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P T TERRYS

SOLVE YOUR (%4 PROBLEMS

=

and a CLIP for
drawing boards

- La— =
The most
authoritative
text book
on springs
published.
10/6 post

Two stock patterns
always in supply
—80 and 81—
made in 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



SCALE MODEL

PERMANENT WAY
76[‘ Gauge 0 RGI/WGyS

Now AvAaILABLE from Stock

Easily the most realistic, durable and quietest rtinning track made. (Note the new
slide-on chair—an exact fit on rail.) Available with book of mstructions and special
jigs for easy assembly.

Scale Track parts for Gauge ‘O ° Railways.

RAILS, Steel 36in. lengths BATTENS, longltudlnal.,;)em lengths
5/- per doz. lengths 4/8 per doz.
RAILS, Brass 36in. lengths PANEL PIN 6d. per packet
12/- per doz. lengths CONDUCTOR RuLCHAIRS for electrlf”ng
CHAIRS, Slide-on Pattern 2/6 per 100 the track . 8/6 per 100
FISHPLATES 7d. per dozen INSTRUCTION BOOKLET ... 8d. each
SLEEPERS, 3in, long d.. 8/6 per 100 TRACK LAYING GAUGE . ... 1/6 each
HOLDING-DOWN SPIKES... 6d. per 500 CHAIR FIXING JIG... - ... 2/9 each

Complete set of parts for constructing I8 feet track : With brass ranls. £1 6s. &d.
With steel rails, 1916. Postage on either set, 113,
Brass conductor rail and parts for electrifying the above sets, 916.  (Postage if ordered
separately, 9d.)

“BASSETT-LOWKE PUBLICATIONS"”

Send Id. stamp for BP/12 a new brochure giving details of all catalogues, booklets, etc.,
devoted to mode!s and model-making.

BASSETT-LQVVKE LTD.
NORTHAMPTON

London : 112, High Holborn, W:C.I.
Manchester : 28, Corporation Street.

TOY-MAKING, MODELS
OR FRETWORK

A Hobbies Outfit provides all tools
for useful and ornamental things to
make in wood. There are hundreds
of full size plan sheets to choose from
and kit of materials for each. A
happy hobby for the handyman is to
be found in one of

HOBBIES

BRITISH FRETWORK OUTFITS.

Oulfits at all
prices from
Hobbies branches
in London, Glas-
gow., Manchester,
Birmingham,
She[ teld, Leeds,

utl, Southamp-
ton, or stores
and ironmongers
everywhere. Illus-
trated lists of
tools and things
to make from
Dept. 1. Hobbies,
Ltd..  Dereham,

Norfoll.
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JOHNSONS OF HENDON ARE AGAIN ABLE TO OFFER A
RANGE OF PHOTOGRAPHIC CHEMICALS IN SMALL AND
HANDY PACKAGES = UNDER THE BRAND NAME OF

| ~ PACTUMS

VEL OP(l

- |

7s

LX)
pn‘ DEVELOPER
I LA |
b

|

% The most JOHNSON PACTUMS are exceptionally
;;’5:‘;:; . useful for those amateur photographers

developer

{Metol - Quinol) who like to make up small quantities of

containing  all solution at a time. Toners, Intensifiers
the ‘chemicals k
rezuilroed 3 and Reducers are only needed occasionally
maxe Q1. O . .
solution for dish and to have the chemicals at hand in
development. 3 4 q

T:i: M.pQ ep:c. this convenient, form saves time and
tum  witl also

el 1o 2 trouble. Get a few PACTUMS of each

solution for

TS PTTES Covll kind. Keep them ready in your dark room,

The following packings are available.
* M-Q DEVELOPER (Metol-Quinol) ) BLUE TONER for making 10 oz.
COPPER INTENSIFIER for 8 oz. | SEPIA TONER to make up 8 oz.
REDUCER sufficient for 8 oz. GREEN TONER for making 10 oz.
Ask your Dealer for Scales Brand Pactums.

JOHNSONS OF HENDON

HENDON, LONDON, N.W.4. ESTABLISHED 1743

“SPFCIAL 0FFEBS IN TOOLS™

Super quality Grlndlng Heads, bronze
bearings, Vee pulley. Suitable for round
z or Vee belts. 6in. height of centres.

Spindle, 8in. x ¢§in.. one end for grinding
wheel, other tapered —_— — = ——
F splndle for pollshing

Pt vara. - 1913

Combination Grind-
ing Head, as shown,
with 3-jaw solfe
centring chuck. 8im.
centres. .,

Price

American lype adjustable fron

Planes, with best Sheffield
treadle action. Tremendous
speed obtained in quick time, irons. Size 9in. ‘(21)1;}’1;?3 25/6
both hands {ree to manipulate
wOrk. A necessity for the
engincer and work- 75/9 carr.
shop. Price compiete, ' paid,

Genuine “All-ball” Grinders. |

Highly geared

Hand Bench-Grin- One-pint Pammn Blow-
ders, with 6in. x lamps. Brass container,
1in. wheel. Extra best British manufacture,
fine qualfty specially suitable . for
m'\chlnecutgeaxs painters, plumbers,
adjustahle t.ooi engineers. Price 27/6

Post Paid.

We have lnrge s1ocks
ol tools for all
trades, Please send
us  your enguiries.

I} Best quality Sheffield made steel Scissors. Extra
heavy quality for home or factory use. 7/9 Post
double point. Overall length, 7in. Price Paid.

S. TYZACK & SON L0 00 e |

341-5, OLD STREET, LONDON, E.C.1.
Telephone : CLErkenwell 4004-5-6. Telegrams : Tyzgar. Finsquare.
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l. C S. TRAINED MEN

are in Greater Demand
tha“ Ever—Mammum production

depends on high technical skill,

such

as that acquired by 1.C.S. Students

TENS OF THOUSANDS MORE

TRAINED MEN ARE URGENTLY

NEEDED NOW-BUT THERE |s

NO WORTH-WHILE PLACE FOR
’ THE UNTRAINED

Ambitious men everywhere have succeeded through

1.C.5. Home-Study Course&.

So also can you.

The man with an I.C.S. Training in any one of the subjects
listed below knows 1t thoroughlx, completely, practically.
And he knows how to apply it in his everyday work.

Accountancy
Advertising
Aeronautical
Engineering
Air and Vacuum
Brakes
Air-Conditioning
Architecture
Architectural Drawing
Auditing :
Boiler Engineering
Book-keeping
Building -Construction
Building Specifications
Business Training
Business Management
Carpentry
Chemical Engineering
Chemistry, 1. & O.
Civil Engineering
Clerk of Works
Coal Mining
Colliery Examiner’s
Colliery Overman’s
Commercial Art
Concrete Engineering
Cotton Manufacturing

Diesel Engines
Draughtsmanship
(State which branch)
Drawing Office Practice
Electrical Engineering
Electric Power, Light-
ing, Transmission,
Traction
Eng. Shop Practice
Fire Engineering -
Free-Lance Journalism
Fnel Technology
Heating and Ventilation
Hydraulic Engineering
Hydro-Electric
Tllumination Eng.
Industrial Management
Internal Comb. Eng.

-Joinery

Lettering

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

Mining Engineering

Motor Engineering
Motor Mechanic

‘Motor Vehicle Elec.

Municipal Eng.
Plastics
Plumbing
Quantity Surveying
Radio Engineering
Radio Service Eng.
Refrigeration
Sales Management
Salesmanship
Sanitary and Domestic
Engineering
Sheet-Metal Work
Short-Story Writing
Steam Engineering
Structyral Steelwork
Surveying
(State which branch)
Telegraph Engineering
Textile Designing
Welding, Gas and Elec.
Woodworking Drawing
Woollen and Worsted
Manufacturing
Works Engineering

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

Examinations.

(I.C.S. students preparing for Examinations are coached till snccessful)

If you need technical training, our advice on-any matter concerning
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

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

Use this Coupon

INTERNATIONAL CORRESPONDENCE SGHOOLS LTD.
Dept. 95, International Buildings, Kingsway, London, W.C.2

o L4
Please send me the free booklet describing your Courses in

Addresses for Overseas Readers
140, Elizabeth Street, Sydney.

40, Sharia Malika Farida, Cairo,

Lakshrm Bldgs., Sir Pherozsha Mehta Rd.,
+ Bombay.
New Zealand :
South Africa :

Australia :

Egypt :

India ¢ Fort,

182, Wakeficld Street, Wellington.
45 Shortmarket Strcet, Cape Town..

Make your JUNEERO

a precision tool

‘e XAKTO'

SLIDE GAUGE & PROTRACTOR

Accuracy gugranteed, quickly and
easily fixed, it gives INSTANT

VISUAL LOCATION OF f§

EXACT MEASUREMENTS } R: "."‘: “2 f
FOR ALL CUTTING, | "poo
PUNCHING aND |

BENDING.
No marking out required. 7 , 6
Get an “XAKTO” to-
day and be sure of gm‘lﬁ‘??}ﬂ&.
greater precision for the Boreham Wood,
‘““one off” job plus a —Heps:
real saving of time

in repetition work.

HEABPHONES
UPHOLD

WHICH
BRITISH PRESTIGE

S. 6. BROWN, Type ‘K’

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

OUTSTANDING
CHARACTERISTICS

D.C. RESISTANCE 47 Ohms.
IMPEDANCE 52 Ohms at 1,000 ¢.p.s.

SENSITIVITY, |2 x 10=12 watts at | ke
.0002 Dynelem3,

PRICE £5.5.0 PER PAIR

Your local dealer can supply.

TYPE ‘K’

Descriptive Literature on request.

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

$.6 Brown 044,
.Walfcrd 7241 - l N M@

SHAKESPEARE STREET, WATFORD, HERTS.

Teleghene :
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' You have only :

No tonger is it necessary to go
about jobs of painting, distempering,

T5/-

whitewashing, etc, in _the old
laborious way. -5, complete
Now you only need to connect the
*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
frames, etc., it is ideal.

The ‘' Crystal ** Spray Gun will be
forwarded by return, post free, on
receipt of remittance with order
stating, make and type of cleaner.
A special connector, desirable with-all
and essential with some cleaners, is

to press the trigger!

available at 316d. extra.

Write for full details of the
*Flock * Gun.

You will be iftrigued with the

finish imparted by this new process to almost

any material—wood, glass, metal, paper, etc.
Many HOME uses—no skill required.

NEW Crystal

Dept P.P

DOMESTIC
341, REGENT'S PARK

thear Finchle; Central Station)

SUPPLY

 COMPANY
LONDON, N.3
Tel: FINchley 519)

ROAD,

VOLTAGE REGULATOR
AND FILTER UNIT
(CONTROL PANEL 5U/363)

This equipment as illustrated
comprises filter unit, block
condensers, carbon pile voltage.
regulator, fuse panels, mains
switch, pilot lamp, holder,
rheostat, rectifier, etc., etc., all
contained in metal cabjnet. It
was originally designed for a
Radar equipment and has an
input of 80 v. A.C. and an output
of 9o v. 30 m/a. D.C. ‘Adaptation
for other voltages may be made.
The value of the components
.only is extremely high, ‘but we
can offer the whole unit complete
at the low price of 12/6 (carriage
and packing 5/-).

REMOTE CONTROL
MAGNETIC SWITCH

An interesting remote control device
comprising a 1 pole 2 way 1 inch break,
with D.C. bobbin and rectifier. For
use on 230 v. 50 ¢/s. A.C. mains, as used
by the. Admiralty. Type Ws576B. Idcal
for remote control of machinery, etc.,
etc. ONLY o/11 each (carr. & pkg. 3/-).
BRAND NEW.

HARDWARE KIT

A necessity for every mechanic. A kit
comprising § gross assorted steel -bolts,
nuts, flat and shakeproof washers,
soldering tags—mainly BA threads;
tag panels; crocodile clips; solder;
insulating tape; wire; sleeving; spade
terminals ; brackets; clips; etc,, etc.
ALL FOR 29/6, you would normally
have to pay £s for this parcel!

UNIVERSAL MOTORS

A } H.P. motor to operate on 200-250 V.
A.C. or D.C., mains. Will give 5,000
- r.p.m. and is ideal for use with grindstone,
polishing mop, etc. End of spindle

for use

threaded. Compliete and read
with 4 fixing feet for bench or table. ONLY

22/6. POST FREE. BRAND NEW,
MAINS TRANSFORMERS

A first-grade transformer, input 230 v. so
c/s. A,C. withzah output of 4 v. 2} amps.
Size 3fin. x 2%in. x 4in. Weight 3% lgs.
Fixing feet incorporated. ONLY 10/-
(Post & pkg. 1/6.) BRAND NEW.

POWER UNIT TYPE 87

These units comprise a 3 commutator
rotary lrans_former with a smoothing
system consisting of screened supressor

units and an L.F. choke and condenser. |

Input 24 v. D.C. Output 250 v. 65 m/a
H.T. and 6.3 v. 2.5 amps. L.T. Housed
in sound-proof cabinet, Will operate
continuously at 30 m/a. H.T. or inter-
mittently .at 65 m/a. The rotary trans-
former has a bi-polar permanent magnet
field. These have many uses, including
that of a D.C. battery charger by using
the H'T. winding for mains input and
charging, 6 v. batteries at one or two
-amps, from the L. T. side. Brand new~—
ONLY 10/-. (Post & pkg. 2/6.)

