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* TRANSISTOR RECORD PLAYER *

Comprises genuine I watt 4 -transistor EMI Amplifier. Built
and tested. Fitted volume and tone controls and 8 x Sin.
speaker. Also Garrard Turntable with crystal pickup. Plays
45 r.p.m. Whole lot works from one 7i volt battery.
TOTAL COST Amplifier only 89/6 P.P. I/6

P.P. 216 £7.7.0 Turntable only WO P.P. 1/6

 FULLY GUARANTEED-IDEAL PORTABLE UNIT

* 'QUINTET' *
MEDIUM AND LONG WAVE

POCKET LOUDSPEAKER
RADIO

 250mW Push -Pull Output.
 Plainly marked Printed Circuit

Board and Carded Components
 5 Mullard Transistors.
 Illustrated Building

Plans.
A new printed circuit
design fully tunable on
both wavebands. Guaran-
teed reception of Con-
tinental and local stations
including Luxembourg,
anywhere with full station
separation. Fitted Car
Aerial and Earpiece
Sockets,
 Illustrated

Size 5.1 x 3 x

I TOTAL COST OF ALL PARTSN
£5.10.0 P.P. 2/6O

EXTRAS TO BUY

VERY EASY TO BUILD AND USE
After Sales Service and Guarantee.

All parts Sold Separately
Instructions FREE ON REQUEST 

CRYSTAL HEADPHONES
MICROPHONE 4000 ohm Lightweight twoBrand New Acos 40 Desk Colour Plastic finish. Adjus-or Hand Mic. Very Sensitive. table Headband. 1216 P.P. I,-.

15/6. P.P. 116.

TELEPHONE
ADAPTOR

* Ideal for recording
telephone conversations.
Supplied with screened
cable. Fitted rubber
sucker. 14/-. P.P. 9d.

POCKET IRON
* Pocket Soldering Iron, 220 250
v. A.C. D.C. 30 watts, complete
with mains plug, case, etc.
Handle unscrews co cover ele-
ment, enabling iron to be carried
in pocket. I8'6. P.P. I,-.

RANGER 3 3 -TRANSISTOR and 2 DIODES
Personal Pocket
Radio with 5 stages
giving clear recep-
tion on medium
wave, amateur top
band and shipping.
No external aerial
or earth required.
Size 4i x 3 x lqin.

 Easy to follow building instructions with pictorial layou
free on request.

 Reception of Radio Luxembourg guaranteed.

All
Components

79 f6 P.P. 1/6

Everything
Supplied

WE SPECIALISE IN DO-IT-YOURSELF TRANSISTORS,
RADIOS, AMPLIFIERS AN.) GAJGETS.

WE CAN SUPPLY FROM STOCK LARGE SELECTIONS Or MINIATURE
AND STANDARD COMPONENTS, TRANSISTORS, VALVES AND

CRYSTALS FOR YOUR CIRCUIT OR PUBLISHED CIRCUITS.
LET US QUOTE FOR YOUR REQUIREMENTS

HENRY'S RADIO LTD.
5 HARROW ROAD, LONDON, W.2

PADdington 103819
Open Monday to Saturday 9 a.m. to 6 p.m. Thur. I p.m.
 SEND 1,- STAMP FOX COMPLETE CATALOGUES 

NOW READ THIS ...
Here's the hobby of to-day-for all

ages-men or women. It's fascinating!

As you mount stones and assemble
jewellery you see just how easily you
can make BROOCHES, SPRAYS,
EAR ORNAMENTS, GOLD & SIL-
VER DRESS and ENGAGEMENT
RINGS etc. etc... All items are at
special prices to the Home Jeweller
offering fantastic savings. You can start

this wonderful hobby right away. The

13th edition of the V.G.K. Home

Jewellery Book is just off the printing
presses. Send 2'- P.O. and it's yours by
return together with Art Catalogue,
Bulletins, Supplements, etc., listing hun-
dreds of items with savings of up to
50% on shop prices. Complete coupon
NOW and post it to V.G.K. (PM10)
39a Bolton Street, Bury, Lancs.

*IT'S SO EASY TO MAKE

EYE CATCHING JEWELLERY

WITH EXPERT

KNOW HOW FROM

c

0 1r* Please send me VGK Home Jewellery Book, etc. [enclose P.O. 21-

I NAME

ADDRESS

CIL! PM l0

:434433*(1400(1)31209>

(3(
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The famous BENNETT COLLEGE
can train your mind to success

through personal tuition
Read how the famous Bennett College can
help you to success! Send now for the
booklet "Train your mind to
SUCCESS ", which tells you
about The Bennett College
proven success in postal tuition
... and how it can help you to
success in your career.

This booklet
reveals how you
can train your
mind to success.

P To The Bennett
Ainer An/ /MI .411/ IMP' IMP" AM!"

a College (Dept. 76.B).
p Sheffield

$Please send me,
without obligation, a
copy of " Train your
mind to SUCCESS"
and the College
prospectus on:

SUBJECT

NAME

ADDRESS

WHAT CAREER DO YOU WANT?
Agriculture
Architecture
Building
Carpentry
Chemistry
Diesel Engines
Draughtsmanship
Electrical Engineering
Electric Wiring
Forestry
Locomotive Engineering
Machine Drawing
Mechanical Engineering
Motor Engineering

AGE (if under 21)

Please write in Block Letters

IMF /11111r AMP' AMP" AMP' .4=1/ AMP' ARV AM/

Plumbing
Power Station

Engineering
Quantity Surveying
Radio Engineering
Road Making
Surveying
Telecommunications
Television
Textiles
Welding
Workshop Practice
Book-keeping
Commercial Art

This coupon
could be

your personal

passport to

success.

Send it now!

Costing
English
Geography
Journalism
Languages
Mathematics
Modern Business

Methods
Police Subjects
Salesmanship
Shorthand
Short Story Writing
Typewriting

and many others

OR WHY NOT OBTAIN
A QUALIFICATION?

A.M.I.C.E. A.C.I.S.
A.M.I.Mech.E. A.I.Q.S.A.R.I.B.A.
A.A.C.C.A. M.R.S.H.
A.C.W.A. A.R.I.C.S.

GEN. CERT. OF EDUCATION

FOR A SENSE OF ACHIEVEMENT !

JOHNSON DO-IT-YOURSELF OUTFIT
See your own work come to life with a Johnson Do-it-
yourself Outfit! At last a range of easy -to -use photo-
graphic outfits for the keen photographer who wants to
develop and print his own films. There are outfits for
beginners and for the more advanced enthusiast. Each
outfit has everything you need, including full, easy -to -
follow instructions. Johnsons make a wide range of
photographic equipment and chemicals, stocked by all
photographic dealers. Price from £1.17.6 to £5.12.6.

JOHNSONS
OF HENDON -LTD

FOR CONFIDENCE IN PHOTOGRAPHY

SPECIAL HEAT RESISTING
GRADE P.V.C. HEATING
CORDS, Nylon centre, Copper/
Nickel conductor, woven glass
braided. For soil warming, under -
carpet heating, frost -free pipes,
etc., etc. Supplied in 12, 15, 25
and 30 ohms/yard. Price 1/- per
yard, post free.
NEON ILLUMINATED INDICATOR SWITCH.
2 amps, 240 v. A.C. 10/6 each, post free.
FIT THIS TO YOU ELECTRIC BLANKET

AND BRING IT UP TO DATE
THERMOSTATS. BW/1, 5 amps, 15/6. Post 8d.
SN/40 11 amp., 5/6. Post 6d. C.S. Convector Thermo-
stat, 15 amps, 25/-. Post 10d. Model MB for Immer-
sion Heaters, 15 amp. £2. Post 2/-. PF Room
Thermostat, 15 amps, £2. Post 1/-. M.L. Greenhouse
Thermostat, 10 amps, 35/-. Post 1/-. P.J. Miniature
Thermostat for Hotplates, 5 amps, 9/3. Post 9d.
REPLACEMENT ELEMENTS for electric fires,
irons, toasters, kettles, convect heaters, washboilers, etc.
TELEVISION SUPPRESSOR KIT, for appliances
up to 1 amp., 3/6. Post Free.
BI -METAL. Hi -Flex 45 3/16 in. x .010, 6d. per foot.
Standard 11 in. x 3/16 in. x .036, 6d. Plus postage.
MAGNETS. Sintered Bar Magnets of great power
and stability I in. x 3/16 in. x 1/16 in., 9d. each.
8/- doz. Post 9d.
CAR HEATER ELEMENT. 6 in. x 11 in. 200/250 v.
100 w. 61- each.
THE TECHNICAL SERVICES COMPANY, Banstead, Surrey
We can list only a few items in this space. Send 6d.

in stamps for Catalogue and S.A.E. for enquiries.
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Centre Punches, Nail
Sets, Spring Dotting
Punches, Pin Punches,
Model Makers'
Punches and Auto-
matic Centre Punches
all shown on the illust-
rated leaflets which
will be sent to you on
request. Simply fill in
the coupon and post to us today.

NEWNES PRACTICAL MECHANICS

Please send me details of your Punches

NAME _

ADDRESS

MOORE & WRIGHT (Sheffield) LTD.
Handsworth Road, Sheffield, 13.

MW 55 Pm j

January, 1962

THE "ULMIA" MITRE SAW
Cuts with precision, Mitres, Half Mitres,

Quarter Mitres and Squares
A real necessity for accurate picture framing

* CUTS RIGHT AND LEFT HAND
* SPRING LOADED STOP AT ALL ANGLES
No. I cuts up to 2" x 2" - f6 0 0
No. 2 cuts up to 4" x 4" - £1 I 11 0
No. 3 cuts up to 6' x 6" - £16 5 0

JUST OUT
Our new folder of
"Zyto" Toolkits
Free and cost tree
Get your cony now

Carriage Paid

Send P.C. for illustrated folder on "Tools for Mitring"

S. Tyzack & Son Ltd
ONLY LONDON ADDRESS

341-345 OLD STREET, LONDON, E.C.I
Telephone: Shoreditch 8301 (10 lines)

PROJECTORS, 2 x 2. See the best of the rest, then see ours,
and make your own for about 25-26. Quality and definition
inferior to none. 300w. results from 100w. lamp. 15ft. candles on
a 3ft. soreen guaranteed. Plan 21- per set. See our list for
details.
ASTRO TELESCOPE. 6' Reflector. 80-400X on Equatorial
or Altazimuth mount, geared drives and circles. £45. Complete.
Carr. extra. Or in kit form at approx. £30. Components available
separately. Plans 2/6.
EXTRA WIDE-ANGLE EYEPIECES. The world's best. 74
degree angle of view, r. sr and 11' in focusing mounts, as new,
26 ea. Cost over £30.
ORTHOSCOPIC EYEPIECES. wide-angle 50 degree field.
Push -in. New. 35/-. or with R.A.S. thread 42/6. 1' 56 degree
field R.A.S. thread 37/8. 2' 42 degree field 30/-. Variable power
1%1" R.A.S. thread, for draw -tube focusing, only 24.5.0. Kepler
eyepiece. 11" in focusing mount, 8/6.
ASTRO MIRRORS. 6' x 48' parabolic ith wave 29.5.0. 4' a 31'
23.3.0. 4' x 40" 35/-. 6' x 40' 55/-. Aluminised fiats. x 11' 4/-.
1.1" x 2/' 6/-. 2' x 3' 8/8. Equal to the best at only a fraction
of the price, but rectangular and unground edges.
PRISMS. First grade. 10/8. 1' 12/8. 1' a 11' faces 17/6.
15" 25/.. 21' 35/-.
OBJECT LENSES. 3' x 36' 28.10.0. 4' x 48' £19. x 25' 23.
Others from 12/6. All guaranteed first grade.
EQUATORIAL OR ALTAZIMUTH TELESCOPE MOUNT-
INGS. Geared drives with circles. Ex -Gov. Cost about £80 ea.
On' Price 26.10.0. Suitable for telescope up to lcwt. Carr. £1
extra.
MIRROR TYPE VIEWERS. The ONLY perfect viewer
obtainable today. Will reveal detail in your slides you did
not know were there. Make your own for £2.5.0. Plans 1/-.
SCOUT 3 -DRAW TF,TIRESTIAL TELESCOPES. 25X. 2'
O.G. Brand New leather covered, with leather case, £9. Ditto
crackle finish. 28.10.0. Near New with case, £7.10.0. Fair
condition, optically perfect. No case, 26.10.0. 50X eyepieces
to tit, 37/6. 75X, 60/, Astro-Terrestial adaptors to give 40X
and GOX with normal eyepiece. 60/-.
7 x 21X VARIABLE POWER TELESCOPES. r O.G. Weight
approx. 10 lbs. £6.10.0 ea. in case.
See our lists for other types. Over 40 various types of telescopes
in stock. also Binoculars. Any item gladly demonstrated to
callers, comparisons welcomed. Lists free for S.A.E. Booklets
How to Use Ex -Gov. Lenses and Prisms. Nos. 1 and 2, 2/6 each.

H. W. ENGLISH
469 RAYLEIGIf ROAD, HUTTON, BRENTWOOD. ESSEX
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* Permanent Magnets in action *

get
C"-te a 9eniao-A,

In case you do, have an 'Eclipse' Pot
Magnet available to help you recover
the nut. This is one of the many ways
in which Magnets can help you. Ask
your tool dealer for descriptive leaflet.

PERMANENT
MAGNETS

Made by James ,Nelll & Company (Sheffield) Limited
and obtainable from all. tool distributors

PM 42

vie arid 019 NoleWre6c,h
On the car, in the house-everywhere I find this "third hand"
of mine invaluable for a sure grip on all sorts of jobs, locking
on to leave both my hands free. Using the Mole Wrench as I
wish-super pliers, clamp, hand-vice-I'll never find a more
versatile tool for so many everyday tasks. The 7 in. is 12/6,
the 10 in. is I5/- from ironmongers, motor and motorcycle
accessory dealers everywhere
Make sure you get a genuine
Mole Wrench-look for the
name on it.

If in difficulty write to
M. Mole & Son Ltd., Birmingham

/57
jr010,.

'444044,4

MOLE
A 54..L.1"-GRI;A'"

WRENCH
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UNLIMITED OPPORTUNITIES exist
today for "getting on" ... but only for th
fully trained man. Let I.C.S. develop your
talents and help you to success.
ITS MUCH EASIER to study under
expert guidance. An I.C.S. course directs
your efforts and helps you along, step by
step, until your goal is reached-and you're
a fully trained man.

With I.C.S., the largest and most successful correspondence
school in the world, you get the most thorough postal training
possible. Printed manuals, fully illustrated, make study easy and
progress sure. Moderate fees include all books.

Take the right course NOW !
ADVERTISING
Copy writing
Layout a Typography
Market Research
ART
Oil & Water Colour
Commercial Illustrating
Recreational Art
Show Design
BUILDING
Architecture, Clerk of Works.
Building Construction, Bricklaying
Quantity Surveying
Builders' Clerks
Heating & Ventilation
Carpentry & Joinery
CIVIL ENGINEERING
Highway Engineering
Structural Engineering
Concrete Engineering
COMMERCE
Book -Keeping, Accountancy,
Office Training, Costing
Business Correspondence
Report Writing, Secretaryship
Shorthand & Typewriting
Computer Programming
Storekeeping
DRAUGHTSMANSHIP
Architectural, Mechanical
Drawing Office Practice
Structural Drawing
ELECTRONICS
Industrial Electronics
Computers & Maintenance
FARMING
Arable & Livestock
Farm Machinery Maintenance
Pig & Poultry Keeping
Market Gardening
FIRE ENGINEERING
I.F.E. Examinations
Fire Service Promotion Examinations
GENERAL EDUCATION
G.C.E. Subjects at Ordinary or

Advanced Level
Good English
Foreign Languages

INTENSIVE COACHING
including C.I.S., A.C.C.A.,
Brit.I.R.E., I.Q.S., City and Guil

HORTICULTURE
Complete Gardening
Flower and Vegetable Grossing
Fruit Growing
MANAGEMENT
Business Management
Hotel Management
Office Management
Industrial Management
Personnel Management
Work Study, Foremanship
MECHANICAL & MOTOR
ENGINEERING
Engineering Mathematics
Diesel Engines, Fitting & Turning
Maths. & Machine Drawing

Practise
Welding
Refrigeration & Air Conditioning
Motor Mechanics
Stunning & Maintenance
(many other subjects)

PHOTOGRAPHY
Practical Photography
P.D.A. Examination
POLICE
Entrance Examination

RADIO T.V. & ELECTRICAL
Servicing & Engineering
Electrical Contractors
Radio Construction (with kits)
Electricians
Householders' Electrical

SELLING
Company Representatives
Sales Management, Retail Selling

WRITING FOR PROFIT
Short Story Writing
Free -Lance Journalism

MANY OTHER SUBJECTS
INCLUDING
Industrial Instrumentation
Chemical Engineering
Petroleum Production
Textile Technology, Dressmaking
Flower Arranging

for all principal examinations
I.C.W.A., B.I.M., A.M.I.Mech.E.,
ds, R.H.S. General.

Examination students are coached until successful
INTERNATIONAL CORRESPONDENCE SCHOOLS

(Dept. 168)
Intertext House, Parkgate Road, London, S.W.II

Please send FREE book on

Name
BLOCK CAPITALS

Address

Occupation ...................... ___________ ........ Age 1.62

INTERNATIONAL CORRESPONDENCE SCHOOLS
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VALUABLE NEW HANDBOOK

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

We definitely Guarantee
"NO PASS -NO FEE"

This remarkable book gives details of examinations
and courses in every branch of Engineering,
Building, etc., outlines the openings available and
describes our Special Appointments Department.

WHICH OF THESE IS
YOUR PET SUBJECT ?

MECH. ENGINEERING
Gen. Mech. Eng.-Mainten-
ance Eng. - Diesel Eng. -
Press Tool Design - Sheet
Metal Work - Welding -
Eng. Pattern Making -
Inspection- Draughtsmanship
- Metallurgy - Production
Eng.
RADII ENGINEERING
General Radio - Radio &
TV Servicing - TV Eng. -
Telecommunications - Elec-
tronics-Sound Recording-
Automation-Practical Radio
-Radio Amateurs' Exam.
CIVIL ENGINEERING
General Civil Eng. - Muni-
cipal Eng. - Structural Eng.
Sanitary Eng. - Road Eng.
Hyd;-aullcs-Mining-Water
Supply - Petroleum Tech.

ELEC. ENGINEERING
General Electrical Eng. -
Installations-Draughtsman-
ship - Illuminating Eng. -
Refrigeration - Elem. Elec.
Science - Elec. Supply -
Mining Elec. Eng.

AUTO ENGINEERING
General Auto. Eng. - Auto.
Maintenance & Repair -
Auto. Diesel Maintenance -
Auto. Electrical Equipment-
Garage Management.

BUILDING
General Building - Heating
& Ventilation - Plumbing
- Architecture - Carpentry
- Painting & Decorating -
Specifications & Quantities
- Surveying - Architectural
Draughtsmanship.

THIS BOOK TELLS YOU
* HOW to get a better paid, more

interesting job.
* HOW to qualify for rapid pro-

motion.
* HOW to put some letters after

your name and become a "key -
man" . . . quickly and easily.

* HOW to benefit from our free
Advisory and Appointments
Depts.

* HOW you con take advantage
of the chances you are now
missing.

* HOW, irrespective of your age.
education or experience, YOU
can succeed in any branch of
Engineering.
ISA PAGES OF EXPERT
CAREER - GUIDANCE

You are bound to benefit from
reading "ENGINEERING
OPPORTUNITIES," and if
you are earning less than £25
a week you should send for
your copy now-FREE and
without obligation.

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBIECTS INCLUDING
CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRUMENT TECH-
NOLOGY WORK STUDY, MATHEMATICS, ETC.
Which qualification would increase your earning power?
A.M.I.Mech.E., A.M.S.E., A.M.I.C.E., A.M.Brit.I.R.E., A.F.R.Ae.S.,
B.Sc., A.M.I.P.E., A.M.I.M.I., A.R.I.B.A., A.I.O.B., A.M.I.Chem.E.,
A.R.I.C.S., M.R.S.H., A.M.I.E.D., A.M.Mun.E., CITY & GUILDS,
GEN. CERT. OF EDUCATION, ETC.
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

410A COLLEGE HOUSE, 29-31 WRIGHT'S LANE, W.8

TO: B.I.E.T. 4I0A, COLLEGE
HOUSE, 29-31 WRIGHT'S
LANE, W.8.

2d. stamp
if posted in
an unsealed
envelope.

Please send me a FREE copy of "ENGINEERING
OPPORTUNITIES." I am interested in (state subject,
exam., or career).

NAME

ADDRESS

WRITE IF YOU PREFER NOT TO CUT THIS PAGE

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD
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articles of a practical nature suitable
for publication in "Practical Mech-
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FAIR COMMENT
PAST AND PRESENT

RECENTLY shown on television was an old film in which many
of the scenes depicted a famous London Square in the year
1880. Slightly shrouded in fog, ornate gas lamps ghosting

the darkness and hansom cabs moving gracefully along, everything
seemed completely unhurried as if time was of no consequence
whatever.

