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DO NOT CONCENTRATE ON WAR
Do not concentrate your thoughts upon war subjects. You will find it very worrying and very bad for
the nerves.
Read, write, sketch, paint, study your vocation; anything that will occupy your mind and your time. Make
use of the long dark nights by concentrating upon something useful.
During the last war many people learned how to write short stories etc., to -day a number of them are
world -famed authors.
By becoming efficient in your vocation you can give the best service to your country and to yourself. The
more you increase your earning power the better it is for the country and for yourself personally.
War or no war, earning power always brings its possessor to the front. It is no use waiting for better
times. The ideal opportunity never arrives. We have to make the best of existing conditions. Therefore,
delay is useless; it is worse, it is harmful.

YOU CANNOT MAKE MONEY BY SAVING
If you save 10s. per week for 10 years you have only got E260, but if you spend 2s. 6d. per week for 12

or 18 months on a correspondence course, you give your brains a chance to earn thousands of pounds,
then there is no need to save. Savings are likely to vanish, but earning capacity is a permanent investment.

DO ANY OF THESE SUBJECTS INTEREST YOU?
Accountancy Examinations
Advertising and Sales Management.
Agriculture
A.M.I. Fire E. Examinations
Applied Mechanics
, rmy Certificates
Auctioneers and Estate Agents
Aviation Engineering
Banking
Blueprints
Boilers
Rook -keeping. Accountancy and

Modern Business Methods
B.Sc. (Eng.)
Building, Architecture and Clerk of

Works
Builders' Quantities
Cambridge Senior School Certificate
Civil Engineering
Civil Service
All Commercial Subjects
Commercial Art

Engineering. All branches, subjects
and examinations

General Education
(..P.O. Eng. Dept.
Heating and Ventilating
industrial Chemistry
Institute of Housing
Insurance
Journalism
Mathematics
Matriculation
Metallurgy
Mining. All sUbleets
Mining, Elect'ical Engineering
Motor Engineering
Motor Trade
Municipal and County Engineers
Naval Architecture
Novel Writing
Pattern Making
Play Writing
Pollee, Special Tours.)

Concrete and Structural Engineering Preceptors, College of
Draughtsmanship. All branches Press Tool Work

If you do not see your own requirements above, write to us on any subject. Full particulars free.

Pumps and Pumping Machinery
Radio Communication
Radio Service Engineering
Road Making and Maintenance
Salesmanship. N.
Sanitation
School Attendance Officer
Secretarial Exams.
Sheet %fetal Work
Shipbuilding
Short hand r Pi I man's,
Short -Story W tit ing
Speaking in Public
Structural Engineering
Survey ing
Teachers of Handicrafts
Telephony and Telegfol,l,N
feleyidon
'Transport inst. EMntin-.
Heights and Measures Inspector

elding
Wireless Telegraphy and TPIP11111111
Works Managers

STUDY AT HOME IN
YOUR SPARE TIME

CAN YOU CHANGE MY
EXPRESSION

IF SO, YOU MAY BE
THE ARTIST THAT
COMMERCE IS WAIT-

ING FOR
Just try it for yoursel,.
Trace or draw the outline
md then put in the features

There are hundreds of openings in connection with
Humorous Papers, Advertisement Drawing.
Posters, Calendars, Catalogues, Textile Designs,
Book Illustrations, etc.
to per cent. of Commercial Art Work is done by

Free Lance Artists " who do their work at
home and sell it to the highest bidders. Mam
Commercial Artists draw " retaining fees " from
various sources, others prefer to work hill-tinw
employment or partnership arrangement. Wo
teach you not only how to draw what is wanted.
but how to make buyers want what you draw.
Many of our students who originally took up
Commercial Art as :1 hobby have since turned
it into a full-time paying profession with studio
and staff of assistant artists; there is no limit to
the possibilities. Let us send full particulars for a
FREE TRIAL and details of our course for your
inspection. V(411 will be under nu obligation
whatever

"e\/. ART DEPT. 76.