Terms: C.W.0. Remittances payable to E. & G. Distributing Corporation Ltd. |
MAIL ORDER SUPPLY CO., Dept. P.M,,

Stepney Green 2760-3906.

Caliets to : 24, New Road, London, E.I,

M o S 3, Robert Street, Hampstead Road, London, N.W.J. |
- ® *

Money refunded if not satisfied..

ILFORD

NEWNES PRACTICAL MECHANICS

HOUSES - SHIPS - ASHTRAYS - BOOK.-
ENDS - SIGNAL CABINS - RAILWAY
STATIONS - AIRPORTS - DOCKS

RELIEF MAPS - PLAQUES - MODEL

FURNITURE - INKSTANDS - PAPER

WEIGHTS - MODEL [FIGURES AND
ANIMALS ETC.

SIMPLE TO HANDLE - INEXPENSIVE

The Instruction Book illustrated tells you how

to make such models as above, without special tools or

skill, in Sankey’s ‘‘ Pyruma’’ Plastic Cement. .This

material, modelled while plastic, dries or bakes to

stone-hardness, ready for painting according to

instructions. Obtainable at local ironmongers, hobbies
shops and art material dealers.

Get Instruction Book by sending 4d. in stamps to the
address below

SANKEYS

PYRUMA

PLASTIC CEMENT

Dept. 4

J.H.SANKEY& SO

h)

Est. 1857

ESSEX
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GALPIN’S

ELECTRICAL STORES
HIGH STREET, LEWISHAM,
LONDON, S.E.I3
Telephone : Lee Green 0309.
Near Lewisham Hospital.

TERMS : CASH WITH ORDER. NO
C.0.D.

408,

EX-NAVAL CATHODE RAY RECTI-
FIER UNITS. New, consisting of the
following components, High Voltage Con-
densers, Chokes, approx. 150 assorted
Resistances, and Condensers, solid brass
Chassis, 42/6 each. CIF.

EX-R.A.F. I.LF,F. UNITS 10 VALVE
SHORT® WAVE, complete with Valves
and Motor Generator, |2 voits input 450
volts 40 mia output, 35/- each ; with 24
volt Motor Generator, 30/-. The latter can
also be used as an A.C. Motor dirett from
2001250 v. mains.

ROTARY CONVERTERS
ADMIRALTY 110 volts D.C.
volts A,C. 50 cyc. | phase rated at 200
watts but capable’of 550 watts continuous
rating, weight approx. 100 Ibs., £8110/-
each, carriage 10i-. Another Ex-R.AF.
12 voits D.C. input, 220 volts A.C. 50 cys.
I ph. at 100 watts output approx. weight
15 1bs., as new, 85/- each, carriage 3/6.

VARIAC TRANSFORMERS. Input
variable between 200/240 volts output
constant at 220 volts at 7} amps., 90I-
each, carriage 5I-.

MAINS TRANSFORMERS, all 2001250
volts 50 cys. | ph. input, output 700/0{700
v. 70 mia., 4 v. 2} a,, 12 v | a., 30/- each.
Another 525/525 v. 150 mfa. 6.3 v. 5 a.
S v. 3 a, 37I- each. Another, 350/0{350 v.
250 mfa.4v.8a,4v.32.,63v.6a,63v.
2 a. tapped at 2 v., 65/~ each. Another
500/0f500 v. 300 mia. 6.3 v. 6 2., 4 v. 6 a.
5 v., 6216 each. Another tapped output
6, 12, at 24 volts at 10112 amps., 47I-.
Another 350/0{350 v, 180 mia. 4 v. 4 a,
6.3 v.4a,5v.3a, 39-. Another 2,350
volts at 500 mfa., 85/- each. Mains Smooth-
ing Chokes, 10 Hy. 100 mla., 6/- ; 150 mla.,

EX-

to 230 |

816 ; 350 mfa., 25/-; 5 Hy. 250 mia,, 1716, |

EX-GOVERNMENT (G.E.C.) ELEC-
TRIC FANS, 12 volts, A.C.ID.C. laminated
field, complete with 5in. impellor. New,
boxed, 20/~ each, post |/-. Transformer to
suit, 230 volts, input, 12116 volts at 4 amps.
output, 32/6 each.

MAINS VARIABLE RESISTANCES,
ex-Govt. (new) 4,000 ohms, .25 amps.,
35/. each. Worm whee! control, slider
type, 60 ohms, to carry I} amps., 1716 each ;
5.7 ohms, 8 amps., 25/- each. Dimmer
resistances stud switch arm type, 2,700
ohms to carry .27 amps., 25/- each.

MAINS VARIABLE RESISTANCES
(stider type), new, ex-Govt., 14 ohms,
carry | to 4 amps., graduated, useful as
dimmers, etc., 1716 each ; another, 0.4
ohms, carry 25 amps., 1716 each, post 116.
Ex-Govt. Moving-coil Cell Testers, 3-0-3
volts (new), 20/- each.

MAINS TRANSFORMERS {Auto -
Wound). Voitage Changers tapped, 10,
20, 25, 90, 130, 150, 190, 210 and 230 volts,
all at 1,000 watts, a combination of 14
voltages can be obtained fram this traini-
former, new ex-Government Stock, £5/10/
each, carriage Sl-. Mains ‘Booster Trang-
former, tapped 0, 6, 10, 19, 175, 200, 220,

225, 240 and 250 volts at 1,500 watts (new,.

eéx-Government), £5/5/- each, carriage
§i-.  Another 200 volts input, 240 volits
dutput at 2,500 watts, £7110/-, carriage 7/6.
Another 2 to | ratio, 110 volts input, 220
volts output, or vice versa, at 4,000 watts,
£12110/-, carriage 10/-. Another 230 volts
input, tapped output 40, 41, 42, 44, 46, 47,
49 and 52 volts at 100 amps., £15/-/- each,
carriage |0i-. The latter two are double
wound. Another Auto Wound, tapped
0, 110, 150, 190, 210 and 230 volts at 1,500
watts, £6{10/x each, carrizge 5/-.. Ditro,
2,000 watts, £7I5l-, carriage 5/-.

EX-R.A.F. MICROPHONE TESTERS
(new). These consist-of a Ferranti 0 to 450
miamp. 2}in, scale meter shunted to | mia.
incorporated Westinghouse Rectifier, the
whole encased in polished teak case, cali-
brated at present 0 to 10 volts, 3216 each.
2716 each.

EX - NAVAL (SELF-ENERGISED)
TELEPHONE HANDSETS, 10/6 each,
or complete Telephones, Magneté Ringing
with Neon Light, 35/ each, post 2f6.
Another with BUZZER cilling,. |5/~ each,
post 2/-.

EX-R.A.F. CRYSTAL CALIBRATORS
UNITS. Type 18, R.A.F. serial No.
10a115237. -These units contain 100 kcls.
xstal 2-EF 50 valves and numerous other
items all new and unused, 35/ each.
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THE “FLUXITE QUINS'
AT WORK
*“ At last I A day by-the sea !
Anid now for a nice cup of tea,”
Cried 00, ** Yes, we might,
If we had some FLUXITE,
We ve brought- the 6ld keltle, you
See."
B i
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 Fluzxite joints can be ‘“ wiped *’
suceessfully 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 stsonger 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. 5

s R
ALL MECHANICS w:uvsx

: THE”FLUXITE"” §
i GUN puts"FLUX- :
: ITE” where you :
i want it by a simple :
H pressure. H

i Price 1/6 or filled :
: 2/6

i IT SIMPLIFIES ALL SOLDERING

Write for Book on the ART OF “SOFT™ SOLDERING and Jor Leaflels on

CASE-HARDENING STEEL and TEMPERING TOOLS with FLUXITE.
Also on - WIPED JOINTS.” Price |d Each.

S.E.}

FLUXITE LTD., Dept. P.M.,, Bermondsey Street,

MYFORD

TYPE ML7
HEAVY DUTY LATHE

The finest Lathe in its class.

3%”

4. Extensive
_ range of
accessories.

MYFORD ENGINEERING COMPANY LIMITED

BEESTON NOTTINGHAM 'Phone : 54222 (3 lines)

07.1488

EVERYTHING FOR THE HANDYMAN

Wood Mouldings, Dowelling, Table and Chair; Legs:
Ornamental Pressings.
Plastic and Metal Handles and Knobs.
Sheet, Strip and Tubular Metal.
Hinges, Screws and Cabinet Fittings Of All Kinds.
Saws, Planes, Vices, Braces, Drills, Etc.
Special Fittings Obtained To Order Within A Few Days.
Send For Price List and Sample Wood Mouldings.

IT WILL PAY YOU TC PAY US A VISIT

B. KOSKIE (Dept. B)

75 Leather Lane, Holborn, E.C.I.
Closed | o’clock Sat. Phone : Holborn 4777

Ociober, 1948

PELMANISM

|
|

for 1
Courage and Clear-Thinkihg

The Grasshopper Mind
OU know the man with a
“ Grasshopper Mind ” as
well as you know yourself. His
mind nibbles ‘at everything and.
masters nothing.

At home in the evening he tunes
in the wireless—gets tired of it—
then glances through a magazine
—can’t get interested. Finally,
unable to concentrate on anything,
he either goes to the pictures pr
falls asleep in his chair, At his
work he always takes up the easiest
job first, puts it down when it
gets hard, and starts something
else. Jumps from one thing to
another all the time.

There are thousands of these
people with ““Grasshopper Minds”
in the world. In fact, they are the
very ‘people who do the world’s
most tiresome tasks—and get but
a pittance for their work. They
do the world’s clerical work, and
the routing drudgery. Day after
day, year after year—endlessly—
they hang on to the jobs that are
smallest-salaried, longest-houred,
least interesting, and poorest-
futured !

What is Holding You Back ?

If you have a *‘ Grasshopper

-Mind » you know that this is true.

Even the blazing sun can’t burn
a hole in a piece of tissue paper
unless its rays are focused and con-
centrated on one spot! A mind
that balks at sticking to one thing
for more than a few minutes
surcly cannot be depended upon
to get you anywhere in your years
of life!

Half fees for serving. and ex-Service
members of .His -Majesty’s Foreq
(Apply for Services Envolment Form)

The tragedy of it all is this;
you know that you have within
you -the intelligence, the earnest-
ness, and the ability that can take
you right to the high place you
want to reach in life! What is
holding you back ? One scientific
fact. That is all. Because, as
Science says, you are using only
one-tenth of your real brain-power.
What Can You Do About It ?

Take up Pelmanism now!
A course of Pelmanism brings
out the mind’s latent powers
and develops - them to the
highest point of -efficiency.
It banishes such weaknesses and
defects as Mind Wandering; In-
feriority, and Indecision, and in
their place develops strong, posi-
tive, vital qualities such as Opti-
mism, Concentration, and Reli-

| ability, all qualities of the utmost

value in any walk of life. |
The Pelman Course is fully
explained in The | Science of
Success. The Course is simple
and interesting and -takes up very
little time. You can enrol on the:
most convenient terms. The
hook will be sent you, gratis and
post free, on application to-day to :

PELMAN {NSTITUTE

(Established over 50 years) o

136 Norfolk House, Wigmore St.
London, W.lI
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HOME
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ENGINEEREN@

WITH MACHINE - SHOP TECHNIQUE

[ 7 can sune f @ Build your own radio

ALMOST AN Y- chassis and 101 other gadgets
THING wWiTd | for the home; construct
PRESTACON ! perfect working ~models to
- FROM A your own plans. In fact,
RADIO CHASSIS & create to your heart’s con-
7O ALL SORTS 1. tent; you’ll see your work
OF USEFUL ' materialise into perfect pre-

cision  productions.  The

Prestacon Press is the instru-
ment that, for the first time,
brings home engineering to
the handyman.

@ Prestacon is the COM-
PLETE Press with all neces-

\ ¢apGETS ] | '

sary attachments including
Guillotine for shearing metal
from 1" to 2” and up to 12’
long. Also attachments for
piercing round and square
holes and for' cutting circular
and rectangular slots as well
as for bending metal to almost
any angle. All with absolute
accuracy.

® PRESTACON PRESS, 55/-.
Complete model making out-
fit with working drawings,
84/-. Speciality kits also
available.

proPUCT

MODEL

ENGINEERING

Obtainable frem the Toy Department of leading Sto'es and Model Supplies Dealers.

Illustrated leaflet detailing In full the scope of the
PRESTACON PRESS “available on request from

Sole Concessionaires: L. REES & €O, LTD. (Dept. 20), 31/35, WILSON STREET, LONDON, E.C2.

2 AMAZING OFFERS!

IDEAL FOR
CRYSTAL
SETS,
VALVE
SETS.
HOSPIT‘ALS
ETC.