Today that same square closely resembles a race -track, a tearing
mass of cars with would be Fangios behind the wheel: at night a
blaze of sodium lamps, illuminated signs everywhere-KEEP LEFT,
NO ENTRY, NO PARKING. This is the present-we call it
progress, but where are we going in such a hurry and how do we
use the precious time we save? This is a way of life we accept
without second thought, yet it is strange how many of us enjoy a
glimpse into the past, perhaps it helps to ease the tension of modern
living.

FORWARD INTO SPACE
PRACTICAL MECHANICS, despite any diversities, must always be

looking ahead, watching and reporting on new developments in the
scientific and mechanical fields, and as we start this brand new year
of 1962, what is in store for us in the months ahead?

Russia has already announced that they plan to orbit a man
around the moon and bring him safely back to earth. Sub-
sequently a rocket will be landed on the moon's surface, equipped
with all the necessary instruments to send back comprehensive
details of conditions that exist there. We take it for granted that
Russia will take the initiative in these projects, therefore it only
remains for us to await results. This is the situation today, the race
to space between Nations is now virtually non-existent. We have
become so keyed -up over the years by the probing and speculation
of our scientists as to the possibility of life on other planets, the
time is approaching to find the truth.

At one time this may have seemed frightening, but today we are
more prepared, space has already been explored with some degree
of safety and words like Satellite and Ionosphere are part of our
everyday vocabulary. We no longer fear an invasion by fearsome
little men with ray -guns at their hips. The news, when it comes,
will be devoured with certain fascination and will generally be
regarded as another wonderful scientific achievement. Let us hope
that 1962 will see the complete conquest of the moon: the world's
scientists, whatever their nationality, at least deserve this glory.

FIRST WITH THE NEWS
The leading article and cover illustration in our December issue

described the Hover -rail as a future form of travel. We now learn
that Hovercraft Development are working on this project which they
hope may be built and operating within four years.

The February 1962, issue will be published on Jan. 31st, 1962. Order it now!
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THE board (Fig. 1) is made from ex. kin.
mahogany and is 81in. in diameter. Clean
up both surfaces, and finish the top with finest

glasspaper. Then, with soft pencil-say 3B-mark
out the centres for the hollows, as shown in Fig. 3.
Pencil the outlines of the outer diameter with com-
passes, also the edges of the outside groove. These
will serve as a guide when cutting.

Drilling the Holes
Punch each centre carefully and drill Ain. holes

deep to ensure a steady setting for the counter-
sinking bit (Fig. 2, right). Note that its angle is 45°.
Countersink the holes until they measure kin.
at the top. Do not countersink the centre hole at

January, 1962

Fig. 1-The board
being used.

J. E. describes MAKING A SOLITAIRE BOARD
this stage, it will later be used as a centre for cut- hole is bored right through with a in. drill allow-
ting the outside diameter and the circular groove. ing it to take a No. 6 wood screw which will be used
Use the rasping tool (Fig. 2) in the drill chuck to as a pivot. Assuming that a bandsaw is available,
round the sides and bottoms of the hollows so that the table is temporarily fitted with a wooden top
they assume a nearly semi -circular shape as shown large enough to enable the screw to be driven in it
in the centre section Fig. 3. at a position 41in. from the near side of the band -

saw blade and at rightangles to it. The screw is then
Shaping the Board passed through the centre hole in the board and

Rounding the board and cutting the circular into the table and the former slowly rotated. In this
groove are the next jobs to be undertaken. The way a perfect circle can be cut and the board, in
author used a bandsaw, disc sander and power drill turn, can similarly be fitted to the disc sander table
but these are not absolute essentials. The centre and a really first class smooth and accurate finish

accomplished. If a bandsaw is not available, the
circle should be cut with a bow or fret saw-keep-

Fig. 2. (Far left)-The shaped ing just outside the cutting line-and carefully
rasping tool and (right) the finished with glasspaper.
high speed 45° counter -sinker. The Groove

5 Fig. 3. (Below)-Lay-out of
If a power drill cannot be used, resort will have

to be made to the careful manipulation of a wood -the board and also showing a carver's lin. gouge; also, an ordinary cutting gaugecentre section. might be used to mark the outside limits of the
groove-this will not only supply useful edge -guides
but also prevent the wood from splitting or break-
ing away, particularly towards the outer edge. If,
however, a power drill is available, the countersink-
ing bit and shaped rasping tool are used in the chuck,
the centre hole in the board being used as a pivot
for fastening it to the drill table. The countersunk
is operated at one point, with the board stationary,
to a depth of not more than *in. and, contrary to
usual practice, the drill table is brought up to keep
the board in close contact with the bit. The work is
then carefully rotated until the circle is complete.
Again the bit is operated at one point, this time to a
depth not exceeding kin., the drill table again raised,
and the board rotated as before. Finally, the
countersinker is again operated at one point until
the top edge of the cutters reaches the top of the
board, the table again raised, and rotation continued
until a completely circular but triangular groove has
been cut. The rasping tool is substituted; and the
same procedure followed until the groove assumes
semi -circular sides and bottom. This is for recep-
tion of the marbles as they are removed from the
board.

Remove the board and finish off the centre hole
to correspond with the other thirty-two and either
polish or stain and wax polish. A final refinement
is to stick a piece of green baize to the bottom.

Thirty-two ordinary glass marbles are all that is
now required to complete the game.

Circular
groove

Green baize/If



L.B.S.C's 32in. Gauge

EVENING STAR
PART I I.

PUT a Ain. drill through the hole in crosshead
and arm. Open out the hole in the arm, and
the side of crosshead to which it is attached,

with drill and tap lin. x 40. File off the head
of the 9B.A. screw, open out the hole at the bottom
of the arm with i';in. drill, and squeeze in a bronze
bush. Don't forget that the crossheads should be
right and left-handed! Owing to the limited clear-
ance between crosshead and coupling rod, there
must be no projection of the crosshead pin on the
inside, so a special kind of pin, with the screwed
part next to the head, must be used. Chuck a piece
of din. hexagon steel in the three -jaw, face the end,
turn -tin. length to tin. dia., further reduce win.
of the end to Ain. dia. and screw the remnant of
the lin. section lin. x 40. Part off at *in. from
the shoulder, reverse in chuck, and chamfer the
corners of the hexagon head.

Connecting -rods
If a milling machine is available, the table of

which has a longitudinal movement of not less
than 8in., the method described for milling coup-
ling -rods can be used for the connecting -rods,
except for a variation in the way of holding the
blanks. If held direct in the machine vice on the
table, the overhang at each end would be excessive,
and the pressure of the cutter would spring the
rods, or perhaps bend them. What I do, is to cut
the lengths of steel for the rods about ljin. longer
than specified, allowing for in. overlap at each
end. Instead of holding them direct in the machine -
vice, they are laid on a piece of lin. square steel
bar, with a stout clip at each end to prevent any
shifting under cut (Fig. 65). The bar is gripped
tightly in the machine -vice, and the overhang at
each end doesn't then matter, as the bar is stiff
enough to stand up against the thrust of the cutter.
As the connecting -rods have a slight taper, the
supporting bar must be slightly tilted in the vice,
so that the marked -out line of the connecting -rod
is horizontal. This is only about a minute's work.

Fig. 64.-Connecting Rods.

Put your scribing -block on the
miller table and set the needle level
with one end of the marked line,
then shift it to the other end, and
carefully adjust the bar until that
end of the marked line is level
with the needle point. Check the
first end again to make certain that
it hasn't shifted, then tighten up

the vice and go ahead with the milling.
The recessing is done with each rod clamped

down separately on the supporting bar. For the
fluting, the big end of the rod blank is set slightly
to one side, so that the cutter will run parallel to
the side of the tapered rod. Use a cutter -1.3.Tin. wide
on the arbor, and take the first cut about yin.
away from the side of the rod. Reset the rod on the
supporting bar so that the cutter will follow the
other edge of the tapered rod, and take a second
cut same distance from the edge, and same depth
as the first one. The result should be a perfect
tapered flute. As a matter of fact, it wouldn't be
noticeable if the flute is the same width at both
ends, in which case one traverse with a -Ain. cut-
ter would do the trick; or the fluting may be
omitted altogether-it doesn't affect the working of
the engine, though it might offend Inspector
Meticulous!

Alternative to Milling
Very few, if indeed any home -workshop lathes

have slide -rests with a cross -traverse of 8in. so if
the milling is done in the lathe as described for the
coupling -rods, it will have to be a two -stage job.
This entails exceedingly careful setting up on the
second stage, so that the cut lines up with the first
one. Personally I don't think it is worth the
trouble, and would prefer to cut away the surplus
metal with a hacksaw, holding the blanks in the
bench vice and using the tops of the jaws to guide
the saw blade. It is easy enough to saw along the
full width of the vice -jaws, and then shift the blanks
along so that the cut can be continued. A spot of
careful filing afterwards would remove the saw
marks.

The ends of the rods can be rounded off in the
same way as the coupling -rod bosses after sawing
off the overlaps. The little ends are bronze -bushed,
the bushes being flush with the sides, like those in
the middle of the coupling -rod. The big -end has
a flanged bush, like the one at the trailing end of
the coupling rod, but made to the dimensions given

R and L required L Pi shown.

" -

bushed.r -I--Flute Or deep.

3/te"

No55 drill
c/bore 3/32'

3/16"hex.

VO" or 511A.

ISA\
itiggeari.00

Bronze bushed
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in Fig. 64. Note that it projects through -d'.1 in. and
forms a distance -piece between the coupling -rod
boss and the big -end. The projection which repre-
sents the full-size oil box is drilled No. 40, tapped
*in. or 5B.A. and furnished with a hexagon -headed
brass screw, drilled through No. 55, the head being
counterbored This screw runs right into the
big -end bush as shown in Fig. 64.
Assembly and Erection

The position of the cylinders is shown on the
frame drawing in dotted lines (see March issue).
Put one of the cylinders in position shown, and
hold it temporarily in place with a big cramp over
cylinder and frame. Put a No. 30 drill into those
of the flange holes that are directly accessible, and
run it right through the frame plate. Put the end
of a bent scriber into those you can't get the drill
into, and mark little circles on the frame. Remove
cylinder, centrepop the middle of each little circle,
and drill No. 30. Replace cylinder, and fix it tem-
porarily with a couple of Ain. or 5B.A. bolts.

Remove one of the distance -pieces from a guide -
bar assembly, slide the left-hand crosshead into it,
replace distance -piece, and make sure the crosshead
slides freely from end to end. Put the little end
of the left-hand connecting -rod into the crosshead,
and secure it with the crosshead pin. Put the big -
end on the driving crankpin, hold the crosshead
level with the piston -rod of the left-hand cylinder,
and turn the wheels until the crankpin is on front
dead centre; the piston -rod should enter the cross-
head boss, and the crosshead should push in the
piston -rod until the piston hits the front cover.

Next, put the left-hand bracket on the top guide
bar at bin. from the end of the bar, see Fig. 66.
Temporarily clamp the bracket to both frame and
bar, then turn the wheels and see if the crosshead
slides freely from end to end, with no hard spots
or binding of either crosshead or piston -rod. If
there should be any, adjust the bracket until they
disappear. When the required freedom is obtained,
the bracket is set O.K. Run a No. 43 drill through
the holes in the bracket where it rests on the bar,
and make countersinks. Drill the frame No. 30
using the holes in the back of the brackets as
guides. Remove bracket, drill the countersinks in
the bar with No. 51 drill, tap 8B.A. and file off any
burring, then fix the bar to the bracket with four
8BA screws, hexagon heads for preference. Fix
bracket to frame with two ,'tin. or 5B.A. bolts.

Take off the front cylinder cover, set the crank
on front dead centre, and gently tap the piston until
it is just min. from the end of the bore. This will
give clearance between piston and cover at

Fig. 65.-Milling Clamp for Con -rods.
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each end of the stroke. Drill a No. 43 hole through
crosshead boss and piston -rod, and squeeze in a
piece of in. silver -steel, which should project
about y',1 in. each side. Replace cylinder cover, and
repeat operations for the right-hand side, after
which the wheels should turn and the whole bag
of tricks work sweetly with no tight places any-
where.
Valve Gear

We now come to the job of making and erecting
the valve gear; and in my long experience this
seems to be the pons asinorum of not only all
beginners in locomotive construction but quite
a number of more experienced workers as well.
I don't see any reason why this should be. There
is no " witch-doctory " business about valve gears,
as some folk would have us believe. Their function
is simply (a) to operate the valve so that it admits
steam to the cylinder, at the point where it can
exert full pressure on the piston at the instant the
crank passes dead centre; (b) to cut off steam at
any desired point in the stroke; (c) to release the
spent steam by the time the piston has reached
the end of its stroke, avoiding back -pressure on
the return stroke; (d) to reverse the movement of
the engine. Over 150 different types of valve gears
have been devised, some simple, some with weird
and wonderful arrangements of rods and links;
but of all the lot, the most extensively used have
been the Stephenson link motion, and the Wals-
chaerts radial gear. After those, the Joy radial
gear, especially suitable for inside cylinders, and
the American Baker gear, have been very popular.
I have fitted many types of valve gears on the
engines built during the past 60 years and more,
so should know both good points and faults, and
have found that simple gears are the best.

The valve gear on Evening Star is the simple
straightforward Walschaerts. It differs from the
usual arrangement by having the reversing shaft
directly operated by the reversing screw, instead
of the screw being in the cab, and connected to
the gear by a long reach rod. The wheel in the
cab, which is parallel with the cab side, turns a
shaft like the propeller shaft of a motor -car,
having a universal joint at each end, that at the
front end being directly connected to the revers-
ing screw. The latter is carried in an upward

For piston- vatve
cylinders.

L.N. shown

Fig. 68.-Arrangement of Valve Gear.

extension of the bracket carrying the expansion link
on the left-hand side of the engine. On the full-
size job, these brackets are fabricated, and I have
had to simplify them considerably to make a suit-
able arrangement for 31in. gauge; but they look
just like those on big sister. One spot of bother
was the supporting plate which is bolted to the
frame. On the big engine, there is plenty of room
for the plate to go between wheel and frame. On the
little one there isn't, as you can see by the plan
drawing (Fig. 69). I will explain how the small
brackets can be built up, but if our advertisers
can supply cast brackets-which will need a rather
tricky hit of pattern -making - I strongly advise
their use, as it will save much work. Some close
fitting will be required, but there is nothing for
the veriest tyro to worry about, as long as instruc-
tions are followed.

Lap -and -lead movement
A desirable feature of the Walschaerts gear is

the separate operation of the lap -and -lead move-
ment by connection to the crosshead. The accelera-
tion of the movement and rapid reversal of the
valve at each end of its travel, ensures a quick
release of exhaust steam, and a correspondingly
quick opening of the steam port for the return
stroke. You can tell a Walschaerts engine by its
snappy exhaust bark; on my little ones it sounds
like pulling a cork out of a bottle, when starting
a tidy load. The parts required are valve cross-
head, combination lever, and union link. To save
unnecessary repetition, please note that all the
forked joints in the valve gear can be made in
the same way as those in the coupling -rods. Clamp
the pieces to be slotted, in the slide -rest tool -holder,
and run them up to a saw -type cutter mounted
either on a stub arbor held in the chuck, or a
longer arbor mounted between lathe centres. While
a cutter the width of the required slot is desirable,
it isn't essential, as a narrow cutter will cut any
width of slot by taking two or more bites. Run
the lathe at low speed, and use plenty of cutting
oil.

For the valve crossheads, take a piece of lin.
X ?gin. mild steel about 2in. long. At about
from each end, starting from the narrower side,
drill a No. 32 hole right through the thickness,

corn rod

3/4.

tine
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Guide bar

4 ---
Fig. 69.-Plan of Valve Gear.

making sure that it goes through dead square.
Next, slot each end as mentioned above, to a
depth of beyond the centre of each hole! Saw
off each end about in. past the end of the slot.
Chuck truly in the four -jaw with the sawn end
outwards, turn down to in. dia. until within
*in. of the slot, then face off the end until the
turned boss is A in. long. Centre, drill No. 30,
and tap Ain. x 40. Finally, round off the slotted
ends by judicious use of a fine file, and put a
Sin. parallel reamer through the holes. The cross-
heads should then look like Fig. 70.

Combination lever and union link
Each combination lever will need a piece of

x ?,Tin. mild steel Sin. long. Mark off one
piece as shown in Fig. 71, drill the holes No. 32,
use the drilled one as a jig to drill the other,
then temporarily rivet them together with bits of

wire, and mill the sides to outline given, by
any of the methods I gave for milling coupling
rods. Knock out the rivets, and take off each
side of each lever, bringing the thickness down to
-tin. below the second hole. This can be done by
clamping the lever to a supporting bar, as des-
cribed for recessing the coupling -rods, and running
it under a small diameter cutter on lathe or milling -
machine. Saw off the superfluous metal at each
end round off the bottom eye, file the top to
outline shown, and ream the holes kin. The top
of the full-size lever is hollowed out to form an
oil box, but this isn't needed on the small engine,
just drill a No. 55 hole down the top, and counter-
sink it.

To reduce wear to minimum, the holes should
be case-hardened. Heat the bosses to bright red,
and plunge. them into hardening powder, so that
the holes are filled with it. Any good make is
suitable, such as " Kasenit," " Pearlite," " Ecosite,"
and so on, sold in small tins at most engineers'
supply stores. Repeat the heating and plunging,
so that the hardening material penetrates well, then
reheat until the yellow in the flame dies away, and
plunge into clean cold water. Brush away any
traces of hardening material, making sure that
nothing is left in the holes, and clean up the
bosses with fine emery cloth. They should be
so hard that a file will not cut them. If all the
pin holes in the valve gear are case-hardened,
and silver -steel pins used, it will be a very
long time indeed before any slackness develops,
and the valve setting will remain accurate.

The union links are made from 1lin. lengths of
lin. x gin. mild steel. Mark out carefully, then
drill the holes No. 32. It is always advisable to
drill the pin holes in small forked joints before
the slots are cut, as it ensures absolute alignment.
If drilled after slotting, it frequently happens that
the drill " wanders," and the holes will not only
be out of line, but one will be bigger than the

Driving
crankpin.

Reversing
screw not shown.

other. They can be milled to outline by aid of
the side teeth of a small -diameter endmill held
in the chuck, but anybody handy with a file will
find it much quicker to file them to the shape
shown in Fig. 72. Ream the hole Ain.

Ream 1/e"

40-14'

,,r1 lier ,

%-1.. /
Per 1-1

1-+ 1 / ! ' Oroffset

F.g. 72.-Union Links.
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Tap

5/32"x40

Fig. 70.-Valve Crossheads.

05 hole
N°55 drill

c/sk.

Ream1/8"

476.

11

1 X76°

416"

3/15"

5/32"

Ream VII"

IN"

Fig. 71.-Combination Lever.
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Materials required
5 11b. Cadbury's drinking chocolate tins
1 piece of asbestos 2iin. wide x 20in. long

X in. or lin. thick
2 pieces of *in. dia. wire 21in. long
2 pieces of mild steel strip 51in. long x

wide X *in. thick
1 porcelain connecting block with hole in

centre
1 100W. spiral element and a rubber grom-

met ,
5 Ain. Whit. nuts
1 Ain. Whit. screw lain. long

Inserting the element.

155

The Completed Heater.

THREE of the tins must have the bottom cut
out to 2a in. diameter with a pair of dividers
or a tank cutter. All the open ends of the

tins must have slots to take the asbestos as shown
below. These are best cut with a very fine file. The
Ain. holes must also be drilled to take the tie rods.

Thread string through asbestos former to find
the correct length to which the element must be
stretched.

Fit a rubber grommet in the end tin next to the
connecting block to take the cable. Thread the ends
of the 1,in. wire tie rods kin. Whitworth lin. each end.

Use 3 -core cable to connect the heater and earth
the green cable to the tie rod nut.A TUBULAR

H EAT E Rf°r
Constructional details.

ir 4 jole for cable14dia fridla hole for porcelain connecting block

1/4" dia holes rapart for element / t1,3

16 frOm3/jeorl/4'asbeStos

Component parts.

Holes for
tie rods

End view of
open ends of

tins

Slot to take asbestOS



THE Flying Sorcerer is an original floating
lady illusion using lightweight and
portable, easy -to -build apparatus that

retains all the mystery and effect of similar
tricks that can only be performed on the
professional stage with elaborate winch
equipment. A small hydraulic car -type lifting
jack having a 5in. lift at 1 ton capacity pro-
vides the levitation power for the trick and
this lift is multiplied three times in the lifting
link arms to give a vertical rise to the floating
platform of nearly 15in.

A dummy drape fixed to the rear edge of
the platform hides the elevator tube in the

Fig. 2. - Lifting links project
through rear of base and are bolted

to the elevator tube.

16

20

Angles face
each other

By Eric
Hawkesworth

e'

1 ton hydraulic
jack tits into angles

Fig. 1. Base frame details a'
and dimensions.

x
angle

dia.M.S.rods
18" long

UP position, allowing the performer to move away
from the rear of the apparatus and walk round at
will. Apparent absence of connecting wires, etc.,
can be proved by passing a large sized hula hoop
or similar ring over the girl and platform by a
double move manipulation that allows the ring to
be placed over the flying sorcerer's feet and removed
past her head. This move can be repeated several
times. Elevation and depression of the platform
is smooth and even-operation of the lifting jack
being effected via a long rod through a backcloth
curtain drape.
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Floating Lady Base Frame
Material for both the base frame and lifting arms

is mainly 12in. x lain. x gin. mild steel angle. The
base frame (Fig. 1) comprises two square frames of
20in. and 14in. joined by four inward slanting
corner angles each 18in. long. Method of
assembly is by bolting or welding; bolts are
in. B.S.F. with nuts on the inside of the

frame. When bolting up, tighten progres-
sively to ensure a symmetrical frame. Fit the
two flat -strip cross bars and the pair of
angles to hold the lifting jack. The centre
line of the jack is 8in. from adjacent frame side.