LET ME BE
YOUR FATHER
Let me tell you how
to make a success of
your career.
If your future is un-
decided or appears
unsatisfactory, let us
talk it over together.
I want to help, and it
will cost you nothing
to get my help; you
will be under no
obligation whatever.

I HAVE HELPED THOUSANDS
OF OTHERS

And when I say thousands, I do not exaggerate.
as 1 can produce well over 10,000 unsolicited
testimonials from grateful students who,
through our Postal Train-
ing, have achieved their
life's ambition.

Dept. 76, THE BENNETT COLLEGE, SHEFFIELD

EVERY DEPARTMENT IS A
COMPLETE COLLEGE: EVERY
STUDENT IS A CLASS TO

HIMSELF

JOURNALISM
Short -Story, Novel and Play

Writing
Thereto money and pleasure in Journalism and in Stun
Writing. No apprenticeship, no pupilage, no examina-
tions, no outfit necessary. Writing for newspapers.
novel or pictures is not a gift: it is a science that
can be acquired by diligent application and prone,
guidance. It is the most fascinating way of utakine
pastime profitable. Trained ability only is re. mired:
we do the training by poet. Let us tell you all about It.

DEPARTMENT OF LITERATURE 76

If you attend to this now, it may make
a wonderful difference to your future.

COUPON-
CUT THIS Out. -- -

To Dept. 76, THE BENNETT
COLLEGE LTD., SHEFFIELD
Please send me (free of charge'
Particulars of
Your private advice about

(Cross out line which does not apply,

PLEASE WRITE IN BLOCK LETTERS

Name

Address

li
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CURE FOR 'BLACK -OUT' BOREDOM
Build a Model Aeroplane, which can easily
be constructed without any special tools

Megow
Balsa Flying Kits
Kits for 24in. wing span Flying
Models of the STINSON RELIANT,
WACO CUSTOM, MONOCOUPE,
CQNSQLIDATED P/30,FAIRCHILD,
HAWKER FIGHTER, CURTISS
HAWK, RICHMAN AND

MERRILL'S VULTEE.
PRICE 2f 6. Postage 4d.

Lare range of smaller kits to make up 12" Flying Model>.
PRICE 11d. Postage 3d.

Or start a Model Railway, and commence by laying
the track with Bond's "00" or "0" GaugeTrack Parts

PRICES. Gauge "00" Parts Steel Chairs ... ... per 100 1,4
Steel Rail, sheradised finish Fishplates ... per doz. 3d.

per yd. lid., 1/3 doz. yds. Sleepers, Wooden ... per 100 8d.
Brass Rail per yd. 3d., 2/3 doz. yds. Electric Raised Chairs ... per doz. 8d.
Cast Chairs ... ... per 100 1/4 Pins ... 3d. packet

PRICES. Standard Gauge "0" Parks
Steel Rail, sheradised, per yd. 2d. 1/8 doz. yds.
Brass Rail ... per yd. 41d. 4/3 doz. yds.
Cast Chairs, slide -on fit ... per 100 1/2
Electric Raised Chairs ... ... per 100 2/ -
Fishplates ... per doz. 3d.
Sleepers, stained correct ceour ... per 100 2/3
Battens, I -in. x I -in. section

per yd., 21d., 213 doz. yds.
Pins, approx. 1,000 . 6d. packet
Track Gauge, special, witWelec, chair -jig

9d. each
All Track prices plus 10%. Plus Postage.

SEND FOR BOND'S 1940 GENERAL CATALOGUE, PRICE 6d.; THIS WILL
INTEREST YOU AS ITS 208 PAGES ARE FULL OF PARTS REQUIRED BY

THE MODEL MAKER INCLUDING TOOLS AND MATERIALS.

BOND'S 0' EUSTON ROAD LTD.
357, EUSTON ROAD, N.W.I

'Phone EUSton 5441-2 Established 1887

"These long black out
evenings, said Brett

"Make a chance to save
money, my pet.

