‘A WATER-DRIVEN GENERATOR

RAGTIGAL

MECHANICS

PRINCIPAL CONTENTS e

Quaint ldeas for Aeroplanes Buiiding Aluminium Boats World of Models

Radio Deaf-aid Unit Scientific Farming of the Future Queries and Enquiries

Making a Car Heater Direct Current Motors Cyclist Section



Sole Makers :

Want to know all about springs?
Here is the most comprehensive
text - book on springs in existence.

Post free 10/6

HERBERT TERRY & SONS, LTD.

N

I go to TERRY’S for all kinds of CLIPS —steel,
bronze, stainless, etc. When | wapt a clip made to
specifieation, Terry’s Research Department is a big
help in the matter of dgsign (‘Ferry’s with 96 years’
experience shoyld know a thing or twa })

No.

doz.

stock.

Nos 80 and 81 come
from 4”102 from stock.

300,

an excep-

tionally good drawing
board clip, costs §/- a

(inc.. p.t.) from

REDPITCH

London

Birmingham

Manchester

=T

HT4AF
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POWER BOATS

CENTRE FLUE LAUNCH BOILER

3 ®
Tool Bargains!!
Now is the time to buy your tools ; those offered below

are of the best quality, fully guaranteed, free of purchase
tax, and available for immediate delivery.

Best quality double pinion hand drills, }in. capacity, 17b ; sets of
cramp heads, 816 set ; 6in. jaw woodwork vices, steel screw, 136 ;
6in. combination wood and metalwork vice, 1216 ; Record **Imp "’
engineers’ table vice, 2}in. jaws, 21/- ; Record sash cramps, 24in.
1816 ; 30in. 19/~ ; 3%in. 1916 ; 48in. 20/6. Record adjustable smooth
planes, No. 04, 30/6; 04}, 35/6 ; iron jack planes 05, 3716 ; 054,

42/-. Sets of 6 carpenter chisels, in. to lin., 16/6 set ; carpenters’ This type of boiler is considered

expanding bits, a complete set of bits in one, din. to 1}in., 12/6 ; to ke the most efficient design

in. to 3in., 1719 ; }in. Black and Decker utility electric drills, for power beats. it is made of solid drawn copper tube, is brazed
£5/10/- ; engineers’ vices, 3in. 25/6 ; 3}in. 35/- ; 4in., 45/- ; 4iin. throughout and every unit is tested to [50 lbs. pressure.

53/- ; carpenters’ bow saws, 8in. 116 ; 10in. 123 ; 12in. 1316 ;
4in. capacity two-speed breast drills, 29/- ; saw sharpening vices
1816 ; 8in. best quality black handled cutting out shears, 11i6 pair;
7in. quick grip woodworkers’ vices, 44]- ; push screwdrivers, 1216;

The iliustration shows the boiler connected to our {in. bore by
fin. stroke Uniflow Engine, but it is capable of steaming an engine
having a lin. bore and stroke double acting cylinder.

plow planes with 3 irons, 22/- ; adjustable plow planes with 8 best Specification

qu.ality irons, in. to 4in., 36/3 ; best quality h‘andsaws' 225"' 1313; Fittings inc'ude Safety Valve, Regulator, Pressure Gauge and Syphon,
24in. 1319 ; 26in. 1413 ; steel back tenon saws, 10in. 1016 ; -12in. 12/9; Water Gauge and Check Valve.

adjustable rebate and fillister-planes, 26/3; 10in. super quality Length 6} inches. Height over funnei 5} inches.
ratchet braces, 1616 ; } pint paraffin blowlamps, 2216 ; | pint glue- DisfetegIfjuinches. WD b (5

pots, 816 ; 11b. adze eye claw hammer, 819 ; handy tools (axe, ham- PofS #8IBAT Ainshase: Tou {15S.

mer, nailpuller), 1016 ; electricians’ toolbags, l4in. 1519 ; 16in. 16/5.
Werite for new edition of * Mode! Ships '’ Catalogue (MSC/12), price 1/-.

Carriage paid on orders to the value of 50/-. For under that amount FS© full range of other models and accessories write for our popular
send 2/- for postage -; any excess will be refunded. ** Model Supplies '’ catalogue (MS/12), price éd. :

Hustrated list of tools, electric tools, wood and metalwork machines B A ss ET T_L o w K E Ll M IT E @

free on request.

PARRY & SON (TOOLS), LTD., NORTHAMPTOCN
329-333, OLD ST., LONDON, E.C.1.. LONDON MANCHESTER

112, High Holborn, W.C.I. 28, Corporation Street,
Telephone : Clerkenwell 3918-3859 e " : L — -

~>

Most sizes available from stock!

= THE. 0Ll — z
. - .- one fibm and o MICRO-
4 LULLC LY e itomee. DRILLS
COMNCENTRATED LIQUID

STRAIGHT FLUTE DRILLS. A well-designed drilt par-
FINE GRAI!N DEVELOPER ticularly recommended for drilling brass. Range

{
Z of sizes: .35 mm. (.0138”) to 3.0 mm. (.1181")

S, (,\

Always ready for instant use. No
filtering or dissolving needed.

3
Gives maximum speed ¢onsistent /A\g\
L

PIVOT DRILLS
Widely used by watch

FLAT DRILLS

with fine grain. Produces perfectly

graded negatives of excellent en- and clock making Similar to pivot drills
larging quality. A standard tech- trades for drilling but made in larger
. nique makes it certain that you Ve S sizes. Range of

Range of sizes :
always get the results you expect. 05 mm. (.002°)

Dilute one ounce with just the to_ 5]
right amount of water to fill your (0197
tank, develop the film and pour
the solution away. No trouble, no )
waste and no need to run risks

sizes: .25 mm.
(00987 1o 3.0
mm. (.1181")

SINGLE SPiRAL

with partly used solutions. By STANDARD SPIRAL
following the UNITOL routine you FLUTE DRILLS FLUTE DRILLS
have fresh, active and correctly A general purpose drill For drilling small
UNIVERSAL diluted solutions for every film: of improved flute Holesaln cRltemdly
ADJUSTABLE you develop. A simple Calculator stes [ ot lgeey = fidc BiiE. TEAN '
TANK is also sold giving developing ;‘m orf. SV.Va‘lrr‘ - &
For developing roll films times for all dilutions from 6 to 25. o i
in daylight. RFol('IE(e)ngIEIS ! mm. (.0039") to (-0039") to 3.0
;2;42::;'"3 feav.ur-e and 225 cc. (8'01‘) .. 316 SO ({RIiAR ) mm. (-”81”)
TWO-WAY _ agitation 570 cc. (20-0z.) ... 66
N . . |
- it T . : nitol Calculator, 4d.
R | CONS WRITE FOR STOCK LIST
mm. film. NS OF HENDON
PRICE 32/6 LONDON. N.W/.4, ESTAB. 1743, S. N. BRIDGES & CO. LTD.

Bridges Place, Parsons Green Lane, London, S.W.6.
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1.C.S. TRAINED MEN

arein Greater Demand
than Ever—Maximum production

depends on high. technical skill, such:
as that acquired by

1.C.S. Students

TENS OF THOUSANDS MORE

TRAINED MEN ARE URGENTLY

NEEDED NOW—BUT THERE IS

NO WORTH-WHILE PLACE FOR
THE UNTRAINED

Ambitious men everywhere have succeaded through

1.C.S. Home-Study Courses,

So also can you.

The man with an I.C.S. Training in any one of the subjects
listed below knows it thoroughly, completely, practicaily.
And he knows how to apply it in his everyday work.

Accountancy
Advertising
Air and Vacuum
Brakes
Air-Conditioning
Arable Farming
Architecture
‘Architectural Drawing
Auditing
Boiler Engineering
Book-keeping
Building Construction
Building Specifications
Business Training
Business Management
Carpentry and Joinery
Chemical Engineering
Chemistry, I. & O.
Citil Engineering
Clerk of Works
Coal Mining
Commercial Art
Concrete Engineering
Diesel Engines

Draughtsmanship

Drawing Office Practice

Electrical Engineering

Electric Power, Light-
ing, Transmission
Traction

Eng. Shop Practice

Fire Engineering

Foremanship

Free-Lance Joutnahsm

Fuel Technology

Heating and Ventilation

Horticulture

Hydraulic Engineering

Nlumination Eng.

Industrial Management

. Lettering

Machine Designing
Machine-Tool Work
Maintenance Eng.
Marine Engineers
Mechanical Drawing
Mechanical Engineering
Mine_ Surveying

Mining Engineering
Motor Engineering
Motor Mechanic -
Motor Vehicle Elec.
Municipal Eng.
Plumbing

" Production Eng.

Quantity Surveying
Radio Engineering -
Padio Service Eng.
Refrigeration I
Sales Management
Salesmanship = .
Sanitary and Domestic
Engineering
Sheet-Metal Work !
Short-Story Writing
Steam Engineering
Structural Steelwork
Surveying
Telegraph Engineering
Television Technology
Welding, Gas and Elec.
Works Engineering

And most of the Technical, Professional, Commercial and Civil Service

and Educahonal Exammatlons

(1.C.S. stadents prepanng ‘for Examinations are coached Yill successful)

If you need technical training, our advice on any matter concerning
your work and your career is yours for the asking—free and without
cbligation. Let us send you our specml free booklet on the subject in which you
are specially interested. DON’T DELAY. Make ACTION your watchword.

The successful man DOES to-day what the failure

INTENDS doing to-morrow.

‘Write to us TO-DAY

wonmeceseesmweasnsaa=Use this COUPOM===-wmmeacecmmmenan..

INTERNATIOHAL CORRESPONDENCE SCHOOLS LTD.

Dept. 95, international Buildings, Kingsway, London, W.C.2.

Please send me the {ree booklet describing your Courses in

Nam.e

Addresses ior Overseas Readers
Auctralia : 140, Elizabeth Street, Sydney.
Egypt : 40, Sharia Abdel Khalek Sarwat Pasha, Cairo.
Eire : I3 Anglesea Street, Dublin, C.4.
India : Lakshmn Bidgs., Sir Pherozsha Mehta Rd., Fort,

Bombay.

New Zealand : 182, Wakefield Street, Wellington.
N. lrefand : 26, Howard Street, Belfasc,
South Africa : 45, Shortmarket .Stree . Cape Town.

STAGGERING OFFER !'! '—A wonderful assortment of valuable
, Aircraft Instruments mcludmg Aneroids, Gauges and other mtncate
" types. Eight instruments, really v»orth over £10, to clear at 9/6’ the
parcel, plus postage, 1/6.

NEW AMERICAN AIR BLOWERS—3in. 24 v. D.C. (run on A.C.
with transformer). Precision motor with ball races. Di. 2in., diam. x
- 4in. long. Superbly engineered. 12/6 each.

SPERRY AUTOMATIC COMPUTING BOMBSIGHTS, TYPE K4,
—An exceptionally intricate electro-mechanical opticalt umt approx

races, pinions, wormwheels, rack and pinions, differentials. Also

projection lamp, lenses, miniature gear boxes and sensitive clutches.

This is the one-time top secret bomb sight made in America at fabulous

cost; the complex construction and qyality has to be seen to be believed.

Model makers, engineers, do not miss this item at only 50/- each.

NEW AMERICAN BOX KITES. —Largc size, folding alloy frame.

The type that really fly high. 11/--ea

NEW IMMERSION HEATERS. —Tubalox, 220 v. 840 watts. Given

away at 7/6 each.

b dEg/%)NITE DRAUGHTSMANS RULERS —lin, dia. Uncalx-
rate

?%IOTHS RE\;OLUTION INDICATORS.—Dial readings up to

r

!S?‘LE{(IBLES/DRIVE SHAFTS.—Suitable for small hand tools up to
t. lon, -

NEW AMERICAN STAR IDENTIFICATION INSTRUMENTS.—

Complete in leather case, §/-.

NEW AMERICAN HAND GENERATORS.—Fitted with precision

gear box, speed governor, etc. Precision dynamo, fitted ball bearings,

provides outputs of 28 v. D.C. and 300 v. D.C. Complete with

hand crank, 15/-.

NEW AMERICAN RELAYS.—Made by Leach, etc. 6 well assorted

types, 13/- the package.

NEW PHOTOMULTIPLIER CELLS, TYPE 931A.—High vacuum

| type with high response in visible region. Gain over 1 million. Great

sensitivity, low noise level, freedom from distortion, low dark current

and small size. Ideal for film scanning, co]onmetnc measurements,

spectography, astronomical measurements. Alpha particle counting

and facsimile transmission, etc. Direct equivalent to type 27MI,

complete with holder, resistance network, lightproof chamber and

circuit, 23/-.

Experienced Export shippers. Al prices include U.K. carriage.

TERMS : Cash With Order. Satisfaction guaranteed or money

immediately refunded.

LAWRENCES, 61, BYROM STREET, LIVERPOOL, 3

Telephone : CENtral 4430

-LAWRENCES=——-

18in. cube, contains a large number of minidtute to fediim-size’ batl ~

CHEMICAL
APPARATUS

CATALOGUES
Send 71d. Post Free

4 Contractors to Education
V g CS Q N S LT D Authcrities and many of the
§ O industrial i

large laboratories

148, PINNER ROAD, HARROW, MIDDLESEX

FOR ALL LABORATORY APPARATUS

N —

AND CHEMICALS

e =

Experimenters! Build the

MATCHBOX RADIO SET

With the aid of our full instructions you can build a complete
radio set in a matchbox, using parts purchased f{rom your
radio dealer.

Tuning arrangements include 3 medium wave inductor with
station selector switch, and a long-wave coil for the B.B.C.
Light Programme on 1,500 metres.

Demodutation is achieved by the use of a non-linear impedance
unit of a new type, giving loud, clear reception.

This receiver works off a short indoor aerial in many districts,
and being powered entirely by the incoming signal, requires no
batteries.

Full step-by-step instructicns, working drawings, and theoretical
wiring diagram.

) Price 3I- Post Free.
JOHN O’BEIRNE (P), 137, Cotham Brow, Bristol, 6.
MAIL ORDER ONLY.

Ere g
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EX-R.A.F.STOP WATCHES §| 8-DAY AIRCRAFT CLOCK
60-second dial. § Eight-day Dash-
Timed to 1/5 sec. ls)‘r)n*!{gs Sg‘::;a
. : iths—nev
Fully jewelled. Swiss B Guaran:
made. Accuracy § (eed high quality
tested. precision time-
- picce. Ex-R.AF. o]
Luminous and i
post free. with small trip hands. Dial diameter

CLIGK GOUNTERS

Brand new, indi- .
vidually wrapped.
Sizes 1-in. cube
with base
plate1tin.

2in. Base plate 24in.
sq. Accuracy tested.

Post free. 55/.

BROMIDE PAPER

BRITISH BROMIDE PAPER by
Kodak and Iiford.

