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SOLVE YOUR £y PROBLEMS

—

and a CLIP for
drawing boards

The most
authoritative

= Two stock patterns

d,WGys in SUPP'Y (NO- 300) text b.ook
—80 and 81— Y :l',}o,,/’,‘?,’é'é:

free.

madein arange
of sizes to grip
from
1" to 2"

* We show here just a few from our enormous selection of specially made “clips
- . - . . our research department can design any clip you require to your own
specification (93 years of clip-making is at your disposal).

'HERBERT TERRY & SONS LTD. REDDITCH - London * Birmingham - Manchester

R
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HEADPHONES WHICH
UPHOLD BRITISH PRESTIGE

S. 6. BROWN, Type ‘K’

that High Fidelity Reproduction
demanded for DX work, monitor-
ing and laboratory purposes, etc.

OUTSTANDING
CHARACTERISTICS

D.C. RESISTANCE 47 Ohms.

IMPEDENCE 52 Ohms at 1,000 c.p.s.

.0002 Dynelem2,

rrice £9.9.0 rer pam

Your Jocal dealer can supply.

TYPE
. K ’

Descriptive Literature on request.

For details. of other S. G. Brown Headphones (prices
from 30/- to 63I-) write for illustrated Brochure ‘‘P.M.”’

‘Phone : ACOrn 5021

VICTORIA ROAD, NORTH ACTON, LONDON, W.3.

NEWNES PRACTICAL MECHANICS

Moving Coil Headphones, supply |

SENSITIVITY, 1.2 x 10—12 watts at | ke |

313

==,

DEVELOP YOUR FILMS IN
DAYLIGHT WITH THIS NEW

JOHNSON J-20 TANK

Made of hard plastic for the popular SIZE 20 roll film
spools. Very economical in use. Only needs TEN
OUNCES of developing solution. There are four working
parts. ONE-PIECE SPIRAL to hold the film, Tank body
with light-proof locking-on lid and “a stirring rod. Has a
deep central tube for easy filling and temperature testing.
Films are fixed and washed in the tank after development.
Pouring lip enables solutions to be emptied away without
splashing or mess.

ASK YOUR DEALER TO SHOW
YOU THE NEW J.20 TANK 21/-

JOHNSONS OF HENDON .onponN, Nwa4

PHOTOGRAPHIC CHEMICALS AND APPARATUS

Price
Complete

"SCALE MODELS
of every description
for every purpose

Are you INTERESTED in . Model locomotives, railway
equipment, ships (full-hull and waterhne), motor-boats, sailing
yachts, engines and boilers ; architectural, display and museum
models ; drawings, castings and parts for the amateur model-
maker ?

If so. .. send ld. stamp for (BP/I2)

« BASSETT-LOWKE PUBLICATIONS”

a NEW Brochure giving details of all catalogues, booklets
etc. ‘'devoted to models and modelmaking.

BASSETT-LOWKE LTD

. NORTHAMPTORN

.-‘Emji} LONDON SHOWROOMS: 112, HIGH HOLBORN, WC.I.
a2 MANCHESTER: 23, CORPORATION STREET.
Visit our London and Manchester Branches, where our staff is at your service.

BALL
EARING

THE ZYTO TEN MOTORISED -
T » SAW BENCH

For crosscutting, ripping, grooving, mitre-
ing, bevelling, etc.  Takes roin. saw.
Spindle runs in heavy ball-bearings,
parallel rise and fall Table with rackfeed
and canting for bevelling, etc. Right and
left hand mitre slides, approved saw-
guards. Vee belt drive, built-in dust chute,
swivel motor base.

Supplied A.C. 200-220,
Three-phase 400-440.
Direct Current.

Price and illustrated leaflet free and
post free on application.

230-250.

We stock all types of woodworking
machinery. Please send us your
enquiries.

Double ended electric grinders, specially smted for numerous jobs
in every workshop and honie.
Sharpening drills, tools, knives,
grinding and ﬁnishing Perspex, }
etc. Universal motor A.C./ D.C. &
200-250 volts 1-20 h.p. Speed
15,000 r.p.m. non stalling, ball *
bearing. Carborundum grinding
wheel 2}in., polishing mop 2in.,
weight 43lbs. Price, complete

with Flex, post £6, I 0,6

paid.
Delivery from Stock.

S. TYZACK & SORN, L70- T°°-
341-345 OLD STREET,

Telephone: Clerkenwell 4004-5-6
2694-5

AND MACHINERY
SPECIALISTS

LONDON, E.C.1

Telegrams: Tyzgar, Finsquare
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l C S TRAINED MEN |

are in Greater Demand |
than Ever‘—Maximum production. | e tenger ¢ ety o g0

depends on high technical skili, such || 3louicos e painine. distenpering
as- that acquired by 1.C.S. Students

laborious way.
TENS OF THOUSANDS MORE
TRAINED MEN ARE URGENTLY
NEEDED NOW—BUT THERE IS
NO WORTH-WHILE PLACE FOR
THE UNTRAINED

You have only
to press the trigger!

75/ -

complete

‘*Crystal * Spray Gun -to your
electric cleaner, and press the
trigger, to complete such jobs
without mess or effort and at the
same time obtain a much, superior
finish. For re-cellulosing cars, cycle
t frames, etc., it is ideal.

’ Now you only need to connect the

‘The ** Crystal ** Spray Gun will be
forwarded by return, post free, on
biti h h cceedéd.through | receipt of remittance with order
Ambitious men everywnere have succeeged.tnroug I stating make and type of cleaner.

- A special connector, desirable with ‘all
1.C.S. Home-Study Courses. So also can you. R e e
available at 3léd. extra.
The man with an I.C.S. Training in any one of the subjects
listed below knows it thoroughly, completely, practically.

And he knows how to apply it in his everyday work.

Worite for fufl details of the NEW Crystal
© *“Flock ” Gun. You will be intrigued with the
flmsh imparted by this new process to almost

. . q . — 1, paper, etc.

Accountancy Diesel Engines Motor Engineering any)materisl=AARIEelSEnREaL, (p2per
Advertising Draughtsmanship Motor Mechanic Py N | ke
Aeronautical (State which branch) Motor Vehicle Elec.
AvEngm'd %eting gLa\:i?g loiizﬁeq Practice lr:lluntigzipal Eng. Dept. P.M.

ir an acuum clrica. ngineering astics

Brakes Electric Power, Light-  Plumbing DOMESTIC SUPPLY COMPARNY
ﬁirﬁgndtitioning élx‘xg, ; Transmission, ngntl{qy Surveying o

rchitecture raction Radio Engineering NT’ PARK ROAD LONDON N.3
Architectural Drawing Eng. Shop' Practice Radio Service Eng. . “RRGESHTRS - ] - 4
Auditing Fire Engineering Refrigeration (Near Finchley Central Station) Tel : FINchley 5120
Boiler Engineering Free-Lance Journalism Sales Management #
Book-keeping Fuel Technology Salesmanship n
Building Construction Heating and Ventilation Sanitary and Domestic
Building Specifications Hydraulic Engineering Engineering

Business Training
Business Management
Carpentry

Chemical Engineering
Chemistry, I. & O
Civil Engineering
Clerk of Works

Coal Mining

Colliery Examiner’s
Colliery Overman’s
Commercial Art
Concrete Engineering
Cotton Manufacturing

Hydro-Electric -
Illumination Eng.
Industrial Management
Internal Comb. Eng,
Joinery

Lettering

Machine Designing
Machine-Tool Work
Marine Engineers
Mechanical Drawing
Mechanical Engineering
Mine Surveying

Mining Engineering

Sheet-Metal Work
Short-Story Writing
Steam Engineering
Structural Steelwork
Surveyin,

(State wluch branch)
Telegraph Engineering
Textile Designing
Welding, Gas and Elec.

Woodworking Drawing |

Woollen and Worsted
Manufacturing
Works Engineering

THE “FLUXITE QUINS''
AT WORK
**I've told you there's only one way

With solder. Use FLUXITE,'
bawled EH.

** Come on, Let e down,
Turn the water off, clown !

That's three times this pipe’s
burst to-day 1"’

And most of the Technical, Professional, Commercial and Civil Service
Exams. ; also C.I.I Elements of Nat. Insurance.

(I.C.S. students preparing fgr Examinations are coached till suecessful)

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

For all SOLDERING work—you need FLUXITE—the paste flux
—with which even dirty metals are soldered and “ tinned.” For
the jointing of lead —without solder ; and the “ running” of white
metal bearings—without “ tinning > the bearing. It is suitable
for ALL METALS—excepting ALUMINIUM—and can be used
with safety on ELECTRICAL and other sensitive apparatus.
With Fluxite joints can be ‘° wiped °°
successfully that are impossible
by any other method
Used for over 40 years in Government works and by leading
engineers and manufacturers. Of all Ironmongers—in tins,
10d., 1/6 and 3/-..
® TO CYCLISTS! For stronger wheels that
will remain round and true, here’s a time-

tested tip. Tie the spokes where they cross
with fine wire AND SOLDER. It’s simple—
with FLUXITE—but IMPORTANT:

............. ST

:THE "FLUXITE"
. IT -SIMPLIFIES ALL SOLDERING

The successful man DOES to-day what the failure | }'
INTENDS doing to-morrow. Write to us- TO-DAY

Use this Coupon

INTERNATIONAI. CORRESPONDENCE SCHOOLS LTD.
Dept. 95, International Bulldmgs, Kingsway, London, W.C.2

e — —

Please send me the free booklet describing your Courses in

UN puts’ FLUX-
" where yow

anl itby a sumple

pressure.

Pl’lu lIG or filled

Addresses (or Overseas Readers

Australia : 140, Elizabeth Street, Sydney. Write for Book on the ART OF “ SOFT" SOLDERING and for Leafes on
Egypt : 40, Sharia Malika Farida, Cairo. : CASE-HARDENING * STEEL apd TEMPERING TOOLS wiih FLUXITE.
India : ba“'“’"“' Bldgs., Sir Pherozsha Mehta: Rd,,~ For Also on ™ WIPED JOINTS.” Price td. Edch. )

New Zeafand : 182, Wakefield Strect, Wellington. Dept. P.M., Bermondsey Street, S.E.l

FLUXITE LTD.,

South Africa : 45, Shortmarket Street, C;pe Town.
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MIDLAND INSTRUMENT Co.

- Offer these brand new Ex-Govt.
items. -

BALANCED ARMATURE inserts,
2in. dia., make ideal midget speakers.
microphones, etc., , pos 1.

BROWN'’S 4,000 ohm headphones, 10'-
pair, post 9d, MORSE:KEYS, 2/6,
post 8d. SELECTOR motors, 12-24 v.,
operate Yaxley switch, 3/6. post 8d.
ALTIMETERS, suitablc rs aneroid
barometers, 10-. post 9d. TELE-
PHONE SETS, combined ’phones and
mikes, giving perfect 2-way communi-
cation, with 24ft. connecting wire, 10/-,
post 9d. RELAYS, 1.000 ohm.. s.m.,
1/-, post 44, OXYGEN FLOW indica-
tors, 1/8. post 4d, MOTORS, 20(-250
v. A.C./D.C. at t amp., fitted shaft,
ball-bearing, 30'-, post 1/4. * BERK-
SHIRE * 12v, 4amp. A.C./D.C, motors
fitted reduction gear, powerful‘ﬂna
drive, 1,000 r.p.m., 25/-, post 1/4. G.E.C.
IMPELLER FANS, 12 v. AC/D.C,
25-, MOTOR DRIVEN GENERA-
TORS (D.C. dynamos), output 12 v.
750 watt, 30, carriage 5/-. . output
24 v. 1,000 watt, 40’-, carriage 10/-.
100 ASSORT. resistors and condensers,
10/-, post L THERMOSTATIC
SWITCHES, adjust, 30 to 90 dew.
require cleaning, 1/-, post 3d. STAIN-
LESS STEEL CABLES, multi-strand
jin. dia., 24ft. ‘long, ~2'8, post 8d.
‘LAMPHOLDERS,

cordgrip, s.b
double contact, 9d.

D .b.c.,
MICROPHONES,
carbon. diflerential, fitted switch, 2/8,
post 88, FUSES, 20 amp. glass type,
boxes of 10, 1/-, post 3d. PILOT'S
REPEATER compasses, 12 8, post 1/-.
IIAND GENERATORS, gcnerates 6 v.
at 5 amp., complete with cut-out, 30/-.
post 1 4. NUTS, BOLTS AND WA
!-‘.,dRS. B.A, assort., 11b. boxes, 2/8. post

., SPARK COILS, 12v., gives {in
spark, fitted trembler, 12/6:; post 1/-.
SOLENOIDS, powerful 120r 24 v.. fitted
plunger, 3/8, post 6d. MOTORS, com-
pound wound, 12 v. 15 amp. D.C., fitted
reversing switch, also reduction gear-
box, the ideal unit for -an electrical
Eropeued vehicle, G0/-, carriage paid.
SLECTRIC PUMPS, 12-24 v. A.C./D.C..
Fentrifugal type for Hquids, 35/-, post
ree.
We have now a large and varied stock
of instrument wires, also bundreds of
other interesting Radio, Electromic
and Mechanical. items. Send for our
current Msts, 2d., with S.A.E.
Orders over 30’- post paid. Our C.0.D.
service is cancelled for the moment.

MOORPOOL. CIRCLE,
BIRMINGHAM 17.
Tel.: HARborne 1308 or 2664!

The “Leytool’” Hand Drill
Brace is a noteworthy improve-
ment on all previous hand drills.
Well balanced, with a comfort-
able grip that fits snugly into
the hand, it is compact in size
and is positively a pleasure to
use. Solid one-piece die-cast
body. All gears accurately cut
and_totally enclosed. Specially
hardened chuck spindle

24/-

and jaws. Self-lubri-

cating bearings. Takes

drills up to }-inch diameter.

Standard of manufacture equal to

a high-grade precision tool for

accuracy,

If any difficulty in obtaining Iocalﬁju

send your order direct, or write for
Sfully descriptive leaflet.

ST o O v

358

Prov, Patent
No. 20987144

LEYTOOLS are
QUALITYTOOLS

2-Speed Ratchet 4bladed

Universally All Ieytools are entirely

Combingtion  Spanners Jointed Pocket original and patented de-

Breast Drill  (Mechanic's Socket Screwdriver  Si8ns. Write for illustrated
Set) Spanners lcaflets.

Export Agents in all countries. Names and Addresses on application.
LEYTONSTONE JIG & TOOL CO,, LTD., High Road, Leyton, London, E.I0
Telephone : LEYtonstone 5022-3-4

HIGHSTONE UTILITIES

Crystal Sets.
Our latest Model
is a real radio
receiver,whichis
fitted with a per-
manent crystal
detector. Why
not have a set in
your own room ?
9'8, post 6. De
Luxe Receiver
in_ polished oak

18/8.

post 1/-.
“Spare Permanent Detectors, 2'- each
When ordered separatelv, 2/6, post 3d.
New Headphones, 10/- a pair, post b
Balanced armature type (very sensitive,
and very suitable for use witk crystal sets),
12/6 a pair, post 6d. New Single Earpleces.
3/8. Bal. armature type, 4/6 ; ex-R.A.F.
earpiece, 2/~, post 4d. Iieadphomes with
moving coil mike, 16/-. Similar phones with
throat mikes, 12/8. post 8d. Headphone
Cords, 1/3 a palr, post 3d. Reblacement
Bands, 1/3, post 4d. Wire Bands, 6d,
Bell Transformers. These guarantee
transformers work from any A.C. Malns,
giving 3. 6. or 8 volts output at 1 amp..
operate bulb, buzzer or bell. Will supply
Hght in bedroom or larder, etc, PRICE 8/-.
Post 6d, BELLS for use with either the
above or batteries, 8/-. Post 8d.

Ex R.A.F. 2-valve (2-volt) Microphone
Amplliers as used in plane intér-com,,
in self-contained metal case ; can be used
to make up a deaf aid outfit. Intercommuni-
cation System, complete with valves (als)
unused), 20’-, post 1/8. Useful wooden
box with partitions to_hold amplifier, 2/~
extra, or with Crystal Set less valves,
10/-. One valve amplifier, complete with
valve, 9/6 post 1/-.
Hand Mlerophones, with switch in handle,
and lead, 4/-. Similar instrument moving
coil, 7/8, post 6d. 4
Sparking Pluz Neon Testers with vest

ocket clip. 3/3. and with gauge, 3/8. post 3d.

'elephone Sets, with ringing hand genera-
tor, twin bells and G.P.O. type handcomb,
30'- each carr. 2/6. 57/@ pair, carr. 3/8.
New handcomb sets, 7/8, post 86d. Telephone
hand generator, with handh. 9'8, post 1/8.
Bell, 4/8, post 6d.

Meters, All brand new. 0-1 mfa, 2 in. m/c,
10/- ; 3.5 amp, 2in. T.C., 7/~. 4 amp., 2}in.
thermo coupled in case with switch, §/6.
600 m/a, 3in., m/e, 15/~ ; Double reading
40/120 m/a, 2in., m’c, 8/-: . 2iinm,,
m/i, 9/6 ; 15 volt 2iin., m/c, 96 ; 30 amp..
6in.. m/l. Switchboard wmounting, 35/
6,000 v., 3iin. m/c, 57/6. Post extra. Money
refunded if not completely satisfied. Letters
only, Tllustrated List enciosed with all
orders on request, with 1d. stamp.

HIGHSTONE UTILITIES
58, New Wanstead, London, E.11

THESE

Make these, and
other models with

YOU CAN MAKE
and make money!

i the aid of our
Knights in Armour. toy casting moulds, and fast-drying
Indians. enamels. Full instructions about this
Farmyard Animals. fascinating hobby and profitable pdstime
Lions. Elephants. with every first order. Send S.A.E. for

Cannons, etc. full details. Write to-day.

COMPLETE KIT FOR BEGINNERS

We pack a complete working outfit—the- *‘ Progress Special Casting
Kit,’’ comprising Two moulds, different models (Moulds in Brass or
Hard Aluminium Alloy), Eight jars of Quick-drying, non-poisonous
Toy Paint. i
Toy Metal.

One Squirrel Painting Brush, Two small Pigs of special
Four Handles (Wooden). Complete with full instructions.
Price £2.2.0. Cash with Order.

PROGRESS TOY CO LTD

DEPT. 7 KIRBY RD BLACKPOOL S.S

3

|

TAKE UP
PELMANISM

For All Times
and Circumstances

ELMANISM has stood the
test of time. During the last
half-century, in peace and war, in
times of prosperity and of depres-
sion, it has helped and encouraged
men and women in all the affairs
of dife. Now in these times of
ever-changing conditions two facts
stand out against a background of
evidence—the large number of
serving and ex-Service members
of H.M. Forces enrolling for the
Pelman Course and the continued
support of those in civilian occupa-
tions.

Half-fezs for serving. and ex-Service
members of Hix Majesty’s Forces
7(Aﬁp17y for Services Enrolment Form)

This increasing demand proves
the creative and re-creative value
of Pelmanism. Minds under stress
and strain are sorely in need of
restful recreation and soothing
stimulus. Pelmanism gives all this
and more. It is the way to clear
thipking and calm but determined
action under all circumstances.
You cannot be harassed by anxie-
ties, fears and worries, or feel
helpless, mute and fearful in times
of sudden emergency when
imbued and buoyed up by the
friendly personal guidance of
Pelmanism. Take the Course
to-day and possess those self-
reliant  attributes permanently
enjoyed by over half a million
grateful Pelmanists.

A True Philosophy

Pelmanism is a true philosophy
of living for ordinary sensible
people who wish to make the best
of themselves at all times and undcr
all circumstances. To-day Pelman-
ism is appreciated as much as
ever. The test of time has proved
the Power of Pelmanism and the
Course provides just that help and
encouragement SO necessary in
_these. exceptional and .ever-cliang-
ing times.

Pelmanists are not left to make
the applications themselves. An
experienced and sympathetic in-
structional staff shows them, in
exact detail, how to apply the
principles of Pelmanism to their
own circumstances and aspira-
tions. Thus every Pelman Course
‘is an individual Course.

Remember—Everything you do is
preceded by your attitude of mind.

The Pelman Course is fully
described in a book entitled
“ The Science of Success.” The
Course is simple and interesting,
and takes up very little time ;
you can entol on the most con-
venient terms. The book will be
sent you, gratis and post free, on
application to :—

PELMAN INSTITUTE,

(Established over 50 years)
130, Norfolk Mansions,
Wigmore Street, London,

LAR
Callers welcomed,

PELMAN (OVERSEAS) INSTITUTES. PARIS
176, Boulevard Haussmann. AMSTERDAM
Damrak, 63. NEW YORK : 271 North

Avenue, New Rochelle.  MELBOURNE
396 Flinders JOHANNESBURG
P.O. Bor 4928. AN © Natal Bank
Chambers (P.O. Bozx, 1489). ELHI : 18
Alipore Road. CALCUTTA : 102 Clive Street.