Fig. 3.-(Top) The completed apparatus.
Fig. 4.-(Above) Underside view of the platform

showing the 'V' angle and mounting stub.
27/2 long

Floating platform
bracket

Elevator tube

\*
Jack is operated via tong rod

behind backcloth

Platform with edge - bolt
to bracket

-This drape is fixed
( to floating platform

Vertical lift 141/i

3'-6"dia, hoop

Lifting links UP

Lifting
links DOWII--1

Fig. 5.-(Above) End view of assembled illusion.

Drill the holes for the pivot rods gin. dia.
Upper holes are marked off 10in. from the
floor and the lower holes at Sin. centres below.
Thread two 18in. lengths of M.S. rod and
fix them temporarily into position through
the holes with nuts. The jack should be a
tight fit in the angles with the operating shaft
pointing to the rear.

The upper lifting arm has side angles
271 -in. long (Fig. 6) and there are a set of
double angles to take the head of the jack.
A second cross brace is set 6in. from the
nose end of the arm and both the angle irons
are shaped to fit round the elevator tube as
shown in the detail sketch. gin. holes are
drilled at both ends of the arm to receive the
radius rods and elevator tube mounting
bolts.

The lower lifting arm is similar except for lin.
longer side angles (28in.) and single cross brace
angles front and rear. Both lifting link arms should
measure 14in. across the pivot end and taper to 21in.
for a snug and easy fit round the elevator tube.
Assemble the arms into the base frame after fitting
short tube distance pieces over the pivot rods.

Floating platform
bracket

Bolts %4 B.S.F.

Fig. 6.-(Below) Lifting arms

riong tube
distance pieces to
fit pivot rods.

'a holes

1

28

and bracket.

Weld

18'
Solid bar fits
into pipe

112;1%2 M.S.

angle

Ends of lifting arms -;t-------
shaped to fit pipe& bar

4.'x 3/8' bolts

a

3
"el

Elevator tube

6.

re"

The elevator tube is an 18in. length of 2in. dia.
pipe drilled with gin. holes at 3in. centres to
accommodate the cross bolts of the lifting arms.
With the jack in position, the tube should rise and
fall vertically from floor level to maximum height.
Adjust the screw neck of the jack piston to give
contact with the angles of the upper arm when
the piston is at lowest stroke.
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Screw to 31(11/..2batter____25.,----

3" t
-A

Fig. 7.-Making the platform and
drapes and passing hoop over girl.

HOOP IS PIVOTED ROUND GIRL ,

AND REMOVED ii
11

Itto 3/4"thick wood

- Bright chequer patter

HOOP IS MOVED ALONG BACK OF BOARD

Floating Platform Bracket
A sturdy steel bracket to carry the platform is

made from two X 11 in X -kin. angles each
18in. long. Inward ends of these angles are shaped
to fit a solid bar stub, 6in. long and an easy fit in
the elevator tube bore, and are welded and cross
bolted to its head. Widest points of the bracket
angles are 16in. apart. Fig. 3 shows a side view
of the completed apparatus with lifting link arms
in two positions. The jack handle is sawn in half
and an extra length welded between to give a new
overall length of 6ft. This handle works the jack
with a rocking action to lift and a press -and -turn
to release.

The actual platform is built of two 4ft. 6in. long
boards of 9in. x 4in. timber. A pair of 3in. x 1 lin.
cross battens are screwed across the boards 6in.
from each end and a 3in. deep edge strip is fastened
along the front of the platform-screwing to board
edge and batten front. See Fig. 4.

Bolt the platform board to the bracket using tin.
coachbolts with the nuts underneath. In the
DOWN position, the edge strip of the platform
should slide in from the base frame to mask and
hide the angles of the bracket. The platform is, of
course, mounted centrally across the arms of the
lifting angles

There are two drapes and each serves a purpose.
The permanently attached drape is 14in. wide and
17in. deep and is fixed to the rear edge of the
platform board after cutting slits for the bracket
angles. This drape rises and falls with the plat -

Cover base
with ply or hard-
board panels

HOOP IS PASSED
OVER GIRL AND
BOARD TO CENTRE

)1.

Fixed drape
14"wide

-Slot for lifting
links

HOOP IS PIVOTED AROUND PLATFORM BRACKET

form and is concealed by the base frame in the
DOWN position. Fig. 7.

The loose drape is 18in. wide and 2ft: 6in. long
and it is draped across the girl assistant as she lies
on the platform. This cover hangs over the front
edge of the platform to a depth of 4in. and is pulled
back and behind the elevator tube out of the way.
In the UP position, both drapes seem as one and
the elevator tube remains effectively concealed.

The base frame is covered with plywood or
hardboard panels bolted on with small round -
headed screws. Leave a slot in the rear panel for
the lifting links to operate through. Decorate the
base with yellow stars or question marks on a red
background and paint all the metalwork black after
priming with a suitable undercoat. Paint the plat-
form red and choose a bright multi -coloured
chequered design for the drapes.

The hoop may be a hula hoop or one manufac-
tured from a length of plastic garden hosepipe
with a joining plug. Make it 4ft. dia. in this case.
Also, a loop of white rope can be used in lieu of
a solid hoop-the effect is just the same.

Performing the Illusion
Your Flying Sorcerer is introduced to the

audience, and, after hypnotising, is commanded to
lie on the platform. The apparatus can be sited
in front of a draped doorway with the jack operator
behind the scenes. The magician lays the removable
drape across the girl and directs her to rise.

(Concluded on page 183)
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BUILD by

John

YOUR Waller

OWN

FOUNDRY
Part 2-Concluding details

BEFORE moulding can commence, an adequate
supply of the correct sand is necessary. The
small quantity you will need may be obtained

from your local foundry. Provided you are prepared
to collect it yourself there will probably only be a
charge of a shilling or so. Also buy a quantity of
parting sand as it is known; half a sack of this is
sufficient, but keep this separate from the other
material.

Assuming you have the necessary pattern-and
you can cast almost anything, though it may need
special attention if holes are present-lay the pat-
tern on the large board and place over it a moulding
box as depicted at Fig. 1. For the purpose of this
example we will assume the pattern is flat and
made in two halves, and after covering
preliminary layer of fine moulding sand the
remainder of the box is filled without troubling to
pass it through the sieve, and rammed reasonably
tight. Various tools used in the moulding process
are shown at Fig. 2.

The box is now turned over; if the sand is tight
enough it will not fall out. Sprinkle a thin layer of
parting sand over the complete surface of the
mould; whereupon you can now place the second
box on top and locate it with the aid of the two
pins. Place the other half of the pattern, the runner
and risers in position-the latter are used to obtain
a head of metal to allow the escape of gas-and
then carry out the same procedure as before. Inci-
dentally, the pattern will have two pins in order to
position each piece in relation to each other. Tap
the runner and riser gently and withdraw them.

Separating the Boxes
Now separate the two boxes, and if care is taken

the pattern will also separate without damaging the
sand. Drive a spike or nail for a short distance into
the pattern and lift each from the sand, and then
cut a channel in the bottom box from the spot
where the runner meets the sand to the cavity left
by the pattern. A reference to the drawing at Fig. 3
shows this clearly. Before again reassembling the
boxes, scrape some of the sand from the top of the
runner to make it easier to pour the metal, and

Fig. 2.-The most popular moulding tools.
Fig. 3.-The second stage, showing the runner

and riser in position.

Sieved sand
packed tightly

Fig.

Fig. 2.

Line of finely sieved sand
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1.-First stage in the preparation of
a mould.
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then carefully set the lower box on a bed of mould-
ing sand. Locate the top member and you are
ready for the pouring. Fig. 4 illustrates the mould
assembled on the foundry floor ready for the run-
ning of the metal.

For casting hollow articles a core is required,
and the easiest article which can be used by way
of explanation, is the cast iron drawn pipe used for
carrying away rain water.

Fig. 5 illustrates a typical pattern for such a
hollow article-the length is immaterial and the
reader will observe that two projections are present,
which as known in foundry colloquy, as prints.
Obviously when this pattern is treated in the man-
ner described above, these prints leave their
impressions in the sand and these impressions are
used to locate the core. This latter item is merely
a cylinder of sand suitably reinforced with rods,
of the appropriate length, and when this is fitted
into position it "fills up" the mould as shown at
Fig. 6, leaving a space round which the molten
metal can flow to form a cylinder.

A few remarks concerning the texture of this
moulding sand is essential, and a water can with
a fine rose is ideal for sprinkling it until it becomes
just damp enough so that when a handful is
squeezed it clings together in a ball while the hand
remains dry. The presence of too much water is
bad practice and will result in defective castings,
so always try the moulding sand in this manner
and see that it is thoroughly mixed after adding
the water.

Fettling
This is the name given to the trimming process

and the runners and risers are cut off with a hack-
saw to be used the next time a cast is made, but
try and be a little selective with the material you
will use for casting, as the iron for the drain pipes
mentioned above is not likely to produce really
fine iron castings. Car pistons are useful, but try
and use one make if you can, and as there are a
a variety of brasses, here again use metal from a
particular source, otherwise in large batches you
may find the colour varies slightly due to the lack
of copper in some material.

A pattern which does not possess a flat surface is
treated in rather a different manner to that des-
cribed above, and Fig. 7 shows the details of such
a mould. The pattern is placed on the board and
sand sieved over it and rammed into position-
care is necessary if the pattern is fragile, but gently
placing the sand with the fingers overcomes any
tendency to break it. Now cut away and push back
the sand to give a joint line which will allow the
removal of a pattern of this type to be lifted from
the box, but do not at this stage remove it from
the sand. Next, sprinkle a thin layer of parting
sand over the surface and proceed as before, only
on this occasion you must exercise extra care when
separating the two halves. Repair broken portions
of the sand by gently lifting them back into place
and pressing them home with the aid of a trowel.
Sometimes a brush fin. wide, dipped in water, is
useful for smoothing off the replaced sand, but do
not overdo this as a really damp mould can cause
faulty castings. Incidentally, this latter method is
known as oddside moulding and is applied exten-
sively in foundries when several castings are
required from a single pattern, only then the

Place weights on
corners to hold the
two halves together

Cavity

, ...,,

llitC, :"

Stan lower box on bed

Sand is scooped away to
make pouring easier. Do not
expose metal of moulding box

Riser Runner

of sand 8 then assemble
upper box

Channel
cut with

trowel
Fig. 4.-The mould finally assembled

for pouring.

Outside diameter Length

Both boxes
are located

by these pins

ready

Bore

Pipe to be cast

Diameter of print equals bore dia.less
machining allowance if required

Length Length of pipe plus machining
of print allowance if required

Outside dia..
machining allowance if necessary

Shape of pattern for pipe

Fig. 5.-Details of casting hollow articles.

moulder will make one oddside-the name given
to the lower half of the two boxes-and use this as
a base member for the other attempts. He thus has
a sand "board" in which to lay his pattern every
time and needs only to briefly dress the joint line
on each occasion.

Handling Molten Metal
A few remarks regarding the handling of molten

metal is essential as a safety precaution-there is
no real danger in moulding if you always remember

4
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BUILD YOUR OWN FOUNDRY Contd.

these rules, but I must emphasise that you are
dealing with material which is in a condition at a
much higher temperature than boiling water-so
see that these precautions are observed every time
you prepare a mould and handle the metal.

The preparation of the sand is important; if
the sand is too wet it will produce faulty castings,
and in extreme cases it could cause the metal to
splutter when it enters the mould, so mix the sand
carefully, using only a little water at a time, until
the correct texture is obtained. If you do produce
a mixture which is too wet, then dry the mould as
most foundrymen do, with the aid of a large piece
of red hot coke held close up to the cavity by a
pair of tongs.

Weighting
You will note that it is indicated on the drawings

that large weights placed on the corners of the top
box are an asset because they tend to hold both
halves together as the metal is poured. However,
remember that these weights are of cold metal and
if the molten metal comes up the riser too fast
and contacts these cold details, then it will spatter
and is liable to cause severe burns. Incidentally,
the making of these weights can be your first
attempt, because by using a house brick as a pat-
tern you can cast these from scrap iron. Again,
during the pouring process make sure the metal
does not contact the sides of the boxes as an identi-
cal condition will occur. If metal does run out the
sides of the boxes during pouring-this is a sign
they have not been assembled correctly-go on
pouring, but have an assistant throw a shovel full
of sand against the leaking metal and stop it in
this manner. This is orthodox foundry practice and
does no harm if the sand is not wet. Keep your
feet away from the sides of a box during the cast-
ing process as this leaking of the metal can
obviously cause a burn. Very occasionally you will
find it necessary to vent the mould to allow gases
to escape, and this is easily done with a cycle spoke
or similar article, but never make the holes too
large and again never place a weight over a hole
as even a slight amount of hot metal rising and
running over the top surface of a mould could be
dangerous. Work steadily and carefully, and the
moulding of metal can introduce many new and
interesting items to the home and workshop.

Mould. Note -Both halves have
semi -circular cavity

Round core spans
cavity

Semi -circular cavity in
mould corresponding to pipe

Fig. 6.-Plan of the mould for the pipe shown
in Fig. 5.

Joint line is shaped
to allow withdrawal

of pattern

Runner

Sand bed Cavity

Pattern \Mddboa ding
rd

Second joint line
follows line in bottOn)

box

Fig. 7.-Moulding irregular shaped articles.
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complete our annual index, published at Is. 3d. can be inserted.
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PUSH

BUTTON

CONTROL

AND

AUTOMATIC

SWITCHING

THE September 1961 issue of " Practica,
Mechanics " carried details for the construc-
tion of a simple tape deck for a tape recorder.

The present article describes a system of pushbutton
switching which can be added to this deck, includ-
ing a device for stopping the machine when the
end of the tape has been reached.

The system actually comprises two quite
separate schemes: a tape " Run/Stop " control
and a " Record/Playback " control; either or both
of which can be included as desired.
The " Run/Stop " Controls and End -of -Tape

Switch
The end -of -tape switch makes use of the stop

foil to be found on most makes of recording tape.
The standard form of stop foil is a thin layer of
aluminium, about 4in. long, bonded to the inner
(active) surface of the tape at each of the points
where the two ends of the tape meet the leader
and trailer strips (or about a yard from the
extreme ends of the tape). Although some tapes do
not have this device, a few seconds work with gum,

Fig. I .-T ape
minute relay
circuit.

250 V d.c.
(point ye) A.C.Supply

d'k.0 S.W.

Stare

Contact -

Leading tape guides

Chassis
earth

Capstan
motor

Replaces
capstan
motor
switch

Relay
P1

January, 1962

scissors and (say) the foil from a cigarette pack can
remedy this.

The winding of relay P1 is energised from the line
carrying 250V D.C. to the bias oscillator. The other
end of this winding is taken to contact " K " which
bears against the tape at a point close to where it
enters the leading tape guide. This latter must be
earthed. As the stop foil is drawn past this point,
the circuit to the relay winding is completed, the
relay closes and stops the recorder. At the same
time a pair of contacts on the relay short-circuit the
gap between " K " and earth so that the relay
remains closed even when the foil is not present.
In order to re -start the recorder, it is necessary to
de -energise the relay and this is done by means of
pushbutton Si. A second pushbutton (S2) enables
the recorder to be stopped manually. When pressed,
it momentarily shorts " K " to earth (Fig. 1).

Wooden

batten

Contact K

Recording
heads

Tape guide
(earthed)

l

Metallic
screen

eg
(alsop earthed)

Plywood or
A.-- sheet pLastic

Slot to insert tape

Fig. 2.-Contact shield.



for a home made 5ape-clech
By J. H. GOULD

With this scheme, the tape will be driven im-
mediately the deck is switched on, unless the
" Stop " button is held down.

Contact " K " projects above the motor board
and, when the tape is running, it carries a potential
of about 250V above earth. Although this voltage
would not normally be present when the tape is
being loaded or changed, it still represents a danger.
The " Grand Piano " type of shield of Fig. 2 is one
answer to this problem and an advantage of this
layout is that the tape will stop against the foil at
the end of the tape but not at the beginning.

Where a clockwise driven feed spool motor is in
use, the shield will need to be a mirror image of
that shown.

The " Record/Playback " Controls
To save power (and the life of the valve), the

oscillator is not left on " standby " when the
recorder is switched to playback. This means that
a ten -second delay must be expected after selecting
"Record " and before the deck is in a condition to
accept a recording. In the circuit described here
the indicator lamp does not light until this time has
elapsed (Fig. 3).

When the mains switch is closed, the deck will
automatically assume the playback condition; this
greatly reduces the possibility of a recording being
accidentally erased. If the " Record " button is
now pressed, relay P2 will operate and its sealing
contacts will close to hold it in when the button is
released (which also switches the H.T. to the
oscillator). In addition, this operation energises the
valve heater. As the valve heats up, relay P3 (whose
winding is in the H.T. circuit) will close and seal,
switching the deck to record and lighting the

Fig. 3.-" Record/Playback" circuit.
Record.y..Z.g

""-"""1"-NA1-10--eR
(9k.r).5W

yl
Replaces
existing
resistor

P2.'

Playback'

COMPONENTS REQUIRED
(i) Tape "Run/Stop" Circuit:

One: Telephone -type Relay (P1), 2,000 or 2,500
Ohm winding, 2 normally -open contacts.

One: Vitreous -enamel, wirewound Resistor,
8,000 Ohms, 5 Watts.

Two: Pushbutton Switches. Control keys or
panel -mounting microswitches, 250V, 1

normally -open contact pair, 0.3A D.C.

(ii) "Record/Playback" Circuit:
One: Relay (P2), as relay P1.
One: Telephone -type Relay (P3), 2,000 or 2,500

Ohm winding, 4 normally -open and 4
normally -closed contacts.

One: Resistor, as previously.
Two: Pushbuttons, as previously.

indicator lamp. A contact on this relay now opens
to release relay P2 thus relieving the H.T. supply
of any surplus load.

To replay a recording, the " Playback " button is
pressed, short-circuiting the winding of relay P3.
Relay P3 releases, bringing the circuit to the replay
condition. It cannot reclose as no H.T. circuit now
exists.

To avoid the possibility of feedback, relay P3
should be mounted as near to the " R " and " P "
sockets as possible.

Where a balanced recording input is used (push-
pull), three poles were necessary on the original
record/playback switch. In this case, the contact
pair in series with the indicating lamp will have to
be foregone. This will provide a set of changeover
contacts to replace S 3/3. The only effect this will
have on the operation of the deck will be to cause
the indicator lamp to light immediately the
" Record " button is pressed.

To valve

12.142 In series With
'"F" n'mdicator

I lamp

I Op
Replaces S 3/2°

77,--C-14 Replaces S 3/10
1,5D ( From valve heater)

Chassis Earth

Oly

P3

Fig. 4.-The telephone type
relay.
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Normally open

I Mounting flange
III

-419,,f-0



164 NEWNES PRACTICAL MECHANICS January, 1962

Trio 'At6,,,T

CAN you tear a pig out of newspaper, tie a knot
in a handkerchief without letting go of the
ends, or spell the word "expediency" with only

five letters ? The spelling stunt is easy and it is
a pity that all spelling could not be abbreviated
so logically. You only have to write: XPDNC.
Try describing a hungry horse in just four letters
of the alphabet. Just say: MTGG ! Easy isn't
it ? What are the coldest letters of the alphabet ?

The
trick

spelling.

The answer is IC and the reason should be
obvious.

Have you tied that knot yet,, The handker-
chief should be twisted to form a " rope," then
you can accomplish the task by folding your arms
before gripping the ends of the handkerchief and
pulling your arms apart. Suspend a ring from a
piece of string tied to a chair back and try to cut
the string without letting the ring fall. Are you
baffled ? The secret is to tie a loop in the string
and then to cut through the loop.

Cutting Cotton
Imagine that you have a corked bottle inside

of which a ring is suspended upon a cotton
thread. A nice little problem is to find a method
of severing the thread and letting the ring fall,
without touching the bottle either directly or
indirectly. To succeed in this clever stunt you will
need to stand the bottle in sunlight before com-
mencing. Take a powerful magnifying lens and
use it to focus the sun's rays, through the glass,
on to the cotton and wait until the thread gets
hot and burns.

The
' dry'
water
trick.

PRACTISE THESE
TO AMUSE
YOUR FRIENDS

By Alan E. Ward

Can you show something that has never before
been seen and will never be seen again ? To do
this you produce a nut, crack the shell, extract
the kernel and hold it up for everyone to see,
and then eat it. Next, eat a lump of sugar and
offer to bring the devoured sugar -lump beneath
any one of two hats your friends may choose.
Suspecting sleight of hand, your watchful audience
will be really
fooled when you
casually place
the selected hat
upon your head.

