycle spokes
and should be bent and fitted as shown in
the plan through the underpan bottom and
through the fuselage top. Keep the spoke
just short of the top.

(Concluded on page 466)
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IN March the Johns Hopkins University of

Baltimore, U.S.A., issued a dramatic
announcement of the discovery of water

vapour in the atmosphere of Venus. This
announcement is dramatic not only by reason
of its far-reaching consequences for our ideas
about the conditions on our nearest planetary
neighbour and possibility of life there; but
also because it throws a sharp light on the
unreliability of our ideas about planetary
atmospheres in general.

Spectroscopy Difficulties
The difficulty of detecting gases which are

abundant in our air in the atmospheres of
other planets has long been realised. In
passing through an atmosphere sunlight
suffers differential absorption by its com-
ponent gases, so that the spectrum of the
light reflected from an atmosphere& body
shows dark gaps in addition to the so-called
Fraunhofer lines appearing in the solar
spectrum and due to absorption by the Sun's
own atmosphere. If a gas in the atmosphere
of the observed planet is scarce in or absent
from both the solar and the terrestrial
atmosphere, there is no trouble-the lines or
molecular bands caused by it in absorbing
the appropriate wavelengths of light will stand
out clearly and unmistakably. This is the
case with methane and ammonia on the giant
planets. Neither gas is present on the Sun
and they occur only as negligible traces in
our air.

Carbon dioxide is also absent from the
solar spectrum, but it does produce absorp-
tions, especially in the infra -red, in our air.
These telluric absorptions, however, are
comparatively weak owing to the scarcity of
carbon dioxide, which forms only about oo3
per cent. of our atmospheric mixture. On
Venus carbon dioxide is very abundant; less
so on Mars, where its amount in the line of
sight is twice that in our air similarly com-
puted. As a result the telluric lines due to
carbon dioxide are considerably strengthened
and CO, could be detected in the spectra of
both planets without any special difficulty.

When, however, it comes to water vapour
and oxygen, or ozone, things become really
tricky, for these gases produce very strong
telluric absorptions, whilst nitrogen which
composes the bulk of our air has no absorp-
tions in the accessible part of the spectrum
and is totally undetectable by this method.

If the absorptions in question were very
strong in a planetary spectrum they still
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Water on
VENUS

and
planetary spectroscopy

discussed by
V. A. Firsoff,
M.A., F.R.A.S.

the Moon when both are at the same altitude
above the horizon. The Moon is assumed to
be airless, or at any rate to cause no detectable
absorptions. If,
therefore, the spec-
trum of Mars shows
anything in excess
of the lunar spec-
trum, one can be
sure that the differ-
ence is wholly due
to the presence of
some gas on Mars.
Thus, for instance,
Dr. Kuiper obtained
an infra -red spec-
trum of Mars and
the Moon. The
spectrum of the
Moon showed a little
more water vapour
than Mars. There-
fore, there was no
detectable water
vapour in the atmos-
phere of Mars, pre-
sumably because the
polar cap was unfav-
ourably placed for
observation.

The other ruse is obtaining the spectrum
of a planet at the moment of its maximum
approach or recession in the line of sight,
which causes a Doppler shift in the positions
of the absorption lines. Again this is very
simple in theory, but in practice the relative
movement in the line of sight between the
Earth and the planet is never sufficiently

Three consecutive drawings of Venus made in May, 5959 using red, green and blue filters.

ought to produce a noticeable broadening and
darkening of the corresponding telluric
absorptions. Practice, however, does not
always tally with theory and any such darken-
ing or broadening is extremely difficult to
determine. Dr. Kuiper did find water vapour
above the polar caps of Mars, but otherwise
this method has proved wholly barren.

Two Solutions
There are two ruses by which one can get

round the obstacle. The one consists in
photographing the spectra of, say, Mars and

rapid (the maximum for Mars is 3.1 m.p.s.)
to cause a shift sufficient to separate the lines
altogether. The best one can hope for is
perceptible broadening. Here, however,
neither the eye nor the camera are wholly
reliable.

The accuracy of the two methods has been
estimated from theory and claims have been
made that if, say, there had been this or that
much water vapour or oxygen on Mars or
Venus these would have been detected and,
therefore, the actual atmospheric abundance
of these gases must be less.

ti
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Mars showed some doubtful traces of
oxygen and a little water vapour was found
on Mars, none of either on Venus.

Venusian Cloud Composition
This gave rise to a crop of various hypo-

theses as to the possible composition of the
clouds veiling the surface of Venus. Rupert
Wildt suggested polymerised formaldehyde,
Fred Hoyle oil droplets, G. P. Kuiper carbon
suboxide (C,0,), Dauvillier ammonium
nitrate (NH4NO,), Ernst Opik finely ground
sand raised from the desert surface by fierce
winds. . . .

A few astronomers demurred and favoured
water droplets and/or crystals, after all, as
the most likely substance for Venusian
clouds.

Our stratosphere is very cold (about
-6o deg. C. on the average), so that any
water vapour penetrating there is almost
completely frozen out. Consequently, if
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Spectra of Mars, Venus and the Moon. The carbon dioxide lines at 7820.2
and 7882.9 appear in the spectrum of Venus but not in that of Mars or the
Moon. (a) Mars (b) Venus (c) Moon. These spectra were obtained before

the observations mentioned in this article were made.
planetary spectrograms could be obtained
from above the troposphere, to which water
vapour is largely confined, any traces of
water vapour on other planets might be
discovered.

Balloon Study
In November 5959 in the U.S.A., Com-

mander Ross as pilot and C. B. Moore as
scientific observer made an ascent in a
stratospheric balloon to study Venus. They
had some trouble with the gondola, but
succeeded in securing three observations of
Venus, which all showed a strong positive
reaction for the 13,000 A water band in the
infra -red.

The amount of water vapour over the
clouds of Venus was found to be sub-
stantially the same as above the high clouds
on the Earth. This leaves no reasonable doubt
that the clouds of Venus have similar com-
position and that Venus has a hydrosphere
comparable to our oceans.

This comes as something of a shock to the
adherents of the views advocated by Dr.
Opik and some others, and it has various
consequences. Thus it has been known for
some time that if the atmosphere of Venus
contained water vapour in anything like the
terrestrial amount the temperature of the
surface could not be very high. For, although
Venus receives about twice as much heat and
light from the Sun as does the Earth, it also
reflects more and absorbs less of this increased
amount, namely about 25 per cent. as against
65 per cent. absorbed by the Earth.

A dark body depending for its heat supply
on the Sun can radiate neither more nor less
heat than it receives, or else the state of

(Concluded on page 462)
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What they achieve and how, described by David A. Watt
MANY attempts to overcome rolling have been made in the

past, but it is only in recent years that a really effective
method has been found.

The Action of Rolling
Let us consider what happens when a ship rolls. Fig. i(a)

shows diagrammatically a section through a ship's hull when it
is in a stable condition in still water. The weight (W) of the ship
acts vertically downwards through the centre of gravity (G) and
is resisted by the upthrust due to the water displaced by the ship
which is equal to the weight of the ship and acts vertically
upwards through the centre of buoyancy (B). Fig. I(b) shows
the same ship listed to starboard. (M) is a point on the vertical
line through the centre of gravity in the initial position known
as the metacentre or " measuring centre." In geometrical terms
it is defined as the intersection of a vertical line through the
centre of buoyancy in the initial position with a vertical line
through the centre of buoyancy in a slightly inclined position.
The position of (M) is very important when designing a ship as it
is the point above which the centre of gravity must not be raised
if the ship is to remain in stable equilibrium.

In Fig. i (b) the ship is no longer in equilibrium and the
forces due to the weight of the ship acting downwards at (G)
and the buoyancy acting upwards at (B) produce an anti -clock-
wise turning moment tending to return the ship to the original
position of (a). Similarly, Fig. i(c) shows the effect of listing
the ship to port. It follows that, in order to make the ship list
either one way or the other, a turning moment must be applied.
This is in effect just what the action of a wave does to a ship.

Figs. 2(a) and 2(b) show how a wave travelling at right angles
to the path of a ship causes the centre of buoyancy to move
relative to the centre of gravity. As we saw earlier, this creates
the condition required to make the ship roll. Obviously, the
degree of rolling and frequency depend upon the distance be-
tween the wave crests the height of the crests and the distance
between the ship's centre of gravity and centre of buoyancy.

Anti -Rolling Devices
Having considered how the rolling is caused, the obvious

solution is to provide a turning moment of equal magnitude and
opposite direction to that caused by the wave.

The first attempt to do this was by arranging two tanks one -
on each side of the ship and connected together by a narrow
channel as shown by Fig. 3. These tanks were half filled with
water so that when the ship rolled the turning moment was
reduced due to the movement of the water in the tanks. The
effect of this arrangement was not nearly as great as expected,
and as these water tanks caused a serious reduction in cargo
carrying capacity for a very small improvement the idea fell out
of favour.

Another unsuccessful idea was to install a very large gyroscope
in the centre of the ship which was set in motion when the ship
started rolling.

When a ship is rolling, the water is moving in relation to
the hull as shown in Fig. 4(a). It was discovered that a plate
fitted on each side of the ship's hull, as shown in Fig. 4(b), had
the effect of retarding this flow of water and acted as a damper
to reduce the rolling to a certain extent. These plates are known
as bilge keels and are most effective located as shown, running
most of the length of the ship. Bilge keels have been fitted to
ships for many years as standard practice and until very
recently provided the only protection against rolling.

For an anti -rolling device to be effective it must be able
automatically to detect a roll and produce a correcting moment
of the right value at the right time.

Electro-hydraulic Stabiliser
The first really effective stabiliser was developed during the

second world war, and is the " Denny -Brown Electro-hydraulic
Stabiliser." This stabiliser can be considered as two major
components, the stabilising gear and the controlling mechanism.

The stabilising gear is essentially two fins of aerofoil section

Taming moment
Fig. .-(a) Ship in stable con-
dition. (b) Listing to starboard.

(c) Listing to port.

ohm

ilm

Direction of
roll

Turning
moment

Fig. 2.-Effect of a wave travel-
ling at right angles.

Fig. 3.-Water tank anti -
rolling device.

Arrows show
direction of Movement ,
of wafer relative
to the hull AO.

Bile keels

Fig. 4.-The effect of bilge keels.
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Leading edge down
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Starboard

Fig. 5.-The action of the fins.

which, by hydraulic means, can be extended
one on each side of the ship and tilted to
create a turning moment to right the ship.

The Fins
The action of the fins is shown in Fig. 5,

from which it can be seen that if the fins are
tilted in opposite directions a turning force is
exerted on the ship. In order to minimise the
loss of buoyancy caused by the fin box, which
is full of water when the fin is extended, a fin
of special design was developed. This com-
prises a fin in two parts, the main fin attached
to the fin shaft, and a tail flap hinged to the
main fin and connected to the fin box by
linkage. This is arranged so that the angular
movement of the flap is considerably greater
than that of the main fin but in the same
direction. Thus, when the fin moves through
so deg. the tail flap moves through 15 deg.
relative to the main fin, giving a total tail
flap angular movement of 25 deg. This
results in the total deflection of the slipstream
of 25 deg.

The photographs, Figs. 6(a) and 6(b)
(reproduced by the courtesy of Messrs.
Brown Bros., Ltd.), show a typical stabiliser
fin and fin box; Fig. 7 shows how the
stabilisers are located in the ship.

Actuating Mechanism
Each fin is mounted on a shaft which is

bored out to act as a cylinder and fits over a
ram or piston anchored at its inboard end to
the ship's structure. When it is required to
extend the fins, oil from the pumps (A) is
admitted to these cylinders and the cylinders
move outwards and extend the fins.

Tilting of the fins is achieved by means of
oil flow from the variable delivery pumps (A)
to the appropriate cylinders (B) in the same
manner as a variable speed pump is used to
move the rams in an electro-hydraulic
steering gear.

When it is required to use the stabilisers
the motors for the servo unit (C), the variable
delivery pumps (A) and gyro unit (D) are
started. The valves (E) which control
extending or housing of the fins are operated
to extend the fins. When they are fully
extended the officer on the bridge closes the
circuit from gyro unit (D) to hydraulic relay
(F). This operates the control valve behind (C)
to cause the variable delivery pumps (A) to
deliver oil under pressure to the tilting cylin-
ders (B). Movement of the tilting cylinders
is transmitted to the fins via tilting levers (G)
and the finshaft. When the angle of tilt
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predetermined by the gyroscope is reached
the cut-off gear (H) stops delivery of oil from
the pumps.

Control Mechanism
Once the switch closing the circuit from the

gyro unit to the hydraulic relay has been
closed, control of the stabiliser is achieved by
signals from the gyro unit which are amplified
by the hydraulic relay into movements of a
lever connected to the valve of the servo unit
(D). This control system was originated by
Mr. John Bell, M.Sc., M.I.E.E., M.I.N.A.,
of Muirhead & Co. Ltd.

The gyro unit and hydraulic relay are
Sometimes refer-
red to as the
" brain " and
the " heart " of
the stabiliser.
The gyro unit
is in effect an
electro-mechan-
ical computer
which continu-
ously senses the
ship's move-
ment and pro-
duces control
functions or
signals. It com-bines five
functions into
one signal to
operate the
stabilising fins.

These five
functions are:

(i) Roll Angle
-signal to erect
vessel; (2) Roll
Velocity-signal
to reduce move-
ment (damping);
(3) Roll Acceler-
ation-signal to
prevent move-
ment building
up; (4) Fin Feed-
back-signal to
combine with
Roll Accelera-
tion to make it
more effective;
(5) Natural List
-signal, for
economy of
power, to sta-
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bilise about the mean rolling or listed position
if the ship has a list. It can be switched off if
stabilisation to vertical is required.

Fig. 8 is a schematic diagram of the control
and hydraulic system. Two gyroscopes
provide signals proportional to roll angle
(vertical keeping gyroscope) and roll velocity
(velocity gyroscope). These, together with the
natural list and acceleration assemblies, are
housed in the gyro unit while the fin feed-
back signal is derived from a transmitter unit
on the finshaft. The photograph, Fig. 9
(reproduced by courtesy Messrs. Muirhead
& Co., Ltd.) shows a stabiliser control unit.

The Roll Angle Signal
This is derived from the " vertical keeping

gyroscope " which serves in effect as a long
pendulum tending to remain vertical as the
ship rolls away from the vertical. Use is made
of the relative movement of a point on the
gyroscope casing and an adjacent point on the
moving ship to provide the signal. To do
this a magslip is mechanically coupled to the
gymbal ring of the gyroscope and provides an
electrical output proportional to the angle of
the roll.

The Roll Velocity Signal
This is obtained from the " velocity

gyroscope." The axis of this gyroscope is
horizontal and athwartship, and the plane of
the wheel vertical in a fore-and-aft direction.
Rolling of the ship causes the wheel and the
casing to precess horizontally, the faster the
roll the greater the precession. Controlled
damping is applied to the precessing casing
by paddles in a dashpot, and two spiral
springs attached to -the casing and pulling in
opposite directions centralise its movement.
Again the signal is transmitted from the

Fig. 6A.-A typical stabiliser, actually in the " Southern Cross."

Fig. 6s.-Stabiliser fin.
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gyroscope to the hydraulic relay by means of
a magslip.

Roll Acceleration Signal
Roll acceleration provides an early signal

from the ship's motion and prevents a roll
building up. A mechanical differentiating
device receives from the " velocity gyro-
scope " a movement proportional to the roll
velocity and produces a motion proportional
to the rate of change of this velocity, i.e.
acceleration. This motion is used to operate
another magslip.

Fin Feedback Signal
This is derived from a magslip coupled to

the finshaft and provides an electrical output
which always corresponds to the fin angle.
This signal makes the roll acceleration signal
more effective and the control generally more
sensitive.

Natural list
motor

atural list
magslip

Gyro
unit
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Fin box Cut off gear H
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Fin

Gyro unit
0

Hydraulic relay F

Housing
valve E

Tilting levers G

Tilting
cylinder B

Main power unit A
Servo power unit C

Hydraulic relay Main hydraulic
unit machinery

'Hunter magslip
---, Fin

Roll angle
magslip

C- 
Hydraulic relay
Velocity

magslip

Acceleration
magslip Fin feed back

magslip

-.--tVelocity gyro

Vertical syro Acceleration unit

Fig. 8.-Schematic diagram of the control and hydraulic system.
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Natural:List Signal
The natural list unit is controlled by a

portion of the roll angle signal. This unit
comprises a magslip driven by an electric
motor through reduction gearing. The motor.
rotates when the ship lists from the vertical

Fig. 9.-Stabiliser control unit.

Fig. 7.-How:the stabilisers are located in the2ship.
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Fig. xo.-Reduction in rolling when using stabilisers.

position, and if the list persists the magslip
motor assumes a position corresponding to
the angle of list. The output of the magslip is
transmitted to the roll angle magslip where it
introduces a new datum about which the
control will operate.

The signal from each of these magslips is
transmitted to a " receiver " magslip which
combines these signals and produces mechani-
cal movement of the pilot valve of the
hydraulic relay. This relay magnifies
the movement of the magslip and operates the
control valve on the servo unit.

The magslip units used, whether " trans-

mitters " or " receivers " are basically
similar. They consist of a stator having
three coils at 120 deg. to each other inter-
connected phase for phase electrically, and a
rotor consisting of a single wound H armature
connected across an A.C. supply. While the
rotor coil of transmitter and receiver are at the
same angle to the stator coils respectively there
is no voltage difference between the stator
coils of the transmitter and receiver, and no
current flows between them. If the trans-
mitter rotor is moved a voltage difference is
established and a current flows in the circuit
causing a magnetic field to react on the stator
fields. Since the transmitter rotor is held and
the receiver rotor is free to move it does so
until equilibrium is established.

The ability of a magslip to reproduce faith-
fully a very small signal, and the hydraulic
relay to translate this signal into control move-
ment means that small gyroscopes can be
used and the whole control unit is small and
compact.

Effects of Drag
The drag imposed by the fins has to be

overcome by the propulsive effort of the ship's
engines. At the position of maximum tilt the
drag imposed can consume as much as zo per
cent. of the propulsive power, however, even
in very rough seas the average power con-
sumed in this way is less than so per cent.
The ship's speed in practice, is little reduced
when using the stabilisers, as the resistance
to movement is much greater when a ship is
rolling; the gain and loss practically cancel
out.

Recently, stabilisers have been fitted to
small craft and yachts and have proved to be
equally as effective as when applied to large
ocean going liners. Fig. so, shows the
reduction in rolling achieved by using
stabilisers actually recorded by a ship at sea.
Although the stabiliser cannot completely
prevent rolling it can reduce it to tolerable
proportions. '
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By B. C. Macdonald

THE Zundapp Bella Scooter has a two
stroke engine of 197c.c. capacity and is
one of the more powerful scooters on

the British market. The similarity between
this scooter and other models of the same
make is considerable, and the information will
be useful to all Bella owners. The article deals
primarily with decarbonisation, but technical
data and some maintenance notes are included.

It is well known that all two stroke engines
require to be decarbonised fairly frequently,
every 2,5 00-3,000 miles or so. The experienced
rider will know by feel when decarbonisation
is required. Unnecessary dismantling should,
always be avoided.

Removing the Body
Access to the engine of the Bella is obtained

by removal of the body, which is held in
position by only four hexagon headed
screws (14mm. spanner). Two of the screws
are at the rear of the body and are covered by
the dual seat; the two forward screws are not
so covered and have chromium plated
heads (Fig. I.) On some models the air
cleaner must be removed before the body
can be taken off. This may be checked
visually by opening the right hand body flap
(Fig. a); if the cleaner is facing the viewer it
must be removed first. The filter is secured
by a clip, which is also bolted to the engine, it
is not necessary to remove the clip completely,

Fig. 2.-Checking the air cleaner.

Fig. 4.-The Bella with the body, fuel tank and
cylinder head removed.

simply loosening
the clip screw
will enable the
filter to be with-
drawn.

The petrol tap operating rod emerges
through the nearside body panel, the inner
end of the rod slots into the tap but is not
fixed to it, the rod may therefore be discon-
nected simply by pushing it outwards
through the rubber bush in the body panel.
It need be pushed only by fin. or so (Fig. 3).
With the rod disconnected from the tap, the
four body fixing screws removed, the air
filter detached from the carburetter (if of the
side facing type), the stop/tail lead connector
parted, and the side flaps open, the body may
be lifted clear of the machine revealing the
engine as shown in Fig. 4.

The petrol tank lies beneath the body,
cradled between the frame tubes, and is
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Fig. 3.-The petrol tap rod must be pushed out-
ward through the body.

Fig. 5.-The carburetter and air cleaner unit.