X-ARMY HEADPHONES
P t F ot N'i“x AR Loz‘ of
ost Free [ s
Per Pair 5/5 'PIIII’SIoI 100 3/
Per Pair
PRECISION M AD&ANSTRUMI&I\'TS,

REED A
ALUMINIUM DIAPHRAGMS,
DOUBLE HEADBANDS, 8ft.
CORDS and PLUG. D.C. RESIST-
ANCE 60 ohms, High Impedance.
Enormous purchase by us from the
Govt. enables us to offer these at a price
which barely covers cost of Cords and
Plug. All these Headphones have been
carefully stored in air-heated Army
Stores, and they are therefore as new
as when they left the Makers. Satis-
faction guaranteed or money refunded.
They are worth about 42/- per pair.
Fractional II.P, ex-R.A.F
3 ELECTRIC \lﬂ:(}l}ﬂ,

BRAND
N\ NEW, made

“ by Hoovers,

¥ ONLY
a5/~
each.

Carriage l"re’

NOT TO BE COVFUSFD WITH
SMALLER AND CHEAPER TYPES.

4 Size1lin. X 5iin. x 5}in. Weizht lslbs

Volts 200’250 A.C., -.000 rp.a
IDEAL FOR
POLISHING, GRINDERS, SIIOE
REPAIRS. WOODWORKING, Ete.
Converted by us from Rotary Trans-
formers (Input 24 v. D.C. and Output
1.230 v.. 200 m/A. and supplied as such
at 40/- il' preferred). ’I‘hese Mains Motors
are worth treble and have a dozen uses.
Existing Spindle is 516in. diam. n.
long. All- p7urpose Extn. Spindles,

.to screw on, 7/6 pair extra.

AUTO COLLECTIONS LTD.
15, LAWRENCE ST.. Northampton.
Send 1d. S.A.E. for our Radio/Electric List.

|| A.G THORNTON LTD

S Manufacturers of
DRAWING and °
SURVEYING g
INSTRUMENTS

i SLIDE RULES
DRAWING MATERIALS

DRAWING OFFICE
STATIONERY

4 GARTJSIDE 577 MANCHESTER 3

g -

o fi o 3

Hig her and
Higher

stands the reputatlon of
Harbutt’s * Plasticine.” For
more than fifty years it has
been the only reliable material
for model makers of all ages. ’
Whether for home amusement
— designing — experimenting
—or the handyman, * Plasti- |
cine ” is indispensable. Be-
cause it -is ever-plastic and
hygienic, *‘ Plasticine ” has
hundreds of other uses, and it

never deteriorates.

‘Plasticine’

HARBUTT’S PLASTICINE LTD.,
BATHAMPTON, SOMERSET. |

LONDON: : 68, Victoria Street, S.W. 1. {
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PREPARE FOR 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
the more responsible, more secure, and better paid positions. ‘‘ ENGINEERING
OPPORTUNITIES " will show you how to get this all-important technical training
quickly and easily in your spare time. This IQO -page book is full of valuable information
and explains the simplest way of preparing for recognised Examinations. Among the
courses described are :

prampyvy

MECHANICAL ENGINEERING GROUP ! ELECTRICAL ENGINEERING GROUP
A.M.I.Mech.E. Minlng Practice A M.LE.E. Electricity Supply
{ AM.LE.D. Estimating City & Guilds Electrical Meters A
R City & Guilds Foremanship General Electrical Eng. Elecerical Deslgn
Generai Mechanical Eng. Jig & Tool Design Alternating Currents l{lumination
Diesel Engines Viewing & Inspection Power House Design Installations
?*Draughtsmanship & Tracing Welding Traction Telegraphy -
Works Management Sheet Metal Work Mains Eng. Telephony
Press Tool Work Maintenance Eng. Mining Electrical Engineering
Pattern Making Metallurgy Uy
Foundry Practice Refrigerition WIRELESS GRVOUP é
3 T A.M.Brit.l.R.E. Advanced Wireless :
3 COMMERCIAL ENGlNEER'NG- GROUP C. & G. Telecommunications Radio Servicing
; A.M.I.P.E. Cost. Accounts General Wireless Television
i ¢ Commercial Eng. Languages Short-wave Wireless Sound-film Projection Eng,
Y £ =
¥ CIVIL ENGINEERING GROUP AUTOMOBILE ENGINEERING GROUP
AM..C.E. Mining Surveying AMLLM.L. General Automobile Eng.
Inst. Mun. Engineer Road Eng. City & Guilds Garage Management
A.M.|.Struct.E. Hydraulics- Avtomobile Repairman Electrical Equipment h
M.R. San.l. Municipal Eng. Course High Speed Diesels
City & Guilds ?eneral (%%N Eng.
Sanitary Inspector tructurai Eng.
Speciication Reinforced Concrete AERONAUTICAL ENGINEERING GROUP
Structural Design Railway Eng. A.FR.AeS. Aero Engines
R.A.F. (Maths.) . Naviga'tors' Licences
Pilots’ Licences Aeroplane Design
SURVEY|NG AND BUILDING GROUP A.R.B. Licences Meteorology
A.R1B Sosting : Valuations
F.R.L. C.S eating & Ventilating
AMLA, & V.E. Clerk of Works ~ UNIVERSITY DEGREES
LI1.OB. Surveying & Levelling London Matriculation University Entrance
FA.L Building (all branches) School Certificate Intermediate B.Sc.

¢ Our 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 sécure, 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.1
THE B.LE.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 Qffice : ** Practlcal
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Copyright in all dranings, photographs and articles’
published in ** Practical Mechanics ** is specially
reserved throughout the countries signatory to the
Berne Convention and the U.S.A. Reproductions
or imitations of any of these are therefore
expressly forbidden.

NEWNES PRACTICAL MECHANICS

————p———

PRACTICAL
MECHANICS

Owing to_the paper shortage “‘The Cyclist,"’ * Practical Motorist;"*

and ** Home Movies'’ are

temporarily incorporated.

Editor :

VOL. XVI

F. J. CAMM

OCTOBER 1948 No. 180

FAIR COMMENT

The Model Engineer Exhibition
HE twenty-third Model Engineér
Exhibition at the New Horticul-
tural Hall, ~Westminster, worthily

upheld and even enhanced the tradition’

of its predecessors. I missed the face
of the late Percival Marshall, the archi-
tect of the Exhibitions and whose hand
guided the work of model makers
throughout the world and provided them
with the means of exhibiting their work
for the inspection, criticism and instruc-
tion of fellow enthusiasts, and of stimu-
lating interest among those new to model
engineering.

Wanted—a Larger Hall

The exhibition, year by year, has
expanded, both as to the numbers of
exhibits and trade stands, and the
attendances each .year have steadily
increased. In this connection I should
like to make the suggestion that future
exhibitions be held ih more commodious
premises. The Horticultural Hall was
adequate in the days when the adherents
to mechanical hobbies were small in
numbers, and the trade which supplied
their needs was correspondingly minute.
But to-day the industry is a large one
and it is growing. The model engineer
is represented by a large number of
technical journals, catering for par-
ticular branches of model making, and
as new hobbies have cropped up the
numbers of enthusiasts increased.
Twenty-three years ago, for example,
there were very few people interested in
model aircraft, which were then almost

entirely confined to those of the rubber-.

driven type. To-day, model aircraft are
propelled by jets, by diesels and by petrol
engines. One or two have produced
‘miniature-turbines, and the radio control
of models is well on the way. The
.hobby of model railways, which formed
the hard core of the model-making move-
ment, to-day is quite small in comparison
with hobbies such as model aircraft,

By THE EDITOR

model boatbuilding, and all of the
other model making hobbies shown in
such - plenitude at the Horticultural
Hall. There were models of old horse-
drawn vehicles, buildings and bicycles,
in fact, models of almost everything
capable of.being reproduced in minia-
ture. All of the models exhibited a high
degree of skill, high-class craftsmanship
and patience, and overseas visitors and
buyers who this year visited the exhibi-

tion in greater numbers than ever before.

must have been impressed with the fact
that British craftsmanship has gained

.in the years, and has lost nothing as a

result of the war. For the first time
models were shown from Denmark,
Norway, Sweden, Holland, France,
Switzerland, Austria, Spain and Canada.

Circular Track

The circular track proved a great
success. Throughout the run of the show
power-driven béats, aircraft and racing
cars could be seen operating at high
speeds. Within the arena steam traction
engines and other models were shown
running under their own power. The
multi-gauge track for live steam pas-
senger hauling, which was omitted last
year, was reintroduced and proved a
great success.

Braille Reading Micrometer

Among the trade exhibits I .was
interested in the braille reading micro-
meter and bevel protractor, the minia-
ture jet engires, the 10} gauge two-ton
locomotive for light railway operation,
and (for the first time in this country)
the radio control equipment which-was
offered for sale to the public. There were
multi-cylinder petrol engines of 10,
15-and 30 c.c. capacity, as well as a
.2 c.c. two-stroke diesel engine.

Altogether a* noteworthy exhibition,
but we hope that next year it will be
housed in a larger building, where it will

‘be possible to give more space to each

exhibit.

illustrations.

The “P.M.” Master Battery Clock
ON the PRrACTICAL MECHANICS stand

was exhibited the PracTiCcAL
MEcHANICS master battery clock which I
constructed especially for the exhibition.
In view of the enormous demand for the
blueprints for this clock and the great
interest aroused at the exhibition, I shall
in a later issue devote further space to it.

The Model Aeroplane Handbook
HE Model Aeroplane Handbook,
upon which I have been engaged
for some time, will be published shortly.
It costs 12s. 6d., or 13s. by post, and.
orders should be sent to the publisher, ad-
dress as above. The book contains a short
history of model aeronautics, principles of
design, airscrews, wings, undercarriages,
folding airscrews and retractable under-
carriages, fuselages, the elastic motor,
gearing and special mechanisms, making
model wheels, geared winding devices,
model aeroplane stability, downthrust,
model petrol engines, adjusting model
petrol engines, compressed air engines,
how to form and run a model aero club,
FAIL and SSMAE. rules, SMAE.
competition cups, a lightweight duration
model, a Wakefield model, a Farman
type monoplane, a composite model,
ornithopters, or wing-flapping models,
a low-wing petrol monoplane, a duration
glider, winch-launching model gliders,
a streamline Wakefield model, a model
autogiro, a super-duration biplane, flying
model -aeroplanes, a flash steam plant,
model diesel engines. The book extends
to 310 pages and has no less than 303
It is fully indexed.

ot

New Volume Commences

HIS issue commences Volume XVI.
% Indexes for Volume XV are avail-
able for 1s. each from the Publisher,
George Newnes, Ltd., Tower House,
Southampton Street, Strand, London,
W.C.2.
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T/?e Electron M icroscope

lts History and Underlying Principles

Fig. 6.—Mertrovick new electron microscope in use.

HE eclectron microscope is the most
I outstanding achievement of the science
of electron optics, and behind the
excellent instruments now made for industrial
and medical research there is a story of
continuous critical examination of the known
and" newly discovered phenomena relating
to light and the properties of matter. To give
a clear idea qf the magnitude of the task
which has culminated in the modern electron
microscope, it is desirable to approach the
subject historically and to show in what
manner the light microscope had reached its
limit of usefulness in its own particular
sphere ; and to record the birth of the science
of electron optics from the hypotheses and
experiments of the great minds of the past.
‘The light microscope was invented by
Jansen in Holland about 1590 and by Galileo
in Italy in 1610. With advances in the study
of optics and the discovery of the Jaws of
refraction in 1624 microscopes with double
glasses were introduced and these were
improved upon by Benjamin Martin, Henry

Baker (1760) and by
Wollaston and Ross
in the 19th century.
In 1851 Professor
Riddell constructed a
binocular instrument
and the Microscope
Society of London
was ° established in
December, 1839. All
the above-mentioned

simple glass lens and
were  developments
hinging upon the use
of the converging
lens, Fig. 1, resulting
in the compound
microscope which is
shown diagrammati-
ally in Fig. 2.

Resolution of Optical Microscope

In the middle of the 19th century it was
found that the limit of the optical micros¢ope
was decided by the wavelength of the light
used, and was not decided by defects in the
lens system.

The wave nature of light sets a limit to
what is termed the resolving power of the
microscope, that is to say its ability to dis-
tinguish between two separate details in very
close relationship to each other. The resolution
limit is defined as the minimum distance or
dimension which can separate two minute
or point particles while they still remain
separate in the image. Increase in magni-
fication, contrast or intensity are of no
avail in changing this limitation.

E. Abbé, a famous optician showed than
the resolution limit for one condition of
illumination was :

A :0.611.

4 osin a
where 4 = wavelength of light in vacuo

instruments used the °
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By FRANK W. COUSINS, AM.LEE.

- refractive index of the medium
in the object space.

a the semi-angle of the cone of
rays leaving an object point
and entering the objective
lens. )

For visible light the limit is about 2,500 A®*,
(* 1A° = 10-* cms. or 10-* microns.)

It followed that the wavelength of light
placed a difficult obstacle in the path of
advancement and future observations in the
submicroscopic domain. One more improve-
ment, however, was yet to come, and this
was obtained by using electro-magnetic waves
in the ultra violet band and fused quartz
lenses; this combination gave a resolution
limit of the order of 1,500 A°. Here it seemed
the investigators must pause and take breath,
looking - backward upon their labours. We
shall see, however, that attention was turned
toward new channels of thought, and a

N

Fig.