Fully guaranteed by us and plain

Ehaljge%atz._S an(l:ps. Dimensj;:ns 7in.
y 2 in. by 2in. Carriage paid,
per dozen 48/ =

packed. £ross.
9x 74 in. Soft Glossy 10/6
trigger and il 81 x 6} in. Soft Glossy  10/6
right-hand 1 . Semi-matt 10/6
resetKnob Normal Semi-matt 15/~
As sold by . L
makers at y 61 x 4] in. Soft Semi-matt 7/-
over 40s. Suitable for attendance Contrast Glossy  10/6
counter or has 1,001 workshop and 51 x 5} in. Soft Glossy 6/-
engineering uses —e.g., repetition N 1 GI 716
work on drills, or presses. Fully oy 0ssy
guaranteed by us. In solid metal Contrast Glossy 7/6
case heavily plated. POST FREE.
Our price, post free, 22/6
ACCUMULATORS SMALL BLOWER
Brand new. [Exide, Single cell. § 12 v. D.C. with 3}” volute. Easily

fixed and with many applications.

British Made.
Post Free. |6/6

AERO - SPARES

70-71, HIGH HOLBORN, LONDON, W.C.1.
Telephone : AMBassador 2871/2 (All depts.).

CO. (Dept. 88)

astics

11 Whitworth Street, Manchester, 1.

Tel: Cen. 0272-1726.

* CRINOTHENE
B.X. ACRYLIC ROD.

* CASEIN ** Rod, Sheet and Tube.

Official Stockists for:

BRITAIN’S LEADING STOCKISTS OF:
“PERSPEX ™ (AC’l:yliC) sheet, rod and tube.

P.V.C. SHEETING (Admiralty Specification).
CELLULOSE ACETATE Film and Sheet.

IMPERIAL CHEMICAL INDUSTRIES LTD., ERINOID LTD.,,
B.X. PLASTICS LTD., UTILEX LTD.

Catering especially for Industry, The Hobbyist and the Model Maker.
Contractors to the Admiralty, most Government Departments, Schools,
Institutions, etc.

Trade and Technical enquiries solicited, .
Fabrication, Engraving, Moulding, Cutting to Size, Shape, Contour a speciality,

JOREX

PLASTIC HAMMER

The plastic faces screw
into each end of the solid
steel head. They fit flush
and are replaceable in ten
seconds. This is an ex-
tremely tough and durable
plastic—yet it will never

damage the part struck.
Mallets of Rawhide, Lignum, Lead and Rubber are
also supplied.

Used extensively in aircraft, auto-

mobile and general engineering works, foundries
and by sheet metal workers.

THOR HAMMER

BIRMINGHAM, ENGLAND.

Co., SALOP STREET,

'Phone : YICtoria 0987-8.

219

HOBBY KNIVES & TOOLS . ..

MORE skill at your
fingertips

Just try the scalpel-keen sharpness of
X-acto blades and enjoy the perfect
talance of precision engineered knives
and tools. You’ll feel the extra skill
they put in skilful hands. You’ll
know the pride of better work-
manship.
Whatever your hobby —
model making, leathercraft,
weod carving, or any other
handicraft—you can make
your hands more creative
with ““ designed-for-the-
job” X-acto knives and
tools. Illustrated are
the three X-acto
knives. A card to
us will bring you
a folder showing
tke wide range
of X-acto
knives, tools
and sets.

No. 2 Knife

No. | Knife

for light and delicate

No. § Knife

for really heavy duty.

Takes all blades, the folaccmal cu.tung. work. Takes blades
six gouges, the four Takes all thifteen Now s10.0 T WTern
;f.’,‘:fgﬁisa"‘\’vi'(}r‘f WO pblades. With one 17. With one

P eNo roblade, 3/6  No. 22 blade, 2/6  No. 1z blade, 2/6

% X-acto blades are available separately in
packets of 5 short blades 2/6 and 2 long blades 1/3.

TRIX LTD,, 11 OLD BURLINGTON ST., LONDON, W.1.

GG
r
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.lnterested ilde E

A.C.Mains
200-250v.

Complete Kit with
Instruction £4 2 6
Manual
Instruction Mamml

on 3I6 Post free.

Microphone with
former. Desk type. Bakelite 7/6
ulding

step-by-step instructions.
WRONG. Many diagrams show exactly what todo.

NEWNES PRACTICAL MECHANICS

“BROADCASTING”

or RECORD
REPRODUCTION ?

if so, this
M-O°S “Al”
AMPLIFIER KIT
is a  MUST”

E\en if you know nothing of radio YoU CAN

KE this wonderful amplifier. It can be used

wlt.h & microphone for HOME BBOADCAST!NG
or you can play your records through it. ‘The kit
is_complete right down to nuts and holts and
solder. ELSE

matching trans- TO BUY,

There is DEFINITELY NOTHING
The instruction manual contains ea:
YOU CANNOT G();

Send 3/6 for the Instruction Manual to-day—and ‘see how easy it is to build the
AL Ampllfer

The LIDO
SUN LAMP

The most powerful low-priced Sun
Lamp ever offered.

% Real hizh pressure quartz mercury
gencrator (150 watts).

% Radiant heat clement.

* ;‘?mnne:;, Size when elosed 12in. x
ln. x
Welgnt 3ilb. Suitcase type container.

% Rcady for use on A.C. or D.C. mains.
% 12 months’' guarantee.
(Includln;z

£ I 4- I 45 o cash goggles

or £5 down and 6 monthly payments of
35/-.

A “SIX-in-ONE”’
KNIFE

The
*BOY SCOUT KNIFE

combining ¥

+ Large sharp blade % Serewdriver
* Tin-opene * Awl (spike)
* lmttlc opener * Co

rksc&‘ta;
A really useful knife of
high-grade steel with doz-
ens of uses, * Pearline™

B

handle with safety ring. 7,6

Pius 6d. Postage

M.o, MAIL ORDER SUPPLY CO., THE RADIO CENTRE,
33,

Tottenham GCourt Road,

London, W.1.

Ma_yL 1951

AFFORDS THESE
UNIQUE FEATURES

Can be used as a Hand or
Breast Drill.

Breast pad adjustable for length
and can be revolved for use on
knee, etc.

2-speed easy-change totally en-
closed gear box.

Operating handle adjustable—
3 positions.

The whole tob is beautifully engineered
and constructed — bearings are sell-
oiling phosphor bronze. Ball race takes
drilling pressure, See it ot your local
toolshop or write for illusiratad leaf'et.

PRECISION  RATCHET  Universally
HAND SPANNERS Jointed
DRILL {150 Stock SOCKET

§in. dia, sizes.) SPANNERS
capacity. 18 Stock
sizes.

4;BOL€EEETD LEYTONSTONE
POSKET  nG & TOOL €O, LTD

DRIVER.

ADJUSTABLE
BREAST PAD

|

TWo-SPEED
GEAR BOXx
-

Ail Leytools are entirely ori
ginal and patented designs.
Send fog I}lustrated booklet.

Leytool Works, High Road,
Leyton, London, E.I0.
Telephone : Leytonstone 5022-3

Valves
Rectifier, type VU133 (CV1133),
half wave, indirectly hcated cathode,
4 volr,s 1.35 amp., max. A.C. plate
volts 2.500, D.C. output current 60
m.a., peak inverse volts 7,000, peak
plate current 400 m.a. Top cap anode.
Price 4/6 each. Post and packing, 3d.
Rectifier, type 5U4G, full wave.
5 volt, 3 amp. filament. Max. A.C.
plate volts 500, D.C. output current

250 m.a, peak ‘inverse volts 1,400,
octal base. Price 7/6. Postage and
packing, .

ILF. Pentode SP41, Price 3/6 each.
Postage and pack . All valves
are guarantced and tested before
despateh,

Goggles
Brand new. boxed tinted goggles ;
edges fur lined and complete with
. large lenses for wide
angle viewing, Price 3/6° each.
Postage and packing, Cd.

Meters
Anmwreters, 0-9 emps. AC/ .C.
hot wire, in .2 amp. dmsions > 3tin,
diameter panel mounting.  Brand
new ; boxed ; 6/~ each. Pecking
and postage, £d.

Ensur-a-Lite Chargers
Made by Ediswan, consisting of a
steel cabinet, 174in. by 21in. by 10in.,
complete with carrying handles ; for
200/250 volt A.C. opcratlng the output
is 12 volts at 5 amps., e unit
complete with mmaten tuncar
rectifier, switching, fuses, ctc., ready
for operation, This unit was desig‘ned
for providing an emergency auto-
matic lighting supply in the event of
power cuts or mains fr.ilure, A relay
circuit automatically brings in the
emergency battery lighting in the
event of the A.C. supply failing.
Pravision is a]-o made for trickle
charging at €0 m A space Is pro-
vided inside the camuet for & 12.volt
accumulator, making the whole tnit
sclf-contained. Apart from - its
original use, this could be used quite
satisfactorily as an ordlnary charging
‘mi,g' Price £4/0'0 each, carriage
raid,

®@Send S.A.E. for cuy Super Delailed Lis!

WILFLO PRODUCTS

216-222, GORBALS STREET

GLASGOW, C5

TRAINING

Moderate terms.
payment.

Write to Dept. [44 :

Facilities = for

E.M.L. INSTITUTES|

ENGINEERS

x FREE BROCHURES «
NEW COURSES

Technical training is vital to your success.
Our Home Study Courses have now been
very widely extended in range.

Write or ’phone for FREE BROCHURES
detailing our courses of TECHNICAL
IN ALL BRANCHES OF
ENGINEERING covering the syllabuses of
the various professional examinations,
City and Guilds, etc.

easy

“The only postal college which- is part of a great industry”

Associated with.

“H.MV.”
PEMBRIGCE SQUARE, NOTTING HILL GATE g+ ki
10. PEMBRID ARE, N NG HILL 2 ; MBIA
LONDON, W.2. TELEPHONE: BAYSWATER 5131/2 COI#C‘

ENLARGERS up to 2}in.
EPISCOPES
TELESCOPES
BINOCULARS

RIFLE SIGHTS
EPIDIASCOPES

FILM STRIP
PROJECTORS

PROJECTION LENS
CONDENSERS up to 2}in.
MICROSCOPES
STEREOSCOPES

MAGIC LANTERNS

If you are interested in making
any of the above then you are
badly in need of our new booklet
 How to use ex-Govt. Lens
and Prisms ** price 2/6 each.
We hold a large and varied stock
of ex-Govt. lens and prisms and
general optical gear. New and
enlarged lists free on receipt &f
your S.A.E.

H. ENGLISH

Rayleigh Road, Hutton,
Brentwood, Essex
'Phone : Brentwood 1685
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| FRANK'S of GLASGOW

SELECTED MISCELLANEQUS ITEMS

PRISMATIC ELBOW TELESCOPES

Power 7 x. Weight 6 |b. Image erect. Definition is crisp

and free from distortion. Post free- LS
HAND SIGNALLING LAMPS

Diameter of reflector Sin. Bulb pre-focus 12 volt, 36

watt. This lamp gives a brilliant beam and is suitable

for use as spotlight, inspection lamp, etc. Cover glass

available in green, amber or clear. Post /- extra y. |5 0
1/6th H.P. ELECTRIC MOTORS

Hoover repulsionlinduction with automatic overload cut-

out. 240 v.-250 v., 1,425 r.p.m. Single-phase A.C.

Mounted on rubber cushion, sprung cradle ensuring

silent running. New and unused, although outer cas-

ing is slightly soiled. Inc. carriage ..4 9 6
HOOVER BLOWER MOTORS (Ex-Govt.)

12 and 24 v. A.C.ID.C. Overall length. Suitable for

ventilation, car heater system, etc. Used but in sound

condition. Post free e .. 14 6
POCKET FOCUSING MICROSCOPES

A precision instrument constructed in our own work-

shops. The optical system consists of 8 lenses (4 achro-

matic doublets).  Definition is crisp and free from colour

and distortion. Magnification 20-x. Post free
ASSORTED LENSES & PRISMS

Parcel of 10 assorted lenses and prisms. The lot. Post

free ... tx = 10 0

SATISFACTION ON ALL PURCHASES OR REFUND OF PAYMENT
1 _ %M@
67-73 SALTMARKET, GLASGOW,C.1,

. PHONE : BELL 2106 _, K]
ENSTRUMENT MAKERS AND DEALERS -SINCE 1907

27 6

27 6

AIDS TO EFFICIENCY

S.G. BROWN Type “K' Moving

Coil Headphones meet every
requirement of those engaged on
laboratory and DX work,
monitoring etc. Accuracy is
assured by their High Qualit
reproduction. E
D.C. Resistance 47 ohms. Impedance
sz ohms atz 1,000 c.p.s. Sensitivity
s 2 x 10-12 watts at 1 Kc=.0002
Type 'K DYNEICM2.
S.G. BROWN Type “F”
(Featherweight) Headphones

derive their popularity with
the world’s radio enthusiasts,
experimenters and service-
men because of their High
Sensitivity, Durability and
lightness of weight.

D.C. Resistance 4,000 ohms. Im-
pedance 14,000 ohms at 1,000
c.p.s.” Sensitivity 8 Dbs. below |
microwatt per bar at 1,000 c.p.s.
~—Weight 9 ozs.
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/ nype O/

SEND FOR BROCHURE **PM** IT GIVES DETAILS
OF ALL TYPES OF S.G. BROWN HEADPHONES

SHAKESPEARE STREET, WATFORD, HERTS.

Telephone ;: Watford 724}

Meters. 10v.. 2iIn, Rectifier (a.c.), In
wc/)odeglecani%ng %ase. 14/6 :mlsv.. g!in..
mjc., ; 1o0v., 2in.. mjc -3 V.,
3iin., mfc., 20/- . 6, ., 34in. mjc., 57/6 |
15/600v., 2in., m/c. double reading, 8§i-: MODE‘RN
100 m/a.. 2in., mic., 7/6 ; 3.5 amp. 2in., T.C.

H/- ; 4 amp., 2iin., T.C., In case with switch, D RAw I N
/8. Meter Movements, 2in. size with J

magnet and case (500 microamp), 2/8. All . 1
meters post extra.