Lane...
UR
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This is NUMBER ONE
of a Series of SPECIAL OFFERS.

oolii H:‘xz)degperated A.C. Generator: this will light lamps, work relays, act as a shocking
s, etc. ete.
m2._ ;llectric Bell ; this will operate off the above hand generator or off standard A.C.
ains. . H
“3. Superior Morse Tapper (key switch).
4. 3 three-position Keﬁ Switches. b
5. 7 heavy brass T als meunted on panel in pairs.
6. 2 Metal Rectifiers.
7.* 3 Mansbridge Condensers 1.5 mfd.
8. 100 ohm Variable Resistance.
9. Transformer.
10. Three-position 6-pole Yaxley Switch.
11. _High Speed Relay. Make and Break.
12. 2,000 ohm Relay. .
13. Four-pin Outlet Plug.
14. Double Telephone Outlet Jack.
15. 2 Knobs, one Pointer type.
16. Excellent metal box, size 10in, x 10in. x 81in.
17. Miscellaneous small Resistors and Condensers.
18, Rubber enclosed Outlet Plug. . -
19. Chassis slides into metal box. .
20. Dozens of very useful nuts, bolts, ete. .
You should not miss this exeeptional bargain. PRICE for 20 lots as listed is
12/8, plus 3/6 qal-rlag(-. Order CONTROL UNIT ' F.”

MORE Erceptional Bargains

BATTERY CHARGER TYPE 21. This is an excellent unit fitted with hea duty

mains transformer and metal rectifiers, Its cutput is 160-200v. at ¥ amp.. so it is ideal

for charging wet H.T. batterles. It can, of course, be used for charging L.T. batteries,

in fact, it will charge 70 cells simultanecusly, or any number up to this. In addition
_to chargmf cells, this unit can also be used to work D.C. appliances off A.C. mains, or if
~its output is fed into a resistance network then you can have a source of D.C. for experi-
5 me‘;nlng;ij The charger works off standard 200-250 v. mains. PRICE, 32/6, plus 2/6 carriage

and packing.

MOTOR ALTERNATOR. Giving normal 230 volt 50 cycle A.C. from 12 v. car battery.
These units which must have cost £30 to £40 each to produce are large enough to work
the average type of wireless set or any appllance consuming 75 watts, or less, thus a stan-
dard soldering iron could be worked from a car battery, or a standard radio set, or a
hundred and one otber items. PRICE £7, plus 10/~ carriage and packing.

CONTACTOR. Mounted on Bakelite base,.this comprises a cotl which closes a palr of
contacts; it could thus be used as a motor starter or for operating any fairly heavy
current device. PRICE 1/8, postage 8d. gxtra.

MOTOR TYPE 5DY. Made by the * American General Electric Company.” very
neat, very small (overall size 4jin. % 3in. x 3in.), will run as a motor ofl 24-30 volts, or
off the mains A.C, or D.C. Note : To run as a mains motor the field is put in serles: we
can supply the wiring detatls where required. As a rotary converter the output from
28 volt D.C. is 350 volts 50 m.a. PRICE 7,

5 916,

PRISMS. Small glass prisms as used In opera glasses, telescopes, experiments, etc.
1/6 per pair.

AMP-METERS. 0.25. As used on charging boards, generators, etc. Flush mounting
medium 2#ia. size, Bakelite case. PRICE 7/6.

PETROL ENGINES. The famous J.A.P. 11 bhorsepower, single eyvilnder, four-
stroke, mounted on bed plates and eoupled to 18 volt generator, complete with
petrol tank and cuard rails, in perfect working order. An ideal unit for lighting
or to drive compressor pump, clrcular saw, ete. PRICE £17/10/-, carviage 15/-.

WAR DEPT. SURPLUSES Open Sat. till 5 p.m.}
W.‘ D. SALES, 1, Electron House, Windmill Hitl, Ruisl(np Manor, Middlesex.

NEWNES PRACTICAL MECHANICS
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IV SPRAY GUNS rrices frRoM £2-1-6
ALSO HAND-OPERATED OUTFITS EX-STOCK: COMPTON
QUALITY
CLEANING OF GUN £8 ° I L 6 ENSURES
~ UNNECESSARY ON READY FOR USE TROUBLE
w;:ﬁm"g“ INCLUDES : FREE
PRESSURE e
FROM ALL | GAU%ES E
LTJ:%; 8 ft. Atlo TWELVE
CHANNELS | MONTHS’
s Mk.ILHGUN  qyapantee
—— - WITH SPEGIAL JET GIVEN
HANDLES
CELLULOSE
_ SYNTHETIC AND
= OTHER !
FINISHES ENQUIRlES
& FROM
LEAFLET ON APPLICATION : OVERSEAS
DAWSON BUYERS
ARE
McDONALD &DAWSON  ccolcia v
COMPTON WORKS, ASHBOURNE, DERBYS. iNVITED.

ELECTRICALLY DRIVEN

COMPTON DP_F PAINT SPRAY PLANT

FOR USE WITH FLAT OIL PAINT, SYNTHETIC
AND DISTEMPERS. IS THE IDEAL PORTABLE

OUTFIT FOR ~ PAINTING CONTRACTORS,
FACTORY WORK, Etc. = |
PRICE COMPLETE AND READY FOR USE £35

COMPTON MARK I H AND MARK

ELECTRIC ENGRAVERS.—Powerful
instruments In cylindrical case, on
stand with spring attachment and
switch, - Suitable for dog collars, tcol
. marking, etc., 4-6-volt model, price
50/- : A.C. Mains model, 200-240 volts,
60/~ : A.C. Engraver only b0/-
TELEPIIONE SETS, comprising 2
G.P.0. hand phones, 2 bells, 2 pushes
and 80ft, twin wire. Price 65/, post
free. _Single instrument, 25/6.
6 inch Brass Brackets jin. thread, 1/9.
8.B.C. Fancy glass shades 1/9. Circular
resistances on china base 10 ohm., 2/-.
Screwplates for threading 024 B.A. 4/6.
MOTOR.—4-6v. dry battery driven,
well made, powerful, 11/6. Illustrated
DAL L
- each and carbon grannles 8d. packet.,
Y CHARGERS FO? A0,
MAINS, FOR CHARGING 2-volt accu-
,Lnulat%‘s at am%.l /I;artg Wg.‘h digg:'am.
2/6. Complete : Postage E
FOR TRICKLE CHARGING CAR

£4-15-0

Carriage Paid.

* Handle
clamping.

% Replaceable hardened steel jaws, grooved
to enable work to be held vertically
or horizontally.

% Machined to fine fimits.
o5 DIMENSIONS : Length of Jaws 3} in.

MACHINE VICE

for _holding work - without

POST RADIO SUPPLIES

OFFER FROM STOCK :—

COPPER INSTRUMENT WIRE.

ENAMELLED, TINNED AND FUSE.

COTTON AND  SILK COVERED.

LITZ WIRES. '

e Most gauges available.

B.A. SCREWS, NUTS, WASHERS,
soldering tags, eyelets and rivets.

EBONITE AND LAMINATED BAKE-
LITE PANELS, TUFNOL ROD.

PAXOLIN TYPE COIL FORMERS AND
TUBES, ALL DIAMETERS.

COVERED WIRES, FLEXES, etc.

A really .useful tool for
light machining operations—
incorporates these features :

CELLS, parts with diagram. Output
30/= sch. or

1 amps. for 6v. colls,
2v. cells, 35/~ set.

For details -of this and
other useful tools in our
range write —

Larger sizes qlgoted for.
MINJATURE HEAD-
PHONE. 'Reproduces
equal to best 'phones,
Fits into ear, does not
require headband. Two
nipples large and small

ohm or 1, ohm
Black or flesh cn-

BENSONS
3/4, LINCOLN’S

INDUSTRIAL DESIGNS
INN FIELDS, LONDON, W.C.|I
Phone : HOLBORN 3258.

Depth of Jaws 1§ in. PERMANENT DETECTORS, CRYS-
Total weight 8} !bs. . TALS, EARPHONES, etc.
Jaws opened maximum I§ in. Latest Radio Publications. Full Range

Awvailable.

Send stamped addressed envelope for
comprehensive lists. Trade supplied.

POST -RADIO SUPPLIES

amelled, 4ft. cord.

Price 30/-.

ECONOMIC ELECTRIC Co., :
64, -London Road, Twickanham, P
Middlesex. Tel. : POPesgrove 1318 {

fkwe- Hallam
“‘Super Nine” Engine

EASILY MADE FROM OUR CASTINGS

). HALLAM & SON
UPTON, POOLE, 'DORSET.

MINIATURE PETROL ENGINES for
Aeroplanes, Boats and Race Cars,

Send 6d. for New List.

~ACCELERATOR.

10 Ib. orders 7i6 per Ib.

PLASTIC MOULDING !

An INTRIGUING HOBBY or a PROFITABLE BUSINESS ! !
Any Plastic articles—from Brooches to Radio Cabinets
can be moulded in a beautiful range of coleurs by means
of * PLASTICAST ’—a liquid Thermo Setting Plastic.
The necessary moulds are readily and easily made from
*“ PLASTIMOULD."* This material forms perfect flexible

i Send 2}d. stamp for full details and instructions.
“ PLASTIMOULD "—12i6 per Ib.

for 1 1b.), 5/6 (sufficient for 3 Ibs.). -

SOLCRAFT FPRODUCTS,
98, Alblon Street, Southwic'k, Sussex,

33, Bourne Gardens, London, EA4.
Callers to 395, Queensbridge Road,

Dalston, E.8.
WORM DRIVE

JUBILEE st oy
v

Patent
y @‘ The long-life
L r clip with the

s “ SN ever-.tight
moulds by pouring over the required pattern. grip -
The Best Known
For i
5 Radiator Joints,
‘“ PLASTICAST "—2 oz. 2I-, 4 qz. 316, 8 oz. 56, | Ib. 916, ev';'te.‘-:"_":;‘:
Joints
For setting PLASTICAST—2/6 (sufficient We_guarantee 2
Tight Joint
Please allow 1/6 extra on orders for carriage. L. ROBINSON & Co.
25, London

— Chambers,
JLLINGHAM, KENT
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Modelcraft’s PLANS FOR
‘M’ Class INTERNATIONAL
YACHT * OSPREY ".

This is a magnificently detailed
and carefully thought out set of
plans. It consists of three sheets

of drawings sizes 4oin. x 23in.,
40in x zsm, and s3in. x 2sin,
and an instruction sheet.. The
boat itself is constructed

|3,6 on the bread and butter

| method and is a real
thoroughbred in the class

2 AMAZING OFFERS!

EX-ARMY HEADPHONES POST 6d. !
BRAND NEW AND BOXED, (o  TaCing flect.
BSLL 56
7
Or TWO Pairs 10/-. . KIT FOR A
S Ly L LY—— Manufacturers of Modelcraft's
- e AL DRAWING and e ey
"k(\;iv’[;Ag%Pnlgao%%lgguuLdn I BARQUE *‘ ARCHIBALD
an

PLUG: D.C. Resistance 60 ohms. S U R V E Y I N G RUSSELL".
gnoin%%fm o Clasgﬁ:xy thlgegg finprtig: l We include this in our * clipper ”

oV s us
which barely covers cost of Cords and l N S T R U M E N T S series although the allant

Plug. All these Headphones have been

carefully stored in air-heated Army “ Archibald " USS’C,“ o herself
Storﬁs %gd t{xﬁt}a‘re th;r:ﬁorgaatslsxfl:gv T B— t was never a ““flyer.”” She is one
FESARIEnRUe VA CUigh 10 e | f the last survivors of the
tio uaranteed or money refunded. o
Expors and Trade vrices on request. SLIDE RULES [ great ﬁage of sail andhhas son:‘e
Sl nal HP, ex-Govt very fine passages in her recor
meom Nf(‘) TORS ) y —_— Our big ]ialans of her have proved
ith H.P, so popular that we launch this
s pop
NEW mude DRAWING MATERIALS , m}llmailure kit, kngvl\;mg that many
by Hoovers. who have no ousc room ’
Orly for a big model will want
45/- 5 to preserve a miniature
a}/, DRAWING OFFICE | = ] of this fine ship, whose
3 Carriage Free, POST 4d ultimate fate is still
IDEAL FOR: POLISHING BUFFS, STATIONERY | j -8 undecided.

SllOL REPAIRS, WOOD\VORKING,
RINDERS, LA’I‘HI S, FANS, Ete.
Volt.age 200,2a0A 4th H.P. (approx.);
2,000 T.p.m.; Size ilin. x 5}in. X 5

Modelcraft’'s JUNE ISSUE
Welght 18 1bs. These Motors weré or- No. 6 MAGAZINE & LIST l/-
ally made as Rotary Transformers (and

can be supplied as such if required with Nearly 500 kits, plans, planbooks and-

Input 24v. D.C., giving Output of accessories are listed. Articles by leaders
1,240v. 200 M/A, Converted by us into N . g A
useful little Mains Motors, they have A G i I | O RN I ' in every branch of modelmaking.

e v o Vgi‘é‘x:;ré"c‘é?ﬁn Drawing Insthument Specialists Modeleraft Ltd.,

guaranteed or money refunde
b Atl?:rtzjg.(zLLé‘;"l%ﬁ.mngnmn 41 GARTSIDE /T MANCHESTER 3 77 (L), Grosvenor Road,
% Send 10, S.A.E, for’ Radio List. London, S.W.1.
WICY IR OIR D
Vi ) SENSATIONAL OFFERS :-

Attractive ex-
= %) R.A.F. Chalet, ns
liustrated, slml-
lar to a earavan
body, with whes
arches. Size 13ft.
long, 71t. wide,
7ft. high. Con-

TYPE ML7
31" HEAVY DUTY LATHE

The finest Lathe in its class.

H struction is
Extensive of light steel
range of asbestos sheeting,

N damp-prool, weuatherproof, sweat-proos walls,
accessories. tropicatised and Otted with ventiator. Single
door, slidlng windows on alt sides. Cross
strapped with steel Lo enable to be rltng with
A crape. Our price £100, delivered to nearest
station.

V. mEans P /i J#f i Practice

Theoretical Knowledge and Practical Ex-W.D.
Knowledge you must hdve if you are BINOCULARS
to ““make the grade” as a qualified Dollond,  Kershas,

technician. Through the medium of Ross, Banch and
B s, A P A G’ AL IMATS Dot e s

cge O echnelogy can prov1 (3 M FORD NE ED postage and packing. Cases 7s. Gd. cxiva.
you with the right theoretical training by ENGINEERING COMPANY LIMIT Mouo's £2 17s. 6d. each,

which will not or;]ly matem}llydasint BEESTON - NOTTINGHAM . ’'Phone: 54222 (3 lines) Ex-R.A. F NEW
your progress on the practical side, but .

will enable you to qualify more easily 07.1488 HE"L\ST‘I[?{:AL
for a well-paid technical post when | - ¢ ¢
.your apprenticeship is completed. Y ‘ , l l MOTORS

4 h.p., converted from Rotary Transformers,
Elementary Single Subject euitable for A.C. or D.C. "Muxins. Voltage'

Engineering Course :— Courses include:— 200-250, 255. cach, plus 5s. postage and packing.

Calculations Wireless Engineering b ﬁ r bl . F
Horkson Claations Micess e can become a first-class EiiD.
Engineering Science  Dlese! Englnes \ el ! e
foedhacicria seceria FREGELY Lt g RADIO ENGINEER ey
adio Co B.S.A., cic.
EMneilI:I::I::‘: B OraE Eements of Gents’ £6155. 04,

ialists in = i i . h, Ladies' £3 5. 0. each, plus carri
Eiksralscitnce Engineering b T SR SRl i EREingetiac, 5 N L e
Electricity& Magnetism  Etements of Quantity ervicing, Transmission, Television, Mathematics and Radio Calculations. EX'R-A-F-
Heat, Light & Sound Surveying Post coupon now
Postcouponnow T, & C. RADIO COLLEGE, | ASTRO COMPASS

Write at once for free prospectus fo:

used by K.AF., cost £24. Ex-
cellent for teachlng unavigation,
suitable for sea-scouts, R.A.F.
cadets, complete in box with full
Instruction book. 10s, 6d.,

and learn how KING EDWARD AVE., AYLESBURY,
you can qualify

MAN for well-paid "-—___—-.r_——-_-—_'—
Pl I employment or Please send me free details of your Home-Study I

profitable spare- Courses in Mathematics, Radio and Television, plus 25. 6d. posiage and packing.

C()LLEGE OP TECHNOLOGY time work, 1 = : ] 1 5
T e T A el 1 | | SCIENTIFIC INSTRUMENT Co.
i SeT{ATIPTON, Jiteg W .Cl o o Btome 1 Aadrose : P | IRk b e

(U REETT e B AN 4 Road, Wimbledon, S.W.19.  Wimbledon 1638

" Principal: H.R. Light,B.Sc.(Lond ),F.C.I.S. 4 —1d. stamp.) ] Also Dept. R, Ridgway Garage, 20, Thornton
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PREPHE I‘OR COMPETITION-NOW!

As the Engineering Industry swings into its normal stride, the inevitable competition

for the secure and well-paid posts will return. It is the man who stands out from the
rest because he is technically trained who will be in the happy position of taking over

July, 1948
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the more responsible, more secure, and better paid positions.
OPPORTUNITIES *’ will show you how to get this all-important technical training
quickly and easily in your spare time. This |00-page book is full of valuable information

and explains the simplest way of preparing for recognised Examinations.

courses described are :
MECHANICAL ENGINEERING GROUP

A.M.L . Mech.E, Mining Practice
A.M.LE.D. Estimating
City & Guilds Foremanship

General Mechanical Eng.
Diesel Engines
*Draughtsmanship & Tracing
Works Management

Press Tool Work

Pattern Making

Foundry Practice

Jig & Tool Design
Viewing & Inspection
Welding

Sheet Metal Work
Maintenance Eng.
Metallurgy
Refrigeration

COMMERCIAL ENGINEERING GROUP

A M.LLPE. Cost Accounts
.Commercial Eng. Languages

CIVIL ENGINEERING GROUP

A.M.I.C.E. Mining Surveying
Inst. Mun. Engineer Road Eng.
A.M.1.Struct.E. Hydraulics

M.R. San.L. Municipal Eng.

City & Guilds
Sanitary Inspector
Specification
Structural Design

SURVEYING AND BUILDING GROUP

General Clvil Eng.
Scructural Eng.
Reinforced Concrete
Railway Eng.

ELECTRICAL ENGINEERING GROUP

A.MLE.E. Electricity Supply
City & Guilds Electrical Meters
General Electrical Eng, Electrical Deslgn
Alternating Currents fllumination
Power House Design Installations
Traction Telegraphy

Mains Eng. Telephony
Mining Efectrical Engineering

WIRELESS GROUP

Advanced Wireless

Radio Servicing

Television

Sound-film Projection Eng.

A.M.Brit.l.R.E.

C. & G. Telecommunications.
General Wireless

Short-wave Wireless

AUTOMOBILE ENGINEERING GROUP

AM.LM.L General Automobile Eng.

City & Guilds Garage Management

Automobile Repairman Electrical Equipment
Course High Speed Diesels

AERONAUTICAL ENGINEERING GROUP

A.F.R.AeS. [° Aeto Engines

R.A.F. (Maths.) Navigators’ Licences
Pilots’ Licences Aeroplane Design
A.R.B. Licences Meteorology

‘“* ENGINEERING

Among the

A.R.1.B.A, ﬁosting & Valuations

F.R.IC.S. eating & Ventilating

AMIH. & LE. Clerk of Works UNIVERSITY DEGREES
L.1.OB. Surveying & Levelling London Matriculation University Entrance
FAL Building (all branches) School Certificate Intermediate B.Sc,

* Qur Diploma is accepted for Graduateship of the inst. of Engineering Draughtsmen and Designers.

WE DEFINITELY GUARANTEE

“NO PASS—NO FEE~

If you are earning less than £10 a week you cannot afford to miss reading ** ENGINEERING
OPPORTUNITIES " ; it tells you everything you want to know to make your future secure, and
describes many chances you are now missing. In your own interest we advise you to write for your
copy of this enlightening guide to well-paid posts NOW—FREE and without obligation.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

410A, SHAKESPEARE HOUSE, 17, STRATFORD PLACE, LONDON, W.i1

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD
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SUBSCRIPTION RATES
(including postage)

Inland - - - 10s. 6d. per annum.
Abroad - - - 10s. per annum.
Canada - - - 10s. per annum.