Waterproof ?
If you begin

by secretly rub-
bing Lycopo-
d ium powder
well into your
hands, you can
plunge the hand
into water with-
out wetting your
flesh, but can
you think of another way of doing this? Well,
it's not difficult if your hand is protected by a
rubber glove I Now, how can you completely
enclose your breath
in water without
letting air escape?
Are you completely
foxed this time?
The catch is to
blow bubbles.

Perhaps y o u
already know how
to float a steel
needle on water by
slowly lowering the
needle into the
water upon a little
strip of blotting
paper. The soaked
paper will sink,
leaving the needle
supported upon the
" skin " of tense
water molecules
which covers the
surface. Use a dry needle and non -greasy water.

There is an old stunt with paper which has been
called "A camel through the eye of a needle."
Cut a hole the size of a sixpence in a sheet of
paper and provide yourself with a halfpenny. The
coin is the camel and the needle is represented by
the paper. Can you pass the halfpenny through
the hole, without tearing the paper or bending the
coin ? The method employed is to crease the paper

Tice ' Knotty ' problem.

Sweet deception.
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" across " the hole, to lodge the coin in the hole
between the folded " leaves " of paper and then
to gently pull the lower corners of the folded
paper upwards. The coin will now fall through the
hole quite freely.

Card Tricks
"And now, ladies and gentlemen, I am going

to cut a lady in half and put her together again."
As you say this, take a pair

+M of scissors and cut an old
Queen of Hearts in half
and immediately proceed
to stick her two halves
together again with a strip
of Sellotape. While we
are on the subject of
playing cards, examine
the four Kings and sug-
gest why one of them
would be sure to fail a
military medical examina-
ation. You will observe
that the King of Dia-
monds is, unfortunately,
minus one of his eyes.

A pencil and a book rest upon the table. How
can you put the pencil under the book without
actually touching either article ? The pencil should
be resting upon a sheet of paper. To solve this
teaser you must pick up the pencil by lifting the
paper and then hold the pencil and paper under-
neath the table.

Bend a wooden match to form a V and place
it upon a bottle top. Put a sixpence upon the
wooden support. You are required to cause the coin

to fall into the bottle
00 without touching any

of the apparatus. A drop
of water will do the
trick. Let the water fall
upon the bend in the
match. The water will
soak into the wood,
causing the fibres to
swell and make the
stick begin to straighten.
As if by magic, the coin
will be seen to slip
through the opening V
and fall with a loud

The litter lout. "clink" into the bottle.

The one -eyed king.

Brain Twisters
How many grooves has a 45 rpm 7in. EP

gramophone record ? Can you take one letter away
from a six -letter word and leave 12? How
can two fully -grown persons stand upon a copy
of a magazine roughly 8in. x 1 lin., without
touching each other, or even being able to see
one another. These people should face each other
and must not be blindfolded or hypnotised.

There will always be only one groove in any
kind of gramophone record; and the mystery
word required is " dozen." The stunt with the
magazine is performed by opening out both
covers and then placing the paper between two
rooms. When the door is closed two persons will
easily be able to stand upon the magazine while

CAL MECHANICS

complying with the
necessary cond i-
tions. Have you
found time yet to
tear out a paper
pig? We can do
even better. We
shall tear our paper
into many little
bits-and make a
litter! !
Feeling for the

Aces
Only the delicate

fingertips of a
magician are sufficiently sensitive to locate the aces
by touch in a shuffled pack of cards held behind
his back, or so it would appear to an audience
watching this minor miracle. No skill at handling
the cards is necessary, but
the experiment will be
doubly interesting if you
take the trouble to con-
vince your audience that
you really have developed
a remarkable sense of
touch.

Remove the four aces
and fasten them together
with a paper clip to
which a small safety -
pin has been attached.
Memorise the order of
the aces and bend aside
one of the prongs of the
paper-clip to indicate
which of the aces is at
the top of the bundle.
Open the safety -pin and
use it to suspend the little
packet, out of sight,
beneath the back of your coat. Now you are ready
to perform.

Give the pack to a spectator and ask him to
give the cards a thorough shuffle. While he is
doing this, keep your audience entertained by
describing how usually, when a card is printed,
the minute quantity of ink used up raises the
surface of the card a tiny fraction of an inch. Say
that you have been experimenting for many months
and that, at last, you have acquired the skill of
being able to feel the aces by touch.

Ask your assistant to hand you the shuffled cards
behind your back. Face your audience and quickly
retrieve the four aces and put them on top of the
pack. Think as you do this and make sure, by feel-
ing for the bent prong on the paper-clip, that the
aces are added, face downwards, upon the face
down cards in the pack. Aim to look somewhat
tense as you feel the cards one at a time.

Bring out the first two aces and throw them
upon the table. Now, keeping a careful check
on the whereabouts of the remaining two aces,
actually permit your audience to see your hands
exploring the faces of the cards. Hesitate a
moment, as if in some doubt, before holding up
the third ace and endeavour to make the feat
seem tremendously difficult as you find the final
ace. Practice your bluff well and this very simple
trick will be a huge success.

165

Sawing a lady in
half.

Two in one.
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LATH E
GADGETS

EASIER TOOL HOLDING

INNUMERABLE home workshops, garages and
small firms feature a lathe as part of the equip-
ment. Probably one of the most popular

medium size general purpose lathes is the Myford
ML 7, which has a range of additions and acces-
sories available for it from the makers.

However, many model engineers, and others
whose lathes are called upon to tackle a wide range
of operations, can make use of a series of simple
items which greatly facilitate the operation of the
lathe on ordinary jobs, and in several cases make
possible an operation for which no accessory is
commercially available.

The first of these is an improved toolpost. Con-
siderable time can be wasted when setting the tool
to correct height in searching for odd strips of
packing of various thicknesses. The toolholder
described allows of any tool to be adjusted for
height instantly with a finger screw, permits it
to be slewed round to any angle, and does not
bruise the topslide surface as does the jackscrew
of the normal clamp plate toolholder. Furthermore,
as the holder is retained by the standard stud and
nut, the original arrangement can be restored by
undoing the one nut.

The holder proper is mounted on a short stubby
column, clamped tightly on the topslide by the
normal stud and nut. Its dimensions are not
critical-which applies to all the dimensions given
-so that while the sizes shown have proved com-
pletely satisfactory in service, any slight variations
are unlikely to affect its use. The main require-
ments for the column are that it should be truly
cylindrical and have nicely flat and squarely
faced ends. Drill the column centrally down the
middle to an easy fit over the stud.

The main part of the holder is machined from
a mild steel or wrought -iron block. First machine
all the faces square with each other, which can be
done in the four -jaw chuck. Then mark out for
the hole which fits the column. Remount the
piece in the four -jaw with the centre for the hole
running true, drill with successively larger drills,
finally boring out to size. Make it an easy fit on

the column, as when the block is split to complete
the clamp, there is every likelihood of the piece
springing in a trifle, closing the hole slightly. With
the hole bored, mark out for the clamping stud,
the height adjustment screw hole and the line of
the slit. Drill the stud hole to full depth tapping
size for kin. B.S.F. (letter 0 drill) and follow up
with k' in. for stud clearance down to the level of
the slit line. Tap the bottom half of the hole
kin. B.S.F. (See Fig. 1.)

If preferred, the block can be left square without
cutting back the face for the nut. This saves work,
but letting the nut into the level of the side can
be useful at times in getting the holder close up
to a job. The piece was sawn out by hand, then
the surfaces cleaned up by end -milling. Slitting
the piece, which comes next, can either be done
by hand or with a slitting saw mounted on an
arbor in the chuck or running between centres.
Hand sawing, taking care to keep to a straight line,

. makes quite a satisfactory job. Any irregularities
at the ends of a hand -sawn slit can be neatened
afterwards by chamfering lightly with a triangular
file.

Thread a piece of kin. mild steel rod of suitable
length at both ends for the stud, leaving it a
little long on what will be the outer end. Run
the stud tightly into the hole with a couple of lock -
nuts, remove the nuts, fit a small washer and re-
place one nut. Any excess length of stud outside
the nut can be cut off and the end of the stud
shaped up by filing. A nut one size smaller out-
side than standard makes a neat fitting here, and
sometimes makes it easier to get the smaller
spanner to it when the holder is set to an awkward
angle. For the small nut, drill out a Ain. nut
and retap it -kin. B.S.F. Only a light spanner
pressure on the clamp nut is required to provide
a rigidly solid lock, and the holder is completely
free on the column in half a turn of the nut.

Drill now for the height adjusting screw, tapping
size for +in. Whit. (No. 11 drill.) The screw is
a plain turning and screwing job out of Sin. rod,
with the head knurled for finger grip. Make the
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thread on the screw a very easy fit in the hole
in the block, as possibly greasy fingers need to be
able to turn the small screw head easily when
the screw is lifting the weight of the holder up
the column. Drilling the top half of the hole in
the block +in. clearance helps in this respect, too.

Completing the clamping features first enables
the slot for the tool to be machined with the
holder mounted on its own column, as for use
in turning. The slot dimensions given are for iin.
square tool bits, the size adopted as standard on
the writer's ML 7. The holder is slipped on to
its column, the height adjusted by the screw to
bring the middle of the  slot to centre height,
set square to the faceplate, and clamped up tight
on the column. The slot is then end -milled to
depth. To save wear and tear on the end -mill,
the bulk of the metal can be removed from the
slot by drilling from one end and sawing out a
strip.

With the slot machined out, there remains only
the tool clamp screws. These should be Whit-
worth thread; the coarse pitch of this thread,
compared with B.S.F., gives a slightly quicker
release to the tool on slackening off, and ample
grip is available with a very moderate spanner
pressure. Two screws only are normally used as
shown, but a third hole between the end ones is
provided to be able to make use of very short tool
bits. If commercial Whitworth bolts are used,
obtain a pair of H.T. ones, or if special bolts are
being made for the job with the conventional square
heads as are often seen for this purpose, turn
them out of sliver steel or something harder than
mild steel. In either case, turn away the end two
or three threads to produce a " dog point " on
the screw. If this is not done, continued intermit-
tent pressure on the end of the screws will spread
the ends, so that in time it will be found impos-
sible to unscrew them right out of the holder.

Fig. 1. (Right)-Dimensions and details of the
holder. (Below Right) Universally adjustable tool -
holder in use on a Myford ML7. (Below) Tool -
holder modified in size fitted to a home-made

centre baby lathe.



Hypothetical spacecraft Nova-launched near the
moon's surface.

F -1's in the second. One of a number of configura-
tions employing F-1 engines consists of a booster
made up of four clusters of two F-1-or eight
engines generating a total of 12 million pounds
thrust. A possible second stage would be a cluster
of two F -1's. The 200,000 -pound -thrust J-2 engine
-in a cluster of four-would power the third stage
in this study configuration. This vehicle would
have a capability of lifting some 160 tons into earth
orbit or some 50 tons on an escape mission.

The F-1 has been under development by NASA
for two and a half years, but earliest feasibility
studies on a million -pound thrust single chamber
engine date back to 1955-two years before Sputnik
-when Rocketdyne proposed such an engine to
the American Air Force.

In January 1959, a $102 million NASA contract
for development of a full-scale 1.5 -million -pound
thrust engine was initiated. This was followed by
a long series of exacting tests. Each component
was tested and re -tested to assure maximum
reliability and top performance. Then, in a series
of carefully prepared tests, the components were
gradually assembled for full -system firings.

First Test
The first complete engine test was made on 13th

June, 1961, at the high thrust test area at Edwards,
California. Approximately one million pounds of
thrust was generated at that time. This achieve-
ment was of high significance to the U.S. space
effort. Prior to that, 140 unofficial tests had been
made, one of which included a thrust chamber test
during which a record thrust of 1,640,000 pounds
was achieved. The F-1 uses the same propellants
and basic designs as the Rocketdyne engines that
powered the Atlas, Thor, Jupiter and Saturn
vehicles and have launched 43 out of America's 47
successful satellites and space probes. More than
650 scientists and engineers are assigned directly
to the F-1 programme. They are supported by
hundreds of manufacturing, quality control and
administrative persons.

Basic components of the engine are a tubular -
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This largest known rocket engine
consumes three tons of fuel per

second

THE bigger the booster the better the climber-might be the maxim for
long-distance space flight. With this in mind, the National
Aeronautics and Space Administration have planned the F-1 liquid

propellant engine as their basic space booster engine. Arranged in clusters
of from two to eight, it is expected to power the Saturn C-3 and other
vehicles on deep space missions.

It is a single chambered engine developing,1,500,000 pounds of thrust.
This is nearly 20 times the thrust of the Redstone rocket engine, which
launched America's first astronauts on their suborbital journeys into space,
and put the first U.S. satellite, Explorer 1, into earth orbit. Its thrust is
more than four times as great as the propulsion systems that power the
6,000 -mile Atlas inter -continental ballistic missle.

The decision to develop the F-1 was one of the first made by NASA after
its establishment in October 1958. The decision was made on the basis of
an urgent, foreseeable need for a large thrust engine to power large space
vehicles for such missions as manned circumlunar flights, and landing a man
on the moon and returning him to earth. Such a large vehicle-designated
Nova-existed only as a design concept for several years.

Since President Kennedy urged an accelerated programme to land man on
the moon and return before the end of the decade, it is possible that first
use of the F-1 engine could be in an advanced Saturn booster designed to
approximately double the power of the Saturn C-1 booster. One possible
configuration would be powered by a cluster of two F -1's for one lift-off
thrust of 3 million pounds.

The Saturn C-1, with 1.5 million pounds lift-off thrust developed by eight
Rocketdyne H-1 engines, will carry the three-man Apollo spacecraft in
earth orbital missions of up to two weeks. The second stage of the 90,000
pound thrust S -1V stage powered by six Pratt and Whitney RL-10-A3
liquid hydrogen -liquid oxygen engines.

First test launch of the C-1 booster with two inert upper stages is
scheduled for later this year. The advanced Saturn referred to above could
be used to place the Apollo spacecraft into orbit about the moon and return
it to earth. One configuration under study for the first stage would consist
of two F-1 engines; the second (S-11) stage of four J-2, 200,000 pound

thrust liquid hydro-
gen -liquid oxygen
engines also under
development by
Rocketdyne; and the
third stage would be
the S -IV, which is
under development at
Douglas's Missile and
Space Division. This
possible configuration
would be capable of
lifting an approximate
30,000 pound payload
on a lunar mission.

The mission of
Nova will be to boost
the Apollo to lunar
landings and return
to earth. The con-
figuration of Nova is
under intensive study
by NASA. Many of
the versions under
study employ F-1
engines in the first
stage and some use

Nova under test.

wall regeneratively cooled thrust chamber assembly,
direct drive turbopump, gas generator and required
controls.

Thrust Chamber
The thrust chamber assembly consists of a

tubular -wall chamber, an uncooled nozzle extension,
double -inlet oxidizer dome, two fuel valves and a
flat -face injector.

The basic chamber is formed of high strength
alloy steel tubes which are contured, stacked and
then brazed in a specially designed gas -fired brazing
furnace.

In operation, fuel flows through alternate tubes
the length of the chamber and then returns to an
injector feed manifold. Here it is distributed
through 32 spokes into the injector from which it
passes through approximately 3700 holes into the
combustion chamber, where, combined with liquid
oxygen, combustion occurs.



Hypothetical spacecraft Nova-launched near the
moon's surface.

F -1's in the second. One of a number of configura-
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thrust. A possible second stage would be a cluster
of two F -1's. The 200,000 -pound -thrust J-2 engine
-in a cluster of four-would power the third stage
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engine date back to 1955-two years before Sputnik
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the American Air Force.
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thrust engine was initiated. This was followed by
a long series of exacting tests. Each component
was tested and re -tested to assure maximum
reliability and top performance. Then, in a series
of carefully prepared tests, the components were
gradually assembled for full -system firings.

First Test
The first complete engine test was made on 13th

June, 1961, at the high thrust test area at Edwards,
California. Approximately one million pounds of
thrust was generated at that time. This achieve-
ment was of high significance to the U.S. space
effort. Prior to that, 140 unofficial tests had been
made, one of which included a thrust chamber test
during which a record thrust of 1,640,000 pounds
was achieved. The F-1 uses the same propellants
and basic designs as the Rocketdyne engines that
powered the Atlas, Thor, Jupiter and Saturn
vehicles and have launched 43 out of America's 47
successful satellites and space probes. More than
650 scientists and engineers are assigned directly
to the F-1 programme. They are supported by
hundreds of manufacturing, quality control and
administrative persons.
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The Saturn C-1, with 1.5 million pounds lift-off thrust developed by eight
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wall regeneratively cooled thrust chamber assembly,
direct drive turbopump, gas generator and required
controls.

Thrust Chamber
The thrust chamber assembly consists of a

tubular -wall chamber, an uncooled nozzle extension,
double -inlet oxidizer dome, two fuel valves and a
flat -face injector.

The basic chamber is formed of high strength
alloy steel tubes which are contured, stacked and
then brazed in a specially designed gas -fired brazing
furnace.

In operation, fuel flows through alternate tubes
the length of the chamber and then returns to an
injector feed manifold. Here it is distributed
through 32 spokes into the injector from which it
passes through approximately 3700 holes into the
combustion chamber, where, combined with liquid
oxygen, combustion occurs.
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The cooled portion of the thrust chamber is lift.
long, 40in. in diameter at the throat chamber and
9Ift. in diameter at the exit.

A unique feature of the chamber is a design to
provide for attachment of segmented uncooled
extensions. This feature is important for two
reasons. It makes it easier to transport the engines,
since the uncooled segments can be packaged and
shipped separately, and it makes it possible to
tailor the engine for specific missions. This is done
by attaching uncooled segments of different lengths
to attain any required expansion area ratio (ratio
between throat of nozzle and exit of gases) from
10-1 up to 16-1. Larger expansion area ratios are
required at an altitude other than at sea level to get
efficient engine operation.

Turbopump
The F-1 turbopump, which weighs 2,500 pounds

and develops 60,000 horsepower, is so powerful
that it can move three tons of propellant-two
tons of liquid oxygen and one ton of narrow -cut
kerosene-into the combustion chamber in one
second.

In three seconds enough oxygen is consumed by
the F-1 to provide for the breathing requirements
of the entire 180 million people in the United States
for one second. In the same three seconds, the
engine burns up as much fuel as the average motor
car uses in one year of heavy operation.

Gas Generator
Power in the form of gases to run the turbopump

is provided by a gas generator which burns fuel -
rich liquid ozygen and kerosene. About 2% of the
total propellants used in the F-1 are burned in the
gas generator.

A feature of the gas generator, which is partially
spherical and about 10in. in diameter, is its double -
wall combustion chamber. Fuel flows between the
chamber walls to cool it. This gives added safety in
engine operation by eliminating a hot outer surface
and reducing heat radiation to adjacent components.

Controls
The main controls are two fuel valves and two

oxidizer valves mounted on the thrust chamber
dome; a gas generator valve; a fuel and oxidizer
flow regulator for the gas generator and a four-way
solenoid valve, which controls the other valves.

The latter is one of the only two components in
the engine requiring electrical wiring. The other is
the spark exciter which ignites the gas generator.
Engine Test Facilities

F-1 is tested at facilities located at the high
thrust test area on Leuhman Ridge, California.
These facilities include a thrust chamber stand
and two engine test stands, all capable of captive
firings at 1.5 million pounds thrust or more,; a
centrally located underground control centre and
other necessary supporting facilities.

Firings are controlled and test data recorded in
the underground control centre. Here central
consoles for each test stand are located and test
engineers are able to observe firings by means of
three position closed circuit TV systems on each
stand.

One hundred and seventeen graphic recorders
and two high frequency tape recorders gather nearly

NOVA
CONTINUED

Recorders used to monitor tests.

200 different measurements during a single engine
test. Data is moved by coded teleprinter from the
control centres to the Rocketdyne computer centre
at Canoga Park. Test information can be analysed
and fed back to test engineers at the test site in as
little as half an hour.

Nova under final assembly.



An Eletr Pin -table

by Jameson Erroll
THIS pin -table, while not claiming to incorp-

orate the many elaborate gadgets such as
spring -controlled electric bumpers, featherub

roll-over switches, contact leaves, adding devices,
etc. will afford a maximum of amusement consistent
with its simple design and ease of construction.
There is nothing to go wrong once the machine is
made and assembled, and the electric circuit is fool-
proof and calls for no intricate wiring and minute
adjustment.

As will be seen from Fig. 1 it consists of a
framed, sloping table on which are erected a number
of various hazards to impede and deflect the steel
balls on their way down the table. Scoring is
attained by the balls entering the channels formed
by the dividing beads, and as each ball comes to
rest it automatically registers an appropriate score
by lighting the bulb or bulbs under the large cut-
out numbers. There are two lights under each
number so that two balls entering the same
channel both score; if a third ball runs into
a channel already occupied by two balls it
must be considered " lost ". At the end
of a six -ball run (or more if desired)
the total is cast mentally, the com-
petitor with the highest number
being the winner.