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. PRICE
8/-, post 8d. BELLS for use with either the
above or battevies, 8/-, post 8d. BUZZERS
8/-, or Heavy Duty 4/8, post 5d.
1:x-R.A.F. S-valve (2-volt) Mlcrophone
_Amplifiers as used in ‘plane inter-com..
in self-contained metal case ; can be used
to make up a deal aid outfit, intercom-
munication system, or with crystal set
caomplete with valves, 20/-. post 1'6. Useful
wooden box with partitions to hold ampli-
fier, 2/- extra. Ditto, less valves, 10/-.
One valve amplifier, complete with valve,

OFFICE
Furnitu

No finer range of Drawing Office
Furniture is avallable than the
Halden range. Every up-to-date
refinement making for greater accuracy,
greater ease In use, and cconomy of
space has been introduced to the Halden
designs. The range includes Drawing
Tables, Cabinets, Drawing Boards, Filing
Cabinets, Trestles and Glass Tracinz
Tables. Large size boards made to custo-
mer's own specification. For all office
furniture and" accessories consult :—

9/6, pos s
llamr:io.\lleroulmnes, with switch in handte,
and lead, 4/-. Similar instrument, moving
coil, 7/8, post 6d.
tke Buttans (carbon), 2/-,
; Transtormers, 5/-. All post 4d. each.
Sparking IPiuz Neon Teslers. with vest-
pocket clip, 8:3, or with gauge. 3'6. post 3d.
S.R.C. Neon Indieator Lamps, for use on
mains to show * live " side of switches, eLc..
/8, post 4d. Soldering Irons.—Our new
streamlined Ilron s supplied with two
interchangeable bits, onec each stralght
and curved ; 2001250v, 50 watts, 10/-.
Standard [ron with adjustable b1t
2001250v,, 60 watts, 1l/-. Sieavy Duty tron,
150 watts. 14/6. all post 6d. Crystal
Sets. Our latest Model is a real radio
receiver, fitted with a permunent crystal
detector. Have a set in your own room.
1078, post 64. De Luxe Receiver in polished
oak cablnet. 186, post 1/-. Spare Per-
manent Detectors, 2/- each. When ordered
separately, 2/6, with clips and screwa.
10, post 3d. Sleadphonces, Lrand new,
. G. Brown. GE.C.. etc.. 15/- -
and super-sensitive, 30/- a palr, post 8d.
New Hleadphones, 10/- a pair.  Balanced
armature type (very sensitive), 12/6 a palr,
Both post 8d. New Single Larpicces,
3/8. Bal. armaturc type. 4/6 ; ex R.A.F.
arplece. 2-. post 4d. Headphones, in
ood order. 4.8 and 5/8 (bhetter quality.
7/8). all post Bd. (AN lleadphones listed

Moving Coil,

are sultable lor use with our Crystal

Haldens

OF MANCHESTER

J. HALDEN & CO., LTD., 8, ALBERT SQUARE, MANCHESTER 2.
Branches at ;—London, Newcastle-on-Tynz, Birmingham, Glasgow, Leeds and Bristol.

Money refunded i! not completely satisfied

HIGHSTONE UTILITIES

58, NEW WANSTEAD, LONDON. E.11.
New iltustrated List sent on request with
1d. stamp and S.AE. Letters only.

ARE YOU AN
) EXPERT,

Beginner. Ser-
viceman,
Dealer, Ex-
perimenter or
Hobhyist?
hatever
interest
in radio the
LATEST EDI-
TION of our
world - famous
publication.
“ HOME
CONSTRUC-
h TOR'S HAND-
BOOK,"” f{s the book for YOU !
.00k at this value for 2/.!
@®ELEVEN tested and esuaranteed
circuits, with fuil descriptions.
diagrams and COMPLETE parts lists,
®Feeder Units. Tuning Units and
Superhets (AC, AC/DC and Battery).
@ Quality Amplifiers.
@ Test Gear.
oCoils. (Used in ** P.W."” 9 valver !)
@ Servicing and Constructional Mints
and Tips.
® Resistance Colour Code. Charts, ete.
© Useful Formule,
®And many other interesting items.
If, by chance. you haven't had a
copy you really are wmissing {n-dau’s best
Send to us NOW for the latest

numbers of constructors have
modern factory-cdesigned super-
hets, using our Tuning Units, which
are pre-aligned and sealed, as matched
units ! ou can be assurced that
FAILURE 1S IMPOSSIBLE USING
OUR NIEW AND IMPROVEDD CON-
STRUCTION SHEETS ! These
famous sheets have beer improved and
are now the last word in simplicity.
You need no radto knowledge to build
our elegant superhets ! Nor is any
test equipment reaquired whatsoever.
In addition, remember—SFRVICE TO
OUR CUSTOMERS ABOVE ALL! is a
maxim we constantly bear in mind, and
our large Mail Order service, with its
cxcellent packing department, ensres
that all goods quickly reach your door
4in Al condition.

RODING LABORATORIES

(OF ILFCRD)
Mai! ONLY—to
694, LEA BRIDGE RD., LEYTON, E.10
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FREE!

to every ambitious engineer
this valuable 176-page handbook!

Better days lie ahead if you add “ ENGINEERING
OPPORTUNITIES ” to your bookshelf. If vou
want t0 put yourself in line for quick promotion,
higher pay and all that goes with it, as well as the sort
of job you’ve always wanted, this enlightening guide
to success—I76 pages of vital, right up-to-date
information—is your blue-print for a brighter future.

In this book you will find out
how to take advantage of to-day’s
opportunities ; how you can rise
to a position that ensures success,
prosperity and security—the sort
of job which, in Peace or War,
Prosperity or Slump, makes you
a ‘“key” man on whom the
craftsman or fighting-man is
equally dependent.

“ ENGINEERING OPPORTUNITIES,” besides
showing how you can be helped to become a trained
technician in your spare time, describes our umique
Advisory and Employment Depts. Read about them
and also about the superb range of Home Study
Courses you can choose from . . . learn something of
the methods that have already brought success to
men in all branches of engineering throughout the
world.

Thousands of B.LLE.T. Students
—ordinary people with no special
advantages except a real desire to
succeed — have, under our
guidance passed A.M.I.Mech.E.,
AMICE., CITY & GUILDS
and other major examinations.
Because of our outstanding suc-
cesses, you, too, can be confident
of your success, under the
guidance of B.I.LE.T.

WRITE IF YOU PREFER NOT TO CUT PAGE

E Please send me a FREE copy of the latest 176-page
edition of ¢ ENGINEERING OPPORTUNITIES ”
IT iS UNDERSTOOD THAT NO REPRESENTATIVE WiLL CALL ON ME
NAME ........ Voo ' o806 noo oo ok doaohbhba o #Eos Sohdloie b 0
ADDRESS.................. Sacood o, L SxC o BN
laminterested iNt...........c.oiiiviiiiiiiiiiii e e ™

(State subject, exam, or type of appointment that appeals to you.) ]
B.I.E.T. 410A SHAKESPEARE HOUSE,
17-19, STRATFORD PLACE, LONDON, W.L. I

Which
of

these

is

your
Pet
Subject ?

Mechanical Engineering
A.M.l.Mech.E—CITY & GUILDS—General
Mechanical Eng.—Maintenance Eng.—Diesel
Eng.—Sheet Metal Work—Welding—Metal-
lurgy—Machine Drawing & Design—Re-
frigeration, etc.

Electrical Engineering
CITY & GUW.DS—General Electrical Eng.—
Installations—Iluminating Eng.—Electrical
Science — Electricity Supply—Meters &
Measuring Instruments—Mains Eng., etc.
Radio & Television
A.M.Brit.l.R.E.—SERVICING CERTIFICATE—
C. & G. Telecommunications—General Radio
Eng.—Radio Servicing—Television Servicing—
Sound Film Projection—Electronic Eng., ctc.
Production Engineering
AM.1.P.E—~Works Management—Foreman-
ship—Staff Supervision—Planning Eng.—Cost-
ing, etc.
Automobile Engineering
AM.ILMIL—CITY & GUILDS—General Auto-
mobile Eng.-— Automobile Repairs — High
Speed Diesels—Garage Management, etc.
Building & Civil Engineering
AMICE. — F.R.LCS. — L.I.O.B. — General
Building—Architectural  Drawing—Sanitary
Eng.—General Civil Eng.—Surveying—Speci-
fications & Quantities—Heating & Ventilating
—Painting & Decorating—Plumbing—Car-
pentry & loinery—Timber Technology, etc.
PLASTICS—DRAUGHTSMANSHIP—
AERONAUTICAL ENG.—FORESTRY

SOME LETTERS AFTER YOUR NAME?

A.M.1.Mech.E. AM.ILCE. F.RLCS, AMS.E.
A.M.1.Struct.E.  L.1.O.B, A.M.Brit.l.LR.E.
A.F.R.Ae.S. AMILPE AMIMI

HUNDREDS OF OTHER COURSES
(Tell us what interests you)

Wt DEFINITELY GUARANTEE

“NO PASS-NO FEE”

We have printed “ ENGINEERING OPPOR-
TUNITIES * more than a hundred times and
distributed over a million copies to ambitious
men. Whatever your age, education or experi-
ence, if you are earning less than £12 a week,
you really cannot afford to miss reading it.
Send for your own copy to-day—FREE and
without obligation.

BRITISH INSTITUTE OF
ENGINEERING  TECHNOLOGY

THE B.LE.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD
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FAIR COMMENT

PERPETUAL MOTION

WAS not surprised, after'an announce-
ment in the daily Press the other
day to the effect that someone had

at last solved the secret of perpetual
motion, to receive a crop of letters
from readers asking for details. We
were told that a Birmingham firm of
precision engineers had undertaken to
make an experimental model of a
mechanism which, it is claimed, has
ended the centuries-old search for
perpetual motion. The inventor has
applied for a patent. The manufacturers
of the model state that they still have
to be convinced that perpetual motion
is possible, but they are prepared to
give it a trial.

- The inventor says, quite rightly,
that scientists have stated that perpetual
motion is impossible because of the laws
of gravity, but he claims that that is the
fundamental on which his mechanism
relies. Well, I am always anxious to
encourage inventors, but I do not need
to be convinced that perpetual motion is
impossible because I know it to be so.
The possession of a patent for perpetual
motion does not mean that the idea will
work.. Older readers of this journal
will remember that some years ago I
conducted some research at the Patent
Office and unearthed some dozens of
patents for perpetual motion, and I
summarised them jn the form of an
article in this journal, giving proof why
they could not possibly work. Indeed,
the inventors themselves now know
that they will not work. There are
always those, however, who feel that
they will succeed where others fail,
and I wish them success, even though I
realise that they are wasting their time.

The Philosopher’s Stone, the squaring
-of the circle, the turning of base metals
into gold, and perpetual motion are all
in the same class. Many years ago I
made some models of the more general
suggestions for perpetual motion, since
those who believe m it will not accept
scientific argument but are convinced
when they can sce the actual device.

One of the oldest idcas for perpetual
motion is the unbalanced wheel. This
consists of an ordinary wheel with
curved spokes which provide tracks for
polished steel balls. It is claimed that
such a wheel will be continually out of
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balance and therefore continuously in
motion. My models were most accu-
rately made, but of course they did not
work ! I used them for demonstration
purposes for a number of years.

SUBSCRIPTION RATES

fncluding postage for one year

inland - - - - l4s. per annum.
Abroad - - - - I4s. per annum.
Canada - - - - 13s. per annum.

Editorial and Advertisement Office : ‘' Practical
Mechanics,”” George Newnes, Ltd.
Tower House, Southampton Strcet, Strand, W.C.2

'Phone : Temple Bar 4363
Telegrams : Newnes, Rand, London
Registered at the G.P.O. for transmissjon by
anadian Magazine Pose.

Copyright in all drawings, photographs and
articles published in ** Practical Mechanics® is
specially  reserved  throughout the countries
signatory to the Bernme Convention .and the
U.S.A. Reproductions or imitations of any of
these are therefore expressly forbidden.

However, it is an interesting topic,
and if any of my readers care to submit

suggestions on the subject for the amuse-
ment of other readers I shall be glad to
publish them, if only as a warning to
others not to waste their time on the
subject.
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are temporarily incorporated.

By The Editor

MECHANICAL MOVEMENTS
READERS will remember my series

of articles on the “ Elements of
Mechanisms,” which explained the funda-
mental principles of mechanics. Ever
since that series ended I have had a
large number of requests from teachers,
technical colleges, and from readers
asking for a continuation of that series,
giving practical examples. With a
monthly publication such a venture
would run for too long a period for it to
be practicable.

In our companion journal, Practical
Engineering, which is published at 4d.
every Friday, eight Data Sheets are
given every week, and for 2s. 9d. readers
may obtain the loose-leaf binder shown
below, so that they may collate them as
the series grows week by week. The
series will extend for at least 13 weeks.

A supply of back issues has been
specially retained so that late-comers
may start from the beginning. When
completed the series will comprise a
valuable textbook on the subject, liter-
ature concerning which is extremely
scarce.

Those intending to go in for an
engineering carcer should not miss
this opportunity of acquiring this
treasury of mechanical knowledge.
“PRACTICAL WIRELESS

ENCYCLOPADIA

HE “ Practical Wireless Encyclo-
pzdia,” the twelfth edition of
which is now on sale, has been
entirely reset, revised, and con-
siderably enlarged. It was des-
cribed by a reviewer as *‘the
most famous reference work in
the literature of radio —a book
that has sold 300,000 copies in
all parts of the world since its
original publica-
tion in 1932.”

It contains
many new sec-
tions on Radar,
Television, Re-
mote Control,
Oscillators,
Kirchoff’s Laws,
Photo-clectric
Cells, and an en-
tirely new series
of Circuits for
receivers and am-
plifiers.—F. J. C.
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Castingd in Soft Metals

A Method of Making Dies from Laminated Steel Plates

HE kind of die which is the subject
I of this article is that called for in
making quantities of small castings in
metal alloys having fairly low temperature
melting points, such as type metal. These
alloys consist of a large proportion of lead
with varying quantities of bismuth, anti-
mony, tin or zinc, whereby they are hard-
ened and rendered capable of assuming more
smooth and more sharp and definite forms
when cast into suitable moulds.

' Probably no more suitable mixture of the

metals referred to can be found for general
purposes than that used in casting the type
from which this page was printed. It is
brittle, will not bend and has no great tensile
strength, but it is hard and is eminently
suitable for use in the making of models,
ornaments, paperweights and of parts of
mechanisms where the stresses transmitted
through them are light. Bearing surfaces of
this metal on steel pins stand up well
For many years toys have been cast in these
alloys, and before the 1914-18 war came
chiefly from Germany.

The dies in which these toys were made
used to be very costly, and doubtless are
more so now, for diecast toy models—made
in England—are still in the shops. The high
cost is, of course, not surprising when it
is borne in mind that such dies are milled,
routed and engraved in solid blocks of steel ;
sometimes with sliding pieces and otherwise
movable cores. Dies of this kind are often
made for fitting into and being operated
in a machine and the molten metal is fre-
quently forced into the die.

Such expensive methods of working are,
of course, only warranted when thousands
of castings are needed, and when only a
few dozen off are wanted it is out of the
question. Even if two or three hundred
are required the probable cost of die-sinking
in the ordinary way may prevent the job
from being a commercial proposition.

In the years between the two great wars
the writer had from time to time to make

By E W. TWINING

in his shops quantities of small models of
several kinds. In no case, however, did
such quantities warrant the making of solid
dies and, when the question cf die-casting
first arose, someone suggested the building
up of dies by means of laminated plates.
This is mentioned because the writer wishes
to make it clear that he .did not invent the
method himself. In any case the scheme
was adopted and proved successful. Later
it was used in combination with machined-
from-solid dies, so that some parts were

of various shapes and sizes, rivet them, or
bolt them, together, and in some cases divide
them on a centre-line for parting and remov-
ing the casting. In some dies the edges of
the plates around the cut openings must be
chamfered so as to give uninterrupted
curvature to the object from one plate to
the next above and below it. In most sets
of dies there will need to be a cover plate
‘at top and bottom, one pierced for pouring
the molten metal and the other unpierced.
In the case of most dies it is imperative that
the plates be kept perfectly flat and true
in order to prevent the casting metal from
creeping between the plates.

r

Fig. 1.— Dies for casting models of a battle-cruiser.

solid and others laminated. This, however,
is by the way, and it is only with laminated
dies that this article deals, and that, too,
more by way of suggestion than by definite
instruction. For, given an idea, the prac-
tical mechanic will be able to enlarge upon
it, elaborate it and adapt it to the needs
of the moment—on the job he wishes to
undertake.
Cutting the Stcel Plates

Briefly, and as will be seen from the
illustrations, the scheme is to cut a series
of steel plates, all of exactly the same size
on outside edges, pierce these with openings

SHEER PLAN BOW PLAN
A
; ]
g g
STERN PORTION OF PLME 2 l
.e. %"
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Fig. 2.— Dies for casting models of an Elizakethan ship.

