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UNLIMITED OPPORTUNITIES exist
today for " getting on " ... but only for the
fully trained man. Let I.C.S. develop your
talents and help you to success.
IT'S 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
General Advertising, Copywriting
Retail & Department Store
ART
Oil & Water Colour
Commercial Illustrating
Figure Drawing

BUILDING
Architecture, Quantity Surveying
Clerk of Works
Building Construction

& Allied Trades
CIVIL ENGINEERING
Highway Engrg., Structural Engrg.
Concrete Engineering

COMMERCE
Book -Keeping, Office Training
Accountancy, Costing
Secretaryship, Storekeeping
Shorthand & Typewriting
DRAUGHTSMANSHIP
Architectural, Mechanical
Maths. & Machine Drawing
Drawing Office Practice
Structural Drawing
ELECTRONICS
Industrial Electronics
Computers & Maintenance
FARMING
Amble Si Livestock, Market Gdng.
Farm Machinery Maintenance
Pig & Poultry Keeping
FIRE ENGINEERING
I.F.E. Examinations
Fire Service Promotion Exams.
GENERAL EDUCATION
G.C.E. Subjects at Ordinary or

Advanced Level
Good English, Foreign Languages

HORTICULTURE
Complete Gardening
Flower & Vegetable Growing

MANAGEMENT
Business Management
Hotel Management. Foremanship
Office Management, Work Study
Industrial Management
Personnel Management

MECHANICAL & MOTOR
ENGINEERING
Engineering Mathematics
Diesel Engines and Locomotives
Workshop Practice, Refrigeration
Running & Maintenance, Welding
Motor Mechanics
(many other subjects)

PHOTOGRAPHY
Practical Photography
P.D.A. Examination

RADIO T.V. & ELECTRICAL
Radio Servicing & Engineering
T.V. Servicing & Eng., Electricians
Radio Construction (with kits)
Basic Electrical Work

POLICE
Entrance Examination

SELLING
Commercial Travellers'
Sales Management, Retail Selling

WRITING FOR PROFIT
Short Story Writing
Free -Lance Journalism

MANY OTHER SUBJECTS
INCLUDING
Industrial Instrumentation
Petroleum Production
Textiles, Dressmaking etc.

INTENSIVE COACHING for all principal examinations
including C.I.S., A.C.C.A., I.C.W.A., A.M.I.Mech.E., I.Q.S.,
Brit. I.R.E., City & Guilds of London Institute, R.H.S., etc.

vr. 11 11111M 111M1 - NM IIMM,

Examination students are coached until successful
INTERNATIONAL CORRESPONDENCE SCHOOLS

(Dept. 168)
lntertext House, Parkgate Road, London, S.W.I1

Please send FREE book on

Name
BLOCK CAPITALS

Address

i Occupation Age 11.61

INTERNATIONAL =CORRESPONDENCE SCHOOLS.

* Permanent Magnets in action *

g,rA dropped a ni4t
er44.4ot a 9

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 Neill & Company (Sheffield) Limited
and obtainable from all tool distributors

P5.145

Hard work made EASY
TWO Drills in ONE

This heavy duty tool can be
used as a breast or hand
drill. The totally enclosed
precision cut gears include
a two speed device which is

controlled by a
simple adjustment
on the handle. This
enables gear chang-

ing without releasing your
grip. Operating handle is

adjustable to three different
positions. Horizontal ball
race takes full drilling pres-

sure. Self-lubricating
bearings. Self -cen-
tring chuck of fin.
capacity. Made for

91 /9
complete time.

FREE

the craftsman-
good for a life -

Write for illustrated
catalogue of complete
range of "Leytoofs"

LEYTONSTONE JIG & TOOL CO. LTD.
LEYTOOL WORKS, CROWHURST ROAD, HOLLINGBURY
ESTATE, Nr. BRIGHTON, SUSSEX
Also at LEYTON, LONDON. Telephone: BRIGHTON 57011
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BUILD THESE RADIOS
 GUARANTECEODNIRPELSEUTLEISY--SFEULLF-LCADFNTTEARINSAEDLES SERVICE

 NOT GIMMICKS BUT REAL WORKING RADIOS

RANGER -3 PERSONAL
POCKET RADIO

FULL TUNING OF MEDIUM WAVEBAND AND
AMATEUR TOP BAND (120 metres to 500 metres)

 LUXEMBURG GUARANTEED
(where normally receivable)

* Full Station Separation
* Calibrated Dial
* Fingertip Control
* 6 Month's Battery Life
* Fitted Volume Control
* 3 High Gain Transistors
* Size 41 3 x I+ in.

* NO EXTERNAL
AERIAL OR EARTH

* AFTER SALES SERVICE AND GUARANTEE
FULL PICTORIAL BUILDING INSTRUCTION FREE ON REQUEST:
EASY TO BUILD NO KNOWLEDGE OF RADIO NECESSARY

Continental as well as local stations-GUARANTEED

TOTAL COST
Cash or To It P.P.
C.O.D. ""/ `!"' 1/6

All parts sold separately
NO EXTRAS TO BUY

THE 'RANGER -3' IS AN EXCEPTIONALLY SENSITIVE
5 -STAGE RADIO WITH HIGH QUALITY OUTPUT.
REQUIRES NO EXTERNAL AERIAL OR EARTH.
GUARANTEED RECEPTION ANYWHERE.

QUINTET PO
MEDIUM AND LONG

EA
WAVE

POCKET LOUD SP AN RADIO

A new five transistor
printed circuit de-
sign fully tunable on
medium and long
wave bands. Pocket
sized cabinet in blue
or red witn gold dial
clearly marked with
station names.
Carded components,
clearly labelled
printed circuit and
full pictorial dia-
grams are supplied.

TOTAL COST

15 10 0 P.P. 2/-

NO EXTRAS TO BUY

5-MULLARD TRANSISTORS * JUST LISTEN
 250mW. PUSH-PULL OUTPUT TO THOSE
 ALL PARTS SOLD SEPARATELY STATIONS!
 AFTER SALES SERVICE AND GUARANTEE.
FULLY ILLUSTRATED PLANS FREE ON REQUEST

WE SPECIALISE IN DO-IT-YOURSELF TRANSISTORS
RADIOS, AMPLIFIERS AND GADGETS.

WE CAN SUPPLY FROM STOCK LARGE SELECTIONS OF 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 1008 9
Open Monday to Saturday 9 a.m. to 6 p.m.Thurs. I p.m.
 SEND 6d. STAMP FOR COMPLETE CATALOGUES 

"Ne aid al Mole Wre6ch
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 1
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 M. 15/- 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

. .

...art N.

SONDiAlle w800IONORSAt

MOTOR/SO
CASH

E48.10.0
or Deposit of

E5.10.0
and 8 monthly

payments of

E5.17.2
DELIVERY
EX -STOCK

BIG CAPACITY
DEPTH OF CUT 3i"

Allows a range of operations far wider than other Saw -
benches. Precision built, 20" x 21" precision machined
saw table, complete with table mitre slide, and calibrated
tilt to 45 deg. Rip fence with a special micro fine adjust-
ment, also supplied one mitre fence, 10r rip tooth blade.
Mounted on a well designed bench stand; motorised.
3 phase electric motor, press button starter. 10 ft. rubber
lead fitted for immediate use. Write for leaflet giving
details of accessories.

STAND 546, Bow L, Grand Hall, BUILDING EXHIBITION

PARRY & SON (Tools) LTD
329 333 Old St., London, E.C.I SHOreditch 9422-3.4
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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.

November, 1961

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. E. ch
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 25.12.6.

JOHNSONS
OF HENDON LTD

FOR CONFIDENCE IN PHOTOGRAPHY

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" -
No. 2 cuts up to 4" x 4" -
No. 3 cuts up to 6' x 6' -

Carriage Paid
JUST OUT

Our new folder of
"Zyto" Toolkits

Free and post free
Get your copy now

£6 0 0fll II 0
£16 5 0

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

S. Tyzack & Son Ltd
ONLY LONDON ADDRESS

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

MW 55 PM j
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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 YOUR ELECTRIC BLANKET AND

BRING IT UP TO DATE
THERMOSTATS. BW/1, 5 amps. 15/6. Post 8d.
SN/40 i 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, f2. 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, convector heaters, washboilers, etc.
TELEVISION SUPPRESSOR KIT, for appliances
up to I amp., 3/6. Post Free.
BI -METAL. Hi -Flex 45 3/16 in. x .010, 6d. per foot.
Standard It in. x It in. x .036, 6d. Plus postage.
MAGNETS. Sintered Bar Magnets of great power and
stability 1 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. 6/- each.
THE TECHNICAL SERVICES COMPANY, Banstead, Surrey
We can list only a lew items in this space. Send 6d. in stamps

for Catalogue and S.A.E. for enquiries.

Heavy Gauge Steel

SHELVING
SATISFACTION
GUARANTEED

OR EQUIPMENT
REPLACED

Otner Saes atallable

Whitt

arallabge

l ES ,

1,000's OF TESTIMONIALS

ARE YOUR GUARANTEE OF VALUE

 Brand new-Manufactured in
our own works.

 Shelves adjustable every inch.
 Heavy gauge shelves will carry

4001b. distributed weight each.
 Stove enamelled dark green.
 0 shelves per bay-Extra shelves

8/- each.
 Quantity discounts.

DELIVERED FREE, READY FOR

ERECTION IN ENGLAND,

SCOTLAND ce WALES.

.E3150
N.C. BROWN LTD

GREEN LANE WING, HEYWOOD, LANCS.
Telephone: HEYWOOD 69018 (6 lines)

WHETHER YOU SOLDER to -
(a) make things FLY

e gv

(b) make things FLOAT

't`6,rs)

comake things ZOOM

success is certain
with

FLUX ITE
A touch of Fluxite sets
the seal on every solder-
iig job-it's the sound,
simple way to success.
Fluxite, famous for fifty
years, is as popular to -
d ay as the best deserves
to be-it's the auto-
matic choice of engin-
eers and mechanics the
world over !

Obtainable from all good -class
Ironmongers and Hardware Stores

MP.96
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VALUABLE NEW HANDBOOK

Hifi!ELI
TO AMBITION

NIERS
Have you had your copy of "Engineering
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.
RADIO 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.
Hydraulics-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.

Opportunities

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 can take advantage
of the chances you are now
missing.

* HOW, irrespective of your age,
education or experience, YOU
can succeed in any branch of
Engineering.

156 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 SUBJECTS
INCLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT,
INSTRUMENT TECHNOLOGY 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.R.I.B.A., A.I.O.B., A.M.I.Chem.E.,
A.R.I.C.S., A.M.I.E.D., A.M.Mun.E., CITY & GUILDS,
GEN. CERT. OF EDUCATION, ETC.
BRITISH I NSTITUTEOFENGINEERINGTECHNOLOGY

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

I TO: B.I.E.T. 410A, COLLEGE
I HOUSE, 29-31, WRIGHT'S
I/ LANE, W.8.

Please send me a FREE.
OPPORTUNITIES." I am

I exam., or career).

I NAME

I ADDRESS

copy of
interested

2d. stamp
(I posted in

an unsealed
envelope.

" ENGINEERING
in (state subject,

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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FAIR COMMENT

No. 331

INVADERS FROM SPACE
AHEAD ING like the one above sounds as if it has been lifted

straight from space fiction. It characterises a theme much
beloved of authors of this type of work and the " invaders "

have been of many varied types from " men with beautiful faces
and long hair " to " malformed midgets with television aerials
sprouting from their foreheads." Now, however, like so much other
space fiction which is already reality, there is a possibility that the
earth could be invaded from outer space by invaders not envisaged
even by space fiction writers.

A great many well-known scientists are now convinced that life does
exist on other planets and it is the imminence of man's first visits to
his nearest planetary neighbours which is causing an atmosphere of
urgency to surround a meeting of the world's leading exo-biologists
which starts as we go to press with this issue of PRACTICAL MECHANICS.
The invasion feared by these scientists is one of bacteria and other tiny
organisms. These, it is feared could be carried back to earth on
manned or unmanned space ships returning from visits to the moon
or, more likely still, from Mars.

Scientists have placed great emphasis on the sterilisation of equip-
ment and space ships being rocketed to the moon and the planets so
that these worlds should not be contaminated by germs from the earth,
but until now, we have heard little of the opposite possibility of the
earth being infected by extra -terrestrial microbes. Such infection could
spread rapidly if the microbes were of a type not known on earth.
Earthbound living things would have no resistance to them and their
effect could be devastating.

What can be done to prevent this disturbing possibility? Orie of
the first steps planned is to inspect each planet as it comes within range
for signs of life. Equipment, including television cameras will be
landed. These will transmit back to earth pictures of the moon's dust
and other samples viewed through a microscope. The information
gained will aid the scientists in evolving a sterilisation technique for
returning spacecraft. The pilots, observers and scientists who travel
in them would also have to be quarantined on their return
to earth.

Although a growing body of scientific opinion now believes that
there is some possibility of life on other planets, it is generally thought
that this can only be of the most basic kind. Vegetation would most likely
be a form of moss or lichen. These opinions are relatively new and ten
years ago it was thought that adverse conditions on our neighbours in
the solar system effectively prechided any chance of life as we know it.
Opinion has been changing gradually as modern techniques uncover
bit by bit new evidence to support the " life on other planets " theory.
One day we shall know without any doubt and when one considers how
much scientific opinion has shifted over the years, it is pretty certain
that someone at least will be able to say " I told you so."

Many of the current theories and opinions will be heard at the
forthcoming conference in America and among the reports to be heard
are such titles as " On the Possible Existence of Intelligent Beings on
other Planets," " A Manned Mission to Mars and Venus " and
" Legal Aspects of Encounters with Living Forms." It is still hard
to believe that such titles are being discussed by responsible scientists
now and are not figments of a science fiction writer's imagination . . . .

The December 1961, issue will be published on Nov. 30th, 1961. Order It now!
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MAN -

CONTROLLED

FREE FLIGHT
By Donald S. Fraser

"

HE flies through the air with the greatest of
ease," not, however, quite like the young
man in the song. In this instance-and for

the first time-a man has used a rocket, carried on his
back, to fly over the ground.

The experimental man -rocket belt has been
designed and developed for the U.S. Army Trans-
portation Research Command by Textron's Bell
Aerosystems Company. Development and tests of
the Small Rocket Lift Device (SRLD) have been
under way since August 196o under Army contract.
To date, the SRLD has already made more than 30
flights at Buffalo, N.Y. and at Fort Eustis, Virginia.

The chief test engineer for Bell, Mr. Harold M.
Graham, has flown the SRLD over ground distances
up to 36oft., and has also flown to the top of Soft high
hills, using the rocket belt. Average speed on test
runs was estimated at 20 m.p.h. Mr. Graham is
believed to be the first man to fly over the earth's
surface supported only by portable rocket equipment.

Purpose of Prototype
This current device, in the man -rocket research

programme, is strictly a feasibility model designed to
prove that lightweight rocket power can lift a man
and transport him over the ground in controlled
flight. No attempt has been made, as yet, at shooting
for maximum performance and, since the man -rocket
concept is still in the proving stages, available com-
ponents only have been employed, wherever possible,
in the design of the SRLD.

Although the weight of the system and performance
details, such as maximum thrust levels and operating
duration have not been disclosed, it is understood
that the rocket operator is able to carry the equip-
ment on his back. It was reported,however, that test
engineer Graham, who has made all of the free flight
tests, weighs 18o1b. when wearing his protective
overalls, boots and helmet.

Military Uses
The current man -rocket was not designed to meet

specific military requirements, although applications
have been studied for Army operational units
that may be developed under the SRLD research
programme.

The most frequently mentioned military use of
man -rockets would be to transport soldiers over sur-
face obstacles such as streams, rivers, ravines, barbed
wire and mine fields. Rocket belts may be employed
during amphibious operations permitting troops to
fly from ship to shore. Rocket belts also could be
used to reach the top of vertical obstacles such as
cliffs and steep hills. Undoubtedly, too, there must
be a number of other uses for such a device in
industry and other fields.

Description
Basically, the man -rocket consists of a twin -jet

hydrogen peroxide propulsion system mounted on a
fibreglass corset which has been moulded to fit the
back and the hips of the operator. The operator slips
his arms through padded lift rings attached to the
corset. He then secures the unit with two quick -

The Small Rocket Lift Device (SRLD) in action.
The equipment is secured to the operator's back with
safety straps. One hand is used to operate a control
stick to change direction; the other manipulates a
motorcycle -type throttle.



Here the operator demon-
strates the power of the
SRLD by " leaping " over
a large truck. The device
has already flown a man to
the top of Soft. hills.

(Right) A further view of
the device being tested.
Pitch and roll are easily
controlled by movements of
the operator's body.

release safety belts passing
around his abdomen.

Metal control tubes, attached
to the lift rings, extend forward
on each side of the operator. A
control stick on one tube per-
mits the operator to change his
flight direction. A motorcycle -
type hand throttle, mounted on
the other tube, allows him to
regulate rocket thrust levels,
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thus controlling his rate of
climb and descent. The device
has proved so stable in flight
that pitch and roll are easily
controlled by movements of the
operator's body.

The SRLD rocket propulsion
system is fully throttleable.
When activated by the pilot's
controls, hydrogen peroxide is
forced under pressure into a
gas generator where it contacts
a catalyst and decomposes into
steam. The steam escapes
through two rocket nozzles
providing thrust. Main thrust
from the nozzles is directed
towards the ground, while jet
deflectors provide thrust for
yaw control when activated by
the operator. Position of the
rocket nozzles and the low
temperature of the steam ex-
haust eliminate the need for
special protective garments to
shield the operator.



THE electric furnace shown in the heading should
not cost more than x os. to make. It is small,
easy to construct and economical in use. Heat

is distributed evenly over the entire surface of the
crucible. All non-ferrous metals, such as aluminium,
white -metal, brass, copper, silver and gold, and the
various alloys of these metals can be melted.

Components
The first requirement is a London Round Clay

Crucible No. 1. This can be obtained from Messrs.
E. Grey & Son, Grayson House, Clerkenwell Road,
London, E.C.r. It is approximately akin. high and
has an inside dia. of r lin. at the top. A crucible a size
larger can also be used.

You will need a 5ooW. coiled wire heating element
of the type used for some electric fires and boiling
rings. Only the actual wire is required.

The requirements for the fire cement used are
quite critical. One which has been tested and found
ideal for the purpose is " Flexo 3056/SM Mixed "
made and sold by Thomas & Bishop Ltd., Davis
Road, Chessington, Surrey. This has good strength
and the right coefficient of expansion so that the
element is not weakened while it is rapidly heating or
cooling.

GtEr2h

Met
:nngirial2

by P.Wicks

Three yards of asbestos string will be needed, kin.
dia. or less; also a yard of tin. wide asbestos tape of
the type woven from asbestos string. If of *in. or
fin. width, zyd. will be needed.

You will also need a strip of fairly heavy gauge
tinplate, -Alin. x 8in., and 3ft. 6in. of kin. dia. steel
rod. This can be galvanised or a welding rod, etc.,
may be used.

Construction
If the crucible has no lip to assist pouring, grind or

file a groove just inside the upper rim to enable the
molten metal to be poured out in a fairly thin stream
(r). A small, thin grinding wheel is the best tool, but
the job can be done with a fin. dia. round file.

Take the length of element and, holding it at one
end, at the very top of the crucible, and with about
tin. to spare, wind it round from top to bottom in
a gradual spiral, so that there is about kin, space
between each turn of the element. On a crucible of
this size you should have about an inch or so of
element to spare when you reach the bottom. If you
have too much or too little left over, adjust the space
between the turns so as to use up all but an inch or two
of the element. With a pencil, mark the position of
the turns on the surface of the crucible and remove
the element.

A power -driven grinding wheel is desirable for the
next step, but it can be managed with a coarse round
file of small diameter. You have to cut a shallow
groove-fin. is sufficient-to keep the element
correctly located round the body of the crucible and
ensure that the coils will not touch one another during
the next operation (a). Grind exactly between
the parallel pencil lines, being sure to run to top and
bottom of the crucible.

Pull out and gently straighten about ryin. of the
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element at each end and twist on a similar length of wire from an old
element to act as a reinforcement. Starting at the top fasten the element
in the beginning of the groove you have cut. A paperclip will hold it in
position (3). The last tin. of the twisted portion is to be embedded
in the cement and a porcelain insulator embedded in the cement where
the wire emerges. Wind the element into the groove until the bottom is
reached, where you should also have tin. of twisted wires to embed. Hold
the coil in place here with a piece of string tied vertically over and under
the crucible (4).