‘Editorial and Advertisement Office : '* Practical
Mechanics,”” George Newnes, Led.
Tower House, Southampton Street, Strand, W.C.2
'Phopne : Temple Bar 4363
Telegrams : Newnes, Rand, London.
Registered at the G.,P.O. for transmission .by
Canadian Magazine Post.

Copyright in all dranings, photographs and articles
published in * Practical Mechanics » s specially
reserved throughout the countries signatory to the
Berne Convention and the U.S.A. Reproductions
or imitations of any of these are .therefore
cxpressly forbidden.

»
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Owing to the paper shortage **The Cyclist,”’ ** Practical Motorist,”

ECHANICS

and " Home Movies

R temporarily incorporated.

Editor 3

F. J.

CAMM

VOL. XV
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BY THE LEDITOR

The Advance of

HE recognition of the electron as the ulti-
mate particle of electricity and a con-
stituent of all atoms took place about

50 years ago. It provided us with a new con-
ception which had repercussions far bcyond
the very limited range of phenomena gwmg
rise to the original conception.

It provided an entirely new view of atomic
theory of matter which previously had been
based on almost entirely chemical considera-
tions. Without this new conception of the
electton communication without wires by
broadcasting, telévision, and radio generally
as well as radar would not have been possible.

The discovery has given rise to the new and
important profession of electronic engineering.
Electronic control devices in industry now
contribute to the efficiency of manufacturing
processes and greatly reduce monotonous
routine work. _Even the mathematician
benefits, for we now have calculating machines
employing thousands of thermiosic tubes by
which the most complicated mathematical
expressions can be evaluated and equations
solved.

No doubt this is why Sir Edward Appleton,
Secretary of the Department of Scientific
Industrial Resdarch, took as his sub,ect
“ The Electron in Theory and Practice,”” for
the second Dunn Memorial Lecture. He
rightly says that it would be rash to hazard a
guess as to what the future holds in store, for
weareonlynow entering upontheelectronicage.

It has been egtimated that in America
nearly one-tenth of all the electrical energy
now generated passes through eclectronic
devices. .

Theoretically, it should be possible to
amplify the current ‘corresponding to the
passage of one-thousand electrons per second
through a resistance, that is, a current of
about one-thousandth of one-millionth of a
millionth of an ampere: Equipment has been
developed by which electrical charges pro-
duced by a variation of temperature of one or
two degrees in a steel making furnace can be
amplified by electronic means so as to control
the fuel supply to the furnace and maintain
its temperature constant to within about one-
tenth of one per cent. at 1,600 deg. C. In
the textile industry another application is
an electronic instrument which enables the
cotton yarn and cloth to be maintained at the
right moisture content so that subsequently
processing could be carried out consistently
and accurately without attention from the
operator.

Magnetrons

IR EDWARD APPLETON referred to

the electronic valves, called magnetrons,

used in radar. which reached # peak outout of

“particularly

1,000 kilowatts in the generation of radio
wav&® of 10 centimetres in length. He went
on to describe how infra-red sensitive cells
had enabled objects to be seen in the dark
when hot or illuminated by invisible infra-
ed radiation. K He explained how electrons
ad been pressed into the service of

.illumination so that * daylight’’ fluorescent

1amps had been produced giving much higher
eficiency than is possible with filament lamps.
“ It is estimated,”’ he said, ‘that if all the
artificial lighting in this country were.carried
out with this type of lamp a saving of two
million tons of coal a year would be effected
and the generating capacity of two power
stations of the size of Batterseg could be
redeployed.”?

He concluded by describing electron micro-
scopes in which electron beams were used
instead of light for illuminating the object
to be examined, and the lenses, instead of being
of glass; consisted of magnetic or electro-
static fields.  With these instruments a
useful magnification of 50,000 diameters was
being achieved and it might well be possible,
he said, to obtain magnifications of one hun-
dred or even two hundred thousand with
them. Objects which themselves are so small
as to be transparent such as many bacteria,
viruses, smoke and other particles, are
suitable for examination by
electron microscopes.

Industrial Appiiqations
. IN conjunction with the Ministry of Supply

and a number of research associations, _

we in D.S.I.LR.,” Sir Edward Appleton said,
“have recently been paying a good deal of
attention to possible industrial applications
of electronics. We have formed an Advisory
Panel under the chairmanship of Sir Charles
Darwin, Director of the National Physical
Laboratory, which aims at bringing- together
the research worker, the supplier and the user,
and, in addition, groups have been formed at
the Telecommunications: Research Establish-
ment of the Mlmstry of Supply, and at the
National Physical Laboratory to examine
industrial problems at first hand with a view
to suggestlng how electronic cquxpmcm could
be employed in their solution. These activities,
in the long run, should help to step up the
volume of production, improve quality and
release men and women now engaged in
routine operations for tasks usually more
congenial and callmg for a greater exercise of
human intelligence.”

Thus, the results of a series of experiments
carried out quietly just over half a century ago,
in a Cambridge physics laboratory have given
not only new impetus to manv branches of

the Electron

science, but have profoundly modified the way
in which we go about our lives and work.

It is only fair that credit should be given
to the National Physical Laboratory, which
was founded in 1900 to assist and advance
British industry in the fields of physics,
electricity, engineering, metallurgy and ship
design, and to which have now been added
mathematics, metrology, aerodynamics and
radio. Its work in connection with radar has
already been described in this journal.
Wing Loading and Wind Tunnel

Experiments
AMONG the new problems introduced by

the increase of speed of modern alrcraft,
one of the most important is the accurate
determination of wing loading. High speed
has introduced the wing of low aspect ratio,
with or without sweepback or of triangular
plan form, and has further complicated the
problem by requiring an allowance for the
effect of compressibility of the air and of the
elastic distortion of the wing under load.
Early methods based on lifting line theory,
which prowed.satisfactory for moderate air-
craft speeds, have therefore become inadequate
and require elaboration by trcatmg the wing
as a lifting surface.

Theoretical methods of solving this problem
have been under development at the National
Physical Laboratory for a number of years,
and particular attention is being directed to the
presentation of the work with a clarity which
will encourage its general use. Detailed
mformanon on wing loading has become of
increasing importance and is usually required
by designers at the inception of a new design.
Further developments are projected in
connection with more advanced problems such
as rotatory flight, sideslipping, the effects of
wing thickness, and the addition of bodies.
and nacelles to the wing.

Concurrently with the theoretical work, a
programme of wind tunnel experiments is in’
hand to act as a check on the theory, which-
cannot include such factors as the influence of
the boundary layer and wake. Other problems,
such as stalling and the stability under landing
conditions of modern designs, involve so many
uncertain factors that they can for the present
be studied satisfactorily only by wind tunnel
experiments. Measurements of force,' com-
bined with visual cxamination of streamers on
the wing surface and measurement of the
momentum loss in the wake, are being made on
model wings of various plan forms with
control and landing-flaps decflected, and a
fundamental comparison between theory and
experiment will be based on the detailed
pressure distribution over a particular wing.-



General view of the three-cylinder flash steam plant with rotary

mitre D wvalve.

1946, a description and drawings appeared

of my flash steam plant. It will be
remembered that the design provided for
alternative sizes—one developing about 2 h.p.
and the smaller size intended for model work,
and developing .2 h.p.

1 have since constructed another of these
engines, and made certain modifications and
improvements resulting in a greatly enhanced
performance.

In the first place the small blowlamp
originally specified was found to be tempera-
mental and not altogether reliable. Readers
will know that it is necessary to soak some
cotton wool with petrol to ignite this, and
to :lay the lamp within the flame. As it
is of the self-vaporising type, the lamp will
not begin to vaporise and to blow until a
fairly high temperature is reached.

IN our issues dated October and November,

’
New Blowlamp

The Bunsen part of the lamp was throated
to a Venturi form, but later experiments
have - shown this to be unnecessary. The

NEWNES PRACFHICAL MECHANICS

new lamp shown in the two
drawings accompanying this
article is simpler to make,
much more efficient, and
has greater capacity, giving
a longer duration of run.
From the previous de-
scription and from the draw-
ings now appearing the
reader should have no difficuity in construct-
ing the new lamp, It will be seen that the
tubular portion is
quite parallel and suit-
ably louvred for air
induction. The total ®
weight of this lamp is T =
3 oz, and of the en-
gine and flash boiler,

- aaf
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The Flash Steam
Plant

Some Modifications and Improvements
By F. J. CAMM

adjusted so that its tip ‘does not extend be-
yond the end. of the coil.

Bending the Coil

In bending the coil it is preferable to use
sand for loading instead of lead. I foufld it
practically impossible entirely to eliminate
the lead loading after bending, with the
result that when the coil was hot moiten lead
passed with the steam into the engine, choking
up the ports and steamways. The tubing

15 oz., making 18 oz.
in.all. This is slightly

-!—- ==
4:. .
T“” ‘

A
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le— 1%

heavier than the estimated weight, but in
view of the power developed this is of no

moment.
If the coil is to be located as in the side
elevation it is neces-

sary to place over
the valve chest a
piece of }in. asbes-
tos to prevent the
heat from acting on
the valve. The
larger this piece
of asbestos the
better. In.fact, it
should be made
sufficiently large to
protect the cylin-
ders as well. The
flame should be

Side clevation of the flash steam plant with new blowlamp incorporated.

before bending should be packed tight with

dry ‘silver sand, the ends of the tube being
plugged.

If the design of the model to which the
plant is to be fitted will permit it, it is better
to mount the boiler either above or below
the engine, so that the blowlamp flame is
well away from the latter. This can be
anj'imged by suitably extendirig the flash
coil.

The engine is extremely flexible, It can
be throttled down to a mere tick-over and
opened up gradually to its peak revolutions,
namely, approximately §,000 r.p.m. "It runs
extremely sweetly and consistently, and one
filling of the tank is sufficient to run the
engine for 1o mins. Care is necessary in
filling the blowlamp to ensure that this
runs out before the water does, and a few

Three-quarter front view of the completed flash steam engine with
mounting bracket. A small flywheel has been fitted for test purposes.

The water conrainer with cocks, and the steam coil.
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experiments by timing with a stop watch are
necessary, since the time taken for the boiler
and for the lamp to become exhausted will
naturally vary with each individual engine.
The plant is ideal for model boats, model
’planes, and model race cars, and I am glad
to know that so many of them have been
successfully built. I should like to point
out, however, that the engine is designed
as a. model, and not for heavy duty. The
latter would require "larger bearings, and

properly bushed connecting rods, as well

as a larger diameter of crankshaft.

The engine will, of course, operate as a
compressed air engine equally well, although
for this purpose the construction is on the
heavy side and I would advise readers who
do not wish to use super-heated steam to
make my three-cylinder compressed air engine,
blueprints for which are available from the
publishers for ss. The blueprints for this
flash steam plant arc also available for ss.

Fittings
- Most of the fittings are available from
Bassett-Lowke, Ltd., who would no- doubt
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Piston and Cylinders

In making the piston and cylinders
it 'is necessary to lap them to a good fit,
since the pistons are not fitted with any
form of packing or rings, although the
pistons have grooves turned in them to
prevent leakage. This form of leak
prevention was used in the Williams
& Robinson vertical tandem compound
engine where, the cylinders being all in
line, the piston rod passed from one
cylinder into the next without any stuff-
ing boxes or glands. The grooves were
simply turned into piston rods.

The theory is that such small quan-
tities of steam which may pass the top of
the pistons have to fill the first groove,
then be wiredrawn and fill the next,
then wiredrawn into the third, and finally
into the fourth. By the time the last
groove is reached the piston stroke is

completed, and so the stcam loss is in-
finitesimal.

Although 1 originally specified stcel tubing
for the flash coil, difficulty was experienced
in purchasing this. The coil shown jin the
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also undertake to supply finished parts to
those readers who have not the necessary skilf
or equipment. °

The method of mounting will, of course,
depend upon the style of model to which the
plant is to be fitted. For normal purposes
the bracket shown is quite satisfactory.

The small flywheel shown in the photo-
graph was merely fitted for test purposes.
The small size of the blowlamp can be
discerned in one of the photographs. It
will be noted that in order to protect the
machine from the heat of the furnace the
whole of thc steam generator is encased in
thin sheet aluminium, which is well lined
with asbestos cardboard.

The end of the mixing tube of the blow-
lamp is introduced through a hole at the
end of the casing opposite to the centre
line of the engine. The thermal cfficicncy
is therefore high. No trouble has been
experienced by the carbonisation of the
lubricating oil, although it should be noted
that a high temperature oil myst be used.
The lubricating oil uscd for model diesels
is quite satisfactory.

1 -—\Exringd/‘sh/ng valve

and fever.

Sectional view of the new blowlamp.

photograph was thereforc made up from
copper tubing, and it functions quite satis-
factorily. The -reader may therefore safely
use copper tubing about 3/16in. in diameter
with 1/32in. wall. It should be bent around
a tapered mandrel, turned to the diameters
given on the blueprint. The tubing must,
of course, be heated, and if the blowlamp is
constructed first this can
convenicntly be used for

The boiler casing.

thick. The ends, of course, are silver sol-
dered into place, whilst the central tie-rod is
nutted and silver soldered. This tie-rod
should be made of }in. diameter mild stgel,
and it should be tinned with an ordinary
soldering iron to prevent rusting. Before-
this stay is fixed the two water tubes should
be bent to shape, fitted by expanding into the
shell and silver soldered.

The apparatus for automatically Shutting
off the flame when the water in the boiler is
exhausted has already been illustrated, but
it is important to get its adjustment quite
cofrrect.

In this second engine I built up the crank
in the following way : The ends of the shaft
and the crankpin were made a good driving
fit in the holes in the crank-cheeks and were
further secured by driiling taper reaming and
knocking in taper pins.

The reader can, if he so desires, braze
the parts together and those with the
necessary throw plates may decide to turn it
from the solid. The method I have used has
the merit of simplicity and works well.

The reader is advised to obtain the blue-
prints already referred to.

the purpose. Cold bend-
ing 1s liable to result in
cracks. The pipe at the
point of bending should
be brought to a dull red,
for if brought to a bright
red or nearly white heat
it will flatten under bend-
ing. Al of the joints nced
to be silver soldered to
withstand the high tem-
perature. For the barrel
of the shell boiler, a
4%in. length of seamless
copper is required of
13tn. diameter and 3/64in.

i

Another view of the boiler, including a view of the new blowlanp.

Three-quarter rear view of the flash steam engine.
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I Modern Limestone.
uarrying Methods

The Mechanisation of This Important Industry

By THE' MARQUIS OF DONEGALL

limestone in kilns; then there is hydrated
lime, which is a lime scientifically processed

Lime and limestone are important in the
economic commodity structure of our coun-
tiy ir thatr they have more than.200 indus-
trial uses. To mention a few: correcting land
sourness; an essential to the manufacture of-
steel, for every ton of which one to two
hundred weight of limestone are-necessary to
extract the impurities. In the manufacture
of chemicals it is, because of its low cost,,the’
most widely used alkali. It purifies sugar-
beet and is used in the manufacture of ani-
mal feeding stuﬁs, glass, paper, leather, paint
and pottery. It is also used to prevent coal-
dust explosions and for purifying water and
sewage.

At the moment the industry is suﬂermg
from shortage of labour and mechanical
equipment. When I was in Yorkshire,
German prisoner of war labour was about to
be depleted to non-existence, In the two
quarries that I visited various executives
%ould announce as a piece of good news

at they had found another one, two or three
recruits to replace the repatriating prisoners.
The difficulty about the European volunteer
worker is housing, because the living accom-
modation of the prison camps does not come
up to the standard officially required for |
E.V.W.s.

Heavy Equipment

As far as mechanisation is concerned, the
main difficulty is the two-to-five- -year wamng
list for the heaviest items-0of equipment.

I first spent an interesting afternoon- at
the Threshfield Quarry to familiarise myself,
with limestone quarrying in general, The
electric generator had only just been installed
and it will eventually run’the conveyor belts;.
the crusher and-the bogies, which convey
the limestone to the kilns and the finished
product -to the main-line railway. After a
little mountaineering, Mr. T. P. Carr, the

Fig.

1 (Top)—The latest type mechanical
excavator at the quarry face.’
. 2 (Centre).—The crusher house, screening
plant and interconnecting conveyor.
3 (Botiom).—Part of the mechanism of the
giant limestone crusher.
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to admit that until a friend of mine
| came to luncheon the other day I
was no more interested in limestone, its
quarrying or the mechanisation thereof,
than a Central African would bé in electric.
ally heated suits,

- Regrettable; yes, indeed. But I have tried
lo make up for my ignorance by a journey
to Yorkshire in which I was privileged to see
the Threshfield Quarry, where mechanisation
‘is just being installed, and the Horton-in-
‘Ribblesdale Quarry, whcre the mechanisation
is almost one hundred per cent.

Now for a few words about limestone in
general. It is, after coal, the most fmportant
‘mineral that we have in this country. It is
comparatively cheap, costing a few shillings
a ton at the quarry source. Our main quarry-
ing areas are_ Derbyshire, North-west
Yorkshire, the Mendips and South Wales.

Lime 1s, of course, produced by burning Fig. 4—One vista of the Horton Limestone Quarry, showing the lime-kiln batsery,

STARTING with a confession,. I have
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‘managing director _of . Settle -Limes Ltd,
negonated me up the 8oft. of quarry face
‘to inspect the drill. This is mounted on
caterpillars and drills ‘vertical holes from the
‘quarty “top some 18ft. from the face and
some 16ft. apart, down to the “floor ”’ level.
These holes are just large enough in dia-
meter to accept the 25lb. cartridges of explo-
sive which blow out thousands of toris of
-hmestone from the quarry face on to the
[ ﬂoo

The average yield from' six or seven blast-
holes is about 25,000 tons of limestone.

At Threshfield this fall, after a blasting,
has to be broken up by manual labour until
‘mechanisation is complete. This is done by
means of what i3 called
other words an individual quarryman drills a
hole.in the lumps that are too large, inserts
a charge, and.reduces it to more manageable
-proportions.

Working Processes

Much of this laborious procedure is elim-
.inated by the mechanisation that I saw at
Horton (Fig. 4.) I think that I can best take
you briefly through the Horton processes.
First of all, the working quarry-face is about

a quarter of a mile in length and its height-

varies from 7s5ft. to well over 100ft. The
method of drilling—to my untrained eye—

is the same as at Threshfield, except that at -

. Threshfield the caterpillar-mounted drill has
to perform near-aerobatics to ‘deal with the
nature of the terrain.

At Horton, instead of hand-loading from
the face into the bogies, they have an excava-
tor which loads up to 1,000 tons a day (Fig.
1). The whole caterpillar set-up is run by an
electric motor of a hundred horse-power.
The shovel of thlS machine drops the stone
into “dumpers” of the motor-lorry type.
These “dumpers” take the stone to the
mechanised crusher, which is indeed an awe-
some contraption (Fig. 3). It looks as though
one could have a nice ride on top of the lime-
stone as it goes down the chute. However, I
asked the foreman, who has seen, in 50 years,
limestone quarrying grow- from entirely
manual to entirely mechanical, what would
happen if I took aride 2 I won’t attempt to
imitate his Yorkshire. But what I think he
said was that I would be reduced to a roin.
cube if I went in feet or head first, and that
if I went in horizontally, the result would
be about the same.

“ popping ’: in

Fig. 8.—A rotary screen for separating the limestone into variqus sizes.
4
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Fig. 5 (Top).—A lime “ Drawer,™ drawing
the lime from an *“ eye > at the bottom of a kiln.
Fig. 6 (Centre).—A modern plant for putting
hydrated lime into self-sealing bags.

Fig. 7 (Botrom).—Bags of hydrated lime loaded
up ready to leave the quarry.

After that I took extreme care not to fall
into the thing,

Crushing Plant

The-. dumper-driver operatmg between the
mechanical shovel at the quarry-face dumps
his load into this hopper, or chute, as I call
it,, which is constructed of reinforced con-
crete, The crushing and screen plant can
not only take care of a large tonnage of stone
per hour but can deal with hunks about two
cubic yards and weighing up to 24 tons. The
crusher -itself weighs 61 tons and has a
mouth opening of §sins, by 36ins. It is
powered by an electric motor of 150 horse-
power and, although it is not worked at maxi-
mum capacity, it could deal with up to 250
tons of stone per hour (Fig. 2).

On leaving the crusher the lumps of stone
are all smaller than 1oins. cube, and the next
thing that is necessary is to divide these into
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different sizes, a process which 'is neatly
achieved by a vibrating screen and by a
rotary screen. It is now ready for use and
has to be taken either to the kilns or to the
point whegre it can be loaded on 1o railway
or road transport. The plant-hoppers dis-
charge the stone into bogies or narrow-gauge
trucks, each of which carries about 2 tons.