Now let us take an example. In Fig. 1
is shown the dies for casting a quantity of
models of a battle-cruiser. It represents no
particular ship except for the fact that it
is something like H.M.S. Queen Elizabeth
was in the year 1918. That, however, is
u'nmaterlal. Any other ship can be modelled
in exactly the same way. Tramp steamers,
liners, big cargo vessels or tug-boats.

An 1mportant point to note is that the
plates in this case are not all of the same
thickness ; mevertheless this is the most
simple kind of die that the writer could
have chosen to start with. For this model
18 plates are required, including the top and
bottom cover plates.

The first thing to do before cutting any
plates will be to make a careful drawing,
in elevation and in plan, of the ship or other
object required, just as is done in Fig. 1;
then, from the plan view, make careful ink
tracings of each change in the outline from
the water-line or bottom plate up to the
top. In the ‘case of Fig. 1 16 tracings will
be required. Draw a centre-line and also
the rectangular outline of the plates, Saw
out and file true all the plates, and, each
on its respective plate, stick down the trac-
ing. For this sticking some medium other
than glue or paste will be advisable, and
either an oil varnish or celluloid cement is
recommended. A thin film of varmnish on
the plate, allowed to become quite tacky
before applying the tracing, will be as good
as anything. If tube glue is used, apply it
to the plate and lay the tracing on it ; do
not glue the paper. . In either case the paper
will expand, whereas with the varnish or
celluloid cement it will not. It will be
‘obvious to the reader that the object of the
tracings is to provide.outlines on the plates .
and, if tracings were not stuck to them, it.
would be necessary to cut templates and from
these scribe lines on the plates to file to.
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Divided Dies

Now there are two ways in which the
two halves of the die can be made: One
1s to cut each plate in two parts, butting

" them together on the centre-line—in which
case each tracing need be of only one side
of the ship because the two parts can be
folded back to .back and filed out together,
and the other way is to make each plate
the full width of the mould in one piece,
pierce it for the openings, rivet or bolt all
together and finally saw the whole die down
on the centre-line. In other words: (1)
make it from the srart in two halves and
(2) make it in one piece and divide it, by
sawing, afterwards. The first way involves
less labour, but the second is the more accu-
rate since, each plate being still in one Ppiece,
will rivet up with one side exactly in line
with the other.

When we come to the subject of Fig, 2
a little consideration will show that the first
method of making cannot be resorted to;

Fig. 3.—;Larnz'rzated dies for casting aircraft ‘models.

the plates have to be bent to a true curve,
and this must be done before they are parted
down their centres and before they are
pierced, otherwise the curve in each half, or
side, will not be exactly the same as in
the other hali. Therefore it will be best
‘to cut the bottom and plate No. 1, the two
wedge-shaped pieces No. 2, and bend all
the rest from No. 3 to 13 in succession,
making sure that each will fit one into the

other without air gaps between. Then silver:

solder the small levelling pieces for the bolt
heads, orn the top plate, and drill through
the lot for th= six long holding-together
“bolts. Finally, after piercing, saw them apart
with a very fine slitting saw.

In the making of the drawing and tracings
for this ship’s hull allowance will have to
be made for the thickness of the saw-cut
and for filing up smooth the sawn surfaces.
This allowance applies particularly to the
thickness of the rudder and stem post.

The crosshatched circles in the sheer plan,
Fig. 2, indicates the pins which arc required
to be inserted in order to ensure the regis-
tering of thz two halves of the die.- They
are shown also in Fig. 1.

Relief Ornamecntation

It is pointed out that in making dies for
-casting models of old-time ships much can
be done in the matter of reproducing relief
ornamentation. Thus by filing the edges of
the plates to a slight chamfer the beading
and stringing will be rendered in relief. The
stern cabin windows can be in relief (on the
sides) by chamfers and filed cross cuts, and

‘all the castings.

the chain-plates for the shrouds, although
not shown in Fig. 2, certainly ought to be
formed by suitable cuts in the plates in line
with where the shrouds come.

The bottom plates shown in Figs. 1 and
2 are there only to form definite outlines for
the “ runners,” i.,, the openings through
which the molten metal is poured. After
the dies are opened and the casting removed
this runner, or superfiuous type metal is sawn
off and the metal filed true to the waterline.

It is presumed that the reader knows that
the castings need not be left solid unless
they are to be used as paperweights. If
desired and in order to economise metal they
can be made hollow by reversing the dies
after filling. This was, or is, known as
the “fill and spill ” method, but its success
depends upon a critical temperature of both
the metal and the die, especially that of the
latter. The ship’s hull, Fig. 2, or a model
of a galleon, ought to be split and it is quite
easy to do, provided the dies are held in a
suitably designed, handled, frame or

LEZ X2
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clamp with an arrangement for open-
ing the dies. Filling and spilling' is
done over the metal pot. .
The dies drawn in Fig. 3 are guite
.different from those already shown, in
‘that the laminations are all in the
same plane as the parting line.  This
means that there can be no sawing
apart of the two halves; each plate
must be cut and remain as one -unit,
but there will be a lot of bevels to
file on the edges of the openings. In
the drawing the writer has shown
20 plates, nine in the lower part and
eleven above the parting line.  The

R, and the two paris are kept’ in
alignment with pins or dowels, D.

As will be seen from the front
elevation of the aircraft the whole of
the twenty plates are bent to a curve
on the centre-line ; this is done in order to
provide for the dihedral of the main wings
and tail plane. Were the plates kept flat the
difficulties of forming the wings and the wing
section wou'd :be increased . enormously.
As it is a special file will be mneeded,
partly for the main
wings and partly for
finishing the shape of
the fuselage.  This
file can be made
from a new, five-
inch half round:
HRF. in Fig. 3.
Heat the end to a
bright red. bend to

plates are held together with rivets,.

ling the dies with the molten metal an open-
ing must be cut for a runner, and the best
place for this will me at the nose of the fuse-
lage; running will then be done with the dies
standing vertically upon the tail end of the
aircraft, In order to ensure that the engine
nacelles are filled to the tops and that the
metal flows to the wing tips it will be as well
to provide branches of the runner to the
nacelles ; then, when pouring, see that the
metal ‘enters all three openings as nearly
simultaneously as possible. The runners are
drawn, in the plan view of Fig. 3, but not in

“the side elevation: they can be cut in the

thickness of two plates, preferably Nos. 9
and 10. A

As an example of simple plate dies with
movable parts for casting other than small
models the object shown in Fig. 4 is given.
Just what it is and what it is for does not
matter, no one will want to make a thing
exactly like it and it only need be said that
it is a part of a very light mechanism
through which very little power has to be
transmitted. There are hundreds of small
cast parts called for in the manufacture of
light mechanisms and instruments of all
kinds, particularly in the electrical industry,

-and the drawings comprising Fig. 4 are

merely put forward in the hope that they
will suggest ways and means of diecasting
other and different shapes and sizes for
which type metal .is suitable.

It will be obvious to those interested in
this scheme for die making that it is not
really essential that such a large number of
separate plates shall be used as are shown
in the illustrations, particularly in Fig. 4.
For instance, in Fig. 3 plates 4 and 5 could
be in one piece of double thickness and 17,
18 and 19 In one, of treble thickness. So
too in Fig. 4 Nos. 1, 2 and 3 could be one
thick plate as also 4, s and 6, and so on,
but if all the work is to be dome by hand
with no machining then the thin plates will
be easier to handle.

Die Holders and Handles

It will be understood that all dies become
very hot in casting, indeed they have to be
heated, say, over a gas ring, before beginning
to pour the metal into them ; therefore it is
necessary to provide holders for them, such
holders being fitted with handles and means
of opening the dies for removing the casts.
In Fig. 5 a suggestion is given for a pair
of holders for the ship models. These can
be made from flat strip iron or steel of about
a quarter of an inch thick by one inch wide,

TRUIGE BT S350

a curve as shown,
heat again and
plunge into cold

water, then.into oil.
A few jeweller’s files
of the sections drawn
at J.F. will also be
useful, especially for

the  undercarriages
and the fin and
rudder. Note that

the bottom of the
rudder must be cast
down to the parting
line and filed away
to correct shape in

Provision for
Pouring
In order to pro-
vide a means of fil-

Fig. 4.—A set of ‘dies with mov-
able parts. (Noze the handle wiich
15 attached to one corner.)
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bent as shown. The handles are each wrap-
ped round with asbestos string and covered
with a bandage of old cotton cloth or surgi-
cal bandage.

As will be obvious the two halves of the
handles can be hinged together permanently,
if desired. This can be done by having two
lugs at A, one ‘on each part of the steel
strip ; the lugs overlapping and a bolt pass-
ing through them, but for the purpose of

‘Low Melting Point and Alloys

The reader will probably be aware that
there are metal alloys, which resemble type
metal, but which have very low melting
points ; a number of them below 212°, so
that they will liquefy in boiling water. Rose’s
metal melts at 212°, Newton’s at 205°,
Darcet’s at 200° and Wood’s as low as 155°.
If one of these, preferably of the higher
temperature kind, can be obtained then it

Fig. 5.—Suggested form of holder for dies for hand operation.

extracting the casting it will be -found very
much more convenient to be able to dis-
connect completely the two halves of the
dies and, therefore, nothing could be better
than the simple hook arrangement shown.

would be possible to make dies from thin
plates of hardwood or even of hard card-
board. The plates could be of ordinary
cardboard (white pulp board) cut out with a
knife, on glass, soaked in shellac spirit

varnish, ‘dried and assembled by sticking
together. '

Obviously wooden or cardboard dies would
not require preheating and they could be
held in the hand whilst casting but with the
exception of the use of such woods as beech,
holly, box, or ebony the moulds would not
stand up to a very long run of casting. But
the scheme is worth considering especially
for static things such as ship and other
models which are never likely to be
subjected to temperatures abeve those
mentioned. The writer has recently
had occasion to model some small
human figures in clay; from these
plaster moulds were made and in these
moulds the reproductions of the
models were made in one of the low
melting point metals.

Referring back to the metal dies : the
inside surfaces should be well blackleaded
before commencing to cast and from time
to time as the work proceeds. Any cracks
or fissures between the plates should be filled
with blacklead.

Making an Electric Blanket

An-Inexpensive Low-voltage Appliance for Home Use

By E. E CHEETHAM

; Y making use of ex-government equip--

ment as described, a very efficient

electric bed warmer, which will earn
the approval of the entire household, may be
simply constructed at a fraction of the cost
of the commercial article, In addition the
low voltages employed considerably reduce
the danger from accidental electric shock.

The main requirement is an ex-W.D. elec-
trically-heated jacket, which can be purchased
for a few shillings, the price varying from
2/6 to about §5/- in different,districts.

The jackets are made from a brown poplin
material, with the heating elements stitched
inside after the manner of a quilt.

There are four elements each of 12v.
rating, one in each sleeve, and one in each
half of the body, and as purchased one sleeve
and one body element are connected in series,
forming two circuits of 24v. which are con-
nected in parallel to the plug.

Taking a pair of sharp scissors carefully
vcut round the edge of the material, thus
removing the heaters, together with the
canvas pocket containing them, as this will
save the trouble of making fresh pockets on
the new blanket.

The reader will now have four long strips
of material, each containing a 12v. heater,
and these should be fastened by means of
large tacking stitches to a piece of suitable
material ; in my case half an army blanket
was used, the strips of elements being spaced
according to the size of the material.

Connecting the Elements

This completes the actual blanket: the
method of conmecting the elements can be
done in three ways, depending on the volt-
age of the transformer available. The con-
sumption of each heater strip is approx.

14 amps. at I2v. so for 12v. work-
-ing, a transformer or 12/15v. with
an output of at least 6 amps. is

required, the strips being wired in parallel,

COMPONENTS REQUIRED
1 Ex-W.D, electrically-heated inner flying jacket.
1 Mains transformer—12/15§ v., 25/30 v., or 50/60 v.
at 100 watts.

1 piece suitable blanket material about 4ft. square.
1 Flex connector Type 2-pin plug and socke:.
1 Switch (either pear or tumbler type as preferred).
Flex for wiring.

1 3-pin plug for connecting to.mains. (Fused type.)

By connecting the strips #in series-parallel a
transformer of 24/30ov. with an output of
at least three amps. can be used, and for use
with a so/6ov. transformer of 1} to 2 amps.
output, the strips being connected in series.
The actual elements consist of a fine woven
gauze of resistance wire, and the joints are
best made by wrapping a strip of clean sheet
copper round the two ends and squeezing
tightly together.

When in use the blanket can be placed
on top of the mattress under the covering

sheet, and secured with either tacking stitches
or small safety pins at each corner to prevent
its movement. The flex connection to the
transformer terminates in a small two-pin
plug which can be disconnected easily for
changing the bed linen, etc. A switch should
be fitted to the live main on the input side
of the transformer, and the connection to the
mains should be made by means of a fused
three-pin plug.

The writer has had an electric blanket
made in accordance with the above descrip-
tion in constant use for a period of more than
twelve months, and it has proved a great
asset, especially -in cases of illness. The
blanket may be left on all day if necessary
without overheating. Those readers of an
experimental turn of mind who require added
refinements can no doubt incorporate such
improvements as thermostatic, or variable
heat control.

D, Banket wsterial 777 77777, Biackss wieridi 777
iy Il v
. s
OIAAANAGANY B it |
C:%:%:%:%I/:/l/i’/ Packets =/:/:%'%:%‘%'/'/
77771 s i i
A ek
';:%%:%-/:/l/:/ﬂ*f BAA M N
AIAA Ay GAA I
AT i
A A g iy
W AT
i ,// - X T 7 7 “-./u‘-‘//,,/,/
f’g‘; S 23 o et s B Sl Gperaeion
TV s %
‘ Pin Plu /E%/i/:/:/:/l/:/
L Switch 20m, z(F/ext i /:Zigléiéi¢séiéa
Aoy~ e o
| e ) .%:/,/./././:/.‘,
-/ A
2 & gy
S . A7 77
i
i
AN NN
)i NN
N ; Connections In Series
For $0-60v. Transformer

Diagram showing arrangement of elements, and comnections to transformer.



Ma_)_l_, il

\ |
NEWNES PRACTICAL MECHANICS

227

Quaint [deas for Aeroplanes

Peculiar Features in the Design of Aircraft of Pioneer Days to the Present Time

HEN 1 was asked to write on “ Some
\g Quaint Ideas for Acroplanes” I
thought of a lot of aircraft I have
seen in the past 40 years, and concluded
that most of them are quaint ; and in spite
of all- our science and research sotme of the
latest are the quaintest. All the same,
rather naturally, in the light of nearly half
a century of supposed progress, the earliest
ideas were very quaint.
Leaving out the peculiar aeroplanes which

By C. G. GREY

pilot rocked sideways with a wrist action,
and that controlled the rudders at the back.