The Frame
Fig. 7, an isometric

projection of the

Materials required :
9ft 6in. x tin. planed deal for sides and ends.
12ft x iin. planed deal for supporting

battens.
1 doz. 2in. No. 6 C/S wood screws.
11 doz. lin. No. 6 C/S wood screws.

assembled frame, and Fig. 2, a plan of the wooden
supporting battens, will make construction plain.
The sides and ends are butt jointed as shown, or
they may be mitred or dovetailed if desired, and

PART 1

Fig. 1.-
T he completed

pin -table.
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glued and screwed with 2in. No. 6 counter -sunk
wood screws. The battens are then screwed on
from the inside, the slope being 21in. over the
length; the top edge of the batten at the plunger or
operating end is fixed from the bottom edge
of the frame, and the top edge of the batten at the
far end is fixed 3,' -in. from the bottom edge of the
frame. The two side battens are then screwed in
position aligning with the two end battens already
fixed. One of two mid supporting battens may also
be inserted at this stage if hardboard is chosen for
the table; they are fixed with T repair plates as
shown. The whole may now be given an under-
coat of white matt paint.

The Playing Table
This may be of lin. plywood or kin. hardboard-

the author favours the latter. It is an ideal surface
entirely free from any blemish; is of adequate
strength if supported with cross battens as shown
in Fig. 2; and it will take a finishing coat of paint
quite well. Further, it is extremely easy to drill,
and this is all to the good since practically all the
work is carried out without removing the table from
the frame once it is fixed.

It will require to be 36in. long and 161 -in. wide,
and a piece 3ft x lft 6in. can be bought ready cut
from any timber store. The piece 36in. x El in. left
over after cutting serves to provide the semi-
circular border at the top around which the ball
travels according to the speed with which it has
been projected from the plunger. It should be
reduced in length to 26in. and its two ends cham-
fered down so that, when screwed to the sides of
the frame, it lies practically flush with them.

Drill four equi-distant 7,%in. holes along both
sides and three along each end, setting them in

in. from the edge and counter -sink. These will
take No. 4 wood screws (fin. long) for fastening the
table to the battens. When this is done, gradually
bend the semi -circular border after having drilled it
centrally and near each end, also with a 17-e in. drill.
Fasten to the main frame with Sin. No. 4 raised -
head chromium -plated wood screws, fixing the
centre one first accurately at the centre of the top
of the frame.

The Plunger
This is the next item to be made and Fig. 3

furnishes full details. The cylinder is a 5 -sin.
length of brass or chromium tubing with an out-
side diameter of ,-'in. and an inside one of fin. A
smaller, flanged tube with an inside diameter of
lin. passes through the main frame, and a thick
brass washer F' with a lin. central hole is screwed
to the inside face of the 4frame as shown in Fig. 3.
This washer should have an outside diameter of
fin. full so that the cylinder is a forced fit over it.

The plunger itself is assembled around a 7lin.
length of lin. Whitworth rodding, to one end of
which the piston is threaded on and pinned
through. The compression spring is of com-
paratively light substance and should be about
5in. to 6in. long and be a sliding fit over
the rodding. The rubber washer is introduced
as a kind of silencing buffer, while two nuts
tighten on the ebonite sleeve placed between
them. The fibre washer is of larger diameter
than either, and if of a brilliant colour (red for
example) serves as a decorative feature as well as
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furnishing a good grip for the finger and thumb
operating the plunger. A few drops of oil should be
introduced inside the cylinder and the flanged tube
before assembly; a touch or two on the spring will
not do any harm either. Note when' drilling the
hole in the main frame for the flanged tube that it
should be in such a position that the bottom of the
cylinder rests on the table and the side against the
inside of the frame. Since the bulk of this assembly
is left visible, it should be highly polished.

The Ball Guide
This is made up of a 19in. length of lin. x

hardwood and a 6in. length of ;in. x ;in. hard-
wood, and a block shaped from a piece of wood
2in. x lin. x lin., see Fig. 4. This latter piece serves
the double purpose of being a means of fastening
the guide to the table and also as a ball deflector.
Note the obtuse bevel at the far end. Screw the
guide to the table with two raised -head chrome -
bolts, one passing through the aforementioned
block, the other through the 6in. x ;in. x Bin. strip;
the inside face of the guide should be exactly 11in.
from the inside face of the frame; this allows
perfect freedom for the lin. steel ball to travel
easily.

The non -return gate, which may be considered as
part of the ball guide, is illustrated in Fig. 6 and
shows that it is made from a 2;in. x 2in. piece of
thin brass which forms the flap; a piece of similar
material 11in. x in. for retaining the hinge; and the
hinge itself which is of ;in. round brass rod. Cut
the flap to the shape shown and bend at the dotted
lines to form a swinging fit over the brass rod which,
in this case, was made from a large dresser hook.
This is a tapped -in fit to the top edge of the guide
as seen at ' ' in Fig. 8. The hinge retainer is
screwed to the inside of the frame and prevents the
hinge swinging outwards when the flap is struck by
the ball.

The Scoring Divisions
Parts of these are shown in Figs. 5 and 7,

from which it will be seen that nine beads

project at right -angles from a dividing bar
and thus provide ten separate divisions into
any one of which the ball may ultimately come to
rest. Ordinary beading lin. x lin. (finishes ;In.
x gin.) is ideal as it has a rounded edge which adds
to appearance. Nine pieces each 5in. long are
required, and the dividing bar is 15iin. long by
;in. x ;in. Round the front edge of each bead as
shown-so that a slowly travelling ball cannot rest
on the edge-and cut out a ;in. x ;in. rebate from
the other end. Drill this top edge ;32in. to take fin.
No. 2 raised -head chromium -plated wood screws to
fasten the beads to the bar; their further extremity
is screwed from the underside of the hardboard
with fin. No. 2 round -head iron screws. The inside
separation between each bead is 11in. Before the
beads are screwed on, however, the inside vertical
face of the dividing bar is faced with thin copper
foil; it may be attached with one of the many
universal adhesives now on the market or with tin.
brass pins. At the extreme end-near the plunger-
a small 6B.A. terminal is passed through the copper
and the bar; this is fqr later connection to the
electrical circuit, details of which will be given
next month. The whole ball -dividing assembly
may now be screwed to the table, from the under-
side, with its rear edge 5in. from the inside, of the
frame.

(To be concluded next month)

The First "PRACTICAL MECHANICS"
HOW -TO -MAKE -IT BOOK

How to make over thirty magnificent
articles, including Tubular Door Chimes,
Cycle Trailer, Spanish Hawaiian Guitar,
Double -Seater Canoe, etc.

Price ISs. from
George Newnes Ltd., Tower House,
Southampton Street, London, W.C.2.
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MODERN ships are navigated about the oceans
of the world mainly by astronavigation
with limited use of short-wave radio aids.

The degree of accuracy achieved with astronaviga-
tion is, at best, barely adequate and can be seriously
affected by bad weather conditions.

A continuously available radio navigation system
combining the accuracy of astronavigation and the
simplicity of a short-wave radio aid would be
extremely valuable to the mariner. Existing radio
aids achieve this only at limited ranges due to the
effects of the ionosphere, as we shall see later.
Thanks to the recent advances in the science of
radio astronomy, and the ability to launch artificial
satellites into a controlled orbit, two suitable radio
navigation systems are now practical possibilities.

The Collins Radio Company of the U.S.A. have
spent several years developing a radio sextant which
can locate the position of the sun or moon, whether
visible or not; and can be used to obtain a position
in much the same way as with a normal sextant.
Fig. 1 shows how a sextant is used to determine the
angle between the sun's rays and the horizon. A
chronometer is used to obtain the exact Greenwich
Mean Time at which the observation is made, and,
by reference to tables in the Nautical Almanac, the
navigator can calculate his latitude.

As well as light waves the sun also emits radio
waves. The radio sextant can be regarded as a
miniature radio telescope able to detect these radio
waves and use them to measure the sun's angle
relative to the horizon. The waves are received
direct from the sun at daytime or reflected from the
moon at night (in the same way as moonlight is
reflected sunlight), and can thus be used regardless
of weather conditions.

The development of this radio sextant has been
carried out in conjunction with the U.S. Navy but
information about the details of the equipment is
not yet available. Ships have been navigated using

D. A. Watt
describes how
artificial satellites
can play an
important part in
new systems of
marine navigation

this equipment and it was found that a position at
least as accurate as an " astro fix " could be obtained
at practically any time of day or night.

A possible disadvantage of this system is the cost
of installation and maintenance of the equipment on
the ship, and, from the military point of view, the
vulnerability to jamming by an enemy.

An ambitious but perfectly practical radio naviga-
tion system has been suggested based on the recep-
tion of signals from an artificial earth satellite. The
principle of operation of this system would be as
follows. A satellite having a long life and equipped
with a radio transmitter sending out a steady,
constant -frequency signal would be launched into a
predetermined orbit. Once in this orbit it would
be possible to calculate precisely the position of
subsequent orbits relative to positions on the earth's
surface. By a method known as measuring the
Doppler shift of frequency at the satellite's signal as
measured by a receiver on a ship it would be pos-
sible to determine the ship's position..

Using this method all that is required on the ship
is a receiver having a simple dipole aerial and a
system capable of measuring the frequency of the
received signal.

Before taking a closer look at this equipment we
must understand the Doppler Effect and how it is
used in this system.

Let us first consider the satellite stationary in
space and transmitting radio waves of constant fre-
quency which tve will call Ft. The space between
the transmitter and the receiver on the ship is
occupied by oscillations (or waves) having a wave-
length A related to the velocity of propagation, c,
by the expression

Ft = c
A

These waves move through space at the velocity
c and for each wave that leaves the transmitter one
is received at the receiver.



Navigation
Now let us see what happens if the transmitter

were moving directly towards our receiver at a
velocity Vs. The distance between transmitter and
receiver would be decreasing by a distance equal to
V, every second, but as this distance is filled with
waves of wavelength A, more waves are picked up
by the receiver per second than are sent out from
the transmitter. It follows then that the received
frequency is greater than the transmitted frequency
by the number of wavelengths in a distance V,, thus
the received frequency (which we will call Fr) is
given by

Fr = Ft +
A

and frequency change = Vs

Similarly it can be shown that if the transmitter
were moving directly away from the receiver the
frequency is decreased by Vs

A
Thus the Doppler Effect means that frequency

of oscillations from a moving transmitter received
at a stationary receiver changes as the transmitter
approaches or moves away, the true frequency being
obtained only when the transmitter is stationary
relative to the receiver. A well-known fact which
illustrates this principle is the change in note
observed when an approaching express train passes
a person standing beside the track. This is due to
the change in frequency of the sound pressure
waves which behave in just the same way as radio
waves in this instance.

In practice the satellite would not be moving
directly towards or away from the ship but at any
instant would be moving in a direction at an angle
to the straight line joining the satellite and the ship
as shown in Fig. 2. We will call this angle O. In
this case the change in frequency due to the Doppler
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Effect is still given by V but in this case V is the
A

radial component of velocity, that is the apparent
velocity of the satellite relative to the ship, and is
given by V = Vs cos O.

We can determine this radial velocity by measur-
ing the frequency change and can also determine
when the frequency change is zero, which gives the
instant in time at which the satellite is nearest to
the ship on this particular orbit.

Fig. 3 shows how this information is used to
determine the ship's position. The satellite's orbit
relative to the earth is known. As the satellite
approaches the frequency is changing. When this
change reaches a predetermined value the time is
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recorded. This actually occurs at point A, and, as
we know the satellite's velocity, we can calculate the
angle 0,. We do not yet know where A lies on the
orbit. As the satellite continues along the orbit the
frequency continues to decrease until the true trans-
mitted frequency is received. The time at which
this occurs is recorded and allows us to establish
position B. By constructing the triangle ABP the
ship's position is established. A check is obtained
when the frequency again reaches the predetermined
value at point C, when angle 6 can be calculated.

The most costly part of the equipment required
for this system is the satellite launcher. The satellite
itself would contain quite simple equipment since it
is only necessary to provide an oscillator with a
frequency stability similar to that of the first Russian
satellite. The choice of frequency is a com-
promise between the problem of achieving adequate
signal strength and the need to avoid any difficulties
due to the ionosphere. The ionosphere is a layer of
gas in the upper atmosphere which is able to reflect
short-wave radio waves. Fig. 4 shows how this is
used to bend short -waves round the earth. Micro-
waves of wavelength less than 4 metres can pass
straight through this layer, and are suitable for this
purpose.

Radio navigation systems using short waves can
be affected by irregularities in the ionosphere which
allow the waves to pass through, sometimes failing
completely when the ionosphere is disturbed by a
solar storm.

Fig. 5 shows how the battery power required in
the satellite for various wavelengths varies in order
to overcome the effects of galactic radio emission and
the inefficiences in the transmitter and receiver.
From this it is obvious that wavelengths between 1
and 2 metres are most suitable.

The satellite aerial must be as non -directional as
possible and the fading due to rotation of the trans-
mitter could be minimised by polarisation.

The receiving equipment on board the ship would

Fig. 6.-Arrangement of receiving Chronometer

equipment.
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Fig. 5.-Chart showing battery power
required in the satellite for various wavelengths.

also be quite simple by modern standards. A con-
venient method of measuring the desired quantities
is shown diagrammatically in Fig. 6. In this
arrangement two narrow band filters are arranged
to respond to signals of a fixed frequency, equally
spaced either side of the frequency transmitted by
the satellite. The output of these filters, together
with a signal from a chronometer, are fed into a
recorder. The filters would only pass a signal to the
recorder when the received frequency fell within
their pass band, this frequency would be the pre-
determined frequency mentioned previously. The
mean of the times would give the time at which the
satellite is closest to the ship on this particular orbit.
Thus all the information required to get a " fix "
would be recorded and, with the addition of a
simple computer, a completely automatic system
would be obtained.

Because of the greater angular speed of the satel-
lite compared with the usual heavenly bodies used
for navigational purposes, more accurate time
measurement would be necessary, an accuracy with-
in 0.25 secs. being desirable. This should not,
however, present too serious a problem.

This system can be operated with a wide variety
of satellite orbits but if only one satellite is used
maximum coverage would be obtained with an orbit
inclined at 64° to the equator, as shown in Fig. 7.

At a height of about 375 miles (mean radius 4,375
miles) a satellite would come within range of a ship
anywhere between latitudes 85° N and 85° S.
Three or four successive orbits would be observable
from any point, each of these providing an oppor-
tunity to obtain an independent " fix ". The time
interval between successive orbits would be a little
over one hour.

This arrangement would be adequate for
normal marine
use, thus astro-
navigation could be
more than
adequately replaced
by this system
using a single satel-
lite. For complete
coverage to pro-
vide the more con-
tinuous facilities
needed for aircraft
use, at least three
satellites would be
required.

Fig. 7.-Proposed satellite orbit.



Air Thermostats
Their Uses in the Home are

Discussed by E. V. King
THERE are many possibilities for using thermo-

stats to control appliances powered by solid
fuels, liquid fuels or electricity.

Space Heating Thermostats
These are devices which switch on, switch off or

change over an electric current which controls an
electric fire, including convector, motor -operated
flue valve, air blast types, etc.

The simplest circuit for automatic control of
room temperature is given in Fig. 1. There are
many thermostats available; Figs. 1 and 2 show the
Technical Services Model CS. This is typical of
simple non-" accelerated " cheaper models, and is
quite suitable for use in the home. Two large
terminals are provided and must be wired with a
cable capable of supplying the amperage taken by
the circuit, and this must not exceed 15A in any
event. It does not matter which way round the
terminals are connected, but note that the rear of
the instrument is " live " and must be covered.
Normally, if the thermostat is screwed to a wooden
batten the live parts are covered; if it is to be
" hung " for use, say, with a movable fire, or con-
vector then the back must be protected to prevent
danger from shock. This model has no provision
for earthing the case. A small bolt and two nuts
should be fitted in the metal cover for this purpose
and the two green wires securely connected to it.
Make sure the bolt does not touch any parts within
the case.

Mounting Model CS
The thermostat must be mounted at least 2ft.

above the ground, the best position being 4ft. 6in.
high on a wall well away from the heater. If the
heater is a convector type any position not directly
over the heater will suit; if it is a radiant type then
the thermostat must not be in the line of radiation.
Radiation takes place in straight lines so this
generally means that the thermostat will have to be
placed behind the heat source.

Conducting
strips

Coarse
insulating barrier adjuster

Plastic base

Terminal

Red

Magnet

Switch

Typical thermostat about to be inserted in a 13A.
power point socket.

Neglect of these points will cause the heater to
cut out before the whole room space has warmed to
the pre-set temperature.

The model CS thermostat is best mounted on a
piece of hardboard or plywood fitted across a corner
of the room with the top and bottom left completely
open (Fig. 3). The back of the thermostat is screwed
with the escutcheon on to a panel.

Other Mounting Methods
If a bookshelf or open bookcase is present it can

often be mounted between two adjacent shelves and
a few tin. ventilation holes cut above and below the
thermostat. See Fig. 4.

It may also be satisfactorily hung up in a box
with open ends made to the dimensions given in
Fig. 2. The lead may come out of the top, bottom
or sides as convenient.

Initial Setting of the SC Thermostat
The thermostat will work over any range of

40°F between 40° and 120°F. For normal use
the maximum temperature required should be
arranged to cut out the heater if the knob is turned

Casing

O
Red

Red

Bi-metal clamp

Electric tire

Casing

Green

Fig. 1. - Wiring the I

model CS air thermo-
stat.

0
Green Black



Model CS thermostat

Suspension hole .0.0..

Open
bottom

Air circulates
behind thermostat

Open top

'Fig. 2. (Left)-CS
thermostat in box

mounting.

Hardboard
panel

Best height
from floor

4'-6"

Fig. 5. (Above)
-(a) the adapta-
stat; (b) first
plugging opera-
tion; (c) second
plugging opera-

tion.

Fig. 3. (Left)-
Corner mounting
the CS thermostat.

Fig. 4. (Right)-
Shelf mounting the

CS thermostat.

nearly fully anti -clockwise between Medium and
High.

This is arranged as follows. Turn the knobs
slowly anti -clockwise and notice where the click
is heard. This is the " cut-out " point. Observation
of the contacts will show that they have opened,
or a torch lamp and bulb will verify this.

Go into a small room fitted with an electric fire
and a thermometer, and when the temperature of
the room is at the cut-out point required rotate the
knob. If the makers' setting is not what is required
further adjustment is possible using the two coarse
adjusters which are fitted with lock nuts (see
Fig. 1). Trial and error will soon reveal correct
setting.

Unless the wanted setting is far from the makers'
setting it is best to leave it alone, as although it is
easy to set the cut-out point it is not so easy to set
the " pull in " point to operate at a close but lower

To thermostat

Air
Circulation

To thermostat

I%

V,A

CS thermostat

L.L.I.P

i

temperature. When obtained the differential is
about 5°F. This is quite good enough for domestic
use.

The Adaptastat
This is a similar unit to the CS thermostat, but

is more decorative, is easier to mount on the wall
and can be obtained complete with an easy wiring
adaptor. If purchased without the adaptor the
circuit of Fig. 1 is suitable; if purchased with the
special adaptor basically the circuit is the same, but
the wiring takes the appearance shown in Fig. 5b
and c. The thermostat is shown at `A'.

Using the Adaptastat
The Adaptastat control knob is put in position

No. 7 and the heater switched on. Alternatively the
control is set and the socket adaptor (Fig 5b)
plugged in and the fire (or other device) plugged
into the adaptor (Fig. 5c).

While 70°F. is considered a reasonable room
temperature (No. 7 position) the unit will work
between 35°F. (No. 1) and 85°F. (No. 9). The



Green

(A.C. Mains)

Black

35°F. setting is useful when it is desired to keep
frost out of a room or house as cheaply as possible.
No pre -adjustment is required or should be
attempted.

The Pullin Plug-stat
This is similar to the Adaptastat, but requires

wiring to the heater. This is a good point, as bad
connections (due to dirty plug pins, etc.) near a
thermostat will cause heating and the circuit will be
broken when the room is cold. A close view of the
13A. flat pin model is shown in the heading photo-
graph, and the unit connected to an electric con-
vector heater is shown in Fig. 7.

Being low on the side of the room the temperature
will not be controlled as well as if the plug were just
over 4ft from the floor.

Accelerated Thermostats
If a room is heated by a thermostatically controlled

heater, the actual temperature will rise and fall over
a few degrees in cycles when the points are either
closed or open (this is due to the differential setting).
This is shown diagrammatically in the graph of
Fig. 9.

Fig. 6. (Above)
-(a) Satchwell
"Q" type ther-
mostat; (b) Cir-
cuit if heater
draws under
11A.; (c) "Q"
type circuit if
heater draws

over 11A.
Fig. 8. (Right)
-Frost alarm
(a) Practical
wiring (b)
Theoretical wir-

ing.
Fig. 9. (Left)-
Graph showing
the slight im-
provement ob-
tainable with

accelerated
thermostats.

Fig. 7.-Pullin " Plug-Stat"
operating a tubular heater.

Cycle
lamp

battery

0
The wavy solid line is that caused by the type of

thermostat already described, but the steady dotted
line results from a special type of thermostat which
incorporates a heater inside itself. Naturally if one
requires such steady regulation the cost will be
greater.

An accelerated thermostat suitable for domestic
living rooms is shown in Fig. 6a. It is attractive in
appearance and very accurate in working. It is cali-
brated in degrees Fahrenheit and two adjustable end
stops allow individual choice of control over certain
limits. The instrument shown is set at 65°F.