AB Axis

i C Optical Centre

I F Focus

XY Upright Virtval Image
PQ Object

1.—Converging lens.

digression is profitable to see hew this came
about.

.The Nature of Light

Two theories of the nature of light caused
great controversy right up into recent years
and the controversy was na mean on¢; it had
involved such men as Newton, Huygens,
Young and Einstein. Newton held the
opinion that light consisted of particles shot
out into space and travelling in straight lines.
This was known as the Pythagorean idea or
corpuscular theory. Huygens proposed the
wave theory of light, although Aristotle’s
pellucid was perhaps the real origination’ of
this idea., Huygen’s proposal was not given
much consideration until the early 19th
century, when the corpuscular theory broke
down owing to the discovery of new pheno-
mena regarding the nature of light, Newton’s
theories were then replaced by the theory
that light was propagated in waves through a
medium termed the ether. . The exact pro-
perties of ether were difficult to define and

” Opagque
A e o Screen —
Objective Ax / - T o
R - —— —_
Object —P—‘ﬂ ___Pin Hole —_—— //
~ S PR S CI—|
jec e n— E———— D - —
- F , — S \
> - == | S ,_ \\
—_— - e —
Yirtuel A  tyepiece Res'u/r‘ it Light
mag: v/' = } was Corpuscular Dittractioh

Fig. 2.—Compound microscope.

Fig. 3.—Corpuscular

effect and diffraction fringes.
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appreciate, but-at least the wave concept was
able to explain satisfactorily the phenomena
of diffraction and interference, the sine qua non
of a wave motion, already appreciated in the
analogous study of sound.

Diffraction is the small-scale spreading of
light beyond “the limits of the geometrical
shadow which is observable when the source
of light is small. At the edge of the shadow
and parallel to it a few alternatively light
and dark bands are seen which are called
diffraction fringes, Fig. 3.

Interference is the effect of superposing two
or more trains of waves of equal wavelength ;
the resultant amplitude is the algebraic sum
of the amplitudes in the interfering®trains.
Fig. 4 shows Young’s classical inferference
experiment.

Now, light manifests: these phenomena
very strikingly, so much so that the science of
spectroscopy and a clear theory of vibrations
in the ether has been constructed upon theme
to include heat, radio waves and X-rays.
Maxwell put this into mathematical form,
and in 1887 Hertz' found that -electro-
magnetic waves could be reflected, diffracted,
refracted and focused exactly as light waves ;
this confirmed Maxwell’s theory.

Other discoveries concerning light, however,
still made its exact nature somewhat obscure ;
for instance, it was difficult to appreciate that
gentle vibrations in the ether, from a distant
star, could cause the atomic rearrangement
on a photographic plate exposed thereto.

NEWNES PRACTICAL MECHANICS

Screen

—-A

Monochromatic |
Light

=8

Fig. 4.—Young’s interference experiment.
O is equidistant from A and B. P half wave-
length nearer to A than B. Q one wavelength
nearer to A than B. Result : O, Bright. Q,

Bright. P, Dark. :

this manner (a migration of ions). Know-
ledge was carried a stage forward with the
great researches of Helmholtz, Hittorf and
Crookes, but it was to J. J. Thomson that the
truth was to be revealed by his classical and
meticulous experiments at the Cavendish
Laboratory in 1897. i

Thomson announced that cathode rays were
matter in a new state of subdivision carrying
negative charges of electricity. He went
further and calculated the ratio of the mass
“m’ of the particles to the charge “e”
and launched the electron upon the world of
physics. Thomson prophetically stated that
these particles were the substances ‘from
which all chemical substances are built

9

Electron Metal Foil
8eam (Say 0-Qoo/ mAtn)
Vd
2 — <
>:: _——
Hor‘\
Cathode
Fig. 5.—Electron ‘beam diffracted by gold foil

and the hke.

Thomson, passed a thin beam of electrons
through gold leaf on to a photographic plate,
Fig. 5, obtaining a well-developed diffraction
pattern consisting of concentric rings. This,
then, meant that electrons were corpuscular
in form but moving as a train of waves ; the
analogy with the dual nature of light was now
complete and the birth. of electron optics
had. taken place.

The Application of Electron Optics

It is now possible to return to our con-
sideration of the electron microscope, the
crowning achievement of electron optics.
Since electron paths and rays of light are
shown to .be analogous, it was only to be
expected that. science would suggest an
electron lens, and this was.announced by
Bush in 1926. i

It is the use of electrons ejected from an
electron gun—receiving intelligence from

Fig. 7.—Short magnetic lens.

In such a case it would appear more logical
to accept the corpuscular concept. Other
phenomena of a similar kind showed that
“weak >’ light would perform everything
that * strong’’ light would perform, if the
time period was suitably adjusted.

Introduction of the Quantum Theory
In 1900, Planck found that the absorption

and emission of radiant energy by hot bodies"

could not be reconciled with their observed
temperatures when explained by the wave
concept, and he was forced to introduce his
quantum theory. Einstein proposed in ‘1905
that we consider light particles or light quanta,
and, although it has taken some imbibing,
scientists now accept a dual theory of light,
which, stated broadly, means that light must be’
considered as travelling in a wave motion,
but when associated with photo-electric
effects and radiation problems, it must be
considered as particles of light quantum
which we term a photon. By definition, a
photon is a particle of mass hv/c® where
“v?” is the frequency of vibration, “h’”’ is
Planck’s constant and ““c’’ is the velocity
of light.

The Electron as a Constituent of Matter

Having attempted to elucidate, in a few
words, the complex nature of light, we must’
turn to a consideration of the structure of
matter, and thé electron as a constituent
thereof. The electron had its real beginning
as a part of our knowledge with Faraday’s
work on electrolysis and his enunciation of
the laws governing the transfer of matter in

-Millikan made more

(protons, electrons).
On Thomson’s work

precise measurements
and we now know
that the electron has
a mass at rest of
9.042 X 10-%® gm. and
a charge of -

4.-774x10-1 ES.U.
These discoveries
opened the study of
free electrons, which
we now term elec-
tronics.

Electron Optics’
In 1924 De Broglie
postulated that a
train of . waves is
associated with a
free electron in
motion, the wave-
length being given

5 Fig.
by the equation

‘where V is the voltage by which the electrons
have been accelerated. ) :
Einstein appreciated the De Broglie result
and immediately realised that this would mean
the possibility of electron diffraction—you
will remember we agreed that diffraction.was
orie of the phenomena associated with wave
motion. J. J. Thomson’s son, Sir George

¢

10.—General view of

—
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Merrovick electron  microscope EM-2.

passage through a specimen and entering
an electron lens system fo be made vidible
to the eye of an observer upon a fluorescent
screen—that has produced the electron
microscope of to-day (Fig. 6). The resolving
power of such an instrument is vastly superior
to that of the light microscope, since the
wavelength of the electron is inversely
proportional to the square root of the
potential applied to accelerate it, and may be
of the order of 50,000 times shorter than that
of light.



10

¥
The Electron Lens

To appreciate the theory of the electron
lens it is essential to discuss the basic principles
of electron optics.

An electric field of force acting upon an
electron at rest causes it to move along the
lines of fotce and in a direction opposite to
the motion of a positive charge, and it will
bend a beam of electrons into regions of
higher potential.

A magnetic field has no effect upon a static
electron, and no effect if the electron moves
parallel with the lines of magnetic force ; but
1 will cause an electron to move in a cu'cular
path if the direction of motion of the electron
‘was initially at right-angles to the lines- of
magnetic force.

Electrodes
- c::zfé;
e m— :ﬁ - -Hﬂ
) c— C Cathode
= G Grid
. A Anode
S, Screen

Fig. 8a.—Briiche and Johann-
son tmmersion” objective lens.
(1932)

Fig.: 8.—Electrostatic Lens.

In more precise language, for those readers
.who are acquainted with the electrostatic
and electromagnetic units, it is known (1):
“that an electric field accelerates a free
electron in the direction anti-parallel to the
electric intensity and with a force equal «to
10°Xe dynes in which X the intensity is in
volts/cm. and ‘e’ the electronic charge in
coulombs. The acceleration is therefore
10°Xe/m where ‘m’ is the electronic mass.
Since for an electron the charge mass ratio
e/m is 1.76x10° coulombs per gram the
acceleration of an electron in a field of intensity
X voltsfem. is 1.76 X Io”X cm/sec &

€ If there is a component ‘ X’ of the field
‘at right-angles to the electronic motion, the
electron moving with speed ‘V’ cm/sec.
follows a curve whose radius of curvature is
1'5=5.66 X 10-1¢ v#/X cm.

¢¢ A magnetic field produces no acceleration
in its own direction, but if there is a
component of it, H oersteds, at right-angles
to’ the electronic motion the ,electron is
deflected at right angles to both its motion
and to the component H, following a curve
of radius r,=5.66 X xo-SV/H cm.”

Bush showed that his electron lens would
SO act upon an electron ray as to cause ail
electrons departing in different directions to
converge at a point, and that the aberrations
and characteristics of the lens were analogous
to those experienced in the glass lens. Once
Bush had disclosed his magnetic electron lens
the discovery of an electrostatic lens was
only a matter of time, for it transpired that
every electrostatic field with axial symmetry
behaved as an electron lens. It has now been
shown that either an electro magnetic, or‘an
electrostatic field having axial symmetry will
act as an electron lens provided the electron
ray is close to the axis.

The focal length (*) of an electromagnetic
lens is given by the equation :

! jﬁ{z dz.

£V,
where f=focal length of lens in cm.

K =constant.

V.=electron velocity in volts.

H,=magnetic field intensity along the

E axis in oersteds.
The focal length (?) of an electrostatic lens is
given by the equation
—K

f '\/ vo/
where V= the lens potential.
A diagram of a typical thin magnetic
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electron lens (%) is shown in Fig. 7, the
left-hand portion of the diagram being a
projection on a plane through the axis of
symmetry and the right-hand portion of the
diagram being a projection on a plane
erpendicular to this axis, The lines of
orce drawn characterise- the magnetic: field
of the lens. The electrons leave the axis at
P, and reach it again at P,. The distances
from P, and P2 to the middle plane of the
lens-are “x” and “y” respectively; the
angles which the electron ray makes with the
axis at P, and P, are a and B respectively.
The maximum distance of the electron from
the axis is ro. |

“The force -arising from the l’)ngitu-
dinal motion of the electron across the radial
field is normal to both these
directions (Fleming’s Left-
hand Rule) and gives rise to
an angular velocity about the
axis. This rotary motion,
cutting the longitudinal field,
gives rise to a radial force on
the electron and this, by
Lenz’s law, is directed toward
the axis no matter from which
side of the field the electron is
incident. The eclectron is
therefore both rotated about
the axis and deviated towards
it as it passes into-a short
magnenc lens” (*). Itisof interest tonote that
it is not necessary to use the wave properties
of the electron ray to explain the lens action ;
the conclusions may be arrived at from a
consideration of the electron trajectory in the
force field.

An electrostatic lens (%) is shown in. Figs. 8
and 8a. The principle may be understood
if we consider the electron in its simple form,
i.e., a negatjve particle, and remember that
a positively charged surface will attract it
and that a negatively charged surface will
repel it. Electrons arriving at the outer
plate which is at anode potential pass freely
through its aperture and then come under
the influence of the negative converging field
of the negative electrode. The rays now
pass through the third electrode plate and
travel in the form of a divergent cone until
another electrostatic lens is reached. The
focusing is a function of the strength and
form of the electrostatic fields existing between
the various lens electrodes. From a considera<
tion of the elettrostatic lens equation

(+=7em)

£ vy

it will be readily appreciated that if the lens
potential is made proporticnal to the electron

e 140 Volts

Vy 750 Volts
Vs 750 volts
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Magnetic electron microscope.
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velocity potential the value V,/V becomes a
constant and would give the lens a constant
value for ‘1; this is desirous in that a constant
focal length will produce a well-focused
image. This problem of the voltage adjust:
ment is peculiar. to the electron lens, the
geometry of the glass lens deciding the focal
length of the finished lens.

Electron lenses have all the defects of optical
lenses, viz., spherical aberration, chromatic
aberration (the focal length of the electron
lens being different for electrons of different

velocities) and coma. Optical lenses may be
suitably. corrected but electron lenses cannot

(except in the case of coma). These errors
may, however, be reduced by a reduction
in the aperture angle of the lens. The
apertures used are very small, 1/sooth of
those that can be achieved with optical lenses. .
It is only fair to mention here that researches

,are continually progressing and the pessi-

mistic note above may well be toned down;
as one example Gabor®) has disclosed a method
of correcting spherical aberration with simul-
taneous reduction of the focal length of the
objective, the invention consisting of *a
dispersing lens for an electron beam,, the lens
being constituted by a region of axially sym-
metrical electronic space charge produced by
an auxiliary cathode, and confined to the
region by electric and magnetic fields, the
beam being directed co-axially into the region.

"The Electron Microscope, Per Se

Having digcussed briefly the lens arrange-
ments and theory, it remains to show the
disposition of the lenses within the actual
microscope.

Fig. 9 shows the magnetic and electrostatic |
instruments in comparison with the well-
known light microscope; the * optical”
systems will be seen to be exactly analogous.