The engine was situated on top of the
lower plane, practically in the small of the
back of the pilot and passenger, who sat
side by side on the front of the plane with
their feet resting on_a projecting crossbar,
hanging over space. The engine drove two

i : : | gl )

The Bocing XB-47 “ Stratojet,” one of several jet bombers under developniznt in the
‘ U.S.A. in 1949.

did not. fly, the first aeroplane that did fly,
that of the Wright Brothers (U.S.A.), was
one of the quaintest.’ On the very first
occasion when Orville Wright flew for a few
yards—really a catapulted, eéngine-assisted
l>ng hop—the pilot lay on his stomach on
t1ie lower plane. The machine ran on a rail
along which it was towed by a line which
ran back and over a pulley to the top of a
pylon where it was fastened to a heavy
weight. When the weight was released it
pulled on the line, and when the machine
reached the end of the rail the line fell off
and left the machine free to fly if it could,
which generally it could not.

The Use of Catapults

The quaintness here is that for years we
have been launching aircraft from ships by
catapults. Moreover, one of the latest crazes
is that for very high-speed launching, as
with jet-propelled machines, the pilot’s inside
stands-it better if he, to use the polite phrase,
“ adopts the prone position” (or lies on his
stomach). And, quainter still, the latest idea
for the Navy is that the "deck-landing
machines shall—like that original Wright
machine—have no wheeled undercarriage,
but shall alight on a sort of canvas blanket
stretched over the deck and slide along on
its “ belly.”

When the Wrights gave up the * prone
position” and sat upright, they took to a
quaint sort of control. Instead of one stick,
or a wheel ‘on a central control-column, they
had a stick on each side of the pilot. Pushing
and pulling one of them backwards and
forwards * warped ” the ends of the wings
to control sideways balance, as ailerons
do now. The other stick, moving fore and
aft, worked the elevator which stuck out in
front to make the machine go up and down.
It had no tail. And on the top of that
stick was a short stick (or handle) which the

‘and flown by Glenn

large propellers side-by-side by motor-car
chains, and one chain was crossed, like a
driving belt on a lathe, so that the propellers
ran in opposite directions. It was the
quaintest and most brutal form of drive ever
used, yet, strange to say, I cannot remember
anybody being killed

the

modern engines are descended. Also, he
superintended the design and building of the

first flying-boat to cross the Atlantic—(the

N.C.—U.S. Navy Curtiss).

Curtiss, to defeat the Wright patent, which
claimed that any hand-control of the three
directions — up-and-down, sideways and
lateral balance—was covered by it, designed
and built a biplane in which a wheel, like that
of a car, steered the rudder, while pushing
and pulling it controlled the two elevators,
one in front and one behind the flat tail-
plane,

Then, instcad of warping the planes (as
the- Wrights did) he fitted flaps, like ailerons,
on the struts between the planes. He con-
trolled the lateral balance by working them
by moving his body sideways, from the waist
up, with his shoulders “embraced” in a
sort of steel tube yoke. That was a bit
quaint, but really natural, for when one wing
rose (while the other dropped) he just leaned
over to that side. It did quite well till
Blériot and Farman, who had managed to
fly in France, adopted the central stick
(commonly called the *joy-stick”), which
controlled up-and-down movement and lateral
balance, while the rudder was controlled by
a crossbar worked by the feet,

Even then the aeroplane people had to te
quaint, for one would expect a crossbar for
the ‘rudder to act in the same direction as
does the handlebar of a bicycle. But, no;
ruddeér-wires (now tubes or rods or
hydraulic controls) were coupled so that when
the pilot pushed with his left foot the rudder
turned the machine to the left instead of to
the right, as one would expect.

Henry Farman

Quaintly, also, Henry Farman, one of the
first two or three men who really flew in
France (his father was English and repre-

by the breaking of a
crossed chain.

But the front ele-
vator, which led to
the machine being
called the “ tail first”
type (or canard in
French or ente in
German, both mean-
ing *“duck”), killed
most of the pilots
who flew Wrights
even when a hori-
zontal tail was stuck

on behind. The
Wright type of
machine was extinct
by 1915.
The First Flying
Boat
The next aero-

plane to fly in the
U.S.A. was designed

Curtiss, who proved
later to be the great-
est of all American
pioneers in that he
made the first flying-
boat, from which all
flying-boats are de-
scended to-day, and
made what was at
the time the world’s
best aero-engine,
from .which many

Six turbo-jets and eighteen dry-fuel rockets combine 42,000 Ib. thrust
in this spectacular take-off of the Boeing * Stratojer.”
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sented the Daily Telegraph in Paris), having
been a notable bicycle racer, insisted on
regarding his rudder-bar as a handlebar,
and always had his rudder-wires coupled to’
the rudder crossed, so that when he pushed
his right foot the machine turned to the left.
Which would seem natural to any cyclist or
motorist, but not to an aviator,

So far 1 have written only of very early
aeroplanes, almost < all of  which were
biplanes and flew—some badly and some well
—for that time. Probably the least quaint
aeroplanes were the Blériot- and the
Antoinette, both monoplanes and both recog-
nisably related to our high-speed aircraft of
to-day. Old Levavasseur, who designed the
Antoinette, was then regarded as quaint
because he was so far in front of his time.
Believe it or not, in.1913, before the first
of our modern Great Wars, he built a r2-
cylinder ° vee-type engine with electro-
Iytically deposited  water-jackets, direct-
injection of petrol, and steam-cooling. The
aeroplane had streamlined casings (which we
called * pants”) over the wheels of the
undercarriage, and the engine was properly
cowled-in, whereas all others stuck out prom-
“inently. Then the 1914 war came along
and the beautiful Antoihette expired.

Anthony Fokker

One of the quaintest of all aeroplanes of
that day was built by a young Dutchman
named Anthony Fokker, He, like many
other youngsters who built models, then an.d
to-day, believed that he could build an aerc-
plane which needed no control except a
rudder and elevator to steer it up-and-down
and sideways—which to-day we should call

being “ inherently stable.” So he built a
machine which although in essence an
orthodox monoplane had such square-

shaped wings, cocked up at such an acute
angle to one another (a dihedral angle, as it
was called), and had such a mass of wires
and struts in its undercarriage, that it looked
like a cross between the “ Bread and Butter
Fly ” and the “ Jabberwock ” in the “Alice ”
stories.

Tony Fokker flew it and demonstrated it
in Germany. It nearly killed a German
friend of mine, named von Bismarck, but the
German Government recognised that Tony
had brains, so they kept him in Germany
during the war and he built some of the
best fighting-machines on either side. Also
he produced the famous “ interruptér gear,”’
which allowed a machine-gun to fire through
a revolving propeller without hitting the
blades. That struck aviation people as
quaint at the time, unless they got hit, but
it is rather outside the scope of quaint aero-
planes.

Really why I brought Tony (he is dead
now, I am sorry to say) into this story is
that talking to me one day, and feeling
frightfully depressed, he said, “ If aeroplane
designers could see the spray in the air
as you can see the spray from water they
would all be ashamed of themselves. Can
you imagine a boat designer who wanted to
put on more power to improve his speed
sticking extra engines out in the water on
each side of his boat ? And that is what
we all do with acroplanes to-day.” And that,
mark you, is the reason for a lot of quaint
aeroplanes from that day (about 1930) to
this. Designers will not try to see, or
imagine, the spray in the air,

Wind Tunnels

All nations which produce aeroplanes have
spent thousands, or millions, on wind tunnels
in which they measure head-resistance of
aeroplanes and parts when pushed or pulled
through the air. But nobody has discovered
what ts a proper streamline to give the least
resistance to the air, Just look at the
quaint things that are pushed through it.

Two classic examples of quaint divergence

NEWNES PRACTICAL MECHANICS

of opinion between eminent designers are the
great modern airliners the Lockhead Con-
stellation and the Boeing Stratocruiser. The
“Connie” has a body like a trout and a
nose like a shark, the cleanest, most stream-
lined-looking thing one could imagine, and
the body sweeps up into the tail-unit (fin,
tail, rudder and elevators) so that one can
almost see the air being led into the control
surface in the way it should go. The
Boeing has a nose like a bulldog. The
fuselage (body) is, in section, like a figure 8,
the lower lobe of which slopes suddenly up
to the tail, so that one can hardly imagine
that it has been designed as a streamline.
Yet, with the same engines, those two air-
liners have almost identical performances for
speed and climb.

Sir A. Cobham’s Air Circus

Sometimes an aeroplane just looks quaint,
though it may be eminently fit for its job.
I remember a biplane designed to carry a
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carried a lot of baggage; they had four
engines,

Twin Mustangs

In.the latest war, in Korea, the U.S. Air
Force have been using some quaint machines
known as ‘“ Twin Mustang.” The original
Mustang was a single-seat fighter, built in
the U.S.A. to our R.AF’s specifications
and with a Packard-built Merlin engine.
Pilots loved it in 1944-45 in Europe and
in the Pacific War. At the finish the U.S.A.
had thousands of them left over, so some-
body thought of making them into light
bombers in much the same class as our
Mosquitoes. So-the U.S.AF. technical staff
took a couple of Mustangs, abolished the
right wing of one and the left ‘wing of
another, threw away their tail-planes and
elevators, and joined the two fuselages side
by side with a short wing—leaving room for
the airscrews to clear one another—and
joined the aft ends of the fuselages with a

This strange-looking helicopter with three motors is known as the Cierva Air Horse.

doZen joyride passengers dt a time, and which
was built by Airspeed Ltd. under the super-
vision of N. S. Norway (Nevil Shute, ithe
famous novelist) for Sir Alan Cobham’s
touring Air Circus. It had a Gipsy engine
on each lower wing and a third on the middle
of the upper .plane. The idea was to have
plenty of power for take-off, and to have
an engine of proved reliability for which
spare parts were easily obtainable,

It was called “ The Airspeed Ferry,” and
it could get off with full load in about 50
yards from grass; its speed was only about
75 miles an hour, and it could land almost
at a standstill. The Cobham officials used
to marshal the passengers in a queue an
the machine used to land right alongside
them, like a bus drawing in to a kerb. As
soon as it stopped one official opened a door
on one side in the front and another opened
a door on the other side at the back. And
as the passengers walked out of the front
the waiting passengers walked in at the back.

The' machine would take off, fly a couple
of circuits of the field, and land, and so on
all day, and it made a lot of money.

The Savoia Seaplane

A quaint machine of a very different type
was the Savoia seaplane, about which I could
never make up my mind whether it was a
twin flying-boat with two small hulls or a
float-plane with two enormous floats. The
Italian Regia Aeronautica (Flying Corps) had
many of them. A fleet of about 20, led by
the gallant Marshal Balbo, flew from Italy
to West Africa, then to Port Natal, Brazil,
up to New York, and back to Brazil, where,
if I remember rightly, they were given as a
present - to the Brazilian Air Force. Two
or three men flew in cach float, and they

“tion system, known as the * intercom.”

single tail with elevators behind it.

Thus they got a twin-Merlin high-speed
light bomber. The pilot sits in one cockpit,
the navigator-observer-bomber in the other,
and they talk on the usual intercommunica-
The
machine can lift more than twice as many
bombs as a single Mustang can, and they
are just about as fast. The two fighters,
flying apparently hand-in-hand, do look a
trifle quaint, but they are very good, so long
as they do not get mixed up in dog-fights
with manceuvrable single-seaters.

I could go on for some time discoursing
on quaint aeroplanes, and on quaint ideas
for aeroplanes, but perhaps I have given
you some idea of how positively comic some
of the brainwaves of the world’s great air-
craft designers have been. And, believe me,
they are going-on being just as quaint,
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A Radio Deaf-aid Unit

Constructional Deétails of an Inexpensive Appliance for

Home Use

HEN one member of the household is

deaf, the difficulty arises that if the

radio is turned up to sufficient
volume for the sufferer it may be intolerable
for other pzople in the room, and even cause
annoyance to neichtours. The ordinary
type of deaf-aid can be used by placing
it near the loudspsaker, but this form of
operation often causes severe distortion, so
that programmes are ‘not fully intelligible to
the deaf verson. Such distortion is caused
by the programmes hdving to undergo a
second sequence of reproduction, transit
through the air from loudspeaker cone to
deaf-aid microphone, and amplification, and
is difficult to overcome because many loud-
speakers are very deficient in high-frequen-
cies, which is exactly what the average deaf
person requires to hear most strongiy. In
addition, deaf-aid -units employ small bat-
teries, and the cost of using these several
hours daily is high,

A means of operating the deaf person’s
headphones direcdy from the receiver is
therefore economical (indeed, running costs
are nil), besides giving much more satisfac-

By F. G. RAYER

Constructional Details

All the parts are mounted in a small
wooden box, shown in Fig. 2, which also
illustrates the wiring. The capacity of the
condensers may be between .01 and .1 mfd.,
but if condensers are to be bought, then
.05 mfd. is recommended. For mains sets
they should be good-quality components of,
say, 500 volts working. They prevent the
high tension voltage in the receiver reaching
the ’phones. They may have terminals or
soldering tags.

The volume control is a 10,000 ochm poten-
tiometer, with knob. If some component
around this value happens to be to hand it
can be used, but extreme deviations from
this value shou'd be avoided.

If the wooden p.eces are cut to the dimen-
sions given, }in.-thick material is required,
but the size of the case is not critical. It
is glasspapered and varnished, and the bottom
is attached by four small screws when wiring
is completed. :

The Leads
If the user sits near the receiver the twin

This illustration gives
a good idea of the
small size of the wunit
compared with a pair
of headphones.

tory reproduction. The unit described here
can be employed with any mains or battery
set, has received over twelve months’ trial
with a person with a high degree of deafness,
and is probably the cheapest, yet most satis-
factory, method which can be employed.

The Circuit

This is shown in Fig. 1_ and the isolating
condensers prevent any direct current reach-
ing the ’phones, so that there is no chance
of shocks, even with mains receivers. These
condensers also act as a safeguard when the
builder is connecting the unit to the receiver.
If a wrong connection is made, neither
receiver nor *phones will be damaged, because
no current can flow, and this will be particu-
larly appreciated by the constructor whose
knowledge of radio is small.

A separate volume control is employed so
that the deaf person can adjust the head-
phone strength to his own liking. The
receiver loudspeaker will be operating in the
usual way, of course, and the receiver should
be set to a volume level suitable for other
people in the ropm,
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Fig. 1.—Circuit diagram.
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.perfectly satisfactory.

flex connected to the condensers will only
need to be a few feet long. However, in
some cases it may be necessary to use longer
leads, so that the unit, with volume control,
is within easy reach of the user. Any
ordinary twin insulated flex of good quality
is suitable. The leads pass through a small
hole in the case. (Fig. 3.)

The ’phone leads are taken through a
second hole and to' two small terminals on
an insulated terminal strip, for ease of con-
nection. There will be no polarity to observe.
‘The bottom is then screwed on.