Fig. i .-The four hexagon headed bolts that
hold the body in position.

retained in position by a corrugated steel
strip, hooked on to frame bolts at either side.
Rubber strips are placed between the strip
and the tank. A tommy bar or screwdriver
is placed through one of the holes in the end
of the strip and by pressing this downward the
end of the strip may be pulled clear of the
bolt. Next, the petrol pipe must be discon-
nected from the carburetter by unscrewing the
banjo union (t4mm. spanner). Make sure
that the tap is in the " off " position before
unscrewing the bolt, and take care that the
two fibre washers are not lost.
The Cylinder Head

The cylinder head may now be removed.
It is held in position by four bolts with i2mm.
square heads, and a suitable box spanner is
normally supplied in the tool kit. Before
attempting to remove the bolts, first pull off
the sparking plug terminal cover and take out
the plug. If the cylinder head bolts are extra
tight extend the tommy bar at each end by
means of lengths of tubing, in order to obtain
sufficient leverage to undo the bolts. Box
spanners will serve the same purpose. With
the four bolts out, the head will lift off quite
easily. An aluminium gasket is used to make
the joint between the cylinder and cylinder
head and this must be placed in a safe place
where it will not be damaged. Even slight
damage such as might be caused by placing or
dropping tools upon it, will render it useless.
The Carburetter

In the particular model being dealt with
there is a chamber between the filter and
carburetter fixed to the latter by means of a
cotter (Fig. 5), releasing the wing nut on the
cotter will enable the chamber to be pulled
off. The carburetter itself is fixed to the
cylinder stub by a clip, and slackening the
clip screw Gomm. spanner) will enable the
carburetter to be withdrawn, but it must first
be twisted through 90 deg. to enable the
float chamber to clear the crank case. Now
unscrew the top cap and the nut at the entry
of the cable to the starting carburetter (I
B.S.F. spanner). Hang the cables, with the
carburetter parts still attached, safely out of
the way. At this point it would be well to
pour some paraffin or penetrating oil over the
ribbed nut holding the exhaust pipe to the
cylinder, to make its removal easier later on.

The cylinder is held to the crankcase by 4
t4mm. nuts, which should now be removed.
Lift the cylinder upwards (see Fig. 6), and
when it is some way clear of the crankcase,
place hand underneath and hold the con-
necting rod so that it will not fall sideways as
the piston emerges, with the risk of damage
to the latter.
Removing the Piston

The piston is attached to the connecting rod
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Fig. 6.-Removing the cylinder.

by the gudgeon pin, and this pin is located in
the piston by a circlip at either end, these
clips must be taken out before the piston can
be removed. To extract the clips a pair of
circlip pliers are needed. These pliers have
small projections on the end which fit into the
small holes in the ends of the clips, and by
means of the pliers the clips may be contracted
and withdrawn. It may be possible to push
the gudgeon pin out with the fingers, but if it
is tight, a gudgeon pin extractor should be
used. The piston crown is marked with an
arrow and the piston must be fitted so that the
arrow points forward-that is towards the
exhaust port.

It should be remembered that piston rings
have a very long life and the fitting of new
ones should not be undertaken unless
necessary. The surface of the rings which
bears on the cylinder wall should be polished
in appearance, and any that show a marked
surface should be replaced. The ring gaps
must not be less than ooo6in. or greater than
oof5in. The gaps may be checked if the rings
are inserted in the bore of the cylinder, one at
a time near the top, a feeler gauge being used
to measure the gap. The rings must be
" square " with the bore. If new rings are to
be fitted, the ends of the rings must be filed as
required to make the gap ooo6in. when the
ring is inserted in the cylinder, this time near
the bottom. The rings are brittle and easily
broken, but with a little care can be eased out
of their grooves and off the piston. The very
old, but quite sound method, of using three,
or more metal strips may be used. The strips
are inserted beneath the ring and slipped
round until so positioned that the ring is held
clear of the groove and can thus be pulled off
the piston.

The Silencer
This is located under the nearside foot-

board, and is held in position by two x omm.
screws (Fig. 8). The screws are covered by
the rubber foot -mats which are held on to the
footboard by five nipple -like projections which
are pushed through holes in the boards. The
mats may be pulled off without difficulty, but
care is needed to avoid damage to the nipples.
Note that four screw heads are visible when
the mats are removed, and it is the screws

Fig. 9.-Removing carbon from the cylinder
head with a screwdriver. Fig. io.-The lower portion of the chain guard.

Fig. 7.-The silencer with the end removed and
baffle withdrawn.

nearest the ends of the footboards that hold
the silencer. The silencer is also fixed to the
exhaust pipe by a clip, but this joint need not
be disconnected yet since it is easier to re-
move silencer and pipe together and to split

Bella R 203 Data
Ignition timing: 3mm. (o -r isin.)
Sparking plugs: Bosch 240 P I'S. Lodge HN.
Plug points gap: o7mm. (ooz7in.).
Batteries: it amp. hr. each.
Piston ring gap: 6 -is thou.
Carburetter make: Bing.
Main jet: Ito (too if air filter faces R. hand side

body flap.)
Needle position: 3rd notch from top of needle.
Needle jet: 1508.
Air regulator screw: 11/2 turns from fully closed

position.
Starter jet: 85.
Throttle slide: 18.
Chain: i x fin. 98 links. Tension, 2cm. (o79in.)
Tyres: Front, 17 p.s.i. solo and pillion. Rear 21

p.s.i. solo, 27 p.s.i. pillion.
Fuel: oil mixture: 1:25 (4 pint oil to the gall. of

petrol.)
Recommended oil: any first grade S.A.E. 30.40 oil.

Mobil mix or Castrol Two stroke 1 :16 (# pint
to the gall.)

Gearbox: S.A.E. 3o oil.
Telescopic fork: S.A.E. 3o oil.
Rear fork: S.A.E. 140 oil.
Rear chain: medium grease.
Clutch cable slack: imm.
There are 9 grease gun lubrication points. Grease

should be injected every 600 miles.

them afterwards. To do this, unscrew the
exhaust pipe nut from the cylinder stub. This
nut may be tight but the earlier application of
oil will help to make removal easier. Nat-
urally the possession of special tools renders
the work easier, but as these are not likely to
be available to the average owner, he must
make do the best he can. The nut has a
normal right hand thread and is ribbed and

Fig. 8.-The near side footboard. The two most
widely separated screws hold the silencer.

may be jarred off, using an old screwdriver
and a wooden mallet. If a hammer and drift
are used very great care will be required
since otherwise the cylinder could easily be
broken. Note that a gasket is used to make a
gas tight joint, and this washer will drop out
when the pipe is removed.

Disconnect the pipe from the silencer, and
proceed to dismantle the latter. First remove
the f4mm nut near the base of the tail pipe,
this will enable the tail pipe portion of the
silencer to be pulled off, though it is likely to
be tight. When this has been done the end of
the interior baffle will be exposed. This baffle
will be tight, due to carbon formation, but
tapping it with a mallet, alternately on
different sides will help to free it (Fig. 7).
Paraffin oil will also help to free this part if
liberally applied at the joint. The author
used a hook to remove the baffle; the hook
was inserted in the baffle, the opposite end
being secured in a vice. Pulling on the
silencer then removed the baffle. It is recom-
mended that the carbon should be removed
by burning and not by the use of a solution of
caustic soda.

Decarbonising
Dismantling is now completed, and the

next step is the thorough removal of carbon
from all the parts. The cylinder head is most
easy to deal with, and an old, blunt screw-
driver may be used as a scraper to remove the
carbon (Fig. 9). The carbon must also be
removed from the cylinder ports and associ-
ated passages. Partial closure of the ports
will probably have taken place and the carbon
will be extremely hard. The piston requires
similar treatment, and again, a sharp tool
should not be used because of risk of damage
to the soft alloy. Remove all carbon from the
underside. It is also necessary to clear the
ring grooves. A certain amount of carbon is
deposited round the gudgeon pin bosses, but
this must not be removed.

Fig. f.-The carburetter, showing the air
adjusting screw, above the right hand slotted
hexagon and the throttle stop, between the two

slotted hexagons.
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Reassembly

The first step in reassembly is to fit the
cylinder. The base joint is made air and oil
tight by means of a paper washer, and while
these can be made, it is far better to obtain a
proper one from your Bella dealer. It is
probable that the remains of the old washer
will be adhering to the crankcase face and
some may be found on the cylinder flange, and
all must be completely cleaned away. Care
should be taken during this process not to
allow dirt or bits of washer to fall into the
crankcase. No jointing compound should be
applied to the new washer before it is placed
in position, a little oil being all that is re-
quired. Some patience may be necessary to
secure the entry of the piston into the cylinder.
It is necessary to compress the rings, one at
a time, and make sure that the peg is
between the ring ends and not underneath the
ring. When the first ring has entered the
cylinder the same procedure is followed with
the second and third. A piston ring com-
pressor may be used, and this will compress
all the rings at once. The help of a friend to
hold the cylinder while the piston is being
inserted makes the task less difficult. When
the cylinder base nuts have been tightened
pour about a teaspoonful of engine oil into
the cylinder and rub it round the walls.

Place the aluminium washer in position on
the cylinder and fit the cylinder head. Make
sure that the spark plug opening faces for-
ward. Screw in the cylinder head bolts until
finger tight, then use the box spanner to
tighten each bolt a little at a time, not in
rotation but diagonally from corner to
corner, until all the bolts are tight.

Fit the carburetter, and before tightening
the clip ensure that it is vertical (Fig. xi).
You are not recommended to dismantle the
carburetter unless some fault is present, but
after a considerable mileage solid material
does tend to accumulate in the float chamber
and should be removed. To do this discon-
nect the petrol pipe at the float chamber end
and remove the bolt which holds the float
chamber to the carburetter, taking care not to
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lose the two fibre washers. Using a screw-
driver, take out the screw on the bottom of
the chamber and then remove the cover on
the top. The needle is clipped to the float
and may be pushed downwards and then
pulled out. The float may then be tipped out
in the hand. Any sediment will be caked in
the bottom of the float chamber and will need
to be loosened by a screwdriver or similar tool,
afterwards being thoroughly washed out with
petrol. In refitting the float chamber beware
of using excessive force in tightening the
fixing bolt, otherwise there is danger in
breaking the carburetter.

Assembling Silencing System
An easy way to assemble the silencing

system is to first fit the exhaust pipe to the
cylinder, making sure that the gasket washer
is not forgotten. The retaining nut should
not be screwed up more than fingertight.
Now fit the silencer, by forcing it on to the
end of the pipe, paraffin oil may be used as a
lubricant to aid this process. Finally fix the
silencer by means of the two footboard bolts,
tighten the clip to hold the silencer on to the
exhaust pipe, and tighten the nut which holds
the exhaust pipe on to the cylinder.

Maintenance
The following important maintenance

points are noted. Grease the chain every
30o miles. Lay the scooter over until it is
resting on the right hand footboard, and it is
best to remove the batteries before this is done.
The lower portion of the chain guard is re-
tained in position by two screws, one of these
is shown in Fig. lo. and there is another to the
left in a slotted lug. Removal of these two
screws enables the lower part of the chain
guard to be pulled clear. Apply grease
liberally to the chain, turning the rear wheel
to move the chain so that grease may be
applied over its full length. The chain is
adjusted by slackening the wheel spindle nuts
and the two chainguard screws in the slotted
lugs and tightening the chain adjuster rear
nuts. The forward facing nuts on the chain
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adjusters are lock nuts, and must be slackened
during adjustment and re -tightened after-
wards. It is essential that wheel alignment
should be maintained, and to check this a
piece of wood with a straight edge should be
placed alongside the wheels, and it must
touch the tyres at two points on each wheel,
or the wheels are not in alignment.
Gearbox

Check oil level every 500 miles and top up
if required. The level plug is accessible
through nearside flap. Oil must reach mark
near the bottom of the dip stick, when the
stick is pushed in as far as it will go, but not
screwed in.

Greasing Points
There are nine greasing points on the Bella,

and these are: front fork pivot, speedo drive,
gear change pedal pivot, gear operating lever
pivot (2), prop stand pivot, rear brake pedal,
front brake cam lever, rear brake cam lever.
These points should be greased by means of
a grease gun every 30o miles. Very little
grease should be injected at the nipples of the
brake cam levers, or grease will enter the
brakes.

Contact Breaker
Adjust the points every 3,000 miles. The

points are accessible through the inspection
plate on the flywheel cover. Three screws
are visible. Slacken the middle screw, then
turn the bottom screw until the gap is correct
(oorz-oor6in.) Retighten the middle screw.
Use a feeler gauge to check the gap. Before
replacing the cover add a small amount of
grease to the felt which lubricates the cam.
Batteries

Check acid level every fortnight, and if
required top up with distilled water until the
level corresponds with the upper line on the
battery case. In removing the batteries
unscrew the earth connection first. If the
scooter is not used for any length of time, the
batteries will require a topping up charge
about once a month in order to prevent
deterioration.

Blackbciard 303(24"

Details and dimensions of
the toy blackboard
and easel.

Wood block
2")(11/.)(1'

Your children will love this

TOY BLACKBOARD AND EASEL
All the dimensions and information necessary to make it

By Jameson Errol
THIS toy is popular both with girls and boys and will help to pass many an hour not only

out of doors in the summer but during the winter evenings too. It is simple to make and
does not cost a great deal. The size shown is on the generous side but may be made smaller
or larger if desired.

The Board
This is of fin. plywood and has rounded corners. After glasspapering it should be painted

both sides and edges with lamp black to which has been added a small quantity of gold size
and some finely ground carborundum powder. Allow to dry for at least 24 hours, rub down,
and give another coat.

The Easel
The framework of the easel is constructed of sin. x fin. deal, the joints being mortised

and tenoned, glued, and pegged through with lin. dowels. The two frames are connected
at the top by a pair of airl. butt hinges and are kept from opening too far by the use of a
rule -joint stay; a cord or chain may be used instead but the stay makes a firmer job. As it
may be difficult to obtain such a stay with an ear at each end, a method is shown at " A "
for fastening the flat end. The chalk box should be quite shallow inside, otherwise it will be
difficult for little fingers to get the chalk out.

The Pegs
Making these actually presents the biggest problem to anyone without a lathe, for they must

be a good fit in the holes, without being too tight. If they are too loose they will wobble and
might easily fall out and allow the board to fall. They should be made from fin. or /in.
dowels and be only slightly tapered. The holes should be bored a little smaller than the
dowel used so that, when the latter is tapered, it will enter the frame for about half its length,
which should be ain. To the face of the dowel is fitted a round wooden washer or button
'fin. to tin. dia. to prevent the board from slipping forward. The pegs may be fastened to
the frame with short lengths of thin chain or string; this will prevent them being mislaid.

The frame may be left " in the white " or given two coats of good quality paint.
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STITCHING consists of looping a contin-
uous thread through the fabric on one side,
round the rib inside, through the cloth

the other side and back to the first side via the
other side of the rib, a knot then being tied
before leading the uncut thread to the next
stitch.

The materials used are rot -proofed thread
(spec. W.9), tin. wide cotton webbing and a
block of beeswax through which each piece
of thread will be drawn and prepared for use.

The tools required comprise a pair of
sharp nail -scissors, a loin. or Lain. double -
ended sail needle and, possibly, a small
curved needle.

The best position for stitching is with the
surface upright, and whilst on the wings two
people will be needed, the tail surfaces may
be tackled single-handed.

Fig. 77 illustrates the type of stitch, how it
is made and the correct pitch of the knots.
For a professional finish, the knots should all
be arranged to come at the edge of the cap -
strip along each rib and they should be
arranged on alternate sides of the rudder ribs,
i.e. the first rib will have the stitches on the
port side, the next on the starboard, the third
on the port again and so on. On the tailplane

To next From last stitch
stitch Slip knot ( between lock

knots).

From
previous rib

Fabric.

Rib.

Fabric.

Thread

Hold tension at this point
until knot is completed.

Fig. 77.-The rib stitch.

and wings, the stitches will all have their
knots on the lower surfaces. Each knot
must be tight and must not rely on the link to
the next stitch for tension. If it is necessary
to join the thread during stitching, arrange
the join so that it can be pulled inside the
surface to minimise irregularities on the
external covering.

Doping
The first two coats of red dope at least

must be brushed into the fabric by hand.
This applies to fabric -covered plywood and
to unsupported fabric (such as on the wings
and tail unit). These first two coats should
be as thick as possible without causing runs
or blobs. Dope in a warm, draught -free
atmosphere. Below about 5o deg. F. dope
dries very slowly and develops a milky colour
known as " blushing." Blushed dope will not
serve its purpose.

Avoid doping in direct sunshine in hot
weather as the dope will dry before it has had
a chance to be brushed in, leaving a patchy
covering. Similarly, do not overbrush-any

Pay 11 Deals with Stitching, Doping, final Inspection and Flying

apparent brush -marks will vanish with drying.
Do not dope or spray in a confined space

without adequate ventilation. Some people
are affected by the fumes of dope and, if
much work is to be done, drink plenty of
cold milk before and after each spell of work.

It is supposed that the first coat of dope
has been applied to the wings and tail before
stitching. The next operation is the applica-
tion of the serrated tapes which cover the
lines of stitches and also protect the leading
edge, tips and trailing edges of the surfaces.
The illustration (Fig. 78) shows typical taping
applications. Note how the edge tapes are
always put on last to cover the ends of rib
tapes. The rib tapes on the wings at the
main spar are trimmed to a narrow " V "
with the pinking shears to prevent peeling in
the slipstream. The chordwise seams in the
wing fabric are covered with a continuous
tape passing from the trailing edge forward,
over the leading edge and back to the rear
again.

When all the tapes have been affixed in
this manner and are dry, give the complete
surface one good coat of red dope and leave
to dry for an hour or so.

Applying Madapolam to the Fuselage
First apply three good thick coats of red

dope, allowing thorough drying between each
coat. Cut the madapolam into strips running
from nose to tail and, with the fuselage upside
down, apply the bottom strip first. Begin at
one end and, work-
ing a few feet at a
time, apply red
dope to the wood
and stretch the
madapolam over
and on to the tacky
surface. Rub the
dope through with
a thinners -soaked
cloth pad, carefully
excluding all air
bubbles. Avoid
over -saturating the
cloth with thinners.
When the full strip
is applied and is
dry, trim flush with
the sides and then
apply the fuselage
side strips. The
edges of these are
also trimmed flush
and a 2in. wide ser-
rated -edge fabric
tape is then doped
along the edge.
Note that the fabric
decking is covered
separately and that
the decking fabric

should overlap the fuselage sides by
the edge being sealed with a tin. tape as
before.

If the fuselage is not required to be fabric -
covered, still apply the three coats of red dope,
rubbing down with abrasive paper between
each coat.

On the wings and tail, very lightly scuff
over the fabric with medium abrasive paper,
used dry to remove any roughness. Do not
exert any pressure and be ultra cautious
on sharp corners, otherwise the fabric will
be damaged.

" Pulling Over "
For a really professional, smooth finish on

the wings and tail, take a cloth pad soaked in
thinners and " pull " the fabric over to lay
the fibres after the second coat of dope.
Start at one side of the surface and work in
one direction only. The pad should be wet
enough to soften the dope surface, but must
not be running. This preparation takes time,
but later the very smooth surface which results
will take a high -gloss finish really well.

The third coat of dope on the fabric -
covered surfaces may be either brushed or
sprayed, but at all events it should be thickly
applied.

Allow this coat to dry and then examine
the surface. The process of pulling over may
be repeated, but it should not be necessary.

Spray on a fourth coat. Dilute this with
about 3o per cent. thinners.

Tape edges.

-77

4
rape over
seam is
continuous. \
Rrb tapes cut
to Vat front.
Leading edge tape is
put on after rib tapes
etc.

A small hand -hold may be
cut in the nose of the root
rib forward of the spar to
facilitate carrying.

Final root -end tape
covers edge of wing
and ends of leading
and trailing edge tapes.

Trailing edge tape

Dope
fabric to

root rib ply

Dope small
patches cut to
fit snugly around

all protruding fittings.

Fig. 78.-Taping operations.
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31/2

101/2

14

171/2

21

0 3/2 7 107/2 14 14x21
Fig. 79.-The thickness of the strokes in the
letters is equal to the width of the spaces between
the letters. The dash is made the full width of one
letter as shown.

Although aluminium sealer is not vital, it
is advisable to spray a general coat of this
now as it will assist in the detection of any
light spots or " holidays " in the finishing
coats. Give this coat a good rub with medium -
grade wet abrasive paper. The fuselage may
be given one or more coats of filler, rubbing
down between each, the final coat being
rubbed with fine paper.

Colour Scheme
Scheme out the approximate paint scheme

which will be used. Choose the first or main
colour and the second colour which will be
used for the registration letters and any
flashes or trimming lines. It is this second
colour which is applied first.