Next prepare the fire cement by mixing about half a cupful with a
little water until it reaches the consistency of ordinary builder's cement.
Apply it to the element with an artist's palette knife or the blade of a table
knife, pressing it into all the coils of the element until that is completely
covered (6). This takes a little time to do properly, but it is most import-
ant that there should be no air pockets left anywhere inside the cement.
Leave the area occupied by the string for the moment, and put the job on
one side until you judge that the cement has hardened sufficiently to hold
the element in position. When the pressure of a finger suggests that this
is so, remove the string and make good the omitted area with a fresh mix
of fire cement, blending it firmly into that already coated (7). The paper
clip can be removed and the cement worked to top and bottom of the
crucible to make a neat finish with the existing rim and base. The cement
should cover the element completely, but need be no more than fin.
thick outside its coils. With a knife blade dipped in water, impart a
smooth, even finish to the surface of the cement until it looks like a fatter
edition of the original crucible.

Drying the Crucible
The lengths of twisted wire which project at the top and bottom should

emerge at right -angles to the crucible. Thread a porcelain insulator on
each wire and embed it in the soft cement, leaving just the rounded top
showing. Ideally the crucible should be allowed to dry naturally for
24 hours. After this drying period, place the crucible in a household oven
at a gentle heat until there is no trace of moisture left in the cement.

You can now connect up for a trial run, which will also bake the
coating and show up any defects which need to be repaired with fire
cement. Do not worry about fine cracks appearing here and there. Stand
the crucible on a sheet of asbestos and make sure it is firm. If you are
careful to avoid short-circuits you may simply twist the wires of a mains
lead to the wires leading from the crucible and insulate the join tem-
porarily. Remember to touch no wires once you have plugged in. Switch
on and allow a minute to warm up. Switch off again for another minute
and then switch on for four or five minutes. The whole crucible should
heat up to a dull red. There will be a certain amount of smoke during the
first burning, but none thereafter.

After the test, leave until thoroughly cool, remove the plug and
disconnect the wires.

Lagging
Bind the crucible with a layer of asbestos string. One layer closely

wound is sufficient. Add a layer of asbestos tape, overlapping each turn
very slightly. Finish off with a turn of tape just half way up the crucible
and use a pin to hold it temporarily in position.

Take the strip of tinplate and bend it round the crucible at the centre.
Cut the ends and bend them at right -angles, to leave a gap of about fin.
between them (8). Drill a hole through the flanges at this point to accom-
modate the brass bolt. The handle by which the crucible is tilted for
pouring is also attached by this bolt. (See 9). The handle can be a
piece of light gauge tubing, -min. dia., slotted and flattened at one end.
If this end of the handle is made to fit closely against the band encircling
the crucible, any pivoting will be avoided and no other fixing will be
required.

Drill two holes in the band to take two rivets. These holes come
immediately opposite one -another. The rivets are pressed through the
holes from the inside of the band, the band is slipped over the crucible
and fitted halfway down so as to hold the end of the asbestos tape. The
handle is bolted on and the flanges of the band drawn together. The
bolt should not be over -tight.

The stand is simply made by bending the steel rod to the shape shown
in (8). The base of this one measures about 6in. on all sides, but the

(Concluded on page 89).
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Fig. 1.-Heater wire details and method
of securing.

Fig. 2.-Immersion heater with thermo-
stat and plastic heating cable.

By E. V. King
ONE method of avoiding a frozen cold water

storage tank in the winter is to fit a small
immersion heater of about 250-350W., as

shown in Fig. 2. It is fitted with rubber washers as
low as possible inside the tank. The tank is earthed
to the green wire on the mains cable and the heater
may be switched on automatically by a greenhouse
type thermostat set to about 4o deg. F. Technical
Services' type M.L. will give years of service in this
position.

With moderate lagging a 35oW. heater will prevent
freezing in the hardest weather. In all cases put the
thermostat (air type) under or as nearly under the
tank as possible. The heater illustrated is a surplus
one obtained for a few shillings from Messrs.
Whistons as No. 3032 B.  The bare terminals must be
covered with Polythene sheet for safety in the loft. A
small thermostat which cuts in at about freezing point
is required. Any type will suit as long as it will carry
2A. or more. If any live parts are exposed, or if a
surplus unit designed for 24.V. is used, it must be
housed in a wooden box provided with a little venti-
lation. The one shown in Fig. 2 is a surplus thermo-
stat marked 5D 938. A suitable, cheap and reliable
thermostat is marketed by Messrs. Burgess Products
Ltd., of Team Valley, Gateshead. It should be
ordered as " Therm/BR " and costs approximately
25s. Do not immerse the micro -switch, which is
fixed to the unit, in water. It is also possible to fit an
immersion thermostat in the tank, but this is not
considered so effective as one operating in the air
outside the tank. Lagging the tank is always useful.
Do not forget the top.

Portable Hook -on Heaters.
It is also possible to use a " hanging " type of

immersion heater in the cold water tank. The one
illustrated (Fig. 5) is rated at 1 ooW. and good lagging
would be required to be sure of no freezing, especially
in draughty locations. The clip shown is hung over
the edge of the tank, ballcock support (not the lever)
or a metal bar placed across the tank. It is not auto-
matic, but can be made so by wiring to the air ther-
mostat as illustrated in Fig. 2. In portable heaters of
this type a good earth is absolutely essential. It is
obtainable from Messrs Eltron (London) Ltd.,
Strathmore Road, Croydon, Surrey.

The Automatic Warming of Cold Water Pipes
A thermostatically controlled convector heater

may of course be fitted in the loft, outhouse etc. and
the thermostat set to 35 or 4o deg. F. It will only
consume current when the temperature is around
freezing point.

Another very useful method is to wrap heating
wire round the cold water pipes and to switch the
current on when frost is expected, or better still to
use an automatic thermostat.



Fig. 3.-Details for fixing the immersion heater.

How the System Operates
Heater wires of exceptional insulating qualities

warm the pipes, which may be slightly lagged if
desired. The general arrangement is shown in Fig. 2.,
in combination with a low wattage heater in the tank.
Another good system is shown in Fig. 4. Here the
heater wire is wound round the tank, care being taken
to keep it in place with wire netting and a light lagging
may then be provided over the wire. The wire must
not fall down so that many coils touch together; such
a situation could be dangerous. Earthing is essential.

How to Fit this System
Work on the assumption that the tank will require

soW. if lightly lagged and 30o if not lagged and that
each foot of piping will require about 2W. In very
cold and draughty locations these ratings may be
uplifted 5o per cent.

Each foot of heating cord can provide IOW. of
heating and no more. Thus i 6in. of heater will do
for each foot of pipe and the tank will require iooft.

The length required is given by the formula:
2 E2
3 R

Where E is the mains voltage and R is the resistance
of the heater cable per foot. The number given is the
minimum number of feet of heater which may be
used in one run. If the length is increased no harm
will be done electrically, but not so much heat will be
generated per foot.

For those who do not wish to work out the figures
the following table is ready prepared and readers
should stick to the lengths required.

Mains Volts Cable Res.
per yd.

Feet
Required

Watts.

240 30 ohms 65 90
200 30 50 80
240 25 75 go
200 25 6o 8o
240 Is 90 130
200 IS 75 ioo
240 12 100 144
200 12 85 125

Fixing the Wire Netting and Heater Cable
The tank is surrounded by small gauge wire netting

which is held in position by a few wires stretching
across the top of the tank. The netting MUST NOT
be able to slip down (see Fig. 4).

Say we require isoW. for the tank then we can use
ooft. of 1252 per yd. cable on 24oV. or for instance,

two separate lengths, wired in parallel, of soft. of 3o.S2
per yard on zooV. (giving 16oW. in all).

The wire is wound round the tank, in and out of the
netting, so that NO part of the heater wire comes near
to another part of the heater wire, or near to any
other heater wire.

The two ends are taken to terminal blocks and very
securely fastened as shown in Fig. 1. This method
of fixing is important if soldering is not to be done.
Fig. 1 shows how the wire is manufacturered, the thin
heater element may consist of more than one single
wire. One inch of the element wire is stripped at the
end.

The cable itself is then anchored to spare terminal
(Fig. 1) and the thin heater (heaters) closely twisted
with the mains lead, the two being tightly clamped in
the terminal (Figs. / and 4).
Wiring the Heater to the Mains

Each terminal is fixed in a safe position and the
wiring is done as shown in Fig. 4. An air thermo-
stat is fixed a few feet from the tank and a small
red pigmy mains lamp is wired across the heater
to give warning that the network is live. Make
sure the wire is not punctured in fitting and it will be
perfectly safe even if soaked in water (over 5o MQ
resistance under such conditions).

Wiring the Pipe Heaters
Choose one of the lengths in the right hand column

of the chart. Wind this on the piping to be protected
(Concluded on page 89).

Two turns round Wire
ball valve cock, bowing

netting

Thermostat
0

0

Heating wire.
R

Fig. 4.-Using heater wire to warm the tank, practical
and theoretical arrangements. The tank must be earthed.

Fig. 5.-Portable hook -on heater.
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Part 9. Flange plates,
pistons, piston valves
and slide valves.

Flange Plates
BOTH p -v and s -v cylinders are attached to the

engine frames by flange plates, which are
made from *in. plate, either brass or steel

being suitable. They are sawn and filed to dimen-
sions given in Figs. 5o and 51 and drilled as shown.
Note that a small clearance is needed in one bottom
corner, to fit over the leading brake -hanger pins in
the frame. The drawing of the contact side of the
s -v cylinder shows the flange plate attached, 5 BA
countersunk screws being used (Fig. 51). The
plate for the p -v cylinder is larger, and attached by
I2 6 BA screws. As this plate closes the exhaust
way in the contact side of the cylinder, the joint
should be steamtight; so true up both the plate
and the contact side of the cylinder in the same way
as described for truing the s -v portface, and smear the
surfaces with either plumbers' jointing, or a liquid
jointing such as used in automobile work, before
screwing up " for keeps."

The pistons and piston -rods for both piston -valve
and slide -valve cylinders are identical. The piston -
rods should be made from Ain. ground rustless steel,
but the drawn variety will do if the former isn't
available. Two 31in. lengths are required. Chuck
in three -jaw, face the ends, and put fin. of Ain. x 40
thread on one end of each, using a die in the tailstock
holder. Some folk are tempted to put the die in an
ordinary die -stock, and apply it by hand; well, you
know what usually happens to those who succumb
to temptation!

Pistons
These can be turned from slim drawn bronze rod,

cast rod, or from separate castings. If cast material is
used, it should be of a different grade to that of the
cylinder castings. My late lamented friend Harry
Sturla, who for many years ran a foundry business at
Waltham Cross, and had a wonderful practical
knowledge of metallurgy, always said that like metals
working together resulted in uneven wear, and I
found it so by experiment. Chuck a piece of rod with
about t*in. projecting from the chuck jaws ; too much
overhang on the average small lathe is likely to cause
chattering. Turn tin. length to tin. over finished
diameter. I find that a narrow -ended roundnose tool
with about the same amount of top rake as used for
turning steel, gives best results when turning hard
bronze, and I always use cutting oil, despite the
text -book dictum that non-ferrous metals should be
turned dry. Experience teaches ! Face the end,
centre, and drill to tin. depth with Ain. or No. 21
drill.

With a parting -tool cut a groove Ain. wide and
same depth, at *in. from the end. Part off at Ain.
from the end, then repeat process. Parting -tool
chatter which worries beginners and inexperienced
workers, can be avoided by running at slow speed and
using cutting oil. Chuck each blank in the three -jaw,

level with the ends of the jaws, so that it runs truly.
Open out the hole with a No. 3 or Ain. drill for Ain.
depth, and tap the remainder Ain. x 40. Put one of
the piston -rods in the tailstock chuck, gripping 'it
tightly to prevent slip. Run up the tailstock until the
screwed end of the piston -rod enters the hole in the
piston and engages the tapped part, then pull the
lathe belt by hand until the plain part of the rod
immediately behind the screwed part, is drawn into
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the opened -out section of the hole in the piston. The
screwed part of the piston -rod should just be show-
ing through the other side of the piston. This com-
bination of " screw -and -plain " is the surest way of
getting an accurate fit. The chucks on Myford and
other precision lathes are fitted thus, a fact which
speaks for itself.

Finishing
The pistons are finished to size on their own rods,

and to ensure absolute concentricity, the rod must be
chucked truly. If your lathe has collets, this is
simplicity itself; just put the rod in a Ain. collet with
the piston close up to it. If not, make a split bush to
hold the rods truly in the three -jaw chuck, same as
described for holding the steel when turning crankpins.
Then grind up the tool used for turning the blanks,
and turn the pistons until they are an exact sliding fit
in the cylinder bores. Don't worry how much time is
taken on this job ; if you only fit one in a whole evenmg
it is worth it. The final cuts should be mere scrapes,
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so that the piston slides into the cylinder bore with-
out a vestige of shake. Use the self -act, if the lathe
has one, with the finest available feed. If not, the top
slide must be set to turn parallel, as previously
described.

It has been stated, and written, that piston fits
need not be as exact as all that, because the packing
prevents any steam from blowing past. Don't
believe it! The packing should merely act as a seal,
and not relied on to withstand pressure. During my
lifelong experience I have done a lot of overhauling
and rebuilding jobs. In several cases when taking a
slack -fitting piston out of a cylinder. I have found no
packing at all in the groove. Under the combination
of pressure and friction, the packing had disinte-
grated, and the tiny fragments had escaped between
the rim of the piston and the cylinder bore, making a
final exit with the exhaust steam up the blastpipe.
Pistons should fit steamtight but not mechanically
tight. A good test for a slide -valve cylinder is to put
on the front cover, and put the piston in the back end
of the cylinder, piston and bore being perfectly dry.
Put your thumb over the front port, and up -end the
cylinder. If the piston stays put in that position, but
falls down to the end of the cylinder if you remove
your thumb from the port, the fit is O.K. To apply
this test to a piston -valve cylinder, it would be
necessary to push a cork into the liner, to cover the
port, as you can't very well put your thumb in the
liner.

Face off any fragment of piston -rod projecting
through the piston, and take a skim over the end of
the piston to ensure a flush face. Before removing
from collet or bush, try a piece of Ain. square
braided graphited yarn (Fig. 52) in the groove. This
should fit nicely at the sides, and stand just a weeny
bit above the rim, so that when the piston is in the
cylinder, it acts like a piston -ring and presses slightly
against the bore. I find that this type of packing
varies in size, and if it won't fit in the groove, it is
easy enough to enlarge the groove to suit, while the
lot is still chucked.

Piston -valves
If the reamer used for reaming the liners is true to

size, and has left a hole exactly -Bin. dia., then a
piece of *in. ground rustless steel should be an
exact sliding fit in it, and all doubts and fears of any
beginner about the fit of the valve in the liner, will be
dispelled at one fell swoop. All that is needed is to
chuck the steel with about ruin. projecting from the
jaws. Face the end, centre, and drill to about i gin.
depth with Ain. drill. (Fig. 53). If the drill leaves a
burr around the hole, face it off, then put the centre -
point in the tailstock barrel, and bring up the tail -
stock to support the steel whilst reducing the centre
part of the valve. Using the same tool as for turning
pistons, starting at in. from the end, reduce the
steel to Ain. dia. for din. length. The length of the
gap must be no more, no less. What I do, is to set the
prongs at the back of my slide -gauge (used for
measuring internal diameters) to the required dimen-
sion, and turn the gap until they are a tight fit in it
(Fig. 54). Part off at in. from the end of the gap.

Next, chuck the valve in the three -jaw with one end
projecting about Ain. Set your slide -gauge to Ain.
and take a skim off the end of the valve, so that the
slide -gauge fits tightly over the width of the bobbin
(Fig. 54). Reverse in chuck and repeat operation on
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the other end. Both ends should be very slightly
chamfered, giving the valve a small exhaust clearance,
same as I always specify for the cavities in slide -
valves. Don't chamfer the inner edges of the bobbins,
just leave them sharp, otherwise steam will be ad-
mitted too early.

During the latter part of the Kaiser's war (1954.-
1918) I was in charge of a small munition shop pro-
ducing aero-engine components, and my experience
of reamers was that the commercial variety were more
Ananias than George Washington, the holes they
left being a little plus or minus their reputed size. I
don't suppose the present-day variety have the
reputation of Mrs. Caesar, either, so if you find that
the specimen used for reaming the liners has cut over
or under size, the valves must be turned to fit. There
is nothing to alarm the veriest tyro in tackling this
job.

A piece of rustless steel or drawn phosphor -bronze
rod will be needed, fin. dia. and about 4in. long.
Chuck with r fin. projecting, turn x tin. length to
*in. over finished diameter, then proceed exactly as
described above, but don't part right off. Just put the
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Ain. x 4o, put each nut on it, and with a square -nose
tool ground off at one corner (Fig. 56) chamfer the
corners of the hexagon, and skim off any burr at the
sides. If the sides aren't true, the nuts won't lock
properly, and if they come loose when the engine is
running, it's going to be just too bad!

Slide -valves
Slide -valves are more trouble to make than piston -

valves, when they have to be cut from the solid, but if
our advertisers supply castings for both valves and
buckles, as they probably will, much of the work is
simplified. I used cast valves and buckles on my
Southern z -6-z (the engine designed at Ashford
Works, but never built, owing to British Railways
taking over) and they required no machining; just
cleaning up with a file. Valves and buckles are shown
in Fig. 57. They are usually cast in one unit, to
simplify moulding. Saw them apart, then clean up
the steps around the tops of the valves with a file.
Check the dimensions of the cavity; this is cast under-
size, so that the edges can be clean-cut to exact width,
a job easily done with a chisel. holding the valve by

the step, in the bench vice. Tip : when
1 filing the end of the valve, leave it a

little over specified length. Then if
. any slight error is made in the valve

-171;!--s"- w lco/ :1 Al_._ gear, the valve can be made to suit, and
spindle everything in the garden will be lovely-

a direct contradiction of the well-known saying that
" two wrongs don't make a right !" The valves can
be truly faced by first rubbing them on a big flat- file laid on the bench, and finishing on a piece of
fine emery cloth laid on something dead flat, as

5/32"x described for the port faces.
40. ,--., i

-r 1/4"

Fig. 57.-Slide valve and buckle.

parting -tool in about Ain. Then with the tool used
for finish -turning the pistons, proceed exactly as
described for turning the pistons to fit the cylinder
bores. When the valve is an exact sliding fit in the
liner, part it right off, repeat operation, then finish
off the two valves to correct length as per previous
instructions.

Valve Spindles
Two Sin. lengths of Ain. rustless steel rod will be

needed for the valve spindles. The ground variety is
best, but drawn rod can be used, also drawn phosphor
bronze. Chuck in three -jaw, put Ain. of Ain. x 4o
thread on one end, reverse in chuck, and screw
z -Ain. of the other end same pitch (Fig. 55). For
the locknuts, chuck a piece of Ain. hexagon rod;
rustless steel is best, but bronze, or brass, can be
used at a pinch. Face, centre, drill about lin. deep
with No. 3o drill, tap Ain. x 4o, and part off kin.
slices. Repeat operation when you get to the end of
the hole. Don't drill a hole deep enough for all the
nuts at one go, because it is a safe bet that the drill
will run out of truth at the end, and you can't tap the
full depth, anyway, without risking disaster. I put
these little tips in to save trouble for beginners, and
beg the indulgence of experienced readers.

The nuts require chamfering, so chuck a short bit
of tin. rod, turn kin. length to Ain. dia., screw it

Fitting the Buckles
Smooth off the outsides of the buckles with a file,

true up what will be the underside by rubbing on a
file as mentioned above, then carefully file out the
inside of the rectangle so that it is an easy fit on the
valve. It mustn't be tight, or the valve will do what
the enginemen call " stick up," that is, jam in the
buckle, allowing steam to get underneath it and blow
straight out of the exhaust. At the same time, it
mustn't be slack or the steam distribution will be
upset, and the engine will give syncopated beats.
Aim for the happy medium; the important thing is,
to avoid perceptible end -play. The hole in the boss
must also be drilled and tapped dead square with
the sides, so that the buckle is true with the valve
spindle. If it tilts ever so slightly, it will lift the
valve off the portface, and steam will blow straight
to the exhaust port. Make a centrepop in the
middle of the boss, and set the buckle vertically in
a machine -vice on the drilling -machine table, by aid
of a try -square. Drill it No. 3o, then put a Ain. x
4o taper tap in the drill chuck, enter it into the hole,
and turn the chuck by hand until the tap shows
through on the inside of the buckle. Then release
both chuck and machine -vice, put the buckle with
the tap still in it, in the bench vice, and finish the
job by hand.