The VHeadphones

It is best to keep a pair of ’phones especi-
ally for the unit, and permanently connected.
Some deaf people require special ’phones,
but in the majority of instances the robust
ex-Service ’phoncs so cheaply obtainable are
The typs known as
“ high impedance »” ’phones must be used.
Attention should be given to the headbands

Volume Control.
!

Condensers

Twin
Flex

|
Termina! Strip
Fig. 2—Wiring plan.

To Phones

Plan view of the wnit with top of casing
d removed.

and other adjustments so that they are com-
fortable for the user.

Connecting the Unit

The twin flex leads mus; be taken to the
primary of the output transformer in. the
receiver.  If the latter has high impedance
extension sockets, simply plug into these. If
the receiver is battery-operated, one tag of
the transformer primary will go to H.T.
positive, and the other, except in push-pull
circuits, to the output valve anode. With
battery sets, the builder can put on the
headphones, set the volume control to mid-
way, and try touching the bared ends of the
flex on the various speaker transformer tags
or {eads. The correct ones will then easily
be found. "No damage can be caused by
wrong connections. '

Using with Mains Receivers

With mains receivers this can also be
done, but the builder should take care to
touch no bare leads, tags, joints, or so on.
In addition, keep volume down to begin
with, or do not place the ’phones actually
over the ears.

When the correct points have been found,
twist or solder the leads on, or add a small
insulated strip with terminals or sockets.
With mains sets, switch off and withdraw the
mains supply plug before touching bare
joints or doing the permanent fixing-up.
There will then be no charce of shocks.

The deaf person should be shown how
to use the unit volume control, starting from
minimum, and turning it up until satisfactory
hearing of the programme is obtained. The
unit will be most appreciated by many deaf
people who may otherwise often forgo pro-
grammes they would like-to hear.

Volume Contro/
e

Phones

£&nds % x 1% sides 1% x 3%:
Top and Bottom 24 x 345

Fig. 3.—View of the completed unit giving
dimensions for the casing.
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VERY young schoolboy, I suppose, goes
E through the gamut of white mice;
rabbits, caterpillars and tortoises.

Having always preferred “mineral ” to
animal, I soon “swopped” my rapidly
increasing rabbit family for enough cash 10
buy a course at the newly-founded school
of mechanics. Eton was pretty advanced
in lots of ways. For instance, while German
opera was banned in 1914, German was
taught throughout that old war to language
specialists, such as myself. A school of
carpentry had existed for several years for
those who were enthusiastic enough to
devote- their pocket money and time to this
art. The same applied to the new school
of mechanics.

We were not very. well.equipped either
in materials“‘or~ knowledgz, but it was not
long before house:mastérs found themselves
being presented with useful things for .the
house, ‘such - as letter-boxes, postal-scales;
giant ladles, calendars, paper-cutters ‘ard
pencil sharpeners. :

When, however, I. insisted on .building
a small- électric motot to run off torch
batteries, it was considered to be going a
little too far, and the whole position was
aggravated by the fact that I absolutely
refused to say for what purpose it was
needed.

A Rockery Fountain

The fact was that, as a reaction to forced
potato digging “during the war, those who
were keen on that sort of thing were
allowed to lay out flower-beds for a prize,
One friend of mine was quite a horticul-
turist in a small way, and it became obvious
to me that the only thing his flower-bed
needed to make sure of the prize was a
small rockery with a fountain in the middle.
The rockery was easy, but as nothing except
seed or bulbs was allowed to be bought, it
was obvious that the fountain, together with
its pump and.the electric motor to drive
it, would have to be .made-in the school of
mechanics.

After some cajoling and a great deal of
help from a local electrician, quite a neat
little motor was duly completed, and the
day came when the secret had to come out
of the bag.

It was with trepidation, the evening before
the judging, that my friend and I asked
our house-master’s permission to go out
after “lock-up” and instal my contraption.

Next day we shared the first prize, my
friend for his flowers and I for my efficient,
but not very artistic, fountain.

The next thing was a gramophone.
Chiefly, 1 think, because they were strictly

forbidden. At that time the best-known
portable was a Decca, familiar to those who
remember  Bairnsfather’s “Old Bill”
cartoons.

My object was to make a much smaller
one that could be conveniently hidden in
a boot-box in my room and played -at dead
of night with a sewing needle. The sound-
box (my crude effort produced such caco-
phony that it had to be discarded) and
the spring had to be bought, but the finished
article produced a passable imitation of the
noises made. by the maestros of jazz of
that time. Replaying some of these 1918
records to-day, the conclusion is reached that
almost any raucous noise would have done.

Nevertheless, these old bone-shakers of
1917 to 1924, when jazz started to become
“ refeened,” hold a place of honour in my
collection of some 2,000 records telling the
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By THE MARQUIS OF DONEGALL
(Continued from page 201, April issue)

day-by-day history of jazz in the last 33
years.

Some people look down their noses—or,
at any rate, shut their ears to this hobbv
of mine; but is it any more insane than
with objects
_emblazoned with the monograms of the
L.M.S., Wagon-Lits, Cleveland  and Ohio,

furnishing your whole flat

and the Canadian Pacific ?

“To revert to niy\ “ gramophone.” It was
playing~ scratchily in the boot-box in my

A suggested pea sheller.

of money,

room one cvening when, to my horror, the

house-master entered.

The truth came out and I brought the
“ Quite ingenious,”
*“ Could not possibly disturb any-
As you never

gramophone up for air.
he said.
body’s work except your own.
do any, you’d better keep the thing! >

The Photographic Urge

A great opportunity was provided some-
where around this time by the creation of
the photographic society. All sorts of chaps
who had never before handled a Brownie o
invested ss. (that, I think, included a film)

and joined.

The enthusiasm for photography amazed
The truth,
of course, was that you cannot be inter-
rupted while you are developing a film in

the masters for quite a while.

the dark-room. Now the society’s dark-
room was conveniently placed in an open

space, and a very primitive predecessor of air--
conditioning (which another member rigged
up) enabled us to smoke ourselves silly for

months. The fact ‘that the master in charge

who paid occasional visits was a chain-

smoker alsoc helped. Unfortunately, the
assistant to the headmaster, who was a non-
smoker, came in one day. That put paid
to our air-conditioning plant.

And so, in the early ’twenties, we pass
from Public School-—with the embryo col-
lection of jazz records—to Oxford. Here

If this gadget could
be made to work it ‘would probably make a lot
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a number of semi-forgotten gadgets came
on the market. It was the age of the crystal
set and of writing to The Times if you “ got
America.” '

By this time I was thoroughly tired of
winding up gramophones and saw no reason
why the mains supply should not be used
for the purpose. I went to an electrical
engineer in the town and together we suc-
ceeded in fitting an electric motor into a
portable. It worked very well. Some years
later, Messrs. Alfred Hays, of Bond Street,
fittéd electric motors to H.M.V. portables and
you could also wind them up, which was an
improvement on mine.

I may be wrong, but I do not think that
at this time there were any electrically
powered gramophones on the market because,
some time after my electric portable was
working, I bought in America a gadget
which I attached to my large HM.V. This
was an electric motor which attached
on the outside of the cabinet in place
of -the winding handle. On pressing a
button it rewound the motor, but it was pre-
ferable to do it between records as it made
a noisé like a miniature electric drill. How-
ever, the spring of my gramophone played
eight records at one winding, so that the
30-seconds whirring only took place about
once in half an hour. When I left Oxford
the first electrically amplified gramophones
had not made their appearance.

My Early Means of Transport

There was nothing very remarkable about
the 1919 Wolseley Ten, except that I got
caught with it as a first-year undergraduate,
and had to get a motor-bike instead.

I haven’t seen a Zenith with a graduo-
gear for years, but I suppose there were good
reasons for abandoning the principle of the
rubber belt that provided imperceptible gear-
adjustment. But I have always looked back
on that old Zenith as the ideal machine for
comfortable touring.

I cannot leave Oxford without some men-
tion of the Hall-Scott.  Nettled that' the
authorities had caught me with the Wolseley
Ten, 1 determined that, when rhy second
year came, I would have the largest and most
monstrous car in the University.

This created a problem for a while owing
to the fact that I was’ pretty broke, but a
tragic accident at Brooklands, in which
Zobrowski, the famous racing-driver, was
killed, solved it. I bought his Hall-Scott
for £40.

Three Miles to the Gallon !

It must have been a toss-up what to call
this monster. It had a Hall-Scott aeroplane
engine that filled a bonnet fully 7ft. long, the
chassis was Itala and the wheels were Austro-
Daimler. All this mass of metal transportéd
merely two bucket seats, and it did 3 miles
to the gallon. A Sstarting handle four feet
long was provided so that two people could
put their full weight on it at the same time.
It never failed to start at the first attempt
and it had a clutch that enabled the driver
to move it an inch.

In spite of the fact that it was perfectly
civilised in traffic, the Proctors most unjustly
took a very dim view of it after it got a back-
firing fit in the High one day.

As a result of this, I acquired one of the
original shipments of Chrysler 70’s—one of
the landmarks of car manufacture, I think,
and cast the dust of the University from my
feet before it decided to send me down for
failing five times in Old Testament History.
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Building Aluminium Boats—3

With Notes on Design

O simplify the design of the fittings, the
mast should always be of square sec-
tion where it enters the hull. Fig, 20a

shows the construction of the mast step, and
Figs, 20b and 20c show the support at deck
level. The construction in Fig. 20b is used
when the mast comes midway between two

frames, and Fig. 20c is used when it comes:

close to one frame. The latter support
should be used, if possible, in an undecked
boat.

Fig. 20.—Details of mast supports.

Stem

Two methods of forming the stem are
shown in Fig. 21 (a and b). The type (a)
should only be used on small, sharp-bowed
boats, such as canoes. In small boats, using
method (b), it ‘is usually sufficient for the
stem. piece to be made from the same
material as the plating, If a stronger stem
is required the plating can be doubled.

Rowlocks

The standard cast-iron fitting normally
supplied with the rowlocks is used. In a
decked boat the construction is as shown in
Fig. 22 (a) and in an open boat as shown
in Fig 22 (b).

- Rudders and Hinge

There are two types of rudder recom-
mended, the fixed blade type and the hinged
blade type. For small centre-board boats
the hinged blade is considered to be the
most practical, and is illustrated in Fig. 23.
The bladé should preferably be made of
aluminium sheet 3/16in. thick, but if this
is .unobtainable steel sheet can be wused
instead. The fixed blade type of rudder is
shown in Fig. 24, and is. made entirely of
wood. The type of rudder hinge fittings
usually supplied by boatyards cannot be
used because they are. usually made from
brass castings. A very satisfactory hinge
can be made from the frame angle, as shown
in Fig. 25. The hull attachment is shown at

‘are apt to be expensive -tems.

(Continued from page 194, April issue)

a and the rudder attachment at b; if requircdl,
a fixed pin can be made from bolts a§s shown
at ¢.

Masts

Some difficulty ‘may be expenenced in
obtaining sawn wood of suitable quality for
masts, and if bought from a -boatyard they
For the
amateur of limited means, it is best to make
the mast from a pine or fir sapling. These
are sold for a few shillings for use -as
clothes posts, wireless poles, etc. A straight
pole, an inch-or two larger in “diameter than
the finished mast, should be selected, the

the stem.

Fig. 21.—Methods of forming

bark strippéd off and then: left to dry out
in a dry shed -for at least six months. It

'is often difficult to get the mast absolutely

straight, but this is of no great importance
except on a Bermuda-rigged racing boat.

Fig. 22.—Rowlock firtings
as used in a decked boat
and an open boat.

.wale and chine.

By G. F. WALLACE, AFRAeS.

Sails

It is possible for the amateur to make
his own sails and a book on the subject has
been’ published. My own experience, how-
ever, is that it is wisest to have the sails made
by a professional sailmaker.

Outboard Motor Brackets

Outboard engines have to be clamped to
wooden brackets. These should be made
as” shown in Fig. 26, running the full
length of the transom and attached to gun-
In a sailing boat fhe out-
board bracket must be offset from the centre
line of the -hull to allow sufficient movement
to the tiller. On other boats the outboard
bracket should be placed on the centre line.

Fig. 24. — A
wooden Sfixcd
blade.

Fig. 23 (Left). — The
hinged blade type of

rudder.

It is essential that good, well-seasoned
timber only be used for outboard brackets,
builder’s deal is not good enough.

Hatches for Watertight Compartments

It is necessary to have access holes in the
watertight compartments. These should be
in the deck and covered with a wooden
cover, as shown in Fig.
27. The cover is held
down by the bolt a, which
engages the bar 5. The
hole is. oblong in shape
and the bar is of such a
length that it will pass
through the hole on the
diagonal, but engages the
snﬂenmg angle ¢ when
turned across the short
side of the hole.

Pamting

To obtain the maxi-
mum resistance.to corro-
sion, it is essential that
the boat should be
painted.  Care must be
taken, however, to use
the correct type of paint.
On no account must
paints containing lead,
copper, Of mercury com-
pound be used. Prefer-
ably a =zinc chromate
base priming paint
should be used and any
standard paint or enamel
can be used over this. If



232

zinc chromate primer cannot be obtained,
it is probably best to use bituminous paints
for both priming and finishing coat. Proper
degreasing of the aluminium surface is
essential, and this should be done with the
followxng solutxon

Water ¥ 1 gall.
Washing soda ...... 8 oz.
Walerglass ......... 2 oz.

‘Swab the aluminium with hot solution
.until all grease is removed and slight
chemical action by the solution on the metal
takes place. Then remove thoroughly all
traces of the solution by hosing down with
cold water. Finally,.apply the paint as soon
as possible after the aluminium has dried.

. The' time taken to build a boat depends
.on several factors such as the size of the
.boat, amount of leisure available, avallabxllty
_of materxals etc. For the amateur of
. average skill, a 12ft. dinghy would take five
to six months to build, This means that
work should be commenced as early in the
year as possible. If a lat€ start is made, the
fine weather and light evenirigs arrive with
the boat uncompleted, and there is a great
temptation to rush the final operations, to the
. detrimént of the boat. In boat building it
~is of great importance never to scamp Or
botch” any part of the work, as the resulis
n}a{fprove disastrous, and even lead to loss
of life

Fig. 25.~Details of rudder hinge fittings.

~_ The first thing is to order the materials.
< Delivery dates vary considerably, sheet can

-usually be obtained within three weeks, but-

extruded sections may be anything from three
weeks to three months, These are delivery
times ex works ; if you live over a hundred
miles from the works you must allow another
month on the railway. It is best to start
- with the chine and gunwale angles, because
the’ soft aluminium used for them can usu-
ally be obtained locally from stock. First
obtain sufficient-timber for the formers, and
make them up to the required shape. Cut
the chine plate into strips equal m width

to the length of the two legs of the chine’

angle, and curved to the radius of the boat
in plan ; this is shown clearly in Fig. 28.
Now clamp the strips on to the formers, as
shown previously in Fig. 10 and beat to
shape with a wooden mallet. The same
former can be used for the gunwale angle

‘with a hacksaw.
-experienced at first in keeping to the scribed
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but the strips are clamped to the opposite
face of the former. In the case of the gun-
wale there is no need to shape the former
to the sheer curve as this is usually more
than taken up by the spring in the material
after forming.