The first emission type microscope was
made by Knoll and Ruska in Germany in
1932 and up until 1940 Allgemeine Electricitéits °
Gesellschaft was the only-company engaged
in the development of the electron microscope.
In 1936 an instrument was built in Britain
by Martin, Whelpton and Parnum and the
first commercial instrument was produced by
Messrs. Siemens in Berlin, to be followed by
one from the Radio Corporation of America’
two years later. A remarkably fine instru-
ment @ has been constructed in recent years
by the Metropolitan-Vickers "Electrical Co.,
Ltd. ; it is known as the Type EM2, and it is
the first British-built electron microscope to
be commercially supplied for use in an
industrial research laboratory.

(To be continued)
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Fig. 9.—The magnetic and electrostatic instruments’compared with an ordinary optical
microscope.
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American cargo boat from
Rochester, New York. The
ship had to be diverted to
Antwerp owing to the
London docks strike. But
it got here ‘all right eventu-
ally and 1 believe that
already half a million feet
were used in the making of
this film.
ready to be Press pre-
viewed three weeks after
the close of the Games.

What complicated mat-
ters considerably was that
each version sent abroad
had to give special promi-
nence to the athletes of
each particular country
with commentaries in 16
foreign languages. One
advantage of Technicolor
that one might overlook is
that the millions who see it
abroad will easily recognise
the colours of their own
competitors.

So 100 cameramen (70
for the colour film and 30
for black-and white) milled
round this  luxuriously
appointed film.centre, with
Castleton  Knight’s : two
caravans in the forecourt of
Wembley’s administrative
building, and the
centre.

Ex-air-raid shelters came
in handy' as stores for

HEN they discovered -that all-over

filming of the Olympic Games

involved the laying of eight miles
of telephone wires in and around Wembley
Stadium and Swimming Pool it became
certain that a  new
would be advisable. Someboedy with the
obvious solution in° mind suggested
OLYmpic. Everybody might have been
happy except the operator.

(Incidentally, I have always wanted to
know why, for some less glaring technical
reason, Scotland Yard Emergency could not
be 11I-—the ideal choice, as it is the
quickest and can be dialled with ease in the
dark.)

So they hit on CORinthian which, any-
way, has a-good Ancient Greek flavour.

In this article I will try to show a little
of what went*on to make CORinthian.

For this purpose I went down to
Wembley.
restaurant-bar, which formed part of the
film centre, watched the- games on the
television and asked Mr. Castleton Knight
a lot of questions:

This was best done.in one of his two
super-luxury, plastic roofed, chromium-
plated, white trailers. One served as an
office and the other as his home during the
preparations and filming—television, radio,
switchboard, hot and cold, kitchen, etc.

Technicolor Film
In order to make the Technicolor film,
1,000,000ft. of film was brought in an

3 -

One of the towers spectally desxgned and built for the Olymptc
Games Technicolor Fibn, by Scaffolding (G.B.), Ltd.

telephone exchange,

I entered the large marquee

cameras and films. Some
were converted into dark
rooms,

As far as the actual filming went, there
were several major problems to be faced:

(1) The erection of a suitable mobile
tower for the centré of the arena.

(2) The erection of camera-sites - that
would not obstruct the view of the
spectators.

(3) The positioning of camera sites in
relation to the position of the sun at the
time of each event to be filmed.

No rehearsals, no re-takes !
With regard to the mobile tower, require-
ments were somewhat exaoting.

Mobile Tower

The tower had to be mobile and easily
man-handled into position. The platform
on which the camera was to stand had to
be rock-firm. The stem had to be as thin
as possible.

Scaffolding (G.B.) Ltd. solved the -prob-
lem. They censtructed a-special tower, as
seen in the accompanying illustration, 24ft.
high, of steel tubing, fabricated by
electric arc-welding. The base measured
13ft. across and was mounted on two

26in. - pneumatic and one trailer wheel.
When in the required oosmon it was
jacked up on spade-like feet.

The tower lay in a horizontal position
for transport and an additional trailer wheel
was fitted at platform level to enable it to
be wheeled in this posmon
hoisted into a vertical position by means of
a rope and specially constructed chocks.

It had to be

Press’

It could be-

1

Callmg CORinthian . I

Behind the Filming of the XIVih Olympiad

By "THE. MARQUIS OF DONEGALL

Tall and thin with a minimum of bracing
and stays, it was rigid, and I was told that
there was no vibration in the wind.

The platform at the top was 8ft. in
diameter and included a pulley system for
hoisting camera and equipment. I got
up by means of ladder rungs built into the
stem and reached the platform through a

trap door.
The complete tower weighed about
II cwt. and it could be handled by one

man. Communication between the camera
crew and the ground was by means of
telephone.

Transporting Equipment

To transport film equipment into the
centre of the Stadium a special bridge had
to be constructed to span the goft. run-
ning track. It had to be sufficiently strong
to allow the passage of the three-wheeled
electric wagons used for transporting
equipment. Thxs bridge was designed and
cconstructed in three segments asscmbled
into one box girder, the upper cord of each
segment being designed to act as guide
and track for each of the three wheels.
Two floating axles and pneumatic whesls
were built into the assembly, the axles
having a jacking device which allowed the
wheels to retract into the depth of the
bridge, allowing it to stand on its own
springing when in use but to be wheeled
on and off the track by two workmen. . The
total weight of the structure when fully
assembled was 16 cwis.

Dealing with problem (2), other' camera
positions were erected above the entrance
tunnels to the Stadium, where they did not
obstruct the view. They were also con-
structed of steel- tubing, pinched between
the tunnel walls and suspended from special
stirrups and hanging wires. Camera-pits
with lids were built into the arena,

So much for the problems peculiar to the
arena. In the case of the Empire Pool, for
the -swimming and boxing, similar considera-
tions governed the positioning of gantries,
etc. But throughout the winter, the pool
had been used as an ice-rink, of which the
glass roof was painled to prevent melting of
the ice by the sun’s rays.

This had to be scraped. It consists of
14 panels with 90 windows in each. Scraping
was a dangerous job because the workmen
had to stand on the narrow steel window- .
frames.

All the camera positions were connected
by telephone through CORinthian to enable
Castleton Knight, from a central control

* point, to keep in touch.

One feature, as an “Old Man of the
Mountains,” that I am eagerly anticipating
is the inclusion in the Olympic Film of the
Winter Games at St. Moritz six months
ago. The ski-jumping should be thrilling,
and I have memories 6f the jump that the
built for the winter games in St. Moritz in
1928.

If there is one notable fact about ski-
jumping it is that the worse you do it, the
safer it is. One morning, Roger Bushell and
I set out to practise on the Olympic jump.
I went off first, missed my take-off, landed
on my back about 9oft. down the almost
perpendicular slope, rolled over and over to
the bottom, got up and—like the pig—slowly
walked away.
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Not so Roger. He jumped so-well that
he over-jumped the slope, landed on the flat
and broke both his .ankles.

Incidental Music

One other feature of the Olympic colour
film is the incidental music. This was being
written by Guy Warrack. He derived his
main material from the Parade of the
Nation’s March, which he wrote for the
film. This leads into symphonic arrange-
ments of the National Anthems of the 61
nations—except Pakistan which apparently
has not yet acquired one.

~ NEWNES PRACTICAL MECHANICS

There is a fugue for full orchestra for the
Marathon, a waltz for the figure skaters, and
the lot was recorded by Sir Thomas
Beecham’s Royal Philharmonic and con-
ducted by Muir' Mathieson. Considering
the thing runs for 130 minutes I should
judge that Mr. Warrack had a busy day. -

Distribution of the film to Europe was
scheduled as a matter of hours by British
European Airways — the longest being the
two prints for Istanbul in 15 hours.

As for the rest of the world, British
-QOverseas Airways (and Associated) reckoned
that the ‘last place to get it would be

,
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Shanghai, in five days. By far the largest
Empire customer for prints is Canada with
20, as compared with Australia’s eight and
South Africa’s three.

A word about Castleton Knight, the pro-
ducer of “ Fourteenth Olympiad—The Glory
of Sport” He has pretty weéll run the
gamut of films from A to Z, starting as office
boy at the Kingston County Theatre.

Altogether, I think you will agree with me
that the best summing-up of ‘the whole
shooting-match is:

CORinthian ! What A Game !

Rotary ¢ Transtormers

Hints on Their Mounting and Uses

By WM,

T the present time it is possible to buy

for ten shillings or so a rotary trans-

. former which cost ten times as much to

produce. These rotaries are surplus war-
stock, and are new and unused.

NIMMONS

which are to be found there—passing the
screws through the rubber and’thence back
into place, with a washer to spread the
pressure. Get a friend to hold the rotary
while you fasten the other end of the rubber

Rubber
Sheeting’

3
‘!il
**:

Rubber
Sheeting -
~.,

Rubber Preces.

Fig. 1.—How rotary transformers are mounted.

They are very useful for charging accumu-
lators when the supply is D.C. Up to four
2-volt cells can be charged at one time. The
battery wireless user, particularly if he is an
experimenter, would be well advised to
procure one of these rotaries before they are
all gone ; the.rotary will pay for-itself in a
short time, and the experimenter will have
the satisfaction of seeing that his accumulators
are properly charged—which is not always
the case at charging stations.

Car accumulators, too, can be charged
since the unit will dehver up to three or
four amps.

The first thing that strikes one on receiving.

. the rotary is the *rolliness ” of the unit. It
is about 8in. long and 4in. in diameter, and
being perfectly round, seems determined to
roll oft any bench on wl'uch it is placed The
obvious thing to do, therefofe, is to mount
it in a framework of some kind.

Mounting the Machine

Procure a thick board 12in. by 6in., also,
two shorter pieces, 6in. by 6in.  Nail .the
shorter pieces at either end of the long piece,
and you have your framework. If desired,
cross-pieces may be stretched from each
upright (at the top) in order to strengthen
the whole (Fig. 1).

You will next need two pieces of rubber
sheeting. Pieces from an old motor inner tube
are ideal for the purpose. These should be
4in. by 23in. Fasten them to cither end of
the rotary- by undoing two of the screws

bands to the tops of the uprights, by means
of screws with washers, and the mounting is
complete. The rotary will sag somewhat,
after the style of the old magnetic micro-
phones once used by the B.B.C.

Interference Suppressors

In fairness to your neighbours, the unit
should be fitted with interference suppressors.
To do this six .1 mfd. tubular condensers
are requireds one for each brush. Commencing
with the. high-voltage side, connect one side
of each of two condensers to each H.T. brush,

and join the remaining sides of the two
condensers together. This junction of the
two condensers should be connected to the
frame of the machine. Do the same with the
12-volt and 6-volt brushes. The machine
can now be run without causing wireless
interference with neighbours’ sets.

By wiring a couple of lampholders-(Fig. 2)
in series with the mains lead to the rotary
it is possible to control the charging current
by inserting various sized lamps in the holders.
A 25-watt lamp will ‘just’ cause the machine
0 ““ tick over ” without charging. A 4o0-watt
lamp is useful for small charging currents,
such as the half ampere required for small
mass type cells. A 6o-watt lamp will charge
at 1 amp., a Ioo-watt at 2 amps., 150-waft
at 3 amps., while by short-circuiting the lamp a
current of about 4 amps. at 6-volts is obtained,
i.e., 24 watts, which is the maximum for
continuous runmng to take off the L.T.
winding.

Economical Running

The wattage rates of the lamps by no
means indicates what the rotary is consuming
on the H.T. side, because the back E.M.F.
of the machine cuts down the wattage con-
siderably. For example, I have noted the
machine charging at 3 amps. with the 150-watt
lamp in series. The machine, however, was
travelling so fast that the back E.M.F. cut
down the primary current so that the lamp
barely glowed. I do not think it was con-
suming more than 50 watts.

This is a measure of the economy of the
machine, for so watts with the customary
mains voltage is about .2 amp. We put

.2 amp. in and get 3 amps. out. Again,
50 watts is 1/2o0th of a unit, so that the machine
will run for 20 hours at the cost of 4d. It is

unlikely that an accumulator will take more
than 40 hours to’charge, at a cost of 1d., and
we can charge four cells at this cost, which
at a charging station would cost at least 2s.
It will be seen, therefore, that one of these
rotaries is a well-worth-while investment.

Fig. 2.—Part sectional view,

showing how, the Iampholde-rs are wired up,
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Power Mode! Aireraft—2

Coptrol-line Models :
Fuel Feed

Fig. 8.—A model of simple but eﬁ‘ectwe lLines for speedy flying and
thanauvrability to suit med:um size engines af 5,6 (diesel) and 4-5 c.c.

to 9 c.c. glow-plug motors’ is the author’s,

“ Bowden Stunt Bus’’

designed on~ American lines with the effective symmetrical wing section

and a large elevator. The span is 38in., and the model flies very smoothly.

(Continued from page 386, September issue)

ARGE diesels such as the 5 c.c. Eta,

L and the American 5 c.c. Drone, both

engines used in my models, fit very

well into control line models of 36in. to 4oin.
or 45in. span,

A propeller of abaut ro}in. diam. with a
pitch of 8in. to 9in. is suitable. I find that
the American “ toothpick ” thin frontal area
prop creates less drag for a speedy control-
line model than the wide bladed props so
often used over here.