An alternative way is to chuck the buckle in the
four -jaw with the boss running truly; face, centre,
drill No. 3o and tap with the tap in the tailstock
chuck. The valve spindles (Fig. 55) can then be
fitted ; they are just 2kin. lengths of kin. rustless steel or
bronze, screwed for 134 -in. length at each end as shown.
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The two Apelco depth sounders for small boat use.

Small Boat Depth Sounder
ATINY depth sounder with the trade name Apelco

has been made by an American firm which will
enable the small boat owner to " see " the bottom of
the sea and determine the depth up to 6oft. Features
of the unit are magnetic keying, transistorised cir-
cuitry, low current drain. Power is provided by a
I2V. battery and the unit's dimensions are 31in. x
5iin. x 6iin.

Details of a recording depth sounder are also
available from the same firm-Ad. Auriema, Inc.,
85 Broad Street, New York, U.S.A.

Nuclear Excavation
THE digging capacity of the world's largest digging

machines may soon be put to shame by an
experimental excavation project planned for Alaska.
The code name " Chariot ' has been given to a
scheme in which five atomic bombs will be used to
dig a harbour. Surprisingly, the harbour will serve
no commercial purpose and the whole project is
designed merely to gain information on the nuclear
explosions for excavation purposes.

Oval Equator
STUDY of photographs taken by the Baker -Nunn

satellite tracking cameras has convinced an
American astronomer that the earth's equator is
elliptical. Geophysicists have long suspected this,
but so far no one has produced a theory to explain
why it should be so.

(Below) Welding tantalum in an inert atmosphere of
argon gas.
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New U.S. Space Chamber
THE contraption pictured here, which looks like a

junior gasometer with window shades is, in
reality, America's newest " space chamber." It is
shown being placed in position on the top of a specially
constructed building in California. This space
chamber has been designed to speed up America's
space programme, and will simulate the conditions
that exist zoo miles above the earth. It weighs 55
tons, stands zoft. high and will be used chiefly to test

The new U.S. space chamber being erected on its
Californian site.

Lockheed space vehicles. The protrusions in the
upper half of the chamber are ducts which lead to
pumps creating the near vacuum -conditions of outer
space.

Welding Tantalum
SCIENTISTS are searching for new metals,

immune to corrosive acids and high temper-
atures, for use in the building of chemical plants. One
of the most hopeful is tantalum, a bluish grey metal
which resembles platinum in appearance and glass in
its resistance to corrosion. Difficulties, however, have
been encountered as tantalum cannot be welded in
air because it becomes brittle. This is being over-
come by welding it in an inert atmosphere of argon,
jigs and fixtures being used so that the back of the
weld can be protected with argon and warping
prevented.

Simple welds can be made in the atmosphere, pro-
vided all parts of the joint near the torch are shielded
with argon. Objects of intricate shape, however, are
best welded in an argon -filled chamber or welding
box. This technique can be seen in the photograph
which is shown on the right.



Major R. M. White, U.S. Air Force test pilot,
stands beside the heat -scorched nose of the X-15
rocket research plane after a record 2,905-m.p.h.
flight from Edwards Air Test Centre, California.

WHERE is America heading in space? Well,
the answer is that the sky is the limit. U.S.
space experts, and scientists, are undoubtedly

looking far ahead of the present manned -Mercury
capsule.

The National Aeronautics and Space Administra-
tion state that the Mercury capsule will now be
considerably modified for further manned flights
which are intended to orbit the earth a number of
times. After that? It might be as well to look at some
of the planned programmes-each a stepping stone
to space, the moon, and elsewhere in the solar system.

The chief forerunners to America's man -on -the -
moon, "Apollo" project-which calls for a three-man
space craft to orbit the earth, and eventually the
moon-are Mercury, the X -I5 rocket plane, and
Dynasoar programmes.

U.S
Stepping

stones
tospace

By D. S. C. Fraser
Project Mercury

With the Mercury -Redstone project to date-
widely publicised as it has been-we are, more or
less, conversant. Commander Alan Shepherd's
successful sub -orbital flight completed a two -and -a -
half year programme of extensive research, together
with trial and error test flights, which has already
brought about many modifications to the origi-
nal design of the Mercury capsule. This was followed
by another similar flight and there may be two more
before an orbital flight is made, in which the first
passenger will be a chimp. Redstone rockets will be
used on the sub -orbital flights and the larger Atlas
for the orbital.

The X -x5
The follow-up, and a sort of companion piece to

Mercury, has been the short, stub -winged X -I5
rocket plane, which has accelerated America's
experimental space programmes to a great extent.
The X -I5 is, what might be termed, a winged rocket,
and represents the transition from aircraft to space-
craft, as it encounters many of the problems posed
by manned space flight.

Initially, the X-15 research plane (of which there
are three) had twin rocket engines with 16,000 pounds
of thrust, and it was launched from the wing of a
mother plane flying at an altitude of 45,000 feet.
Today, new and more powerful engines, the XLR-99,
have been fitted, and will produce more than three
times as much thrust.

The X-15, which is a pilot -operated aircraft, has
been developed to gather scientific data on the outer
reaches of the earth's atmosphere, and man's
operations there. This high-speed, high -altitude
aircraft has been described as man's first step to the
periphery of space. While not exactly a competitor to
space vehicles, the X -I5 has contributed much to
space research work.

It is so designed, that it will take man into space
briefly-under his own guidance and power
-but it is not built to orbit him. The
altitude goal of the X- x 5 is in the neighbour-
hood of xoo miles, and it has already flown
as high as 32 miles. Its speed will eventually
approximate 4,000 m.p.h., and to date it has
reached 3,37o m.p.h. or, nearly a mile -a -
second.

Major White, one of the X -x 5 test pilots,
said that on one of his trips he was in a state of
weightlessness for perhaps a minute. This happened
at the top of the arc. He described as "fantastic,"
the panorama of the sky, horizon and earth, which
became visible as he put his plane into a sharp climb
towards the sun. He added that at about 70,000 feet
there was a band of light, and farther up, much
darker blue sky. "It was very deep blue," he said,

An artist's rendering of the flight of a U.S. Air
Force Dynasoar. A specially adapted Titan ICBM
boosts the Dynasoar glider towards space. The booster
drain nswav !Pi -mina the alitipr in n;Intod nrhitell flight



The three bands of light
noted by Major White.

"but not exactly like
night. The view en-
compasses three dist-
inct bands, the earth,
the light blue of the
aky and then the very
deep blue of extreme
altitude."

Dynasoar
This is the next

step in America's space
programme. The veh-
icle, which will take
the place of the capsule
used in the Mercury -
Redstone rocket, will
be in the form of
a moderately -powered
glider. It will be
manned, and rocket -
launched, and capable
of making a conven-
tional landing under
a pilot's control. Dyna-
Soar will be put into
orbit according to
present plans, by a modified Titan II booster,
powered by the morganic liquid fuel anhydrous
hydrazine, at a speed of i8,000 m.p.h., and at an
altitude ranging from 8o to zoo miles.

Apparently, if the 18,000 m.p.h. speed were
increased, the glider would follow a wider elliptical
course, which would take it too high for research,
reconnaissance and other purposes. By the same
token, if the speed were reduced, the vehicle would
travel a tighter elliptical course that would prevent it
from going into continuous orbit. The reason for this
is that at some point in that course it would come in
contact with the earth.

A vehicle, at this speed, could not be steered,
although it could be rotated around its own axis. In
order to get the glider out of orbit, it will have to be
slowed down somehow, and a number of theories,
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regarding how this can be safely accomplished, are
now being investigated, and tested. Strain on the
vehicle, at this speed, is another problem that is
receiving much attention. While this is not serious in
the near vacuum of space it is, together with air
friction, all important at other times. New heat
resisting materials-other than stainless steel and
titanium, which will be used on certain components-
will definitely be used on the glider.

The Dynasoar programme is under the super-
vision of the U.S. Air Force. The Boeing Airplane
Company is the prime contractor for the Dynasoar
system and glider, and the Martin Company for the
Titan booster. The booster separates from the glider
in near -orbital flight. It is then taken over by
the pilot who glides to a conventional landing.

(Concluded on page 89).

(Above). A close-up of the X-15, it has a sleek speedy appearance
even when standing on the ground. (Right). A dummy attired in
pressurization suit is fitted into the X-15 seat for engineering test.



66

Flashbulb
Power and Contro

Unit

By A. E. Bensusan

MULTIPLE flash, that is the firing of a number
of flashbulbs in synchronisation with the
opening of the shutter, is virtually impos-

sible to carry out effectively with the conventional
amateur type of flashgun, without having cumber-
some branch connections and shorting plugs hanging
from the delicate shutter mechanism and a variety of
leads actually trailing from the camera. The unit
described here requires only a single synchronising
lead from the shutter, and all the flashbulb leads are
attached to the unit. A device for testing the elec-
trical components, the circuit and the continuity
through the flashbulb filaments is incorporated.
Ample power is available to fire up to four bulbs in
perfect synchronisation, over any distance likely to be
necessary in amateur work. The completed unit is
shown in Fig. 5.

The Housing
This is made from plywood of *in. minimum

thickness, with tin. square internal corner strips.
The bottom is inset, to present a neat finish, and the
parts are glued and pinned, or screwed, together. All
electrical outlets are through the top, and this is the
only part to require extensive drilling. See Fig. i.

Lay out the positions of the four 3mm. co -axial
sockets on the lid, and drill good drive -fit holes to
take them. The outside diameters of these sockets
vary considerably from one manufacturer to another,
so no size can be given here. Keep the holes fairly
near to the front edge of the lid. Slightly back from
the socket holes, and in line with them, drill four
more holes to take the panel mounting instrument
switches. This type of switch is mounted from the

Fig. 1.-Dimensions of the housing.
12 5q.to strengthen corners& take lid screws

11 LAC TleBottom
t in

6"59.

back, the flat or ball -ended tumbler protruding
through the hole, and the component secured with a
locking ring situated on the top. If thick wood is
used, it will be necessary to counterbore the face to
accept the locking ring.

Further to the rear, to the right, drill a tight drive
fit hole for the 3mm. co -axial plug which will take the
synchronising lead from the camera. To the other
side, drill a +in. dia. hole to enable a test lamp to shine
through and, alongside, make a *in. hole for the test
button. Four clearance holes in the corners permit
No. 4 x Lin. countersunk screws to clamp the lid to
the housing. Any painted or polished finish should be
applied to the wooden parts before the electrical work
is done.

Test Button
The four sockets are gently tapped into place until

they just protrude from the top, the plug inserted so
that it protrudes sufficiently for it to be inserted in the
socket on the synchronising lead, and the four switches
locked in position. A test button is made as shown in

Electrical Components List
4 - 3mm. co -axial sockets.

- 3mm. co -axial plug.
4 - Panel mounting miniature switches.

- Miniature lampholder.
-6 V. 0.04 A. cycle rear lamp bulb.
- 2,500 Q resistor.
- toouF 25 V. working electrolytic capacitor.

2 - Small crocodile clips.
t - 22.5 V. hearing -aid battery.
As required Wire.
Flash head and synchronising leads are additional to the
above. Plugs, sockets and co -axial cable are obtainable from
Mirco Ltd., 5 Friern Barnet Road, London, N. t a. (Ent. 6464.)

Fig. 2.-Test button details.
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Fig. 2, using spring steel for the variable contact and
brass for the fixed one. A wood or plastic knob, of
tin. dia., is screwed to the spring steel and then each
half of the device is fixed to the underside of the lid
with two 6 B.A. countersunk screws, placing the nuts
on the underside. The knob should come through
the hole provided.

A circle of clear or lightly tinted plastic is stuck on
the lid so that it covers the test lamp hole, or it may
be cemented into the hole. The lampholder is attached
to the bottom of the housing, immediately beneath
the hole, using two countersunk head screws on the
underside and nuts on the lampholder side.

The Wiring
The electrical wiring is now carried out as shown in

the circuit diagram (Fig. 3), but those not familiar
with working from this type of drawing might prefer
to use the pictorial arrangement shown in Fig. 4. Use

2500 fl

6v. 0.04 Amp.

100pF 25v working

Fig. 3.-Circuit diagram.

low resistance wire, and allow sufficient to spare
between the lampholder, the components not yet
mounted and the lid, to enable the latter to be
removed without undue strain.

22.5
V
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Fig. 5.-The completed unit ready for use.

All the joints should be soldered, taking care to
ensure that the contacts are clean and well tinned. The
leads going to the battery can end in small crocodile
clips, so that a replacement may be made without
resoldering. In any event, the battery should remain
effective for more than a year of continuous use. The
battery, resistor and eletrolytic capacitor may be
taped to the inside of the housing, or they can be held
in clips made from thin brass or spring steel. Fit the
test lamp, screw down the lid and the unit is ready to
use.

If the unit is stood on the floor, beneath the tripod
or near to the hand-held camera, the synchronising
lead should be an ordinary flash extension of about I+
metres length. A shorter lead will suffice if the unit is
clipped to the tripod. The leads to the flash heads
should be of the co -axial type, as this is flexible and
has a very low resistance, and the ends to be attached
to the unit should terminate in 3mm. co -axial plugs.

Sockets

Switches

Resistor

Battery

Fig. 4.-Pictorial wiring diagram.

The other ends will probably run directly into the
heads without any plugs or sockets, depending on
individual arrangements.

Testing
When four extension flash heads are to be used, all

the switches should be set to the " in circuit "
position, but where a lesser number is to be employed
the vacant sockets should be shorted out by throwing
the appropriate switches. This arrangement is quick,
easy and renders loose shorting plugs unnecessary.
To carry out a test, plug-in the required leads,
including that to the camera, fit the flash bulbs and
select the switches. Then press down the test button
when a brief flash of the test bulb will indicate that
all is in order.



AIRING CUPBOARDS
CAN BE ARRANGED

By E. V. King
AE you one of the many people who have

effectively lagged the hot-water cylinder and
thus lost the heat source for the airing

cupboard? Perhaps your airing cupboard is not
large enough and you would like to build another.
An economic and safe method is to use a low wattage
heating element of the electric blanket type, which
costs about o id. per hour to run and provides great
uniformity of heat throughout the cupboard.

To convert an existing cupboard with no tank
some arrangement of battens will have to be in-
stalled. Generally fin. x t fin. softwood will suit,
being rested at the ends on battens plugged to the
walls. The general idea, with one wall removed,
is shown in Fig. 1. Drill about tz fin. holes zin. from
the floor in the door, back or one of the side walls,
and an equal number at the top. It is wrong to have
the cupboard without ventilation as extreme humidity
would prevent airing of the clothes.

Test the woodwork with twice as much weight of
clothing as it will be likely to have. Neglect to do
this could be dangerous in some circumstances.

Heater Wires
Obtain some I 5ohm per yd. electric blanket wire

already polythene covered and some insulated staples.
The latter may be obtained at any electrical dealer
or radio shop and the cable is available from Messrs.
Technical Services, Banstead, Surrey, and Messrs.
Whistons, New Mills, Stockport. If 25ohm per yd.
cable is used no harm will be done but not so much
heat will be generated.

On 24oV. mains z7yd. of cable MUST be used, no
more, no less, for each run. One run only is shown in
Fig. I. On zooV. mains 23yd. exactly must be

Fig. I.-Showing the wiring and
fixing of the heater cable along
the battens and (below) the thermal

switch.

O
TERMINAL BLOCKS.

O
OTHERMOSTAT, or MAGSTAT.

0 2 or3 PIN LIGHTING SOCKET.

As bought, cold). Contact adjuster.
Ceramic case.----.*

used and pro rata for other voltages. The cable is
anchored to a terminal block at one end (" A " in
Fig. i) and is then tacked with the staples along one
batten side, under the end and back down the side
of the next batten and so on until the whole length of
cable is used, if necessary use up some spare cable
by tacking it, well spaced out, on the back wall.
The other end is then connected to another block, "B."

Complete Circuit
The blocks " A " and " B " are connected to the

mains via a 2- or 3 -pin plug in the wall nearby. The
plug should be fused at t or zA. In Fig. i will be
seen a thermostat which can take the form of a CS
unit or a covered and insulated " magstat," both
being obtainable from Messrs Technical Services,
Ltd. If the thermostat is set to about 130 deg. F.
clothes should be aired well, but never spoilt.
Clothes must not prevent air flow either through the
shelves or to the thermostat.

Additional Runs
If the length of batten exceeds the length of heater

cable one or more additional and EQUAL lengths are
required. These are wired in the same way, beginning
and terminating at the two blocks " A " and " B
of Fig. 1. Do not let the wires come closer than fin.
to each other as they approach the blocks. Generally
no more than three complete lengths should be used
in one cupboard, unless it is of exceptional propor-
tions. If the cupboard is very high the number of
strands running across on each shelf should be
slightly more near the bottom than at the top as the
top part of the cupboard will automatically become
the warmest as the hot air rises.

Slatted shelves.

Edge of
cupboard.

Heater wire,held
with insulated staples.

Corner of airing cupboard.

Right h
wall omitted
for clarit



Big pictures look better says
H. E. V. Gilham

Build
your
own
ENLARGE

THIS vertical photographic
enlarger was designed for
use with negatives up to

ziin. sq. It consists basically
of three parts-the base, or
enlarging table, a pillar slightly
inclined from the vertical, and a
projection unit which slides up
and down this pillar and which
can be locked in any position
according to the size of en-
largement desired.

Materials Required
Apart from a fairly small quantity of tin. x 'in. planed softwood,

some three-ply, and a length of straight -grained oak for the pillar, the
main requirements are a metal lampshade of the shape shown, a 4in.
condenser, and an old secondhand camera of the type illustrated.
This last item can be picked up quite cheaply nowadays.

The measurements given should be regarded as approximate only,
as they will need to be modified according to the size of the lampshade
and the camera or bellows and lens unit which are available.

The Base and Pillar
The base shown in Figs. x, 2 and 3, is a rectangular framework

made up of tin. x tin. planed softwood with a middle cross rail to
which is jointed the vertical pillar. The most suitable material for
this pillar is a length of straight -grained oak. It is essential that it
should be perfectly straight and of a consistent width and thickness
along its length. The careful use of sharp planes, marking -gauge and
fine glasspaper will ensure an accurately prepared pillar.

Fig. 1.- The completed vertical enlarger.

Lamp holder

Meta( shade

Shade support

Aluminium strip

Negative carrier

Locking lever

Extension box

Sliding sleeve

Pillar

Camera

Pillar brace

Light
switch

Base board
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The framework of the base should then be pre-
pared from the zin. x sin. material. In the prototype
the rails were dovetailed at the corners, but a simpler
corner joint may be preferred-a good strong screwed
and glued joint would be quite suitable. It will be
seen from Fig. 3, that the pillar is then jointed to this
base frame, stiffened in position by means of a tri-
angular plywood brace, and the base then covered
with plywood to form the enlarging table.

Since the successful construction of the enlarger
depends to a great extent upon the rigidity of the ver-
tical pillar, great care should be taken over the joint
between this and the base. A detailed explanation of
this joint is shown in Fig. 4. From this it will be seen
that the middle cross rail of the base is jointed to the
back rail by a half -lap joint, while the pillar is
secured to this middle rail by means of a bridle joint.
In the prototype the angle between the pillar and the
base is 85 deg.-the most suitable angle can probably
be foundeby experiment. Every effort should be made
to ensure a good, close " driving fit " to these joints.
If they are then put together with a good resin glue,
and the triangular plywood brace screwed and glued
to the back of the pillar and to the inside of the base
framework (as in Fig. 3) a good rigid pillar should be
the result.

When this jointing is completed, and the base
cleaned up, the plywood top should be shaped round
the pillar and brace (as indicated in Fig. 3), screwed
down and trimmed off at the edges with a sharp
smoothing plane.

Fig. 4. --Details
of joint between
pillar and base.

Fig. 5.-
(Right) Sliding
sleeve details.

Fig. 2.- (Left) Front and side
views, giving dimensions.

Fig. 3.- (Right) Construction
of base and pillar.