Assuming the colours to be silver (first)
and blue (second), the blue areas are marked
out first using white chalk (not pencil or wax
crayon), allowing a good margin on all sides.

Spray these areas evenly in blue, but make
no attempt to get a clearly defined edge to
the areas, i.e. let the spray mist away at the
sides. These finishing coats should contain
nitro -varnish to provide a high gloss. These
dopes take a little longer to dry, and about
three to four hours should be allowed. Lightly
scuff the misted areas with medium wet
abrasive to remove the spray dust which has
formed hard lumps on the surface of the
undercoat. Avoid scuffing the areas of colour
which will show. Spray a second coat on
these areas and repeat the process.

When absolutely dry, mask in the registra-
tion letters, flashes and so forth, using 'in.
wide paper masking tape. This tape is
quite expensive at about los. per roll, but do
not be tempted to use transparent or any other
form of adhesive tape as these products strip
off the underlying dope layers.

Edge round the letters with the tape, filling
the centres. with newspaper cut to shape.
Make sure that the edges are well down and
that there are no joins under which the
spray may blow. Joins in the paper should be
amply overlapped then sealed with an off -cut
of masking tape. The illustration, Fig. 79,
shows the correct sizes for registration letters,
the larger size (14in. X fin.) being used for

NEWNES PRACTICAL MECHANICS

2'
7

the wings and the
smaller (8in. X 12 in.)
for the fuselage.

Mask out also
parts which are not
required to be
sprayed. On the
fuselage, completely
paper across the cock-
pit and across the
engine mounting, etc.

The first main coat
is now sprayed. Do

not attempt full coverage with the first coat-
it is better to apply two medium coats than to
risk runs and blemishes from one thick
application.

A few points are worth noting on cellulose
spraying. The higher the spray pressure, the
less the amount of thinners required in the
mixture. Too low a thinners content, however,
will produce an " orange -peel " finish. The
lower the thinners content, the brighter and
higher the gloss of the finish will be. Fifteen
to zo per cent. is the lowest thinners content
which should be used.

Too much thinners produces a " wet "
spray which contains little dope and which
runs readily.

Finishing coats should be sprayed at a
pressure between 45 and 65 p.s.i. Mix
thinners with the dope in a clean can or
jar-never in the pot of the spray gun. Keep
the gun clean, flushing through by spraying
a little clean thinners after use. Spray
evenly, maintaining about 12111. between
nozzle and surface and hold the gun at
right -angles to the surface

When absolutely dry, carefully peel off
the masking tape and newspaper.

For final burnishing, special cellulose
polishes are available. Wax polishes and car
polishes may be used, but remember that if
at any time it is necessary to touch up the
paintwork all traces of the wax must first be
removed with spirit or detergent.

1

Final Assembly
Refit the windscreen and then proceed

with the erection of the complete aircraft as
before. Connect all control cables and rig
the controls as shown on the rigging diagram
on Drawing No. 12.

Fit the engine and propeller, not forgetting
to track it before locking the hub nuts with
split pins.

July, 1960
With the aircraft in the rigging position,

check the incidence of the wings and the
dihedral, tighten the bracing wires and again
check the incidence. Using a steel tape or a
length of flexible wire, check the alignment
of the aircraft by trammelling as detailed in
Fig. 80.

Any necessary adjustments can be made on
the bracing wires by slackening the forward
one on one side and the rear one the other side.
The opposite front one is then carefully
tightened to the desired position.

When all is set, tension these wires equally
until they produce a low drumming sound
when twanged.

Wire lock the turnbuckles and wire -strainers
on these and all the control cables. The
correct method is shown in Fig. 81.

The gap between the two wings at the
centre -section is covered with a strip of thin
duralumin, tensioned underneath the wing
by a wire -strainer.

Fig. 8 r .-All turn-
buckles and wire
strainers must be
locked with 20 s.w.g.
soft iron wire as shown. The arrows indicate the
" safety " holes. It must not be possible to insert
a pin through these, otherwise insufficient length
of thread is being subjected to the tension load.

Centre of Gravity
The centre of gravity of the aircraft must

be within the limits shown in Fig. 82. If it
is outside these limits, any attempt at flight
might prove dangerous.

The exact position of the C.G. is computed
by a simple calculation using three bathroom
scales or two and a spring balance.

The aircraft must be in a complete state
with all cowlings, seat cushions and fairings

(Continued on page 457)
RIGGING DATA

MAINPLANES

(Port and Starboard)

INCIDENCE DIHEDRAL

3 deg. ± o deg. 1 omin.
Measured across spars at
root end and outboard of

lift struts

o deg. -I- o deg. 3omin.-Zero
Measured along

front spar

TAILPLANE o deg. (NOMINAL) ZERO

CONTROL SURFACE RANGE OF
Measured at trailing

MOVEMENT
edge of surface

RELATIVE TO

Aileron 6in. up (min.) 3Iin. down (min.) wing trailing edge

Elevator Tin. up (min.) sin. down (min.) tailplane chord

Rudder min. port (min.) join. stbd (min.) Fin chord

Angle of fin centre -line to horizontal = go deg. ± o deg. 15min.
Rigging Datum: Top Longerons at cockpit level fore and aft and across.
Cross Trammel Engine mounting top bolt to front lift strut top bolt port and starboard

variation = +in.
Rudder centre hinge pin to rear lift strut top bolt port and starboard
variation = fin.

Fig. 80.-Table giving details of the rigging.

01 IP
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RAWLPLUG

Recommendations

DUROFIX-\\
FOR MAKING AND

// MENDING ANYTHING

Aa------ ./___.-

fr.

41

r 411-0,
:11i111,14.

0 A ii3O

PER

HANDY
TUBE

1/6 per large tube
2/9 per -I b. tin
10/6 per 1 -lb. tin
Commercial size tubes 5/ -

If it can be stuck Durofix w'll stick it because it
is a universal adhesive which is heatproof,
waterproof and being transparent makes almost
invisible joins. Valuable ornaments and trinkets
can be repaired. When dry and hard it will not
become tacky in the hands so it is ideal for
sports goods. Once you have proved how useful
and reliable Durofix really is, you will never be
without a tube in your home.
Duro fix Thinner and Remover 1/6 per 2 oz. bottle.

PLASTIC WOOD
FOR FILLING AND

MAKING WOOD GOOD

--------s-----k_,
It is surprising how many uses you can find for
Rawlplug Plastic Wood in the home. Filling cracks
and flaws, making woodwork good before decora-
ting, repairing furniture, making models and so on.
Plastic Wood dries hard and can be cut, planed,
sanded, painted and varnished like real wood. You
can even drive nails and screws into it.
Colours:- Natural, Oak, Mahogany and Walnut.
Plastic Wood Softening Fluid 116 per 2 oz. bottle.

PER
TUBE

2/3 per tin
3/9 per 2 -lb. tin
6/6 per 1 -lb. tin

3 sizes of RAWLPLUGS

in one carton 2!3
This very useful assortment of
Rawlplugs in three gauges and
three lengths provides 50 No. 8, 10
and 12 fixings for 2/3. The window
carton is divided into three com-
partments and the lid incorporates
a Rawlplug and Screw gauge
making it easy to select the right
drill and screw to use. Get one now
for your tool box.

for masonry drilling the easy way

RAWLPLUG

REMAIRE

MI=1/.

Here is a cheap reliable masonry drill for the house-
hold handyman. Four sizes are made for use in a
hand brace or suitable electric drill. Just what you
need for that occasional domestic fixing job.

Each Metalide drill is packed
with an instruction leaflet in
a strong plastic wallet with
transparent window.

No. 8 (3/16
Green
Wallet

5/6

No. 10 (7/32")
Blue

Wallet

6/ -

No. 12 (1/4")
Brown
Wallet

6/6

No. 14 (9/32")
Grey

Wallet

7/ -

The most efficient, precision made, long lasting masonry drill is the Rawlplug
DURIUM (with the free re -sharpening service). We strongly advise this drill for
continuous drilling (such as industrial operation). 13 sizes are from No. 6 to
No. 30; 4 Rawlbolt sizes and 11 sizes for drilling right through walls. Prices are
from 9/6 each. For drilling glass use the special DURIUM GLASS DRILL. Made in
nine sizes from i" to l" at 6/6 to 10/6 each.

Free Re.shareening Voucher with each drill.

TILE CEMENT FOR FIXING

LOOSE TILES

4, ..for;
46.4*

,i,ammomabsi

jb.41

f
1 41111111111111e4

1

I

a 11an

A very strong white waterproof adhesive for
quickly and securely replacing loose or
displaced tiles. }-lb. tins cost only 2/9.

Ci!) PER
TUBE

RAWLPLUG FIXING DEVICES, TOOLS & PRODUCTS
can be obtained from Ironmongers, Hardware Dealers,

Builders' Merchants and Stores everywhere.

METALIDE No. 8

FIXING KIT 6%
Here is the modern "visual" pack with a
No. 8 Metalide masonry drill in plastic wallet
(with instructions for use) and in the crescent
shaped bubble. 6 each No. 8 x r and No. 8 x 1"
Rawlplugs and 6 each No. 8 x 1" and No. 8 x 1
countersunk steel screws. How to make firm
fixings with Rawlplugs is printed on the back
of the card. This is the ideal kit for the "Do -
it -Yourself" enthusiast.

RAWLPLUGS AND SCREWS
IN ONE SHILLING PACKETS

Nos. 8, 10, 12 or 14 Rawlplugs in various
lengths and with corresponding countersunk
steel screws are just the answer for the
handymans tool kit. Ask your dealer to
show you these new polythene packets of
Rawlplugs and Screws selling at 1/- each.

THE RAWLPLUG COMPANY LTD., CROMWELL ROAD, LONDON, S.W.7
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A comprehensive, up-to-date manual of
modern techniques of photomicrography
invaluable for all serious photographers !

THE
TECHNIQUE OF
PHOTOMICROGRAPHY

by Douglas F. Lawson
F.I.B.P., F.R.P.S., F.R.M.S., F.Z.S.

THIS book provides a comprehen-
sive survey of modern techniques
of photomicrography. It will be of

value to scientists using photomicrography as a tool in their laboratory work,
as well as to photographers interested in this important field.

Equipment, processing, mounting, staining and other practical aspects are
thoroughly discussed, and specialized forms of photomicrography described
include infra -red, ultra -violet, X-ray, fluorescence and interference.
An outstanding feature of the book is the variety and number of its illustra-
tions. The text incorporates more than 100 line diagrams, and nearly 200
photomicrographs and photomacrographs are reproduced in monochrome
and colour. Many of them are drawn from the field of natural history, and
examples of chemical, medical, metallurgical and biochemical subjects are
also illustrated.

CONTENTS
PHOTOMACROGRAPHY

Apparatus - Illumination - Filters -
graphs by Projection.

THE MICROSCOPE Construction -
and Care.

OBJECTIVES AND EYEPIECES
Types of Objective - Refractive Index
Collar - Depth of Field - Nosepiece -
Magnification - Field Finder.

THE CONDENSER
ILLUMINATION

Light -sources - Equipment and Techniques - Incident -light Illuminators -
Recent Developments - Mercury Compact Source - Hanovia High -
intensity Mercury -vapour - Zirconium Concentrated -arc - F.A.5
Xenon -arc Lamp (Flash Tube) - Linear Flash Tube - The Xenon Combin-
ation Lamp - The XBO 162, 150 -watt lamp - Special Methods - Bubble
Ilhtmination - " Strap" Method - Photometers - Ocular Adapter -
Exposure Control.

DARK -FIELD ILLUMINATION
MONOCHROMATIC ILLUMINATION

Types and Uses - Liquid Filters - Gelatine Filters - Ultra -violet Filters -
Interference Filters - Heat -resisting Filters.

SPECIAL METHODS OF ILLUMINATION
Nature of Light - Polarization - Phase Contrast - Interference Microscopy
- The Baker Interference Microscope - Quartz Wedge Eyepiece Method -
Reflecting Microscopy - Beck Reflecting Microscope - Infra -red

Sensitive Material- Photomacro-

Component Part - Maintenance

- Resolving Power - Correction
Critical Focusing - Eyepieces -

Photomicrography - Fluorescence Illumination - X Radiography -
Contact Radiography - Reflection Radiography - Shadow -projection
Radiography - General Electric X-ray Microscope and Camera.

CRITICAL ILLUMINATION
THE CAMERA Models and Uses - Advanced Models.
STEREOSCOPIC PHOTOMICROGRAPHY

Apparatus and Techniques.
PHOTOMICROGRAPHY BY FLASHLIGHT Equipment.
PHOTOMICROGRAPHY IN COLOUR

Principles and techniques - Types of Colour Process.
PROCESSING PLATE AND PAPER

Photographic Plates and Films - Developer - Types and Use - Fine
Grain - Rinsing - Fixing - Reduction - Intensification - Reversal Process -
Printing - Lantern Slides - Exhibition Prints.

MOUNTING AND STAINING
Fixing and Hardening - Sectioning - Staining - Mounting - Some Useful
Mounting Media - Additional Stains and Routine Methods - Histological
Pathological and Zoological Method - Methods for Plant Chromosomes -
Fluorochromes - Narzotizing.

GLOSSARY OF TERMS
BIBLIOGRAPHY

General - General Photography - Colour Photomicrography - Electron -
Exposure in Photomicrography - Interference - Interference filters
- Lenses - Phase Contrast - Special Illumination.

INDEX

Nearly 200 photomicrographs and photomacrographs in monochrome 114 detailed diagrams  28 special plates illus-
trating apparatus, etc.  8 colour plates and colour jacket  272 text pages  Numerous technical tables, graphs, etc.

55s. FROM ALL BOOKSELLERS or, in case of difficulty, 56s. 6d. by post from the publishers GEORGE
NEWNES LTD., Tower House, Southampton Street, London, W.C.2.

NEWNES
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in place. Seat a person of normal weight in
the cockpit (or place a weight of about 16o lb.
tain. forward of the seat back) and half fill the
petrol tank with petrol (approximately 3

gallons) or place a weight of 24 lb. centrally
on top of the tank. The engine sump should
be filled with the correct amount of oil.

Stand the aeroplane on two sets of scales,
one under each wheel, and trestle the tail
so that the top longerons are horizontally level.
Either stand the tail -wheel on a third set of
scales or suspend it on a spring balance. Tie
a safety wire loosely to the tail -wheel and
anchor it to a weight in case the aircraft should
tip up.

Suspend a plumb -bob on g cord over the
wing adjacent to one side of the fuselage so
that it just clears the ground. This is shown
in Fig. 82.

Add the two weights registered on the scales
under the main wheels. Measure accurately
the distance between the main wheels and
the tail -wheel at their respective points of
contact with the scales. Fig. 83 refers.
Example Calculation:

A
Distance W1 toW2 in inches.

Fig. 83.

a

1
W1 CG W2
Let distance WI to Wy be 174in.
Let W1 = 294'5 lb. + 294'5 lb. =- 589 lb.
Let W2 = 46 lb.
Taking moments:

Wt x x= W2 ( 174 -X )
transposing:

589 X x = 46 ( r74 -x )
635x = 8004

x = 12-6in. aft of undercarriage
12-6 + sin. (check on aircraft) =

aft of wing leading edge. This is within
limits.

If it is desired to move the C.G. forward,
the pilot's seat may be shifted forward by tin.
To move the C.G. back, move the seat back
by up to tin.

In extreme cases where a motor heavier.
than the J.A.P. is used, it may be necessary to
affix ballast to the stern -post as detailed in
Fig. 84.

Fuel Flow Test
With the fuel tank half full, it must be

proved that sufficient fuel is delivered to the
carburetter, and this is checked by undoing
the pipeline connection at the carburetter
and draining fuel into a can or measure,
timing delivery. This must be done at the
carburetter end, this being the last link to the
engine. The flow should be a minimum of
three times the maximum consumption, giving
a result of at least 8 gallons per hour.
Insurance

Before any aircraft flies, it must be covered
by third -party insurance. Phoenix Aircraft
Ltd. have been successful in obtaining a
special coverage for their constructors with
one of the most experienced Lloyd's aviation
brokers. The third -party coverage for the
Minor costs between £7 tos. and 4, o per
annum. Also available is full comprehensive
cover at an annual premium of per cent.
declared value should
the Minor owner re-
quire it. Only third -
party insurance is
mandatory.

Pilot's Licence
No person may act

as pilot of an aircraft
without holding a
valid licence. Whilst
under instruction, the
pupil pilot must hold
a student's pilot li-
cence. This costs Jos.
and is granted on the

Plumb -bob

Approx.
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satisfactory passing of a simple medical exam-
ination which may be conducted by any pri-
vate doctor in accordance with a Ministry of
Aviation form.

Normal flying training comprises 4o hours'
flying, of which at least 15 must be as pilot in
charge or " solo." At the discretion of the
instructor, the student pilot may complete
some of these 15 hours' solo flying in his own
single -seater aircraft under the supervision of
his instructor. The Minor lends itself
admirably to use as a single -seat trainer due
to its docile handling characteristics.

At all times until the successful passing of
a simple written and oral examination followed
by a flight test for the issue of the full private
pilot's licence, the student pilot must fly
under supervision and all his solo flights
shall be authorised by a qualified instructor.

Once the private pilot's licence has been
obtained, the amateur pilot may fly as and
where he wishes within the simple limitations
of the regulations and safety rules laid down to
avoid airways, danger to the general public
and danger to himself and his machine.

Full information regarding flying instruc-
tion is available upon request from the
Popular Flying Association, Londonderry
House, 19 Park Lane, London, W.T , together
with lists of addresses of flying clubs.

The Permit to Fly
The Permit to Fly carries no drastic

restrictions for the amateur pilot, excepting
that special permission is required to fly the
machine out of the British Isles. Should the
amateur wish to fly to France, for example,
he should inform the Popular Flying Associ-
ation beforehand in order that the necessary
permit may be arranged.

With the aircraft fully assembled and ready
for flight, the final inspection will be carried
out. This is a thorough check of the complete
aircraft to ensure that everything is perfect.
As soon as any snags have been rectified, the
inspector will sign the aircraft logbooks (one
engine and one airframe which are obtainable
through H.M. Stationery Office) and recom-
mend that the aircraft be granted permission
to cover test flights. The Minor will have to
complete 5 hours' trouble -free flying during
which time it shall not be flown outside a
radius of 5 miles from the airfield nor shall
it land away from the airfield. As soon as
this 5 -hour period is up, the Minor will
receive its full Permit to Fly, which costs los.
per year. This document must at all times be
carried in the aircraft.

Preparations for Flight
The first flight trials should be conducted

at a licensed aerodrome. This is desirable
from many aspects, the main being that
experienced engineers and ground staff, fuel
and oil, etc., are readily to hand. Where
possible, it is suggested that, to minimise
disruption to normal aerodrome routine, test
flights (certainly the early ones) should be
carried out during the week -days. Most
flying clubs operate mainly at week -ends and
the air is rather crowded for this type of
flying.

The weather should be clear with at least
5 miles visibility and a cloud base of not less

Average size person
in cockpit.

ScaLes

Measure this distance accurately
Fig. 82.-Completed aircraft set up in the rigging position on scales show-

ing the position of the centre of gravity.
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than 1,5ooft. Surface wind should not be
more than to m.p.h. and should be in such
a direction that take -off and landing may be
directly into wind without being hazardous
due to obstructions.

At all times before flight from an aerodrome,
notify the aerodrome control. The reasons
for this should readily be apparent. For
initial tests, the controller will arrange that
the airfield is solely at your disposal and that
no other aircraft may baulk your take -off or
landing.

First Flight
Since test -flying must be conducted by a

competent pilot and to a schedule which may
be obtained on application from Phoenix
Aircraft Ltd., only specific information will
be given on this stage.

For the first flight, it is not necessary to fill
the fuel tank and thereby increase the weight
unnecessarily. Three gallons in the tank is a

V4" thick lead
sheet. Cut and
shape to correct

weight.

2-1/4.B.S.F bolts
centrally fitted 4'
apart on stern -post.

Fig. 84.-Fixing the lead ballast.

safe minimum for this test flight.
Warm up the engine for 5 minutes with

the nose headed into wind.
The following cockpit check should be

memorised-the easy way is to remember the
initial letters and their order:

T-Throttle friction nut-TIGHT
M-Mixture-Choke control IN
F-ON and sufficient for flight.

Check that indicator reads cor-
rectly.

G-Gauges-Altimeter set, oil pres-
sure O.K.

H-Harness-TIGHT.

Slowly taxi the Minor into take -off
position, having first run up the engine to
maximum r.p.m. and also having checked
the magnetos on the switches. Line up into
wind and smoothly open the throttle.

The Minor displays little or no tendency to
swing on take -off, although care should be
exercised in cross winds to keep the nose
straight. The tail will rise almost immediately
as the aircraft rolls forward.