Wiring Accelerated Thermostats
Since a heater is incorporated, the wiring is more

complicated and varies slightly according to whether
the heater in circuit draws 11A. or below, or be-
tween 11A. and 15A. (the maximum controllable.)

(Concluded on page 190)
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SCIENCE r

demonstrated before the War
Minister and members of the Houses of
Parliament was the HOVERSLED for carry-

ing a single wounded man over very rough ground
without suffering additional damage. The simple
platform is supported on an air cushion maintained
by a motor -driven central fan enabling the vehicle
to be towed or pulled by hand.

Coal passing through a twisted chain air seal.

Twisted Chain Air Seal
Mr. P. Thorp, a ventilation engineer with the

National Coal Board, has proved that suspended
rows of cross chain twisted link can be used to
provide a very efficient, cheap, permanent and
simple air seal at places where a coal carrying
conveyer has to pass through an air lock. The
individual lengths of chain are so placed as to form
(normally) three curtains over the opening to be
sealed. Adjacent chains in the same curtain, and
the curtains themselves, are hung close
together, the links fitting into each other
and forming a closely knit barrier against
air -flow. The lower ends of the chain
mould themselves very precisely to the
profile of the coal -load passing under the
barrier, thus avoiding concentration of
air -velocity and reducing dust pick-up to
a minimum. Air leakage associated with
the present conventional type of " belt "
door often produces a dust problem, is
very wasteful and costly, and adversely
affects the ventilation of the production
faces.

(Right) The periphery camera in use. It
can also be used to photograph objects as

small as fingerprints on a pencil.

Photograph taken at the Hoversled demonstration.

Periphery Camera
A camera that photographs all sides of an object

at once has been developed at the Thornton,
Cheshire, Research Centre of " Shell ".

The picture it takes is a continuous all-round
view such as would be seen if all the surface of the
object had been peeled off, like the skin of an
orange, and laid out flat.

For example, this camera can photograph a globe
of the world and produce a print that looks like
a wall map.

This technique is known as periphery photo-
graphy, which in itself is not new, but previous
methods have been limited by the size and shape
of the object being photographed. The Thornton
camera overcomes these limitations, and also means
that the inside surfaces of hollow objects can be
photographed.
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a hatching
gadget By J. A. Logue

Fig. I.-The instrument in use.

ACCURATE and neat section lining improves
the appearance of mechanical drawings and
sketches. The instrument when used in

conjunction with a set square as shown in the photo-
graph, Fig. 1 will give equally spaced lines quickly
and neatly.

Construction
Details of the instrument are shown in Fig. 2.

The main blade is cut from Bin. transparent plastic

Fig. 2.-Constructional details.

I/8" Transparent plastic

6 Graduations
1/76 apart

and edges polished; the overall length
depends on the size of the set square
to be used. Scribe six graduations on
the front face sin. apart. Drill and
tap where shown to take the *in.
diameter set screw and countersink
the back to accommodate the head.
with the screw in place lock the head
with a spot of suitable plastic cement.
Cut the adjustable sliding stop from
two pieces of *in. transparent plastic,
chamfer edges, and cut out the slot
before cementing the pieces together.
when the cement has hardened, polish
all edges. A suitable knurled clamp-
ing terminal is threaded on to the
set screw.

Using the Instrument
This instrument is adjustable to

give lines spaced between 0 and fin.
Before using, the adjustable stop is
set to the spacing required and the
clamping terminal tightened. The
relative positions of the set square,

T-square of drafting machine blade and the instru-
mentment are as shown in the photograph, Fig. 1.
When a line is drawn against the edge of the set
square, the instrument is moved until stopped by
the set square which is held stationary; the set
square is then moved until stopped by the instru-
ment which is now held stationary and another line
drawn, and so on. These movements can be carried
out with the fingers of the left hand, by placing
the thumb and first finger on the T-square the next

-K71' X 4,
Dia screw

To suit set square

Hole drilled and
threaded to

suit sore

/fs

Slot 1/; long an
sliding fit for

screw
?/1Chamfer

Cement
together

Knurled terminal

finger on the instrument and the other two fingers
on the set square, the right hand is free for using
a pencil or pen. With practice, the movement of
the set square and instrument will become auto-
matic and large areas can be covered with ease and
speed.



A LIGHT
ON YOUR

7!PROJECTOR

SOME projectors, tine as well as slide, have
no inspection lamp, which is a light which
enables the operator to thread the film or

set up the slides when the room lights are off. This
means that these lights have to be turned on every
time a film or slide magazine is changed, which
tends to take the " professional touch ", if any, out
of the show.

This simple circuit can be made up in an evening.
It is automatic from the point of view that the
inspection lamp comes on when the projector is
turned off and vice versa. But both projector and
lamp can be turned on at the same time if necessary.

Construction
Fig. 2 shows the lamp mounted on its control

panel, which is made out of wood. Fig. 1 gives the

By

G. R. W. Partridge

dimensions of each part. The kind of wood is left
to the taste of the reader. The sides of the box are
assembled first by using one inch nails and glue.
Now glue and nail the plywood top in position
using half inch nails. Mark and drill the holes for
the switches and lamp wires. (Fig. 1.) Now mount
the switches and the lamp holder and wire them up
according to the circuit diagram in Fig. 3. The
lamp Fig. 2 is a 15 watt type and assuming the
projector draws 300 watts the switches should be
not less than 2 amperes. Power flex must be used
throughout. The lead to the plug must have ample
length, about 3 yards, while a yard will be enough
for the projector. The plywood base is not glued,
but held in position with eight sin. screws.

It is an idea to fit a small reflector to the lamp so
as to concentrate the light in the required direction.
(Fig. 4.)

dia
Lamp wire ho, e

' ' ; I:

I11dia 5w tch holes)
I

Fig. 1.-Constructional details of the box.



Fig. 2.-The inspection lamp.
Fig. 3.-Circuit details.
Fig. 4.-The reflector.
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PUZZLE 1111Trw

CORNER
The Stamp Auction

TWO friends attended an auction sale to bid,
individually, for three similar rare foreign
stamps. ' A' was prepared to bid up to £20

and ' B ' up to £25. A third party, however, was
keen on acquiring the stamps and bid £30 over
B's' £25. The two friends decided quickly to pool

their resources and eventually outbid the third
party and secured the stamps for £45. They kept
one stamp each for their own collections and sold
the third for £20.

In what proportion should they divide this sum?

Answer
-oz3 .I0j duffels pngl alp Jo alas alp Jo

ainsa.1 E se .pg s9 £13 pue pt, .5E1 93 anTaaa.r
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The Flying Sorcerer
(Concluded from page 158)

Slowly, the platform with the girl rises until it
is at maximum height. With performer standing
to the rear immediately behind the elevator tube,
the hoop -passing routine begins. Thes four moves
are detailed on Fig. 7 and shows how the big hoop
is first passed over platform-and girl-from the
feet end. As soon as the hoop-Stage 1-touches
the edge of the fixed back -drape, it is pivoted for-
ward to Stage 2 so that it swings over the girls
head and lies parallel with the rear edge of the
board.

Stage 3-and the hoop is passed along the back
of the board with bottom of hoop slipping under
the fixed drape between the cloth and the elevator
tube. Finally, in Stage 4, the hoop is swung over
the feet of the girl again, but this time the hoop
can be taken right across her body the length of
the platform and removed over her head. The
move is then reversed until the hoop is finally
taken off from the feet end of the platform.

The 3ft. 6in. hula hoop will do this routine
satisfactorily providing the girl is about 5ft. in
height. Otherwise, make up the larger hoop or
use the more flexible rope loop. Always pass the
hoop for examination before and after the trick.
Use care when passing the hoop near to the fixed
drape so that the elevator tube is not displayed
accidentally.

Old time magicians used an elevator tube that
came up through the stage and behind the
magician's legs. The drape method is an improve-
ment as the performer is not tied to one position
on the stage and can walk away and round the
floating lady at the point of highest elevation.

When the jack operator releases the pressure,
your flying lady floats back to earth again and the
loose drape can be removed.
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Workshop Aid
A USEFUL CONTAINER FOR SMALL

DRILLS AND TAPS

DESCRIBED BY

J. H. B. GOULD

HOW often is the model constructor faced with
the problem of storing small twist drills,
drills with code numbers in the fifties and

sixties, which are too small to be size -stamped by
the makers.

The drill box described here not only provides
complete protection for its contents, but enables the
drills to be easily and surely identified. It is made
from the type of can in which 35mm. bulk film is
sold (or from a container similar in form). (Fig. 1.)

The illustrations show the use which can be made
of a can intended to hold five metres of film, but
the same principle can be applied to other sizes.
The cans in which loaded casettes are sold will
make a holder for a set of drills and taps for one
screw size while, conversely, a 100ft. bulk film con-
tainer would certainly provide accommodation for
all the small drills and taps that anyone could pos-
sibly require!

L id of Can

Mil MOO
1/4 r

lWoaseoden

aea
B Allsksk m

ti jitnick
Hardwood
or Plastic

Screws: SBA C514 Centre S rew:6 BA

Section through'Z-Z"

Fig. 2.-Constructional details.

January, 1962

Fig. 1.-
The completed

container.

With regard to construction, the holes to carry
the drills are made by the drills themselves and, in
this way, they also serve to identify the drill sizes.
The holes for taps should be drilled to the shank
diameter (taps should never be nested by their
threads). Fortunately, no identification problem
arises with taps, as the sizes are always marked on
the shanks.

During construction, the lid of the can is held
against the llin. thick plinth block with the aid of
the centre screw (see Fig. 2). After the stand has
been assembled, this screw can be dispensed with.

The sizes of the drills or taps can be marked
against the holes they are to occupy. This can be
done in either pencil or ink, although the latter is
clearer and more permanent. If the ink refuses to

take", the aluminium surface should be rubbed
with an ink eraser which roughens the metal and
deposits a thin, absorbent coating.

LAST MINUTE
CHRISTMAS GIFTS
No need to rush out to the shops.
Here's one you can arrange now ...
in a few moments . . . in the
comfort of your own armchair.
A year's subscription for PRACTICAL
MECHANICS is the ideal gift for friends who
are skilled with their hands ... or want to be!
Either send your friends' names and addresses,
together with your own and remittance * to
cover each subscription, to The Subscription
Manager (G.2.), PRACTICAL MECHANICS,
Tower House, Southampton Street, London,
W.C.2, or you may place your instructions
with one of the leading newsagents or book-
stalls, who will be pleased to make the necessary
arrangements.
Whichever way you choose, your friends will
receive a Christmas Greetings Card announcing
each gift.

*RATES (INCLUDING POSTAGE) FOR
ONE YEAR (12 ISSUES); U.K. 22s;

OVERSEAS 20s, 6d., CANADA 19s.
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EC ON/a.
BRITAIN'S MOST COMPREHENSIVE

PRACTICAL COURSE LEARN BY BUILDING
NOW yourIN RADIO  ELECTRONICS CAREER

f

TELEVISION ! OWN BUSINESS
YOU RECEIVE

 Complete kits of equipment
as illustrated.

 Complete set of experimental
manuals.

 Complete set of "picture -
way" theory books.

 Modern test -yourself
examination sheets.

 Study programme.
 Unlimited consultation with

Tutors.

MESE SPEC/A'L TRAINING
HITS -YOURS 70 /(EEP

Multi' -.Range
TEST METER

CATHODE RAY
OSCILLOSCOPE

AM and VHF/FM
LUXURY RECEIVER

SIGNAL GENERATOR

-delfwimrmw,P.
I!1!! "1" L/*.

10

Complete set of

Picture Way books and

Experimental Manuals

FREE
(1110CHURE

POST NOW

RADIOSTRUCTOR
TO RADIOSTRUCTOR (DEPT. M.108)
READING, BERKS.

Name

Address CAPS

PLEASE

(We do not employ representatives) 1/62



TRADE NOTES
Educational Toy
DAYSTROM Limited, of Gloucester, makers of

the d-i-y radio and stereo hi-fi Heathkits,
enter a new field with the Heathkit EW-1, a novel
educational toy. Some of the models which can be
built with the kit are: a code practice flasher,
burglar alarm, electronic timer, electric eye and six
different type of transistor radios, etc. The kit is
obtainable from Daystrom Limited, Gloucester.
Price £7 18s., including P.T.

Stanley Saw Knife
AHANDY saw -knife set costing 7s. 6d. has been

produced by the makers of Stanley tools.
It consists of a Stanley trimming knife with two

61 -in. long saw blades (one for wood and one for
metal), three razor sharp, double ended knife blades
and a blade guard.

Only one screw has to be loosened to change
blades and this can be turned with a coin.

Spare saw blades cost ls. 9d. each and spare knife
blades 2s. (normal )and 2s. 6d. (heavy duty and
hooked) per packet of five. These fit all existing
Stanley trimming knives.

The trimming knife has also been modified to
enable it to be turned into a paint scraper by fit-
ting the knife blades parallel to the mouth. Sold
without the saw blades, but with an assortment of
five knife blades, it costs 6s.

Gould's Folding Bench Table
DESIGNED for use in the garage or workshop

where space is limited.
The Timber Bench Top 42in. x 20in. is mounted

on a steel frame, finished dark green stove enamel,
can be secured to the wall with plugs and coach
screws provided.

The Tool Cabinet, designed to fix above the
Bench, which can be purchased  as an extra,
measures 30in. x 24in. x 51 deep, leaving storage
space for the vice, lined with peg board, hooks and
tool clips provided, and fitted with five drawers
51in. x 48in. x 3in. deep, with shelf above. The
Cabinet Hood is also fitted with bracket and lamp
holder.

Bench Top and Hood, when folded, completely
enclose the Cabinet and the maximum projection is
only 81in., leaving ample space for movement of a
popular size car in a small garage.

Retail prices : -Folding Bench (less vice) £8 8s.,
Cabinet £6 19s. 6d.

Packing and carriage paid within 100 miles radius.
Made and marketed by:-C. Gould & Co., New

Bond Street, Birmingham 9.

Pistol Grip Screwdriver
THE Steadfast multiblade ratchet screwdriver

recently marketed by J. Stead and Co., has an
amber plastic pistol grip handle, incorporating
ratchet action barrel with positive blade locking
device. Four interchangeable " quick release "
blades comprising Nos. 1 and 2 socket cross point,
engineers' type and electricians' type. The tool is
packed in a press -studded plastic wallet. The retail
price is 19s. 6d. and replacement blades cost 2s. 3d.
each. It is available from most hardware and tool
dealers.

A REVIEW OF NEW
TOOLS, EQUIPMENT,

ETC.

lor

The
scientific kit.

The Stanley Saw Knife set.

Left --
The bench
ready for

use.

Right.-The
bench in closed

position.

The multiblade ratchet screwdriver.
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20,000 Metal Slitting Saws. 1-3/4' dia..
5/8' hole, .015' to .060' thick. 6 asstd. 8/9,
dozen 15/-. Still cheap at double this
Price.
ISO Sets 24/4' dia. Circular Spilt
Dies, 9/18', 5/8'. 3/4% 7/8', 1' B.S.F.
American N.F.. also 26 Brass thread,
30/- per set any thread, 3 seta £4. Actual
value £5 per set.
1,000 Hardened and Ground H.S.
Tool (tits. 1/4' square, 2-1/2' long. 15/-
doz. 5/16' square. 3" long, 20/- doz. 318'
square, 3' long, 25/- doz. 1/16' square,
3-1/2' long. 30/- doz.
3,000 H.S. Straight Shank End Mills,
approx. 3/32,1/2" dia., outstanding
value, 8 assorted, £1 the lot.
2,000 Small Twist Drills. approx. 1/32'-

4/- doz. Approx. 1)16, 1/4' 7/0 per
doz. Approx. 9/32,15/32'. six for 10/-.
3,000 Circular Split Dies, l' dia. cut-
ting 1/4', 5/16', 3/8'. 7/16' 1/2' Whit..
B.S.F., also brass thread. 26 thread and
all sizes and American N.F. 12/. per set
of 5 sizes. 2 sets 22/6; 4 sets 42/6. Taps to
suit 12/6 per set, either taper or second
or plug. 1' dia. stocks 6/- each.
Metal Marketing Punches, sizes 3/32',
1/8' and 1/4', figures 8/6 per set, letters,
25/- per set, any size: 1/2' figures. 15/- set.
Six Tons Precision Ground Silver
Steel, 36' lengths: 1/4'' 9/32', 3/8', 1/2'
dia., 10/9 lot. Also 13' lengths 1/16' to
15/32' dia., doz. assorted, 5/6.
1,11041 H.S. Inserted Blade Expanding
Reamers, 27/32' to 31/32'. 18/6 each;
31/32' to 1-1/8'. 22/6 each; 1-1/8' to 1-9/32',
27/6 each: 1-9/32' to 1-15/32', 35/- each.
H.S. Parting Tool Blades, 3/32' x
3/4' x 5', 5/- each.

22 ORDERS POST PAID

J. M. BURKE
192 Baslow Road, Totley, Sheffield

HIGHSTONE UTILITIES
58 NEW WANSTEAD, LONDON, E.11
Accumulators. 2 -volts, unspillable, 7' x
4" ,c 2', brand new, 5/8. post 2/-. 3 for 15/,
post 3/6.
Ex-R.A.F. 2 -valve (2 volt) Microphone
Amplifiers, as used in 'plane intercom..
in self-contained metal case: can be
used to make up a deaf aid outfit
intercommunication system, or with crystal
set, complete with valves and Fitting In-
structions. 20/, post 3/6. Hand Micro-
phones, with switch in handle and lead,
5/8. Tannoy, 7/-. Similar Instruments.
moving coil, 8/6. All post 1/6. Mask type
with switch, 3/8, post 641. Throat Mikes,
5/-, post 7d. Mike Buttons (carbon). 2/-.
Moving coil. 3/6. post 4d.
Meters, 20 volt, 21n., m/c. 8/-: 20 amp.
21n. m/c. 8/6: 3.5 amp., 21n. T.C., (W.;
100 mA 2in., m/c. 7/6, all post extra,
Meter (L. & Ft.) containing 2,500 micro -
amp movements, 9/-. post 1/6.
Bell Transformers. - These guaranteed
transformers work from any A.C. mains
giving 3. 5 or 8 volts output at 1 mini.,
operate bulb, buzzer or bell. Will supply
light in bedroom or larder. etc. 9/', post
1/-. Similar Transformer but output of 4.
8 or 12 volts. 18/-, post 1/9. BUZZERS for
use with above or batteries. 416. post 5d.
G.P.O: Telephone Hand Comb. Sets. 12/6.
post 1/6. Telephone Hand Generator. 8/8.
[Met 2/6. Telephone Lamps.6. post 901.
S.B.C. Neon Indicator for use on
mains to show "live" side of switches. etc.
2/-. post 4d. Diodes, 1/8. .0005 Variable
Condensers. 2/6. post 9d. Headphones in
Good Order, 6/-. Better Quality, 7/6 and
10/-. Balanced Armature Type (very sen-
sitive). 13/6. All post 1/8. New Single
F.arpieces, 3/6. Bal. armature type, 4/6.
can be used as transistor set loudspeaker.
two of these will make an intercom. set.
Ex-R.A.F. earpiece. 2/6, Post Set.
Money refunded if not completely satisfied.
New illustrated List sent on request with
3d. stamp and S.A.E. Letters only.
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WHAT SECRET POWER
DID THIS MAN POSSESS?

BENJAMIN FRANKLIN (A Rosicrucian)

WHY was this man great? How does anyone -man
or woman -achieve greatness? Is it not by mastery
of the powers within ourselves?
Know the mysterious world within you! Attune
yourself to the wisdom of the ages! Grasp the inner
power of your mind! Learn the secrets of a full and
peaceful life! Benjamin Franklin -like many other
learned and great men and women -was a Rosicru-
cian. The Rosicrucians (NOT a religious organiza-
tion) first came to America in 1694. Today, head-
quarters of the Rosicrucians send over seven million
pieces of mail annually to all parts of the world.

MASIIRY Of I

THIS BOOK FREE!
Write for YOUR FREE COPY of "The Mas-
tery of Life" -TODAY. No obligation. No
salesmen. A non-profit organization. Address:
Scribe A. J.T.

gra ROSICRUCIANS
25 Garrick St. (AMORC) London W.C. 2, Eng.r SEND THIS COUPON
Scribe: A.J.T.
The ROSICRUCIANS (AMORC)
25 Garrick St., London W.C. 2, Eng.
Please send roe the free book, The Mastery of Life. which explains
how,l may learn to use my faculties and powers of mind.

NAME
ADDRESS

CITY
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MINIATURE
BRAND NEW-

GUARANTEED

6 volts, I watt, D.C. Coil,
Weight I oz. Contacts
D.P. changeover rated
at I amp. non -inductive.
Price 1816 ea. Post Paid,

Cash with order only.

SECURITY ELECTRICS
10 QUEENS RD. COVENTRY

REBUILT
TUBES

12
months'

guarantee
Ins. Carr.

15'6
15, 14, I2in. 70,-
171n. 90,-
211n. 99f6
Sl extra without old bowl, refundable

B same received within 14 days.

I4in. T.V. TUBES
I4KP4 35/- 36/24
Due to large purchase of Renters
replacement tubes. Carriage

TAPE RECORDER ci.i 9.6
AMPLIFIER 1.