Cutting the Plating

The next thing is to cut up the plating
to form the sides, bottom, transom and water-
-tight bulkheads, The first thing is fo
roughly degrease 1he plate with paraffin and
rags. Now mark out the plate from the
development drawings of side and bottom.
A soft pencil or a scrlber can be used for
-marking out ; the pencil is more easily seen
.but the scriber line is more permanent.
-Great care must be taken in marking out,
.because once the plate is cut it is impossible
to rectify errors, and mistakes may lead to
.scrapping a quantity of expensive plate, The
.best plan is to mark out section of
the work one evening and check it carefully
the following evening before doing any fresh
work. All marking out should be checked
at least once before any cutting is done. The
tools required for marking out are: a straight
edge three to four feet long, a large square,
a two foot rule and steel measuring tape,
also a set of splines at least 4ft. long. The
splines can be made quite easily from
builders deal ‘planed down to about £in.

Fig. 26.—Outboard motor bracket.

by #in. section. When marking out has
been completed, the plate should be cut up
Some difficulty may be

line, but it is easy enough after a little prac-
tice. The sawn edge should be trimmed
up with a file and finished off with emery
cloth., It is advisable to wear an old pair
of leather gloves while sawing up and hand-
ling the untrimmed sheet. The sheet must
now be thoroughly degreased, using the de-
greasing solution previously mentioned.
Every particle of the degreasing solution
must be removed with cold water, and it is
best to hose the sheet down vigorously and
not rely on swabbing it off with rags. As
soon as the sheets are dry they should be
given one coat of priming paint. Where two
or more sheets have to be joined together to
form the side or bottom, they should be
riveted together now. If there is any
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difficulty in storing the complete length of
side or bottom, this operation can be left
until final 4ssembly of the boat, but at this
stage it is usually difficult to find room in
the building shed to do it. The gusset plates
for the frames.can now be made from the
miterial left over from the sides and bottom.’
Mark out one plate accurately, cut to shape
with a hacksaw and trim thz sawn edgés.
This plate can now be used as a template
for marking out the others. When putting
the faying angle on the lugs of the gusset
plates remember that this operation * hands ¥,
them, and that there- is a right and left
hand gusset for each frame. It is also a
good plan to number each gusset as it is,
completed; as this saves time ‘in, sorting them’
out when the frames are assembled. . The
frame angle should now be cut to length
in accordance with the cutting list, they
should also be numbered.

Assembling the Frames

The frames can now be assembled ; great
care must be taken over this, every dimen-
sion being checked at léast once, bzcause it
is on the frames that the shape of th: finished
boat depends, The frames are asszmbled in
a jig, made by screwing strips of wood on
to a bench as shown in Fig. 29. The bench
must be large enough to take the largest
frame in the boat.  Strip g represents the
bottom of the boat and is fixed permanently,
strip b represents one side and is also fixed
permanently ; strip ¢ represents the opposite
side and strip d the top of the frame. These
two strips are moved to suit the dimensions
of the various frames, It is best to start
with the biggest frame in the boat, because
this not only fixes the maximum size of the

Fig. 28.—Showing how
cut into curved strips.

the chine plate 1is.

jig but usually has no faying angle, and is .
the easiest to build. Fix the wood strips so
that the inside edge of the wood represents
the outside dimensions of the frame.  Then
clamp the bottom and side members of the
frame against the wood strips as shown in
Fig. 30. Now lay the gusset plates in their
correct position and scribe round the edge
of the gusset plate on to the bottom angle.'
This indicates the correct position of the
gusset on the bottom angle. Now remove
the bottom angle. from the jig, clamp the
two gussets into their correct place on the
frame angle with small parallel clamps and
drill the rivet holes,

Remove all burrs from the holes and rivet
the gusset plates to the angle, remembering
to put a coat of priming paint’ between thc
mating surfaces and assemble wet. Now re-
place the bottom angle, with gussets attached
in the jig ;md clamp in position. With thc

Fig. 27.—Sectional view of a watertight hatch.

Fig. 29.—%ig for assembling frames.
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side and bottom angles clamped in position,
drill the rivet holes in the gusset and' side
members. Remove bottom and side angles
from the jig and rivet side angle to gussets.
If there is no deck beam the frame is now
complete. If there is a deck beam, the top
_gussets should be assembled in the same way
as described for bottom gussets. When there
is a faying angle on the gussets the angle

members must be packed up to the correct ,

faymg angles by means of wedges or pack-
ing pieces, as shown in Fig. 30. It is some-
times difficult to hold the side angles with
“G” clamps when the angle is large and,
in this case, they may be held in place w1th
clamping bars as shown at a, Fig. 30. The
frames should be painted with one coating
of priming paint as soon as they are com-
pleted. The watertight bulkheads are next
made up, but as they are already cut to the
correct shape, no assembly jig is necessary.
All fittings, such as centre board trunk,
centre board, rudder and rudder hinges, row-
lock brackcts, etc., should now be made up.

Building the Stocks

The boat is assembled.on stocks . which
must now .be built up. The following
materials will be required: —
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frames are so mounted that the datum marks
lie on a straight line level ‘with the ground.
The position of the frames is adjusted by
moving the brackets b, Fig. 31, and by
moving the frame in ’the bracket. The
battens ¢ are to steady the bottom angle of
the frame. Items b and ¢ are held in place
by “ G ” clamps until the adjustment is com-
pleted, after which they are secured by wire
nails. It will be noticed -that the boat is
‘assémbled upside down. It is best to start
with the middle frame and work out eaclt
side from that. When all the frames are in
place take a long, thin batten equal to at
least half the length of the boat and lay it
along side and bottoms to ensure that the
frames lie on a fair curve, If any frame
appears to be out, its dimensions and posi-

I |
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tion should be very carefully

Fig. 30.—Holding the side angles in place with clamping bars.

Two lengths of 4in. by 2in. builders’ deal,
each about the same length as the boat.
Several feet of 4in. by iin. deal and suffi-
cient 1in. by %in. deal to form a false deck
beam for cach frame that does not have a
deck beam.

The two lengths of 4in. by 2in. arfe
joined together by two battens and mounted
on two boxes or trestles. The distance
between them should be approximately half
the beam of the boat. A quantity of pack-
ing-case timber or 2in. by Zin. battens will
also be required. The frames can now be
set up on the 4in. by 2in. members, as
shown in Fig. 3I. The accurate setting up
of the frames is of the greatest importance.
They must be at right angles to the centre
line of the boat, parallel to each other and
at the correct height and, distance relative
to each other. It is best to work from a
datum line, scribed on the frames as shown
by a, Fig. 31. This datum line is parallel

checked and, if necessary,

its positioning corrected.
The bottom and side plates should now be'laid
on the frames and clamped at the end frames.
If all is well, the chine edge of bottom and
side plates should meet within 1/16in. [If
any frame appears to be-out of alignment, its
position should be carefully checked, and, if
necessary, corrected. Now remove the sxde
plates, clamp the bottom plate in the frames
at as many points as possible and drill for

" riveting, through both plafe and frame. Take
away the bottom plate and remove all burrs
with file and emery cloth. A number of
short-metal thread screws the same diameter
as the rivets will now” be required. ~ Give
the mating surfaces of the frames a coat of
priming paint and secure the bottom to ths
frames at a number of points, say two to
each frame, with- screws.

Riveting the Plating and Frames

Now rivet the plate to the frames. This
process should be repeated for the side

1o the base line of the bost and all the plates. The transom and stem should now
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be assembled. As' for bottom -and sides,
clamp in position, -drill the rivet holes and-
rivet up. Now try the chine angles against
the chine of the boat. It will probably be
found that, owing -to the spring in the
material, the curve of the chine angle does
not cxactly match that of the boat. If the
discrepancy is not very much, the chine
angle can probably be forced into shape dur-
ing assembly. If the discrepancy is too great
to be forced, then the chine angle must be
cut in the middle and the joint made
good with a doubling piece. Clamp the.
chine angle in position by means of metal
thread screws, two in the middle and two
each end. Drill through chine angle and
plating. Remove chine and file down all
burrs, complete all -drilling before starting

Fig. 31.—Setting up the frames.

any riveting of the chine. At this stage it
is usually more convenient to work with
the boat the right way up, so it should be
removed from the stocks and turned over.
Great care. must be taken when doing- this
not to distort the hull in any way; the
false deck beams must nor be removed at
Paint both chine angle and
chine liberally with “ Bostk,” place the
threads of caulking cotton in position and
rivet on the chine. Complete one section
at a time and do mot start on a section
unless the riveting can be completed the
same day. An important point is not to
start riveting at one end and work down
to the other. If you do this, by the time
you get to the other end, the chine angle
will be stretched and the rivet holes will
not line up. The correct way is.to put a few
rivets in at the ends and in the middle, and
then a few at the quarter sections and so
on until completed. When the riveting of
the chines has been completed, a small fillet
of “Bostik ” should be run in at the edge
of the chine angles.

(To be continued)
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Detalls of Gussets

Development of Sides
A 12 1. sailing dinghy. Development diagrams and details of gussets and rudder.

Rudder Details
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Direct-current Motors
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The Characteristics and Performance of Series and Compound Motors

HE field coils of the series motor have

! comparatively few turns of fairly thick

wire ; they are connected in series
with the armature and carry the armature
current. Unlike the shunt motor the field
current of a series motor is not constant,
but depends on the load on the motor. In
consequence, the speed of this motor varies
considerably on a varying load, as indicated
in Fig. 11 and curve A of Fig. 12.

We may consider the case of a series motor
which is fed from a supply of constant voltage
and is driving a steady load, such as a fan.
Let us suppose that the load is now reduced,
as may occur if the air inlet to the fan is
closed so that the air output is reduced to
zero. Since the motor torque now exceeds
the load torque the motor will now speed
up somewhat. In so doing, the rate at which
the armature conductors cut the field flux
will be increased, thus the back e.m.f. is
increased and the armature current is reduced.
The back e.m.f. e is proportional 10 N ¢,
where N is the motor speed and ¢ is the
value of the fieild flux. - The motor. current

Fig. 1x.—Torque-current
curve for a series motor.

Motor Torgue

[o]
Armature Current

1is equal to V—E 3 amps., where V is the voltage

applied to the motor and R the resistance
of the motor in ohms.

The, effects are modified by the fact that
the reduced motor current I caused by the
increase of back e.m.f. e also reduces the
field flux ¢, this effect tending to reduce the
back em.f. As-a result the speed of the
metor will increase to a greater degree on a
given reduction of load than would that of a
shunt motor with practically constant field
strength. Similarly, if the load on the motor
is increased the speed will fall to a greater
degrec than would that of a shunt motor. The
motor torque is proportional to I ¢. For
low current loadings, and consequently low
field strengths, ¢ will be practically propor-
tional to the motor current I, thus the motor
torque will be proportional to 1%, approxi-
mately. As the current loading is increased
and the field' flux density increases towards
saturation point, the motor torque tends to
become proportional to I.

Use of Series Motor

These characteristics make the motor
rather unsuitable for a drive which may
become unloaded, as may occur if a driving
belt should break or slip off the pulley. In
this event the speed of thc motor may rise to
such an extent that there is risk of the arma-
ture and commutator being damaged by the
high centrifugal stresses set up in these parts,
such. stresses being proportional to (speed).
Certain small motors which drive through
gearirig, however, have sufficient friction load

By J. L. WATTS 7
(Continued from page 124, February issue)

- to prevent the machine reaching a dangerously
- high speed.

For many industrial drives it is inconvenient
if the speed of the motor varies considerably
on a varying load. The series motor, however,
is suitdble for small portable drills with speed-
reduction gearing ; the motor speed auto-
matically falls when the load is inc¢reased by
using a larger drill, thus the cutting speed is
kept fairly correct. A series motor is also
quite suitable for a drive which has a constant
load and which cannot become unloaded,
such as a direct-coupled fan.

‘The series motor is particularly suitable

for a drive which requires a high starting

torque which cannot become unloaded, or
which is under continuous control, such as an
electric vehicle or a crane. Suppose that an
electrically-driven vehicle starts to climb a
hill, so that the load torque on the driving
motor is doubled. In the case of a constant
field shunt motor there would be little fall of
speed, but the armature current would be
doubled to provide the necessary motor
torque. The rate of heat generation in the
armature, proportional to 12, R,, would be

Fig. ¥2.—Speed-
S torque curve for
o a series mator.
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four times as great as before ; whilst the horse-
power, proportional to the product of torque
and spced, would be practically doubled.
In the series motor, however, the doubled
load torque would result in an appreciable
fall of motor speed, due to the increased
field flux ¢ resulting from the increased
motor current. The required motor torque
would be obtained with about +/2 of the
original current, the speed falling to about

I S d .
Vi of the original value neglecting saturation.
2

The motor current and horse-power would be
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Fig. 13. — Con-~

nections for a
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Ct-ae \ s s [
i Torgue 8 I ;
o l « HRY 0 By
$ |1 ; Ry el
E.'B--‘: 0 H
71
@ | S
oyt I :
13 EEECEEERY S y
§ E { i Full
S f Zurrent t Load
(V) | 1Torque
Ak :
3 | H
T | :
o :
l‘——-— Starting - L Fun
[ : + On

Fig. 14.—Starting of series motor.

increased to about +/2 of their original values,
and the rate of heat generation in the motor
would merely be doubled.

Series Motor Starters

-Many fractional horse-power series motors,
such as vacuum cleaners, portable drills,
etc., are started up quite satisfactorily by
switching them directly on to the supply
mains. The initial motor .current is then

fairly high and equal to % amps., where R is

the resistance of the motor. The starting.
torque will be high, especially if the field
magnets are not saturated with normal values
of current. "Larger motors require a starting

‘resistance in series with the motor to limit

the starting current and motor torque, as
indicated in Fig. 13. A series motor starter
normally requires fewer studs than does a
shunt motor of similar size and horse-power
because the field coil resistance tends to limit
the current, the inductance of the field coils
tends to delay the rise of current, whilst every
increase of current increases the motor torque
to a greater degree than in the case of a shunt
motor, particularly if the fields are un-
saturated. For example, whilst 150 per cent.
of full load current may create 150 per cent.
of full load torque in a shunt motor, it may
create up to 225 per cent. of full load torque
in a series motor. Fig. 14 indicates the stariing
of a series motor against full load torque,
with a starter which is designed to limit the.
current to 150 per cent. of full load current.

Fig. 13 shows a common arrangement of
a series motor starter in which the under
voltage release-coil N is fed from the mains
through the resistance R. In other cases it
may be connected in series with the motor.
‘The overload trip-coil O carries the motor
current, excess current causing it to attract
the armature to close the contacts P to short-
circuit and de-cnergise the coil N and release
the starter.

Reversal of Series Motors

A series motor may be reversed by reversing
the current through either the field coils or
the armature. If interpoles are fitted they
should be treated as part of the armature
circuit, and the connections between the
armature and interpoles should not be
interfered with when reversing ; unless. the
motor happens to be reversed by moving all
the brushes round through one pole pitch.
A motor interpole should alwdys have the
opposite polarity to the next field pole forward
in the direction of rotation. In some cases
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the armature of a small two-pole motor is
connected between the two field coils, in
which event it is usually quite simple to
reverse the motor by reversmg the con-

nections to the arm-
P.s ——J::i-

ature. Fig. 15 shows
the connections of a
double-pole two-way
switch used to reverse
such a motor.