Calcining Kilns

These pass over a weighing platform and
are attached to a cable haulage which pulls
<he bogie to the required destination. Such
raw stone as is not sold as such is calcined in
huge kilns to produce lime. The kilns are
large-diameter cylindrical steel casings about
8oft. high. They are lined with fire brick
to give the proper shape inside. The stone
is discharged into the kiln top through chim-
ney doors and the fuel is provided by hand
at the firing stage, approximately half-way
down the kiln. The lime is drawn at the
bottom of the kiln through holes which are
called “eyes” and is loaded into railway
wagons from the steel hearth by a lime-
drawer. (Fig. 5.)

Much depends on the skill of the lime-
drawer. For instance, I have seen these
skilled operators detect, by tapping a2 lump of
kme, not only whether ir contains a core, but
the ,exact size of it: . This operation main-
tains the product at a high quality.

Apart from this, lime-kilns are said to be
termperamental' things,;.and it is according to
the -skill of these operators whether the kiln
remains good-tempered or not,

A large proportion of the output of lime
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is rnerely graded by hand into different
qualities and sold as it comes from the kiln.

Hydrated Lime

The remainder goes through another pro-
cess to produce hydrated lime. This is a
white powder from which the impurities have
been removed.

Here again mechanisation comes in. The
process used is controlled so that all par-
ticles coarser than 200 mesh are rejected. I
understand that 200 mesh means a square
aperture whose sides measure three 1,000ths
of an inch. The hydrated lime is then
blown into paper bags from a spout on the
machine. These bags are self-sealing: by
means of an ingenious paper valve.

At the time I was there the paper bags
seemed to be reaching a conveyor belt which
takes them through a stocking shed at the
rate of about one every ten seconds (Fig. 6.)

The three products of the Horton Quarry,
i.e, raw stone, lump lime, after the kiln
processing, and the hydrated lime powder, go
out over a large territory.by rail and road.
A full-size galuge engine does the shunting
from the stocking shed to the main-line sid-
ing, and lorries do the rest. (Fig. 7.)

I mentioned, at the beginning of this
article, a few of the uses of limestone, but we
must also remember -that lime is one of the
oldest processed chemicals. The stone itself -is
used in blast furnaces, as. road metal and for
agricnitural purposes. It is also used as-a
building material.

Alkali Industry
In one of its three forms it is used as

the basis of the alkali industry in the manu-
facture of soap and many heavy chemicals.
In addition to its many uses there are also
bleaching and dyeing, agricultural feeding-
stuffs and even chocolate.

Having recalled- that limestone quarrying
is one of the most ancient industries, it is
possible to go from mechanisation back to
the Stone Age. Archzologists believe that
the calcining of limestone, more by luck than
by skill, is as old as the discovery of fire
itself. Nobody, however, suggests that
Eoanthropus Dawsoni made any intelligent
use of this natural phenomenon.

Certainly the Pyramids of Egypt are num-
militic limestone. If we want commercialised
lrmestone we have to travel quite a bit
through history, and I remember from my
schoolboy days that there is a reference in
Xenophon to a shipload of lime that got lost
in the Mediterranean. That must. have been
between 300 and 400 B.C.

Technical literature describing the pro-
duction of lime dates from about A.D. 75,
and, although I cannot trace-it, there is said
to be a reference in Pliny.

Progress was certainly slow from Pliny’s
time -until just before the Kaiser’s War, and
the first angle to be developed was on the
quarrying side, ‘which made great progréss
between the world wars. Now the produc-
tion side is making strides towards a hun-
dred per cent. mechanisation, and I hope
that I have succeeded: in giving you a lay-
man’s picture of what is going on in. this all-
important industry.

Using Plates in

Film Cameras

A Useful Conversion for the Amateur Photographer
By F. G. RAYER

ILE films are still in rather short sup-

ply, most shops stocking photographic
requisites have quantities of plates of all
sizes on their shelves. “For this reason, adapt-
ing a camera to take plates can be worth
while. Plates are no more expensive per
exposure, and there is the advantage that
individual shots can be taken and developed
as necessary, which is not so with roll-film.
There is the disadvantage that the camera
has to be loaded in a dark room, but as
amateurs ®who use ‘plates usually develop
them themselves this is not serious.

The simple addition illustrated in the dia-
gram fits into the back of the camera so as
to hold a glass plate in the proper position.
It can be pulled out in a second when films
are to be used.

Size of Adapter.

Though thick cardboard could be used,
3/16th in. plywood is stronger, and is recom-
mended. The centre cut-out is the size of
the plates to be used ; with the most popular
cameras this will be 3}in. by 2}in. (same size
as the popular “ 120 films).

The. outside dimensions of the wood will
depend upon the camera. For the average
box-camera something about 3#in. by 23in.
will be necessary. For the folding camera
the piece will be rather longer. It is cut so
that when the back of the camera is put on,
the cut-out where the plate will rest is flush
against the back of the camera, occupying the
position where the film normally passes.

A stout piece of black paper is glued over
the back of the wood so that light showing
through the ruby hole for reading the film-
exposure numbers does not fog the plates.

In use, the back of the camera is placed
flat on the table and the adapter slipped in.
A plate is then put in the cut-out, emulsion
side up, and the camera closed up in the

usual way. The plates can be changed
without removing the adapter, which should,
however, be lifted out if films are used.

Cut Out Size OF Piates Size OFf

Back OF

% Camera

% Plywood Backed by
Black Paper

Adapter
with
Plste

Spool! Winder

Showing How Plate Is Held
In Position Normally Occupied
By Film

%]

1
1
1

L I g ==, \J
<. )

e, S = el e s —

[

Resr Frame OF Camera Over
Which Film Normally Runs

Details of the plate adapter and its position~
. in a film camera.

Automatic Telephone
for British Warship

AUTOMATIC telephony has been admitted to

a new sphere through the Admiralty decision
to install a G.E.C. automatic telephone exchange
in an aircraft carrier. Although similar systems
have already been installed in many passenger
liners, this will be the first instance in which
such apparatus has been fitted in one of His
Majesty’s ships, all previous installations having
been of the manual type.

The exchange accommodates 500 extensions and
will be used for domestic and administrative

urposes. Because of the limited size of the
atchways, 10 units, each containing equipment
for 5o extensions, will be used, these units being
coupled together to give the size of installation
required.

If desired, the 500 line exchange can be extended
to accommodate a maximum of 600 lines, by the
addition of two.further so-line units.

The circuits employed provide a complete guard
against mal-operation, and selected officers will be
provided with an executive right-of-way facility,
which will permit the interruption of existing
connections in cases of urgency.

When coupled to the British Post Office
telephone system, eight pairs of wires will
permit eight conversations and the use of eight
teleprinter links. A single position manual board
provides inquiry facilities and permits the exten-
sion of calls via radio links.

Although thg exchange circuits are designed to
match all known telephone systems, the Admiralty
are investigating systems in use in the more
obscure ports, so that further modifications can
be incorporated to permit the equipment to work
into them.

Standard equipment ‘as employed in shore
installations will bc used, but in view of the
arduous operational conditions under which the
equipment may be called upon to operate, special
precautions have been taken to afford protection
against mechanical shock. These include the
strengthening of certain parts, and the provision
of rubber anti-shock mountings.

During the development of these modifications,
shock tests to simulate the severest operational
conditions have been repeatedly carried out. The
complete equipment is to be supplied and installed
by the telephone works of the General Electric
Company, Ltd.
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The -»First Ram-Jet Helicopter
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each of the all-metal
rotor blades, which are
actuated by conven-
tional-looking helicop-
ter pilot’s controls.
With power applied
directly to the blade
tips, heavy engine
parts, gear systems and
transmissions are elim-
inated. The rotor
spindle is merely the
means of attaching the
rotor to the structure,
consequently control is
direct and the usual
complex swash-plate
system is eliminated.
As the blade-tip jets do
not develop torque, an
auxiliary tail rotor is
not required. All of
these simplifications
ensure fewer mainten-
ance problems and a
considerable saving in
weight—that old neme-
sis of helicopter design.

Charles R. Wood, Fnr., chief test pilot of the McDonnell Aircraf:
Corporation, at the controls of the new helicopter.

~HE first ram-jet* helicopter ever built,

McDonnell’s “ Little Henry,” is hardly

the most handsome of aircraft, but it

is one of the most efficient. Although it

weighs only 310lb. it can carry 3o00lb. of

useful load at a forward speed of 50 m.p.h.

—and this on two engines that weigh only
1olb. each'! )

Its makers—ihe McDonnell Aircraft Cor-
poration of St. Louis, U.S.A.—do not make
fantastic claims for the new helicopter.
In fact, they do not refer to it as an aircraft,
preferring to think of it as a flying test-stand
for their new ram-jet engines. But there is
no doubt that the machine opens up great
possibilities as a three-dimensional motor-
cycle, as well as for various military purposes
in infantry and airborne operations.

Ram-jet Engines

Developed. after almost two years of
research and close co-operation between the
U.S. Air Force and McDonnell engineers,
this little helicopter consists only of a two-
blade, 18ft. dia. rotor, two tip ram-jets, a
small rudder and an open steel-tube structure
supporting the pilot, fuel tanks and controls.

Its practical, light-weight ram-jet engines
were developed by the company’s engineers
after three years of experimentation. The
original design for “Little Henry ” was
submitted to the Air Force in 1946, since
when both the engines and the helicopter
itself have undergone considerable improve-
ment. Constructed of special heat-resisting
steel, the engines have required remarkably
little maintenance work since they were
installed.

The ram-jets are attached to the end of

Rotor-tip Speed
““ Little Henry ”” made
its first flight on May

sth, 1947, and gave
great promise from the first. Although
this flight was made with fuel fed

through a line from a supply on the
ground, subsequent flights were made with
the fuel carried in two tanks strapped to
the aircraft structure. Propane fuel was
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7l Particulars of a Novel Type of Aircraft, the
) First of its Kind in the World

By J. W. R: TAYLOR

burned in all the early tests, giving a rotor
tip speed of 6ooft./sec. But petrol-burning
jets are being developed and will eventually
eliminate the necessity of using special

.fuel.

Fuel Consumption

Although high fuel consumption of the
ram-jets has been a major problem, McDonnell
engineers believe that they can reduce it to
a practical point. Similarly, they are working
to develop satisfactory auto-rotative charac-
teristics and so conquer helicopter engineer-
ing’s greatest headache-—the fact that if the
engine of any helicopter at present in produc-
tion fails at low altitude then it will crash.

Many Uses

Military advantages of the ram-jet heli-
copter are obvious—at the disposal of ground
force commanders, especially in cold climates
where they require no period of ‘ warming
up” they could be dispatched quickly
without reliance on highly-skilled pilots.
For short-range observation, communications,
artillery spotting and courier service they
would be in a class by themselves. Larger
models cculd provide speedy transport for
bulky equipment in rough country. Commer-
cial adaptation could eventually be extended
to include taxi services between airports and
town centres, and to lifting heavy loads in
built-up or inaccessible areas.

The machine, shown in the accompanying
illustrations, has been under flight tests at
St. Louis “for the past six months with
very satisfactory results. !

* A ram-jet is an engine without moving parts, which
develops thrust by the continuous burning of fuel
injected within a streamlined open-ended tube, thereby
increasing the velocity of the air rammed in by flight
and producing jet-propulsion:

A side view of the tiny aircraft showing the small ram-jet units at the tips of the.rotor blades.
Weighing only 310 lb., this world’s first ram~jet helicopter is capable of a forward speed
of fifty miles per hour.
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ments of Mechanics

and Mechanisims—9

Convection—Radiation—Heat Produced by Friction and Mechanical Energy -

different way. A Kkettle of cold water

when placed over a gas ring becomes
heated because the water next to the bottom of
the kettle first becomes hot, and the heat drives
the molecules of this bottom layer of water
farther apart so that it becomes less dense
and consequently lighter. The warm water,
therefore, rises to the top and a colder layer
‘takes its place to be heated and to rise in the
‘same way. This is the principle of the
thermo-syphon system of cooling on some
motor-cars.

This system demonstrates the passage of
heat by convection.

The hot-water pipes in a room are a further
example of the transmission of heat by
‘convection. The molecules of air touching
the pipes become heated by their contact
with the hot surface of the pipes, they rise,
and fresh” molecules take their place; so the
action continues whilst ‘the pxpes remain
hot.

LQUIDS and gases are generally heated in a

‘Radiation

We may now consider how heat is trans-
mitted from the sun to the earth. We know
that the air extends for about 200 miles or so
above the earth’s surface, although the ‘sun
is 93,000,000 miles away. It is the modern
belief that the intervening space is filled
with a substance which we call .ether. . The
existence of this cannot be proved, however,
but its presence can be safely assumed.
The vibrations in the molecules of the hot
matter of which the sun is composed produce
waves in- the ether surrounding the sun and
these spread out in every direction. just as
waves do when a ‘stone is thrown into the
water.

These heat waves travel from the sun to
the earth, and when they strike the earth
the motion of the ether is changed into motion
of the molecules of the matter on which
they impinge. This is an example of the
transmission of heat by radiation.

All hot bodies radiate heat in this way.

Heat Generated by Friction

If two pieces of wood are rubbed
together heat is generated,
generated because the surfaces of the
two pieces of wood are not smooth.
Sufficient heat can be generated in this way
to cause ignition. Indeed, this was the
principle employed with the flint and tinder
box which preceded the lucifer and the
phesphorus match.  Friction arrests motion,
and we have already seen that this lost
motion is converted into heat. The friction
produced when the brakes of a bicycle or
other vehicle are applied also generates heat,
which represents the lost motion -of the
bicycle caused by the braking force.

In brakes having metal-to-metal braking
surfaces, the heat can be so great whert the
brakes are applied that a shower of sparks
is produced: In striking a match ,we have
a further example of heat produced by
friction.

In most cases friction is undesirable, and
-we endeavour to reduce -it to the lowest
possible extent by placing oil between the
contacting surfaces. This oil fills up the

and it is -

By ‘F. J. CAMM
(All Rights Reserved.)

space between, say, a shaft and a bearing,
and prevents the two surfaces from touching.
There is, of course, the friction of 'the oil
itself. " It is 1mpossxble to produce a friction-
less bearing, for, in spite of lubricating oil,
heat is ‘still generated, although to a smaller
extent. This is proved by the fact that the
oil itself becomes warm.

Heat Produced by Mechanical Energy

Mechanical energy may be defined by that
produced by a body moving as a whole. At
first it may appear to be the same -as kinetic
energy, but the latter term includes molecular
motion as well as the motion of the body
as a whole. For example, a' piece of red-hot
iron has kinetic energy because its molecules
are in motion. It has not, however, any
mechanical energy, for it is in a state of
rest.

Mechanical Equivalent of Heat

From the foregoing it is possible to note
what happens to the energy of a falling body.
When a ball or a stone strikes the ground,
at first sight it rmght appear that its
mechanical energy is lost, although it is
really changed into heat energy, because the
stone or ball and the spot on which it lands
will be a little warnfer after the impact than
before. If it is required to know how
much mechanical energy is equal to a given
amount of heat, we have to compare the

facts with the height that 1lb. weight will

have to fall in order to raise 1lb. of water
through 1 deg. Fahr. Dr. Joule, of Man-
chester, after many experiments, proved that
this height is 772ft.

If a 1lb. weight is dropped from a height
of 772ft. into a basin containing 1lb. of
water at 60 deg. Fahr., and if all heat pro-
duced by the impact went to warm the
water, then its heat would be exactly 61
deg. Fahr.,, but the 1lb. weight in falling
from this height does 772-foot 1b. of work,
and .this is known as the mechanical
equivalent of heat.

Conversion of Heat into Mechanical

Energy

As an experiment, place some water at
a temperature of 60 deg. in a kettle on
a gas-ring or. fire and keep a thermometer
in the water. It will be found that the
temperature of the water will steadily rise
until it reaches boiling-point, namely, 212
deg. Fahr.
stant. Yet heat is continually passing into
the water. It is, however, not lost; it is
spent in sundering the molecules of the
water ; in other words, in overcoming the
powers of cohesion, so that the liquid
changes into a gas.

It has been found that water-gas or steam
takes up 1,700 times as much space as the
water from which it was derived. In other
words, one pint of water produces 1,700
pints of steam., This is one example.of the
conversion of heat into mechanical energy
and which is made use of in driving the
steam engine. We are not, of course, able to
obtain in this way the full mechanical
equivalent of the heat employed, for a great
deal of it is dissipated in heating the dif-

At this point it remains con--

ferent parts of the machine, and much of
the heat escapes through the flues, chimney,
etc. It is- doubtful whether the most
efficient steam engine provides more than
one-tenth of the mechanical equivalent of
the heat produced by the coal burning in
the furnace.

Action of the Mechanical Powers

Every machine is constructed of a few
simple contrivances for modifying forces,
and these contrivances are known as the
mechanical powers. They are seven in -
number: the lever, the pulley, the wheel
and axle, the inclined plane, the wedge, the
tooth wheel or gear and the screw.

No matter how complicated the machine,
it must consist of a combination of two
or more of these mechanical powers. A
machine only using one of them is called
a simple machine, whilst those which use
two or more are known as compound
machines.

Power and Resistance

The power is the force applied to a
machine, and the force which the power
is used to overcome is called the weight or
resistance. In calculations relating to this,

initials are used, P denoting power, R

resistance and W weight.

Equilibrium

Whilst machines ‘are generally employed
to produce motion, they are sometimes used
to prevent motion. When a machine is in
a state of equilibrium, the power and the
weight are exactly balancing one another
and it is possible to calculate the proportion
which one bears to the other. It is most
important to know this, because when we
know the power required to produce equili-
brium thé least additional force applied to
the power end will enable the machine to
move the weight and to do work.

Mechanical Advantage

The proportion which the weight bears
to the power is termed the mechanical
advantage. As an example, if a force of
20lb. applied to a machine will cause it to
balance a weight of 4olb the mechanical
advantage is 2. If there is ‘Ethbrlum with
a power of 6lb. and a resistance of 24lb.,,
the mechanical advantage is 4. In some
machines the power {is required to be greater
than the resistance. For example, if the
power is Ioolb. and the resistance is 50lb.,
the mechanical advantage is 1.

Friction and Weight

In every machine there is a loss of energy,
and in studying the mechanical powers it
is in the first place correct to consider the
machines themselves as being without weight
and without friction. The working power
of a machine is always less than the force
applied to it. We have seen earlier that
the lost force is dissipated in the form of
heat generated by friction.

Air is an additional source of resistance
to the iction of the machine.

(To be conti;:ued)
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| Electric Water Heating Practice-4

Piping Details : Electrical Installation : Heat Losses : Maintenance : Costs

APART from cutting out a length of pipe
for inspection, the only true examina-
tion can be made by removing the inspection
cover of the hot water storage tank. Heavy
scale deposit will indicate that the water has
reached high temperatures and even, perhaps,
boiling point. The outlet of the flow pipe
from the boiler should also be closely
examined. )
Alternatively, a new system may be run
which can be carried out by installing either
a storage heater at each outlet point, leaving
the existing hot water taps in position for
use when the old solid fuel system is oper-
ated, or by installing a new system with a
pressure type of heater to operate independ-
ently and in :parallel with the solid fuel
system.

When it is decided to install independent
electric storage water heateis, e.g., one I}
or 3 gallons, at the kitchen sink, a I12-20-
gallons type to serve both bath and wash-
basin and additional small heaters at other
wash-basins, the only plumbing necessary
when - displacement type or single point
heaters are installed is a cold-water feed.

General and best practice is to feed the
kitchen * point from the cold-water mains
so that the water heater can be used for
culinary putposes and other positions

from the low pressure cold-water cold
storage system. Since cold-water outlets
at these points are nermally fed from

" thé low-pressure system, the only plumbing
necessary in all cases should be a short
piece of piping. This piece of piping should
be the same as the main system, e.g., iron,
lead or copper, but since iron- piping is
difficult to install without cutting tools,
including a set of stocks and dies, the
simplest method, where possible, is to insert
a special brass to copper fitting at the point
where the cold-water outlet is made.

Special compression fittings are made for
this purpose. If unobtainable, other types
of brass to copper conversion fittings should
be wused, one of the ' simplest being the
“ Yorkshire ” type, further details of which
are given later.

Plumbing a joint on lead pipe is not an
easy matter for the amateur, and in cases
of difficulty either a plumber should be
called in or a brass to lead fitting obtained
for .insertion between the joint near the
cold-water outlet and the heater.

These are easily fitted provided proper
jointing compound is used. A piece of lead
‘pipe can then be obtained with ‘the conver-
sion unions fitted. A piece of rubber pipe
will operate satisfactorily, but should be
used only as a temporary expedient.