Do not attempt to haul the aircraft off the
ground at too low an airspeed-this results in
porpoising and can only serve to prolong the
take -off distance. The true unstick speed is
about z8 m.p.h. and it is good practice to
hold the machine down to about 32 m.p.h.
before breaking ground decisively with a
slight backward pressure on the stick. Once
clear of the ground, allow the speed to build
up to about 4o m.p.h. before climbing away.
Ease back on the throttle slightly to produce
about 2,15o r.p.m. and climb steadily to

,000ft.
The throttle is then set to cruising r.p.m.

and the full effectiveness of the controls may
be checked.

(To be continued.)
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TRADE NOTES
A REVIEW OF NEW TOOLS, EQUIPMENT, ETC.

SMOOTHING PLANES
TWO new Marples smoothing planes are now on the market. The

No. 2690 smoothing plane which retails at 4' I2S. 6d. and No.
2691 which costs 42. Made of beechwood, these planes have the
screw -adjusting principle for fast and accurate setting. The manu-
facturers are Wm. Marples and Sons Ltd., of Hiberia Works, West-
field Terrace, Sheffield I.

MIDGET HOIST
THE Haltrac Midget Hoist can be used for a wide variety of

purposes. It occupies the minimum of space and weighs only
'lb., but is tested to lift i,000lb. This well -finished hoist has self-
lubricating pulley wheels and rust -proofed metal parts, complete with
nylon cord over triple blocks with self-locking hooks. The price is
42 17s. 6d. and the manufacturers are Haltrac Ltd., of Bourne Works,
Weimar Street, London, S.W.I5.

BURGESS SPRAYER
MADE to an American design the new Burgess sprayer weighs

only 31b. and retails at 43 19s. It will spray paint, varnish,
enamel and insecticides, etc. The sprayer, which is simple to operate,
is made in all standard so -cycle voltages A.C. only. The manufac-
turers are Burgess Products Co. Ltd., P.O. Box t x, Hinckley,
Leicestershire.

INTERNAL MIX AIR CAP
THE Aerograph-DeVilbiss Co. Ltd.. of 47 Holborn Viaduct,

London, E.C.it, who recently introduced the Tuffy lightweight
utility spraying outfit, now supply as standard with this unit their
improved internal mix air cap. This allows a faster rate of paint
spray application and it is particularly useful for general painting and
decorating and for refinishing where higher speeds are needed and
where materials used require pressure feed.

WALL CLOCK IN KIT FORM
FORMAPRODUCT Ltd., of 3 Deanery Street, Park Lane,

London, W.', supply a kit of parts for the wall clock shown in the
photograph, at a cost of £5 los. It works for a year on a small torch
battery and has a jewelled automatic movement. Once the battery is
in place the clock starts and automatically rewinds itself. This firm
also supplies a seven -jewelled, eight -day movement for £5 7s. 6d. or a
synchronous electric movement at £4 17s. 6d. (all plus 5s. postage).
Warp -proof wood is used for the frame, the surround is a deep gold
silk cord and the decorative fittings are of polished and lacquered
brass. The overall diameter of the clock is 12in. and the dials are
available in cream, red, black or pale blue.

AERO SUPER KARTS
AERO Controls Ltd., of Industrial Estate, Weedon Road, Northamp-

ton, recently announced the introduction of two new Karts.
They are the Grand Prix Super Kart and the Clubman Super Kart.
The first (a 197 c.c. model) will develop up to 13 h.p., and the second
(a 98 c.c. model) over ,45 h.p. when fitted with high compression
engine. All component parts have been designed and manufactured
to ensure ease of assembly for the home constructor. The Grand Prix
Super Kart home constructor's kit costs 490 ex -works, approximately.

HOLT'S FLOOR CLEANER
THIS new Holt product is of particular use in garages, etc., where

there is a problem of greasy floors and the dangers arising there-
from. Floor cleansing involves a simple sprinkle on and wash -off
routine. The manufacturers state that heavy incrustations of grease
and oil -bound dirt are quickly removed; it is equally effective on
concrete, rubber, composition, P.V.C., tile or steel and harmless to
tyres. It costs 4s. 6d. for 21b. and 9s. for 51b. The manufacturers are
Douglas Holt (Est. 1919) Ltd., of Vulcan Way, New Addington,
Surrey. One of the new

Marples Smoothing
MARINE REPAIR KIT Planes.

FOR
all marine repairs, whether to tanks or engines, hulls or

rudders, whether of wood or metal, a do-it-yourself material is
now on the market. Marine Devcon is a tough plastic material with a
non-metallic filler that will repair or bond to all common metals, wood,
fibreglass and a wide range of other materials, bonding them to
themselves or to one another. The manufacturers claim that it is
strong and resilient, and is unaffected by fresh or salt water, petrol,
oil, fumes or corrosive chemicals. It is non -rusting and non-magnetic
and does not shrink during or after hardening. The Devcon Marine
Repair Kit costs 41 as. 6d. and the sole concessionaires are E. P.
Barrus Ltd., i2-16 Brunel Road, London, W.3.

An Aero Super Kart.

(Left) The
Haltrac
Midget
Hoist.

(Right) Wall Clock built
up from a kit.

a pr. a.

77me new Burgess
Spraygun.

(Left) Improved Internal
Mix Air Cap.
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The pre -paid charge for small advertisements is 6d. per word, with box number 1/6 extra (minimum order 6/-). Advertisements
together with remittance, should be sent to the Advertisement Director, PRACTICAL MECHANICS, Tower House, Southampton

Street, London, W.C.2, for insertion in the next available issue.

FOR SALE
HOUSE SERVICE METERS, credit

and prepayment; available from
stock. -Universal Electrical, 221 City
Road, London, E.C.1.
AIR COMPRESSORS, single cylinder,

two stage, 25 cu. ft. min. at up to
450 p.s.i.; suitable for spraying, etc.;
condition as new but slightly store soiled ;
cost over £10; bargain at £2 Os. Od. each.
Air Lines, 40ft., new, 30/ -.-Cooper, 10
Fowler Street, Nechells, Birmingham, 8.

COMPRESSORS
Twin Cylinder 21 cu. ft. per min. 150
lbs. pressure, base mounting complete
with vee driving wheel, 30/ -.
S.A.E. for list of Motors, gauges,
Safety Valves, Air Line, etc.

Dept. P.M.3,
WHEELHOUSE

13 BELL ROAD, HOUNSLOW.
Phone: HOU. 350.

4IN. PLANING and Rebating
Machines, ballraced, adjustable cut,

£61101-; other sizes at low prices. Build
a circular saw cheaply; new type Saw
Spindles from 45/-. Also combination
Wood -working Lathes. Send stamp for
lists and save pounds.-Ortan Lathes,
Costessey, Norwich.

COMPASS, 12/9. Ex A.M. type P.4.A.
fir dia. Ideal for boats, cars etc. Carr. &
Ins. 3/6.
T.V. AERIAL, 35/-. Combined B.B.C. or
I.T.A. New. P. & P. 2/6.
COIL PACK SETS, 3/9. Bargain, incl. 2
w/band coil pack. 2 gang cond. and 1

pair of I.F. tians. (465 m/c.). P. & P. 2/3.
Stamp for Free Catalogue. Mail Order

only. Also U.K. only.
P.P. COMPONENTS,

219 Ilford Lane, Ilford, Essex.

GOVERNMENT SURPLUS AND
MANUFACTURERS' CLEARANCE

BALL RACES. I' x bore, i x
bore, I* x 5' bore, 1/6 ea., x bore
2/- ea., 2r x 1' bore, 8/6 ea.
HYDROMETERS. Acid, 8/- ea.
MIN. MOTORS. 43v., reversible, permanent
magnet, totally enclosed, 1/- ea.
RIFE CELLS. 1.2 v. 3 amp., 36. x 2r x
unused. 5/- ea., 48/- G013-

sq., 2/6,PRISMS. Magnifying
frame, 2 tillers, 5/ -
MORSE KEYS. Small, 2/.. Medium 8/-.
Larger, 3/6. Large Cov., 10/-.
KEY SWITCHES. D.P.C.O., 2/6 ea., 25/. dozen.
GERM. DIODES. 1/. ea., 10/- dos., specials 2/ -
each.
OCTOPUS BALL RACE REMOVERS, IS., list 215
VAR, SLIDERS. 10 ohm, 30 w. for chargers,
train controls, etc., 8/- ea.
5' A.C. AMP. METERS. 0-50 51. Iron, 22/6 ea.
MIN. ES. BULBS. Suitable model rlys., etc.,
1/. each, 10/- doz.
MAINS EXTRACTOR FAN OR BLOWER. 6'
dia. 2,800 r.p.m., 75/- ea.
HOURS RUN METER. Maine 22/6 ea.
V.H.F. CHASSIS. Parte useful model control,
etc., contains over 50 components, coils, Con-
densers, resistors, valve holders, etc. 4/8 ea.
TOGGLE SWITCHES, 1/-. PANEL FUSE
HOLDERS. 1/6, 12 -WAY CONN. BLOCKS 1/8.
GS BULBS, 2/6 doz.
METERS. 500-0--500 Microamp. 34' dia.,
87/6 ea. Dual range 0-5v. 0.100 v. POD lm/a,
201- ea. 50-0-50 Microamn, 801- each.
FERRITE ROD AERIALS. 11L wave 5/. ea.
Medium and long 6/6 ea.
I.T.A. AERIALS. New. 3 -element, 22/6;
5 -element, 27/6; Co-az cable 8d, per yd.: air
spaced. Od. per yd.
HEADPHONES. Moving iron, low impedance,
6/-; high, 9/-; balanced armature, low, 10/-;
high, 15/-; moving coil, low only, 10/. pr, pair.
FOB TIME CLOCK. Elec. 26.10.0 ea.
SELEN. RECS. 12 v. 1 amp., 5/.; 2 amp.,
11/6; 4 amp., 15/-. 500 v. tamp. cont. 80/85
mm. disc. 10/- es.
DESK TELEPHONES. 150/.,with dial, 70/-.
METAL BOXES. Well ventilated. Ideal
chargers, power packs, etc. 11' x 11' x 7'
high, 8/8 ea.
12-24 V.D.C. MOTORS GEARED,. Small and
powerful, 4.8 r.p.m., 251- ea.
MICROSWITCHES. 2/- 20/- per doz.
PRESSURE GAUGES. 250 p.s.I., 12/6 ea.
12 -WAY P.V.C. Cable, Screened and P.V.C.
Covered, 2/6 yd.
VENEER SEVER -ZINC ACCUMULATORS.
H.105, 15/. es. New. List 25/. each.
STKLL1TE 100 Tool bits, square, r long; l"
12/2; 5/16' 15/-; 1. 24/ --
KLAXON 115 volts, cap. start motors fig
with gear box 84 r.p.m. 28.10.0. ea.

Enquiries S.A.E. please.
HUGGETT'S LIMITED

2/4 PAWSON'S ROAD, WEST
CROYDON, SURREY.

FOR SALE (Continued)
GOVT. SURPLUS. Radio and mech-

anical, Flex, shafts, grinding wheels,
insulators, etc. S.a.e. list. S. Midgley,
Hebden Road, Haworth, Keighley.

STEEL SHELVING
RIGID & SELF-SUPPORTING

Keep your workshop tidy
with one of the following
units at a price you can

afford
1_72:hi igdne,x

411 9" deep

widexhih
x

9' deep

SOi_7242:
whii5eh xx

12" deep

xx

12" deep

6 shelves adjustable at I" centres

Stove Enamelled, Silver Grey or
Green

All Carriage Paid. Cash with Order

GROSVENOR INDUSTRIES
LTD.

77H, GROSVENOR ROAD
LONDON, S.W.I VIC 4375

EVERLASTING BATTERIES, 2'5 v.
(torches, models, plating,

rechargeable mains, 37/6. Torches, re-
chargeable mains, 39/6. Dynamo -torches,
27/6. German microscopes, 100/200/300x.,
fitted case, £811716. Theranews, Tring,
Herts.

A STRO TELESCOPE MAKING.
Standard Ramsden Push -in Eye-

pieces, tin., 5in., tin., focus, 35/, with
R.A.S. thread, 42/6 ea. S.A.E. list,
Object Glasses, Newtonian Mirrors,
Diagonal Mounts, Focusing Mounts,
Tripods, Mountings and Terrestrial
Telescopes. -W. Burnet, Grand Sluice,
Boston, Lincs.

iii
BRAND NEW

HYPODERMIC
SYRINGES 5/1

WITH 2 SPARE NEEDLES
excellent for precision oiling, etc.

SIMA Serum Glass 2 c.c.
Wonderful value. Each 5/1.

Per doz. 54/,
SIMA Needles, Stainless Steel.

Sizes 12, 17 or 18. Per doz. 4/-.
All Orders Post Free.

G. ROGER -SMITH
(Dept. 7), Syringe Supplies,

38 OLD FARM RD., LIVERPOOL, 23

FOR SALE (Continued)
TELESCOPES and Accessories. S.a.e.

for catalogue.-Woodthorpe Instru-
ments, 12 Revesby Road, Woodthorpe,
Nottingham.

TUBES 18 Months' Guarantee
MAZDA & MULLARD TYPES
12" & 14" £5.10

17" £6.10
21" (Send old tube)

others (send old tube, similar prices).
Terms C.W.O. Postage & Insurance 10/-
W.R.S.c (Dept. P.M.), 4 Bruce Grove," Meadows, Nottingham

NEW " latest " Portable Sandblast
Cabinet, air operated, with interio

lighting -SEE the work being done. Soon
earns its cost, £16 10s. Od. Also new
boxed Hoover 4 h.p. Motors 99s. 6d. also
larger. New Grindwheels to clear.
Literature available.-Bellangers, 306
Holloway Rd., London N.7. (North 4117.)

HOME BOAT BUILDING
EASY TO FOLLOW KITS to build a

Boat at home -for Cabin Cruisers,
Runabouts, Canoes, Prams, Dinghies and
Enterprise Sailing Dinghies. Brochure
from: Wyvern Boats (Wessex) Ltd., Mil -
borne Port, Sherborne.

TOOLS

HANDYMEN!!
'PRESTO' DRILL
INDEX SETS GIVE

INSTANT SELECTION
-THE RIGHT DRILL

EVERY TIME!
13 finest quality British
High Speed Steel Twist
Drills. 1/ 16" - 5" x
1/64", in metal case.
For drilling all metals
in electric or hand
drills. Folds flat to
pocket size, lasts for
ever. Embossed sizes
give instant selection
and replacement. No
more lost drills! A
must for every workbench.
ARTHUR DRYSDALE & CO. LTD.

58 Commerce Road, London, N.22.
BOWES PARK 7221.

Cash
with
Order

OM 26i
p&p 1/. EXTRA

GENUINE DISPOSAL. -Black and
Decker D 500 Drill plus 10 attach-

ments; everything new; full maker's
guarantee; bargain, £7 lot. Details from

-Box 9.

rOR CUTTING curves and angles in
JU metal, hardboard, plywood or plastic
use " Dafiles." They have'teeth all round
and fit your own frames. The " Dafile "
catalogue contains numerous items to
interest practical mechanics. Send 3d.
stamp to: Dafiles Ltd., 37 Sheen Road,
Richmond, Surrey.

SELECTA 2 Speed Drill
plus 13 attachments

Everything new. Full maker's guarantee.

£12 10s. the lot. Carriage 3s 6d.

DRYSDALE
58 Commerce Road, London, N.22.

Bowes Park 7221

6" Supa Ezered Gauge

10/6 each p. & p. 9d.

Ideal for the Handyman, En-
gineers, Storekeepers. In, Out

and Depth in 1/32" and M/M. Plated.
Buy direct from makers. S. J. PARKER
& CO., 140/1, Longden Coleham,
SHREWSBURY.

TOOLS (Continued)
MYFORD LATHE 35" b.g.s.c.,

change wheels, several chucks, 4 h.p.
motor, cutting tools. £29 o.n.o., 180 Edwin
Road, Gillingham, Kent, Tel: Rainham
82644.

BLACK & DECKER
D.500 i in.

ELECTRIC DRILL
Plus 10 attachments, everything new.

Full maker's guarantee.
BARGAIN ET es. 6d. LOT.

DRYSDALE
58 Commerce Road, London, N.22

Telephone BOWES PARK 7221

WOODWORKING
W111700DWORKING MACHINES. -All

cast-iron constructed. Complete
Saw Benches, 7in., £41151-; 8in., £51101-;
10in., complete motorised, £30. Planers,
5in., £12, Bowl Turning Heads, £4; with
8in. Saw Tables, £7110/-. Lathes, £71101-;
Combination Lathes, £10/101-. Motors,
Pulleys, Belts, etc., 12 months' written and
money refunded guarantee. 4d. stamp for
illustrated booklet. -James Inns (Eng-
ineers), Marshall St., Nottingham.
SAWBENCHES, 6in. to 30in. from £7.

Motorised, £16. Petrol Portable, 29.
Handsaws, £14. Lathes, £10. Saw
spindle and planer assemblies. Chain
Saws. Logging and Firewood Machines.
Motors, Engines. Deferred terms. Send
1/9d. for Handbook -Catalogue. List free.
-Beverley Products, South Thoresby, 18,
Alford, Lincs.

ELECTRICAL
CELF starting synchronous mtrs., 200/S

250 v, 50 cycles complete with
detachable geared mechanisms. 10/- each.
James S. Graham, 73 Acre Road, Kingston -
on -Thames, Surrey.
TRANSISTOR TESTERS -18/-, 30/-.
1- S.a.e. details, R. & E. Lamb, (PM),

17 Queens Road, Leytonatone, London,
E.11.
MODEL ELECTRIC MOTORS!

amazingly powerful; " Minimo,4
9/9, v.3-6, " Maximo," 13/9, v.6-9; post
paid. Size 15in. x 15in., weight I5oz.,
drives boat propellers 1-15in., aeroplane
5-8in.-Model Electric Motors (Dept.
P.M.12), " Highland," Alkrington Green,
Middleton, Manchester.

BRAND NEW
BROOK ELECTRIC MOTORS

Single Phase, h.p. 1,500 r.p.m. 17.10.0

H.P. TERMS 5 h.p. 3,000
00

r.p.m. 0.12.6
AVAILABLE. 5 h.p. 1,500 r.p.m. El I. 0.0

1 h.p. 3,000 r.p.m. El I. 0.0
Fully guaranteed by makers, approval against
cash. Carriage paid mainland. State voltage.

P. BLOOD & CO.
ARCH STREET, RUGELEY, STAFFS.

ALL TYPES OF ELECTRICAL
GOODS at extremely competitive

prices, e.g., 5 amp. Twin Cable, 35/- 100
yards; Lampholders, 7/- doz.; 5ft.
Battens, 49/-; quality and immediate
despatch guaranteed. Request list.-
Jaylow Supplies, 93 Fairholt Road,
London, N.16. (Telephone: Stamford
Hill 4384.)

LET US INTRODUCE YOU
to an old thrill revived. Early experi-
menters derived much pleasure from
simple radio circuits. Transistors enable
you to recapture the old thrill. Radios
can be made simply and cheaply using
these devices. The only power is a
small flashlamp battery lasting weeks.
Our "Notes on Transistors" show you
how. Send 8d. stamps to

MORCO EXPERIMENTAL SUPPLIES
8-10, Granville Street, Sheffield, 2

PATENTS
DATENTING SERVICES. - Advice.
A. Qualified agent. -C. L. Browne, 114
Greenhayes Ave., Banstead, Surrey.
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CLASSIFIED (continued)

HOBBIES
NEWTONIAN T .lescope Making.-

6in. Mirror Blank and Tool (cut
plate glass, as cut), 35/ -per pair; Grinding
Polishing Kit (powder, pitch, rouge), 27/6;
Rectangular Aluminised Optiuds Flats,
15/- each ; all post free. S.A.E. for list,
including Ramaden Eyepieces. -L. 3

Mays & Co., 20 Clover Rd., Timperley
Altrincham, Cheshire.

CATALOGUE NO. 14 Government
Surplus and Model Radio Control,

over .500 illustrated items. 2/- (refunded
on purchase). P/P 6d. -Arthur Sallis
Radio Control Ltd., 93(B), North Road.
Brighton.

G1LM 0 U R -VA LE
GAS TORCHES
for CALOR GAS.
We offer a powerful torch to all
Calor Gas users, 33/6, and a Safety
Coupling Valve, 15/6. Complete
outfit: Torch, Valve, 6 ft. H.P. Hose
with Hose Clips, assembled ready for
use, 58/-. Ask for illustrated list of
torches for town and bottled gas,
with prices of all the materials for metal
jointing. 3d. stamp please.