Plywood top
base

Framework of''baie
13/4"s3/"

?Triangular brace
plywood

The Sliding Sleeve
The construction of this can be seen in Figs. 2 and

S It consists simply of an open-ended box fitting
closely round the pillar; the sides are of plywood and
the filling -in pieces-which should be a shade
thicker than the pillar-are screwed and glued
between them. To allow for the angle of the pillar
the front filling -in piece is wedge-shaped, (Fig. 2.).
Before gluing together, see that this sleeve runs
fairly easily, but not loosely, over the whole length of
the pillar. A bolt and nut must be fitted through the
back of the sleeve in order to lock it in any desired
position on the pillar. Note that for about s lin. on
each side of the bolt the filling -in piece is reduced in
thickness, so that when the nut of the bolt is tightened
it allows the plywood sides to be pressed in and grip
the sides of the pillar (see A, Fig. 5). A large wing -
nut may be used on the bolt, but a little improvisation
with a hexagonal nut soldered to a strip of metal will
produce a more satisfactory locking lever. Short
metal strips are then screwed to the top and bottom of
the sleeve so that the projection unit may be attached
to it.

The Projection Unit
The components of this unit are mounted and

assembled as shown in Figs. I, 2 and 7. For the lens
and focusing arrangement, use was made of an
obsolete type of camera (a folding quarter -plate made
to take roll film only). However, it had a good lens
(Goerz f/4.5) and an excellent bellows arrangement

Fig. 6.- (Below)
Negative carrier made
from printing frame.
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or camera
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with a fine adjustment for focusing. If such a camera
is not available there are many moderately priced
bellows and lens components which could be adapted
to the purpose.

As the camera used had only a single extension it
was necessary to make an extension box, about 4in.
long. This box and the camera were fitted together
and screwed down to a suitable baseboard.

The lighting consists of an ordinary moW. opal
electric lamp fitted into the metal lampshade. In this
case the shade was of enamelled iron, white inside and
very suitable for its purpose, but an aluminium shade
would be lighter and equally effective. Fig. r shows
how it was secured to the baseboard-the lower edge
was screwed to a shaped wooden support while the
lamp -holder end was held in position by a shaped and
bent aluminium bracket also screwed to the base.
Some thought should be given to the ventilation of
this lamphouse to prevent overheating during a spell
of enlarging.

The Condenser
The 4in. double condenser (taken from an old

optical lantern) was mounted between two shaped
pieces of stout plywood-preferably five- or six -ply.
Circles were cut with a fretsaw into which the brass
mount of the condenser was a close, tight fit, and the
shaped plywood was then fitted over the base as
shown. To connect the plywood supports and to trap
any stray light, a band of aluminium was bent round
and secured with small screws. Fig. 7 shows that a
series of bends provides some ventilation.

Between the camera unit and the condenser must
come some arrangement for carrying the negative to
be enlarged. Here use was made of an old wooden
contact -printing frame of postcard size. The hinged
wooden back was removed and was replaced by an
additional piece of fairly stout glass, so that the nega-
tive could be sandwiched between the two pieces of
glass and be held in place by the springs (see Fig. 6).
In order to retain the effectiveness of the springs after
the removal of the wooden back, a plywood mask of
suitable thickness with a rectangular aperture in it
had to be made and placed below the glasses. A
simple knob screwed in at the end will facilitate the
insertion into the projection unit.

A simple framework into which the negative carrier
can slide is easily made by means of strips of wood of
a suitable thickness. See Fig. 7.

Assembling
In the fitting -up and assembly of the projection

unit, care must be taken to maintain the correct
alignment of all the components, i.e. to ensure that

Negative carrie;:.
E and frame

the centre points of the
illuminant, the con-
denser, the mounted
negative and the lens of
the camera all lie on
a common central axis.
Any interior surfaces
such as those of the
extension box, the neg-
ative carrier and frame,
and the condenser
holder should be
painted a dead black
in order to eliminate
the reflection of un-
wanted light.

Fig.

i.vs%rxx.

amp-hoidel metal
shade and Supports

ondenser mounted on plywood

ig. 7.-Lay-out of the
projection unit.

8.-Photograph of the enlarger
ready for use.

The baseboard of the projection unit is fastened
to the sliding sleeve by means of screws through the
metal strips fitted to the sleeve. Before the lower
screw is inserted, a suitable negative should be mounted
in the carrier, the light switched on, and the enlarged
image projected on to a sheet of white drawing paper
laid on the projection table. The projected image can
then be centred on the baseboard and the projection
unit finally secured to the sleeve. The flexible lead
from the lamp is fitted with a plug for connection to a
wall socket, while the length of exposure is controlled
by an ordinary tumbler switch fitted to a corner of the
baseboard as shown in Figs. r and 8.

The enlarger described here is capable of producing
enlargements up to rzin. by loin., but if larger pic-
tures are desired it is simply a matter of providing a
longer pillar and a slightly larger baseboard.

NEWNES ENGINEER'S REFERENCE BOOK
By F. J. Camm

ES, plus 2s 6d Postage

Geo. Newnes Ltd., Tower House, Southampton St.,
Strand, W.C.2.



By E. V. King
YOU need not be a genius to build this set. Just

follow the instructions closely and you will
have a handy two wavelength portable which

is capable of surprising volume. Its overall dimen-
sions are Tin. x Tin. x sin. and most important of all,
it is comparatively cheap to build.

Building Sequence
The receiver itself is built and tested first of all.

Then the cabinet is made up, except for the front
panel, which is attached to the radio. A battery
compartment is added, the cabinet is covered with
Fablon and the receiver finally adjusted and inserted
in the cabinet.

Building the Radio
A Formica sheet is cut to the size given in Fig. t.

Various holes, most about kin. diameter are required,
most of them need only be drilled approximately as
shown. The holes that need accurate spacing are
those concerned with fixing all the transformers and
the connecting pins of the transformers and coils.
These are all fully dimensioned. The pins shown in

Figs. 4 and 5 have to pass through the panel from
underneath and the holes required should be drilled
using the actual components for marking.

Fit the volume control, the switch, the coils and
transformers as shown in Figs. 8 and 9 and the photo-
graphs. Care is required to fit the T/Tx and T/T2
transformers in the correct places and the correct way
round. Before fitting the transformers 3, 4, and 5
(I.F's) and the coil L 1/2/3 make sure there is no
connection to the aluminium can from any pin. Mark
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the can with a scratch at pin 1 in the case of P5o/ tAC.
Be sure to mount it orientated as in Fig. 9, i.e. pins
and 6 (colour spot between them) are near the outside
of the panel.

Definite spacing of the holes will be required for
the fixing of the condenser for tuning and the speaker.
These are made by reference to the actual components
and in fact all the holes may very easily be drilled as
construction proceeds.

The Audio Amplifier Section
TR' and TR2 are fitted in the positions shown in

Fig. 8. The brown wires (TRI) are anchored to 2 and
3 and then taken to the speaker terminals. All
anchoring of small components and wires is done by
bolting solder tags on each side of the panel with
6 BA nuts and bolts. No two tags must touch, and all
nuts must be done up very tight. The blue wires of
TRI are anchored to tags 4 and 5 and the central red
wire is taken to tag to. (which is the main H.T.
negative point).

The green wires of TR2 are anchored to tags 6 and
and 7, R2 and R3 are linked between tag to and the
casing of TR'. The central black lead of TR2 now
solders to the junction of R2 and R3. The red wire
goes to tag to and the blue one to tag 12.

The remainder of the components are soldered as
shown in Fig. 8. It should be noted that the electrolytic
capacitors-those with + and - markings-must be
connected the correct way round; check carefully
against the wiring and circuit diagrams. The tran-
sistors are best left off until last.

Under Chassis Wiring
This wiring can be seen in Fig. 9 and should

present no serious difficulty
Check that every coil casing, transformer casing

and tuning condenser case is connected to battery +
with a meter or torch bulb and battery.

Fitting the Transistors
The transistors are fitted on the top side as shown

in Fig. 8, sleeving should be slid over the wires and
soldering should be rapid. The wires should not be
shortened and the hot " bit " of the iron should not
be allowed to touch the transistors. The correct
identification of each lead is important and is shown
in Figs. 2 and 3.

Trt (0072) is fitted with its base to a green wire on

TR2 (tag 7), emitter to tag I and collector to a blue
wire of TR' (tag 5).

Tr2, (0072) is fitted with its base to the other
green wire of TR2 (tag 6), emitter to tag 1 and
collector to the other blue wire of TR' (tag 4).

Tr3 is fitted with base to the junction of R5 and
R6 at tag 9, emitter to R4 and ex at tag t t and the
collector to the blue wire of TR2, at tag is.

Plug in correctly to a 9V battery. Switch on by
the rotary switch and a click should be heard. If it is
not, a wrong connection has been made. Now touch
the base of Tr3 with the finger and, provided mains
is wired in the house, a low pitched " hum " should
be clearly audible from the speaker. It is useless to
proceed with the unit if this is not obtained.

If the finger is now held where C7 joins the volume
control the hum should be controllable in volume
using the control.

The I.F. Amplifier
The three I.F. transformers should be correctly

mounted, the actual gap between them does not
matter much as long as it is over tin. When soldering
to the pins do not use any more heat than necessary

Fig. 7.-Cabinet construction and tuning con-
Pone...% Hardboard denser packing piece.;

Case.....V Softwood

23b* dia.
cut-out

for Speaker -

.3 holes
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2

dia.



By E. V. King
YOU need not be a genius to build this set. Just

follow the instructions closely and you will
have a handy two wavelength portable which

is capable of surprising volume. Its overall dimen-
sions are Tin. x Tin. x sin. and most important of all,
it is comparatively cheap to build.

Building Sequence
The receiver itself is built and tested first of all.

Then the cabinet is made up, except for the front
panel, which is attached to the radio. A battery
compartment is added, the cabinet is covered with
Fablon and the receiver finally adjusted and inserted
in the cabinet.

Building the Radio
A Formica sheet is cut to the size given in Fig. t.

Various holes, most about kin. diameter are required,
most of them need only be drilled approximately as
shown. The holes that need accurate spacing are
those concerned with fixing all the transformers and
the connecting pins of the transformers and coils.
These are all fully dimensioned. The pins shown in

Figs. 4 and 5 have to pass through the panel from
underneath and the holes required should be drilled
using the actual components for marking.

Fit the volume control, the switch, the coils and
transformers as shown in Figs. 8 and 9 and the photo-
graphs. Care is required to fit the T/Tx and T/T2
transformers in the correct places and the correct way
round. Before fitting the transformers 3, 4, and 5
(I.F's) and the coil L 1/2/3 make sure there is no
connection to the aluminium can from any pin. Mark
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the can with a scratch at pin 1 in the case of P5o/ tAC.
Be sure to mount it orientated as in Fig. 9, i.e. pins
and 6 (colour spot between them) are near the outside
of the panel.

Definite spacing of the holes will be required for
the fixing of the condenser for tuning and the speaker.
These are made by reference to the actual components
and in fact all the holes may very easily be drilled as
construction proceeds.

The Audio Amplifier Section
TR' and TR2 are fitted in the positions shown in

Fig. 8. The brown wires (TRI) are anchored to 2 and
3 and then taken to the speaker terminals. All
anchoring of small components and wires is done by
bolting solder tags on each side of the panel with
6 BA nuts and bolts. No two tags must touch, and all
nuts must be done up very tight. The blue wires of
TRI are anchored to tags 4 and 5 and the central red
wire is taken to tag to. (which is the main H.T.
negative point).

The green wires of TR2 are anchored to tags 6 and
and 7, R2 and R3 are linked between tag to and the
casing of TR'. The central black lead of TR2 now
solders to the junction of R2 and R3. The red wire
goes to tag to and the blue one to tag 12.

The remainder of the components are soldered as
shown in Fig. 8. It should be noted that the electrolytic
capacitors-those with + and - markings-must be
connected the correct way round; check carefully
against the wiring and circuit diagrams. The tran-
sistors are best left off until last.

Under Chassis Wiring
This wiring can be seen in Fig. 9 and should

present no serious difficulty
Check that every coil casing, transformer casing

and tuning condenser case is connected to battery +
with a meter or torch bulb and battery.

Fitting the Transistors
The transistors are fitted on the top side as shown

in Fig. 8, sleeving should be slid over the wires and
soldering should be rapid. The wires should not be
shortened and the hot " bit " of the iron should not
be allowed to touch the transistors. The correct
identification of each lead is important and is shown
in Figs. 2 and 3.

Trt (0072) is fitted with its base to a green wire on

TR2 (tag 7), emitter to tag I and collector to a blue
wire of TR' (tag 5).

Tr2, (0072) is fitted with its base to the other
green wire of TR2 (tag 6), emitter to tag 1 and
collector to the other blue wire of TR' (tag 4).

Tr3 is fitted with base to the junction of R5 and
R6 at tag 9, emitter to R4 and ex at tag t t and the
collector to the blue wire of TR2, at tag is.

Plug in correctly to a 9V battery. Switch on by
the rotary switch and a click should be heard. If it is
not, a wrong connection has been made. Now touch
the base of Tr3 with the finger and, provided mains
is wired in the house, a low pitched " hum " should
be clearly audible from the speaker. It is useless to
proceed with the unit if this is not obtained.

If the finger is now held where C7 joins the volume
control the hum should be controllable in volume
using the control.

The I.F. Amplifier
The three I.F. transformers should be correctly

mounted, the actual gap between them does not
matter much as long as it is over tin. When soldering
to the pins do not use any more heat than necessary

Fig. 7.-Cabinet construction and tuning con-
Pone...% Hardboard denser packing piece.;
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23b* dia.
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or damage will be done to the coils. Note the wire
connecting all the transformer casings to the battery
via the switch. (Fig. 9.)

The detector is added in the form of the diode.
This must not be overheated in fixing and must have
the red end soldered to the junction of Rig, and
volume control. The other end of the diode is
soldered to pin x of TR3.
The I.F. Transistors

Two 0C45's are sleeved and soldered in as follows:
TR4 base to pin i of TR4, emitter to junction of 11 6
and C4 at pin 53 and collector to pin 3 of TR3. TR5
with base to pin x of TR5, emitter to junction of Rio
and C5 at tag 14, and the collector to pin 3 of TR4.

Note that pin 4 of each transformer remains unused.
Check the wiring carefully, if possible with Fig. 6,
otherwise by reference to Fig. 9.

Connect up. Touch pin 3 of TR5 with a metal
object and loud crackles should be heard from the
speaker. If not then a wrong connection has been
made. Do not touch the cores of the transformers at
this stage.
The Oscillator Section

The very heart of the receiver is in this section and
for this reason an Ediswan )CA131 transistor is used
which costs rather more than the usual Mullard
0C44 which will function well in most cases. Great
care is required to wire these exactly as described.
Check especially that C8 is of the correct value and
that CI' and C12 are both i per cent. tolerance.

If an 0C44 is used connections will be as for the
0C45, if the XAi3r is used refer to Fig. 3 for coding
details. There are four wires; the centre one is a
screen connected, as in the prototype, to the casing of
TR5 (Fig. 9). Sleeve the leads and solder the base to
tag 15 and take a lead on to the centre (C) of S2. The
emitter is connected to pin 2 of the coil, and the col-
ector to pin 5.

Now make quite sure the oscillator coil connections
are correct and perfect. Connect up and switch on.

On touching base of TR6 with a metal object very
loud crackles should be heard.

Aerial and Switch Wiring
The aerial is fitted with a clip (provided) as shown

in Fig. 9 and the photographs. It is brittle and the
two coil assemblies are free to move along the rod.
There are six connections to the coils which are taken
to solder tags already fitted and coded by colour.
Coloured wires will help as shown in Fig. 9. The
wiring shown is for a ferrite rod with ONE central
connection ring, if the type obtained has a separate
ring for each coil then join white to white, and yellow
to yellow, of each ring with a couple of 4in. lengths of
wire and then proceed as described.

Trimmers
To get best results out of the receiver two trimmers

are required to be wired in with the two variable
capacitors, VCi and 2 which are ganged. These
trimmers are VC3 and 4.

In this design Beehive trimmers, having certain
advantages over other types, are used. Readers may,
however, order the 00 " type condenser with
screen and trimmers.

If the trimmers are already fitted, they take the
form of small plastic screws on the side of the con-
denser nearest the left-hand edge in Fig. 8. They are
adjusted with a flat piece of Celluloid, etc.

The Beehive trimmers are mounted as shown in
Fig. 9 and the photographs, using the holes shown in
Fig. 1.

In addition to the spigot connections on top of the
chassis, the trimmers must have an extra " earthing "
connection. This is done in the case of VC3 by taking
a lead, or bending the outside tag of the trimmer and
soldering it to the tag held to the casing of the variable
condenser by one of the fixing bolts.

The other trimmer, VC4, is " earthed " (i.e. taken
to H.T. +) by connecting with wire, or directly by
bending the outer tag on the trimmer, to the casing

of the switch. The switch casing is
2)'8 long
Y5. wide
2 required
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earthed to battery +, a lead from the
centre tag of S3 to switch casing will
do. Alternatively the trimmer may
be earthed by taking a wire to the
tag MW as shown in Fig. 9.

Lining -Up Procedure
Any superhet radio must be care-

fully lined up to get good results.
The results obtained are directly pro-
portional to the care taken. Two
methods are available one using a
signal generator (or getting a service
man to do it with one), the other
without a generator. Assuming the
reader has no signal generator we
shall describe the latter procedure.

Lining up without a Generator
The wiring is double checked to

make sure every single lead has been
correctly placed, well soldered, and
is causing no unwanted shorts by
loose strands, etc., being unsoldered.

Switch the receiver to " Long

Fig. 8.-Wiring diagram of the top
of the chassis. All wires are as

short as possible.
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Waves," i.e. turn the switch fully clockwise, put the
volume control on full and the condenser vanes about
55 deg. in from the fully open position. With a tiny
piece of celluloid which will fit at least }in. inside the
core of the oscillator coil screw the core in or out until
you hear the Light Programme (Droitwich, 150o
metres). Once it is heard, turn the aerial (and the
receiver) for best reception and peak it up carefully
in the first instance by moving the condenser vanes
very slightly in or out. Then peak up still more by
" rocking " the vanes a degree or two either side of
the position they are now in and at the same time
moving the coil assembly L6/L7 (Fig. 9) backwards
and forwards along the ferrite. Stick with transparent

View of under -chassis completely wired.

adhesive tape in the best position. The final adjust-
ment will be made later.

Medium Waveband
Tune in a programme low on the band such as the

Light Medium Wave Station or Luxembourg, the
weaker the station the better. Peak up firstly by
rotating the receiver (aerial) and then by use of the
trimmers. If a plastic tool is made to trim with so
much the better otherwise the hand must be moved
after every adjustment. Finally, movement of either
trimmer either way should take the station off peak. It
may be necessary to move the variable condenser half
a degree or so one way or the other to get this result.

Another top view showing speaker and audio stages.



Movement of either trimmer either way must take the
station off peak (lower in volume). If one trimmer
needs to be up tight and one loose, fit a small
(say opF) condenser. (Fig. 8).

Then, and only then, tune in a station at the top of
the band and while gently rocking the condenser
vanes slide the coil assembly (using a wooden ruler)
D4/L5 backwards and forwards along the ferrite.
Stick with cellotape in the best position.

I.F. Transformers
Now, using a tiny piece of celluloid, as an adjuster

and choosing any very weak station on the medium
waveband, adjust each I.F. transformer core (TR 3, 4,
and 5) for the loudest result. The slightest turn either
way of any core should take the station off peak. This
result must be attained. Check now that the station is
only received in one position of the tuning condenser
vanes. If it is received in two positions the I.F.

PARTS
Resistors All iVit zo% types.

RI 150 R9 33k0
R2 4.7150 Rio rk.0
R3 moil Rxr 56k0
R4 rk Rxz
R5 331x0 R13 3.3k0
R6 rok0 R14 rok0
R7 68o0 R15 56k0
R8 4.7k0 RI6 TIED

Condensers
Cr zoo_µ.F. IsV. electrolytic.
C2 S r5V.
C3 too µF. 15V.
C8 o.or µF. Miniature.
Cro iso pF. mica tolerance x %
CH 220 pF
Cl2 220 pF.
Cr3 roo µF. electrolytic, r5V.
C4 C5 9 and IQ- are all o.x µF. electrolytic

(Henries Radio Ltd., Harrow Rd., London, W.2.).
C6 8µF. 15V. electrolytic.
C7 o.ox tzF. miniature.

Volume Control 5 or 'old) potentiometer, small type,
lin. dia.

Switches
There are three switches all ganged together. Purchase
one 3 -pole, 3.way on one wafer (Messrs. Home Radio,
Mitcham, Surrey). Diameter must not exceed 'tin.

Transformers
TR' T/T2 Output transformer for 30. Ratio 6.3 to r,

primary centre tapped to match two
0C7z's.

TRz T/Tr Feeder transformer for two 0072's. Ratio
r to 1, secondary centre -tapped.

TR3 Weymouth. P5o/3CC (Messrs. Henries Radio
or Home Radio) Final I.F. transformer.