When a’ complete water leating system
i3 installed to operate in parallel with an
existing system, the only alteration to the

7 1 Time Swrtch

By G. A T.-BURDETT, AMILIA.
(Concluded from page 267, May issue)

existing installation will. be an outlet from
the existing cold-water ball valve cistern.
This job can be otherwise regarded as a
new installation, of which more details are
given later.

Types of Piping
When carrying out a new installation
the question of the best typz of piping

to use always arises. For the cold-
water side of the installation it is immaterial,

Switch

2-4

Special capillary fittings of the “ York-
shire ” type are made and, if used, the job
can be carried out with little difficulty by an
amateur:

-Cppper piping also_has a higher operating
efficiency and shows considerable saving in
electricity when used for the hot water
system, as will be shown later. The “ York-
shire ” fitting which is used in conjunction
with copper tubing is made inall types and
eliminates bending of the piping. These fit-
tings include elbows, bends, obtuse bends, tee
fittings and a wide variety of special fittings
and couplings, and are
also incorporated ‘in
stop cocks, valves and
waste traps to elimin-
ate plumbed joints. .

A fitting is made to
fit each size of piping
and the base of the fit-
b ting contains a channel

Pitot _

Lamp

KW Heater

Thermostat

of solder. The copper
tubing is well cleaned
and smeared with flux,
and is pushed into the
base of the fitting up

KW Heater

D -

to the shoulder. When
in position, the heat
from a blow lamp is
“played on the fitting,

and the solder from
* the channel is drawn

c RL

L‘/UC

Pilot Light
/ RN
)
il

by capillary attraction
into the joint, and the
whole is fused
together, forming a

=/ ;Hq ot Switch

2~4 kW Heoter

copper-zinc-tin = com-
ound. It is almost.
impossible to overheat

J-Hea
Switch

| 0 @%
) 24 AL, L

a joint. Heat is ap-
plied until a ring of
solder appears round
the mouth of the
fitting.

Since: tube of
various  gauges s

Heater
Thermostat i

available, e.g., 18 and
19 S.W.G,, it is im-

Fig. 24.—Four methods of controlling electric water-heating installations.
(a) Is a normal hand-controlled circuit ; (b) is a conventional thermostatic
control with no switch ; (c) is the converted three-heat switch control
with pilot light, and (d) s a combined thermostatic and three-heat

switch contral circiit.

but for the hot-water side copper is un-
doubtedly the best. At present, however, the
decision must depend upon the materials
obtainable.

If iron pipe is available, care must be
taken with the joints and, if it is to be in-
stalled in existing property, considerable cut-
ting away and making good of the house
structure and decorations may be nccessary.

Lead pipe, on the
other hand, can be
installed with mini-

K

2 KW Heater mum of cutting away,
but care is necessary
in handling, and a

complete installation

N ———
Shorting Switch
For Iime Switch

- Supply Piloe Light

Fig. 2§8.—Tsme switch control with * bridging > switch.

<

Control/ Unit with / 18
¢

should be carried out
by a plumber, or
troubles will develop.

Copper piping, on
the other hand, besides
being easier to obtain
at present than lead
piping, is simple to
install.

portant to ensure that
the gauge number on
the fitting is identical
with that of the tube.

When necessary to

take a joint apart, for

alteration to the system or for other reasons,

both the tube and the fitting can be used
again.

First the fitting is re-heated and the tube
withdrawn. To re-make the joint, the fitting
and tube are re-heated until the solder ring
is around the fitting mouth as before. If a
new untinned tube is used, to re-make a joint
this must be cleaned and evenly fluxed. When
heated, solder is applied to the mouth of the
fitting. ]

No trouble will arisc with these joints if
properly made. To ensure no faults or leaks
will occur, the tube should be cut square

-with a hacksaw and burrs removed and the

outside of the tube properly cleaned with
fine sandpaper (not emery), or steel wool.

Each joint takes a minute or so to “ sweat,”
and when installing a copper tube system,
all lengths .can be cut, each cleaned and
fluxed, and inserted into fittings before any
“ sweating ” is carried out. When all the
pipe work is ready, the blow lamp can be
prepared and each joint “made.” Care
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must be exercissd to ensure that the tube is
pressed “home” into each fitting and that
‘no joints are forgotten or, when the water 1s
turned on, leaks will occur.

If a leak does occur in a horizontal pips,
due to bad workmanship, difficulty may be
experienced in either re-making the joint or
removing the fitting, owing to the presence
of water, which will prevent the fitting heat-
ing up and melting the solder. Water must
therefore. be drained out first.

If extensions are contemplated later, tee
fittings may be inserted,in the place of coup-
lings, and a stop end or cap inserted in the
un-used tee. This practice saves work later.

Fixing Water Heaters

I is essential that water heaters be pro-
perly fixed or considerable-damage will result
from their falling out of position.

The weight of a water heater full of water
is not always appreciated. Since one gallon
of water weighs 1olbs, a 12 gallon water
heater, which weighs approximately 72lbs.
when empty, will weigh 190los., or over
1cwt. more, when loaded.

A good brick wall should be chosen so that
rag bolts can be used.  These are well
cemeated in, and the best fixinlg is ‘obtained
if the hole cut for each bolt is made as small
us possible. .

If the wall is lath and plaster, it is often
possible to chose two upright studs and
place bolts right through the wall. Where
the studs do not coincide with the fixing
brackets, stout wood slats or iren bars
should be obtained and drilled accordingly
(Fig. 23, May issue). One bolt of each
should, if possible, coincide with the stud.

Many party walls in bathrooms are made
of * breeze” blocks or cavity bricks, ‘which
are not suitable for direct fixing. Bolts
should pass through the wall, with large
metal washers on a wood or irdh bar placed
on either side.

Provision must be made for the overflow
pipe when installing cistern type water heat-
ers and head room for inspecting the small
cistern should also be provided.

Room below the heater must also be
allowed for withdrawing the elements.

Since a vent or expansion pipe is necessary, .

Fig. 27.—Hot water outlet removed from small displacement type water heater.
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with a pressure type water heater, the heater
must be fitted in a position to allow the un-
interrupted rise of water in this pipe.
Although usually these terminate in a bend
over the cold water cistern, they may ter-
minate clsewhere provided they are at least
a foot above the highest level of the cold
water system. It is good practice also to
allow an extra foot for each 2oft. rise since
13ft. of cold water will support 14ft. of hot
water ; the former being, of course, of higher
density. If the expansion pipe is not high
enough, a few pints of water will be ejected
each time hot water is drawn off. Two or
three draw-offs in quick succession will result
in wastage of hot water and a higher
operating cost. '

It is always desirable to install a cold water
cistern at the highest point to produce the
most pressure. on the system. Where there
are restrictions in space and a displacement
single point heater is installed} erratic opera-
tion may result. When the cold water inlet
is operated the hot water flows but after about
one minute the flow ceases and then gushes
out and stops again.

This is due to insufficient pressure ; the hot
water outlet being greater than the cold inlet.

It can be cured by either increasing the
size of the inlet or by reducing the size of the
qutlet; the former being the better alterna-
tive.

Note

rushroom head' of anti-drip device where scale usually forms. - This must not be bent or
otherwise damaged when scraping off scale,

e e R

Fig. 26.—Apparatus-plate assembly of 1 kW, displacement
type water heater removed for inspection:”

" rubber sheathing.
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Electrical Installation

The water heating electrical installation is-
normally a small proportion of the total work
and rarely consists of more than a simple
electrical heating point, though with some
forms of hand control more' complicated cir-
cuits are employed.

The same principles apply to both the self-
contained thermal storage heater and the con-
version installation.

Where thermostatic control is adopted, and
it is with all factory produced therinal storage
heaters, wiring need consist of only a single
circuit terminating in a switch plug adjacent
to the heater. This circuit may be taken off
a spare way of a heating distributing or fuse

- board, but where none is
availatle it may be necessary
to install .a separate circuit
right back to the meter posi-
tion. Here a separate main-
switch and fuse unit will be
necessary.. Such an indepen-
dent circuit is particularly
desirable where special low
rates of charge are available
from the electricity supply
authority for water heating.

An alternative to a switch
plug, at the heater end of the
cifcuit, can consist of a
special water heating control
panel which incorporates 2
red light to indicate when the
current is on. This is not
necessary with thermostatic-
ally controlled installations
since the heater is usuaily
left in circuit continuously ;
the thermostar automatically controlling the
current to the heating element.

Lead covered cable, vulcanised rubber in-
sulated (V.I.R.) in conduit and tough rubber
sheathed (T.R.S.) are all suitable wiring
systems for the circuit. Normally the type of
cafle employed in the main installation, e.g.,
house- lighting, heating, etc., should be used
for extensions, but sometimes it is desirable
to adopt an alternative method.” For in-
stance, should a watertight installation: be
desirable for outdoor work, or lead covered
cable to obviate interference with decorative
schemes, a departure from normal practice is
justified.

Provision for earthing the electrical appara-
tus is necessary and where steel conduit, lead
covered cable or T.R.S. cable with earth is
employed, no further earthing conductor will
be necessary. Otherwise, a separate earthing
wiré is necessary which must consist of a
bare tinned copper cable of a size -of not
less than-7.029.° This is a standard cable
stocked by most electricians.

Switch Plug

_A s-amp. switch plug and 3.029 cable 1s
suitable for water heaters having loadings up
to and including 2.0 kW. Above this a 3 kW.
(15 amp.) plug must be used with- circuit
wiring of a size not less than 7.029. A suit-.
able lead from the plug to the heater com-
prises 3-core flexiblc cable covered with tough
Where large heaters are
installed, having loadings of 4 kW. and above,
special circuits must be installed with suitable
control gear ; the capacity of which will de-
pend upon the electrical load. Although
switch - plugs should, where possible, be
installed adjacent to the heater, special pre-
cautions must be taken in bathrooms and
similar locations to ensure that the plug can-
not be reached by a person in the bath, or
when operating a water tap at the sink.

In fact the installation should meet the
conditions. and recommendations laid down
in the LE.E. Regulations for the Electrical
Equipment of Buildings, and conform to the
Electricity Supply Regulations,

&
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Hand Control

This is used on non-thermostatically con-
trolled installations, whether of the conver-
sion type or factory made non-lagged
heaters. Switch control is essential, and may
either consist of a switch plug or control
unit. Where a switch plug is used, a pilot
light should be fitted so that the user can
see when the heater is on. Special control
units for water heating are available, and
usually include pilot lamps. Omission to
‘install a pilot light on hand-controlled instal-
lations may result in the heater being left
switched on. The water will then get too
hot and probably boil, and the tank may
burst, with consequent damage to ceilings
and so forth.

A satisfactory method of controlling an
installation of 2 kW. and aboye is by the
three-heat method (Fig. 24). This switch
gives a choice of high, medium and low
heats. For general use low or medium is
sufficient, but when a large quantity of water
.is required quickly, such as for a bath, the
switch may be turned to high.

From the illustration it will be seen that
to operate an installation by means of a
three-heat switch, the heater circuit must be
split into two parts. This is normally pro-
vided at the element terminals, for where a
I kW element usually, though not always,
consists of a single element, a heater having
a loading of 2 kW or more consists of two
elements. Where the heater consists of onc
element only, it cannot, of course, be adapted
for three-heat switching.

On high, the two elements are connected in
parallel and give maximum heat; on
medium only one element is operated and
gives half heat, and on low the two elements
are in series which gives one-quarter heat.
Therefore, on low the heating effect of a
2 kW heater would be only 3 kW.

No switching arrangement will, however,
replace the thermostatic automatic control,
which should be used where possible.

A good alternative is, however, possible by
using a time switch. This is installed in the
circuit (Fig. 25), and may be set to “cut in”
about an hour before hot water is required.
Where this is used, it will be found advan-
tageous to sct the switch for early morning
supplies of hot water, and, by incorporating
a hand switch, the time switch may be
bridged during the day to give normal hand
operation.

Heat Losses in Pipe Work

Heat losses should be reduced to a mini-
mum to give the most efficient -installation.
These occur in a number of ways.

Loss of heat occurs in the storage vessel.
From an unlagged conventional hot-water
storage tank the losses are considerable, and
if the installation is thermostatically con-
wolled and in continuous use the system
would be uneconomical. Adequate lagging of
the tank reduces such losses to reasonable
proportions.  Losses in factory-produced
thermal storage water-heaters are compara-
tively low. Figures for the various sizes
were given earlier in this series.

Remaining losses are pipe losses. These
are due to (a) heat absorbed by the metal
in the pipe, e.g., copper or iron; (b) radia-
tion and convection loss in the pipe if kept
hot ; this varies depending on the pipe and
its location, and (¢) heat stored in water
where this is allowed to cool. “Water in a
pipe which serves a tap that is seldom used
will become cold after use and results in a
“dead leg” of water. .

Since the metal in an iron pipe is greater
than that in one of copper the losses from
the heat stored in the metal are greater in
the iron than the copper. For example, if
the temperature of the water is 180 deg. F.

~
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the losses per foot run. in an iron
pipe of }in. bore are 4.4 watt hours comh
pared with 1.1 watt hours for copper. There-
fore, each time water is drawn through a
pipe having a *“ dead leg ” of cold water, four
times the losses will occur in iron compared
with copper.

Radiation losses are only of importance
where the water is being continually drawn
off. These amount to approximately 20 watts

Heater Eiements

o f

Test Lead
And Lamp

1" +
Electricity Supply
Fig. 28.—Testing water heater for electrical
Jaults. A small test lead comprising lampholder,
lamp and flex should be constructed and each
part carefully tested with the electric current
switched on.

per foot run of iron pipe. Losses from copper
pipe (unpainted) are about 60 per cent. of
this. If the pipe is painted a dark colour the
losses will be higher.

Convection losses are due to the free pass-
age of air around a ‘pipe and are greater when
the pipes are exposed to the cold air.  Since
the surface area of an iron pipe is greater
than that of copper, convection losses in
respect of the iron pipe will therefore be
greater. If the water in a pipe is allowed
to become cold, radiation and convection
losses are of no account since all the heat is
lost anyway.

Losssin heat stored in the water content
where the water has cooled is about 3 watt
hours for }in. pipe and 7.5 watt hours for
a 3in. pipe. These losses can only be reduced
by using a pipe of lowest possible bore and
ensuring that pipe runs are short.

Lagging Pipes

Losses in pipes are reduced to about I1/5§
when an iron pipe is lagged. The losses
from a lagged copper pipe are of cdourse the
same as that from an iron pipz.

While lagging of pipes appears to result in
appreciable savings of current, in practice
this is not so.

There is nothing to be saved in lagging

a pipe which is infrequently used, e.g., pipe
feeding the bath outlet.  Generally, if the
intervals between draw-off are greater than
20 minutes, no saving accrues from lagging
since the water has ccoled in spite of it.
- If long runs of iron pipe are made to fre-
quently used taps such as the kitchen tap,
lagging should be carried out.  Consider-
ation should also be given to lagging a copper
pipe where the run is excessive and the
pipe is exposed, but in such cases savings
are best made by installing an independent
water heater at this point.

A greater amount of energy can always be
saved by reducing the amount of heat
absorbed by the water and pipe. This is elim-
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inated entirely when a separate heater 1s used,
but the losses of the heater must be con-
sidered. Copper pipes, in this respect, are
superior to iron. Owing to the smoother
bore of copper pipe, and the use of easy
bends, it is often possible to reduce the pipe
bore when using copper. For instance, 1in.
copper pipe can be used for the same purpose
as 4in. iron pipe.

In normal circumstances about 20 pints
of cold water have to be drawn off a 15ft.
 dead leg ”’ of }in. iron pipe before the water
temperature reaches 150 degs. This com-
pares with 8 pints' from. }in. copper and 6.
pints from 4in. copper pipe.

Maintenance

Little maintenance is necessary for electric
hot water systems over a period of years.

Chief troubles arise from scaling.  Small
heaters of the 1} gallon and 3 gallon class
may require de-scaling ini hard water districts
every six months where the thermostat is se;
high, and large water heaters may require
treatment every two years. In soft water
districts and where the thermostat is set Tow,
e.g., 140 deg. F., de-scaling need be carried
out only once every five years.

De-scaling is simple to carry out.  First
the electricity is cut off and the water drawn
from the heater.

The thermostat and element (Fig. 26) may
then be removed. The apparatus plate is then
lifted off by .removing the bolts or screws.
A new gasket will be required before replac-
ing the apparatus plate,

Most of the scale will be found on ths
casings of the thermostat and elements and
these should be well scraped. All - scale
should then be taken out of the ‘container
and the hot water outlet inspected since the
scale usually forms here and restricts the flow
of hot water through the outlet. Care must
be exercised when de-scaling to ensure that
the mushroom head (the anti-drip device,
Fig. 27) is not damaged or .bent or this will
not operate correctly.

Having cleaned the container, element and
‘thermostat casings and .obtained a new
gasket, the apparatus plate may be refixed,
taking care the gasket fits well and all bolts
are well screwed home. The element and
thermostat are now replaced, connections
made, drain plug fitted and the water turned
on. -

Thermostats may need adjusting since the
setting may have altered during the removal
of the element.

In cases of doubt as to dismantling a
water heater the makers should be consulted.

7

Electrical Faults
If the heater does not operate (water does

— T ——

Fig. 29.—klectricag connections of a typical
water heater with cover removed.
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not get hot) when ‘the current is switched on,
and the fuses are intact, and the current is
at the switch plug, it is most likely an element
fault. .

This can be ascertained by testing the term-
inals with a pilot light which consists of a
lampholder, short piece of flexible wire and a
lamp (Fig. 28). If there is no light, the
thermostat has probably stuck in the open
position.

The tefminals T1 and T2 should be
bridged by a short piece of wire (Figs. 28 and
29) and the pilot lamp test repeated. If
no light, the fault lies in the wiring, but if
the lamp lights, indicating an element fault,
the element should be inspected. Where
there are two elements, as in Fig. 28, rarely
will both elements fail simultaneously.
Therefore the connections at Hr and H2
should be carefully inspected.

Before removing the element, the connec-
tions should first be, inspected, after switch-~
ing off the current, and if these appear O.K.
the element should be withdrawn.

The withdrawable element type can be re-
moved by releasing two nuts holding the

porcelain former, after the electrical connec-

tions to the thermostats are removed. The
tubular sheath and flat blade sheath type
cannot be removed, however, without first
.drawing oftf the water. These elements are
then released by removing the large locknut.
Practically- all thermal storage heaters have
withdrawable _elements and difficulty in re-
moving the elements. will therefore only arise
in_conversion installations where the element
is immersed in an existing tank.

'NEWNES PRACTICAL MECHANICS

Rarely is it possible to repair elemerits and
they should be returned to the maker$ for
replacement, quoting the voltage of the eléc-
tricity supply. Damaged thermostats, too,
cannot be repaired and should ‘be returned
for ‘replacement.

Water Boiling due to Electrical Faults

Boiling of water can usually be traced to
damaged’or stuck thermostat ; that is, stuck
in the closed position.” ¢

To test for this fault, 2 pilot light is placed
across the element terminals and when the
water has reached the temperature at which
the thermostat is set the lamp should be
watched. If this does not go out when the
temperature of the water i1s raised a few
degrees above the setting temperature, a
damaged thermostat can be suspected. No
attempt should be made to repair it, but it
should be returned to the -makers.

More serious faults such as continuous fuse
blowing, which is usually due to a short cir-
cuit or an ‘* earth,” should only be corrected
by a qualified electrician. In fact, since the.
tests described must be carried out with the
electricity on, they shoald not be attempted
unless the user is a competent electrician.

Costs

_True costs of electric water heating are
difficult, if not impossible, to estimate.

. Consumption of electricity always depends
upon what use has been made of the water
heating system, frequency of baths, number

Direction

N the March .issue of PRACTICAL, MECHAN-
ICS mention is made of an American rear

Fig. 1 (above). —

Front and side view

of the ‘indicator

showing the position
of bulbs.

Fig. 2 (right). —
Lamp box and base
showing the earth
wiring connections to
bulb holders.
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in family, whether electric water heating only
is used or whether it has operated in conjunc-
tion with a solid fuel system. Consumption
will also depend upon whether thermostatic
control or hand operation is used, and the
efficiency of lagging.

Where the water heating is .solely by elec-
tricity, annual consumption in ‘a small house
of 3-5 in family is in the order of 2,500-
3,000 kWh. This cost depends upon the-
charges for electricity which, for domestic
electric water heating, vary between 3d. and
4d. per kWh, depending upon thé¢ supply
authority:

Thus, where the consumption is as above
and the charges are id. per kWh, the annual
amount will vary between £5 4s. od. and
£6 5s. od., or from 2s. to 2s. 6d. per week.
At 4d. per kWh and the same consumption,’
this will be from 3s. to 3s. 9d. per week.