G. M. VALE & Co., 55 Park Road,
Wellingborough, Northants.

riI

PHOTOGRAPHY
11N. x 2IN. Projector and Enlarger

Castings, Bellows, etc. S.A.E. for
details. -V. J. Cottle, 84a, Chaplin Road.
Easton, Bristol, 5.

BELLOWS, Camera, Enlarger, Process.
Industrial Collapsible Machine

Guards. -Beers, 4 St. Cuthbert's Road.
Derby. (Tel. 41263.)

PROJECTORS. Home Assembly Kits
from £5 I7s. 6d. Fan Base Kit

43 7s. 6d. Opticals: Screens. S.a.e.
Marshall Smith Ltd., 64 Norwich Avenue,
Bournemouth.

raPOSURE METERS. -Build your
2'4 own double -range incident light
exposure meter with 50 x 37mm. photo-
cell, f/1.4 to f/32., 1/1000th to 60 sec. film
speed, 19 to 37 deg. B.S., component kits
55/- and 32/6. All sizes of photocells in
stock, s.a.e. details. G. R. Products, 22
Runnymead Avenue, Bristol, 4.

MISCELLANEOUS
AQUALUNG and Compressor Equip-

ment Ballraces and Miscellaneous
items. Lists 3d.-Pryce, 157 Malden
Road, Cheam.

" FORTUNES in FORMULAS," 900-
page American book of formulae.

American technical hobby and other
books covering every interest. Stamp for
lists.-Herga Ltd. (Dept. P2), Hastings.

110 YOUR OWN SIGNWRITING.
-9- Send 6d. in stamps for sample transfer
letters.-BCM/Rondo, London, W.C.1.

JEWELLERY
JFWELLERY, simply made. Brooches,

Eardips, Pendants. Free catalogue.
Also Marmisites.-Webbs Handicrafts, 46
Burnway H -irnchur, h, Essex.

WANTED
SHEET METAL Working Machinery

Wanted and Power Press. Offers to
Hardall, Wingate Road, Luton.

WATCHMAKERS
WATCH REPAIR SERVICE, un-

rivalled for reliability and speed,
coupled with reasonable charges. Part
iobs welcomed. Material supplied. -
Hereford Watch Co., 13 St. Owen Street
Hereford.

LEARN to be a Watch and Clock
Repairer in your spare time and

earn extra money at home, We can
supply everything you need at unbeatable
prices, including instructional books.
Swiss watchmakers' tools, watches, watch
and clock movements, lathes, cleaning
machines, all spare parts for watches and
clocks, etc. We also have a fine selection
of musical box movements and kits. Send
9d. P.O. for bumper bargain catalogue. -
The Watchmakers Supply Company
(Dept. P.M.), Carterton, Oxford.
WATCH AND CLOCK REPAIRS. -

Through or part jobs. -Price list
from W. W. Allondale, 81 Teviot Avenue,
Aveley, Purfleet, Essex.

WATCH PARTS
For all makes of watches, tools, instruc-
tional books, etc. Special Kits for be-
ginners. Send 6d. for "Super Bargain
Catalogue." T. G. LOADER (Dept. B),
Watchmakers Mall Order Service,
Milestone Road, Carterton, Oxford.

EDUCATIONAL
HOW" AND WHY " of Radio and

Electronics made easy by a new,
non -maths. practical way. Postal instruc-
tions based on hosts of experiments and
equipment building carried out at home.
New courses bring enjoyment as well as
knowledge of this fascinating subject. Free
brochure from: Dept. 12.P.M., Radio-
structor, 40 Russell Street, Reading, Berks.

* LEARN *
RADIO & T/V

SERVICING
for your OWN

BUSINESS/HOBBY
 by a new exciting no -maths -system,

using practical equipment, recently intro-
duced to this country.

FREE Brochure from:-

RADIOSTRUCTOR
DEPT. 080, 40 RUSSELL STREET,

READING, BERKS. 7/60

9 9 if you use a PARKING LIGHT you need . ."Liton AUTOMATIC
PARKING LIGHT SWITCH
Controlled by a photoelectric cell sensitive to day -light.
Turns lights on at dusk, off at dawn, AUTOMATICALLY ! ! !
A MUST for the MOTORIST without a garage. 6 or 12 volts.

Easy to build and install

KIT OF PARTS 52/6

READY BUILT 57/6
PHOTOCELLS ONLY

unmounted: 12/6, mounted: 25/ -
also PHOTOELECTRIC BURGLAR ALARM -GARAGE
DOOR OPENER -LIGHT SAVER. Kit of parts £4 12 6.
Built: £5 10 0. Full details and circuit of any project -6d. stamp please.

" ST. JOHN'S RADIO," 156 St. John's Hill, LONDON, S.W.II

SITUATIONS VACANT
AM.I.Mech.E., A.M,Brit.I.R.E., City

and Guilds, G.C.E., etc., bring
high pay and security. " No pass- no
fee " terms. Over 95% successes. For
details of exams and courses in all branches
of Engineering, Building, Electronics,
etc., Write for 148 -page handbook -free.
-B.I.E.T. (Dept. 9G78), London, W.8.
nRITISH Subject with knowledge of
" engineering terms and wide interest
in Engineering required for work in
connection with patent applications
including editing translations of engineer-
ing patent specifications. O.N.C. or
H.N.C. in Engineering an advantage.
Education at least to G.C.E. standard in
English and Mathematics. Apply in own
handwriting with details of age, education,
subsequent career and salary sought to
Box 204 Reynells, 44 Chancery Lane,
W.C.2.

OHT
Thread Gauges. 28 Isms .. 4/9
Whitworth Screws, 144 Ass'td . 5/9
Fibre Washers. 144 Assorted .. 8/6
Meter Rectifiers. A.C. to D.C. .. 3/9
Self Tap Screws. 100 Assorted .. 3/ -
Copper Rivets. 12 don. Assorted .. 1/4
Saw Bench Tops, with ball rave spindle,

pulley, eta., 18in. x 101n. 63/6
Rectifiers. 6/12 v. at 6 amps. 181 -
Air Jacks. Sin. stroke .. 17/8
Winker Units. 6 or 12 volt .. 6/6
Mains Transformers. 18 v. 6 amp. .. 85/ -
Motorised Water Pumps 75/-
7irentar Sans, 610. 11/6: 71n. 13/8. etc.
Instrument Cases. 121n x Sin. a 610. New 7/3
Plugs & Sockets. 7 point
Telephones. New. Modern . 16/.
Bevel Gears. 310 & 21n. Pair 4/6
Aircraft Lamps. Refl. Green or Amber, 4' 6/3
Races, Belts, Valves, Pulleys, Pumps. Braes
Steel. Aluminium, etc.
May we send our free list of hundreds of Inter.

eating Items? Stamp, please.

You can take it with you ..
EVERY CYCLIST'S
POCKET BOOK
by F. J. Comm
There never was a book like the EVERY
CYCLIST'S POCKET BOOK in the whole
history of cycling. 400 pages. Hundreds of
facts and over 100 illustrations and it measures
only 5 in. by 3 in. -it really fits the pocket -
gives you practical maintenance and repair
hints when you want them. Notes on
touring, records, road routes of Britain, etc.
7s. 6d. FROM ALL BOOKSELLERS
... or, in case of difficulty, 8s. 3d. by post from
GEORGE NEWNES LTD., Southampton Street,

London, W.C.2.

GOVERNMENT
SURPLUS BARGAINS
MULTI -PURPOSE MOTORS. Low voltage,
with gearbox, 24 v, D.C., but good at 12 v.
or lower. Two shafte, 4 and 16 R.P.M. at
12 v., 6 and 24 R.P.M. at 24 v. Operate 3
eats of cams and also plunger giving powerful
lateral thrust. Take. under 1 amp. Wonder-
fully versatile motor. Each 26/-, post 2/-.
BATTERY CHARGING TRANSFORMERS.
11 v. and 17 v. A.C. (for 6 and 12 v. Charging
at 19 amp.). Each 17/6, post 1/9.
RECTIFIERS to suit above. Each 7/6, poet
1/-. (Them transformers and rectifiers will run
above motors.)
TELEPHONE HANDSETS (two in series with
battery make intercom.). Each 17/6. Poet 1/6.
TRIPODS. 38in. long. Very rigid (not tele-
scopic). Easily adapt to camera, etc. Each
12/6, poet 2/6.
MOTORS 200/220 v. A.C./D.C. F.H.P.
approx. 80 watts. High Speed, 91n. shaft.
(converted ex R.A.F. motor generator -power
about equal to sewing machine motor). Useful
addition to workshop. Each 30/, post 2/9.
DYIMMOtors. Input 12 v. D.C. Output 240 s.
D.C. 20 watts, 15/- each, post 2/9.
Send 3d. stamp for list of other motors, trans-
formers, pumps, lamps, switches, err.

MILLIGANS
2 Harford Street, Liverpool, 3

Money Back Guarantee.

"CATALOGUE"
Our new Catalogue No. 14 has 500 items
nearly all illustrated. Radio Control,
Government Surplus, etc. Price 2 I -.
Refund on f2 order. Post 6d.
GEARED TUNING UNITS. Small
chassis 35" x 31" x 6", containing 8 MF
condenser, 1 B7G and 2 Octal valve
holders, 15 small chokes, condensers and
resistances, 2 Crystal diodes (CV448), 2
tag strips. Attached to unit is a small
sub -chassis which contains W.W. pot
500 ohms gear -driven to 35" long lead
screw with travelling block and limit
switches. This unit makes an ideal rudder
control unit complete with 12-24 volt
permag motor. Price 17/6d., post 1/6d.,
or Unit less motor 4/-, post 1/6d.
RADIO CONTROL RECEIVERS built to
our specification and incorporating a 3S4
valve and special high resistance relay,
'this has proved to be a reliable light-
weight receiver and will operate success-
fully on 67v. H.T. and lfv. L.T. at 1,000
yards range. Weight 45ozs. O.A. size 3"
x 25" x 25". Complete and ready for
operation. With 4 way battery plug,
59/6d., postage 1/9d. Battery to suit
B.114 Ever Ready, 8/-, post I/3d.
LANDING LAMP CONTROL UNIT,
consisting of 24 volt motor with magnetic
brake and reduction gear unit, which in
turn drives a Quadrant arm normally sup-
porting the lamp. The arm is operated
through a angle and is fitted with
limit switches to prevent over -run. This
unit is ideal for the remote operation of
windows and doors. New condition. Price
17/6d., post 3/-.
SCR 522 CHASSIS. This is an 11 -valve
chassis, complete except for valves and
relay, containing dozens of resistances,
condensers, etc., variable tuning conden-
sers, WE Transformers and range selector.
Suitable for converting for 2 -metres
band. Price 8/6d., post 3/6d.
ROTARY CONWRTERS. 24v. in 200v.
at 50 m.a. and 13v. out at 3a. out., will
operate in :everse and will give 15v. at
3a., from 230v. D.C. mains. Ideal for
model railways, battery charging. etc.
Price 10/6d., post 3/6d.
PETROL GENERATOR SETS. Output
18v, 80w., Ca. Will run approximately for
81 hours on 5 gallon of petrol. Weight
eblb. Ideal for motor boats, caravans,
battery charging, etc. Price 19/1716d.,
carriage and packing 10/6d., also as
above, but incomplete. Suitable for spare
Parts, prices from 35/-, plus carriage.

ARTHUR SAW CS
RADIO

LTD.ONTROL

93 North Rd., Brighton.
216o

ENE AL CERT.
OF EDUCATION
THE KEY TO SUCCESS E SECURITY
Essential to success in any walk of life What-
ever your age, you eon now prepare at home for
the important new General Cert. of Education
Exam., on "NO PASS -NO FEE" terms.
You choose your own subjects -Educational,
Commercial or Technical. Recently announced
big extension of subjects gives everyone the
chance to get this valuable Certificate.

SEND FOR FREE 136 PAGE BOOK
Full details of how you an obtain the General
Cert. are given in our 136 -page Guide -Free
and telt/lout obligation. Personal advice on
request.
Write today, School of Careers, Dept. 160,
29.31, Weight's Lane, London, W.8.

04,School of Careers
NEW POCKET MANUAL

" PRACTICAL
STEAM

TRAPPING "
New unique guide to correct selection and
installation of steam traps for mains
drainage, heating systems, process steam
units of all kinds; including best conden-
sate -lifting installations. Concise directions:
clear illustrations. Copies free on request to:

SPIRAX-SARCO LTD.
(TECHNICAL DEPT.) Cheltenham, Glos.

Ilu

,,,Cis510

BUILD YOUR OWN
CANOE

Printed illustrated instructions 1/6
TYNE FOLDING BOATS LTD.

206 Amyand Park Road, St. Margaret's, Twickenham, Middx.
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LETTERS "
to the

EDITOR
The Editor does not
necessarily agree with
the views of his Correspondents

Back issues of the "Cyclist"
SIR,-In 1937 my brother did a journey by

cycle from South Africa to London.
The story of this trip was written up in a
series of articles which appeared in the old
" Cyclist " in early 1938. My copies of these
articles-the only record I have of the journey
-were recently lost in a fire and I wonder if
there are any old cycling enthusiasts who
would have retained any of the very old issues
of the original magazine. There were four
articles and they appeared in more or less
consecutive issues of January and February
1938. Should any readers be in possession of
these issues I would be deeply grateful if they
would contact me.-E. L. ArrwELL, P.O.
Box 1128, Port Elizabeth, South Africa.

More Workshop Practice ?
SIR,-I have been a -regular reader of P.M.
for many years and enjoy the wide variety of

subject -matter that you manage to include in
the magazine every month, such things as
transparency viewers, telescopes, radio trans-
mitters, explaining glider flying,
ships' steering gears, atomic engineering and
of course " flying saucers " and space travel.

All this is very enjoyable, but could you,
without upsetting the present balance of
P.M., let us have more articles on good
modern workshop practice, particularly arti-
cles on how to use modern tools such as
those powered by an electric drill. Many
thousands of readers must own these drill
kit workshops and a series of articles on
projects designed especially for the portable
drill kit owner would be very welcome. What
about a modern series on woodturning for the
beginner, i.e. turned salad bowls instead of
ornamental chair legs?

One final point, could you include more
short features in every issue? Some of the
long series, such as Building the Luton
Minor," are admirable, but not everyone has
either the facilities or the finance for these
large jobs.-A. L. SHORE (Swindon).

There is a lot in what reader Shore says, but
we consider that some of our major projects such
as the " MechaniKart " and the P.M. Cabin
Cruiser, both of which are running in this issue,
are well worth doing and there is no alternative
to the long series. Perhaps other readers would
care to add their comments.-Ed.

Model Theatre
SIR,-I read with interest an article in the
March issue on a model theatre. This was

excellent and will, I feel, fill a long -felt need in
the amateur dramatic world. You did not,
however, mention the enormous amount of
enjoyment children of all ages can obtain from
such a model. I made one for my own young
family several years ago and they have had
hours of enjoyment from it, eventually
writing and producing many of their own
plays. Incidentally, I am incorporating several
of the features of your design into a rebuilt
version of my theatre, which should widen its
scope considerably.-L. S. CHANDLER (Black-
pool.)

SIR,-As a regular reader of PRACTICAL. MECHANICS,
I was interested in the article " A Foldaway Bench "

which appeared in the March issue. Until recently, when
I moved into a flat, I had a well-equipped workshop. After
moving I missed my workshop so badly that I designed a
power bench to enable me to carry out wood or metal
work and also store all the tools and fittings out of sight
in one combined cabinet. The bench (shown above) com-
prises a carpenter's bench with vice, power -driven circular
saw, power -driven fin. vertical drill, power -driven metal-
working lathe and mechanic's bench with vice. There is
accommodation inside the cabinet for all the power and
hand tools, bolts, screws, nails, etc., and a hand tool drawer
is included. Incidentally, I am 86 years old!-F. W.
HUDLASS (Richmond)

IQ's aft
the

SOX

(Above) The cabinet closed and
locked. Dimensions are 45in.
x 17fin. x 36in.

(Left) The cabinet with top
opened and prepared as a
carpenter's bench with universal

vice.

11111111111111111111111111111111111111111111111111111111111I

Thi, cabinet fitted with power
driven fin. high speed drill
which has a simple one -bolt
fixing. Also fitted is an en-
gineer's vice which is easily

detachable.

111111111111111111111111111111111111111111111111111111111111

The cabinet fitted with a small
metal -working lathe. The saw
shaft is used as a counter -shaft.
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Table -Top
Photography

These realistic shots
are of model cars.

NEWNES PRACTICAL MECHANICS

SIR,-The photographs shown below are
examples of my table -top photography.

These are some model cars which I have made
from home construction kits and have set

them up in realistic fashion in my
home made racing circuit. I
photographed them at just a few
inches with a close-up lens. The
blurring effect to show speed was
achieved by agitating the back-
ground to and fro during a very
slow exposure. Are many more
of your readers interested in
this subject ?-H. T. Roberts
(Lancs.).

July, 1960

Water on Venus
(Concluded from page 446).

thermal equilibrium would be upset. Venus
has been found to radiate at an effective
temperature of -39 deg. C. (Sinton and
Strong), whence the amount of heat available
at ground level can be calculated. This was
done last year by the author of the present
article on the assumption that water vapour
was present. By using meteorological methods
a mean annual ground temperature of
+ 57.5 deg. C. was obtained, which is only
about 3 deg. C. above the corresponding
figure for the Earth.

Despite the negative spectroscopic evidence,
a long period of axial rotation of Venus
appears unlikely, so that the surface condi-
tions there may not differ greatly from those
on the Earth.

Now, however, important as this result
may be, it does not exhaust the interest of the
Johns Hopkins announcement. For if super-
abundant water vapour on Venus has eluded
the spectroscope for so long, what reliance
can be put on any negative estimates of the
upper limits to either water vapour or
oxygen on other worlds as obtained by
spectroscopic observation from the surface of
the Earth?

This does not prove that there is oxygen
on Mars, but it makes it probable that at least
water vapour is there in a far greater quantity
than at present supposed, for some has
actually been found. The lesson of Venus
can be over -emphasised, but the fact remains
that the present ideas about the atmospheres
of other planets and even of the Moon will
require revision. Nothing definite can be
said on this subject until air -free spectrograms
obtained from Earth -satellites have become
available, but they may not be long in coming.

1 Evolution of the Fuel Cell
(Concluded from page 442)

and the potential difference stabilises at just
over TV.

If, however, the electrodes are connected
in an electrical circuit, the excess electrons
from the hydrogen electrode can return
through the circuit to the oxygen electrode,
the E.M.F. between the electrodes will drop,
but the flow of hydroxyl ions will be main-
tained.

It has been found that this type of cell
works better at a temperature of 200 deg. C.
and gas pressures of 40o to 600 p.s.i. than at
atmospheric temperature and pressure. This
entails special engineering considerations in
the fabrication of the unit. Moreover, since
the E.M.F. is low, i.e. IV. to 0-6V. according
to how much current is taken out of it, it

follows that a considerable number of
individual cells must be connected in series to
give a worthwhile output.

The graph reproduced in Fig. 5 shows
clearly the characteristics of a single fuel cell.

The electrodes are flat plates made of
nickel or nickel -plated steel, through which
a large number of holes are drilled. This
plate supports a layer of porous nickel, which
is made by sintering nickel powder mixed
with ammonium hydrogen carbonate. A
porous nickel layer of still finer grain is made
on top of the coarser grained material. Fig. 6
illustrates this clearly.

The gas enters through the holes in the
supporting plate and then penetrates into the
porous nickel layers on the plates.

The hydrogen electrode is made more
reactive by soaking it in nickel nitrate and
then roasting. This converts the nitrate into
nickel oxide, and this is then changed to

Fig. 6.-Cross section of a single cell.

metallic nickel by reduction in hydrogen at
as low a temperature as possible.

The oxygen electrode is treated with a
mixture of nickel and lithium nitrates and
roasted in air, thus resulting in the formation
of a double oxide of lithium and nickel being
formed. This is not soluble in the electrolyte
which it will be remembered is potassium
hydroxide and which is a fairly good conduc-
tor of electricity.

Full justice cannot be done in an article of
this length to the detailed research work that
led up to the present form of the hydrogen -
oxygen fuel cell or to the engineering ingenuity
that has led to the present neat design as a
3kW. unit at 32V. by the linkage of 4o cells
in series (See heading photograph).

The power unit referred to above has been
used successfully to drive a fork-lift truck,
and we have little doubt that before very long
this ingenious invention will find many more
applications.

The writer of this article is indebted to
Mr. Bacon for the information that has
enabled him to give this brief outline of the
Bacon Fuel Cell.

Around the World
IT the earth was a perfectly smooth sphere

and a wire was stretched round it at the
equator and then the wire was cut and two
yards added to its length, how far would the
wire be from the earth, assuming it to be
equidistant from the equator at all parts ?
Answer

1.00.; a Alisau AnA
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ea FACE THE FACTS . . .