TR4 Weymouth P5o/2CC. Intermediate I.F. trans-
former.

TR5 Weymouth P5o/2CC. First I.F. transformer

Inductances
Oscillator Coils Li, 2 and 3 are all ready made in one
container; the assembly is bought as Weymouth P5o/LAC.

Ferrite rod aerial is bought complete with the Long
Wave coils L4 and 7, and the Medium Wave coils L5

Another view of the completed receiver ready to
fit into the cabinet.

transformers are not correctly aligned and volume,
etc. will suffer.

Final Adjustment
The I.F.'s are not touched ever again. The pro-

cedure given for Long Wave alignment is then carried
out again with the batteries resting in the battery
compartment.

The Medium Wave adjustment is then carried out
again. The receiver is now correctly aligned and will
receive many Continental and British stations at full
loudspeaker volume.

The Cabinet
This must be of wood or plastic and not metal. A

casing can be made to the dimension of Fig. 7 using
ready prepared deal and small pins. Two pieces of
hardboard or plywood are cut to fit on top and bottom,
the top piece being carefully drilled with a speaker cut
out to coincide with that on the chassis. Fit the
receiver in place to find the correct position. Holes
are also made for the switch and tuning spindle.
Finally three holes are made to coincide with the
tapped holes in the top of the tuning condenser and
four more for the speaker. Smaller holes are made
around the edge of the panel for fixing.

The bottom is left quite plain. A small piece of
(Concluded an page 94)

REQUIRED
and 6 already in place, adjustment only being required.
This complete assembly is bought as RAzW and is also
made by Weymouth Manufacturing Co.

Speaker
ELAC, about roll or less; the prototype came from
Henries Radio Ltd. Cone diameter zlin. Tapped holes
are required in the back of the magnet; a speaker without
these holes is not suitable. The final performance is
greatly dependent on the speaker, get a good one.

Transistors
Tr! and Trz
Tr3
Tr4 and Try
Tr6

a matched pair of Mullard 0072's.
Mullard 0071.
Mullard 0C45's.
Prototype uses Ediswan XAT31. A
Mullard 0C44 could be used, see text.

Base Board
An off -cut of laminated plastic as used for kitchen tables
etc. Any type without a metal layer, or use Paxolin.
A piece Tin. x Tin. will be suitable.

dozen 6 BA bolts and nuts and 4 dozen solder tags.
Soft wood as in the text and suitable screws, pins, and
enough self adhesive Fablon to cover the case. r8in.
square of ordinary hardboard.

Battery
One OT4, or better still use two wired in parallel. No
greater voltage than 9V. must be used.

Diode
Mullard OAS' or similar.

Variable Condensers
VCz 176 pF. max. (This is the smaller section.)
VC r zo8 pF max. (The section nearest the knob.)

These are ganged and a suitable component is the
Jackson oo gang fitted with an internal screen. See text
before ordering. Obtainable from Messrs. Home Radio
of Henries Radio.
VC3 and 4 6o pF or similar Beehive type trimmers.

(Henries Radio). See text.

NOTE. All these parts except where suppliers are men-
tioned by name are definitely obtainable as "radiospares"
through almost any radio component dealer in the
country. No surplus or non-standard components are
used at all.
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ASAWING stool-or sawing horse as it is
frequently called-is a distinct asset even in a
power workshop, and for the man who does

most of his carpentry and joinery by hand it is an
essential.

Fig. 2 is a perspective view of one of useful size
and sturdy enough to stand up to really hard and
constant use. It is bad judgment and almost a
wasted effort to use lesser timbers since strength
and rigidity are necessities.

Materials required are:
7ft. 6in., 24in. x 24in. for the legs.
3ft., Sin. x riin. for the stretchers.
zft. 6in., 4in. x 24in. for top block.
zft., zin. x lin. for the brace.
Two kin. x Tin. coach bolts with nuts and washers.

Begin construction with the legs. Fig. r shows the
necessary measurements and how they are to be cut
to receive the halved tenons on the stretchers. It
also shows the notch to be cut at the top to house the
top block. The angle at which the bottom of the legs
should be cut in order to stand firmly on the floor is
75 deg.

21"
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Next prepare the stretchers. These are approxi-
mately r6in. long at the bottom edge, and the ends
and the shoulders of the half -tenons are cut at 75 deg.
Also cut the grooves (zin x kin.) to receive the
halved brace. This latter is 'ft. min. long and the
halving r fin. x tin. deep. The top block needs no
preparation.

When assembling, use good strong glue and, if
the joints are not first-class fits, screws as well. At
the top a 4in. hole is bored through the legs and the
block to accommodate the bolt. Both the heads and
the nuts of the bolts should be countersunk vertically
so that they exert their full drawing power on the
legs; the nuts will thus have to be tightened with a
box spanner. It may also be necessary to cut off
about 4in. from the end unless you are fortunate
enough to be able to purchase bolts 64in. long; it is
not advisable to leave the ends protruding as they
will catch on one's clothing and tear it.

While the stool should be nicely finished and given
a rub with coarse glasspaper there is no purpose in
painting it. For preservation purposes, however,
it may be given a coat or two of linseed oil.

A SAW -HORSE IS
A WORKMAN.S
BEST FRIEND

c/s for
bolt head

7/i'hole
for bolt

Fig. I.-Leg measurements and details.

4,,

6"

Stretchers

Brace

Legs

21* 2k;

Fig. 2.-A perspective view
of the completed sawing horse.



300,000 thrust Aerojet-General Corporation
engines launch operational -type Titan I at

Cape Canaveral.

IN a huge building with more than seven acres
under roof, employees of Aerojet-General
Corporation, Sacramento, California, work

around the clock manufacturing liquid rocket engines
for the Titan Intercontinental Ballistic Missile.

It is claimed, that the most powerful rocket engine
of the free world to be started in space is that which
powers the second stage of the II o -ton, Soft., U.S.
Air Force Titan ICBM.

The engine, which like the first stage was developed
and is being produced at this plant, ignites while
travelling approximately 4,500 miles per hour at an
altitude of about 38 nautical miles, 35 nautical miles
downrange from the launching point. The second
stage engine creates 8o,000 pounds of thrust, com-
pared with 300,000 pounds by the first stage engine,
and boosts the missile speed to 15,000 miles per hour
and the range to more than 5,000 miles. The big first
stage engine is designed to lift the i i o ton missile off the
launching pad, while the space started second stage

to power the Titan

provides the thrust to accelerate the vehicle in the
relatively frictionless atmosphere.

The second stage is also the most versatile single
barrel liquid rocket engine yet produced, delivering
power for sustained second -stage flight as well as
providing control of pitch, yaw and roll, thrust for
staging and vernier calibration for exact target
impact.

The engines of the Titan are liquid bi-propellant
rocket power plants. They consist of three major
components : a thrust chamber with a hoop -skirt
silhouette reminiscent of early feminine fashion; a
pump -drive assembly which contains a two -stage
turbine rated at over 3,900 horsepower, nearly 20
times as much as the biggest U.S. car; and the engine
frame.

The Thrust Chamber
The thrust chamber is a marvel of highly advanced

engineering. It is made with over zso stainless -steel
tubes welded side by side, making it lighter and
stronger than its predecessors, and yet capable of
handling tremendous pressures. The contributing
factors to this chamber were Aerojet's development
of a new process for fabricating the tubing that forms
the chamber, perfection of lightweight injectors to
control flow of propellants into the thrust chamber
and the successful shaping of the chamber to the
scientifically classical form which results in the
maximum thrust.

The Pump -drive Assembly
The main task of the pump -drive assembly is to

feed fuel and liquid oxygen to the thrust chamber
under high pressure and in great quantities. At the
same time it must be sensitive enough to control the
amount and rate of flow.

The pump -drive assembly is actually two pumps,
one for pumping liquid oxygen, and one for pumping
fuel. To drive the pumps, a two -stage gas turbine is
incorporated in the assembly. To reduce the super-
sonic speed of the turbine to usable pump speed, a
lubricated gearbox system is provided. A gas gener-
ator provides the source of power for the turbine. The
gas generator uses a small portion of fuel and liquid
oxygen from the missile tanks. This pump -drive
assembly is the lightest piece of rotating machinery,
in relation to horsepower, known to be in existence in
the United States. All the materials in the assembly
were selected for strength and lightness.

Timing of propellant flow to the thrust chamber is
crucial. Too much fuel, too early, could result in
starting failure. When the first -stage engine is fired,
a complicated sequence of events occurs : h o sec. after
the firing button is pushed, the turbine driven pumps
reach sufficient speed to pressurise fuel and liquid
oxygen.

Approximately I sec. later, the main thrust
chamber valves begin to open. Fuel and liquid
oxygen stream into the thrust chamber and are
ignited. j.2 sec. after firing, the thrust chamber
valves have opened full and the missile begins to
strain against the bolts holding it to the pad.

To prevent the tremendous heat developed in the
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thrust chamber from melting the stainless -steel
tubing, fuel, used as a coolant, is circulated through
the tubes before passing through the injector to be
burned. The engine continues a steady thrust until a
predetermined command to shut down closes the
thrust -chamber valves.

Engine Frame
The tremendous thrust -load of the firing engines

must be transmitted to the missile body. To do this,
the engine frame is engineered and constructed with
as great care as the Firth of Forth Bridge. It is of
tubular heat -treated steel construction, with four
corner attach -points which must bear the weight, not
only of the engine, but of the entire missile prior to
launch.

Basic Generation
Liquid oxygen is fed to a pump which increases

velocity and pressure. In great quantities, it passes
through the liquid oxygen discharge line, through the
thrust chamber passage to the thrust chamber liquid
oxygen valve. When this opens, it rushes through the
thrust chamber injector to mix with fuel in the thrust
chamber.

Similarly, fuel-" RP- x "-is fed to the fuel pump,
from whence it flows under greatly increased velocity
and pressure through the fuel discharge line, through
the thrust chamber fuel passage to the thrust chamber
valve. When the thrust chamber valves open, the,
fuel passes through the thrust chamber cooling tubes
and thence through the injector. When the fuel and
liquid oxygen unite, they are ignited and a huge
fountain of flame blossoms from the thrust chamber.

Summary
The people at Aerojet-General, who have developed

and built this engine, are understandably proud of it.
They say that it is the leader in the entire field of
rocketry for these reasons:

I. The simple, reliable designs employed.
z. The low weight of its metal parts. This permits

the Titan to carry and utilise more pounds of
propellants per pound of inert parts than any
other rocket propulsion system (solid or liquid)
at present in use.

3. It has very favourable growth potential in
respect to thrust, performance, increased
reliability and decreased weight.

(Continued on page 8z).

This drawing shows a possible configuration for the
Apollo three-man space vehicle, with which the U.S.
hopes to send a man to the moon and back within the

next ten years.

More than 25o hollow stainless steel tubes are placed
completely around this mandrel and then joined
together to form the thrust chamber for the first stage

Titan engine during engine manufacturing.

On the right can be seen a Titan first stage engine
thrust chamber ready for brazing, next to a half -

completed chamber.

Final touches are applied to an Aerojet second stage
engine. (Below) Photograph of the Dynasoar

booster engines.



Fig. 1.-The Barringer Crater in Arizona, U.S.A.

INTERPLANETARY space is not empty. It is
filled thinly with the proton -electron gas
(plasma) of the Sun's outer corona, having in

the region of the Earth's orbit an estimated density
of about r,000 particles to the cubic centimetre, and
fine dust, among which larger bodies occur, both
singly and in swarms scattered along closed orbits
round the Sun, many of which resemble those of,
and are associated with, comets. Most of these bodies
are very small and are completely volatilised by
friction upon entering the air at planetary velocities,
as shooting stars or meteors. With a little patience
a few of these can be seen any night. When, however,
the Earth happens to pass through a meteor swarm,
as it does several times every year and will do on

SlogEs
Fit.co

SPACE

November i4th and 77th, literally hundreds of
shooting stars may be seen within half an hour or so.

These small meteors may differ to some extent in
origin, consistency and distribution from the bigger
celestial stones, or meteorites, which occasionally
reach the ground, but the distinction between the
tiniest meteors and the largest meteorites, referred
to as fireballs or bolides, is artificial.

The roots of almost any modern trend of thought
can be found in Ancient Greece and so, too, the extra-
terrestrial origin of meteorites was recognised by
Anaxagoras in the fifth century B.c. Yet in the
eighteenth and early nineteenth century, the Age of
Reason, the notion that stones fell from the sky was
held to scorn as a superstition of unlettered peasantry
among others by Edmund Halley. It took the careful
researches of Chladni in Germany and of Biot in
France to establish that for once the " unlettered "
and not the " learned " had been right.

Even so, the triumph of this unpalatable truth was
slow, the debate bitter. Nor was there any shortage
of " rational " explanations, such as that meteorites
were volcanic bombs, metal vapours from foundries
condensing in the high atmosphere, or produced by
that mysterious agency-the " electric fluid." In
fact, in studying the contemporary records one is
vividly reminded of the present controversy over the
" flying saucers ". This does not prove that the
latter are spaceships, but it clearly shows that a wise
sceptic should be sceptical about scepticism as well.

Origin in the Solar System
Be this as it may, today we know that stones from

space fall on the Earth. It was thought at one time
that they came from outer space; but modern
techniques have not revealed a single meteor or
meteorite moving at a speed exceeding or equalling
the parabolic velocity relative to the Sun at the Earth's
distance from it, so that at least the overwhelming
majority of these bodies are members of the Solar
System.

Bolides usually disintegrate in the air with a loud
explosion as a result of thermal stresses and only their

Fig. z.-The Chubb Crater in Canada. (R.C.A.F.
Photo.)
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fragments fall to earth. The explosion, however,
may occur close to the ground, as in the case of the
famous meteorite estimated to have weighed 40,000
metric tons whose blast laid waste to many square
miles of Siberian forest on June 30, 1908. In 1947
another similar fall took place near Vladivostock,
also in an uninhabited area of Siberia. This bolide
shone brighter than the Sun. Large meteoritic
craters, the best known of which is the i-mile
Barringer (Coon Butte) Crater in Arizona, U.S.A.,
bear witness to underground explosions of huge
meteorites hitting the Earth.

The Barringer (Fig. a) is about 50,000 years old,
but the hard primitive rocks of the stable Canadian
Shield have preserved some ancient meteoritic scars,
the age of one of which, the Brent Crater shown
in Fig. 3, is estimated at 500,000,000 years. The
Chubb Crater in Quebec (Fig. z) has a diameter of two
miles. Even larger crateriform structures in various
parts of the world have been ascribed to meteoritic
impacts, it appears, with more enthusiasm than
knowledge of geology; but there is good evidence
that the eight -mile depression of Deep Bay in Saskat-
chewan has originated in this way.

Fig. 3.-The Brent Crater, Canada. (R.0 .A.F . Photo.)

Fig. 4. (Below)-Siderite in pol-
ished section, showing Widmann-
statten figures. Rowton meteorite,

British Museum.
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The landing speed of meteorites varies. Some reach
the ground substantially in one piece. Thus in the
desert region of Hoba, West Africa, lies a 6o -ton
lump of meteoritic iron, whose fall was not observed.
The 8201b. Arkansas meteorite of 1930 is usually
listed as the largest ever seen to fall. Yet some
fragments of the 1947 Siberian bolide are said to
weigh over 3o tons.

Meteorite Composition
These big meteoritic blocks are always siderites,

whose composition is exemplified by the Guffey
meteorite in the American Museum of Natural
History. This " iron " weighs 6821b. and consists in
88.7 per cent. of iron, 10.6 per cent. of nickel and
0.54 per cent of cobalt. The core of the Earth is
assumed to be of similar chemistry, but the surface
is not, which makes siderites readily distinguishable
from other rocks. When polished in section (Fig. 4)
they display characteristic Widmanstatten figures-
another sure test when the fused and pitted " skin "
(Fig. 6) has been removed by weathering.

This is why the museum specimens are usually
siderites or mesosiderites (half -irons), although in
actual fact stony meteorites are about twenty times
as frequent as iron ones. Only that " stones " dis-
integrate more readily, both in flight and upon
impact, and once weathered are difficult to identify.

Characteristic of some stony meteorites are
chondres, or radial assemblies of crystals (Fig. 5)
which may be from I-a iin. long and are not known
to occur in terrestrial formations; but not all stony
meteorites have this structure.

The crystal grain in siderites may attain a yard,
which testifies to an extremely slow rate of cooling.
Occurrence of diamond and graphite indicates high
pressures. Meteorites also contain large volumes of
gas, occluded under high pressures: " stones "-
mainly carbon dioxide and " irons "-hydrogen.

To sum up, it is clear that such rocks could have
been formed only within a planetary body of appreci-
able size which has been shattered and scattered in
some great cosmic catastrophe.

No meteorites resembling our granites are known.
This is perhaps not very surprising if we consider
that in the Earth's body such rocks have a thickness
of 20 miles in continental areas only, occupying about
two -fifths of the surface, out of a total radius of some
4,000 miles. Thus if the Earth had suffered a similar
fate, the chance of coming across granitic meteorites
would be small. Moreover, if any such sialic meteor -

Fig. 5.-Chondrite in section.
Beddgelert meteorite at the British

Museum.
Fig. 6.-Henbury meteorite,
also in the British Museum.
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STONES FROM SPACE
(Concluded from previous page)
ites have fallen in the past there is no certain way of
distinguishing them from, say, glacial erratics.

Yet we have no right to say that meteorites do not
include surface rocks, e.g. volcanics, or even sedimen-
tary formations of biological origin.

A pumice meteorite fell at Igast, Latvia, on May 17,
1855. There have been at least eight falls of carbon-
aceous meteorites, exemplified by the French
Orgueil meteorite of 1864, which contains organic
compounds resembling lignite in general composition.
Similar matter may be formed by volcanic action
alone but a recent chemical investigation of this
material appears to point to organic origin. Two
limestone meteorites have likewise been reported.

One of these fell into a boat in open sea in 5830
and was not properly investigated. On April 11,
5925, however, a bright fireball was seen over South
Sweden, followed by a fall at Bleckenstad of a stone
which, according to an eyewitness's account, looked
like a " crumpled newspaper " in flight and burst
into small fragments. Some of these were found by
Dr. Assar Hadding, professor of geology at the
University of Lund, to be pure limestone of a
composition that does not occur in Sweden. More-
over, the meteorite contained some seashells and the
remains of a creature resembling a trilobite. This fall
has been largely ignored by scientists.

Thus it appears that not only did a world come to
a sudden end somewhere within our planetary system,
but that it may have had seas and sustained life.
Indeed, there is independent evidence for the presence
of water in the parent rocks of the meteorites.

00 Reeeteeil
" Motor Cycling and Scootering for Begin-

ners " by Dudley Noble. 155 pages. Price 6s. net.
Published by The English Universities Press Ltd.

THIS book is one of the " Teach yourself "
series and is ideal for the absolute beginner.

It covers every aspect of riding, from using the gears
to care of the machine.

" Motorcycle Engineering " by P. E. Irving,
M.I.Mech.E., M.S.A.E. 326 pages. Price 25s. net.
Published by Temple Press Ltd., London, E.C.I.

EVERY part of the motorcycle is dealt with in this
book. All the technical, commercial and aesthe-

tic problems are set out and the text is accompanied
by a large number of line and tone illustrations. It
describes modern constructional methods and com-
pares them with practices of the past.

" Glass Fibre for Amateurs " by C. M. Lewis
and R. H. Warring. 122 pages. Price 7s. 6d.
Published by the Model Aeronautical Press
Limited, of Watford.

ALL the information needed for producing glass
plastic mouldings of any shape, form or size, is

contained in this well illustrated book. The use of this
most versatile material for repair work is also covered.
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P.M. BINDING OFFER

These self -binders, in which copies can be inserted as received,
cost 10s. 6d. post free, from: Publisher (Binding Dept.), Geo.
Newnes Ltd., Tower House, Southampton Street, Strand,
W.C.2. The binders are in black waterproof and greaseproof
cloth, attractively lettered in gold. When the volume is
complete our annual index, published at I s. 3d. can be inserted.

LIQUID ROCKET MISSILE
(Concluded from page 79)

Some other important rocket and missile pro-
grammes in which Aerojet-General are participating,
are as follows:

POLARIS-U.S. Navy Fleet Ballistic Missile
(FBM).

MINUTEMAN-The U.S. Air Force's revolu-
tionary solid fuel Intercontinental Ballistic Missile.

EAGLE-Navy air-to-air guided missile.
SCOUT-The National Aeronautics and Space

Administration's " poor man's " solid fuel rocket for
scientific and man -in -space research.