Manyjobs-there'snoend
To the things you can

mend
With FLUXITE'S grand

soldering set."
See that FLUXITE is always
by you-in the house --gar-
age- workshop - wherever
speedy soldering is needed.
Used for 30 years in Govern-
ment works and by leading
engineers and manufacturers.
OF Ironmongers --in tins, 4d.,
8cl.,1 Sand 2 8. Ask to see the
FLUXITE SMALL SPACE SOLDER-
ING SET-complete but substantial complete with full instructions 7 6. Write
for Free Book on the ART OF "SOFT" SOLDERING and ask for Leaflet on
CASE -HARDENING STEEL and TEMPERING TOOLS with FLUXITE

TO CYCLISTS 1 Your wheels will NOT keep round and true unless the spokes
are tied with fine wire at the crossings and SOLDERED. This makes a much

stronger wheel. It's simple-with FLUXITE- but IMPORTANT.

THE FLUXITE GUN
is always ready to put Fluxite
on the soldering job instantly.
A little pressure places the
right quantity on the right
spot and one charging lasts for
ages. Price 16, or filled 2/6.

ALL MECHANICS WILL HAVE\,4

FLUXITE
IT SIMPLIFIES ALL SOLDERING

ENGINEERING
WORKSHOP PRACTICE

This up-to-date book provides a complete practical
course of instruction in every important branch of
engineering workshop methods, materials and equip-
ment. It deals with the underlying principles, crafts-
manship, machines, tools, measuring processes and
machining methods of to -day, and it will prove indis-
pensable to the engineer, draughtsman, mechanic,
apprentice and engineering student. Its scope extends
from simple hand tools and machines to the latest
elaborate machines and methods employed for mass -
production purposes.

SOME OF THE SUBJECTS
Files, Chisels, Scrapers, Shears, Punches, Burnisher's, Hand

Screw -cutting Tools, Spanners, Vices, Various measuring
methods. Verniers, Micrometers, Gauges, Optical Devices,
Fluted and Twist Drills. Grinding Angles, Drilling Data,
Small and Large Drilling Machines, Electric Drills, Practical
Lathework in all its branches, Machining of Metals and
Synthetic Materials. Tungsten -carbide and Diamond Tools.
Lapping, Honing, Cleaning, Polishing and Rust -protection
of various metals. Grinding Operations and Machines,
Milling Operations, Cutters and Machines. Planing, Shaping,
Slotting and Broaching Operations. Special Machines for
Production Purposes. Plate and Bar Machines. Gears and
Gear cutting Methods. Templates, Jigs and Fixtures.
Overhauling and Adjusting Machines, Millwright Work.
Welding, Brazing and Soldering Metals. Forging Work.
Sheet Metal Work. Foundry Work. Patternmaking Practice.
Press Work. Engineering Steel and other Metals; their
Properties, Testing. Hardening, Tempering and Annealing.
Engineers' Drawings. Workshop Calculations, Data, Hints
and Recipes.

THE ILLUSTRATIONS
The book is lavishly illustrated so that the explanations

are rendered very clear with examples taken from actual
works practice in many instances. There are 24 full -page
plates and 877 line and photographic illustrations in the
text.

ENGINEERING POCKET BOOK
In order to make the work even more comprehensive, we

have brought out a pocket book, which is supplied free to all
purchasers. It contains many useful tables of Screw Threads,
Tapers, Angles, Drill Speeds and Sizes, etc.

A FREE BOOKLET
To the Caxton Publishing Co., Ltd.,

119 Clun House, Surrey Street,
London, W.C.2.

Please send me, free of charge, Illugtrated Booklet
describing " Engineering Workshop Practice."

Name
Send this form in unsealed envelope (1/2d. stamp)

or a postcard.

Address

G.23.