Compact, well designed 5 valve
amplifier. O.P. 3.5 watts. Input
for mike, radio and gram. Controls,
Record, playback, volume and on/
off tone. Size Rt x 3 x 4,1 in. 1m.
and care, 4/6. Data available.

DUKE & CO.
(London) LTD.

821/3 Romford Rd., Manor Park,
EAR

ILFord 6001/S

January, 1962

PARKER'S SHEET METAL FOLDING MACHINES
NEW BENCH MODEL Capacity 36 in. wide x

I8 -gauge mild steel.
Forms channels and
angles down to 45 deg.,
which can be flattened
to give safe edge. Depth
of fold according to
height of bench. Will
form flanges.
Weight approx. 2 cwt.

Price L17/1510, carr. free. Also the well-known vice models of:
36 in. x I8 -gauge capacity ... ES 10 0) Carriage24 in. x I8 -gauge capacity £5 5 6 1 free18 in. x 16 -gauge capacity ... L5 5 6

One year's guarantee: money refunded without question if not
satisfied. Send for details:

A. B. PARKER, Wheatcroft Works
WELLINGTON STREET, BATLEY, YORKS. Tel.: 426

WATSON'S SPECIAL OFFERS
LIGHTWEIGHT CHARGING SETS.
12/15v.. 80w. Extremely neat and compact
and UNUSED. 610.10.0. Carr. 15/-.
TANK COMMANDERS' PERISCOPES.
Illn. long with large wide angle object lens.
A very fine quality Instrument with binocular
vision. 15/6. Post 3/-.

CLOCKWORK MOTORS. well made. In heavy brass double
spring motors taken from gun predictors. 37/6. Post 3/6.
PRESSURE GAUGES. 29in. diem., 0-24 Pressure. 0-6 Vacuum.
6/6. Post 2/-.
AIR THERMOMETERS. 5D/938 as used in FROST SENTINEL,
in November "P.M." 4/8. Post 1/6.
COIL SPRING BELTS. x 121n. extends to 151.n. Any number
can be joined together. 20 for 4/8. Post 1/-.
Hundreds of other Bargains. Send 6d. Stamp for Illustrated List
EASTERN MOTORS, ALDEBURGH, SUFFOLK. Phone 51

FREE
INFORMATION

SHEETS
TITLES include "Condensation
Rates": "Steam Distribution":
"Condensate Return": "Boiler
Feed Tank": "Direct Steam Injec-
tion": "Flash Steam Recovery":
"Air in Steam Plant": "Oil Burn-
ing Installations": "Steam Heated
Calorifiers": "Compressed Air."
Copies and full list free of charge or

obligation.

SPIRAX-SARCO LTD.
(TECHNICAL DEPT.) Cheltenham, Glos.

THE FAMOUS
HARRIS ELECTRIC

WELDER' 4,,,9,:
and Complete Kit
For Welding, Soldering, Bra-
zing and metal construction dr
repairs in the Mime, on the car
or cycle. Instant heat 6,000° F.
Works from 6v or 12v car battery or
transformebfrom A.C. mains. Com-
plete kit of Welding Tool, lift. cable,
clip, carbons, cleansing fluid, fluxes,
Slier rods, goggles, instructions, hints,
thousands in daily me. As supplied to
Depts. of B.M. Government, I.C.I., Stand-
ard Telephone's, etc. Welds all
Metals op to one-elghth Motu
C.O.D. IF REQUIRED
Obtainable only from: Post & Packing 916.

HARRIS ENGINEERING CO.
(pest, P.M. 46) 269 King:Mind Road, London E.2
Branch se 17 Hanbary Road, Acton. W.8

3-TRANSISTOR
POCKET RADIO

WITH MINIATURE LOUDSPEAKER
ABSOLUTELY NO SOLDERING REQUIRED

UNIQUE DESIGN 39f Superb ap-
pearance.

Simple instructions.
Built in an evening.
No drilling, no sol-
dering. Complete in
everydetail. Receives
entire broadcast

band. Aerial required certain areas.
Pocket size 4k x 2k x If in.

Or the more powerful
SAVOY SUPER 3. 55,6

Three transistors and two
diodes in a five -stage reflex
circuit. Dimensions as above.
ALL PARTS SOLD SEPARATELY

Battery 1/- extra. P. & P. 2/ -

SAVOY ELECTRONICS LTD.
IS Maiden Lane, Strand, London, W.C.2

(Back of Adelphi Theatre).

R O G It S 31133 NELSON ST.
UTHPORT

Fibre Washers. 144 Assorted .. , . 3/6
Meter Rectifiers, A.C. to D.C. .. 9/9
Self Tap Screws. 100 Assorted .. 3/ -

Rectifiers. 6112 v. at 6 amps ..  18/ -
Winker Units. 6 or 12 volt
Motorised Water Pumps 75/ -

Instrument Cases. 12in. a Sin. a Gin. New 7/9
Telephones. New. Modern 16/ -

Races. Belts. Valves, Pulleys, Pumps, Beau
Steel, Aluminium, ete.

10 PAGE LIST FREE. STAMP PLEASE

SURPLUS BARGAINS
Telephone Handsets. Two in series with
battery give two-way intercom. 351- per
pair, post 2/3; Mains Motors from 25f-,
post 3/-; Low Voltage Motors from 1206,
post 1/6; Battery Charging Trans-
formers, I5v and 9v., Amp., 16/-, post
1/9; Rectifiers to suit above for 12v and 6v
Batteries, 616, post 1/-; Water Pumps,
174, post 2/-. Send 3d. stamp for illus. list
of interesting bargains. Money back
guarantee.

MILLIGAN'S
2 HARFORD STREET,

LIVERPOOL, 3.

THE

"PICTURE BOOK"
WAY!

A new practical way of
understanding

BASIC ELECTRICITY
BASIC ELECTRONICS

LEARN WHILE YOU PAY
FOR ONLY 2,6 PER WEEK

Officially used by the Army, Navy and
Air Force. Used by thousands of successful

trainees in industry.
Send for Free prospectus giving details of

instalment plan to
SELRAY BOOK CO. (Dept. P.M.)
60 HAYES HILL, HAYES, BROMLEY,

KENT. Tel.: H URstway 1818
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Dry Copying
WOULD you please tell me how the dry -

copying machines sold for office use work?
-J. L. Harden (Cambs).
THE system is a photographic one and uses sen-

sitized paper which is placed in intimate con-
tact with the typescript and irradiated with a 500
c.p. light. This paper becomes a matrix when
developed and 4 to 5 copies can be "pulled off"
under slight pressure and within a few seconds of
complete development of the matrix.

Detergent Formula
CAN you please inform me of a formula for

making a washing-up powder?-R. H Russell
(Devon).
THE following formula will be quite suitable for

a washing-up detergent :
Sulphonated alcohol 5 parts
Trisodium phosphate 60 parts
Tetrasodium pyrophosphate 35 parts

Waterproofing Bamboo
THE support arms on my aerial are made of

bamboo poles and after a while these poles

THE P.M. BLUEPRINT SERVICE
12 FT. ALL WOOD CANOE. New Series. No. I, 4s.*
COMPRESSED -AIR MODEL AERO ENGINE. New

Series. No. 3, Ss. 6d.*
AIR RESERVOIR FOR COMPRESSED -AIR AERO

ENGINE. New Series. No. 3a, Is. 6d.
"SPORTS" PEDAL CAR. New Series. No. 4. 5s. 6d.*
F. J. CAMM'S FLASH STEAM -PLANT. New Series.

No. 5, 5s. 6d.
SYNCHRONOUS ELECTRIC CLOCK. New Series.

No. 6, 5s. 6d.*
ELECTRIC DOOR -CHIME. No. 7, 4s.*

ASTRONOMICAL TELESCOPE. New Series. Refractor.
Object glass Sin. diarn. Magnification x 80. No. 8 (2 sheets),

7s. 6d.*
CANVAS CANOE. New Series. No. 9, 4s.*

DIASCOPE. New Series. No. 10, 4s.*
EPISCOPE. New Series. No. I 4s.*

PANTOGRAPH. New Series. No. 12, 2s.*
COMPRESSED -AIR PAINT SPRAYING PLANT. New

Series. No. 13, 8s.*
MASTER BATTERY CLOCK.* Blueprints (2 sheets), 4s.

Art board dial for above clock, Is. 6d.
OUTBOARD SPEEDBOAT. I Is. per set of three sheets.

P.M. TRAILER CARAVAN.* Complete sec, I Is.
P.M. BATTERY SLAVE CLOCK, 2s. 6d.*

P.M. CABIN HIGHWING MONOPLANE, Is. 6d.
THE MECHANIKART, I5s.*

The above blueprints are obtainable, post free from Messrs.
George Newnes, Ltd., Tower House, Southampton Street,

Strand, W.C.2.
*denotes constructional details ore available free with the blueprints

"Practical Mechanics" Advice Bureau. COUPON.
This coupon 1s available until January 31st, 1962, and must be
attached to all letters containing queries, together with 6d.
Postal Order. A stamped addressed envelope must also be enclosed.
Practical Mechanics. January. 1962.

189

RULES
Our Panel of Experts will answer your Query
only if you comply with the rules given below
A stamped addressed envelope, a sixpenny crossed postal order,
and the query coupon from the current issue which appears at
the loot of this page, must be enclosed with every letter
containing a query. Every query and drawing which is sent
must bear the name and address of the reader. Send your
queries to the Editor, PRACTICAL MECHANICS, Geo. Newnes,
Ltd., Tower House, Southampton Street, Strand, London,
W.C.2.

tend to split. Is there a method of treating the
bamboo to prevent it splitting at the ends?-
M. Johns (Eire).
THIS splitting is probably due to weathering,

particularly if the top (open to atmosphere)
is not plugged. You can cap the poles in some suit-
able material; or close to atmosphere with a daub
of pitch. Paint with exterior grade varnish.

Cleaning Old Coins
T HAVE a quantity of coins and wonder whether

you can give me some information on how
to clean them?-R. G. Dark (Birmingham).
You can clean old coins, brasswork or copper

articles by immersing them in a weak solution
of hydrochloric acid for about half a minute and
then washing them for five minutes under a run-
ning tap. A solution of about five to one, or even
weaker than this will be sufficient and the finish
obtained is a bright matt surface. A little experi-
ment with both the acid composition and the time
of immersion will produce good results. Use a glass
container.

Shaping Wood
COULD you please tell me how plywood and

hardboard is bent to the various shapes as
used in the manufacture of furniture?-P. Healy
(London, N.W.2).
WOOD is bent under pressure after it has been

previously heated by steam or soaked in hot
water and though this work is naturally within the
scope of the home mechanic it becomes a costly
process if only single articles require bending. The
wood is left under pressure for some time, where-
upon it takes up the permanent shape imparted to
the two wood blocks used as dies. A press is essen-
tial for this process unless the shape is a simple
one, and then a vice will accomplish the work satis-
factorily. We suggest you might initially try your
hand at something of a simpler character-a slight
bend in a length of timber is sufficient to give you
a lead to this operation-and then you can deter-
mine whether you can achieve your necessary
requirements without having to expend too much
money on the project.
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Garbage Disposal
COULD you please tell me the principles of a

garbage disposal unit?-G. Gough (Co.
Cork).
THESE units operate as follows. A small electric

motor drives a cutter over a stationary member
and the garbage is destroyed to very fine particles
by the rotating action of these details. Water then
washes away the waste. The manufacturers of the
'units claim that they will break down bones of
reasonable size and so allow these to be disposed
of down the household drain.

Metal Differentiation Test
COULD you please tell me of a simple method

of differentiating between brass and copper.
-T. F. Gates (Hants).
BRASS, due to its zinc content, is much harder

than copper. The two metals can easily be
distinguished by scratching the surface with a
scriber. Moreover, copper is strongly reddish in
tint-far more so than brass.

Hair Lacquer
WILL you please let me have a formula for

hair lacquer, of the type that is sprayed on
to keep the hair in position after it has been set.
-D. Lacey (Lincs).
A SUITABLE formula is :

Gum tragacanth 1 oz.
Glycerine 1 fluid oz.
Rose water 15 fluid oz.

Practical
Householder

FEBRUARY ISSUE NOW ON SALE. Price Is. 3d.
Principal contents for February, 1962, issue:

Fences-Attractive but not Expensive
A Front Door Intercom.
Building Your Own Home (Part 2)
How to be Happy though Mortgaged
They Built It Themselves
A Circular Glass Cutter
Byelaws and the Handyman
Warmth Without Work
Passing It On
Tiled Fireplace
Around the House with Linoleum
Inexpensive Renovation
Use All That Cupboard Space Below the Stairs
Inexpensive Doll's House
Private Bar
Kitchen Scales
etc., etc.

CLUB NE WS
Ramsgate and District Model Club, hon. secretary
Mr. E. Church, 103 Pegwell Road, Ramsgate.

On the 19th January there will be a demonstra-
tion and lecture of tool sharpening by Mr. E.
Weekes at 7.30 p.m. at the club's premises Effing-
ham Street, Ramsgate.

AIR
THERMOSTATS

(Concluded from page 179)

As usual a good earth is required and three -core
cable will be necessary. Fig. 6b shows the wiring
required for low current operation. Notice that
terminal 2 is not used and that the mains neutral
and the heater are connected to terminal No. 4.

Fig. 6c shows the wiring necessary if the current
consumption is heavy; terminals No. 2 and 4 are
not used in this case.

Availability of Thermostats for Space Heating
1. The CS unit is obtainable from Technical

Services Ltd., Banstead, Surrey.
2. The Adaptastat is obtainable from usual retail

suppliers and is marketed by P. W. Baker &
Sons (Sales) Ltd., Fontwell Avenue, Easter -
gate, Chichester, Sussex.

3. The " Q " type thermostat is made by the
Rheostatic Company Ltd., Slough, England,
and is obtainable through normal retail
channels

4. The Pullin Plug-stat is available from Messrs.
Selfridges, Oxford Street, London, W.I.

Other Uses for Space Heating Thermostats
Greenhouses. Special types are made for green-

house use and very careful wiring is necessary to
prevent water causing danger of shock. Good earth-
ing is the prime necessity.

Airing Cupboards. The airing cupboard may
receive automatic heat supplementation when the
temperature falls below a fixed value. Black heat
" tubes " or cables are the safest type of electric
heater in this location.

Frost Warning. Frost warning systems have uses
in the orchard, greenhouse and loft and are easily
fitted up as shown in Fig. 8. Low -voltage systems
are suitable and battery operation is economic as
there is no drain until the alarm functions. Thermo-
stat 2355 (Annakin) and other surplus types will
suit, but they MUST come on when cooled and go
off when heated. The magstat SNT40 costs only
5s. 6d. and if protected from dust will be ideal. It
must be placed in water containing a few pieces,of
unmelted ice and the small adjustment screw in
the side must be set so that the " points " touch,
but when placed in water very slightly warmer they
open. This is best observed with a flash -lamp
battery and bulb in circuit. Dry the thermostat out
afterwards.

Frost alarm thermostats should be placed either
next to the apparatus or objects it is desired to pro-
tect or low down, since cold air falls. The alarm
bell, buzzer or lamp may be fitted wherever
required.
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MISCELLANEOUS FOR SALE WOODWORKING
(continued)

AQUALUNG AND COMPRESSOR
Equipment. Ballraces and Miscel-
laneous items. Lists 3d. PRYCE, 157
Ma:den Road. Cheam, Surrey.
VENNER TIME SWITCHES recondi-
tioned 14 day, 25/-. For Car Lights,
Fish Tanks, Charging. BATCHELORS,
4 Park Road, Bromley, Kent,

FOR SALE
ALUMINIUM LADDERS/STEPS.
Gigantic offer. 400 models.-SANCO
LTD., 17 (PM) Boundary Road, Hove.

ASTRO TELESCOPE making. Stan-
dard Ramsden Push -in Eye -pieces.
(In., fin.. sin., focus, 35/-; with
R.A.S. thread, 42/8 each. S.A.E. list,
Object Glasses, Newtonian Mirrors,
Diagonal Mounts, Focusing Mounts.
Tripods. Mountings and Terrestrial
Telescopes. W. BURNET, Grand
Sluice. Boston, Lincs.

TAILORED REFRIGERATION. An
Avimo absorption unit is easily in-
stilled in home -built refrigerators,
costs only £9/10/- complete. 31cu. ft
Capacity, with extra large freezer,
electrically or gas operated. Guaran-
teed five years. Full details from:
AVIMO LTD., Taunton, Somerset.

Brand new ex M.O.S. electric gramophone unit. in
heavy gauge metal eases fitted carrying handles and
locks, finished black crackle. Heavyweight 200-250
volts A.C. motor pick up, 78 r.p.m. only, cost £20
each, case aione worth more than my price, 35/- pl.
5/- carriage. Ditto used 20/-.
Brand new Dallmeyer 41n. prolection lenses especially
designed for 35 mm. transparency projectors, but
will cover up to 21in. square, original price £7, only
£3, post 116.
Ein. Bi-Convel Glass Condensers 2/6 each, post
Epidiascopes from £20 each.
Brand new Avominor moving soil Multirange A.C./
D.C. Test Meters (ex M.0.8.) solid hide case with
shoulder strap, leads and test prods, in original
tropical packing list over Ell, price f5, poet 2/6.
Brand new Kodak (ex Admiralty) 7 x 60 Prismatic
Telescopes, focusing, in fitted wooden case, with
binocular eyepiece, fted filters, cost over £50, due
to another huge purchase, lower than ever price,
£4 10s. each, carriage 5/...
Brand new (es A.M.) 12 volt 25 amp batteries.
These are R.A.F. general purpose lead arid accumu-
latOrk, and are similar in construction to normal car
battery. Very suitable for cars and vans, will start
any vehicle. Never been filled and In original
tropical packing. First charge instructions ineluded,
cost about £10, only £0 10s. each, carriage 5/,
Ex Admiralty brand new Pocket Stopwatches by
Waltham and Smiths. Fully jewelled movements,
1/5th second. 60 seconds per reC., 30 minute recorder
dial, winding button start, stop and re -set, value £8,
45/-, poet 2/, Ditto, tarnished caws, but brand new
37/6, plus 2/. poet.
Ex Admiralty brand new Pocket Stopwatches,
Waltham, 6 seconds per rev.. no recorder dial,
security greater than 1110th second, jewelled move-
ment. in original box, winding button start, stop and
re -set, cost over £12, 1916, post 2/,
Ex Waif. Aerial Film 94in. x 300ft. Pan, £3. 160ft.
35/-, 5510, x 47ft. 8/-, 04ft. 5/-. Ideal for cutting to
smaller sines. Perfect condition. Post 1/6.
Ex AN. 0.45 Gun Cameras 24 volt, 2in. fixed focus
lens 50ft. magazine loading, complete with magazine
new £2 158., ditto used £2. Both post 2/6.
Es A.M. OEM Mark S Recorder Camera. 16 m.m.,
made by Spectra. Latest model with three shutter
speeds, 2 or 18 f.p.s., bloomed 1110. lens F.1.9 with
iris to FLA, 24 volt, 50ft. magazine loading, complete
with magazine in original tropical packing, absolutely
brand new, only £5. post 216. Ditto used £3 10s., post
216.
All goods supplied on 14 day money back guarantee
R. SANKEY, Regal Cinema, ATHERSTONE
WARWICKS. Tel.: Athersione 2220/3210

ONE WAY GLASS
Now ... with simple materials obtainable
at any Chemists, you can treat plain window
glass so that you can look out through it,
but the person on the other side can't see
in. To get your one way glass formula,
send only 10/- to:

RISHWORTH ENTERPRISES
Dept. PHI. 19 Rushworth Road, Reigate,

Surrey.

HYPODERMIC SYRINGES, brand
new 2c.c. Sima, excellent for oiling
etc., 4/9 each. Also needles, sizes 12,
17 and 18 at 4/- per dozen. G.
ROGER SMITH, 16 Clyde Street
Liverpool 20.

SALE, P.M. 1949 on, new condition,
10d. each. 42 Wymans Road.
Cheltenham.

WATZA BOBPAK?? It's a 1/..s worth
of almost any nut, screw, washer or
bolt etc. Send for list of approx 3,000
Bobpaks. K. R. WHISTON, (Dept.
BPM), New Mills, Stockport.

HOBBIES

CATALOGUE NO. 14, Government
Surplus and Model Radio Control,
over 500 illustrated items, 2/6
(refunded on purchase). ARTHUR

SALLIS RADIO CONTROL, North
Road, Brighton.

NEW CHEMISTRY sets for Boys.
harmless, entertaining, instructive,
15/- post free. STORER (Dept P.M.),
67 Clopton Road, Sheldon, B'ham.

NEWTONIAN TELESCOPE making,
6in., 8fin., 111in. Glass discs, Grind-
ing Kits. Plano -convex lenses, Optical
flats. Ramsden eye -pieces. Barlow
lenses. S.A.E. for lists. L. J. MAYS,
20 Clover Rd., Timperley, Altrinclham,
Cheshire.

HANDICRAFTS
MARQUETRY VENEERS, twelve

assorted 5/-, post free. Send 3d. for
list. FRANK COLES (VENEERS), 76
Rivington Street, E.C. 2.