TARTAR-Navy ship -to -air missile.
HAWK-U.S. Army's swift and lethal bird of

prey which seeks out, tracks and destroys attacking
aircraft flying at even the lowest altitudes and at
distances far enough away to protect the defended
areas.

BOMARC-Air Force surface-to-air guided
missile.

THOR ABLE-This is the U.S. Air Force's lunar
probe and scientific satellite launching vehicle, and
also the missile that travelled up to 6,000 miles in
nose cone re-entry test launches from the Air Force
Missile Test Centre at Cape Canaveral, Florida.

DYNASOAR-The Air Force project to send a
manned rocket -powered vehicle into orbit around the
earth and return.

And, work is also under way at Aerojet-General to
provide pilot control of Titan ICBM rocket engines,
one of the major modifications leading to use of the
engines in the Air Force man -in -space Dyna Soar
programme.

The Dynasoar glider is designed to orbit the earth
and re-enter the atmosphere under control of a pilot
for a conventional landing. It differs from the Project
Mercury in that the Mercury Astronaut will be
primarily a passenger while Dynasoar will be actually
under control of the pilot.

ENGINES
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Azimuth servo

East-West
accelerometer

Roll and
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Roll
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Roll
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Fig. 1.-Simplified diagram of stabilised inertial plat-
form. (Reproduced by courtesy of the Sperry Gyroscope

Co. Ltd.)

THERE are strong indications that the somewhat
inexact science of marine navigation will soon
undergo a minor revolution. The stringent re-

quirements of long-range missiles and high-speed air-
craft have given great impetus to the development of
automatic navigation techniques. Of the many re-
cent developments the inertial system is an interesting
one which could be easily adapted for shipboard use.

Present Navigation System .
To fully appreciate the advantages of the inertial

system let us briefly consider how ships are navigated
at present before looking at the details of this system.

Before a ship leaves port the navigator marks out
on a chart the course (or route) he intends to follow
to reach his destination. Once the ship is well out of
sight and radar range of land he can only check his
position by the time-honoured method known as
' getting a fix." That is, to measure with a sextant
the relative angles of two or three stars (or of the sun at
two separate times) and, by reference to tables and a
chronometer, he can determine his approximate
position on the earth's surface. Having obtained his
position he will mark this on the chart. If it does not
lie on his set course then he will have to calculate the
new direction to steer to correct the error.

Some of the many sources of error in this method
are: inaccuracies in measuring the angles of the stars
due to refraction, inaccuracies in instruments such as
the magnetic or gyro compass, wind action on the
ship, the effect of unknown currents and inaccurate
steering. The resultant error is often as high as
to per cent.

It is obvious that if the navigator could record
exactly every movement his ship has made relative to
his starting point then at any instant he could calcu-
late where he is and what course to steer to reach his
destination in the shortest time. This is really what
is achieved by the inertial system.

AUTOMATIC
MARINE

The system is described

Principle of Inertial Navigation
The navigation of a ship across the oceans can be

called " two-dimensional navigation " as the ship
can be considered to move in one plane, and all its
movements can be resolved into the fore and aft
component and the athwartships component. These
movements can be described in terms of time and
acceleration, as shown in Fig. a. This diagram shows
graphs of velocity plotted against time, and accelera-
tion against time for a simple voyage consisting of
three stages. The first stage is a period of accelera-
tion from rest, followed by a period of constant speed
(zero acceleration) and finally a period of deceleration
(negative acceleration) during which the vessel comes
to rest after travelling a total distance of 8,64oft.

The variables time and acceleration are related by
the well-known equation

S = ut fat° where S = distance travelled
u = initial velocity
a = acceleration
t = time

Hence it follows that if we have a means of measur-
ing the accelerations experienced by our ship and a
computer which will use this information to calculate
distance travelled, we can have a complete record of
the ship's movements relative to its starting point.
This is, in fact, the basic principle of the inertial
navigation system.

We have already seen that, for marine navigation
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INERTIAL
NAVIGATION

by D. A. Watts

purposes, we are concerned only with the fore and
aft and athwartships components of the ship's move-
ments, thus two accelerometers are sufficient. These
are called the North/South and East/West accelero-
meters. So that they sense pure North/South and
East/West accelerations and are not misled by
apparent accelerations due to the effects of gravity
they have to be mounted on a gimballed platform
stabilised directionally and in roll and pitch by gyros.
The directional gyro is called the azimuth gyro,
azimuth being a term used by navigators to define
true bearing. A simplified diagram of a stable plat-
form is shown in Fig. s showing the two gyros. Three
pick -offs pass on their information through amplifiers
to three corresponding servos to control the gimbals.
Thus, for example, any deviation due to roll will be
sensed by the roll gyro, which will send a signal from
its pick -off to the roll servo such that it drives the
roll gimbal to the correct position.

The Accelerometer
Let us now take a closer look at the construction of

an accelerometer. Fig. 3 shows diagrammatically the
principle of the accelerometers developed by the
Sperry Gyroscope Co. Ltd. for their inertial systems.

A central spindle supported by three-legged sus-
pension springs carries a small cylindrical block
(known as the mass) to which is attached the moving
plate of a variable capacitor. When an accelerative
force acts on the mass it is thrown backwards, carry -
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Fig. 4.-Location of semicircular canals.

ing the plate with it. This creates an electrical
unbalance in the capacity bridge which is picked up
by the detector unit, amplified, and passed to an
integrator via a restoring coil. This restoring, or
feedback, current induces a magnetic field in the
coil which reacts with the permanent magnet and

mass back to its central position. If the
acceleration increases, so also will the restoring
force, and, since it is the signal from the amplifier to
the integrator which operates the restoring coil, it
follows that this signal will be proportional to the
acceleration of the mass.

It is interesting to note that this design is really
an imitation of a human organ. In the human skull,
inside the temporal bone, there is a duplicated
system of three semicircular, interconnecting canals.
They are arranged at right angles to each other and

each contains a small membrane
supported by fine strands of hair-
like tissue. Any change in the
head relative to the centre of
gravity of the earth will cause the
inner membrane to take up a new
position relative to the outer canal.
The supporting tissues, being acted
upon by the mass of the membrane,
send a corresponding message, or
attitude signal, to the brain. Sim-
ilarly accelerative forces act on these
membranes in the same way.
This organ is very sensitive but its
range is limited as it does not have
an intensive feedback arrangement
such as the Sperry accelerometer
has. Fig. 4 shows diagrammatically
the location of this organ in the
skull.

We have established that the

Fig. 3.-Cutaway perspective view of
a calibrated precision accelerometer.
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Fig. 5.-Main components of marine inertial navi-
gation system.
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situated about a ship. It is important that the equip-
ment console containing the stable platform should be
placed as near as possible to the ship's centre of
gravity. This is so because a ship tends to rotate
about its C.G. when acted on by random accelera-
tions due to rolling or pitching. Locating the platform
at the C.G. minimises the amount of correction
required as a result of these motions. Obviously the
star -tracking element must be located where a clear
view of the stars can be obtained. Fig. 7 shows how
the output of the inertial system computer would be
translated into signals to the steering controls.

Assuming we have a ship equipped with an aided
inertial system, shortly before leaving port we would
have to align the platform both as to azimuth and
local vertical. We would feed information to the
ship's heading computer concerning our present
position and desired course to our destination. Once
clear of port the steering controls would be switched
over to the output of the ship's heading computer.

From time to time periods of automatic star-

, Equipment
I Console_

-

Fig. 6.-Where the main components are located on a ship.

accelerometers of our inertial system provide signals
proportional to the accelerations experienced by the
stabilised platform. These signals can be fed to a suit-
able computer, where they will be double integrated
to yield corresponding velocity information. These
velocity changes can be continuously recorded and
compared with the desired course information prev-
iously fed into the computer. The actual course of the
vessel will thus be continuously monitored and steer-
ing signals proportional to deviations can be trans-
mitted to the steering control system for course
correction.

Modern inertial systems are of two types, known
as " Pure " or " Aided " systems. The system we
have considered is a pure system and its accuracy
depends on the accuracy of its gyros and accelero-
meters. Unfortunately the accuracy of the gyros falls
off due to drift, and the process of integrating the
outputs of the accelerometers, which themselves
depend on gyro accuracy, greatly magnifies these
errors. These effects are not significant over short
periods such as the duration of an aircraft's flight
but render it unsuitable for marine purposes.

An Aided Inertial System
This is used when operating times are of long

duration. The system has the addition of a star -
tracking element with telescopes which is used to
track pre -selected stars and compare the observed
star line with pre -computed star lines. When dis-
crepancies exist a correcting torque is applied to the
platform gyros.

Fig. 5 shows the essential components of an aided
inertial system and Fig. 6 shows how they would be

tracking will be necessary,
weather permitting. Each
of these periods will require
to to 15 minutes for star
acquisition and 5 to so
minutes tracking time. Three
such periods every 24 hours
would be ample to main-
tain maximum accuracy.
Should 24 hours pass with-
out star -tracking it will
degrade to a pure system but
subsequent star -tracking will
correct this.

The inertial navigation system has obvious advan-
tages for warships. It is completely self-contained
and has a high degree of accuracy, whereas other
systems, such as radio aids, are subject to poor
reception, enemy jamming or beam bending and
could be seriously hampered by the need for radio
silence.

With current developments in radio and radar aids
to navigation it is not clear at this stage which will
prove to be most attractive to the shipowner. How-
ever, the science of inertial navigation is sufficiently
advanced to make its application to commercial
maritime use a practical possibility.

Destination
Manual Input

Inertial System Computer
Output Present position

Ships Compass
Actual Heading

Fig. 7.-Input to and
output from the inertial

system computer.

Computes desired
Ships Heading

Computes
H

eading
error

Signal to
Steering Control
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Are 3°14

completely
satisfied

with Your
"resew

way of isfe

7"1144611111/641*^,fiA Or do you sometimes
wonder why others seem to

get so much more out of living
than you do? What is the inner power

that drives some ahead while others lag
inadequately? It is the same power that

inspired such men as Francis Bacon,
Isaac Newton

ancient Egyptians had it when they
created the pyramids. And it has been

handed down through the Ancient and
Mystic Order Rosae Crucis-A.M.O.R.C.

YOU ARE THE HEIR TO THIS MIGHTY POWER
Because, through The Rosicrucians (not a religious organisation) you may
acquire the knowledge of their Secret Methods for developing the inner
power of mind. This knowledge, handed down through the ages, is now
available to those who dare use it to master the problems of life.

THIS SEALED BOOK OF KNOWLEDGE FREE
This beautifully written and illustrated book will be sent free to all
sincere seekers after knowledge and truth. It explains the methods and
laws of The Rosicrucians in easily understood form.

Write today for your copy to - Scribe: S.X.N.

the Rosicrucians Am.
25 GARRICK STREET, LONDON W.C. 2, ENGLAND 00000 

 Scribe: S.X.N.
 THE ROSICRUCIANS (AMORC) 25 Garrick Street, London W.C. 2, England 
 Please send me without obligation, copy of the free book "The Mastery of Life" which explains
 how I may develop power of mind.

 NAME
 ADDRESS

 STATE                                        
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EXPERIMENTAL SPRINGS?
Don't grope here... Select your springs here

That spring you want . . . in a hurry . . . where

is it? Pick what you want, when you want it, from
TERRY'S BOXES OF ASSORTED SPRINGS
-our fine range of small boxed assortments of
experimental springs. We can show you only a
few from the range here. Send a postcard for
our full list-and if ever you're stuck with a
spring problem send it along to our Research
Department-they'll gladly help you out.

No. 760
ThreedozenAssorted
Light Compression
Springs. 1" to 4'
long, 22 to 18 S.W.G. ,
t" to r diam. 7/6

No. 98A
ThreedozenAssorted
1" to 4" long, r to V
diam., 19G to 15G.
6/6

No. 757
Extra Light Com
pression, 1 gross
Assorted, r to It "

r to 2+" long,
27 to 19 S.W.G. 18/ -

Have you a Presswork problem?
If so, the help of our Design Staff is yours for the asking.

Really interested in
Springs? "Spring
Design and Calcula-
tions" 10th Edition
tells all post free 12/6

Cut Production Costs
with Terry's Wire
CIRCLIPS. We can
supply immediately
from stock-from r
to r

in sizes to grip from
V to r

TERRY'S
for SPRINGS

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

HERBERT TERRY

& SONS LTD.
Redd itch, Worcs.

Makers of Quality Springs, Wireforms and Presswork for over 100 years)
elV3111

WATSON'S SPECIAL OFFERS
PETI'ER ENGINES. Two 75 h.p. fine air
cooled four stroke units. Each slightly
used tested and guaranteed before des-
patch. Price £1911010. Carr. 20/-.
BRAND NEW CLINTON "PANTHER"
ENGINES. Beautifully made Lightweight
Engines weighing only 161 lbs. developing

h.p. Complete units ready for use and
suitable for many industrial, marine and
other purposes. Price £12/0/0.

TRANSFORMERS. Input 230 or 110v. A.C. Two separate
outputs 6v. 36w. Suitable for powering electric bells, models,
etc. 17/6. Post 3/-.
SURVEYORS' LEVELS. Mahogany with brass fittings 4ft.
long. Built in spirit level, phunb bob and two 3ft. folding
arms. Useful for many purposes. 15/6. Carr. 3/-.
GEAR PUMPS in aluminium. Size 5" x 5". 32/6. Post 3/6.
Hundreds of other Bargains. Send 6d. Stamp for Illustrated List.
EASTERN MOTORS, ALDEBURGH, SUFFOLK. Phone 51

REBUILT
TUBES /

I 2 #.

14in. T.V. TUBES
141(P4 35/- 36/24
Dee to large purchae of Renters
replacement tubes. Carriage 5/-

months' EXTENSION SPEAKERS
guarantee --- --,......-

-Terms 19/9 "-mi
available 8 In. P.M.

21i n. ... ... ... 99/6 firtealTto bit \111
17 in. ... ..  90/- polished
IS, 14, 12 ... ... 70/. cabinets (complete). P. & P, 2/0.

Ins. Carr. 1S/6
gl extra without old bowl, refundable LATEST I Liverpool St. Station

FREE LIST Manor Pk. -10 min
If same nwelved within 14 days.

62/13 RONFORD
DUKE & CO. (London) LTD. MANOR PARK. E.12ROAD,

ILF 8001/3

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

18 -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 L17/15/0, carr. free. Also the well-known vice models of:
36 in. x 18 -gauge capacity ... C8 10. O. 1 Carriage24 in. x I8 -gauge capacity ... E5 5. 6. -
18 in. x 16 -gauge capacity ... E5 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

The book for the serious model -maker . . .
RADIO- by F. J. Comm

CONTROLLED MODELS
The remote control by radio of models-whether aeroplanes,
boats, locomotives, tanks or steam rollers as well as stationary
models-is an important post-war development with a keen,
wide -world following of hundreds of thousands of enthusiasts.
This practical book is the result of the author's numerous
experiments and long research on the subject and includes
information already published in the nationally read "Practical
Mechanics" plus additional material. Contents include steering
control gear; receivers; transmitters; control box; tuned reeds;
model actuators; tuning transmitting aerials details for model
battleship and aircraft, etc. Fully illustrated with circuit details,
diagrams. etc.

12s. 6d. FROM ALL BOOKSELLERS
. . . or, in case of difficulty, I3s. 6d. by post from
C. ARTHUR PEARSON, LTD., Tower House,
Southampton street. London. W.C-2.
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ELECTRIC MUFFLE CRUCIBLE
(Concluded from page 57).
exact measurements are not important 'so long as you
leave enough room under the crucible for whatever
type of mould you are going to use.

On the stand, the rods cross over behind the cruc-
ible in order to provide a stop for the handle to rest
on and keep the crucible upright and steady. The
ends of the rods are finally bent inwards for about
kin. and adjusted until, by springing the whole
framework open slightly, the ends of the frame will
slip inside the hollow rivets and be retained there.

Wiring
Thread on sufficient porcelain insulators to bring

the two ends of the element to the position shown in
the heading and join to the mains lead, using any type
of small junction block which can be attached to the
frame with a back -plate. Take care to keep the por-
celain insulators close together; in this way the
element wires will be well enough supported to with-
stand the slight bending which occurs when the
crucible is tipped for pouring. Make sure that there
is enough slack in the coupling for the crucible to be
tipped, not necessarily upside down but far enough
to allow molten metal to be run out.

Using the Crucible
Sufficient scrap metal is dropped in, together with

a generous amount of flux-powdered borax in the
case of brass, copper, silver, gold and their alloys-
and the current switched on. Do not overheat. The
metal is best poured as soon as it is thoroughly
molten, with the surface showing the phenomenon
known as " spinning." Switch the current off or
better still remove the plug from the socket, just
before pouring. A further necessary safety measure
is to use an earthed supply, connecting the earthed
lead to the bolt attaching the handle.

The crucible's working life will be greatly pro-
longed if on switching on from cold, you switch off
after about a minute and allow another minute to
elapse before switching on again. This will ,help to
equalise the temperatures of element wire and the
inner surface of the crucible.

Should the element burn out through overheating
or any other reason, it is a fairly simple matter to
remove the lagging, break away the fireday and wind
on a new element.

A spot of temperature indicating lacquer on the
inside of the crucible will be useful. The paint known
as " Tempilaq " is obtainable from J. M. Steel & Co.,
Ltd., Kern House, 36/38 Kingsway, London, W.C.z.
Specify the temperature to be indicated as r, too deg.
C. This is the maximum safe temperature which can

le be maintained by the average electric fire or boiling
ring type of element. Special elements are available
which will work at slightly higher temperatures.

FROST SENTINEL FOR YOUR LOFT
(Concluded from page 59).
using about x 6in. per foot run of pipe. Take the ends
to the teminal blocks. Do NOT let heater wires run
closer than tin. except right at the terminal blocks.
The return wire must not be along the pipe or under
the tank lagging (if fitted).

It is a good idea to take two turns round the outlet
pressure valve for the ball mechanism (see Fig. 4a).

Where to Get the Wire Heaters
Advertisements appear from time to time in this

magazine. Messrs. Technical Services Ltd., Banstead,
Surrey, and Messrs. VVhistons, New Mills, Stockport,
should be able to supply the heater cable required.
Order PLASTIC covered nylon/glass/Cupro-Nickel
heater and DO NOT use any asbestos type wire
which can be extremely dangerous when contaminated
with water.

Warning
When working with electrical gear near earthed

tanks and pipes always have the current turned off at
the main and the supply point, and work if necessary
with an electric torch. Leave no bare wires, fit a
warning lamp, and use the green mains lead.

U.S. STEPPING STONES TO SPACE
(Concluded from page 65).
Apollo Project

The three programmes mentioned all lead to the
Apollo project. This calls for a three-man space craft
to be built which will accomplish earth orbits and
circumlunar flights, will serve as a test manned space
station, and be used for an eventual moon landing.

Already the United States has taken the first step
toward design and development of this craft. Three
companies have been chosen by the National Aero-
nautics and Space Administration to conduct
" feasible studies," which are being carried out im-
mediately. The companies are: Convair Astro-
nautics, a division of the General Dynamics Corpora-
tion; the G.E. Missile and Space Department, and
the Martin Company.

" Project Apollo plans," according to N.A.S.A.,
" call for a versatile space craft that will greatly
extend man's capability for manned reconnaissance
flights to the vicinity of the moon, and as a logical step
towards future goals of landing scientific teams on the
moon and exploration elsewhere in the solar system."

Apollo will be carried aloft by the Saturn booster,
a six -cluster rocket with a thrust of 5,500,000 lb.,
compared to the Atlas with 360,000 lb. of thrust and
the Redstone with 78,000 lb. of thrust.

MORSE PRACTICE SET DANGER
SEVERAL of our readers have written to point

out an element of danger which exists with
the design we published in our September issue,
page 596, for "A Morse Practice Set." If the
"live" side of the mains is connected to T2 and

thus to T4, it would mean that the headphones are
connected directly to the mains.

By far the safest scheme is to power a morse
practice buzzer with a dry battery.
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-MADE NOTES
A REVIEW OF NEW TOOLS, EQUIPMENT, ETC.

New Adjustable Spanner
THIS tool has recently been introduced by Rubert

& Co. Ltd., Demmings Road, Councillor Lane,
Cheadle, Cheshire. The spanner works on the lock-
ing wedge principle without either screw thread or
worm gear and will accept nuts or bolt heads up to
fin. Whit. The position of the moving jaw is changed
by sliding an adjusting sleeve with the thumb, a spring
keeping the jaw firmly in contact with the sleeve and
locking it into position when the thumb is removed.
The tool is 6in. long and is forged from fin. steel.