FLUXITE Ltd., Dept. P.M , Dragon Works, Bermondsey St., S.E.I
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EPIGIATEIERS!
EQUIP YOURSELF FOR WORK OF

NATIONAL IMPORTANCE
BY BECOMING TECHNICALLY

QUALIFIED
Men with technical knowledge are as important as troops
and ammunition. For the country's immediate needs and
your own future gain you are urged to send immediately for
a free copy of "ENGINEERING OPPORTUNITIES."
Containing 268 pages of practical guid-
ance, this book is, beyond argument, the
finest and most complete handbook on
Successful Engineering Careers ever com-
piled. It is a book that should be on the
bookshelf of every person interested in
engineering, whatever his age, position or
experience.
The Handbook contains, among other
intensely interesting matter, details of
B.Sc., A.M.I.C.E., A.M.I.Mech.E.,
A.M.I.E.E., A.M.I.A.E., A.M.I.W.T.,
A.M.I.R.E., Civil Service and other
important Engineering Examinations; out-
lines courses in all branches of Civil,
Mechanical, Electrical, Automobile,
Radio, Television and Aeronautical
Engineering, Building, Government
Employment, etc., and explains the
unique advantages of our Employment
Department.

WE DEFINITELY GUARANTEE
" NO PASS -NO FEE "

If you are earning less than £10 per
week you cannot afford to miss reading

"ENGINEERING OPPORTUNITIES."
In your own interests we advise you to

write (or forward the coupon) for your copy
of this enlightening guide to well -paid posts

-NOW.

There is no cost or obligation of any kind.

- -TEAR OFF HERE

FREE COUPON
I

BRITISH INSTITUTE OF I
ENGINEERING TECHNOLOGY I

410a, SHAKESPEARE HOUSE,
17,18 & 19, STRATFORD PLACE, LONDON,W.1 I

BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY,

910a, Shakespeare House,
17-19 Stratford Place, W.I.

Please forward, Free of cost or obligation of any kind, your
268 -page Handbook, "ENGINEERING OPPORTUNITIES."

Name

Address

I

I

I
I

OM MOM =IN =MI ---1
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SUBSCRIPTION RATES

Inland and Abroad 8s. 6d. per annum.
Canada - - 8s. per annum.

Editorial and Advertisement Office: Practical
Mechanics," George Newnes Ltd.

Tower House, Southampton Street, Strand, W.C.2.
'Phone: Temple Bar 4363.

Telegrams: Newnes, Rand, London.
Registered at the G.P.O. for transmission by

Canadian Magazine Post.

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

forbidden.

PRACTICAL
MECHANICS

Editor: F. J. CAMM

VOL. VII. FEBRUARY, 1940. No. 77

NEW WEEKLY JOURNAL FOR ENGINEERS
By the Editor

ON January 25th the first issue of
our new journal Practical Engi-

neering was published. It is a weekly
journal and its price is 4d., and it has
been produced especially for all those
engaged in the engineering and kindred
trades.

The British Engineering industry is
rightly considered as the workshop of
the world, for nearly every important
process, machine, and system was
originated by British engineers. The
mass -production system of interchange-
ability and rapid manufacture of parts
was introduced by British engineers,
and the numerous new materials now
employed were the discovery of British
chemists and metallurgists.

The Engineer To -day
IHE engineer is called upon to -day

to manufacture a vastly greater range
of products than he was a quarter of a
century ago. The motor -car, the aero-
plane, the motor -cycle, the container -
vending of goods, typewriters, clothing,
furniture, buildings, and agricultural
work-all to -day call for the services
of the engineer.

Apart from the greatly enlarged
range of manufacturing processes which
this extension of engineering has brought
about, new and special machines have
been created to cope with them. New
steels and new alloys have been intro-
duced. Many new and important
subsidiary industries, such as plastics,
have been created and, with them, new
professions. The tool maker, the
foundry worker, the gauge maker, the
capstan setter, the sheet metal worker,
the drop forger, the operator of the
hydraulic press, the miller, the planer,
the shaper, the borer, the fitter, the
turner, the precision grinder-these
are but a few of the occupations which
to -day employ tens of thousands of
skilled people. Even the electrical

trade is now largely dependent upon
the mechanical engineer.

Many months ago it was suggested
to us by the executives of important
engineering firms- that there existed a
need for a modern weekly periodical
covering authoritatively and extensively
the whole field of modern mechanical
engineering processes. Support was
given to this suggestion by our inquiries
among many of the leaders of the
engineering trades. It was pointed out
that such a journal must appeal to-
indeed, act as a link between-not only
the manufacturers of machine tools,
but also to users of them.