Ask yourself these questions : Could I be
making fuller use of my abilities ? Holding down
a better job ? Earning better money ? If the
answers are ' yes,' then face the position
squarely. And do something about it-before
it's too late !

MAKE YOUR DECISION I

Once you are determined to succeed-and
have decided to take action-nothing can
stop you. But you need guidance. With the
help of I.C.S. training you can reach the top
faster and stay there longer.

TRAIN WITH I.C.S.
I.C.S. tuition is expert yet simple to follow,
covers hundreds of Courses yet is completely
individual. You work at home, as a class of
one,' in your own spare -time. And you set
your own pace. This is the way I.C.S. have
coached many hundreds of thousands to
success. They can do the same for YOU !

The many subjects which I.C.S. teach are listed on
the right. Complete the coupon below and post it
off to us today. In return, we will send you a FREE
BOOK with full details - without obligation.

FILL /N THIS COUPON TODAY

INTERNATIONAL CORRESPONDENCE SCHOOLS
(Dept. 169), Intertext House, Parkgate Road, London, S.W.11.

Please send me FREE BOOK on

NAME AGE
(Block letters please)

ADDRESS

OCCUPATION 7.60.
Examination Students are coached until successful

ADVERTISING & SELLING
General Advertising, Copywriting Radio & T.V. Advertising,
Commercial Travelling, Sales Management, Retail Selling,
EXAMS. Joint Inter., A.A. & I.P.A. Finals, I.S.M.A., U.C.T.A.

ARCHITECTURE & BUILDING
Architectural Design, Clerk of Works.
Bldg. Construction, Bricklaying, Trade Courses,
EXAMS R.I.B.A. (Inter.), R.I.C.S., I.Q.S. Inter., Final & Dip.
in Working -Up, L.I.O.B., Inst. Clk. of Wks.

ART
Art Training (basic), Commercial Illustrating,
Oils & Water -Colours, Figure Drawing, Lettering.

COMMERCIAL TRAINING
Bookeeping, Computer Programming, Costing & Account-
ancy, Office Training, Secretaryship, Shorthand, Type-

writing,
EXAMS, I.C.W.A., C.I.S.. C.C.S., A.C.C.A., Inst. Bkkeepers.

CIVIL ENGINEERING
Highway Engineering, Structural Engineering,
Reinforced Concrete Eng., Town & Country Planning,
EXAMS. I.C.E., I.Struct.E.

DRAUGHTSMANSHIP (State Branch)
Drawing Office Practice, Mechanical Drawing,
Structrl. & Architectrl. Drwing., Maths. & Machine Drawing.

ELECTRONIC ENGINEERING
Basic Electronics, Industrial Electronics & T.V

FARMING & HORTICULTURE
Arable & Livestock, Pig & Poultry Keeping,
Farm Machinery (Maintenance), Smallholding,
Flower & Vegetable Growing, Complete Gardening,
EXAM. R.H.S. General.

FIRE ENGINEERING
EXAMS. Inst. of Fire Engrs., Fire Service Promotion.

GENERAL EDUCATION
Languages, Good English.
EXAMS. G.C.E. subjects at Ordinary or Advanced Level.

MANAGEMENT
Industrial Management, Business Management,
Office Management, Personnel Management,
Hotel Management, Work Study, Foremanship, Storekeeping.
EXAMS. Brit. Inst. of Mangmt. Inter., Final & Cert. in
Foremanship.

MECHANICAL ENGINEERING
Wide range of subjects incl.:-
Workshop Practice, Diesel Engines, Refrigeration & Welding,
Engineering Maths., Production Engineering.
EXAMS. I.Mech.E., Soc. of Engrs., Cert. in Foremanship,
C. & G. Cert in Machine Shop Engineering.

MOTOR ENGINEERING
Motor Mechanics, Running & Maintenance,
Road Diesels, Owner Drivers.

PHOTOGRAPHY
The Amateur Photographer. EXAM. P.D.A.

RADIO, T.V. & ELECTRICAL
Radio Engineering, Radio Servicing, T.V. Servicing & Eng.
Practical Radio (with kits), Electricity Supply, Electricians,
EXAMS. Brit.I.R.E., Soc. of Engrs., C. & G. Certs. for Telecom.
Technicians, Radio Amateurs, Radio Servicing (RTEB), Elec.
Engrg. Practice, Electrical Installations.

WRITING FOR PROFIT
Short Story Writing, Free Lance Journalism.

AND MANY OTHER SUBJECTS incl.:
Police Entrance, Industrial Instrumentation, Petroleum
Production, Dressmaking, Textiles.

LEARN -AS -YOU -BUILD PRACTICAL RADIO COURSE.
Build your own 4 -valve T.R.F. and 5 -valve superhet radio receiver
Signal Generator and High -quality Multi -rester.

PERSONAL CALLERS welcome at the I.C.S. Information
Bureau, 73 Kingsway, London, W.C.2.

the workk largest correspondence sehoo/
over6million

Students
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NEW CABLES
& FITTINGS
TOUGH RUBBER CABLES

Per yd. 25 yds. 50 yds. 100 yds.
1/044 Twin 61d. 12/6 22/6 43/4
1/044 3 -core 9d. 17/3 31/3 60/6
3/029 Twin 8d. 15/9 28/6 55/9
3/029 T.&E. 9Id. 18/3 34/3 46/9
7/029 Twin 1/- 24/3 47/6 93/10
7/029 T.&E. 1/- 31/6 59/9 118/2
7/044 Twin 1/11 46/- 87/6 171/ -
Twin Lead, 50 yds., 1/044, 48/6; 7/029,
89/9. VIR, 50 yds., 3/029, 12/-; 7/029,
19/-. Earth Wire, 100ft., 7/029, 11/-;
7/029, 7/9. Twin PVC Transp. Flex, 50
yds.., 10/-. Twin Twisted, 25 YdS., 11/31
50 yds., 21/-. TRS PVC, Lead Cables of
all sizes. Holders, C.G., 8/-. Batten, doz.
12/-. Roses. 2 -plate, 8/-; 3 -plate, doz.,
9/-. Iunc. Boxes. Sml., 11/L-; Lge., doz.,
13/-. Switches. 1 -way, 18/r; 2 -way doz.,
24/-. White Switches, 1 -way, 24/-; 2 -
way. doz., 30/-. Flush Switches, 1 -way,
18/-; 2 -way, doz., 24/-. Ceiling Cord,
do., 1 -way, 5/-; 2 -way, 6/-. 2 amp 2 -
pin Sw. plugs and tops, ea. 3/-. 5 amp.
3 -pin Sw. plugs and Tops, ea.. 5/6. 15
amp. 3 -pin Sw. plugs and Tops. ea. 9/-.
13 amp. 3 -pin, ditto, A.C. only, ea. 7/6.
Wood blocks, 3 x 5/6; 31 x 1, 7/6:
3 x 3 x I, 7/6; 51 x 31 x +, doz., 9/-.
White, 3 x 6/-; 34 x 7/-; 4 x 1,
9/-. Cable Clips, Sml., 2/9; Med., grs.,
3/3. 10 amp. D.P. Insulated Sw. fuse,
6/-. 21 amp. Ironclad 2 -way 15A Spltr.,
13/6. 30 amp. Ironclad D.P. Switchfuse,
19/6. 60 amp. Metal D.P. Sw. fuse, 49/-.
Sw. gear, Fusebds., Spltrs., all types.
Lamp Bulbs, 15, 25, 40, 60 watt, 12/-:
75 watt 15/-; 100 watt. 17/-; 150 watt,
24/-; 200 watt, doz., 30/-. Carbon Bulbs,
230 v. 16 C.P., doz., 20/-. Immersion
Heaters, 3 Kw., 50/-. Single Car Cable,
10 yds., 3/-; 100 yds., 25/-. Conduit and
Fittings, {in. and fin. Industrial Reflec-
tors, Tubular Heaters, Fluorescent Fit-
tings, Time Switches, and all electrical
equipment. Full lists on request. Single
items supplied. Satisfaction guaranteed.
Terms: Cash with order; carriage paid if
over £5: orders of £20 or over less 5 per
cent. discount. Open daily, inc. Sat., 9 to
1, 2 to 6: Thurs. 9 to 1. Callers welcome.

LONDON
WHOLESALE WAREHOUSE
166 (P.M.), QUEENS ROAD,

PECKHAM, S.E.15
Tel.: NEW Cross 7143 or 0890

" ARCMOBILE "
ARC WELDING SETS

vow- 
ARCMOBILE

£17 10 0
Including delivery

A complete self-contained Arc Welder
using standard flux -coated electrodes of
I4g. and 16g. 210/250 V. A.C. Mains
consumption 13 Amps. Welds sheet metal
down to 22g. and steel and iron section
up to 3/16in. thick in a single run.
Heavier sections can be welded by multiple
tuns (building up). Infinitely variable
welding current by hand -wheel. Maximum
welding current 65 Amps. Minimum 15
Amps. Weight 85 lbs.
Dimensions: llin. high, 12in. wide, 13in.

long.

HARMSWORTH,TOWNLEY & CO.
JORDAN STREET, KNOTT MILL

MANCHESTER, IS

Automatic (Time) Switches
New and reconditioned 15 day clockwork

and electric switches

from 35/ -
Send 8.4.5. for illustrated details to:-

DONOHOE (TIMERS)
l& 2 UPPER NORFOLK ST.,NORTH

SHIELDS, NORTHUMBERLAND

s . practical, comprehensive, brilliantly
illustrated, popularly priced -the perfect book

for ALL aquarists!

TROPICAL FISH
IN THE HOME

by Douglas Gohm, F.Z.S.
SOME OF TH

CHAPTER
1 AQUARIUMS

Importance of Shape -Glass Sizes -Disinfectant-
Cements - Faults - Water - Heating - Elec-
trical Heating -Oil Heating -Coal Gas -Lighting
-Artificial Light.

2 PLANTS AND LAYOUT
Sand - Fertilizing - Planting - Plants - Floating
Plants -Rocks -Layout.

3 AQUARIUM MANAGEMENT
Green Water -Cloudy Water -Oxygen -Filters -
Metals -Tap Water -pH Value -Water Hardness
- Cleaning - Snails - Netting - Overcrowding
-Change of Water -Petty Cruelties -New Arrivals
-Bullies-Feeding Quantity -Dry Food -Live
Foods - Daphnia - Dried Daphnia - Cyclops -

THE tremendous success of
this book when it was first
issued in this country made

it clear that there was a real need
for a book which went farther
than an elementary booklet on the
one hand and, at the same time,
cost less than a highly priced
tome on the other. The book, with
its unsurpassed colour illustra-
tions of fish, its liberal line drawings
throughout the text and its really
extensive coverage of all aspects of
the average aquarist's hobby, im-
mediately found a wide market. As
publishers, when we were still
suffering from the post-war high

price tendency, we were unable in the
first edition to achieve the really
popular price for which we had hoped.

This present cheap edition has been
made possible by the success of the
first. " Tropical Fish in the Home "
is, therefore, now available to you at
exactly one half of the cost of the
original volume and yet we have been
able to completely revise and, indeed,
enlarge the scope of the work. Hun-
dreds of aquarists, beginners and
more advanced enthusiasts throughout
the country will find that this book
now fits both their purpose and pocket.

It is a volume you will consult daily in the
course of your hobby as little problems arise.
It is equally a book to be read for its interest
and in anticipation of developments in your
collection of plants and fish.

E CONTENTS
CHAPTER

Mosquito Larvae -Brine Shrimps -White Worms-
Tubifex Worms -Micro -Worm -Earth Worms -
Blood Worms -Rotifers -Glass Worms -Condi-
tioning -Feeding Young Fish.

4 DISEASES
White Spot -Wasting -Mouth Fungus -Fungus -
Flukes -Shimmies -Swim Bladder -Dropsy -Pop -
Eye -Wounds -Itch -Frayed Fins -Fin Rot-Cos-
tiasis-Constipat ion-Antibiot ic-Enemies.

5 FISH
Classification-Breeding-Livebearing Tooth Carps
-Other Livebearers-Livebearer Hybrids -Egg -
Laying Tooth Carps and Egg Layers-Characins-
Other Characins-Carps or Minnows-Anabantids
-Cichlids-Other Cichlids-Silversides-Nandids
-Loaches-Catfish--Other Catfish.

Completely revised second edition . .

34 fish illustrated in full natural colour
15s. net FROM ALL BOOKSELLERS

peAR.;31;Nin the. c.cifosewerof 42ceult,ouls.mptpossttrefertri LoLionARJAI-7F2t

PEARSON



July, 1960 NEWNES PRACTICAL MECHANICS 465

Constructing a Siren
WOULD you describe how a " siren "

is constructed? I wish to make
up a geared unit, hand -operated, which
will produce a high-pitched note. Would
you explain how the note can be varied
and what will be the approximate speed
of the rotating disc or plate? I also want
to construct a unit to produce a similar
result as above, but without moving
parts and working from an air pressure
of approximately iop.s.i.-S. Wild
(Lancs.).
IN such units one plate is fixed, and a second

is pivoted very near it. Openings in
fixed and rotating plates match in such a
way that they are alternately covered and
together, when the pivoted plate or disc is
turned. If the unit is driven by air pressure,
projections on the edges of the holes of the
rotating plate are given a slope, so that air
pressure causes this disc to rotate. If the
disc is gear -driven, these projections are
formed into a fan or blower, which forces
air through the openings when holes in
fixed and rotating plates coincide. The note
is directly proportional to the number of
holes and r.p.m. Divide r.p.m. by 6o and
multiply by number of holes, e.g. a '2 -hole
plate running at 6,000 r.p.m. would give
1,200 c.p.s. The note is most easily changed
by altering the speed. A rotating cylinder,
with open ends, inside a fixed cylinder, with
matching holes, is also used, and in this
variety a cylinder some tin. long and Sin.
in diameter would suffice for a reasonable
sound output. Clearance between fixed and
rotating members must be very small.

Cricket Practice Pitch
IWISH to make a concrete cricket

pitch for use with batting nets. Could
you please advise me on the length and
breadth of such concrete wickets;
thickness of concrete surface and what
mix to use? I wish to cover the concrete
wicket with matting; what is the best
material to use for this purpose? -H. T.
Sneeting (Cambridge).

THE normal cricket pitch is 22yd. long
and we would suggest that for training

at the nets you should have a concrete apron
not less than half this length. The width
would not be less than 3ft. Thus you will
have an area of x2sq.yd. to cover at 4in. in
thickness, or a total of feu.yd. of mixed
concrete. For this we would suggest ap-
proximately i fcu.yd. of ballast, f cu.yd.
of sand and eight bags of cement. The mix
should be one part cement, two parts sand and
four parts aggregate, by volume.

No reinforcement should be necessary
but it would be as well to lay about 4in. of
hardcore. Coconut matting is the usual
covering for concrete pitches and is obtain-
able through sports stores or flooring firms.

Maintenance of
Roofing Tiles
THAVE a bungalow with a red asbestos

slate roof which is covered with a
mossy growth. Some years ago I scrub -

r
RULES

Our Panel of Experts will answer
your Query only if you comply

with the rules given below
A stamped addressed envelope, a sixpenny
crossed postal order, and the query coupon from
the current issue which appears on the inside of
back cover, must be enclosed with every letter
containing a query. Every query and drawing
which is sent must bear the name and address of
the reader. Send your queries to the Editor,
PRACTICAL MECHANICS, Geo. Newnes, Ltd.,
Tower House, Southampton Street, Strand,
London, W.C.2.

bed it clean but did not put any dressing
on afterwards. I am once again scraping
it and it looks like new. Can you give me
any advice on the treatment I could use to
stop the moss growing again? Would it
be advisable to use a plastic emulsion
paint, if obtainable in red, as a
final coat, thus keeping the colour? -
F. Crump (Malpas).

WE never recommend painting roofing
slates, asbestos tiles or clay tiles, due

to the continual maintenance problem which
arises. Often the weather takes command
and the application will fail in a short time,
leaving a very patchy appearance.

You state that on cleaning the surface looks
like new and therefore we conclude that if
the moss growth could be controlled you
would be more or less satisfied. With this

111

The P5M.

lueprint Service
12 FT. ALL WOOD CANOE. New Series,

No. I, 40.*
COMPRESSED-AIRMODELAERO ENGINE

New Series. No. 3, 5s. 6d.*
AIR RESERVOIR FOR COMPRESSED -AIR
AERO ENGINE. New Series, No. 3a, Is. 6d.

" SPORTS " PEDAL CAR. New Series. No. 4,
5s. 6d.*

F. J. CAMM'S FLASH STEAM -PLANT. New
Series. No. 5, 5s. 6a..

SYNCHRONOUS ELECTRIC CLOCK. New
Series. No. 6, Ss. 6d.*

ELECTRIC DOOR -CHIME. No. 7, 4s.*
ASTRONOMICAL TELESCOPE. New Series,

Refractor. Object glass Sin. diam.
Magnification x 80

No. 8 (2 sheets), 7s. 6d.*
CANVAS CANOE. New Series. No. 9, 43.*

DIASCOPE. New Series. No. 10. 4s.*
EPISCOPE. New Series. No. II, 4s.*

PANTOGRAPH. New Series. No. 12, 2s.*
COMPRESSED -AIR PAINT SPRAYING

PLANT. New Series. No. 13. 8s.*
MASTER BATTERY CLOCK.*

Blueprints (2 sheets), 4s.
Art board dial for above clock, Is. 6d.

OUTBOARD SPEEDBOAT
I Is. per set of three sheets.

P.M. TRAILER CARAVAN.*
Complete set, I Is.

P.M. BATTERY SLAVE CLOCK. 2s. 6d.*
P.M. CABIN HIGHWING MONOPI,ANE

Is. 6d.*

The above blueprints are obtainable, post free,
from Messrs. George Newnes, Ltd., Tower House,

Southampton Street, Strand, W.C.2.
An * denotes constructional details are available free

with the blueprints.
J

in mind we would suggest that you give the
roof surface a dressing of either Cuprinol for
Brickwork or Santobrite. The former is
available in all areas and the latter may be
obtained through John Line & Sons, of
Tottenham Court Road, London, W.C.z ;
a 5 per cent. solution of the latter would be
sufficient. These materials are water -sensi-
tive and may be washed away eventually by
rain, thus an application each spring might
be required to control the moss growth.

Etching on Aluminium
COULD you please tell me how I could

etch or " frost " aluminium with-
out using dangerous acids? I believe
there are non-acid chemicals which
will etch aluminium. Could you also
tell me the best varnish to use for block-
ing out the design? -W. Smyth (N. Ire-
land).

USE melted paraffin wax for blocking
out the design. The actual etching

process is effected with a strong solution of
caustic soda. Rubber gloves should be used
when handling this material; but one would
not regard this chemical as dangerous as the
acids.

Igniting Fireworks
Remotely
T WISH to make some elements lin.
1 long if possible, ,)in. being maximum
length, to work from torch batteries.
They will be worked in threes or singly
and are required to ignite fireworks
remotely. Will you also tell me the type
of wire required for these? -G. Leabon
(Northampton).

WE are rather doubtful whether a torch
battery will be sufficiently powerful

to ignite a firework, and would suggest that
you use a small 2v. accumulator, if possible.

One method would be to use a small fuse
consisting of a thin strip of magnesium, the
size of which would have to be found by
experiment. Alternatively you could try
using about fin. of 32 s.w.g. Brightray resis-
tance wire; such wire is made by Henry
Wiggin & Co. Ltd., of Wiggin Street, Bir-
mingham x6.

Current in an A.C. Circuit
IN

a single-phase circuit does the neutral
wire carry the same current as the

live wire? Suppose a four -core cable
(three-phase and neutral) is used to
supply single-phase circuits, each taking
3oA., what current is in the neutral wire?
Is it the total of the three circuits, qoA.?
An electrician told me that less current
flows in the neutral wire, but what pro-
portion, etc., he did not know. He pointed
out how a group of houses are supplied
from overhead mains, with various
groups tapped off each phase, but all
connected to the common neutral, which
he said is quite often a smaller gauge
wire. It would appear to me that a single-
phase A.C. circuit is similar to a D.C.
circuit, e.g., if 30A. flow in one wire, then
3oA. flow in the other. -D. Brinkley
(Suffolk).
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THE current in an A.C. circuit is not

constant but varies in time in accordance
with a sine wave. An A.C. current of 3oA.
(effective value) will produce the same heating
effect as a 3oA. D.C. current. The A.C.
periodically reaches a peak value of 1.414
times the effective value. The peak value of
the 30 (effective) A.C. amps is therefore
414 x 30 = 42.42A. The currents in the

three phases connected to a three-phase
generator reach their peak values at different
instants. At the instant when one phase of
the generator and supply has its maximum
(peak) current of 4242 in a positive direction,
the currents in the other two phases of the
generator and supply have negative values
of 21'2I. Since the phases are connected
together at the neutral there will, at that
instant, be a current of 42.42A. flowing from
one phase to neutral, and 21'21A. flowing from
the neutral to each of the other two phases.
Thus there will be no current flowing in
the neutral. A similar state of affairs will
exist (with different values of current) at
other instants, so long as the three single-
phase load circuits are alike, i.e. so long as
the loads are balanced.