The spanner is finished in bright chrome and can
be supplied with a real leather pocket case. Retail
prices are gs. 6d. for the spanner and 4s. 6d. for the
leather case.

Handicrafts Catalogue
S0 many handicrafts are listed in the new Northern

Handicrafts Ltd. catalogue that it is impossible
to mention them here but materials and tools are
available for almost every hobby. Write for a copy
to Northern Handicrafts Ltd., Perseverance Mill,
Padiham, Lancs., enclosing stamps for return
postage.

Mini -mounts
TNTRODUCED by Vulcascot (Great Britain) Ltd.,
1 87/89 Abbey Road, London, N.W.S. the Mini -
mount is similar in principle to the larger level mount
introduced three years ago. Designed for use with
workshop machines, accountancy and other office
machines, electronic equipment, etc., the mini -mount
dampens vibration and ensures perfect levelling.
Materials used are Neoprene and cadmium plated
steel. Further information is available from the above
address.

New Saws
THE do-it-yourself enthusiast and the amateur

gardener will be interested in the two new
Swedish lightweight saws shown on the right. The
bow saw has a tubular steel frame, 24in. blade and a
plastic handle. Its weight is 'lb. The handsaw has a
22in. straight back polished blade of hardened and
tempered steel. A red plastic handle is fitted and the
saw weighs just over 17oz.

The price of both saws is LI Is. and the makers
are Sandvik Swedish Steels Ltd., Halesowen,
Birmingham.

Stanley Axe
AN axe with a head which is permanently tight has

been introduced by the makers of Stanley tools.
Known as the " Steelmaster," it sells at 34s. gd. and
is designed for all-round outdoor use-in the garden,
the woodshed, for camping, etc.

The " Steelmaster "axe has a tubular triple -plated
shaft which is fitted to the head under five tons
hydraulic pressure and then locked permanently in
place. Bonded to this is a comfortable, shock absorb-
ing non -slip rubber grip which is impervious to oil
and other corrosives.

The axes are available from most good ironmongers.

(Right) The
Rubert ad-
justable

spanner.

The new Vulcascot
" Mini -mount."

The " Steelmaster "
axe by Stanley.

(Above and below)
Two new saws intro-
duced by Sandvik
Swedish Steels Ltd.
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If you have ever wanted to write for radio or
television here is the book to show you how . . .
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PROFITABLE
SCRIPTWRITING FOR

T.V. AND RADIO

PROFITABLE

SCRIPTWRITING
fin -

TVand BAND

GALE PEDRICK

by Gale Gale Pedrick, the B.B.C.'s first Script
Pedrick Editor, has put all his vast knowledge

and experience at the service of the
would be television and radio script writer in this encouraging

book. Much of the " know-how " he gives had to be learned the
hard way but those who follow his advice and guidance on the

techniques involved will soon acquire a solid background to this
fascinating and important subject. The market for good script-

! writers is growing daily, particularly with the expansion of
; television -Gale Pedrick, a real professional, shows you how to

meet this demand and make a profit.

CONTENTS
Yes, it can be done. First catch your idea. The Play. Fashions in Broadcasting.
The American Influence. The Writing of Comedy. Collaboration. Adaptations.
The Broadcast Short Story. The Broadcast Talk. It's worth ten per cent.
Summing up.

2 Is. FROM ALL BOOKSELLERS
or in case of difficulty, 22s. 3d. by post from C. ARTHUR
PEARSON LTD. Tower House, Southampton St., London, W.C2. PEARSON

PROJECTORS, 2 x 2. See the best of the rest, then see
ours, and make your own for about £5-£6. Quality and
definition inferior to none. 300w. results from 100w. lamp.
15ft. candles on a 3ft. screen guaranteed. Plan 2/- per set.
See our list for details.
ASTRO TELESCOPE. 6" Reflector. 80-400X on Equatorial
or Altazimuth mount, geared drives and circles. £45. Com-
plete. Carr. extra. Or in kit form at approx. £30. Com-
ponents available separately. Plans 2/6.
EXTRA WIDE-ANGLE EYEPIECES. The world's best. 74
degree angle of view, 5", 15" and 15" in focusing mounts,
as new, £5 ea. Cost over £30.
ORTHOSCOPIC EYEPIECES. " wide-angle 50 degree field.
Push -in. New. 35/-, or with R.A.S. thread 42/6. I" 56 degree
field R.A.S. thread 37/6. 2" 42 degree field 30/-. Variable
power 5"-}" R.A.S. thread, for draw -tube focusing, only
£4.5.0. Keplar eyepiece, 14" in focusing mount, 8/6.
ASTRO MIRRORS. 6" x 48" parabolic 4th wave £9.5.0.
4" x 31" £3.3.0. 4" a 40" 35/-. 6" x 40" 55/-. Aluminised flats,
1" x 15" 4/-. 15" x 25" 6/-. 2" x 3" 8/6. Equal to the best at
only a fraction of the price, but rectangular and unground edges.
PRISMS. First grade. 5" 10/6. 1" t2/6. I" x 15" faces 17/6.
II" 25/, 25" 35/-.
(-INJECT LENSES. 3" x 36' £8.10.0. 4" x 48" £19. 21" x
25" f3. Others from 12/6. All guaranteed first grade.
EQUATORIAL OR ALTAZIMUTH TELESCOPE MOUNT-
INGS. Geared drives with circles. Ex -Gov. Cost about
£80 ea. Our Price £6.10.0. Suitable for telescope up to icwt.
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 uwn for £2.5.0. Plans 1/,
SCOUT 3 -DRAW 'IERRESTIAL TELESCOPES. 25X. 2"
O.G. Brand- New leather covered, with leather case, £9.
Ditto, crackle finish, £8.10.0. Near New with case, £7.10.0.
Fair condition, optically perfect. No case, £6.10.0. 50X eye-
pieces to fit, 37/6. 75X, 50/-. Astro-Terrestial adaptors to
give 40X and 60X with normal eyepiece, 50/--
7 x 21X VARIABLE. POWER TELESCOPES. 2" O.G.
Weight approx. 10 lbs. £6.10.0 ea. in case.
See our lists for other types. Over 40 various types of tele-
scopes in stock, also Binoculars. Any item gladly demon-
strated 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 RAYLEIGH ROAD, HUTTON, BRENTWOOD, ESSEX

smmomEx-M.O.S.

PRECISION TOOLS
14 DAYS I

FREE
TRIAL

TOOLROOM 35/ -
CLINOMETERS (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. Nett weight 22 oz. Length of
base 35 in.

Ex-M.O.S. WALTHAM STOP WATCHES
A high quality A 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. All in the
new Vu -File transparent pack. 42/-.

CHARLES FRANK LTD
67-75 SALTMARKET, GLASGOW, C.1
Phone: BELL 2106/7 Established 1907
Britain's greatest stocks of new, used and Ex -Govt. Optical and

Scientific Equipment. Send for illustrated catalogue.
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COYNE'S NEW
PIN -POINT T.V. TROUBLES

TAKES HEADACHES OUT OF

ALL SERVICING PROBLEMS 1

Your most useful on-the-job "tool "I Quickly
and easily pin -points the exact trouble in any
TV set. Covers 70 symptoms, 700 trouble
spots. Over 340 cross-indexed page.; 50 time-
saving Check -Charts; 290 diagrams and photos;

explanation of circuits and designs.
SIMPLE CHECK -CHART SYSTEM SAVES

TIME!
This amasingly practical handbook shows you
how to find the trouble in any TV circuit
FAST! Simple cross-index tells you in what
section you'll find cause of trouble. Handy
Check -Charts then help you accurately locate
the EXACT trouble spot. Cut waste time,
eliminate hours of aggravation, get right to the
heart of the trouble In minutes.
USE THIS BOOK RIGHT ON THE JOB-NO

NEED TO MEMORIZE!
This Pin -Point Book was designed especially
for on-the-job trouble -shooting. You simply
turn to the indexed section, locate the circuit
description and Check -Chart, and in minutes
you have the trouble spot located and ready
for repair. No complicated theory or mathe-
matics. Down-to-earth, practical circuit
description, service methods and trouble-
shooting techniques. Published by the famous
Coy. Electrical School and approved by lead-
ing authorities in the field.
2. E. C. Grover of Streatham says:
"Immediately I glanced through this book I
was convinced that your claims concerning the
merit. of this work were justified, for It Is,
without a doubt, the finest book of its kind
that I have ever come across. It is not only
unique in Its presentation but it Is also superbly
produced."
43. Axam of London 8.8.9, says:
" I have spent nearly £50 on technical books
over the past 5 years all of which I feel has now
been wasted as your book le the best I have
yet had the pleasure of examining, it is practical
to the point, with Just the right amount of
technical information needed, covering almost
every aspect of TV servicing."

SEND NO MONEY!
Just mail coupon for free trial. After 7 days
send only low price or return book and pay

nothing!

FREE,TRIAL OFFER!
Mail Coupon NOW!

Rail Order Division. SIM-TECH BOOK
COMPANY (L.1I) Dept. PM.2, Oater's

West End, Southampton. Hants.
BRUSH. TV Troubles plus 1/6d.

postage for 7 day FREE TRIAL as per
offer.

DTick here if enclosing full price, we pay
postage; Same 7 day money back guarantee

Name
Address

City County

P.P. COMPONENTS LTD.
219 ILFORD LANE, ILFORD, ESSEX

Stamp for FREE Catalogue

"SOLO" SOLDERING TOOL

12/6
^tii Brand new A.C.

' r 110v. or Car41111.....". Batt; Adaptor-=ig. ---n's  .,, 250v extra10/-.
Pik,' Auto/Feed,

. ' --.7-. .4 =P. Sit!'

35/- TUBES
36/24

Due to huge purchase of Renters
Replacement Stock. Carriage 5/,

MULLARDS
ETC.

t5in. CRMI53 and izin. CRMizat
Ex -Rental service stock. Guaran-
teed. Salvage. Ideal for spares.

Carriage 5/-.

SPEAKERS 8/9 5, 6, 8 and 7 x
kin. Manufacturers Salvage. Post
and Packing 2/9.

ALL -TRANSISTOR POCKET
LOUD SPEAKER RADIO 326

Don't be put off
by the ridiculous-
ly low price it
is made possible
by the bulk buy-
ing of transis-
tors. etc.
THE "CAPRI"
RADIO coven.
all medium -
waves including
'Home,' Light,'
etc. Reliable and Lightweight-size only

x x Hin.! Works for month:.
on 8d. battery! Can be assembled in an
hour or two with our easy plan! Com-
plete set of parts including miniature
speaker-ONLY 32/6 phis 2/- P. & P.

2/- extra). Parts can be bought
separately. Demonstrations daily-Money

back guarantee.
CONCORD ELECTRONICS (Dept. P.M.6.)

210 Church Road, Hove, Sussex

---"I"kAMAZING OFFER,:
....,,POWERFUL 6-12 v.DC

MINIATURE
MOTORS.

OFFERED ATA FRACTION OF MAKERS PR/CI

With reversing switch. Ideal for model
boats. 7000 r.p.m. Weighs 2 oz. Long -
life bronze bearing. 15/6, post 1/-. With
free length polythene drive.

L. WILKINSON (CROYDON) LTD
19 Lansdowne Road, Croydon.

CRO 0839

Automatic (Time) Switches
New and reconditioned 15 day clockwork

and electric switches

from 35/ -
Send S.A.E. for Uluetroted &toile to:

DONOHOE (TIMERS)
1 & 2 UPPER NORFOLK ST., NORTH

SHIELDS, NORTHUMBERLAND

November, 1961

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.
100 Sets 2-1/4' dia. Circular Split
Dies, 9/16", 5/8". 3/4', 7/8', 1" B.S.F.
American N. also 26 Brass thread,
30/- per set any thread, 3 sets £4.
Actual value £5 per set.
5,000 Hardened and Ground H.S.
Fool Bits, 1/4" square, 2-1/2" long,
15/- doz. 5/16' square, 3" long, 20/-
doz. 3/8' square, 3' long, 25/- doz.
7/16' 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. El the lot.
2,000 Small twist Drills, approx.
1132'-3132", 4/- dug. Approx. 1/16"-
1/4', 7/6 per doz. Approx. 9/32'-
15/32', six for 10/-.
3,000 Circular Spilt Dies, 1' 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. I dia. stocks 6/- each.
Metal Marking 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.
1,000 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 fool Blades, 3/32" x
I/4" x 5'. 5/- each.

£2 ORDERS POST PAID
J. M. BURKE

192 Saslow Road, Tetley, Sheffield

HIGHSTONE UTILITIES
58, NEW WANSTEAD, LONDON, E.11.
Compact, 12 volt, 1 limp. Trickle Charger
built around its own 3 -pin plug. Fused
primary and secondary. Complete with in-
structions, charging leads with crocodile
clips, indicator lamp which decreases in
brightness as charge increases. Either
13 amp. or 15 amp. 3 pins, or free lead
to make own connection. 50/-, post 2/-.
Ex-R.A.F. 2 -valve (2 volt) Microphone
Amplifiers, as used in 'plane intercom.,
iu self-contained metal case: can be used
Li make up a deaf aid, outfit, intercom-
munication system, or with crystal set.
complete with valves and Fitting Instruc-
tions, 20/-, post 3/-. Hand Microphones,
with switch in handle and lead. 5/6.
Tannoy, 7/-. Similar Instruments, moving
coil, 8/6. All post 1/6. Mask type with
switch, 3/6 post 6d. Throat Mikes, 5/-,
post 7d. Mike Buttons (carbon), 2/-.
Moving coil, 3/6, post 4d.
Meters, 20 volt, 2in., m/c. 8/-; 20 amp.
2in., m/c, 8/6; 3.5 amp., 2in. T.C., 6/-:
100 mA 2in. m/c. 7/6, all post extra.
Meter (L, & R.) 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 S volts output at 1 amp.,
operate bulb, buzzer or bell. 9/-, post
I I-. G.P.O. Telephone Hand Comb. Sets,
12/6, post 1/6. Telephone Hand Genera-
tor. 8/6, post 2/-. Telephone Bell, 3/6,
post 9d. S.B.C. Neon Indicator Lamps,
for use on mains to show "live" side of

-switches, etc. 2/-, post 4d. Diodes, 1/6.
.0005 Variable Condensers, 2/6, post 9d.
Headphones in Good Order, 6/-. Better
Quality, 7/6 and 10/-. Balanced Armature
Type (very sensitive), 13/6. All post 1/6.
New Single Earpieces, 3/6. Bal. armature
type, 4/6, two of these will make an
intercom. set. Ex-R.A.F. earpiece, 2/6.
All post 6d.
Money refunded if not completely satis-
fied. New illustrated List sent on request
with 3d. stamp and S.A.E. Letters only,
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Vibrating Table
T WISH to carry out some reconstruction work
1 which will involve precast concrete and
cast stone. I intend using the moulds with a
vibrating table. Could you please tell me how
to construct a vibrating table? -J. Dawson
(Glos).
THE vibratory motion can be obtained by arranging

a cam beneath the table to give it a quick up
and down movement, and if this cam is driven from
an electric motor and a fast rise and fall imparted to
the design, then the table will operate in the way
required. To give a parallel, we offer the cam shaft
of a tar engine which lifts the valves at each revo-
lution, and though your cam will vary somewhat from
this design, the principle is just the same.

The size and resulting shape of the cam will
depend on the amount you wish to lift the table
at each stroke, but we imagine about tin. or there-
abouts is sufficient. Case -harden the track and the
surface against which the cam contacts and you may
need a gear reduction from the electric motor to slow
the rotation of the cam to more reasonable limits.
Perhaps an old car gearbox may assist in this direc-
tion and the arrangement of the cam under the table
-it might be preferable to lift one end rather than
arrange it in the centre -is also a matter for con-
sideration.

sa

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

Series. No. 3. 55. 6d.*
AIR RESERVOIR FOR COMPRESSED -AIR AERO

ENGINE. New Series. No. 3a. Is. 6d.
" SPORTS " PEDAL CAR. New Series. No. 4, Ss. 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, 49.*

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

7s. 6d.
CANVAS CANOE. New Series. No. 9, 45.

DIASCOPE. New Series. No. 10, 4s.
EPISCOPE. New Series. No. I 1, 45.

PANTOGRAPH. New Series. No. 12, 25.*
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. I1s. per set of three sheets.

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

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

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

Strand, W.C.2.
 denotes constructional details° re available freewith the blueprints.

"Practical Mechanics" Advice Bureau. COUPON
This coupon is available until Nov. 3oth, 1961, and must be
attached to all letters containing queries, together with 6d. Postal
Order. A stamped addressed envelope must also be enclosed.

Practical Mechanics. November, r96z
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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 foot of this page, must be enclosed witn 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.

Electronic Timer
T WISH to use an electronic timer to switch
1 off a washing machine. Could you please
tell me of a firm who supplies them. -J. Eason
(Surrey).

WE feel you would be best advised to purchase
the following timer, if the total current at any

time is over ioA. (i.e. about 21 -Kw): Interval timer
MKT4. Maximum operating time 15 minutes,
graduations every 55 seconds. 24oV. A.C. (or to
suit your mains). Manual set. If you desire to fit
the unit into a panel order MKE instead of the
portable unit MKT. These units. are available
from Messrs. Sauter Controls Ltd., 7o Dudden
Hill Lane, London, N.W.to.

If your load is greater, then we suggest you
consult the above firm who will probably suggest
their model MKS for use on up to 15A. Alterna-
tively the MKT unit could be used in conjunction
with alternating current relay (for your voltage
mains) RQ 1/3o, obtainable from the same source,
would appear suitable. -All the apparatus listed
could function from the power supply used for the
washing machine.

Making an Enlarger
T WISH to make an enlarger for 2/in. sq.
1 35mm negatives. I believe that a Sin.
(75mm) focal length lens would be suitable.
Is there any other information you can give
on this subject? -J. M. Davidson (Edinburgh io).

THE 75mm focal length lens would do. For best
definition, use a 3 or 4 element enlarging type

lens. The lens/negative distance must be adjustable
from about 3 M. upwards, being 75mm. for infinitely
large prints, and t5omm. for same size prints.

Condensers should be large enough to cover the
negative area (3in. to Ain. dia.). Place curved
sides of condensers together. The flat side of the
lower condenser is immediately above the negative.
A focal length of about 3 iin. will do, since you wish
to cover both zl sq. and 35mm.

Use a photographic flashed opal lamp (not domes-
tic opal) at the distance giving most even illumination
on the baseboard (usually 4in. to 8in. or sol. A
6oW. lamp is suitable, but this may be increased
with a well ventilated lamphouse. The lens can
have a bellows or spiral mount, to permit focussing.
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A 6in. Reflecting Telescope
T AM making a 6in. reflecting telescope and

find that a tube must be used because of
glare from street lamps. I have a very strong
tube of kin. thick cardboard of sufficient length
but the internal diameter is only 51in. Could
this be used or would the stopping down from
6in. to 51in. cause any great reduction in power.
-W. H. Shore (Trowbridge).

BY all means use the 5iin. internal dia. tube.
If cardboard, coat inside with matt black

paint. Varnish outside. On all fixings use good
size washers so that bolts do not pull through tube
wall. Make a sin. mirror, you will lose no power
but you will lose some aperture and light grasp in
the ratio of 62 to 52 i.e. 36:25. Never the less a 5in.
mirror will make a handsome telescope. If you
finally decide on a 5in. mirror at f8, then focal
length will be 4oin.

Obtaining a Glow
T WISH to treat some metal and paper objects
1 so that they will glow or reveal themselves
in the dark. I believe there is some preparation
other than ordinary luminous paint.-A. French
(Birmingham).
'THERE are certain substances that give lumi-
11nescence chemically and one of these is lead

sulphide. A substance treated with a strong solution
of lead sulphide will pick up energy from exposure
to sunlight and give off light again strongly when
removed from the exciting influence of sunlight.
But this effect wears off very rapidly-in a matter
of minutes. You could coat your objects in this
way (soln. of lead sulphide) expose to daylight and
then cover the surface up. Upon darkness coming
down the covering could be removed and your
object would glow.

Rising Coloured Bubbles
T WAS shown recently a pint sized bottle
1 containing two liquids one heavier than
the other and coloured red. When heated by
means of a 4oW. lamp placed in contact with
the base of the bottle the heavier of the two
liquids slowly ascended to the top in large
globules, where it presumably cooled and
descended in like form. Could you please give
me some information as to the nature of the
liquids.-E. Fergus (Oxon).