It Fills the Gap
DRACTICAL ENGINEERING, is
I intended to fill this gap in engineer-
ing periodicals. Entirely modern in
its selection of subjects, it will deal
week by week with every workshop
process and the use of every type of
machine employed in this country. The
leading authorities on special subjects
have been retained to serve the new
journal, which will be published every
Thursday at 4d. The Staff are practical
engineers having the highest quali-
fications.

Practical Engineering will appeal to
all the key executives in the metal
working industry, to the designers, the
shop superintendents, the production
and plant engineers; in fact to all those
engaged in the engineering and allied
industries.

Our Aim

PRACTICAL
ENGINEERING will

deal with modern processes of
manufacture, and machine tools, and
also with works lay -out, time -saving
methods, the drawing office, finishing
processes, test equipment and inspec-
tion; in fact, with every sub -division of

the mechanical engineering industry. It
will review new machines and equip-
ment and explain by practical articles
illustrated by first-class drawings the
latest methods of Manufacture.

We have been encouraged to publish
Practical Engineering because we feel
that such a journal is even more vital
to -day than it was several months ago
when the idea was first mooted. It will
perform a national set-1*e, and, we hope,
encourage an even livelier interest, in
mechanical engineering. The news and
other features will keep the, reader fully
informed of the latest developments in
this and other countries. The Advice
Bureau, consisting of a panel of experts,
exists to advise engineers on all matters
relating to their business. An important
feature will be the informed criticism of
matters affecting the engineering trade.

Place your order for Practical Engineer-
ing without delay.

Unique Book Offer
I N connection with Practical Engineer-
! ing a unique book offer is being made
to every reader, who may obtain for a
number of tokens cut from the cover
and a nominal sum, a copy of Newnes'
Engineer's Handbook - a valuable
compilation of tables, facts, and data
needed by all those engaged in the
engineering trade. There are special
sections on screw -cutting, mensuration,
stress formula, plane geometry, trigo-
nometry, gear -cutting, the slide rule,
pulleys, logarithms, weights of materials,
and so on. The book extends to 256
pages and is handsomely bound. It is a
volume which in the ordinary way could
not be sold for less than half -a -guinea.
Full details of the offer appear in the
first issue of Practical Engineering, now
on sale. I hope every reader of
PRACTICAL MECHANICS will purchase a
copy of our new journal and let us have
his opinion of it.
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The Principles of the
Submarine-Part

y R. L. Maulhan9 M.Sc., A.Thst.P.
How the Submarine Torpedo Boat has Developed Through
Over Thirty Years of Intensive Research. Many Difficulties had
to be Overcome Before it eached its Present-day Perfection

FEW of the scientific creations of man,
designed for purposes of peace or war,
have a greater wealth of appli?el prin-

ciples of physics to offer in a single self-
contained unit than the Submarine Torpedo
Boat. Its shape is dictated by the laws of
hydrodynamics and hydrostatics, its motive
power depends upon the heat engine and the
electric motor, its eye is a complex optical

CANOE -SHAPED BOW

instrument, its ear in the
broadest sense involves both
wireless telegraphy and the
direct transmission of sound,
and its navigation is aided
by the gyroscopic compass,
an instrument which incor-
poLites the highest principles
of mechanics and magnetism.

The designer of a submarine hull has to
solve the primary problem of finding a
vessel whose form is such that it presents a
maximum resistance to the crushing power
of a depth of water, and at the same time
meets with a minimum resistance when
driven through the water, submerged or on

VERTICAL BOW

the surface. A knowledge of hydrostatics at
once suggests a spherical vessel as the one
best suited to resist the external crushing
power, but it is also known that such a form
would meet with considerable resistance
when moved through the water. On the
other hand a needle -shaped body which is
streamlined by a simple tapering to a point
at each end meets with little resistance whendriven

through a
fluid and so a
compromise
between the

CIGAR -SHARED HULL

Fig. I.-The
three main
types of so
marine bow

spherical
and needle
forms is

effected and the familiar cigar -shaped hull
with circular cross-section is evolved.