In practice the single-phase loads are very
seldom exactly balanced and a small resultant
(out -of -balance) current will then flow along
the neutral cable between the generating
plant and the consumers. The out -of -
balance current is never as great as the full -
line current, consequently the neutral cable
can be of smaller cross-sectional area than
the phase or line conductors.

A Photo -electric
Exposure Meter
T WISH to make a photo -electric ex -
1 posure meter, using an ex -Govern-
ment meter, as I have been told that this
is possible. I have an o-5mA meter
moving coil, made by G.E.C., and
a Weston AE o-3.5amp thermo-couple.
Would either of these be suitable?-
J. Nash (Herts).

AMICROAMMETER is needed for a
photo -electric exposure meter. This is

much the same as a milliammeter, but more
sensitive. Photo -electric cells produce a very
small current, so that a soo microamp (o.s
milliamp) meter is usual. The o-5mA meter
would not do because the pointer would not
move far enough to give any reading. It is not
feasible to use a meter requiring more than
frriA (250 microamps) for full-scale deflection
with an average cell. The 3.5 amp thermo-
couple meter would be a milliammeter, with
internal thermo-couple. The " AE " signifies
Aerial, as they 'are intended to read the
current flowing into a transmitter aerial. If
the thermo-couple is removed, leads being
taken to the hair -springs, the instrument will
operate as a milliammeter. The current
required for full-scale reading cannot be
stated, but could be found from Ohm's Law
with a resistance and battery, or by testing
with another meter. Most such meters were
rmA or zmA types. If so, it is not sensitive
enough for the purpose. You require a meter
in which about roommA (o.smA) will take
the pointer to the full-scale position.

tstrouomical Telescope
WOULD you please give me details of

an eyepiece that would give the
greatest magnification for an astronomi-
cal telescope (refractor) aim. in dia. and
having a focal length of 4oin.-H.
Roughley (Lancs).

YOU did not give any indication regarding
the quality of the object glass of your

telescope, whether it is a high-class achro-
matic or ordinary single -glass lens. Obviously
the first would stand much the higher
magnification. In any case, however, it usually
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happens that more details can be seen with
low powers than with high and we recom-
mend a magnifying power not greater than
x 8o, which will be the result of using a bin.
focus eyepiece. It is composed of two lenses
sin. focal length and tin. (or fin.) focal length
arranged as shown in the illustration below in a

Brass tube

1"F
diameter1/2"

1/3" F

diameter 3/8
Mounting the lens.

brass tube and held in place by rings of
Bristol board. Midway between the lenses a
stop must be placed, the hole through which
can be about fin. or Ain. dia. The two
lenses are both plano-convexed and these
are mounted with the domed side towards the
0.G., flat sides towards the observer's eye.
They can be obtained from Broadhurst
Clarkson and Co. Ltd., of 63 Farringdon
Road, London, E.C.s.

Photo -copying Machine
T WISH to make a photo -copying mach-

ine similar to those advertised in
P.M. I require it for copying drawings,
etc. Could you please supply me with
details?-L. Short (Sheffield). "

THE machines marketed are elaborate and
electrically controlled as to time of

exposure, time of development and time of
photographing and would therefore be very
difficult to reproduce. However, the dia-
grammatic sketch attached illustrates the basic
principle and we think you could manage to
make a simplified hand -operated machine.

The material to be copied is laid upon the
white paper covering the sorbo pad and the
sensitised paper placed upon it and the whole
clamped firmly by the glass cover. ,The glass
cover is specially treated so as to have a
slightly smoky colour in the middle, tailing
out to plain glass on the outer edges. This is
to ensure equal illumination over the whole
area. The overhead light is switched on for a
few seconds and then the sensitised paper is
plunged into the developing portion of the

' Light

-

Glass cover

Sensitised paper

1.
Material to
be copied)

fORNMSZEREIMINRIM
Sorbo rubber Plain white paper

pad

tacked copy paper Rollers

Developer bath
Layout of machine.
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unit for a further number of seconds and is
withdrawn through the squeegee rollers
which pick up simultaneously a piece of
plain copying paper from the rack. The
passage of the two sandwiched pieces (the
developed sensitised one and the plain one)
are thus held momentarily in face-to-face
contact as they pass as twins through the
rollers. The reproduced material appears as
a positive on the piece of copy paper. Times
of exposure, development and temperature of
the developer are critical for different types
of material. The clearer the master copy the
shorter is the exposure.

Mamba Control -Line Racer
(Concluded from page 445)

Give the whole aircraft one coat of sanding
sealer after the two halves have been taken
apart. Rub down with flour paper; if there
is any grain showing give another coat of
sanding sealer and rub down.

Painting
Use a good quality car cellulose. Putting it

on in thin coats and rubbing down between
each coat should give a finish to be proud of.
With a team racer the finish is very important
because of the extra speed that can be obtained.
The prototype (see photo) had twelve coats
of cellulose, all thin ones, which gave it a
high gloss finish. Apply your light colour
first in one thin coat. When this is dry rub
down with wet -or -dry, then give another
coat of paint and do the same as before.

After the light colour apply the dark colour
or colours. These need a little extra care as
they show irregular spots and also care must
be taken where two colours meet. Masking
tape will be most useful here. The final

both cases should be polished with
metal polish and dusted off with a smooth
duster. A small dummy pilot will be needed
for the cockpit and can be obtained from your
local model shop, either painted or unpainted.

The pilot is fitted in position (see 'plan)
before fitting the canopy. Use a contact
adhesive. The canopy can either be moulded
or bought. The commercial canopies are
slightly shorter than the one shown on the
plan but it is the depth which is important.
Glue the canopy in place with balsa cement,
hold in place with rubber bands and allow
to dry. Mark in the cockpit frame lines
by masking, then painting the frames while
the masking tape is in place, to obtain a clean
line. When dry remove the tape. The posi-
tion of the frame lines is marked on the plan.

Flying
The aircraft has a very quick take -off so

do not be in too big a hurry to get it off the
ground. Before flying, warm the engine up,
so starting will be easy. Use an 8in. x 8in.
propeller for this job, then change to a
7in. x gin. propeller for racing.

The control lines are as stated, 52ft. Sin.
The lines are made from o.osoin. high
tensile steel wire, which can be obtained from
your local model shop. Each wire is looped
at either end for attachment to the aircraft
and handle. These loops can be soldered to
stop them slipping. The handle should be of
regulation pattern, i.e. a plain steel harp
type. These can also be obtained at a model
shop. Two 20 s.w.g. wire clips made in the
same way as the control lead -out wires should
be fitted to the handle and secured in the
same manner. The control apparatus (handle,
line and bell crank) should conform to the
minimum breaking strain of so times the
weight of the model. Do not use thread or
nylon lines on this aircraft. Make sure that
when the lines are looped at each end they are
both the same length. Do not try to loop this
aircraft.
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Huge Purchase High Speed Steel
Tool Bits, hardened ready for use.
essential to any lathe user, secure
your stock now as these are really a
good investment. 1/4" square, 2 1/2"
long, 6/6 per doz. 5/16" sq., 3" long,
8/6 doz., 3/8" sq., 3" long, 12/-
doz.; 7/16" sq., 3 1/2" long, 15/-
doz. Six doz. lots less 10 per cent.

5,000 Taps, 1/8" to 3/8" dia.,
Assorted Threads, suit M.E. or experi-
menter, mostly fine threads, twenty
assorted, 3/9.

One Ton Ground Silver Steel, 73"
lengths, 1/16" to 15/32" dia., doz.
assorted lengths, 5/6.

5,000 Ball Races, standard o.d..
1/8" bore, 2/-; 3/16", 2/-; 1/4", 2/-;
3/8", 2/6; 1/2" 3/6; 5/8", 4/6 each.
6 or 9 mm., 1/- each.

2,000 Hand Reamers, sizes 5/16",
3/8", 7/16", 3/6 each. Also 5/8",
11/16", 4/9 each.

Extra Special Carb. Grinding
Wheels Offer. 6"-7" dia., 1/4", 1/2',
3/4" thick, 1/2" or 3/4" hole, 10/ -
the three, postage 2/-. Value over
30/, Ass. grits for tool and cutter
grinding.

2,000 Small H.S. Twist Drills,
approx. 1/32"-3/32", 4/- doz. Approx.
1/16"-1/4", 7/6 doz. Approx. 9/32"-
15/32", six for 10/-.

3,000 Circular Split Dies, 1" dia.
cutting 1/4", 5/16", 3/8", 7/16", 1/8"
Whit., B.S.F., also brass thread, 26
thread all sizes and American N.F.
12/- per set of 5 sizes, 2 sets 22/6,
4 sets 42/6. Taps to suit 12/6 per set,
either taper or second or plug. 1"
dia. stocks 6/- each.

2,000 Straight Shank End Mills.
size 1/8", 5/32", 3/16", 7/32", 1/4",
5(16", 15,- set, also 3/8",7/16", 1/2"
ditto, 12/6 set.

All items brand new. £1 orders post
paid, except overseas.

J. BURKE
192 Baslow Rd., Totley, Sheffield
Inspection at Rear 36 Fitzwilliam St.,

Sheffield.
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ANNOUNCING-after many years of highly successful operation
in the U.S.A. and in Europe - the latest system in home
training in electronics is now introduced by an entirely
new British training organisation. AT LAST -- a compre-
hensive and simple way of learning-by practical means-the
basic principles of radio and electronics, with a minimum of
theory. YOU LEARN BY BUILDING actual equipment with
the components and parts which we send you. You
advance by simple steps using high quality equipment
and performing a whole series of interesting and instruc-
tive experiments. No mathematics! INSTRUCTION
MANUALS and our teaching staff employ the latest
techniques for showing clearly how radio works in a
practical and Interesting manner. You really have fun
whilst learning! And you end by possessing a first rate piece
of home equipment with the full knowledge of how it oper-
ates and -very important -how to service and maintain it
afterwards. A full library of magnificent illustrated text
books are included with the Courses. IN FACT for the ' Do -
it -Yourself' enthusiast, the hobbyist, or those wanting help
with their radio career training or to set up their own fun
r part-time servicing business-then this new and exciting

instructional system is exactly what is needed and it can all
be provided at very moderate cost. Easy payments available.
Post the coupon now, for full details. There is no obligation.

BUILD YOUR OWN  RADIO EQUIPMENT
 HI-FI INSTALLATION
 TEST GEAR

amp 1

i-
To : RADIOSTRUCTOR, (Dept. G38),

1 40 Russell Street, Reading, Perks.
Please send brochure, without obligation, to:

I Name. BLOCK
Address CAPS.

PLEASE

I 809) We do not employ representatives 7-60

LOTS OF INSTRUCTIVE

EXPERIMENTS AT HOME

No ifibthematiCs/

RADIOSTRUCTOR
BRITAIN'S LEADING ELECTRONIC TRAINING ORGANISATION

Wirik/r/750/1S
EST.
1921

INSPECTION LAMP. Fits on forehead,
leaving hands free, battery case clips on
belt. 7/6, post 1/6.

VACUUM PUMP AND COMPRESSOR
Many Uses in Workshop or Laboratory.
This is an Edwards type 4, with }in.
shaft, coupling, oil -filter and union for
tubing. £6.10.0.. post 3/6.
SWITCHES. I hole fixing, 3 amp., 250
volts. 1/6 each. 12/- doz.
TERMINAL BLOCKS 4/- doz., or box
of 50 for 15/-. 3 -way, 6/- doz., 50 for
22/6, post 1/6.

METERS GUARANTEED
50 Microamps 2 in. MC/FR

100 2 in. MC/FR
100 " 3 in. MC/FR
250 " 3 P. MC/FR
5001 " 2 MC/FR

Milliamp 21in. MC/FR
5-0-5 " . 2fin. MC/FR
30 " 24 -in. MC/FR

100 "
"

2in. MC/FR
200 2in. MC/FR

5 Amperes 2in. MC/FS
15 " 2in. MC/FR
25 " D.C. 2iin. MI/FR

30-0-30 " 2in. MC/FR
50-0-50 " 2in. MC/FS

10 Volts 2in. MCR/FS
50 " 31in. MC/FS

300 " A.C. 24in. MI/FR

ROTARY CONVERTERS. Input 12 D.C.
Output 230 50 cy. 135 w. In fitted
case with variable resistance. 0/300 volt-
meter. The ideal job for TV and tape
recorders where A.C. mains are not avail-
able, £10, carr. 15/-. Special connectors
one fitted with 61t. heavy duty flex and
clips for D.C. side. 10/- set, post 1/-.
ROTARY CONVERTER input 12 v. or
24 v. D.C. coutput 230 v. A.C., 135 watts.

£8.10.0., carriage 7/6.
BATTERIES. Portable Lead Acid type 6
volts 125 amp. hours In metal case 16in.
x 18in. x I lin. (Two will make an ideal
power supply for our 12 -volt Rotary Con-
verters.) Uncharged £6.10.0, carr. 15/-. 24
volt 85 ampere, £14.0.0, carriage 30/-.

MAGNETIC
COUNTERS.
Counting to 9999,
6 v. D.C. 15/- each. -
cost 1/6. HIGH SPEED
TYPE No. 160C. 35/-. Post 1/6.
VEEDER-ROOT MAGNETIC COUN-
TER. General purpose type with zero
reset. 800 counts per minute up to
999,999, 48 volt D.C., 55/-, post 2/6.
MECHANICAL COUNTERS. Adds ten
per complete/6,

6
rev.figs. of

12/
spi6.dAlnle,

l
4

post 1/ -
figs. 10/6,

5 .

VACUUM PUMP. Brand
New. 7 cu. ft. per min. 10
lbs. per sq. in. at 1,200
r.p.m. Rotary Vane type
35/-, post 3/-.
SOLENOIDS. 12 volts D.C.
with a 31in. lever, very
powerful, 5/- each, post 1/6.
ELECTRIC BLOWERS 220/
250 v. A.C./D.C. 360 watts

(post 1/6 in all meters) complete with flex £5, post
METER RECTIFIERS, 250 n.A., 1 3/6.
M.A., 5 M.A., F.W. bridge, 8/6, post 6d. AIR BLOWER powered by
CROSSPOINTER METER with 2 separate a 230 volt A.C. motor, 15"
100 microamp movements, 22/6, post 2 / -. tan. Volume of free air at0 for lamps up to 100

maximum efficiency 900 Cu. ft. per min.
max: r.p.m. is 1,250 Cu. ft. per min. AtBULKHEAD FIT-

TING. gin. diam.; flat
tripod type, suitable Brand New £25, carriage 20/-.

MAINS MOTORS. Capacitor 230 volts
watt, complete with A.C. 1/40th h. p. 1,400 r.p.m. 55/, post 3/6.
Pushbar switch lamp- GEARED MOTORS for the model
holder. Ideal for farm maker, small but powerful 12/24 volts
buildings, garages, D.C. 4/8 r.p.m., 35/-, post 2/6.
greenhouses, etc. GEARED MOTORS. 220-240 volts A.C.
Brand new, 17/6, post 175 r.p.m. Torque 15Ibs. ins. Klaxon,
2/6. £10, carriage 15/-.

70/-
60/-
70/-
55/
22/-6
35/-
20/-
12/6
15/-
126
27/6
17//626

15/6
12/6
25/-
45/-
25/ -

GEARED CAPACITOR MOTORS,
220-240 v., 50 cy., 30 w., 300 r.p.m., also
spindle for 1425 r.p.m. A very powerful
and useful motor for only 75/-, post 3/6.
NIFE BATTERIES. Nickel cadmium, 6
volts 75 amps., crated and connected.
Brand new, 17.10.0 carriage 15/-.
NIFE BATTERIES. Nickel cadmium, 12
volts 18 ampere hours, crated and con-
nected. alkaline filled. Brand New. £4
each, carriage 10/-. Also available 2.4
volts 10 ampere hours, 20/- each, post 3/6.
MOTORISED FUEL PUMP. 24 v. D.C.,
5 amps. 400 g p.h. "Pulsometer" impeller
type, with carbon gland spring loaded
against a bronze surface. 55/-, post 3/6.
MOTOR ONLY, 7in. x 4in. can be sup-
plied separately for 37/6, post 2/6.
TORCH IGNITER PUMP, 24 volts D.C.
"Plessey," 47/6, post 3/6.
TELEPHONE SET TYPE K. The most
compact telephone set available as the 4+
volt flat battery and buzzer is built-in to
tile hand instrument. Ringing and speaking
both ways on twin wire instrument is
complete with 5ft. flex. Easily hangs on
the wall. Set of two instruments £5.10.0,
post 3/6.
TELEPHONE SET "TELE-F". This is the
best-known portable telephone ever made,
it has a built-in generator for ringing the
other instrument and requires only twin
wire between the sets. The set of two
instruments and batteries in carrying case
£7.10.0, post 7/6. Twin flat PVC wire
available at 3d. per yard.

Telephone Set Type "A". Ringing and
speaking both ways on a 4 -core cable.
Carries the voice loudly and clearly
over any distance. Two hand -sets are
supplied as illustrated and the set is
complete with Pushes, Buzzers, Battery.
Plugs and Sockets. 4 -core PVC cable
8d. yd. 75/- set, post 3/6. Set Type
"D", . Speaking only 38/9, post
3/6. Use twin wire 3d. yd.

L. WILKINSON (CROYDON) LTD.
19 LANSDOWNE ROAD, CROYDON. SURREY
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The Importance of Knowing
How to Learn
LANGUAGES

THE only satisfactory method of
learning a foreign language is

the direct method. In other words,
you must learn French in French,
German in German, Spanish in
Spanish, and Italian in Italian.
That is the Pelman system, and it is
the only way. It naturally follows
from this that the old-fashioned
burden of memorising long lists of
foreign words is entirely abolished
when you learn a language by the
direct way.

Another consequence is that it
practically eliminates the difficulties
and drudgeries of learning compli-
cated grammatical rules and excep-
tions. It teaches you not only to
read a foreign language, but to write,
speak and understand it thoroughly

- and efficiently.
There are no classes to attend.

You pick up the foreign language by
correspondence in your spare time,
in half the usual period.

Write for Free Book To -day
The Pelman method of learning

languages is explained in four little
books, one for each language:

FRENCH SPANISH
GERMAN ITALIAN

(Also Courses in Afrikaans and Urdu)

State which book you want and
it will be sent to you with a specimen
lesson, gratis and post free.
PELMAN LANGUAGES INSTITUTE,

130, Norfolk Mansions,
Wigmore Street, London, W.I.

WELbeck 141 I
PELMAN (OVERSEAS) INSTITUTES .

Delhi, Melbourne. Durban, Parts, Amsterdam.