Large Stunt Models

There is a recent tendency in America to
make even larger speed and.stunt models
than the model I designed and show in Fig. 8.
Thus “ Madman ” Yates flies what is prob-
ably one of the most successful stunt models
over there, and which has a wing span of
s52in. The Americans mostly use very
powerful 10 c.c. motors such as the Dooling,
the McCoy, the Ohlsson 60, and the Atwood
Champion. . ] have the last two mentioned
engites, and their power is really outstand-
ing, in fact definitely on the fierce side for
a newcomer to power modelling.

Now we come to the larger “ sports

machine which ts very nice to fly and great
fun, but is a little too heavy for violent

stunting when fitted with the larger type of.

engine. This is a type that suits many
British power control-line men who normally
fly or have been brought up on large free-
flight models.

A Versatile Model

Fig. 9 shows the sort of thing I mean.
It is a model I built some time ago, and looks
well and imposing in the air, for its large
chord elliptical wing has a span of 48%in.
Central chord is rrin,
model is 373in. This model has proved most
versatile and shows what can be done if a
wing section of the built-up type is used on
a large model, for it has flown slowly on only
a 2.2 c.c. Majesco diesel in spite of its
weight. It flies fast and with an exciting
performance when fitted with a 5 c.c. diesel
or a large petrol or 9 c.c. glow-plug motor.
The model has a planked monocoque
fuselage, and the wing is entirely covered
with 1/16in. sheet balsa as most ‘of my
models are, for it makes them really strong.
All my engines are fitted on detachable

* glider

The length of the

Centrifugal
force in
this direction

S

éﬂset engimne
cslightly - to
surt- model

Control lines ——m|

Fig. 7.—Offsets to assist centrifugal force in keeping Control lines

sheet balsa. This is
Cellon full strength

dope, and makes a model to last.

is difficult to get, as
so many model shops
sell only thin model
stuff, sometimes call-
ing it full strength
dope. Thin
model dope never
‘makes such a tight
and lasting job.

Scale Models

Scale model en-
thusiasts will Dbe
interested in Dr.

Thomas’s two control
lines shown in Figs.
10, 11 and r2. Fig.
10 carries one back to
the war. The modcl
is powered by a 2.2
c.c. diesel and has an
ingenious -third linc

) 13
Scale Models : " Goats "
Fuselage Construction
By C. E. BOWDEN, AlMechE.
control’ which is normally slack.  One

engine mounts, for I
can change engines to
try different types.
An unhappy prang
seldom does damage
if the engine and its
mount are attached by
rubber bands = that
give instead of. the
crankshaft. However
skilful the owner may
be, he or one of his
visiting friends will
occasionally do a bad
landing. I  usually
cover my power con-
trol-line models with
nylon or thin meda-
pollum, and sometimes

_a fine lawn over the

NOTE -

raut.

doped with genuine
clear full size glider
Such dope

Otfset tin, spprox 10°

Centre line.

Orfsets are exaggerated
for clarity.

pull, when the model is in flight, raises the
retractable undercarriage legs. A second pull
releases the two dummy bombs hung on their
racks below the wings, and yet a third tweak
on the line just before landing time "comes
along, drops the undercarriage legs for the
landing. Fig. 11 gives a view of the retract-
able undercarriage in its up position. The
bombs can be seen off their racks lying on
the ground. -A good deal of fun can be had
bombmg a target laid out in the control cir-
cdit. . Most people would be satisfied if they
could achieve bomb dropping without re-
tracting the undercarriage as well. I often
fit a third. line to control the engine speed
of ymy models. The line is normally kept
slack and a gentle pull closes the throttle, a
second pull opens the throttle.

The same desxgner is responsible for the
very nice 2.2 c<.
diesel - engined Tiger
Moth of the scale
type (see Fig. 12).
The compression ad-
justment lever can te
seen just protruding
from the inverted
cylinder inside its
engine cowling. This
model flies exceed-
ingly well as a con-
trol-line -machine and
gives an  excellent
idea of the suitability
of scale 1types fer
control-line work. The
control lines auto-
matically look after
lateral stability and
the owner can nurse
his longitudinal trim

in a good take-off,
level flight and a
damage-free landing

by means of his ele-
vator.

A free-flight model
of the old-fashioned
braced biplane type
would not usually be
considered a suitable
type for damage-free
flight, but with rea-
sonable skill on the part of the pilot such a
model if flown control-line from smooth
grass or concrete should suffer no damage.

Fzg 9.—The author’s general-purpose sport control-line model shown
in_this photograph has a monocoque fuselage -and a large surface elliptical

wing with a section of his own.
petrol fly this model at varying speeds.

Engines from 2.2 c.c. diesel to hot 10 c.c.
Engines are all on detachable

mountings held to the fuselage nose by elastic bands, which save damag,
in the event of any “ wizard prangs.’
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Fig. 10.—This ingenious control-line model built by Dr. Thomas has a third line.

the line when in flight retracts the undercarriage.

One pull on
A second pull drops two bombs, and a third

tweak on the line lowers the undercarriage for the landing.

A Y
The * Goat”

Before we consider constructlonal and ﬂy-
ing details, let us for a few moments examine
what as termed in America, the “ Goat.” A

“goat” is a free-flight model that is con-
verted to a control-line model, and because
of its light wing loading usually makes a nice
slow-flying control-line model for beginners
in light winds. In fact, I recommend t.he
free-flight man to start off with a * goat.”

There is a great deal of fun to be got from
these converted models, provided the owner
realises that because of their slower speed
they may be rather more tricky to fly in
windy weather due to the fact that centrifu-
gal force is not so determined in pulling the
model outwards Practically every free- ﬂlght
model can bé converted to a “ goat,” but
remember that the model must be re-weighted
so that the C.G. position comés just behind
the leading edge of the mainplane and not
as for free-flight about one third to one half
of the chord back. Figs. 13 and 14 give two
examples that will serve to explain the idea.

I am often asked the question: “Can I
convert my free-flight model of such and
such a make to control line ? ”  The answer
is deﬁmtely yes. For instance, Fig. 13 shows
a small 453in. span model of my design that
has proved a popular kit model. This model
is called the * Meteorite” and is powered
by the Frog and Mills size of. diesel and
several of the great number that have been
built in Britain have been converted -to
control-line where people wanted to try their

-hand, or .wanted to fly in a confined space.
All that is required is the fitting of a simple
flap elevator to the tail plane, attached by
three fabric hinges as described later. An
external control plate of three-ply and its

connecting wires are mounted on the bottom
of the port wing, i.e., the left wing looking
forward from the tail. 'A three-ply control

handle and two fishing lines complete a°

couple of evenings’ work, and the owner is
initiated into the mysteries of control-line

paces for, being lightly loaded, it will take off
from reasonably rough ground.

In Fig. 14 we have a large and ancient
“goat” conversion from an early low-wing
petrol model of mine. The wing span is
over seven feet, and I now control-line
this old machme powered by a 5 cc. Eta
diesel which slowly takes the model off and
flies it majestically round my person. The
model is fitted with external wing-tip slots,
one of which can be seen in the photo-
graph. I am able to observe the effect of
these slots in action, and can land the old
model at absurdly low speeds much to my
satisfaction and the amusement of my
flying -friends who visit me at the garden-
circuit.

It is also possible to fly this slow model
quietly around, with myself in a crouching
posture, whilst a friend with a faster model
flies around with his lines above mine. He
can then bomb ths ancient lumbering crate
as he speeds round above her. It is
amusing,. and requires quite -a lot of bomb
aiming skill, not to mention a little flying
care.

Note the simple flap elevator that has
been tacked on to the trailing edge of the
tail plane with small cloth hinges. Inci-
dentally cloth hinges last indefinitely, and

Fig. 11.—The undercarriage can be seen retracted, and the two bombs off their racks lying on
the ground. Good fun and a test of aiming and ﬂymg skill can be had’ bombmg a target laid
out in the control-line circuit.

flying, not forgetting, of course; to add a
little weight to the nose as described above.
Garden or park flying can then be carried
out, or the owner can nip into a convenient
small field and put the model through its

Fig. 12.—This medium size scale- Tiger Moth, built by Dr. Thomas, is powered with a 2.2 c.c.
diesel engine,

“are most effective in" freedom of

operation.
tail planes
do. The

They never tear out of balsa sheet
as I have known metal hinges
control rod can be seen running below the
fuselage * from the triangular three-ply
control plate to the elevator horn which is
made of piano wire anchored securely by
plastic wood and glue to the elevator. (See
Fig. 1a, September-issue.) On a large model
like this the long connecting rod is stitfened
with a length of birch wood. Small models
can be operated by a 12 s.w.g. piano wire
rod, which is sufficiently stiff for the job.

The control plate is pivoted on a bolt
that is securely anchored to the underside
of the wing through a piece of three-ply
wood let into the wing, with the whole well
reinforced by plastic wood and glue, because
the whole strain of centrifugal outward
force is taken .through this plate. Two
wires of 20 s.w.g. piano wire are carried
from the ‘ends of the control plate to the
wing tip through two brass tube guides
located in & laminated balsa guide piece
cemented and reinforced by plastic weod to
the wing tip. = Stout fishing line is used for
lines to the operator s three-ply control-line
handle.
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or a 1.3 cc. Mills.

Fuel Feed

Centrifugal force tends to fling the fuel
outwards away from the engine pick-up fuel
tube to the jet. Most standard tanks fitted
to- model engines for free flight are in the
form of a simple tank below: the fuel jet,
the fuel being sucked up to the fine adjust-
ment needle of the jet. If this tank is
retained on a fast model the engine suffers
from fuel starvation as the spsed rises. A
special fuel tank has therefore to be fitted
for fast models. This is in the form of a
wedge shape with the deep end near the
pilot and the thin edge of the wedge
located outwards, as seéen in Fig. 1a. The
fuel tube of brass is then-taken frocm the
thin end so that centrifugal force pushes the
last- drops of fuel up the pipe. A few of
the slower models will fly with the normal
tank if the filler orifice is arranged inside
the circle. Canting the tank outwards helps.
The Frog cone tanks seem to work with-
out alteration.

Fuselage Construction

The fuselage can be made up if desired
as a ““ slab-sider ” with rectangular shape on
the lines of many free-flight models. This
is easily and robustly done on the system
that I introduced a number of years ago.
The sides are cut from 1/16in. balsa sheet.
On to these the balsa longerons are
cemented. The two sides are then put
upright and crosspieces are added. The
top and bottom are then sheeted with 1/16in.
balsa, thereby producing a very strong but
light box. This method will be illustrated
with photographs in a subsequent article
dealing with free-flight models. The
method is also described in my book
“ Petrol-Engined Mcdel Aircraft.”

Alternatively, a mo=ocoque fuselage,
which suits control-line models well, can be
constructed either from solid balsa block or
‘by the cheaper method of planking. Many
people think that planking in balsa must be
difficule. In actual fact it is very easy if
approached in the right way,

I am therefore showing some photographs
of the various stages of making a planked
fuselage, which if followed in the order
given, will be found to get over all the
imaginary terrors of planking in balsa, and
will enable modellers to’ have pleasant
looking free-flight monocogque models as
well as control-line machines. Following
these photos is a series showing the method
of building a monocoque fuselage from solid
balsa. This is hollowed out and is: also
easier than some modellers imagine.

Let us build the fuselage and wing of
my “ Bullet” together, starting off with
Fig. 15. I have traced cut the side eleva-
tion of the model’s fuselage with the aid
of carbon paper on to a sheet of balsa 1/8in.
or. 3/16in. thick, and then cut away the
centre to lighten. This forms a backbone

S ~ . ,“ . 0 . )
Fig. 13.—The author’s small free-flight diesel-engined  model Fig. 14.—The author’s ancient free-flight petrol low-wing *plane now
“ Meteorite” with span of 45%in. can be converted to a controi-line
““Goat *’ in a few hours. The engine in this model is a 1 c.c. Frog diesel

relegated to a control-line finish of its kife. The ’plane is over 7ft. wing
span and is fitted with wing tip slots. It can be flown very slowly and
lgnded at absurdly low speeds with nose right up.

to build- upon. I cut around the outline former close to the master plank. Number
with a safety razor blade of the single edge 2 plank is then pinned in beside the master
kind. I then trace the formers on to 1/8in. plank so that the glue keeps both together.
sheet balsa and cut these in half longitudin- The next process is to put in my third

— plank on the -opposite side of -the
master plank in the same way, and so
I go adding planks on alternate sides. It
is surprising how quickly one finds the
side of the fuselage -is completed, and
what a restful and yet pleasing task
this planking becomes! One wants to go
on and see the thing grow. As the quick-
drying cement sets, the pins are with-
drawn and put on one side. )

In the same -photograph will be seen
half the wing made up and the solid
balsa tail plane cut from 3/16in. sheet
balsa. You will notice that the sheet
outline of the wing seen in Fig. 1§ has
now got an outline of 1/8in. by 1/8in.
balsa strip cemented around its edge and
then the ribs, which have been traced on
to 1/8in. sheet and cut to shape,
cemented in place. This easy method
has automatically built you up a wing

—_— - of great strength with stressed sheet
Fig. 15.~The backbone is laid on a building board or covering, for all we have to do now is to
the kitchen table. The half oval formers of balsa are add the control plate inside the wing,
cemented in position, being temporarily retained by and then cementon a balsa 1/16in. sheet

pins until the cement is dry. " top covering. The finished wing, if
ally, for my next move is to cement one- covered with paper or, better still, with
haif of the formers on to the balsa back- Dylon or fabric such as fine lawn, will be
bone which can be seen lying on the ground. indestructible. * Pins are used to keep the
I keep these half formers in position by sheet in position whilst ths cement is drying
ordinary houschold pins, until the cement during the covering operation, and plenty of
is dry, when I remove them. I use pins cement should be used over each rib, etc.
for many similar purposes throughout (To be continued)
building operations.