Earlier Submarines
The earlier submarines, those constructed

thirty to forty years ago, were almost liter-
ally cigar -shaped with the least amount of
superstructure added in the form of a tube
or box -like conning tower giving access to
the interior. But trials with these vessels
soon made it evident that the problem of
hull design was still sonic distance from
solution. Such boats cruising on the surface
were found to cleave the water in such a
way that a volume of water was made to
mount over the stern, depressing this part
of the craft and giving its nose an upward

tilt. ( See Fig 1). Appli-
cations of the laws of hydro-
dynamics dealing with the
motion of a solid body
through a fluid were made
to the problem and the
calculated results tested by
studying the behaviour of

TENDENCY OF WATER
TO 1.OUNT OVER STERN
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models in a water tank, and a variety of
forms was obtained which prevented the ex-
cessive accumulation of stern -water. Typical
of these [forms are the vertical and canoe,
shaped bows. (See Fig. 1).

New Difficulties

However, the modification of the hull
form in this way to avoid the depression of
the stern engendered new difficulties which
in turn called for solution. Any modification.
in the shape of the hull which makes a
marked departure from the feature of
circular cross-section weakens that hull and
renders it less able to withstand the crushing
pressure of the outside water. It became
clear therefore, that in order to retain the
strength inherent in a boat of circular cross-
section and at the same time to preserve the
advantages of streamlining, a new concep-
tion of hull design was necessary to the
further development of the submarine
torpedo boat. These needs were satisfied by
the design of a double hull which could be
made to include an extended superstructure.
The double hull in its simplest form would
consist of two tubes, an inner tube and an
outer tube, arranged about the same axis
with the ends tapered to points to facilitate
easy translation through water. If the inner
tube is retained in this form the boat keeps
its strength, and if the outer tube formed
from a light skin of plates be shaped to the

SINGLE HULL
INTERNAL WATER
BALLAST TANKS

DOUBLE HULL
EXTERNAL WATER
BALLAST TANKS

Fig. 2.- Vertical cross sections showing circular
pressure hulls and water ballast tanks (shaded)

requirements of streamlining, the boat may
be propelled with a least effort. Thus the
double -hull design gives the craft both
sturdiness and navigability.

Superstructure
The superstructure may be described as

that part of the submarine built on top of
the hull to include the conning tower and
to provide deck space along the length of the
vessel. It is easily seen that in some cases
the outer hull could be made to merge with
the superstructure wholly or partially as the
designer saw fit, and a variety of construc-
tions has followed in the attempt to find the
form most serviceable. Examples are illus-
trated in Figs. 2 and 3. Foremost amongst the
earlier designers was the French engineer,
Lauboei f who further increased the strength
of the tubular pressure hull by fitting it with
transverse bulkheads, thus dividing the
interior of the submarine into a series of
compartments which could be made water-
tight by closing doors and used as refuges
in time of emergency.

DOUBLE HULL
EXTERNAL WATER
BALLAST TANKS

DOUBLE HULL
EXTERNAL WATER
BALLAST TANKS

Fig. 3.-Further cross sections (see Fig. 2)

In addition, to solving the problem of
combining internal strength with external
streamlining, the invention of the double
hull brought with it other advantages, chief
of which was the new and economic dis-
position of the main water -ballast tanks. A
submarine is submerged by admitting water
into tanks built into various parts of the
hull. The water enters the tanks through
valves which put them into direct com-
munication with the sea, and to bring the
boat to the surface again, the tanks are
emptied by blowing the water out through
the valves under the force of compressed
air. These tanks fall into two classes; the
main water -ballast tanks which take the
bulk of the water needed to submerge the
boat, and the auxiliary trimming tanks
which admit or expel smaller quantities of
water to make the delicate adjustment of
the balance of the vessel when submerged
or afloat.