HIGHSTONE UTILITIES
Ex-R.A.F. 2 -valve (2 volt) Microphone
Amplifiers, as used in 'plane intercom., in
self-contained metal case; can be used to
make up a deaf aid outfit, intercommuni-
cation system, or with crystal set, com-
plete with valves and Fitting Instructions,
20/-, post 3/-. Useful wooden box with
Partitions to hold amplifier, 2/- extra.
Amplifier, containing resistances, conden-
sers, transformers, switches, etc., but less
valves, 10/-, post 3/-. Hand Micro-
phones, with switch in handle and lead.
5/6. Tannoy, 7/-. Similar Instruments,
moving coil, 8/6. All post, 1/6. Mask
type with switch, 3/6, post 6d. Throat
Mikes, 5/ -, post 7d. Mike Buttons (car-
bon), 2/-. Moving coil, 3/6, post 4d.
Soldering Irons.-Heavy Duty Iron, 150
watts, 18/6, post 1/6.
Meters. -20 amp. 2in., m/c. 8/6; 25 v.
2in. We. 8/-; 3.5 amp., 2in. T.C., 6/-;
4 amp., 24in., T.C. in case with switch,
9/6; 1110 mA 2in., m/c, 7/6, all post ex-
tra. Meter (L. & R.) containing 2,500
microamp movements, 9/-, post 1/6.
Bell Transformers. - These guaranteed
transformers work from any A.C. mains
giving 3, 5 or 8 volts output at 1 amp.,
operate bulb, buzzer or bell. Will supply
light in bedroom or larder, etc., 9/-, post
1/-. Similar Transformer but output of 4,
8 or 12 volts, 13/6, post 1/6. BUZZERS
for use with either the above or batteries,
4/3, post 5(1. Big Ben Chimes, Dustproof
ivory case, pleasing two note chime. Can
be used with battery or with our 12 v.
transformer, 19/4. New Ding Dong
Chimes. Also housed in a pleasing ivory
case. Operates on two 41 v. flat batteries,
fitted within the case, or by transformer,
21/7, both post 1/6.
G.P.O.Telephone Hand Comb. Sets, 12/6,
post 1/6. Telephone Hand Geiieiator, 8/6,
post 2/-. Telephone Bell, 3/6, post 9d.
S.B.C. Neon Indicator Lamps, for use on
mains to show "live" side of switches, etc.
2/6, post 4d. Mains Tester Screwdrivers,
Determine positive or live terminals in
any mains electric circuit, 6/-, post 6d.
Diodes, 2/6. .0005 Variable Condensers,
2/6, post 9d. Headphones, brand new
S. G. Brown, G.E.C.. etc., super -sensitive,
23/- a pair. Headphones in Good Order.
6/-. Better Quality, 7/6 and 10/-. Bal-
anced Armature Type (very sensitive), 13/6.
All post 1/6. New Single Earpieces, 3/6.
Bal. armature type, 4/6 (two of these will
make an intercom. set). Ex-R.A.F. ear-
piece, 2/6, post 6d. Money refunded if
not completely satisfied.
HIGHSTONE UTILITIES
58, NEW WANSTEAD, LONDON, Ed].
New Illustrated List Sent on request with
3d. stamp and S.A.E. Letters only.
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SOLD BY

BUY YOUR DISHES IN THE

" VOGUE "
TRIPLE PURPOSE SET
The Johnson " Vogue " dishes come in sets of three and
are separately coloured : Orange, Grey, White. By
these colours you will identify them for each processing
job and retain them for specific chemicals. Strongly
moulded in plastic, they are available in half plate and
whole plate sizes : Prices :

SET OF 3 z PL. 6s. 9d. ; SET OF 3 ± PL. 1215. 9d.

THE LEADING PHOTOGRAPHIC DEALERS

JOHNSONS
OF HENDON LTD

FOR CONFIDENCE
IN PHOTOGRAPHY

* 14 DAYS'
FREE TRIAL
COMPARE THEM WITH
YOUR PRESENT BINOCULAR

New Admiralty Release

CANADIAN NAVAL

7 x 50 BINOCULARS
S o confident are we in the per-

rmance of this outstanding Bin-
ular that we would like to send

them to you on fourteen days'
free trial -without obligation.

CURRENT COST APPROX. £60

Perfect condition

£22
with solid hide or
rubberised case.

Unequalled Brilliance and Penetrating Power. Extra
wide field. Weatherproof construction. 5 years' Guarantee

In the smaller general purpose binocular we can thoroughly
recommend the 6 x 30 TAYLOR HOBSON PRISMATIC GLASS

which at a. IS. 0. represents wonderful value.

CHARLES FRANK LTD.
67-75 SALTMARKET, GLASGOW, C.I
'Phone: BELL 2106/7. 'Grams: "BINOCAM" Glasgow. Est. 1907

Britain's Greatest Stocks of New, Used and Ex -Government Binoculars and
Telescopes. Send for Illustrated Catalogue

WATSON'S SPECIAL OFFERS
PETTER
ENGINES

6;8 h.p.

£27
Carr. 20/ -

These are ye y fine
twin cylinder air-
cooled engines suitable for use as either
a portable unit or for stationary work,
also as Marine Power Unit. Each slightly
used, tested and Guaranteed.
"NIFE" NICKEL ALKALINE STARTER
OR LIGHTING BATTERIES TYPE
L.R.7. 6v. 75 amp. hour. Comprising five
cells in hardwood crate. They are Ex.
Government Surplus and we believe
unused. They have been filled with elec-
trolyte for initial charge and are drained
before despatch by rail. Today's cost
approx. £29.0.0 Now offered at £6.15.0.
Carr. 15/-.
ELECTRIC TIMING CLOCKS. Preci-
sion made instruments with setting for
Hours and Days up to 26 weeks. Orig-
inally made for detonating mines, etc..
Will operate from 3v. dry battery. Really
special value. Price 30/- each. Post 3/-.
FIELD TELEPHONES, Type F. Very fine
self-contained units with range of up to
five miles. Ideal for all types of internal
and external communication. Each in
separate carrying case and complete with
batteries and 101) ft. cable. Price 69/6
each. Carr. 4/6. Extra wire 2/- per 100 ft.
8 -GALLON FUEL TANKS. 185" long,
13" wide, 12" deep in heavy gauge steel
with brass tiller cap and four fixing
brackets. Brand New 35/-. Carr. 5/-.
GEAR PUMPS. Beautifully made units
approximately 5" x 5". 32/6 each. Post 3/-.
SPECIAL PURCHASE OF EX. W.D.
PRISMATIC BINOCULARS by Kershaw,
6 x 30. Crystal clear magnification. In-
dependent eyepiece focusing gives a wide
range of vision. These are all in good
condition, ohd are exceptionally good
value. Price £5.5.0 Post Free.

Hundreds of other Bargains available.
Send 6d. stamp for Illustrated List.
EASTERN MOTORS
ALDEBURGH, SUFFOLK. Phone 51

TRANSFORMERS, 230/50 v. with Rectifier -Output 30 v. 2 a., 33/6.
OUR WELL-KNOWN TRANSFORMERS. input 200/240 v. Output tapped 3 to

 30 volts 2 amps., or tapped 5.11.17 volts 5 amps. 24/6 each. P.P
F.W. METAL RECTIFIERS, 12 v. 1 a., 7/6. 3 a., 13/6. 4 a., 17/6.6 a., 27/6. 24 v.2 a., 23/6
RELAYS. We have large stocks of assorted types from 3/-.
KEY SWITCHES from 3/-. TOGGLE SWITCHES. DPDT, 3/6. MICRO
SWITCHES, M and B. 5/6.
NICKEL NIFE BATTERIES. 1.2 v. 2.5 a., 6/-, P.P. Size 3 x 21 x lin. 2 for 11/6.
3 for 16/-. 4 for 21/-. Practically everlasting.
MAINS TRANSFORMER AND RECTIFIER, Output 12 v., I a., 19/6. P.P
W/W RHEOSTATS. 12 v 5 a., 10/6. 12 v. I a., 2/6. P.P.
SET OF 7 H/S FULL SIZE TWIST DRILLS, in wallet, it to lin., 6/-. Smaller
size, 4/-. TUBULAR HACK SAWS, 11/6.
Sin. SIDE CUTTERS, 5/-. Sin. PLATED ROUND NOSE TAPERED PLIERS, 5/-.
7in. PLATED FLAT NOSE TAPERED PLIERS, 8/6.
8in. STEEL BLOCK PLANES. Iiin. Cutter Blade, 10/6.
SET OF 6 PLATED WHIT. OPEN END SPANNERS. 3/16 to lin , 12/6.
POCKET NEON TESTER with retractable screwdriver, 5/-.
SPECIAL OFFER 6 or 12 v. re lays with 4 make contacts, 6/-. 2 for 11/6. 3 for 16/-.
4 for 21/-. SMALL 12/24 volt D.C. Geared Motor very powerful 3" x 1}",16/6 P.P.
5 in. VERNIER CALIPERS with depth gauge, 9/.
PAXOLIN PANELS, 12in. x bin, x 1in. 3/6 PAXOLIN TUBING, IJ x
x 72 in., 17/6.
SET 6 WOOD BORING BITS. ain. shank. 12/-. SETS DITTO 5 -}in. 10/ -

ALL POST PAID. Post order only to :
THE RADIO & ELECTRICAL MART

29, STATION APPROACH. SUDBURY TOWN, WEMBLEY, MIDDX.

1,-.1..

wv.0,. TOPMMES UWE OLDHAM En.,
:3'1411111,.. 17111 ONLYf :jsZYnt4e;1111111.7,596 again' offer.
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pj ammo worth"A14/0! £12
at least.
must be

TOP GRADE -highest
Quality post-war stock

in original manufacturer's sealed crates.
New seals unbroken, NOT rejects. A
snappy burst into action on coldest morn-
ings. Size, suitable for most cars, 10"
long x 5" wide x 85" high approx. Un-
spillable filler caps. Unbreakable plastic
body. Plastic dustproof terminal caps.
Detachable carrying handle. Ready for
charging and filling. Only 59/6, care. 10/-.
or sent for £1 dep. plus 10/- carr. and
crate, bal. 6 mthly payments, 7/6. Money
back guarantee. Lists tents.

CENNIIERAF12Vou BATTERIES

Of TOP GRADE
Qualgy WHITE DUCK
a 'SERVICE PAIROCTEMS

tt/h(4 Fatal:Sr

garorg Ira=
Tent Price 88.19.8

- 8'8" long 7'3" wide
8'high3'walkapp.

Guaranteed protection in foulest weather.
Genuine proofed white duck, absolutely
brand new. Ready for speedy erection,
complete all poles, inc. ridge pole, pegs,
etc. & carrying valise. Cash price £8.19.6
IS FRACTION OF TRUE VALUE, care.
7/6. Or sent for 15/. bal. 24 fury. payts.
of 8/- plus csrr. Galeproof white fly -sheet
£2.10.0 extra. Rotproof "Willesden"
Green Tent 42/- ex. Rubberised ground-
sheet 47/6. These essentials sent on
approval. Refund guaranteed. Lists.

H EADQUARTER and G ENERAL SUPPLIES tTD.
(Dept. PMC/57.) 196-200, Coldharbour Lane, Loughborough Junct.,
London, S.E.5. Open all day Saturday, 1 p.m. Wednesday.

GYROSCOPES, electrical, complete with
rotary convecter to run from I2v. D.C.,
20/-, post 3/6. HUGHES MOTORS, 12y.
15 amp. reversing, speed 5000 r.p.m.,
10/-, post 1/6. RHEOSTATS, for light
dimming, small motors, etc., either 25,
60 or 300 ohms, all with off position,
1/6, post 6d. VACUUM GAUGES, grad-
uated units up to 6" mercury, then 5 sub-
divisions, $/-, post 1/4. COD LINES,
finest 3 -cord hemp, 30 ft. long, 1/-, post

10/- doz., post 2/-. FUSEHOLDERS,
single hole panel mtg., complete with
250 mA. fuse, 1/6, post 3d. HELIO-
GRAPH MIRRORS, 5" dia., ground to

wavelength, 2 mirrors in metal cases,
2/6, post 1/6. GRAMOPHONE MOTORS,
200/250v. A C., 5" long, 5/32" dia.
shaft, speed 1350 r.p.m., 12/6, post 1/6.
ASSAULT WIRE, brown plastic covered
steel wire, in 1000 yd. drums, actually
10 yd. for Id., our price 8/6, Post 3/6.
THROAT MIKES, complete with adjust-
able neckband, lead and jackplug, 2/6,
post 1/, WESTON OIL TEMP.
GAUGES, basically a very fine moving
coil milliammetre movement, 3/6, post
1/6. ROOF LAMPS, black bakelite with
domed glass, takes car lamp, ideal for
boats, caravans, etc., 2/6, post 9d,
TRANSISTORS, latest supply, both
PNP., white spot H.F., 8/6, red spot
L.F., 51-, post paid, Germanium diode.)
9d., post paid. AIR COMPRESSOR
GAUGES, graduated up to 150 lb. so.
in., with 5 lb. subdivisions, 25" dia. hole
flush panel mtg., chrome front and fitted
pipe union, 7/6, post 1/3. BROWNS
HEADPHONES, L.R., fitted 6 ft. leads
and jackplug. 6/6, post 1/6. MIDGET
MICRO SWITCHES, universal type,
make or break, 1/6, post 3d. ANTENNA
REELS, ideal for sea fishing, 9" dia.,
11" wide 25" deep., fitted winding
handle, lever control for free or ratchet
pawl, also brake knob, 7/6, post 3/-.
H.S. RELAYS, 145 ohm. s.p.c.o. plat.
contacts, in metal cases size 45" x 21" x
2", 5/-, post 1/6. CHARGING SETS,
lightweight 46 lb.. 4 -stroke air-cooled,
output 12-18v. at 80 watts, exhaust,
silencer, starting cord and canvas cover,
£8/10/0, carriage 10/-. CABLE TEN-
SIONERS, dual graduated for both 25
and 35 cwt. cables, ideal for boats, in
stained wood cases, 2/6, post 1/9.
LUCAS, 12v. winking light actuaters,
consists of 2 electro-magnets in metal
case with snap -on cover, 7/6, post 6d.

MIDLAND INSTRUMENT CO.
MOORPOOL CIRCLE, BIRMINGHAM 17
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MULTI -HEAT BLOWER UNIT
HERE'S SOMETHING REALLY EXCITING FOR THE PRACTICAL MECHANIC
A compact Mains Blower Unit all ready for fitting into your own casing or ducting
Enabling you to construct : Clothes Drying Cabinets, Forced Draught Convector
Heaters, Fan Cooling for Warm Weather, Greenhouse Heaters and Ventilators
all at a fraction of the cost of manufactured equivalents.
The unit comprises a top quality shaded pole motor of superb precision operating
at a speed of 2,600 r.p.m., with a consumption of 18 watts. The rotor is die cast
with a precision ground spindle in ' Oilite ' bearings which are self aligning.
The Heater Unit consists of dual spirals which enables loadings of 1 or 2 kW. to be
used. The 3 -bladed fan is of the very latest aero-dynamic design and displaces 280
cubic feet per minute. A small resistance is incorporated in the motor circuit which
allows the fan to run at half speed. This feature together with the dual elements
allows of six different temperatures. Send us a 4d. stamp for details or we will send
on 7 days' approval against remittance.

PRICE : f4/15/3. Carriage & Packing : 3/3.

THE TECHNICAL SERVICES CO., BANSTEAD, SURREY
For other items, Heater Cables, etc., send 6d. for Catalogue.

JUNIOR HACKSAW

That a/0g it,eirviktP

eon4441
rsilt

fvhatA
stodwg fc

cotLum'
died '"

Telephone: 343022

PRICE 1/6 COMPLETE
SPARE BLADES 2/6 PER DOZEN

the inexpensive tool for all
hacksaw work on steel, non-ferrous
metals, etc.

 Easy to use
 Easy to carry
 Gets into all those awkward spots

 Spare blades also available in
High Speed Steel

HACK SAWS LIMITED
AVER WORKS CAPEL ST. SHEFFIELD 6

DON'T LET SOLDERING
TIE YOU UP IN KNOTS...

use
FLUXITE

Soldering ceases to be a knotty problem
the moment you use FLUXITE. Solder
flows on easily and smoothly-and stays
on. For over half a century FLUXITE has
been the choice of craftsman and engineer
alike and, in this age, its reliability and
speed has made FLUXITE even more in
demand than ever.

IT

SIMPLIFIES

ALL

SOLDERING

FLUXITE Ltd., Bermondsey Street, London, S.E.I
G.M.77

Published about the 3oth of each month by GEORGE NEWNES LIMITED, Tower House, Southampton
Street, London, W.C.z, and Printed in England by The Garden City Press Limited, Letchworth,
Hertfordshire. Sole Agents for Australia and New Zealand-Gordon & Gotch (A/sia), Ltd. Sole Agents for
South Africa and Rhodesia-Central News Agency Ltd. Subscription Rate (including postage): For one

year, Inland zos., Overseas 18s. 6d., Canada 18s. 6d.

" Practical Mechanics " Advice Bureau. COUPON
This coupon is available until July 31st 196o, and must be
attached to all letters containing queries, together with 6d. Postal
Order. A stamped addressed envelope must also be enclosed.

Practical Mechanics. July, ro6o
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One of the following Courses taken quietly at
home in your spare time can be the means of
securing substantial well -paid promotion in your
present calling, or entry into a more congenial
career with better prospects.

ENGINEERING, RADIO, AERO, ETC.
Aero. Draughtsmanship
Jig & Tool Design
Press Tool & Die Design
Sheet Metalwork
Automobile Repairs
Garage Management
Works M'gmnt. & Admin.
Practical Foremanship
Ratefixing & Estimating
Time & Motion Study
Engineering Inspection
Metallurgy
Refrigeration
Welding (all branches)
Maintenance Engineering
Steam Engine Technology
I.C. Engine Technology
Diesel Engine Technology Electrical Design

Ordnance Survey Dr'ship

Elec. Draughtsmanship
Machine
Automobile
Structural 11

R/F Concrete
Structur..I Engineering
Mathematics (all stages)
Radio Technology
Telecommunications
Wiring & Installation
Television
Radio Servicing
Gen. Elec. Engineering
Generators & Motors
Generation & Supply
Aircraft Mainten. Licences
Aerodynamics

BUILDING AND STRUCTURAL
I -1.0.B. A.I.A.S.
A.M.I.P.H.E. A.A.L.P.A.
Building Construction
Costs & Accounts
Surveying & Levelling
Clerk of Works
Quantity Surveying

A.R.S.H. M.R.S.H.
A.F.S. A.R.I.C.S.
Builders' Quantities
Carpentry & Joinery
Building Inspector
Building Draughtsmanship
Heating and Ventilating

GENERAL, LOCAL GOVERNMENT, ETC.
Gen. Cert of Education
Book-keeping (all stages)
College of Preceptors
Woodwork Teacher
Metalwork Teacher
Housing Manager (A.I.Hsg.)

Common. Prelim. Exam.
A.C.I.S., A.C.C.S.
A.C.W.A. (Costing)
School Attendance Officer
Health Inspector
Civil Service Exams.

BECOME A DRAUGRTSMAN - LEARN AT HOME
AND EARN BIG MONEY

Men and Youths urgently wanted for well paid positions as
Draughtsmen, Inspectors, etc., in Aero, Jig and Tool,
Press Tool, Electrical, Mechanical and other Branches of

Engineering. Practical experience is

°F,7'
unnecessary for those who are willing
to learn-our Guaranteed " Home
Study " courses will get you in.
Those already engaged in the General
Drawing Office should study some
specialised Branch such as Jig and
Tool or Press Tool Work and so con-
siderably increase their scope and
earning capacity.

OVER SEVENTY YEARS OF* CONTINUOUS SUCCESS

NATIONAL INSTITUTE Of ENGINEERING
(In association with CHAMBERS COLLEGE-Founded 1885)

(Dept 29)

148, HOLBORN, LONDON, E.C.I
SOUTH AFRICA: E.C.S.A., P.O. BOX NO. 8417, JOHANNESBURG

AUSTRALIA: P.O. BOX NO. 4570, MELBOURNE

Free Guide SUCCESS IN ENGINEERING
132- PAGE BOOK FREE!
SEND FOR YOUR COPY

This remarkable FREE GUIDE explains:
Openings, prospects, salaries, etc., in Draughts-
manship and in all other branches of Engineering
and Building.

* How to obtain money -making technical quali-
fications through special RAPID FU LLY-
GUARANTEE D COURSES.

may mrensritio COURSES

TO SELECT FROM!
A.M.I.Mech.E., A.M.I.M.I.,
A.M.Brit.I.R.E., A.M.I.P.E.,
A.M.I.C.E., A.M.I.Struct.E.,
A.M. I.Mun. E., M.R.S.H.,

A.M.I.E.D., A.F.R.Ae.S.,
London B.Sc., Degrees.

Fully guaranteed postal courses for
all the above and many other
examinations and careers. Fully
described in the New Free Guide.

Fre e ,um/
THE ACID TEST OF TUTORIAL EFFICIENCY

SUCCESS-OR NO FEE

OUNDED 1885 - FOREMOST TODAY

We definitely guarantee that if you fail to pass the examination
for which you are preparing under our guidance, or if ycu are
not satisfied in every way with our tutorial service-then your
Tuition Fee will be returned in full and without question. This is
surely the acid test of tutorial efficiency.

If you have ambition you must investigate the Tutorial
ant Employment services we offer. Founded in 1885,
our success record is unapproachable.

ALL TEXTBOOKS ARE SUPPLIED FREE
PROMPT TUTORIAL SERVICE GUARANTEED
NO AGENTS OR TRAVELLERS EMPLOYED

Free Coupon
To: NATIONAL INSTITUTE OF ENGINEERING
(Dept. 29), 148-150, Holborn, London, E.C.1.

Please Forward your Free Guide to
NAME
ADDRESS

SEND Off
Ti/l5 COUPON1

NOW AND 8E
LL 5EfFogz

SVCCESS

My general interest is in : (I) ENGINEERING
(2) AERO (3) RADIO (4) BUILDING
(5) MUNICIPAL WORK

(Place a cross against
the branches in which
you are interested.)

The subject of examination in which I am especially interested is

To be filled in where you already have a special preference.
(2d. stamp only required if unsealed envelope used.)