The elliptical sheet of
1/16in. balsa, seen in Fig.
15, forms thé bottom of the
wing and is made wide
enough by the simple ex-
pedient of smearing the
edges of more than one
sheet of balsa with cement
and then butt-jointing and
allowing to dry with
weights such. as old irons
placed on the sheets to pre-
vent them curling up whilst
the cement is drying.

Now look at Fig. 16 and
you will sce that I have
laid on balsa planks, in this
case 1/8in. thick and %in.
wide so that I have half
my monocogque fuselage
planked up. I start by
putting a touch of cement
on each former at a line
along the top. I then pin =
down my first master plank. - Fig. 16.—The half side of the fuselage is planked up. Pins are
Now- I smear, along one then withdrawn and work proceeds on the other side. The wing
edge of this plank some has its outline spars cemented in and also the balsa ribs. The
cement from a tube with solid sheet balsa tail plane is cut to shape, sanded to streamline,
little drops of glue on each and the cloth |inges added.
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A Small Electric Motor

Constructional Details of an Efficient Motor for Driving Model Boats

YHIS simple electric motor is designed to

produce a relatively high power on a
very low voltage (13-6) for small
model motor-boats, and can be built quickly
and easily by any handyman with the minimum
ofr tools. It has been tried out and works
efficiently.
First of all a small “ Eclipse ” magnet must
be bought, which is obtainable in most tool
shops or model makers’ supply stores. This -
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Fig. 1.—S8ide elevation and plan of the complered
motor.

is clamped to a small block of wood, which
in turn is screwed to a metal base, as in
Fig. 1.

The armature core is cut from a piece of
soft iron sheet about !/,,in. thick (Fig. 4) and
bent at right angles on all dotted lines to the
form shown at A (Fig. 5). Small, thin pieces of
brass are ‘bound on with msulatmg tape or
gummed paper, as shown at B, for keeping the
armature windings in position when these are
completed.

A centre hole is drilled to take the axle
and tapped 4 B.A. Each arm is carefully
wound with eight layers of No. 26 D.C.C.
copper wire all in the same direction, leaving
a loop of wire between each arm for connection
to the commutator. The two finishing ends
are joined together to form the fourth loop.
When the windings are all neatly finished,
cover with a liberal coating of shellac varmsh
and bend the brass pieces up and over the
ends of the windings to prevent them from
slipping. (See Figs. 1, 2 and 3.)

The Commutator

To make the commutator, take about 2ft.
of thin gummed paper and cut this to ?/4in.
in width, damp or, better still, gum along
its .entire length and roll this tightly and
evenly on to a slightly vaselined }in. piece
of rod (the smooth shank of a drill will do),
slide off, and leave to dry for 24 hours.
Before sliding this off, however, make sure
it is going to fit fairly tightly into the short
length of brass tubing that is to be used for
the commutator. This  tubing should be
about ?/,in. diameter and about 7/,,in. long,
of light gauge. A piece of old brass gas
tubing will do. When the paper roll is
perfectly dry and hard gum the surface with
a strong adhesive and force into the tubing
again leaving to dry very thoroughly with a
little of the paper roll protruding at each end.
When-quite dry, cut the brass lengthways into
four equal segments with a fretsaw. This
forms the commutator, the hole for the axle
Leing exactly down the centre.

-tator. segment nearest to it.

By R. R. HUTCHISON

The axle is a piece of steel rod /gin. in
diameter, and is threaded 4 B.A. half-way
along its length to take the armature, and

-at the other e¢nd to take some form of coupling

to the propeller.

For those readers who have no tapsand
dies both the armature and the coupling to
the axle can be soldered with equally good
results, but it is not -so handy for taking to
pieces or for final ‘adjustments,

The armature is now screwed on to the
axle with a nut on each side to keep it square
with the axis, and the commutator is forced
on close to it (Fig. 1). . In the top half of this
illustration the two side arms of the armature
are omitted in the sketch to show the nuts and
screwed axle.

The end of the axle nearest to the field
magnet is carefully filed to a point of about

45 deg., which is pivoted into a bearing made
of a piece of odd brass, bent at right angles,
countersunk into the block of wood supporting
the field magnet, and drilled half-way through
on its vertical surface to take the point of the
axle (Figs. 1 and 2). The other bearing is
just a piece of brass bent at right angles,
bolted to the base and drilled */in. to fit the
plain part of the axle.

The windings are now soldered to the
commutator sections by twisting each loop
of wire tightly and soldering to the commu-
Finally- the
commutator is adjusted to the position shown
in Fig. 3—the cuts opposite each respective
leg of the armature. (The outer bearing is
left out here to show the brushes and com-
mutator details.)

The Brushes

Many ways of making the brushes have
been tried and the following method has been
found most effective. An exploded view is
shown in Fig. 6. This consists of a few

"inches of thin piano wire about 24 gauge

carefully bent as shown with a single turn
at the top to make the brush more springy.

N
PN\
( 0 )
Fig. 4.—Shape
of armature
-blank before

bending 1o shape.

Thin Brass
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Fig. s.—Dezails

of armature and

brass clamping
strips.

Frg 6—An ex-
ploded  view of

the wire brushes
and holder.

A small piece of very thin brass or tin is now
bent round each leg and the flat side of the
brass is then soldered to the brush-holder
and terminal strip (Figs. 1 and 3).

A small thick strip of ebonite, hard wood, or
fibre is now cut and drilled and the terminals
fitted which clamp the brush-holders firmly
down, the whole unit being securely bolted
to the base plate.

One method of connectmg the motor to
the propeller shaft is by making a close-
wound spring from piano wire, screwing one
end to the motor axle and the other to the
propeller shaft. This makes an excellent
universal joint.

Using a single ““unit ” cell (1} volts), this
little motor has driven a 16in. model boat
.very easily across a boating pond many times
one afternoon, and the battery was still quite
useful at the end of the run. If three or
four “ unit ” cells are used a surprising turn
of speed and power is developed.

‘.

Fzgs 2 and 3.—Front view of the motor (with
bearing plate removed), and rear view.

International Scientific

Film ‘Congress

THE second congress of the International

Scientific Film Association will be held
in London from October 4th-11th, 1948.

The Association was constituted last year
in Paris by delegates from 22 countries who
had accepted the joint invitation to the
inaugural congress from the Scientific Film
Associations of Great Britain and France.
The primary aim of the Association is:

‘“ To raise the standard and to promote
the use of the scientific film and related
material throughout the world in order to
achieve the widest possible understanding
and appreciation of scientific method and
outlook, especially in relation to social
progress.”

This year’s congress is being cqnvened by
the Scientific Film Association of Great
Britain, with the help of the British Film
Institute, and invitations have already been
issued to countries throughout the world.
The &ongress will open with a formal reception
to the delegates on October 4th, and the
following three days will be devoted to
business meetings of the International
Scientific Film Association. On October 8th,
oth and 1oth there will be a Festival of
Scientific Films, when it is hoped to show
many contributions from all the participating
countries to members of the general public.
The congréess will close with a general assembly
of the delegates on' October 11th. *

The widespread public interest in this
country in the scientific film, makes it par-
ticularly appropriate that this congress should
be held in Great Britain.

Further details may be obtained from
the Scientific Film Association, of 34, Soho
Square, London; W.1.
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The Inclined Plane—The Wedge-The Screw

PLANE surface is one on which if any
two points be taken and joined by a
straight line, ‘that line will éverywhere
touch the surface. When the plane surface is
like that of water at rest it is a horizontal
plane. When at right angles to this or upright
it is a wvertical plane, and if disposed at any
angle between these two positions it is an
inclined plane.
The angle of iné¢lination of an inclined
plane is found by measuring the ngmber of
degrees between ¥t and the horizonial plane.

> -2 i
A Sesed i ¢
.y -
Fig. 1.—The inclined plane, with force acting
parallel 1o face of plane.

Another way is to find how many units of
length we must ascend along the .inclined
pldne to reach one unit of height above the
horizontal. This is usually expressed by
saying that the inclination or gradient is, say,
one in two, one in six, and so on. By the
side of a railway may be seen boards bearing
figures such as /.. These are intended
to indicate to engine drivers that the line of
rails at that point rises at the rate of 1 yard
for every 250 yards. ,
Now, we have already seen that the weight
of a body acts downwards- along a straight
line which theoretically joins its centre of
gravity with the centre of the earth. When a
body lies on a horizontal plane it is com-
pletely supported by the reaction or upward
pressure of the plane which is then equal
and opposite to the downward pressure of
the body. When a body rests on an inclined
plane it is supported, more or less, according
to the inclination or gradient of the plane
surface. If the surface be perfectly smooth
and rigid the body will roll down the plane,
no matter how small the angle at which the
plane is inclined. But all bodies possess a
certain amount of friction, and so it is possible
for a body to rest on an inclined plane. It
is the friction between the body and the plane
which causes the former to remain at rest.
In calculations relating to the force required
to produce equilibrium, it is always presumed,
however, that the surfaces are perfectly
smooth and rigid. In Fig. 1 for example let
the line XY represent the total weight of the
body W acting vertically downwards ‘due to
the force of gravity. It will be seen that this
force may be resolved or divided into two other
forces, one acting at right-angles to the plane
-AB, and the other acting downwards and
parallel to the“surface of the plane. By
completing the parallelogram the length of
th2 vertical will show the proportion of the

-

By F. J. CAMM
(All Rights Reseryed)
weight of the body which is suspended by

the surface of the plane, while the distance of®

X to the centre of the weight will represent
the force tending to urge the body to roll
downwards towards A. / '
To produce equilibrium, it is obvious that
we must introduce a force equal to this, but
acting in the opposite direction. The figure

XYZ is a parallelogram and the vertical

is its diagonal. We know that if any given
force be represented by the diagonal then the
two adjacent sides represent two other forces
whose joint effect is equal to that of the
single force acting on the diagonal.

By assigning units beforehand, for example,
that rin. shall represent 1lb., it is only neces-
sary to measure the line XO to find the force
which would be required to produce equili-
brium. Taking an inclined plane with a
greater inclination, it will be found that less
of the weight of the body is supported by
the plane and consequently a greater force
will b2 required to produce equilibrium.

But instead of drawing a parallelogram;, we
can ascertain the force required to produce
equilibrium when acting parallel to the
length of the plane, by finding the proportion
that the height bears to the length. For
example, 'if BC equals 3ft. and AB equals
sft., then to prevent a body weighing 100lbs.
from sliding down the planc we must employ
a force of %5 of roolb., namely 6oib.

In Fig. 2 is shown a force supporting the
body E and acting from D to E parallel to the
base. In this case the force -required to

Fig. 3.—The elements of the inclined plane.

support the body is found by experiment to
bear the same relation to the weight of the
body as the height does to the base. Force
is applied in this manner when a man wheels
a truck up an incline or pushes a barrow in
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Fig. 4.—Tlré principle of the welge.

tfront of him up a plank into a dray. It should
be obvious that it is a mechanical advantage
for the force to act parallel to the length of
the plane.

Having investigated the conditions neces-
sary to preduce equilibrium, it will 'be seen
that the least additional force applied to the
body will cause it to ascend the planc. In
Fig. 3 is shown a roller weighing, say, roolb.
placed at the lower end of the inclined plane
AB and connected by a rope passing over a
pulley with the weight P, say 4olb. If the
‘length of the plane-is 7ft. and the height 2ft.
then if the parts be considered to iork
without friction and the rope to be without
weight, there will be cquilibrium and the
least additional  weight to P will cause the
weight to roll up the plane. Apparently a

| i 8
Fig. 2—The in- p :
clined plane, with
force acting parallel -

to base. |
A G

force of 32lb. balances a weight of 1r2lb.
Consider the motions of P and W in a vertical
direction. It will be seen that while W has
been elevated vertically to a height of 2ft. P-
has descended downwards 7ft. Applying our
knowledge of leverage we see that 32 X 7
cquals 224ft./1b. and 112 X 2 equals 224tt./lb.

In other words, the smaller weight has had
to move through a correspondingly greater
distance—another example of the rule given
carlier that what we gain in power we lose
in space.

There are many examples of the application
of the inclined plane. The stairs in a house
are really only inclincd planes, the steps
merely being notches to provide a foothold.

The Wedge

The wedge is a body having a triangular
section, the top and sides being parallelograms,
and the bottom edge being sharp.