HOME BOAT BUILDING
FULLY PREFABRICATED Kits to
Assemble a Boat at Home, for two -
berth Cabin Cruisers, fast runa-
bouts, canoes, prams, Enterprise
sailing dinghies. Leaflets from:
WYVERN BOATS (WESSEX) LTD.,
Milborne Port, Sherborne.
BROMLEY BOATS, Kits, Mahogany.
Silver Spruce, American Boat plans,
3d. List.-Southlands Road, Bromley,
Kent.

RADIO

RADIO, TELEVISION Service Sheets.
All types valves. S.A.E. list. JOHN
GILBERT RADIO. 20 Extension
Shepherd's Bush Market, London W12.
SHE 3052.
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SAWBENCIIES - 61n. to 301n, from
£8. Motorised £16, Petrol Portable
£29, Bandsaws £14, Logging Benches.
Bundlers. Splitters, Planers. Lathes,
Spindle Assemblies, Motors, Engines.
Deferred Terms, Send 2/-.. returnable
for 40 page Catalogue and Bargain
offers. List Free. BEVERLEY
PRODUCTS, South Thoresby VSC,
Alford, Lincs.

SIX INCH SAWPLANE £18/10/-, write
for brochure from: EAST ANGLIAN
TRADING CO., 5 Guardian Read,
Norwich.

TOOLS

JUST RELEASED - EX-W.D. SETS.
Ter A/F Sockets, 9/32in. Drive,
3/16in. to 7/16in. Five accessories.
Special Metal Box. Fits most B.A.
and smaller Metrics. New unused.
Refund guarantee. Details on request.

£2 each, post free.

A.C.R. SUPPLIES
5 Queen Street, Manchester 2.

BRAND NEW TOOLS
EX -GOVT. & .SURPLUS BARGAINS
50 Ace Drill Chucks ./r' capacity, No. 1

Morse Taper Shank. Price 7/-.
25 Knurling Tools, 2 -Wheel Floating Head.

Price 25/,
50 Thread Gauges Whitworth/B.S.F., 28
Blades, 4-62 Threads. Price 3/6. 1.000
Precision Needle Files. 6 assorted. Price

4/8.
500 4" Hand Files, 6 assorted. Price 5/-.
75 Sets Lett Hand B.S.F. Tap and Die.
Each size I'. 0/ir'. '4". 'Art V. Price 181-.
50 Model Makers Rotary Files, sets of 12

in Plastic Case. Price 12/-.
25 Pairs Vee-Blocks 3' x It' x 24'. Price

20/- pair.
300 H.S.S. Slitting Saws, 21* dia.. 1' bore,

4 assorted. Price 9/,
50 sets B.A. Taps and Dies In Fitted Wood-
en Cases. 3 Taps and 1 Die, each size 1, 2, 3,
4. 5, B.A., with "h.' Diestock and Ameri-
can -type Adjustable Tap Wrench. Price

35/- complete.
Torque Wrenches. sq. drive 0-100 ft./lb.

Price 65/-.
200 H.S.S. Centre Drills one each size
'W. and Standard Types. Price

10/-.
50 Precision Pliers 41' Box Joint. Ideal
for Model Work, Flat Nose 9/3, Snipe
Nose 9/3. Round Nose 9/9, Diagonal Side
Cutters 11/6. Top Cutting 13/-. 100 Die -

stock 1'. Price 71-.
150 Super H.S.S. Parting Tool Blades.
height It width 'irr" or ./.". length 6'.

Price 5/- each.
144 Super H.S.S. 1' sq. x 21' Tool Bits,
Ground ALL SIDES. Price 2/8 each. P.S.
Stubbs Silver Steel. Round x 13' lengths.
Parcel one each size 'lir. 'hr. 'Ir. 'las. 'lia
i, '115, I. Price 15/. a parcel. All
Tools supplied on Approval against Cash

with Order.
Please add I/6 on Orders under 40/ to-

wards postage.

A. E. KING
152 HALFWAY STREET. SUICUP,

Kent
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MODEL PARTS

"EVENING STAR" in 31" G.
"Wilwau" will make the complete
range of castings for this fine L.B.S.0
2-10-0 loco. S.A.E. with enquiries
appreciated.

W. K. Waugh, 31 HiIlfoot Drive,
Bearsden, Nr. Glasgow. Bea 2985

WATCHMAKERS

NEW WATCHES, watch movements.
Watchmakers' tools and materials.
instructional books. etc., at unbeatable
prices. Also watch repairs under-
taken. Send 1/- for Bumper Bargain
Catalogue. The Watchmakers Supply
Company, "Time House," Carterton,
Oxford.

WATCH PARTS
FOR ALL makes of Watches, Tools.
Instructional Books, etc., Special Kits
for Beginners send 6d. for " Super
Bargain Catalogue." T. G. LOADER
(Dept. B.), Watchmakers' Mail Order
Service, Milestone Road, Carterton,
Oxford,

FOR WATCH and Clock materials,
Bracelets, Straps and Watches, try
J. J. LAWSON, 95 Godwin Street.
Bradford 1. (Tel.: 32075.) Free lists
On request.

PHOTOGRAPHY

BELLOWS, CAMERA, Enlarger, Pro-
cess, Industrial Collapsible Machine
Guards. BEERS. 4 St. Outhbert's
Road, Derby. (Tel.: 41263.)

PROJECTORS. Home Assembly Kits
all types and sizes and Stereo from
£81218. Fan Base Kit £3/7/0.
Opticals, Screens. S.A.E. MARSHALL
SMITH LTD., 64 Norwich Avenue,
Bournemouth.

ELECTRICAL

SMALL ELECTRIC CIRCULATING PUMPS
Suitable for Washing Machines, Pot Washers,
Fish Tank Aerating, Garden Fountain or
Waterfalls, etc. Comprising 120 watt
shaded pole A.C. motor coupled to centri-
fugal pump. Maximum delivery, 250 g.p.h.
Maximum head, six feet. Suitable for con-
tinuous running on 200/240 volts. Silent
running. New, not surplus. Price E3,
postage 3/-.-H. Middleton, 639 Abbey -
dale Road, Sheffield 7.

ALL TYPES of Electrical Goods at
extremely competitive prices, e.g.,
5 amp Twin Cable, 35/- 100 yards:
Lampholders 7/- doz; 5ft Battens
49/.. Quality and immediate dispatch
guaranteed. Request list. JAYLOW
SUPPLIES, 93 Fairholt Road. London
N16. (Tel.: Stamford Hill 4384.)

BRAND NEW
BROOK ELECTRIC MOTORS

Single Phase h.p. 1,500 r.p.m. E7 13 9
h.p. 1,500 r.p.m. 110 7 6

H.P. TERMS 1 h.p. 3,000 r.p.m. i10 7 6
AVAILABLE 3 h.p. 1,500 r.p.m. EI I 16 9

I h.p. 3,000 r.p.m. EI I 16 9
Fully guaranteed by makers, approval against
cash. Carriage paid mainland, State voltage.

P. BLOOD & CO.
ARCH STREET, RUGELEY, STAFFS.

NEWNES PRACTICAL MECHANICS January, 1962

EDUCATIONAL

" HOW AND WHY " of Radio and
Electronics made easy by a new, non -
maths, practical way. Postal instruc-
tions based on hosts of experiments
and equipment building carried out at
home. New courses bring enjoyment
as well as knowledge of this fascinat-
ing subject. Free brochure from
Dept 12 P.M., RADIOSTRUCTOR,
Reading,

POSTAL TUITION in Technical
Drawing, tracing and blueprint
reading. Drawing and Design in wood
or metalwork for Handicraft
Teachers' Examinations. Details from
C. PANNELL. 145 The Orossway,
Portchester, Hants.

ELECTRONICS!
Key to YOUR Future?
An exciting career-a new Hobby-

Your own spare or
full-time BUSINESS?

New experimental
course includes big
kits for building test
gear and complete
AM/VHF receiver.

FREE BROCHURE FROM

RADIOSTRUCTOR
DEPT. E80, READING, BERKS.

SITUATIONS VACANT

A.M.I.Mech.E., A.M.Brit.I.A.E., City
and Guilds, G.C.E., etc., bring high
pay and security. "No pass - no
fee" terms. Over 95% successes. For
details of exams and courses in all
branches of Engineering, Building,
Electronics, etc., write for 148 -page
handbook, free. B.I.E.T. (Dept. 967/3),
London W.8.

PATENTS

PATENTING SERVICES, Advice
Qualifield agent. C. L. BROWNE,
114 Greenlhayes Avenue, Banstead,

Surrey.

START RIGHT

with the
Patented
Loading Webley '410
Device
No Lost
Extractors
Manual Safety
Write to: WEBLEY & SCOTT LTD.

28 Park Lane, Birmingham 21

BOLT ACTION

SHOTGUN

TRANSISTOR POCKET RADIOS
BULK PURCHASE

-s, ENABLES US TO
MAKE THIS
FANTASTIC OFFER
AND WITH MONEY
BACK GUARANTEE!
The "SAN REMO" ...
so tuned that it brings
the voices of star en-
tertainers and vocalists

I. dramatically to life-A in your home, office,
etc.... Only 48 x 2l

..._ . .1 x 1.(in. tits easily into
ONLY 32/6 your pocket or hand -

No more to pay bag. Works for months
off 8d. battery. Should

last a lifetime. Anyone can assemble it in an hour
or two with our easy plan. Complete set of parts
including miniature speaker, carrying case-
everything only 32/6 plus 2/6 P. At P. C.O.D. 2/6
extra. (Parts can be bought separately.) Limited
period-so order before it's too late.

DEMONSTRATIONS DAILY
CONCORD ELECTRONICS (Dept. P.M.8)

210 CHURCH ROAD : HOVE : SUSSEX

ENE AL C RT.
OF EDUCATION
THE KEY TO SUCCESSE SECURITY
Essential to success in any walk of life ! What-
ever your age, you can now prepare at home for
the important new G I Cert. of Education
Exam., on "NO PASS-NO FEE" terms.
Vou choose your own subjects-EducationaL,
Commercial or Technical. Recently announced
big extension of subjects gives everyone the
chance to get this valuable Certificate.

SEND FOR FREE 136 PAGE BOOK
Full details of how you can obtain the General
Cert. are given in our 116 -page Guide-Free
and without obligation. Personal advice on
reqUtSt.
Write today, School of Careers, Dept. 160
29-31, Wright's Lanc, London, W.8.

ie School of Careers
CAR BATTERY CHARGERS
For normal 200-250v. A.C. mains.
Ready for use with mains and output

leads. 12 months' guar-
antee.
6/12v. la .. .. 29/9
6/12v. 2a .. .. 38/9
6/12v. 2a. with

meter .. .. 49/9
6/12v. 45. with meter
and variable charge rate
selector as Illustrated
89/9 or Dep. 13/3 and
5 monthly payments
13/3.

Terms C.W.O or C.O.D.TraCte sarri,p4ptd.
Callers welcome.
R.S.C. (Manchester) LTD., Dept. S,
County (Mecca) Arcade, LEEDS 1;
5446 Morley Street, BRADFORD;
8-10 Brown Street, MANCHESTER 2:
73 Dale Street. LIVERPOOL '2.

Automatic (Time) Switches
New and reconditioned 15 day clockwork

and electric switches

from 351 -
Send S.A.E. for illuxtrated detail,. 10:

DONOHOE (TIMERS)
I & 2 UPPER NORFOLK ST., NORTH

SHIELDS, NORTHUMBERLAND

INTRODUCING A NEW PORTASS
LATHE

3Z" x 16" B.G.S.C. bench lathe com-
plete with faceplate, catchplate and
backplate, changewheels, etc., flat or
vee drive. Complete satisfaction or
remittance refunded in full. Ex -works
write:

CHARLES PORTASS & SON
Buttermere Works, Sheffield 8

Est. 1889 Cash or terms
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PRECISION TOOLS

14 DAYS
FREE

TRIAL

L..._

TOOLROOM

4

35f-
CLI N 0 METERS (Micrometer Bubble Type)
An Engineer's Clinometer of great precision. Main scale is
divided 0-20 deg. in I deg. divisions and angles to within
minute can be read speedily on the micrometer thimble. For
their original military purpose a clip was fitted to the base
but this clip can be easily removed in the Machine Shop.
Net weight 22 oz. Length of base 3.0 in.

Ex-M.O.S. WALTHAM STOP WATCHES
A high quality 1 second recorder with minute recorder
reading 0-30 minutes. Offered at fraction of cost. £3. 15.0.

OPTICAL TEST SET
Containing 30 carefully graded lenses of Crown glass.
Focal lengths from 4 in. to 120 in. Dia. 47 mm. 44*All in the new Vu -File transparent pack.

CHRONOMETERS. We are disposing of our
collection of chronometers, recognised as being one of
the finest in the world. Full details on request.

CHARLES FRANK LTD
67-75 SALTMARKET, GLASGOW, C.I
Phone: BELL 2106/7 Established 1907
Britain's greatest stocks of new, used and Ex -Govt. Optical and

Scientific Equipment. Send for illustrated catalogue.

The1543Drawer Unit

All Steel

Stove Enamelled
Dark Green
Overall size
42" High 35" Wide
11k" Deep

MM. IMERitilimin iggin
144.161%1154

'16.Ailti
ri41,Ileyel eau Z. "41;9
UMW=
LL.)Lil"

£18

rd. "1,
Nam

V.101114,,..u.

4.zal

Send for Sample Drawer

Contains 54 of these drawers, each 5" wide, 3' high.
1.1r long 54 dividers and 54 drawer cards with each
unit. Extra dividers 6d. each.

DELIVERIES FREE TO ENGLAND, SCOTLAND 8, WALES

Satisfaction guaranteed or equipment replaced

N. C. BROWN LTD.,
Green Lane Wing, Heywood, Lams.

Tel.: 69018 (6 lines)

GAM! AG E S
RELIANCE "HANDYMAN"

042

Post & Pkg. 3/ -

TWIST DRILL SHARPENER
A boon to all users of electric drills.
Enables the handyman to obtain the
correct angles and renew the cutting of
the business end of the drill by a turn
of the handle. Can be screwed on to a
bench or doorpost or clamped on a table.
Max. cap. 5/16
in. dia. drill. GAMAGES 4976

PRICE

"BURGESS" VIBRO-TOOL
ENGRAVER

Amazingly versatile, enabling many
difficult industrial and workshop
jobs to be carried out with speed
and efficiency. Ideal for etching on
Aluminium, Steel, Brass, etc., iden-
tification markings, etc. 220;250 v.
A.C. Special point for Pottery, etc.
De Luxe kit in wooden case with all
accessories.

GAMAGES PRICE 57f6
Post & Pkg. 2/ -

"ROLLS" HAND VICE
Strong, lightweight alloy, durable and versatile.
II in. jaws opening to 11- in. With pair of plastic
vice jaw covers for protection of work.

GAMAGES
676Past B. Pkg. 2/- PRICE

Tool and Car Accessory List
Sent Free on Request

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

Pat. No.
5117049.

See it
at your
Tool Shop

PRECISION

HAND DRILL

Even at a glance, the
improvement on the
conventional type of
hand drill can be seen.
Compact in size, light
in weight, well bal-
anced and comfort-
able to hold. The
one-piece die-cast
body totally encloses
the precision -cut
gears. Accurate self -
centring nickel -pla-t e d chuck with
ground jaws. Ball
thrust race takes up
drilling pressure
eliminating necessity
for pushing with the

body. Made for the
craftsman-good

for a lifetime.

32'9
FREE
Write for illustrated
catalogue of complete
range of "Leytoois"

LEYTONSTONE JIG & TOOL CO. LTD.
LEYTOOL WORKS

CROWHURST ROAD, HOLL1NGBURY ESTATE, Nr. BRIGHTON,
SUSSEX

Also at LEPTON, LONDON. Telephone: BRIGHTON 57011

Published about the 30th of each month by GEORGE NEWNES LIMITED, Tower House, Southampton Street, London, W.C.2, and
Printed in England by Watmoughs Limited, Idle, Bradford; and London. Sole Agents for Australia and New Zealand-Gordon & Gotch
(A/sia), Ltd. Sole Agents for South Africa and Rhodesia-Central News Agency Ltd. Subsertm ion Rate (including postage): For one

year. Inland 22s., Overseas dos. 6d., Canada 19s. Registered for transmissioa be Canadian Magazine Post.



One of the following Courses taken quietly at
home in your spare time can be the means of
securing substantial well -paid promotion in your
present calling, or entry into a more congenial
career with better prospects.

ENGINEERING, RADIO, AERO, ETC.
Aero. Draughtsmanship
Jig & Tool Design
Press Tool & Die Design
Sheet Metalwork
Automobile Repairs
Garage Management
Works M'gmnt. & Admin.
Practical Foremanship
Ratefixing & Estimating
Time & Motion Study
Engineering Inspection
Metallurgy
Refrigeration
Welding (all branches)
Maintenance Engineering
Steam Engine Technology
I.C. Engine Technology
Diesel Engine Technology

Ordnance

Elec. Draughtsmanship
Machine
Automobile
Structural
R/F Concrete
Structural Engineering
Mathematics (all stages)
Radio Technology
Telecommunications
Wiring & Installation
Television
Radio Servicing
Gen. Elec. Engineering
Generators & Motors
Generation & Supply
Aircraft Mainten. Licences
Aerodynamics
Electrical Design

Survey Dr'ship

BUILDING AND STRUCTURAL
L.I.O.B. A.t.A.S.
A.M.I.P.H.E. A.A.L.P.A.
Building Construction
Costs & Accounts
Surveying & Levelling
Clerk of Works
Quantity Surveying

GENERAL, LOCAL
Gen. Cert of Education
Book-keeping (all stages)
College of Preceptors
Woodwork Teacher
Metalwork Teacher
Housing Manager (A.I.Hsg.)

A.R.S.H. M.R.S.H.
A.F.S. A.R.I.C.S.
Builders' Quantities
Carpentry & Joinery
Building Inspect.'
Building Draughtsmanship
Heating and Ventilating

GOVERNMENT, ETC.
Common. Prelim. Exam.
A.C.I.S., A.C.C.S.
A.C.W.A. (Costing)
School Attendance Officer
Health Inspector
Civil Service Exams.

BECOME A DRAUGHTSMAN - LEARN AT HOME
AND EARN BIG MONEY

Men and Youths urgently wanted for well paid positions as
Draughtsmen, Inspectors, etc., in Aero, Jig and Tool,
Press Tool, Electrical, Mechanical and other Branches of

Engineering. Practical experience is
unnecessary for those who are willing
to learn-our Guaranteed " Home
Study " courses will get you in.
Those already engaged in the General
Drawing Office should study some
specialised Branch such as Jig and
Tool or Press Tool Work and so con-
siderably increase their scope and
earning capacity.

OVER SEVENTY YEARS OF
* CONTINUOUS SUCCESS

NATIONAL INSTITUTE OF ENGINEERING
(In association with CHAMBERS COLLEGE-Founded 1885)

(Dept. 29)

148, HOLBORN, LONDON, E.C.I
SOUTH AFRICA: E.C.S.A., P.O. BOX NO. 8417, JOHANNESBURG

AUSTRALIA: R.O. BOX NO. 4570, MELBOURNE

Free Guide -SUCCESS IN ENGINEERING
132- PAGE BOOK FREE!
SEND FOR YOUR. COPY

This remarkable FREE GUIDE explains:
* Openings, prospects, salaries, etc., in Draughts-

manship and in all other branches of Engineering
and Building.

* How to obtain money -making technical quali-
fications through special RAPID FULLY -
GUARANTEED COURSES.

MAY MTERF371a COMES

70 SELECT FROM
A.M.I.Mech.E., A.M.I.M.I.,
A.M.Brit.I.R.E., A.M.I.P.E.,
A.M.I.C.E., A.M.I.Struct.E.,
A. M. I.M u n.E., M.R.S.H.,
A.M. I. E.D., A.F.R.Ae.S.,
London B.Sc., Degrees.

Fully guaranteed postal courses for
all the above and many other
examinations and careers. Fully
described in the New Free Guide.

Frek
aide,

THE ACID TEST OF TUTORIAL EFFICIENCY'
SUCCESS-OR NO FEE

We definitely guarantee that if you fail to pass the examination
for which you are preparing under our guidance, or if you are
not satisfied in every way with our tutorial service-then your
Tuition Fee will be returned in full and without question. This is
surely the acid test of tutorial efficiency.

If you have ambition you must investigate the Tutorial
and Employment services we offer. Founded in 1885,
our success record is unapproachable.

ALL TEXTBOOKS ARE SUPPLIED FREE
PROMPT TUTORIAL SERVICE GUARANTEED
NO AGENTS OR TRAVELLERS EMPLOYED

OUNDED 1885 - FOREMOST TODAY

r
onuall0 Free Coupon

To; NATIONAL INSTITUTE OF ENGINEERING
(Dept. 29), 148-150, Holborn, London, E.C.I.

Please Forward your Free Guide to
NAME
ADDRESS

SEND or
TN/5 COUPON
NOW AND 8E
;ILL str.FOR

SOCCESS

My general interest is in: (I) ENGINEERING
(2) AERO (3) RADIO (4) BUILDING
(5) MUNICIPAL WORK

(Place a cross againtt
the branches in which
you are interested.)

The subject of examination in which I am especially interested is

To be filled in where you already have a special preference.
(2d. stamp only required (f unsealed envelope used.)