THE rising globule lamps use water and an
organic fluid immiscible with water and

consisting of a mixture of a hydrocarbon which is
lighter than water, such as paraffin, together with a
heavy liquid such as carbon tetrachloride. The
proportions are adjusted very carefully so that the
mixture just sinks in cold water. Because its coeffici-
ent of thermal expansion is greater than that of
water, the mixture will rise to the top when the
system gets warm. Suitable dyes are used for
colouring. Pink and blue paraffin are already
coloured.

The mixture consists of: 2 parts blue paraffin and
x part carbon tetrachloride by volume giving a mixture
of about the same density as water at 70°F. When
colder than this the mixture sinks to the bottom-
when hotter it rises to the top. The mixture, plus

water must be sealed in vacuo to work properly.
The globules are dragged up by small bubbles by
heat from the lamp.

Cleaning Chimneys
COULD you please tell me how to use Salt-

peter to clear soot from chimneys.-
C. B. Wigan (Bristol).
SALTPETER, in small quantities at a time, can

be thrown on to a glowing fire and this is said
to clear the chimney of soot. Alternatively, a
soot destroyer can be made from the following
ingredients:

Salt 285 parts
Zinc powder 14 p,
Anthracite coal powder 6
Hard charcoal 3.5

7 -by -7 Transistor Portable
(Concluded from page 76)

hardboard is cut to fit over the top of the condenser
as shown at bottom right of Fig. 7, and is sanded
until it is level with the speaker fixing holes.

The top and bottom are covered in Fablon which
is taken over the edges for about kin., and the holes
are cut out. The back is then screwed on the cabinet.
The receiver is next fixed to the panel by the three
screws holding the panel to the condenser and the
four screws holding the panel to the speaker.

Once the receiver is mounted on the cabinet panel,
the panel is placed on the cabinet shell so that the
battery compartment coincides with the slot in the
casing. It is then tested and finally screwed in place
with small chromium screws. The batteries are held
in place by a small piece of Paxolin or Formica covered
in Fablon and held on the top with two small screws.
A matching plastic handle is fitted as in the heading
photograph.

Final Remarks
One or two 9V. batteries may be used in the

battery compartment. Renewal will not be frequent
with the value of Ri stated.

If there is instability, i.e. " motor boating,"
especially on full volume on the Long Waves, fit a o.oi
1../F condenser across the two audio transformers, i.e.
in Fig. 9 fit one between tags 4 and 5 and another
between 6 and 7.

If there is a tendency to undue whistling and the
lining up has been correctly done then neutralisation
may be required if it is decided that the interstation
whistling is too much of a nuisance. Four parts only
are required. A 1.2 KS2 resistor, a 56 pF z per cent.
condenser, a 3.9 KQ resistor and an i8 pF condenser
are all joined in line. The 1.2 KS2 component is
soldered to pin x of TR5 and the 3.9 KS2 one to pin
of TR3. The junction of the 56 pF and 3.9 KQ com-
ponents is then taken to pin s of TR4.

The receiver will work in all locations except in a
completely metal building, in a car it is best placed
near open glass such as a back window. No aerial or
earth are required.
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The pre -paid charge for small advertisements is 9d. per word, with box number 1/6 extra (minimum
order 9/-). Advertisements, together with remittance, should be sent to the Advertisement
Director, PRACTICAL MECHANICS, Tower House, Southampton Street, London, W.C.2.

PERSONAL
MANUFACTURER SEEKS INVEN-

TIONS OR IDEAS for new pro-
ducts suitable for the Chain Store and
Do -it -Yourself Trades. Replies treated in
strictest confidence. Brief details in first
instance to Managing Director, Box 18.

MISCELLANEOUS
AQUALUNG and Compressor Equip-

ment, Ballraces and Miscellaneous
items. Lists 3d.-Pryce, 157 Malden
Road, Cheam, Surrey.

FOR SALE
GIANT BALLOONS. American manu-

facture, will inflate to to -ft. diameter.
Two for to/- or five for zo/-, post paid.-
Bradfords, Ramsey, Harwich, Essex.
A STRO TELESCOPE MAKING.

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

Brand new ex M.O.S. electric gramophone units In
heavy gauge metal eases fitted carrying handles and
locks, finished black crackle. Heavyweight 200-250
volt A.C. motor, pick up, 78 r.p.m. only, cost £20
each, case alone worth more than my price, 35/. plus
5/- carriage. Ditto used 20/-.
Brand new Dallmeyer 4in. projection lenses especially
designed for 35 mm. transparency projector., but
will cover up to 211n. square, original price £7, only
£3, post 1/6.
Pin. RI -Convex Glass Condensers 2/6 each, Pod 6d.
Epidiascopes from £20 each.
Brand new Avominor moving coil MnItirange A.C./
D.C. Test Meters (ex M.0.8.) solid hide case with
shoulder strap, leads and teat prods, in original
tropical packing list over £1 1, price £5, poet 2,6.
Brand new Kodak (ex Admiralty) 7 x 50 Prismatic
Telescopes, focusing, in fitted wooden case with
binocular eyepiece. fitted filters, coat over £50, due
to another huge purchase, lower than ever price,
£4 10 each, carriage 5/..
Brand new Exide lex A.B.) 12 volt, 25 amp batteries.
These are R.A.F. general purpose lead acid accumu-
lators, 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 Included,
cost about £10, only £2 10 each, carriage 5/-.
Ex Admiralty brand new Pocket Stopwatches by
Waltham and Smith.. Fully jewelled movements,
ith second, 60 seconds per rec.. 30 minute recorder
dial, winding button start, atop and re -set, value ES,
45!-, pod 2/.. Ditto, tarnished case.. but brand new
37/6, plus 2/- post.
Ex Admiralty brand new Pocket Stopwatches,
Waltham, 6 seconds per rev., no recorder dial,
accuracy greater than I /10th second. jewelled move-
ment, in original box, winding button start, stop and

met, coat over £12, 19/8. post 2/-.
Ex R.A.F. Aerial Film 91in. x SOOft. Pan, £3. 160ft.
35/-, SiIn. x 47ft. 8/-, 24ft. 5/.. Ideal for cutting to
smaller sizes. Perfect condition. Poet 1/6.
Ex A.M. 6.45 Gun Cameras 24 volt, 21n. fixed focus
lens, 50ft. magazine loading, complete with magazine,
new £2 15, ditto used E2. Both post 2/6.
RE A.M. GCE Mark 3 Recorder Camera. 16 m.m.,
made by Spectra. Latest model with three shutter
speeds, 2 or 16 tp.e., bloomed Ills. lens F.1.9 with
iris to F.I6, 24 volt, 50ft. magazine loading, complete
with magazine in original tropical packing, absolutely
brand new, only £5, post 2,6. Ditto used £3 10, pod
2/6.
All goods supplied on 19 day money back guarantee
R. SANKEY, Regal Cinema, ATHERSTONE
WARWIC1CS. TeL:AM,idoee2220M210

FOR SALE continued

CATALOGUE No. 41. Over 4,000
items, electrical, mechanical, material

etc. 9" x 3' S.A.E. please.-K. R. Whiston
(Dept. P.M -S.), New Mills, Stockport.
ALUMINIUM LADDERS/STEPS.

Gigantic offer, 400 models.-Santo
Ltd., 17 (PM) Boundary Road, Hove.

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:

RUSHWORTH ENTERPRISES
Dept. PMI. 19 Rushworth Road, Reigate,

Surrey.

TAILORED REFRIGERATION. An
Avimo absorption unit is easily in-

stalled in home -built refrigerators, costs
only £9 los. complete. 32 cu. ft. capacity,
with extra large freezer, electrically or gas
operated. Guaranteed 5 years. Full
details from Avimo Ltd., Taunton,
Somerset.
ITYPODERM IC SYRINGES, brand
-LA new 2 c.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.

NEW MAIL ORDERS 3o H.S. Drills.
31-6o 18/, zo H.S. 61-8o zo/-.

brass screws 2 BA -8 BA mixed 7/6. 'lb.
steel above 5/6. Wood chisels r, I",
I", r" 2o/ -.-S. Grimshaw, 7 Ha II
Street, Gorton, Manchester 18.

SRBP and SRBF SHEETS
and OFFCUTS

Normally used in electrical and mechan-
ical engineering and sold under various
trade names. Colour BROWN. Virtually
indestructible and unaffected by weather
or water. Great strength according to
thickness.
Polished surface, ideal for bench or
desk tops. Can be worked as hardwood.
100 tons in stock in all thicknesses from
A- to 2-. Sheet sizes mainly 48" x 48"
but tons of useful offcuts. Stock clearance
at reduced prices.
Also available Laminated densified Wood
and Laminated glass fabric sheets (white).
Inspection invited or send SAE for
sample and more detail.

THOMAS FOULKES (PM)
LANSDOWNE ROAD,

LONDON, E.I I LEY 5084

SITUATIONS VACANT
AM.I.Mech.E., A.M.Brit.I.R.E., City

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

EDUCATIONAL
-HOW AND WHY " of Radio and

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

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 a complete
AM/VHF receiver. \-4,

FREE BROCHURE FROM

RADIOSTRUCTOR
DEPT. E80. READING, BERKS

HOBBIES
rATALOGUE NO. 14 Government
1,-, Surplus and Model Radio Control,
over 500 illustrated items. 216d. (refunded
on purchase).-Arthur Sallis Radio
Control, N9rth Road, Brighton.
ATEWTONIAN TELESCOPE
I 1 MAKING, 6", 84", t t f" Glass discs,
Grinding Kits, Plano -convex lenses,
optical flats, Ramsden eye -pieces, Barlow
lenses. S.a.e. for lists.-L. J. Mays, zo
Clover Road, Timperley, Altrincham,
Cheshire.

HANDCRAFTS
MARQUETRY VENEERS, Twelve

assorted 5/-, post free. Send 3d.
for list.-Frank Coles (Veneers), 76
Rivington Street, E.C.z.
JEWELLERY simply made. Brooches

rings, marcassites. Catalogue free.-
Webbscraft, 46 Burnway, Hornchurch,
Essex.

PHOTOGRAPHY
BELLOWS, Camera, Enlarger, Process,

Industrial Col lapsible Machine
Guards.-Beers, 4 St. Cuthbert's Road,
Derby. (Tel. 41263).
PROJECTORS. Home Assembly Kits

all types and sizes and Stereo from
zs. 6d. Fan Base Kit £3 7s. 6d.

Opticals: Screens. S.a.e. Marshall Smith
Ltd., 64 Norwich Avenue, Bournemouth.

RADIO
RADIO Television Service Sheets. All

Types valves. S.A.E. list, John Gil-
bert Radio, zo Extension Shepherds Bush
Market, London, W.I2. SHE 3052.
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MODEL PARTS

"EVENING STAR" in 3+" G.
' Wilwau ' will make the complete'
range of castings for this fine L.B.S.C.
2-10-0 loco. S.A.E. with enquiries
appreciated.

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

TOOLS

EX -GOVT. SURPLUS TOOL BARGAINS
Send large S.A.E. for free lists of engineering
tools at lowest prices, taps and dies all
threads, reamers, drills, cutters, vet -blocks,
socket sets, spanners. Large Stocks. Satis-
faction guaranteed.

A. E. KING
152 Halfway Street, Sidcup, Kent.

6" SUPA EZERED GAUGE

POST & PACK. 9d.
10/6 each

Ideal for the Handyman, Lligineers,
Storekeepers, In, Out and Depth in

1/32' and td/M Plated. Buy direct from makers.
S..1. PARKER & CO.

140,1 Longden, Coleham, SHREWSBURY

WOODWORKING
QAWBENCHES.-6in. to 3oin. fromS

£8. Motorised, £16. Petrol Portable,
£29. Bandsaws, £14. Logging Benches,
Bundlers, Splitters. Planers, Lathes.
Spindle Assemblies. Motors, Engines.
Deferred Terms. Send 25., returnable, for
4o Page Catalogue and Bargain Offers.
List Free.-Beverley Products, South
Thoresby VSC, Alford, Lincs.
6IN. SAWPLANE £16 los., write for

brochure from East Anglian Trading
Co.. 5 Guardian Road, Norwich.

WATCHMAKERS
NEW WATCHES, Watch movements,

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

BALANCE STAFFS
At give-away prices.

Each attractive 12 divisions slide lid box
contains

36 Staffs - 12 Calibres
Named, Fully Finished for

only 5/- per Box
Get your watch Materials, Tools, Bracelets,

Watches, Straps, etc., from
J. J. LAWSON

95 Godwin Street, Bradford I.
Per Return Service. Free lists on request.

WATCH PARTS
For all makes of watches, tools, instruc-
tional books, etc. Special Kits for be-
ginners. Send 6d. for " Super Bargain
Catalogue." T. G. LOADER (Dept. B.),
Watchmakers' Mail Order Service,
Milestone Road, Carterton, Oxford.
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HOME BOAT BUILDING
pULLY PREFABRICATED KITS TO
2: 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.

ELECTRICAL
ALL TYPES OF ELECTRICAL

GOODS at extremely competitive
prices, e.g., 5 amp. Twin Cable, 355. too
yards; Lampholders, 70. doz.; 5ft.
Battens, 49s.; quality and immediate
dispatch guaranteed. Request list.-
Jaylow Supplies, .91 Fairholt Road
London, N.I6. (Telephone: Stamford
Hill 4384)

BRAND NEW
BROOK ELECTRIC MOTORS

Single Phase, # h.p. 1,500 r.p.m. 47 13 9
h.p. 1,500 r.p.m. E10 76

H.P. TERMS I h.p. 3,000 r.p.m. E10 7 6
AVAILABLE h.p. 1,500 r.p.m. f 11 16 9

1 h.p. 3,000 r.p.m. El 116 9
Fully guaranteed by makers, approval against
cash. Carriage paid mainland. State voltage.

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

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 2/6.-H. Middleton, 639 Abbey -
dale Road, Sheffield, 7.

PATENTS
PATENTING SERVICES. - Advice,

Qualified agent.-C. L. Browne, 114
Greenhayes Ave., Banstead, Surrey.

GENERAL CERT.
OF EDUCATION
THE KEY TO SUCCESS &SECURITY
Essential to success in any walk of life ' What-
ever your age, you can now prepare at home for
the important new General Cert. of Education
Exam., on "NO PASS-NO FEE" terms.
You choose your own subjects-Educational,
Commercial or Technical. Recently announced
big extension of subjects gives everyone the
chance to get this valuable Certificate.

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

geSchool of Careers

INTRODUCING A NEW PORTASS
LATHE

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, Sheffeld, 8

Est. 1889. Cash or terms.

NEW POCKET MANUAL

"PRACTICAL
STEAM

TRAPPING"
New unique guide to correct selection and
installation of steam traps for mains
drainage, heating systems, process steam
units of all kinds; including best conden-
sate -lifting installations. Concise directions;
clear illustrations. Copies free on request to:

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

SURPLUS BARGAINS
MULTI -PURPOSE MOTORS. Low
voltage, with gearbox, 24 v. D.C.,
but good at 12 v. or lower. Two
shafts, 4 and 16 R.P.M. at 12 v., 6and 24 R.P.M. at 24 v. Operate 3
sets of cams and also plunger giving
powerful lateral thrust. Takes under
I amp. Wonderfully versatile motor.
Each 25/-, post 2/-.
BATTERY CHARGING TRANS-
FORMERS, 9 v. and 15 v. A.C.
(for 6 and 12 v. Charging at 11
amp.) Each 17/6, post 1/9.
RECTIFIERS to suit above. Each
6/6, post 1/-. (These transformers
and rectifiers will run above motors.)
Send 3d. stamp for list of other
motors, transformers, pumps, lamps.

switches, etc.
MILLIGANS

2 Harford Street, Liverpool, 3
Money Back Guarantee

The
PICTURE -HOOK

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.
Uaed by thousands of successful trainees in industry.

Send for Free prospectus giving details of instal-
ment plan to :

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

KENT. Tel: HURstway 1818.

Better Buy a
betaBENCH

ar'r 1111k 4ft. 6In long x Main.
bench, 2ft. fi'n. high x

Ida Fitted with ad-

Patrnt p ndlac
High qualit folding

4£77r:31{9:27.6:s. thro.t. od.
Can. Paid

BENSON LADDERS
Brochure en request.

Instable dia. steel

Dept. PM1. Oreensway, Gariorth, Nr. Leeds

ROGERS 11133 NELSON ST.
SOUTHPORT

Fibre Washers. 144 Assorted .. 3/6
Meter Rectifiers. A.C. to D.C. .. 3/9
Self Tap Screws. 100 Assorted .. 3/ -
Rectifiers. 4712 v. at 6 amps .. 18/ -
Winker Units. s or 12 volt .. 6/8
Motorised Water Primps . ..  75/-
Irstrument Cases. 12In. x Sin. x Mn. New 7/3
Telephones. New. Modern.. .. .. 16/ -
Races, Belts, Valves, Millers. Pumps, Braes
Steel. Aluminium, etn.
10 PAGE LIST FREE. STAMP PLEASE



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. (PM8)
39a Bolton Street, Bury, Lancs.

IT'S SO EASY TO MAKE
1)1

EYE CATCHING JEWELLERY

k,41.*

WITH EXPERT

KNOW HOW FROM

SEND COUPON NOW! 4

go, r- MINN MI=

* Please send me VGK Home Jewellery Book, etc. I enclose P.O. 2/-

4 I NAME
4 I ADDRESS

31U

1400340143*4340/0()(44
PM8 (31

The FLAKE
with the FLAVOUR

PER OZ

GAM AG E S
Equipment with 1001 Uses!

WITH
DRAWERS Post & Pkg 4/-

12 -Drawer (3 sets partitions)
42/- (Post & Pkg 3/-).
16 -Drawer (4 sets partitions)
50/- (Post & Pkg 3/6). 32 -

Drawer (8 sets partitions) 80/- (Post & Pkg 4 / -). 40 -
Drawer (10 sets partitions) 95/- (Post & Pkg 4/6). Partition
Set: 1 Long, 2 Medium, 2 Small. 1/8 per set.

SEE -AT -A -GLANCE
STORAGE
CABINETS

Strong Metal Frame. Finished
Hammer Silver, stove enam-
elled. Drawers Transparent
Plastic with partitions. 24 -
DRAWER CABINET approx.

1" x 124" x 6". Drawers
approx. 6" x 2(" x 11" deep.

partitions 65/-6 sets

"glfr
Solon ELECTRIC SOLDERING IRONS
For all Home Hobbyist and Industrial work. Very reliable
and efficient. Combined with maximum safety and perfect
balance. The Instrument Model (fine hit) No. 625-220/
240 volts -25 watts is suitable for fine intricate work.
Approx. weight 44 ozs.

24/ -
Post & Pkg 10d.

Model 964 (Standard oval bit) 65 watts, 220/240 volts.
Approx. 91 ozs. 29/4. Also Model 968 (popular pencil type
bit) with same specifications 30/8. Post & Pkg 1/6.
TOOL & CAR ACCESSORY LIST FREE ON REQUEST.

GAMAGES, HOLBORN, LONDON, E.C.I. - HOL 8484

Published about the 30th of each month by GEORGE NEWNES LIMITED, Tower House, Southampton Street, London, W.C.2, and
Printed in England by The Garden City Press Limited, Letchworth, Hertfordshire. Sole Agents for Australia and New Zealand-Gordon
& Goteh (A/sia), Ltd. Sole Agents for South Africa and Rhodesia-Central News Agency Ltd. Subscription Rate (including postage):

For one year, Inland 22s., Overseas 20s. 6d.. Canada 19s. Registered for transmission by 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 Electrical Design

Ordnance Survey Dr'ship

Elec. Draughtsmanship
Nlachine
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

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

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

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

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

BECOME A 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 ;NGINEERING
(In association with CHAMBERS COLLEGE-Founded 1885)

(Dept. 29)

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

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

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

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

manship and in all other branches of Engineering
and Building.

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

MANY MTERESTINO COURSES

TO SELECT MOM
A.M.I.Mech.E., A.M.I.M.I.,
A.M.Brit.I.R.E., A.M.I.P.E.,
A.M.I.C.E., A.M.I.Struct.E.,
A.M.I.Mun.E., M.R.S.H.,
A.M.I.E.D., A.F.R.Ae.S.,

London B.Sc., Degrees.

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

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

FOUNDED 1885 - FOREMOST TODAY

I.

minuOn

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

Please Forward your Free Guide to
NAME
ADDRESS

Free Coupon SEND Of
MI5 COUPON
NOW AND 8E
;ILL 5EfFOR

SUCCESS

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

(Place a cross against
she branches in which
you are interested.)

The subject of examination in which I am especially interested is

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