These figures have been taken for a therm--
ostatically controlled installation, where the
supply authority normally offers-a low rate
of charge.

When the installation is hand controlled,
the charges per unit are~often high but, since
the consumption of electricity is usually lower
with hand control, the annual consumption
of electricity is usually lower. These figures
are given as a guide and a guide only, since
in practice they vary between households.

While electricity for water heating ap-
proaches the ideal, due to its general efficiency
and- cleanliness, no existing system should be
converted where it is obvious that it would
not operate efficiently if so converted.

Indicator for Cycles

By F. M. EASTON

light for a cycle giving indication of turning
left or.right. The writer has had, for about
twelve months now, a device
i of the same nature on his
i_ cycle which also includes

@q} “Stop” and. rear lights.

¢ The accompanying illustra-

tion, Fig. 1, gives a good idea
of the appearance of the
finished. indicator.

Constructional Details
The lamp box and base
are made of aluminium, the
base being jin. thick. The
:[:@ box, which is cast in one
‘ piece with -divisions, as
. | shown in Fig 2, .is fitted on
to the base in the manner
shown in order to have the

il

To Be Bene
T fit
Mudgverd

Buib Holders
Wired ro
Common £erta

joint away from the bulbs, thus preventing
the light creeping into the compartment not to
be illuminated. The coloured glass, Perspex
or celluloid, is glued to the inside of the box.
* The “ Stop ” light is worked by a press-
button on the handle-bar. - The *“ Left > 'and
“Right ” arrows are operated by a two-way
switch with central “off ’ position (similar to
a -dynamo-battery switch for head-lamps).
The “rear ” light is lighted when the head-
lamp is switched on. )

The wiring is held under the rear mud-
guard by a brass strip bolted to the mud-
guard. In the writer’s case, the head-lamp
switch is under the lamp, which left room at
the top to fit the * indicator ” switch.

‘The press-button switch for the * Stop >

light was used to save electricity when hold-

ing the rear brake on when theré is no need
to give indication of stopping.

TWO VEST-POCKET BOOKS!

WIRE AND WIRE
GAUGES
By F.J. CAMM
3/6; or by post 3/9

NEWNES’ RADIO ENGINEER’S
POCKET BOOK
By F.). CAMM
3/6, or by post 3/9

Obtainable from booksellers, or by
post from George Newnes, Ltd.,
(Book Dept.), Tower House,
Southampton Street, Strand, W.C.2.
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A[l—pur’pose British “Crawler”

being kept to a very
pleasant minimum.

Overall Details
The jnduction ex-
haust silencer and
cleaner is one new
original item which
performs a  triple
action ; before entering
the carburettor the air
is cleaned and. also
heated, and by this
means efficient vapor-

The new machine with small tool ass.embly artached.

NEW 74 h.p. universal crawler prototype
incorporating several revolutionary
features has just made its appearance.

Its inventor is a North London experimental
and welding engineer, Mr. Richard Bradford,
who with the aid of some able assistants

built it entirely from scrap in his small.

workshop.

New Features

~ The design incorporates 21 years’ experience
of the snags encountered by the owners of
land machinery in general and the need to
produce a machine meeting as far as practicable
their many wants.

Probably the most striking feature is the
way in which the 3 cwt. of working machinery
is so finely balanced on one miniature-linked
crawl track of only 6in. width while 18in.
of its length contacts the ground directly;
the entire mechanism is within 12in. of the
ground. - This produces an unusually low
centre of gravity, and the drag on taking
bends is eliminated.

Original Engine

The air-cooled engine of 825 c.c. runs at
2,500 revs. and the amount of fuel consumed
for an average full day’s land work is three
‘gallons of fuel, which can be either petrol,
paraffin or keroséne. The normal forward
speed is 3 m.p.h. and a compression start is
effected by means of a handle; if desired, a
kick start could be fitted. Starting is easy
and of instantaneous regularity, vibration

isation is assured and
the engine kept to
peak performance,
carbonjsation is prevented, ecngine noise
suppressed and an exhaust channel is inte-
grated with the structure. The exhaust stack
has a swivelling louvre to stop fumes from
blowing back in the face of the operator.
Self-cleaning strakes are a part of the track
assembly, and these remove soil automatically
and prevent fouling.

The widih, height and length of the steering
is adjustable by a-simple movement, one
column of which carries the two controls,
clutch and throttle. The gears, which are
epicyclic and in constant mesh, are of single
speed, and immersed completely in an oil
bath.

The whole machine can be stripped down
within 15 minutes and all normal adjustments
are very easily accessible. It can climb a one
in three gradient and engage unusually rough
ground.

Operational Roles

When used for agricultural purposes this
machine will do the heaviest work, though
naturally slower than the large single-purpose
motor tractors using three times the amount of
fuel to cover large tracts quickly. From
then on it comes into its own on such duties as
keeping the farmland clean, removing head-
land wastage and cultivating between close-
growing bushes, trees and plants, allowing
more growth per acre by ‘means of its one
small track and its narrow width

Universal Tool Frame

Another new machine, the * Universal

A Remarkable Machine Which is ‘No Larger

Than a Lawn Mower

By R. R. RUSSELL

Tool Frame,” here makes iis appearance.
This multi-purpose trailer-type attachment,

-which is meant for usc’ either with the

“ crawler ”” or any of the large range of auto
tractors, eliminates approximately’ 10 tons
of heavy farm machinery. To complete.
the unit is a full range of tool assemblies,
and these are fully adjustable, and more
compact in size and weight then the con-
ventional type, and include ploughs, harrows,
drills, etc. * Elevating irito position or lowering
is done by a lever control situated next to the
sprung driving seat. Removal of a steel
pin jettisons the assembly in a few
seconds.

For the smaller duties a minor set of the
heavier tool assemblies each with their own
individual lever control fit directly to the
machine, which can then be walked around.
Used for horticulture, the same * crawler
fitted with a hard rubber track and a suitable
range of accessories will carry out the mowing
of grassland and lawns,. weeding, spraying,
edging and digging. Its specialist duties
include the pulling of co-axial cables throught
cable ducts, and acting as a light snowplough.
An adequate tool box is to be fitted to the
frame, and headlamp and rear lights attached
for night work.

Negotiating Difficulties .

Behind the construction of the prototype
is a story worthy of mention. The inventor
and his assistants were faced by an’acute lack
of steel, which looked like stalling their
project, and so some ingenious and unorthodox
methods were followed. They converted,
by means of an acetylene cutter, a 100-year-
old steel beam from the workshop roof
into such important items as the flywheel,
crankshaft, engme bearer brackets and side’
frame. A piston was taken from a 105 mm.
bore diesel engine and used for the specially
designed engine of the crawler. The cylinder
was formed from a section of drainpipe.
The rest of the machine and the universal
tool trailer was constructed from a variety of
scrap metal, retrieved from dumps.

Further mformauon concerning this remark-
able machine can be obtained from Messrs.
New Welding, 308, Wightman Road, Hornsey,
London, N.8.

Clos::up vizw of a small plough unit, with an individual lever setting.

\..‘-fn. .
j-ﬂ s

The tool frame with harrowing tool in position.
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EING desirous of building a small lathe

B for a friend, it was decided to incor-
porate screw-cutting and back gear
features if possible. ‘This meant producing
a set of twelve gear wheels for change wheels
and back gear. Features of the general
design of the proposed lathe, such as -pitch
of lead screw and major dimensions, indic-

Gear Cuttingd With the

y A Novel Method of Obtaining the

7

e

L

Fig. 1.—Photographs, with templates and cutters derived from them, and arbor for cutters.

ated that wheels of 20 diametrical 'pitch
would be the most suitable.

The relationship bétween the number of
teeth and the diameter of gear wheels is
generally expressed in terms of diametrical
pitch. This is a convenient figure indicating
the number of teeth on the wheel per inch
of pitch diameter. Thus a wheel of 20 pitch
having 5o teeth will be 23in. pitch diameter,
one of 24 pitch and r}in. diam. will have 30
teeth, ahd so on.

No. 20 pitch cutters were unavailable, but
a text book on gears and gear-cutting was,
and study of this made the subject reasonably
clear. Various diagrams showed the evolu-
tion of the involute tooth shape with the pro-
portions and factors invelved, so a large
scale drawing was started of a portion of a
gear wheel to 20 pitch proportions, with the
idea of scaling this down by means of a
pantograph or other mechanical means to
produce a template for shaping up a fly-
cutter. This attempt failed, for a reason
which the book pointed out, that “ the true
involute shape can have no existence inside
its own circle of generation.””  This was
found to be true on attempting to draw the
full- tooth outline accurately, and the writer
could find no work of reference which showed
how this portion of the tooth could be
drawn geometrically—that is, the portion of
the tooth flank from the pitch circle to the
root of the tooth. There the project stuck
while attempts were made to borrow a set of
20 pitch cutters—without avail. Eventually
an idea dawned which developed into the
set-up as shown in the photographs.

Principles Involved )

The germ of the idea 'was that any gear
wheel having a given number of truly in-
voliite teeth is proportionately the same as
any other wheel with the same. number of
teeth of any other pitch. -Or, expressed from
another point of view, the difference*between
any two gear wheels each having the same
number of teeth is merely one of size, in
direct proportion to their pitches. An example
may make this clearer; one has, say, a wheel
of sin. pitch diameter having 80 teeth. This
would be 16 diametrical pitch. *Now, if this
is scaled down in a ratio of 5 : 4, that is, to
4in. pitch diameter, the result is a correctly
shaped wheel of 4in. pitch diameter having
80 teeth. Now a 4in. pitch diameter wheel
with 80 teeth is clearly a 20 pitch wheel.

Consideration of this will show that the ratio
of 5 : 4 is one that holds good throughout
the range of sizes of both the 16 and the 20
pitch wheels. g

This idea seemed to have possibilities, as
a range of change wheels was available as
specimens to be reduced to produce a similar
range in 20 pitch wheels. A way was then
sought of reducing these accurately, elimin-
ating the ‘“human element’ as far as
possible, and the obvious way soon presented
itself—do it photographically.  This idea
seemed particularly- attractive, as it became
apparent that by effecting the reduction with
the camera it was completely unnecessary to
establish the exact ratio of reduction, or even
to know the pitch of the wheel$ to be copied.
The 'range of wheels required was from 20
to. 50 teeth by increments of s, including
four 20’s and three 50’s. These extra wheels
at each end of the range were for the back

gear, which required two each of the 20 and.

so teeth. The text book gave a list of the
B. 'and S. gear-cutters in a set covering
various numbers of teeth frorh a rack down-
wards, from which it appeared that one cut-
ter was suitable for 35-<4 teeth. A deviation
from this was thought advisable-to equalise
the wear on home-made silver steel cutters,
so it was decided to try and cut the range
with three cutters, hav-

camera 'tripod was arranged to straddle the
lamp, with the camera aimed downwards
directly over the wheel between two of the
tripod legs. By movement of the wheel so
that an even ring of the bore could be seen
on the focussing screen, it was made certain .
that only the outline of the top surface of
the wheel was photographed, with no fore-
shortened view of its thickness to confuse the
outline. The number of teeth of the wheel
being dealt with was written in indian ink
on a scrap of tissue paper and placed under
the wheel so that the number was legible
down the bore of the wheel, and so was auto-
matically reproduced in the print. For those
interested in the photographic technical
details, a 4o-watt lamp was used about 4in.
below the wheel, exposures were 1/25 second
at f.11 on P.r200 plates which were devel-
oped in D.76 for 50° per cent. over normal
time. Normal print procedure was cdrried
out with vigorous glossy paper. Quite small
pieces of paper were used for the prints, as
they needed to be no bigger than sufficient to
give a working margin round each wheel. .
The accuracy of the reproduced tooth
shape is largely dependent on the correct size
of the wheel in the print; so particular care
was taken to get this as correct as possible.
An old scrap print on the -same paper was
found, and on the white back of this circles
were drawn to the correct outer diameter of .
each wheel. These circles were drawn in
indian ink, with the pen points adjusted ‘to
give the finest possible line. The 25-teeth
wheel of course, had a pitch diameter of
2 Dp X (N + 2)
1.25in., and from the formula ————

the overall diameter came to 1.35in. This
was a measurement easily obtained- from a
steel ruler marked in 2oths. In focussing the
enlarger a sharp image was. aimed for, with
the tips of the teeth.just touching the inside
of the circle.

A further -useful point here became evi-
dent, which had not - been realised at the
start of enlarging, and that is that as the
wheels were all photographed without alter-
ing the camera position, when once the en-
larger was set for one wheel it should be
correct for the others. This proved to be
so, and advantage was taken of it to ‘provide
a check on the size of the projected image
by checking for size. with the largest wheel

ing shapes based on the
25, 35 and 45 wheels.
This allocated them
105, 105 and 195 teeth
each to cut, respectively.

Photography’s Role
Accordingly, these
three wheels were
thoroughly cleaned, and
photographed in  such
a way as to produce the
sharpest outline and
blackest silhouette pos-
sible on a light back-"
ground. This was done "
by tilting a lamp with
a metal reflector so
that it pointed vertically
upward, laying a sheet
of glass on it, and plac--
ing each gear wheel in
turn on the glass on

two  thicknesses . of
tissue paper. T he

Fig. 2.—Gear-cutting rig dissembled, showing component, parts.
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Aid of Photography

Correet Tooth Shapes. -

in its circle after focussing with the smallest
one, Prints of each wheel were then made
in duplicate, in case of damage or wear and
tear on the surface of the print which might
spoil the clarity of the outline.

Producing the Cutters

The next stage was the production of a
template to the outline of one tooth space,
and a small piece of 1/16in. mild steel strip
was used for this. It was not thought worth
while case-hardening this for a “one-off
job,. as . the possibility of distortion through
heating and -quenching seemed greater -than
the chance of inaccuracy through wear and
tear.

Cutter blanks were then prepared, and as
can be seen from Fig. 1, these take the form
of discs arranged to run eccentrically on an
arbor held in the lathe chuck, and having
the rim turned to the required form. The
cutter blank was faced both sides while run-
ning truly, then gripped the necessary
amount eccentric in the four-jaw chuck for
drilling and tapping. A short, stubby arbor
was then gripped a similar amount eccentric
in the chuck, and its position adjusted when
the cutter blank was mounted on it so that
the blank ran true. The edge of the blank
was then turned to form to match the tem-
plate. A sector was cut out to form the cut-
ting edge, so that the tip comes at the point
furthest from the arbor centre. This shape
of cutter has the advantage of being easily
produced, and is capable of being sharpened
a great number of times without losing the
accuracy of form.

Set-up for Cutting the Gears

. The actual gear-cutting rig is very simple,
and was made up from oddments from the
scrap-box. The illustration, Fig. 2, shows
the components, which consist of a main sup-
porting bar 1in. square, bored and split at
one end to receive and grip a double-ended
mandrel. The split and clamp bolt through
the bar are located on the side of the man-
drel away from the chuck. This was to
avoid increasing the overhang of the cutter
arbor necessary to reach to the centre of the
gear blank. The mandrel holds the gear blank
on one end, where it is clamped by the in.

By L. C. MASON
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greater length of bolt on the opposite side
of the block,

The main bar is drilled for bolting by two
2in. bolts to the. vertical side of an angle
plate mounted on the cross slide, the spac-
ing of the holes being arranged to match the
angle-plate slots. The bolt furthest from
the job is reduced where it passes through

7

Fig. 3.—Gear-cutting set-up in operation, showing 25-toothed wheel being cut,

nut against the mandrel flange. The other
end carries a spacing collar and change wheel
for indexing from the lathe. The nut on this
¢énd clamps these two against the shoulder
of the mandrel. The larger diameter of the
mandrel is a fraction longer than the thick-
ness of the bar, so that when the indexing
wheel and gear blank are clamped up tight
the assembly of mandrel and wheels can turn
freely in the bar without appreciable end-
play. Indexing round to each tooth position
is effected by the Zin. boit which passes
through the square block mounted on the
bar. The bolt is threaded to screw tightly
through the block, has its end shaped to fit
the space between two of the change wheel
teeth and is locked in position with the lock-

nut tightened against

the face of the block
(Fig. 3). This block
is located on the bar
in relation to the
mandrel centre so
that it just clears the
largest wheel likely to
be used for indexing.
This provision for
using the largest of
the change wheels—in
this case the 60 teeth
wheel—was -made so
that it could be used
to- index the cutting of
the 20 and 30 teeth
wheels, selecting every
second or third tooth
on the change wheel,
This procedure tends
to minimise any errors
of circular pitch which
might be present in
the change wheel.
With the largest wheel

Fig. 4.—Set of 12 home-cut gears for lathe change wheels.

in use, the locknut is
.transferred to  the

indexed by the lathe’s own so-toothed wheel.

the angle plate’s 3in. slot to 5/16in. to allow
of some side movement in the slot to per-
mit pivoting the bar on the nearer bolt for
height adjustment of the gear blank.

Gear Blank and Index Wheel

Determination of height for the gear blank
was carried out by mounting the cutter and
arbor in the chuck and turning the cutting
edge to its lowest position. The blank was
then assembled on the mandrel with its
appropriate change wheel and the bar com-
plete bolted lightly to the angle plate. The
angle plate was then bolted down on the
cross . slide positioning the bar across the
lathe bed and the slide traversed across to
pass the edge of the gear blank under the
shoulder of the cutter.- This positioned the
angle of the bar so that the cutter would
cut full depth and its shoulders just touch
the rim of the blank—that is, what would
be the tips of the teeth. In this way, con-
siderations of depth of tooth are conveniently
by-passed, being determined automatically by
template and cutter shape. The bar was
then carefully tightened on the angle plate
and the whole assembly removed from the
cross slide and turned 9o degs. to bring
the edge of the blank in position across the
cutter. The centre of the blank was brought
under the centre of the cutter by the lead-
screw, the saddle locked on the bed, and
the whole set-up fed across to bring the
blank behind the cutter, when all that
remained was the actual cutting.

It was found that back gear was best for
this, as the slower speed gave a better finish
and less vibration. Very light feed was
required with plenty of cutting oil. A group
of the resulting gears is shown in Fig. 4.
Cutting the teeth this way with a single
point cutter is a very slow business, but
where the whole project is a spare-time job
this is of secondary importance, providing
one has enough paticnce.
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Twenty Years from

Questions of the Future
- By Prof. A. M. LOW
ago it was easy for any

N twenty years from now every single
I thing you know will be entirely differ-
ent. The world will have changed out
of all recognition. Judge for yourself by
looking back twenty years. In 1927 the
Atlantic had yet to be flown from east to
west in an aeroplane. Only these few years
ago the first solo flight by Colonel Lindbergh
was such a sensational event that it held the
headlines for days.

Look up the last edition of the Encyclo-
pedia Britannica, published about twenty
years ago, and you will find no entry for
radar, penicillin, electronics and a score of
inventions and discoveries which to-day
every schoolboy understands.

The idea of “splitting the atom” was
considered Wellsian—something that might
happen some time, but more likely in the 21st
century than the 20th and certainly not
likely to trouble anyone living in 1927.

Aircraft, it was assumed, would always be
driven by petrol engines which would become
more and more powerful. The “jet * engine
was not even mentioned, although in fact the
R.AF. had begun some tentative investiga-
tions which were not to be taken .wvery
seriously until ten years later. As for rockets
—they were things which boys fired on Guy
Fawkes night and anyone who suggested that
they might be fired from Germany to London
might have risked being certified as a lunatic
or a sensationalist trying to disturb inter-
national peace!

A little- earlier I had written one of my
early books, “The Future,” and some
reviewers had treated its forecasts with good
humour as the work of a scientist using his
imagination, or an inventor having-a night-
mare. To-day, the book seems stale—so
many of the forecasts which then seemed
“ sensational > have become accepted com-
monplaces. )

Yes, a_great deal has changed in twenty
years.” Not only in the field of the physical
‘but in the social sciences. Men and women,
their values and their customs have undergone
great changes.

We can reasonably expect changes at least
as great to take place in the next twenty years.
Always remember that nothing ever remains
unchanged for -even a part of a second. If
you will read any newspaper of twenty years
ago you will wonder “ how it could have hap-
pened.” Unless you can think forward.to-day,
in twenty years -time someone will say of
you, “ How could anyone be so careless, so
wrong or so ignorant!”

In this series I shall answer some of the
questions about the future which are so often
put to me. '

Shall We have Reached the Moon ?
United States Army experimenters recently

announced that they had sent a German V-2

rocket to a height of 111 miles from the

earth and shot tiny metal slugs from it during

flight at a velocity sufficient for them to
escape the gravity of the earth and travel
- into space.