Speed Variation by
Armature Circuit
Control
The speed of a

series motor on a

o B Ny given load can be re-

(ol Y

voltage applied to the
Fig. 15.—One method

armature. The usual
way of doing this is
of connecting a reversing
switch to a series motor.

by connecting a resis-
tance in series with the
motor, as shown. in
Fig. 16(a). The volt
drop across this series
resistance of R, ohms
is equal to the product
of armature current I,
and resistance R.. If
the resistance of the armature is R, and that of
the series field coils (plus interpole coils, if
fitted) is R; the voltage applied to the
armature will be V— I,.(R +Ryp. The back
e.m.f. generated in the armature will be cqual
to V—IL.(R.-+Ri+R,), and the motor speed
will be proportional to the back e¢.m.f. and
inversely proportional to the field magnetic
strength ¢. Since the volt drop across the
series resistance R, increases with increase
of load current I, the.use of this resistance
will cause the speed to fall on load to a
greater degree than otherwise, as indicated in
curve B of Fig. 12.

The safe full load current of the motor is
almost constant, since it depends largely on
the size of the conductors, and the motor
torque is proportional to I, ¢. It follows that
the safe full load torque of the series motor
“is practically constant at all speeds obtained
with series resistance control, thus the full
load horse-power is propomonal to the speed.
This. is subject to'a possible slight reduction
at low speeds, due to reduced cooling. Series,
resistance control has the disadvantage that
there is considerable waste of power in
unwanted heat at the control resistance ; also,
the speed variation on load is increased.

Speed Control by Field Reégulation
The speed of a series motor on a given
load can be increased by reducing the field
current, which may be done by connecting
a diverter resistance across the ficld coils, as
shown in Fig. 16(b). The field coils will then
only carry a portion of the armature current,
thus the field strength ¢ will be reduced. The

. . e .
speed is proportional ‘to S where e is the

back e.m.f. generated in the armature, The
actual change of speed obtainable with a given
change of field current depends on the degree
of saturation of the field magnets, a greater
reduction of field current being required
for a given increase -of speed if the field
magnets are well saturated and operate at a
high magnetic flux density.

The motor torque is proportional to 1. ¢,
so that a diverter resistance gives an increased
speed with reduced motor torque; thus the
safe . full load horse-power with diverter
resistance control is almost constant, subject
to a possible slight increase at high speed due
to improved ventilation. Where the load is
subject to very rapld changcs it is possible
that the current in the inductive field circuit
may change less rapidly than in a non-
inductive diverter resistance. If, then, the,
motor load and current increasc, the field
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strength would increase more slowly, the
motor torque ‘would increase comparatively
slowly, and there might be a certain amount
of “ hunting > or fluctuation of speed. This
may be avoided by using an inductive diverter
resistance, which consists of a few turns of
conductor round an iron core.

Operation on Changed Voltage

The speed of the series motor can also
be changed by supplying the motor from
another voltage V, the speed on a given load
then being proporuonal o V-I.(R,+R).
When a series motor is run on a higher
voltage than that for which it was designed
its speed on a given load torque will be
increased. If the motor is a large one its
speed will be almost proportional to the
voltage, on a given load torque. The safe
full load torque and current will be practically
unchanged by change of voltage, thus the
full load horse-power will be proportional
to the speed.

An cconomical method of speed control,
which is often employed on an elcctncallyf
driven vehicle, is possible by using two series
motors. These are connected in series with
each other for starting and low speeds, as
indicated in Fig. 17(@). On a given load
current the speed will then be less than half the
normal value, whilst the total torque will be
twice the normal value of each machine. The
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change the cross-sectional area of conductors
in inverse proportion to the voltage, i.c.,
to change the diameter of the conductors
in inverse proportion to the square root of
the voltage. Thus, if the voltage is halved,
the number of turns in each coil should
be halved, the cross-sectional arca of the
wire doubled by using wire having /2 of
the original diameter. The safe full load
current of the motor will then be inversely
proportional to the voltage. In the case of
operation on half voltage, however, it is
possible to avoid rewinding the field coils;
these coils merely being reconnected into two
sets which are in parallel with each other and
in series with the armature, so that haif the
armature current flows through each field
coil. The armature must, of course, be
rewound to carry twice the original value of
current. )

Compound Motors

The compound motor has both a shunt
field winding and a series field winding.
The two windings are usually connected so
that they create magnetism of the same
polarity, i.e., so that they assist each other.
In this case the starting torque obtainable
with a given value of starting current is rather
more than would be the case with a similar
shunt motor. This is due to the field-
strengthening effect of the fairly high starting

Speed Speea

! Torgue

(Series) -\ (Parallel) e
I Torque
3 T {Paratlel)
3
&
(55
= 3
1@
Q

(o]

—_—

Total/ Current

(c)

Fig. 17.—Series-parale! control of two series motors.

motors are connected in parallel with each
other for high speed operation, as shown in
Fig. 17(b); each motor then receives the
full supply voltage and runs at normal speed.
Since each motor carries half the total current
the combined torque with a given current in
parallel will be half that obtained with the
same total current and the series connection.
This system enables variable specds to be
obtained without wasteful resistance losses,
although a control resistance is often used
as well for additional speed control.

Modification for Different Voltage

In order to adapt a series motor for a
different voltage without change of torque,
horse-power, or full load speed, the number
of turns on each armature and field coil
should be altered in propomon to the voltage.
The largest possible size of conductor should

be used; usually it will be necessary to
Field Diverter
- Series Resistance
Resistance

{b)

Fig. 16.—Spezd control of a series motor by
means ef reststance.

{3a)

current which flow: through the series field
coils. “This arrangement, which is known as
cumulative compounding, is therefore suit-
able for drives which require a fairly high

_starting torque but a fairly constant spéed on

a varying load, such as air compressors.

Due to the fact that the series field winding
strengthens -the field -magnetism. on heavy
loading, the speed of the. cumulative com-
pound motor may fall to a rather greater
degree than that of a plain shunt motor. This.
characteristic is desirable for certain machines, .
such as presses, where the load is intermittent
but very heavy. Speccially designed cumulative
compound motors are often employed on such.
drives which incorporate flywhecls; the
function of this arrangement is to assist in
equalising the load on the supply mains over
the wholc of the running period. At the
instant when the press delivers its power.
stroke the motor and flywheel slow down,
thus some of the momentum of the flywheel
is used in driving the press, and the current
loading on the motor is reduced. At the end
of the power stroke the load falls and the
motor speeds up to restore the kinetic energy
of the flywheel ready for the next power
stroke. If the motor was of a type which ran
at almost a constant speed over the full range,
of load, the flywheel would serve little,
purpose ; there would be little or no fall of
speed of the motor and flywheel on the power.
stroke, the motor drawing a very high current,
from the mains to maintain its speed. Unlike
the series motor, the speed of the cumulative
compound motor has a definite limit on llght
load. The characteristjcs of compound mOLors,
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of course, depend on the number of series
turns fitted on each pole.

Differential Compounding

In the differential compound motor the
series and the shunt field windings are con-
nected to create magnetism of opposite
polarity, so that they oppose cach other. This
arrangement tends to give the motor a rather
more constant speed on a varying load than
in the case of a shunt motor because the series
coils weaken the field at heavy loads. In some
cases, the speed of the differential compound
motor may rise considerably on increased
load. The curves A and B-in Fig. 18 indicate
the characteristics of two differential com-
pound motors, whilst curves C and D show
those of two cumulative compound motors.
It is usually necessary to cut the series field
winding of a differential compound motor out
of circuit at starting, otherwise the consider-
able weakening of the field by the starting
current through the series field winding may
necessitate the starter arm being moved over
10 increase the armature current so that the
motor can develop sufficient torque for start-
irig. In some cases the series field windings
might be powerful enough to reverse the field
magnetism and cause the motor to start up in
the reverse direction if the starter allowed a
high starting current.

Reversal of Compound Motors

A compound motor of either type can
be reversed by reversing the current through
all the field coils or through the armature
(plus interpole coils, if fitted). As there
are two sets of field coils the simplest method

Items ot

New Automatic Telcphone Dial

NEW type of automatic telephone

dial mechanism, designed by the
General Electric Co., Ltd., has now been
adopted as standard by the British Post
Office after extensive
tests carried out at
home and abroad over
a period of five years.

The new trigger dial
reduces the possibility
of dialling errors, and
is automatically com-
pensated for wear. It
is completely inter-
changeable with any
existing British Post
Office type dials.

! Tests have shown
that correct dialling is
still obtained even
after 20 million im-
pulses have been trans-
mitted. Prolonged use
in the Bagdad area has
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of reversal is usually by reversal of the
armature current, as indicated in Fig. 19. It
may be seen that the polarity of the field coils
is then unchanged, the polarity of the inter-
poles being reversed so that each interpole
has the opposite polarity to that of the next
field pole forward in the direction of rotation.

Speed Control of Compound Motors
The speed of the compound motor can
be increased by using a resistance in the
shunt field circuit. In most cases the serics
ampere turns are small. compared with the
shunt ampere turns, in which case the safe
full load torque with shunt field control will
be practically inversely proportional to the
speed, and the full load horse-power practically
constant. On the other hand, if the motor has
a comparatively strong series field, this will
have a much greater effect at high speeds than
at low speeds. If cumulative compounded, the
speed variation on varying load may then be
increased at high speeds; if differential
compounded, the speed may rise appreciably
on increased load when running at high speed.
The speed of a compound motor may be

/Shunt Fleld Coil
Series Field Coil

/

.
Inter-Pole
Coil

Forward Rotation

Armature Plus Interpoles,
Fig. 19.—Method of reversing a compound motor.

reduced by using a resistance in series with
the armature; this method is wasteful of

-power and increases the speed variation on a

varying load.

Operation on Changed Voltage

The effects of operating a compound
motor on a reduced voltage are generally
similar to those obtained with a shunt motor,

Reversed Rotation
Reversed Connections To } ‘the shunt and the series
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being somewhat modified by the series field
current. On reduced voltage the series field
windings will have a comparatively greater
effect ; the speed of a cumulative compound
motor may then fall appreciably on increased
load, whilst that of a differential compound
motor may rise on increased load. Care must
be taken that the series field windings of a
differential compound motor do not over-

power the shunt field winding-when run at

high speed on heavy load.

When operating a compound motor on a
higher voltage than normal, a resistance
should be connected in the shunt field circuit
to limit the shunt field current to its normal
value, so that these coils will not averheat.
In this case the full load armature current and
torque will be unchanged, the speed and
horse-power being practically proportional to
the supply voltage. In order to modify a
compound motor to .operate at a different
voltage without change of speed, full load
torque or horse-power, the armature and field
coils should be rewound, the number of turns -
on each coil being proportional to the voltage.
The largest size of conductor with the
required number of turns
should be uscd; generally
it will be necessary to
change the cross-sectional
area of the wire in inverse
ratio to the voltage, i.c., the
diameter of the wire in
inverse ratio to the square
root of the voltage. The full
load current will then be
in inverse ratio to the volt-.
age.

If required to run on half
the normal voltage the
armature may be rewound
as mentioned above, but

”

field windings each recon-
nected into two parallel
sets. The paralleled series
field coils will, of course, be connected in
series with the armature; if interpoles
are fitted their coils may be similarly treated.
The paralleled shunt coils should be connected
across the mains, This will result in the
motor characteristics being practically
unchanged, the full load motor current
being doubled on the half voltage.

Interest

demonstrated that the dial is completely dust-
proof when fitted with a plastic cover at the
rear, and arduous service in Singapore has
confirmed that it fully withstands the cffects
of a humid climate.
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Tiie new G.E.C. Trigger Dial.

¢ Princess ”

“Princess ”’ Flying Boats
’I‘HE first pair of engines were recently
installed in the first of the three giant
flying boats now under con-
struction by the Saunders-Ree Company,
at Cowes, Isle of Wight. Close rivals to
the 130-ton Bristol ‘ Brabazon ” air-liner,
the Saunders-Roe “ Princess” flying ocean
liners are slightly smaller than the landplane,
but will be 10 tons heavier, more powerful
and faster. The 35,000 h.p. of her jet
propeller engines will give a cruising speed
of 330 mph. The aircraft can accom-
modate 105 passengers on the twin decks of
her “ double-bubble ” hull.
New Road-surfacing Machine
NEW machine which, it is claimed,
restores the roughness of granite (seits)
in a roadway and so reduces skidding, is in
use on one of Nottingham’s worst corners.
A number of rctary drills are set in a
frame, which is so mounted that the weight
is almost equally balanced. By 'slowly push-
ing the machine forward, and at the same
time carrying out a weaving action, the
operator can prepare a strip about 24in.
wide. The drills chip at the setts which have
been worn smooth and gives. them a rough
surface which enables. motor tyres to have a
better grip on the road.
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A Water—a’rz ven (Generator

Constructional Details of a Small Plant for Supplying LT. and HT. Current
By W. P. HALKET ‘

HE water for driving this wheel must
have a fall of at least 4oin. and its
flow must be sufficient to fill a pipe

23in. internal diameter.’

Under these conditions the wheel will
turn at approximately 40 revolutions per
minute, and the generator specified, with the
field coils wired as described later, will
deliver a charging current of mnearly one
ampere to one 2-volt accumulator, or
supply a radio set with about 150 volts high
tension. )

The wheel is of very simple constuction
and is based on a 28in. front bicycle wheel.
Attached to the rim are 10 buckets formed
from ordinary food tins.'

Construction

Fig. 1 shows the arrangement for coupling
the wheel to the generator, and also the
brass bush, which may be a piece of brass
tube 5/ 16in. internal diameter,. which runs in
the external bearing.

Take out the ball-bearings and, after
replacing the axle, screw the cones hard up
against the inside of the hub.

Make a driving plate as shown, slip it
over the axle and bolt it where two spokes
cross, using a large washer inside. Then

Spokes

Brass bush clemped between
cone and nut to, ryn.in
external bear/ng

‘joints which overlap.

Oriving plate
clamped to spokes

If the reader has a lathe he will, no
doubt, evolve a less clumsy coupling, but the
one shown gives no trouble.

Fig. 2 shows the wooden block which is
used to form the tin buckets to the taper
required. This taper is necessary in order
to prevent the body of one bucket from
interfering with the water flow to the bucket
immediately before it.

Before cutting the-tins solder round the
joint, both inside and outside, for about }in.
down at the open end of the tin. This
prevents the joint from opening when the
tin is bent to the forming block.

Draw a line across the base of each
tin at right-angles to the” above-mentioned
longitudinal joint. Then on the joint side
of the line cut round the periphery with a
a pair of snips, removing the rim from one-
half of the base. Cut along each side of
the joint to within an inch of the open end
and remove this part of the joint altogether.

Now push in the forming block so that
the centre line marked on it registers with
the joint. Clamp in a vice, bend over the
free half of the base, then fold the sides
over on top of it. Run solder round all the
With a mallet, tap
this flap portion inwards until it fits approxi-

These parts c