It is an example of an adaptation of the
inclined plane. If two inclined planes of the
same size be fixed together, as in Fig. 4, they
will form a wedge. The action of a wedge is
based on the principle of the inclined plane,
the difference being that the action is reversed,
for in the case of the simple inclined plane the
surface remains at rest while the body, whose
resistance is to be overcome, is made to move
up or down the plane, whilst in the case of the
wedge the body remains at rest while the plane
moves. . Consider Fig. 4, and assume that the
wedge ACF is being forced into the block of
wood, the direction of the force being repre-
sented by G, while the resistances to be over-
come, represented by the cohesidn of the
fibres of the wood, are represented by D and
E, acting at right-angles to the faces of the
wedge. It can be shown that when the force
is applied at a steady pressure on the face of
the wedge, there is equilibrium when the three
forces D, E and G are in proportion to the three
sides of the wedge. It will be seen that it must
be an advaatage to have the wedge as narrow
as possible.
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In using a wedge the force is épplied, how-
ever, by percussion usually and not as a
steady pressure.

Friction Has Its Usés

Friction, of course, compels us to use more
force than would otherwise be necessary, .but
in many ways it is of assistance. We could not
walk unless there was friction between our
feet and the ground. In using a wedge it is the

v
s

Fig. 5.—Worm and worm wheel.

friction between its sides and the body which
it is entering that keeps the wedge in place
between the hammer blows.

Now the main usé of a wedge is to overcome
a resistance through a small space. If a heavy
weight needs to be lifted to a considerable
height, pulleys would be used or the inclined
plane, but to raise a heavy body a compara-
tively small distance the wedge provides the
simplest solution.

The Screw

If a piece of paper be cut into the shape of
a right-angle triangle (a section of an inclined
plane), and it be wrapped round a pencil, it
will be noticed that the hypotenuse traces out
the'spiral of a screw thread. A screw thread is
really a movable spiral-inclined plane wound
round an axis or cylinder. We have seen that
it is not necessary for an inclined plane to be
straight. If, for example, it is desired to reduce
the proportion between the force and the
resistance, the length of the plane must be as
great as possible in comparison with the
height. That is the reason why roads are made
to wind round a hill so that.we only very
gradually reach the top. A spiral staircase is
‘a further example.

The distance between one thread of a
screw and another is called the pitch. There
are many forms of screw thread which, need
not be dealt with here.

Fig. 6.—The screw thréad—an example of the
- tnclined plane.

Of course, a screw thread is useless without
a corresponding nut in which to work. -The
nut is a hollow cylinder on the inside of which
spiral grooves or internal threads are cut
corresponding to the pitch of the external
screw thread. )
- Apart from very small screws which may be
operated by means of a milled nut, power is
generally applied to the head of the screw by
means of some form ¢f lever, such as a spanner
or, in the case of a capstan screw, by means of
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the capsian itself. In the case of wood screws
a screwdriver is used.

Now when the head of a screw makes one
complete revolution, the point of the screw is
advanced by the distance between any two

.adjacent threads. If the power applied to the

head of the screw is applied through a circle
whose circumference is, say, 3ft. (as in the case
of a very long spanner), the end of the screw
and any weight attached to it will be raised
or depressed a distance equal to the pitch. It
will be seen that the power moves, presuming
the pitch of the screw thread to be Iin., 36
times the distance moved by the weight or
resistance. In other words, the force need only
be /., of the load or weight. The force
applied to a screw thread: is found by the
formula F—= —-’ from which W - i
2ar P

where P equals the pitch of the screw, r the
radius on which the force F acts, and pi
equals 3.14Y6.

\
A 4

Fig. 7.—Fo;'ce exerted by a screw.

There is considerable friction in the case
of screw threads and a large proportion of
the power applied is expended in overcoming
it; even with modern methods of cutting
screw threads it is estimated that at least
6o per cent. of the force is wasted in this
way.

The screw is similar to the wedge in that
it enables a great force to be exerted over a
small distance. Enormous pressures can be
obtained by means of the screw and many
metal presses are operated by means of it.
The vice is a further example of the applica-
tion of the screw.

‘The micrometer is an application .of the
screw thread for purposes of making measure-
meats. It consists of a forged steel frame
(sometimes cast ones are used) to which a
graduated sleeve is attached. It is screwed
inside 40 threads per inch to receive the
spindle, which is rigidly attached to the
inside of the thimble. The spindle is a good
fit within the sleeve. The contact fices of
the spindle and the anvil are, of course,
ground dead flat. -For ease in using, the
thimble is knurled for about an inch, as
shown'in the illustration. Now, since there
are 4o threads to the inch, it follows that if
we turn the spindle (by means of the thimble)

October, l94'8

one complete revolution we have moved it a

. - I
distance _from the anvil equal to 46=

. R L ; .
.025in. ; and if we move it Py of a revolution
it also will be clear that we have moved the
This,

k)
in brief, is the principle of the micrometer.
The graduations along the sleeve are in

; I 1 : I .
spindle — » — = .ooIin. - -in.
25 o

Fig. 8.—The micro-

meter and i1s parts.

A A, the frame; B.

hardened steel anvily

D, sleeve; E, thimble. The
reading is 0.153in.

C,

spirdle 5

fortieths of an inch—that is, one division
represents .0z5in.

I,
—in.,
10 °
the divisions are mumbered in series of four,
as o, I, 2, 3, and so on, up to the full inch.
The thimble is graduated into 25 divisions,

Since, also, 43.02§5==.1in., or

! I 1 ]
each representing — X.02§=——— =.00lin.
25 1,000

That is to say, when the zero line
on the thimble has rotated exactly one division
from the zero line on the sleeve the distance
between the spindle and anvil has varied
.00I of an inch. When the spindle and anvil
faces are in perfect contact so that there is
no space at all between them, the zero mark
on the thimble exactly coincides with the
zero mark on the sleeve. So much for the
principle ; now for the method of reading.
Assume, for the purpose of explanation,
we require a micrometer setting of .§527in.
This measurement, split up, is equal to five-
tenths, two-hundredths, and seven thou-
sandths. Since, therefore, the numerals along
the sleeve represent tenths of an inch, unscrew
the spindle (by turning the thimble) until
zero on the thimble corresponds to the figure
5 along the sleeve. Now unscrew the spindle
another complete revolution, until zero
again coincides with the line along the sleeve ;
we have now opened the micrometer .5+
.02§=.525in. ; .§27 —.525 =.002, and, there-
fore, the second division past zero on the
thimble must be brought to coincide with the
line on the sleeve. The micrometer illus-
trated in Fig. 8 is set to .I53in., because
the thimble has uncovered No. 1 along the
sleeve and there are also two more complete
divisions showing. Reading round the
thimble we have three divisions showing
(representing thousands) ; hence .1+ (2 X .025)
+.003 (=3 thousandths) =.153. No difficulty
in reading this instrument will be experienced
once these fundamental principles have been

asped.
s (To be continued.)

British Clock and

’I‘HE technical development of the British
clock and watch industry will be ze-
vealed for the first time at an exhibition to
be held at the Goldsmiths’ Hall, Foster
Lane, E.C.2, on October 28, in conjunction
with the ninetieth annual general meeting of
the British Horological Institute—the oldest
trade association in the world, the president
of which is The Astronomer Royal, Sir
HMarold/Spencer Jones, F.R.S., MAA Sc.D,
FRAS, FBHI.
The exhibition will be of intense technical
intcrest, disclosing the latest products of all
the British manufacturérs and the cratfsman-.

Watch Exhibition
ship of the master Tompion, “ The Father
of English Clockmaking,” and his contem-
poraries. A

Other features will. be examples of the
work of the- National Horological College,
the Ministry of Labour training colleges,
and other horological training institutions
throughout the country. In addition, Fel-
lows and Craft-members of the British
Horological Institute will be showing selec-

‘ted pieces of mechanism of their own con-

struction.
The exhibition will be free to the public
from 1I am. to § p.m. on October 28.
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Pmctz’ca] Pottery Repairing 3

Repair Technique'and Moulding Materials N

The crazed surface of a domestic plate which

has become dirty. This is a magrmified photo-
graph of approximately one tnch of surface.

ACH small piece of surface-crazing is
bounded by three or four cracks, down
into which gradually seep some of the

dirt, dust and grease which the surface of the
plate or dish necessarily collects. When the
pot is washed, some of this surface dirt is
removed, but a little of it is drawn down
into the cracks by capillary forces. Once in
the cracks it is retained there. Hence the
¢ dirty > appearance of such an article.

Something can be done to clean up a
crazed crock by placing it in water which
is very slowly brought up to the boil (there is
a risk here of the pot disintegrating), or by
soaking it in a hypochlorite solution or in a.
solution of chloride of lime, followed by
immersion in a dilute solution of hydrochloric
or sulphuric acid. This, of course, is properly
a bleaching process, and, generally, except in
the case of valuable articles, it is, perhaps,
hardly worth the trouble—and risk—of
applying.

Often e¢nough a dish or a jug gets a piece
knocked out of its side, the piece being
so hopelessly fragmented that cementing it
back is quite out of the question. In this
event the piece of crockery ‘is either
immediately discarded, or, at least, used in the
secret hope that it will quickly become
smashed up altogether! ‘

An Outline of Repair Technique

There is, however, quite a good repairing
technique for this sort of trouble. Here,
indeed, is pottery surgery proper, the idea
being to- fill up the offending gap in the
vessel’s side in_something like the manner in
-which a patient dentist slowly fills up a
defective molar or a careful surgeon delicately
implants a new fragment of bone substance.

The actual technique of this poitery surgery
must naturally vary a good deal, each case
having to be considered and treated according
to its individual circumstances, but the follow-
ing description of an actual piece of work will
enable the reader to put the method into
practice.

A valuable antique Italian spouted jug
happened, by accident, to get.a piece knocked
out of its upper rim. The piece was shattered
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and was quite incapable of being replaced.
Patiently cutting and grinding another piece
of pottery to fit the gap and cementing and/or
riveting it up was impossible owing to the
difficulty in matching the shade of the material
and, also, in getting the peculiar rim-curvature
of the jug. The only feasible repair method
was an actual moulding operation.

First "of all, a couple of very fine holes
were drilled about }in. down into the broken
edge of the jug. In these were inserted steel
pins—fine gramophone needles, as a matter
of fact—the purpose of these being to
reinforce the moulding material which was to
be laid over them, and thus to provide an
additional * key ” for the inserted material.

"It was now necessary to obtain the correct
curvature of the outer and inner sides of the

jug. This was effected by taking a quantity

of children’s play-wax, a material which
becomes plastic when rolled between the
Rands. This was rolled into a flat sheet and
pressed on to the inner and undamaged
side of the upper edge of the jug so that a
correct replica of the inner surface and curva-
ture was obtained. The same was carried out
with another piece of the moulding wax on

. the outer jug side. The.two moulded pieces

of wax—outer and inner sides—were then
slid round on the upper edge of the jug until
they covered the gap, thereby providing
“walls ” for the Ilatter. Between these

jug. - The level of the moulding material was
raised slightly above the level of the jug edge.

After the moulding material had set and
hardened, the wax “ walls ”’ were pulled away,
and the upper edge levelled down to the
height of the remainder of the jug rim, this
being done by gentle sandpaper treatment.
The hardened “inset” was then very
gently smoothed off with fine glasspaper and
given a couple of coats of cream cellulose
paint to match the rest of the jug at that area.

Now this technique can be adapted to a host
of different pottery repairs. Holes in the
side of valuable jugs, dishes and other
ceramic articles can be filled in and built up
neatly, making the repair only visible on
the very closest examination. The repaired
parts, particularly if reinforced, have con-
siderable strength and will usually well
withstand normal wear.

‘Moulding Materials

The moulding materials which can be ysed
for this purpose may comprise’any type of
fine-grained waterproof luting or cement
Plaster of Paris may be used; but it is very
brittle, even when a little powdered asbestos
is incorporated with it to give it additional
strength. -

A much harder material is magnesium
oxychloride, which is similar to dental cement.
Such stuff is readily made by slaking finely
powdered calcined magnesia with a 40 per

An early china * handleless
cup’ of the late eighteenth
century. It has met with a
bad accident, but, fortunately,
the break is a clean one, and
there are only two parts.
(Below) The same cup joinéd
up again by cellulose cement-
ing and careful crack filling.

moulded wax walls, the moulding material
was carefully poured, being. gently prodded
and compacted down with a blunt stick,
particular care, also, being taken to see that
the material was compressed evenly around
the two reinforcing pins which had been
previously fitted into the broken edge of the

cent. solution of magnesium chloride (made
by dissolving 40 parts of magnesium chloride
in 60 parts of water). This cement hardens in
two days. It expands very slightly on setting
and therefore exerts a good grip. Unfor-
tunately, all these magnesium compounds are

. difficult to obtain these days.

Silicate Moulding

The latest cements of this nature are those
which are based on an alcoholic solution of
ethyl silicate containing a trace of acid.. Ethyl
silicate is now obtainable from most chemical
suppliers. It is a clear liquid, water-white.
When treated with acid, it gradually sets to
a jelly and then to a hard mass of pure white
silica, which is waterproof and inert.

The inode of preparation of the ethyl
silicate is to take 19 parts of the latter and
to 