This is the greatest distance to which man
has yet sent anything from the earth. But it
is still a long way from the moon—to be

precise, 238,730 miles. 'Shall we in the next-

twenty years see rocket projectiles improved
to the point where they can travel two thou-
rand times as far from the earth as this V-2
and reach the moon?

I think the answer is ““ yes.” Twenty years
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mathematician to prove that
Jules Verne’s moonship was
scientifically unsound and
would never have escaped
the clutches of the earth’s
gravity. To-day, the fantasy
moon journeys of Verne and
Wells are approaching the
realms of possibility. There
no longer remain insuperable
‘ theoretical ”’ difficulties bar-
ring the way of escape into
space. It was the absence
of any fuel capable of achiev-
ing the " required velocity
which made a moon-flight
theoretically impossible until
recently, Now the experts,
inclined to be conservative,
speak of a moon flight in
from ten to fifty years., It §
seems to me that the first
man-made “ moonship ”’ may |#
make its journey well within §
20 years and that there are
people living to-day who may
actually hear by radio this |
landing on the moon.

The first flight to the
moon is likely to be as un-
sensational as a spectacle as
was the first splitting of the
atom. A guided missile of
some hundreds of tons will
take off and disappear into
the sky. Even the most
powerful telescopes will not
make it possible to follow
its flight, not only because of
its comparatively small size,
but also because of its speed. At §,000
m.p.h. it would méke the journey in about
two days, but only its automatic radio trans-
mitter sending back messages will enable us
to know whether its flight has been successful.

At a spectacle it will be of no interest, but
the public will, I believe, follow the flight
communiques from scientists with breathless
fascination. The tangible results will be a
mass of figures unintelligible to all but a
handful of experts. But so was Einstein’s
theory of relativity, and you will recall how
this * hit the headlines” and influenced the
thoughts of millions quite incapable of under-
standing its mathematics.

Beginning of a New Era

The ordinary man will understand that this

first flight by an unpiloted rocket will mark
the beginning of a new era, the era of space
travel so” long forecast by the science-
fictionists. The data obtained by the pilotless
rocket will make it possible to get down to
the details of a passenger-carrying space-ship
which will eventually embark human beings
on the most important and perilous journey
since Columbus set sail. With this differ-
ence, that the first passengers in a space-ship

will not have unknown perils to face, but -

known dangers of which the chances have

“ been nicely calculated.

Possibly, within twenty years, more prob-
ably later, the day will come when half a
dozen men will climb into a space-ship
designed to encircle the moon or even land
on fts frozen surface. They will be men
chosen from hundreds or even thousands of

Now

Our artist’s, impression of space-ships of the future.

volunteers not only for "their knowledge but
for their physique and courage.- Even with
the many aids to space flying which will have
been developed, they will have to be prepared
for great hardship. To overcome the gravity
of the earth and “ escape,” the space-ship
must still attain a speed of 12,000 feet a
second. To save the crew from being crushed
like matchwood against the back of the rocket,
this speed will be reached comparatively
slowly, but they will still have to be strapped
down and will suffer acute discomfort at all
stages of the voyage.

Once acceleration slows down and the
rocket, cruises freely in space the passengers
will have no weight. They will float in the
air, and such simple things as pouring out a
glass of water or swallowing food will be
almost impossible. The release of all weight
from the body will bring on acute sickness
far more nauseating than sea or air sickness.
Indeed,.I think it probable that the experi-
mental passenger flights which will precede
the first flight to the moon will show that it
is essential to produge * artificial gravity ”’ by
spinning the whole rocket-ship or the cabin
inside it. :

In space.there will be risk of collision with
a meteor. Millions of them are continually
flying through the void and -although the
majority are very small, collision with some-
thing weighing only a pound or two at very
high speed would be suffidient to destroy the
space-ship. Once the pressurised cabin was
punctured, death from cold would be a matter
of moments. It may well be that the accident
rate with early space-ships will be high, al-
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though calculations of meteorite frequency
suggests that this particular risk is-less than
that of crossing a main road.

In the next twenty years many of the tech-
nical difficulties of space flight will disappear.
To-day we may wonder how the flight of the

space-ship will be checked to make a safe
landing, how the space-ship will be guided,
how it will be powered and so on. We can
suggest crude ways.of overcoming the diffi-
culties, such as reverse firing .rockets for de-
celeration. But I think we can be confident
that technicians will solve these problems.
Just think how formidable first seemed de-
icing, variable pitch propellers, 'pressurised
cabins, landing speeds of 120 m.p.h. and
many other commonplaces of modern avia-
tion, to the designers of early aeroplanes!

For landings on. the moon, the passengers
will require special suits supplying. them with
warmth and oxygen. The moon is without
atmosphere and there are enormous drops in
temperature. Suits have, in fact, already
been planned, enabling men to walk, breathe
and even eat in them. They weigh two or
three hundred pounds, but since gravity (and
‘thus “ weight ) on the moon is only about
one-eighth that on the earth, this presents no
serious hardship.

Light will be no difficulty. The journey
will. probably be arranged for the period when
the earth will present a fully lit surface to the
moon—a sort of “full earth.” The earth
reflects about 8o times as much light to the
moon as does the full moon to the earth,

First Flights to the Moon

The first flights to the moon will be enor-
mously expensive undertakings, far too expen-
sive for private explorers. But given the
incentive, the twenty or thirty millions that
a space-ship might cost will not seem exces-
sive to nations that spent this sum every day
for years in warfare, What will be the
incentive? There will be the natural urge
to explore the unknown, the possibility of
discovering valuable atomic minerals, and
probably most of all the military aspect.
Millions a year are being spent on the devel-
opment of rockets to-day, primarily from the
point of view of war, and it is this effort
which makes the flight of a missile to the
moon in the next twenty years seem so much
more probable that it did even three or four
years ago.
. Commercially, the moon may seem as
valueless as the Antarctic Continent when 'its
exploration first began less than a hundred
years ago. Expeditions to the moon may be
as infrequent as Antarctic expeditions at the
beginning of the century, although looking
ahead it may be argued that if there are
ever to be flights to other planets, it is from
the moon, with its absence of atmosphere and
low gravity, that they would best be launched.
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This conjures up pictures- of a space-ship
assembly plant on the moon, with all that
will involve in constructing ‘‘ pressurised”
factories and even towns. To-day, it all
seems wildly fantastic, but the discoveries of
the next twenty years may make it seem no
more difficult than, say, the
construction of the Mul-
berry Harbours would
have appeared to a 19th
century engineer.

Rocket-flights

Miles

In fact, during the next
twenty years flight to the
moon will be preceded by
hundreds and even thou-
sands of others to varying
distances from the earth.
The Americans have stated
that within two years they
will be sending unmanned
missiles to a height of 160
miles and inanned rockets

of 160

to 15 miles. The purpose
{ of these flights will be ex-
ploratory, A multittde

§ of ingenious automatically
recording instruments
) will discover all about
cosmic rays,-changes in temperature, reflec-
tion of radio, the danger of meteors, and many
other problems that must be solved before we
can venture into outer space. Postal Services
at vast speeds are within our power during
the next few years. :

From these exploratory flights may come
some astonishing developments. We may see
the establishment of artificial satellites at

varying distances from the earth. If a missile is .

propelled with a velocity below the 6.64 miles
per second required to escape gravity it will
eventually stop in space and circle the earth
like the moon—but. very much closer, a
matter of a few thousands of miles. From
its natural ‘speed,- we could ensure it
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circling the earth once a day,.in other
words, apparently remaining in the same spot
all the time.

Artificial satellites such as this may solve
our radio, telévision and lighting problems.
If we “ beamed "’ all radio to a re-transmitter
on such a satellite, it would be re-broadcast
so that it could be heard without interference
or “ fading ” over a quarter of the earth. Four
such transnditters would cover the whole world
and make radio communication hundreds of
times more efficient. It would be even more
important in the case of television, offering
the one alternative to thousands of trans-
mitters at So-mile intervals all over the world.
These projects have been segously discussed
and worked out and they 'ma9 conceivably be
realised in our lifetime.

Artificial lighting may come through the

electrical excitation of the gases of the air.
The plan would be to have a kind of man-
made “ northern lights ” over our big cities.
Instead of thousands of not very efficient
stréet lamps, there would be a pleasant soft
gentle light from the whole sky, giving, per-
haps, twice the light of the full moon.
" These are only some of the possibilities of
rocket travel in the more immediate future.
Beyond lies the incalculable possibility of
flights to Venus and Mars, flights of millions
of miles compared with the quarter of a
million miles of the ‘moon, but not propor-
tionately more difficult, for once we have
“ conquered gravity ” great distances can be
covered in space with almost no expenditure
of energy. I shall probably be considered
very rash in suggesting that any kind of
space-ship capable of reaching one of the
planets may be built before the end of the
next century. I shall have to console myself
with the thought that I may not be alive to
be laughed at or, more practically, that H. G.
Wells was considered extremely optimistic
when in about 1900 he gave the date 1946
as the year in which a heavier-than-air flying
machine would first leave the ground.

(To be continued)

Natural Lighting inthe National Gallery

MODEL showing what may be a great
advance in the natural lighting of
picture galleries was to be seen at the

annual exhibition of scientific instruments and
apparatus of the Physical Society at the
Imperial College of Science and Technology
which opened on April 6th. The model was
designed by the Building Research Station,
D.S.IR.,, to show how the war-damaged
rooms at the National Gallery might be
reconstructed. .

It has never been easy to daylight large
picture galleries well. It is technically difficult,
high standards are set, and reflections on the
glass in the paintings have always been a
nuisance.

At the request of the Ministry of Works,
the Building Research Station has made a
study of the problem, in preparation for the
reconstruction of some of the war-damaged
rooms in the National Gallery. A solution
has been made easier by a decision to air-
condition these particular rooms, so that the
paintings need not be glazed. Reflections,
therefore, will not be much of a problem.

There are two main difficulties. A roof-light
usually has to be used ; it is always so bright
that the eyes adjust themselves to it rather

than to the light lower down in the room..

This is true regardless of the kind of glass
used in the roof-light, and it means that the
paintings are not seen as well as they could
be. The other awkward problem is that the
light on the higher parts of the walls is
stronger than on the lower parts where the

pictures hang. The eyes tend to be attracted
to the brightest things in view, and the light
upper walls are, therefore, distracting. Both
factors create the impression, common in
picture galleries, that the room is a sort of
well, and that the paintings hang in a.poor
light. Shadows under deep cornices around
the room often aggravate this.. :

Louvre System

The model showed a new proposal designed
to overcome these difficulties. The essential
feature was a louvre system arranged so that
the strongest light faces on the paintings—
not on the upper parts of the walls—and so
that no direct view of sky is obtained from the-
main part of the floor. Thus the too-bright
skylight and the bad distribution of light on
the walls are both dealt with. The shallow
cornice also avoids aggravating shadows.
Trials with and without the louvres show that
though these cut down the amount of light
entering the room, they produce much more
comfortable lighting and better conditions for
seeing the paintings. _

Other minor features have been introduced.
There is a flat Laylight below the louvres to
reduce the amount of air which has to be
conditioned, and to help to insulate against
outdoortemperature changes. Another feature
is a glass louvre system outside to help to
protect against the heat of the summer sun
without reducing the light too much. Studies
have shown what types of diffusing glass are
most suitable for the:louvres.
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Letters from Readers”

Clearing House for Inventions
IR,—In the June issue you rightly suggest
that a clearing house similar to the
Mellon Institute in America is required in this
country, but you forget that one or two
organisations do exist in Great Britain, the
‘biggest and most active being the Institute
of Patentees, which was formed in 1919.

It is small and receives little recognition
from our industries, inventors or Govern-
ment ; but its basic principles are right and it
probably does more work for its members than
‘most of our technical institutions, for the
same or smaller annual fees.

If this body received the recognition
deserved from inventors and industry, it would
soon become a very efficient clearing house,
and of a size to cover the requirements of
Great Britain, and then the Empire later. =

This, together with later co-operation of

other organisations could provide adequate
and efficient support to the Government’s
development of Inventions Bill in a very short
time, and prove to be the best means to sow
the seed for the revival of British industry and
export trade on pre-war lines.
A suggestion for a development in greater
detail can be given if wanted in the hope that
it might create active interest among some
of your readers.

Once started on the right lines, its help
might prove unique in quite a short' while,
and much inventive talent would be retained
within Great Britain and the Empire to be
sold to other industrial countries instead of
being aequired in its early infancy, another
country obtaining the creative as well as the
financial* credit, in the eyes of the industrial
world later.—SIR ARROL MOIR.

Testing-Petrol-e'x.xgine Exhaust )
IR,—With reference to the note on the
above subject, - which appeared in a
recent issue of PracTicaL MEcHANICS, the
following information may prove interesting.
I was flying several types of American
aircraft during the war, and many of them
were fitted up.with. a so-called exhaust-gas
analyser.

?

I
17

Exhaust
gases

N\

Crirewit diagram of
an exhaust - gas
analyser unit.
(S. Byatts)

esistance
wire

I believe it worked on the Wheatstone net
principle, one arm of which was a platinum
resistance thermometer wire, inserted in-the
exhaust. '

The idea was that the heat of the exhaust
varied directly with the mixture strength, and
the heat of the exhaust varied the resistance
of the platinum wire.

A type of galvanometer was connected
across the net, and was calibrated to read
mixture strengths.

Although not extremely accurate, I found
it most useful in setting the mixture control.
—8. ByarT (Chester-le-Street).

“P.M.” Master Battery Clock

IR,—I feel that the accompanying photo
of a clock made from plans.of the
Practical. MEicHANICS Master Battery Clock
may be of interest to other readery, It was
made entirely from scrap, the only material
purchased being a }lb. reel of cotton-covered

A “ P.M.” Master Battery Clock made by a
reader, P. H. Kent.

wire costing 2s. 3d. The point which surprises
me is that it has been running since June, 1947,
on a 1od. three-volt cycle lamp battery, and
so far the latter shows no sign of becoming
exhausted.

The pendulum weight was a short length
of copper tube filled with lead, and the magnet
was .made from mild steel bolts, as I was
unable to ?btain any soft iron at the time.
The clock face was made from a cocoa tin ;
the hands and numbers were of zinc sheet
from an old water-cistern, being first polished
and then clear-varnished. The *° wheelwork ’
was taken from a small disused clock 2in. in
diameter, which had somehow escaped the
dustbin. The overall height of the clock is
26in. and the length of the pendulum 17in.

Although the workmanship 1is very
amateurish, the clock works well, thanks to
your ‘excellent design.—T. H. KenT (West
Green, London, N.).

Cutting Triplex Glass

IR,—As a very old reader of PM, 1

would like to reply to Messrs. Triplex’s

statement, that Triplex glass cannot’ be cut
after being processed.

We all know, that in the process of trial and
error, sometimes the seemingly impossible is
performed. I think that is what must have
happened .during the war when a friend
smashed the windows in his Austin 7. Many
ways were tried, without success, untjl we
tried the following. We stretched a straight
resistance wire across one side of the Triplex,
heated the wire until quite hot from a battery,
reversed the glass, repeated the performance,
and broke the glass in the usual manner—
with perfect results. Possibly we were lucky,
but it worked.—J. H. TURNER (Northampton).
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Celluloid Marking Ink

IR,—Our attention has been drawn to your

_ kindly reference to our name as the
source of supply for special marking inks, in
your issue of June, 1948, under * Queries
and ‘Enquiries.’’

Unfortunately, our old premises in Fetter
Lane were entirely destroyed by enemy action
in 1941, and we are now operating from the
address given below. In addition to this fact,
we are sure you would wish to know that our
former interests in the manufacture of special
inks has been .transferred to our associate
company, Rampart Inks, Ltd., whose regis-
tered . office is also at this address.—
ALFReDp H. ATtkins, L1D. (54, Poland Street,
London; W.x).

Club Notes
British Controlled Models Socicty
N view of the county-wide popularity and
interest shown in the Radio Controlled
Models Society, the London area of the
Society was formed at a meeting held in
London on April 11th, 1948. The officers
appointed for the area are as follows : Chair-
man, London Area, Mr. W. H. Mitchell,
48, Copse Avenue, West Wickham, Kent.
Hon. Sec. and Treas., London Area, Liecut.
G. C. Chapman, R.N.; Pine Corner, Fir-
wood Rise, Heathfield, Sussex.

The London area will hold a meeting
monthly, generally on the second Sunday.
The first meeting was held on May gth, at
2.30 p.m., at St. Ermin’s Hotel, Caxton Street,
S.W.1. All interested should write to the
hon. secretary, at the address given above.

Sociaty  of Inventors Exhibition

THE second annual exhibition organised by

the Birmingham Branch of the Society
of Inventors, will be held in the Chamber of
Commerce Building, Birmingham, . from
October 25th to 3oth, inclusive.

The object of the exhibition is to show to-
manufacturers and members of the public,
the new devices that have been produced
during the year. )

A wide variety of products i expected to
be on show, ranging from simple domestic
gadgets to specialist machinery. -

At last year’s exhibition, the public were
invited to record their views on the merits of
the several inventions shown. Some of the

‘highly technical exhibits were given a high

proportion of credit. This would seem to show
that visitors to the exhibition had not only a
knowledge of the-:various problems, but’an
appreciation of the inventors’ efforts at a
solution as well.

Entries for the exhibition are accepted both
from members of the Society and from non-
members.

Anyone wishing to enter an exhibit, which
must be either patented, protected or of
registered design, should write to the Secre-
tary, Mr. B. Thornton Clark, 244, Stoney
Lane, Yardley, Birmingham 25, for full
particulars and conditions of entry.

Rednal and District Society of Model
Engineers :

THE above Society was formed just over a

year ago, to cater for Model Engineers in
the south western suburbs of Birmingham.

Good progress is being made with a port-
able track, a straight portion of 108ft. in 3}in.
and 24in. gauge, being nearly completed.

Meetings are held on alternate Friday
evenings, at Marie’s Café, Longbridge, from
7.30 t0 10 p.m. :

New members are cordially invited. Especi-
allty we would welcome 1.C. fans.

J. G. Tarrant, Secretary, 52, Middle. Drive,
Rednal, Birmingham.
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THE WORLD OF MODELS

Exhibition of Models at
Cambridge : An 18in.

Gauge Locomotive

By "MOTILUS"

was crowded on the opening day and I under-
stand that before the exhibition closed over
four thousand people had passed through its
doors, and also 250 school children who were
admitted free of charge, to stimulate youthful
enthusiasm for this fascinating hobby of
modelmaking.

It is always impossible to deal compre-
hensively with an exhibition of this kind in
one short article, so I will, as usual, confine
‘my remarks to a few models that were out-
standing either in design or good workman-
ship, or sometimes both.

Mr. D. J. Unwin, as well as being secretary
to the Society, finds time to be an ardent

Fig. 1.—An accurate and well-finished 33in. gauge model of a one-time popular locomotive,

the G.N.R. ““ Atlantic> type.

HE wuniversity town of Cambridge is
perhaps so firmly impressed on outr
minds as a seat of learning that we are

apt to overlook modern industries and
hobbies that have developed there and which
now play an important part in the life of the
community. In the spring I had an invitation
to accompany Mr. R. H. Fuller of Bassett-
" Lowke, Ltd., to the Cambridge University
Railway Society, to take part in an address and
discussion on “Model Locomotives and
Railways,’’” in which we talked about the
various gauges, methods of propulsion and
railway equipment. The audience was an
enthusiastic one, including members of other

allied clubs and I had the pleasure of meeting .

Mr. D. J. Unwin, secretary of the Cambridge
and District Model Engineering Society.

I was pleased to hear that this society were to -

*hold an exhibition in Cambridge, to which I
was invited. Mr. Unwin is in charge of the
experimental department of the Cambridge
Instrument Company; Dr. M. C. Marsh,
who is in charge of the research departmem
of this company, was good enough to ask me
to visit the works, with two interested friends,
when I returned to Cambridge for the Model
Exhibition. Needless to say, I accepted
this offer at once, and so made another
journey to Cambridge the following month.

The model, made by Mr.
G.N. colours of its pericd.

modelmaker himself. Among the passenger-
hauling locomotives was a 2%in: gauge loco-
motive that had been made by Mr. Unwin
and entered in the competition at the Model
o d Engineer Exhibition in London, 1935, gaining
Exhibition at Cambridge third prize. This engine has actually run

The exhibition was held in the Co-operative over 300 miles and can still pull a load of
Hall at Cambridge, the premises being most four adults. It marks a real accomplishment
suitable for a display of this kind. The place for Mr. Unwin, who was only 16 years

D. ¥. Unwin, 1s finished in 'the

e
Al r"'

Fig. 2.—Sundry modeIs ar the Cambridge
Exhibition, including : In the foreg)ound a
2-cylinder . simple rtraction engine, built by
Mr. S. A. Wilkerson. In the glass case : a
¢ Fowler > g¢ompound showman’s road loco-
motive, 14 in. scale, which gained a silver medal
in the 1947 Model Engineer Exhibition, London,
built by Mr. D. J. Unwin. In the centre :
An interesting in. 1o 1 ft. model of a portable
milking bail, which enables the milking of
cows to be done in the field; model built
by Mr. E. L. Unwin.

old when he built it. Another exhibit of his
was a 3}in. gauge G.N.R,, large boiler,
‘ Atlantic’’ locomotive, finished in the
" original style and lettering (Fig. 1). It has
working vacuum brakes and a baby injector
which feeds about three quarters of a pint of

Fig. 3.—A unique et of miniature model optical instruments constructed by a skilled maker
An exquisite piece of precision modelling by Mr. I. A. Pullen.

of the Sfull-size prototypes;

water a minute. The locomotive can be
steamed, from cold, to 80 Ib. pressure, in foug
minutes and can haul ten adult passengers.
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Altogether, Mr. Unwin had some¢ fourteen
exhibits including, apart from locomotives,
a vertical steam engine, a road locomotive,
tools, an astronomical telescope, a galieon and
sundry other models; almost an exhibition
in itself!

Model Road Locomotives

No model exhibition is complete without
model road locomotives and .there were two
very good examples at Cambridge.- One, as I
have mentioned, was Mr. Unwin’s model, a
13in. scale Fowler’s road locomotive, as used
by showmen. . This was 4 fine piece of work-
manship which gained a silver medal in last
year’s Model Engineer Exhibition in London,
and which has hauled as much as 100 stone
along the road. The second model, made by
Mr. S. A, Wilkerson; was a simple traction
engine with two cylinders, rin. by 1fin.
This engine has hauled its builder along the
street and has also been used to drive Mr.
Wilkerson’s lathe; a substantial and well-
finished piece of work (Fig. 2).

A very interesting exhibit which attracted
much attention, and which was unusual in
a collection of models, was a set of miniature
optical instruments, made by Mr. A. Pullon.
Displayed under a glass case, they included
a theodolite, surveyor’s level, half circle
theodolite, Van Hoeth microscope, Edinburgh
students’ microscope, stand condenser and
lamp, sextant and astronomical telescope.
(Fig. 3). The amazing fact about the exhibit
is that all have optical work fitted and can
be operated. Mr. Pullon was with Messrs.
Troughton and Sims, the instrument
makers, and the models are some of the
types made by that firm.

Ship Models

Nautical models were well represented, and

one of the best was an unfinished cargo-
passenger boat built by Mr. A. G. Smith.
Nearby was a model of a fishery protection
cruiser, also by Mr. A. G. Smith. Anothér
good nautical exhibit was a model of a 3sft.
cabin cruiser, complete with all internal
fittings, made by Mr. J]. Hodgkinson
(Fig. 4). An unusual model also on this stand
was that of Mr. C. E. Howells, who had made
a tiny replica of a thirteenth century cog.
Mr. Howells also had on display a model
galleon of circa 1500.
" The working exhibits included a layout
of Trix trains (Fig. 5) designed and installed
by Mr. E. Boston, Secretary of the
C.U.M.R.C,, who kept it in frequent opera-
tion throughout the exhibition.

After seeing the exhibition I visited the
Cambridge Instrument Company’s works,

. measurement.

Fig. 4.—A varied collection of ship models at the Cambridge Exhibition, including ons

. only in size), a 13th

where I once more met Dr. M. C. Marsh.
This business has expanded considerably
since Mr. (later Sir) Horace Darwin first
formed a company in the 19th century to
produce scientific instruments for the univer-
sity. It was$ impossible fully to comprehend
the highly technical aspects of the research and
instrument production carried out in this well
equipped and spacious plant, since my tour of
inspection was limited to an afternoon.

It is sufficient to say that the products
are mechanical and electrical instruments of
high quality and of a great variety of types
with a special bias towards temperature
n 1 was especially interested
in a pyrometer which is an instrument for
measuring the high temperatures encountered
for instance in steel furnaces. There were
also mechanical devices which were very

Fig. 5.—(Below) A
comprehensive  Trix
trarn railway layout
(oo gauge), designed
and installed by Mr.
E. R. Boston, who
operated the installa-
tion during the Ex-
i hibition.

M

i

the
“ Cutty Sark” (under construction),a fishery protection cruiser, a cargo passenger boat
(under construction), an old London tug, a river launch, a cabin cruiser and lastly (but least *

of

century cog.

intriguing to anyone interested in mechanical
movements.

Such visits are always of intense interest
to me, for it‘is not generally realised how
muck research is required to design and
produce equipment that will carry out effi-
ciently what may, at first view, appear to be
the simplest function. Industry depends
increasingly on technical advapce and the
research engineer is the essential link between
the conception and the practical application
of an idea.

My friends and I are indebted to Dr. Marsh
for the privilege of a most instructive visit.

An 18in. Gauge Locomotive

Ag the social evening I mentioned, given
by the Cambridge University Railway Society,

. 3 tﬁ‘. oy

Fig. 6.—A G.N.R. old single driver locomotive,
18in. gauge, removated and pur into working
condition by Mr. A. L. Bird, who purchased
the model in a dilapidated condition.

I also had the pleasure of meeting Mr. A. L.
Bird, whose 18in. gauge single-driver loco-
motive is featured ‘dmong this month’s
illustrations. This locomotive was originally
professionally built for use in pleasure parks,

but Mr. Bird acquired it during the war in a

sadly dismantled state. He built up the
locomotive again himself, supplying such
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missing parts as were necessary. The present
locomotive has an overall length of 16ft.
and is 4ft. 6in. high: the cylinders are 43in.
bore and 6in. stroke, the driving wheel has a
diameter of 2ft. 6in., the fire grate area is
1.3 sq. ft. and the working pressure is 1201b.
per sq. in. It is fitted with a steam brake
and a Westinghouse air brake operates the
tender and train ; it also has steam-operated
sanding gear. The illustration (Fig. 6)
shows that the steam dome is obviously out
of scale, but as Mr. Bird points out, this was
put on.so as to ensure dry steam to the
cylinders, before superheating was a general
practice. =

"Model Motor Coach

A young schoolboy of Treént College,
Master K. P. Robinson, used cardboard for
his small model of a Barton motor coach.
I often think that beginners in model-making
seldom realise the advantage of starting work

I rade

Prestacon Guillotine Attachment

NEW attachment has been introduced
4 for the Prestacon precision press which
considerably increases the scope of this
handy tool. It is a. guillotine which enables
users of the tool.to cut metal strips up to

The *new Prestacon Guillotine Attachment

2in. wide and 12in. long to practically any
length required. Shearing with this new
attachment, using the patented self-measuring
locations method, will add greatly to the
scope and interest of Prestacon engineering.
The attachment, which is shown in position,
in the accompanying sketch, is adaptable
to all Prestacon Presses. Further particulars
can be obtained from L. Rees and Co., Ltd.,
31-35, Wilson Street, London, E.C.2.

New Range of Aerofoil Fans

ONE of the post-war developments in fans
has been the introduction of the Series
1 Aerofoil Fans by Woods of Colchester,
Ltd., an associate company of the G.E.C.
These are of the medium pressure, single-
-stage, axial flow, non-guide-vane type and
are designed for high outputs against resist-
ances up to Ifin. static water gauge. They
are available in nine different sizes from
6in. to 48in. diameter, one of which is shown
in the accompanying illustration.
The range is intended primarily for appli-
cations which do not warrant the heavier
‘capital cost of high pressure axial flow fans of
the guide-vane type. Their total efficiency
is of the order of 6§ per cent., which may be
regarded as amply satisfactory for the duties
covered, since the power inputs are relatively
low.
An- outstanding feature -of these fans is
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with this medium. There are many grades
of what we loosely term * cardboard,” but
the better and finer grades of Bristol board,
which does not flake, are easy to work and
take paint perfectly. As well as having
these advantages for the beginner, Bristol
board is indispensable in architectural
modelling. Master Robinson’s model of
the Leyland Tiger PS.1/1 chassis with Duple
body, is built chiefly from sheet card. The
tyres- are from an old “ Dinky” toy, the
headlamps are from 3/16in. by 3/16in. balsa
strip, rubbed down with fine sandpaper,
the windows are of celluloid and the interior
lined with coloured paper. The model is
finished in dark red cellulose, with cream
lining and lettering, two coats of primer and
three coloured, having been applied with a
brush. The sunshine roof and the door into

the coach can both be opened and shut.

I had hoped this month to let readers have

Notes

their compactness, as the design permits of
comparatively small hub*and motor. diameters
and eliminates the need for upstream and
downstream fairings.

The impellers, which are cast in one piece
from aluminium, have aerofoil section blades
of the constant-chord constant-pitch type, and
are housed in accurately dimensioned cylin-
drical casings. They have considerable
mechanical strength and are accurately bal-
anced to ensure vibrationless running at all
listed speeds. The number of blades varies
from four oh the 6in. fan to twelve on the
48in. size.

Three different blade angles are offered in
&ach size which, when used with the range
of motor speeds available, provide a choice
of fans to suit most duties. A non-overload-
ing characteristic is also incorporated, the
maximum power input-occuring at approxi-
mately the point of maximum static efficiency.

The driving motors, which are manufac-
tured entirely in the factories of Woods of

339

some model news from Sheffield, where the
Sheffield . and District Society of Model
and Experimental Engineers held their fifth
exhibition last Easter. As space will not
permit me doing justice to the many excellent
models shown in this exhibition, however, I
have postponed the pleasure until next month.

Readers are no doubt aware that the date
of.the Model Engineer Exhibition to be held
in London again this year is slightly earlier
than last year, the dates being August 18th to
28th. We all expect an even better year than
last.

There will be one sad note about the
exhibition this August: we shall all miss
the late Mr. Percival Marshall, who, for more
years than-I can remember has been the
central figure of the exhibition and who
always had a kind word and welcome for
all those interested in .this fascinating and
interesting hobby.

Colchester, are specifically designed for their
duties, They are totally enclosed and liber-
ally- rated, and have ample power to cope
with the highest pressure which the fan is
capable of developing.

The G.E.C. Aerofoil Fan .

Bgoké Received

Ignition Equipment. By Edgar T.
Westbury. - Published by Percival
Marshall & Co., Ltd. 192 pages. Price
8s. 6d. net. 1

VARIOUS electrical ignition systems, from

trembler coils to flywheel magnetos are
dealt with in a thoroughly practical manner
in this book, which is divided into ten
chapters covering such subjects as : History
and Development of Electric Ignition;
Working Principles ; Types of Ignition Spark
Generators ¢ Modern Ignition Coil Systems ;
Rotary-armature Magnetos and Rotary-magnet
Magnetos. Much of the material contained
in this book was collected during the course of
several years of research' work in the design
of small ignition equipment. The practical
results of this work are given in an appendix
to the book for the benefit of students and
designers.

Other books received from Percival Marshall
& Co. are:

“ Milling in the Lathe.” By Edgar T.
Westbury. Price 3s. 6d. net. '
“ Practical Armature Winding.” By

A. H. Avery. Price 3s. 6d. net.

“ The Model Railway Hobby.” By M. H.
Binstead. Price 10s. 6d. net

“ Practical Photomicrography.” ByR. F. E
Miller. Price §s. od. net.

““ Model Railways for the Beginner.”
(Parts 1 and 2). Price 3s. od. each part.

General Electrical Engineering. Edited
by Philip Kemp. Published by Odhams
Press, Ltd. 448 pages. Price gs. 6d.

THIS book should prove invaluable for all

interested in the practical applications
of electricity. It forms a complete survey of
the subject, from elementary theory to the
design and use of high power apparatus, and
from the generation and distribution of
electricity to its application in all forms of
communications and industrial processes.

Electric Wiring (Domestic). Edited by
E. Molloy. Published by George
Newnes, Ltd. 242 pages. Price 7s. 6d.
net.

THE practical aspects of domestic electric
wiring are fully dealt with in this
handy book which is intended for installation
engineers, contractors and electric wiremen.
It provides a valuable supplement to the
orthodox text books, and describes and
illustrates modern methods of wiring houses.
Concluding chapters deal respectively with
the latest form of interior lighting using

--fluorescent tubes, and with safe and efficient

earthing systems. The book is well illustrated
in line and half tone,
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QUERIES and
ENQUIRIES

A . stamped addressed envelope, three penny
{ stamps, and the query coupon from the current
issue, which appears on page 80 (THE CYCLIST),
| ) must be enclosed with every letter containing a
query. Every query and drawing which is sent |
_must bear the name and address of the reader.
Send your queries to the Editor, PRACTICAL
4| MECHANICS, Geo. Newnes, Ltd., Tower House,
Sou(hamp:on Street, Serand, London, W.C2.

Hardening Roughcast

THE outside of my house has a limc and shingle
roughcast finish, which is -now  beginning
to crumble away in some places,

However, at one point-where a gutter has been
overflowing down a wall, a small strip has been
very iderably hard d, and shows no signs
of breaking up. This suggests that a small
quantity of n in solution has been responsible.-

Could you please explain this action, and also
let mc know whether it would be possible to
treat thc walls to produce a similar result ? If
so, what method do you suggest ?—J). S. Matthews
(Wembley).

IT is hardly possible to give a categoncal answer
to your question without an actual inspection of
the hardened strip of wall facing. We presume that
this strip has yellowed to some extent owing to the
deposition of iron oxide or hydrate or carbonate or a
.mixture of these three. It is quite possible for a porous
material, such as cement, to become toughenéd or
hardened to some extent in consequence of its impreg-
natian with iron compounds, the latter being insoluble
and, as such, resisting the attack of water in thar area.
This, we consider, is the cause of the hardening of the
strip.

On the other hand, i is it possible that chalk may have

got into the water? If so, chalk deposition may have
had something to do with' the matter.
. The whole question demands personal examination
before a ‘really definite answer can be given, but we
.are inclined to agree with you that iron deposition
‘lies at the root of the phenomenon. This will be
particularly the case if the hardened area shows signs
of yellowing.

It would not be possible to treat the walls with any
ordinary hardening agent. You could use a hydrolysed
solution of ethyl silicate for the purpose, but the treat-
ment would be expensive, this material costing about
two guineas per gallon. If, however, you feel inclined
to weigh up the practicalities of this method, get into
touch with Messrs. Albright and Wilson, Ltid., a9,
Park Lane, London, W.1, and requesl a copy of thelr
booklet on ethyl silicate and its use in * stone dressing ”
‘and similar directions.

Sodium Metal

I SHOULD be very grateful if you could mform

me as to the following : What is the action
of sodium when in contact with water 2 Can it
be obtained in large amounts ?>—A. K. Smith
{(Croydon).

WHEN a piece of sodium is dropped into water, the
sodium metal assumes a globular shape and it
reacts with the water forming sodium hydroude
(which goes into solution and gives the water a “ slimy »
feel) and liberating hydrogen gas. The sodium is
quickly used up in this reaction, toward the end of
which the globule of metal usually disappears with a
miniature puff of flame. It is dangerous to subject
- a large lump of sodium to the ﬂcuon of water because,
in this instance, very great heat is generated and the
globule of metal is liable to explode.

Sodium metal is-usually sold in 1lb. tins, price about
ss. per Ib. It can be had from any laboratory chemical
supplier as, for example, Messrs. W. and J. George and
.Becker, Ltd., 17-29, Hatton Wall, London, E.C.1.
or Messrs. Vicsons and Coy., 148, Pinner Rond, Harrow,
Middx. Other supplicrs are: Messrs. Hopkm and
Williams, Ltd., 16-17, St. Cross Street, Hatton Garden,
London, E.C.1, and Messrs. A. Gallenkamp and Co.,
Eté.. 17-29, Sun Street, Finsbury Square, London,
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The metal must be stored under white spirit or

naphtha to prevent access of water to it.

Carborundwn Powder Cement
I WISH to make a cement from carborundum
powder and a binding agent which would
adhere firmly to wood. The carborundum
presents no problem but the binding and adhering
agent is not so easy. uld you suggest anything
that would be both chea , durable and weather-
proof >—H. J. Southall ( ork)

FOR your purpose, you can embed the carborundum
grains in ordinary Portland cement, or, perhaps
better still, usc a cement made by slaking to mortar
consistency calcined magnesite with a solution made by
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dissolving 40 parts of magnesium chloride in 60 parts.

of water. The carborundum can be mixed with this
cement whilst plastic. The cement sets dead hard in
about 30-36 hours.

The necessary magnesium compounds may, we think,
in Eire, be obtained from Harrington Brothers, Ltd.,
Shandon Chemical Works, Cork., Such cement is
entirely waterproof, and has been in much use in the
making of stair-treads.

*“ Waterproof ’ Poster Paint

I WISH to apply poster paint to wood and require

it to be waterproof. I have been told of a
preparation of bleached shellac with . borax
powder boiled with water, but do not know what
proportions to use. Can you assist me, pleasc ?
—C. J. Brown (Wimborne).

THERE is no way of rendering ordinary watercolour

poster paint really waterproof. The best method
is to mn it with casein powder and slaked lime (equal
parts), but unfortunately, you wiil not be able to obtain
the casein at the present day.

The only alternative method is to dissolve bleached
shellac in water 85 parts, borax s parts, ammonia 10
parts. Warm this solution gently and to every 9o parts
of it-add 10 parts of the shellac. By increasing the
ammonia strength somewhat you can dissolve more
shellac in it, but under these conditions it will tend
to darken rather badly.

The resulting liquid is mixed abgut egual parts
with the concentrated poster paint. 8 thus provides
a shellac binder to the particles of pxgmem in the
paint and, as such, renders the paint damp=-proof,
although we cannot say that the paint will be rendered
really waterproof.

If you want a good- waterproof paint, you, will have
to use oil paints, or to mix your gwn dried pigments in
an oil or a cellulose medium.

Electro-plating Vats

I WISH to construct onc or two vats for electro-
plating cycle and car fittings in nickel and

chrome. Can I use wood vats lined with glass,

painted with acid-resisting cement? If so,

where can I obtain the necessary cement ?—

F. A. Charnley (Fleetwood).

FOR the plating work which you describe, glass
lined wooden vats are excellent, and are in use
in the best trade houses. Wlth good fitting glass
linings an acid-resisting cement is often not required.
You can, however, run a little medium soft bitumen
(not tar or pitch) up the glass joints, or if you prefer
to use a sgecia.l cement for this purpose you will prob-
ably be able to obtain a suitable one from a firm of
specialists in plating equipment, such as MeSsrs. R.
Cruickshank, Ltd.,, Camden Street, Birmingham, 1,
or Messrs. Wm. Canmng & Co., Ltd., Great Hampton
Street, Birmingham.

Chemical Engraving on Celluloid
‘AN you please ‘give me any information
about the methods used for chemical en-
graving on celluloid ?
1 should also like to know if there arc any books

.on this subject available.—K. J. Smith (Catford).

SO far as we can trace, no books have been published
specifically on the printing or engraving of cellu-
loid, but the following might be of interest to you.
It was published (pre-war) at 8s. 6d. net :
F. Bockmann (trans. by Stocks): Celluloxd
Raw Material, Manufacture and Uses.”

For printing on celluloid, use an ordinary printer’s
”:;:j to which a few drops of copal varnish have been
added

In order to engrave celiuloid, spread a film of bees-
wax over the telluloid sheet. Then use-glacial acetic
acid as an etching fluid.

Another way is to use a solution made bf‘; dissolving
10 parts of gelatine in 9o parts of water. is is spread
(warm) over the celluloid, allowed to set, and the
design inscribed in the gelatine film so formed. The

Its

etching fluid consists of acetone or a mixture of 2 parts -

acetone and 4 part amyl (or butyl) acetate,
Other types of celluloid inscribing are done by hot
pressing the characters on to the celluloid sheet,
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‘“Wet " Bulb Thermometers

WILL you please explain the difference between
‘wet”’ and a dry bulb thermometer
(F.), and the reason for using the former ; also,
what would be the result if a *“ weét ” thermometer
was used without water—would the reading be
accurate ?>—M. Timms (Burton-on-Trent).

THE wet and dry bulb thermoineter is not primarily
intended for temperature reading. It is actually
‘“ hygrometer.” That is to say, it is an instrument
whose function is to measure the relative humidity
of the air in its surroundings. You will notice that the
wet bulb is wrapped with tape or cloth which hangs
down into a little well of water. This ensures the
# wet” bulb being kept commually damp, and the
result of this is that the ‘“ wet’' thermomet