Double Hull Construction
In the single spindle -shaped hull these

tanks were of necessity contained in the
interior of the boat, and space which could
have been profitably employed for housing
crew, machinery, stores or ammunition, had
perforce to be filled with water ballast. The
double -hull construction provided space
between the two hulls which could be used
as main water -ballast tanks, leaving con-
siderably more room in the interior of the
submarine. Later it was found that still
more free space could be made available
inside by extending the transverse bulk-

--PERISCOPE

CONNING
TOWER A

SUPER-.

(11SSTORAGE
BATTERIES

STRUCTURE

OIL TAN

KEEL
MAIN WATER

BALLAST TANKS

VERTICAL SECTION AMIDSHIPS
THROUGH SUBMARINE AFLOAT
ON SURFACE

heads as far as the outer hull plates to divide
up the space between the two hulls into
several compartments, some of which could
be used as main water -ballast tanks and
the others for the storing of the oil required
by the heat engines for combustion and
lubrication. The auxiliary trimming tanks,
being smaller in size, are conveniently
located in the extreme ends of the boat,
where the space is necessarily very limited
on account of the tapered form, although
these trimming tanks can in some eases be
lodged in the end spaces enclosed between
hull and superstructure if' the latter be
sufficiently long.

It became clear at an early stage in the
development of the submarine torpedo
boat that a long rather than a short super-
structure was advantageous and, in fact,
necessary as the size of the boats increased
and mounted external armaments. The
superstructure serves a number of useful
purposes. By making it long, the boat is
given a longitudinal stability in surface
navigation from the increased area of
immersed surface which reduces the factor
of " top -heaviness." It also increases the
area of deck -space available for mounting
guns or derricks, covers the top and part
of the sides of the hull, giving an added
protection against collision, ramming or
shell -fire, and provides an extra storage
space between deck and pressure hull where
may be housed small boats, cable holders,
hatches and other articles which would offer,
on account of their irregular shapes, undue
resistance to a smooth passage through
water were they not thus covered over by
the superstructure. Articles stored in this
space, however, must not be perishable or
liable to deterioration in contact with sea
water, as this part of the submarine is
permanently open to free flooding. When
the submarine submerges the sea floods
into this space through open holes made in
the superstructure sides just below the deck
level, and drives the air out through a large
number of smaller holes drilled in the deck
surface. When the boat rises to the surface
again, this water automatically drains out
from the sides and air enters through the
vents in the deck surface.

Submerging
It can be readily understood that the

process of submerging a submarine by
admitting water into its tanks is a delicately
balanced one and must be finely calculated.
By admitting too much water the boat
would sink to the sea-bed and might have
difficulty in rising again under its own
power. By not admitting enough the boat
would fail to sink below the surface and
would give rise to a state of affairs which

STABLE
EQUILIBRIUM

UNSTABLE
EQUILIBRIUM

SHOWING CASES OF STABLE
AND UNSTABLE EQUILIBRIUM

Fig. 4.-Showing how a submarine can recover from a list
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in given conditions could be equally as
disastrous as the first. The question of
flooding and blowing the water -ballast
tanks, therefore, demands calculations of a
precise nature, and these calculations are
bound up with the physical phenomena of
buoyancy and the stability of floating
bodies.

When a body which may be hollow or
solid or open or enclosed, is immersed in a
liquid and succeeds in displacing an amount
of liquid whose weight is equal to its own,
the body will float. This is the phenomenon
of buoyancy and has been known for
twenty-two centuries since its discovery by
the celebrated Sicilian Archimedes. A
block of wood will float in water because its
density is less than that of water, and a
lump of iron sinks because its density is
greater than that of water. But, if the iron
be hammered out into a sheet and curved to
form a closed vessel then the effective
volume occupied by the iron is increased
and will accordingly displace a greater
quantity of water when immersed. If this
quantity of water weighs as much as the
iron, the iron vessel will float. It is common
knowledge that when anything is placed
inside a floating vessel, the _vessel sinks a
little. In the light of Archimedes' principle,
this sinking is necessary in order to displace
an extra weight of water just equal to the
weight of the object added, making the
total weight of water displaced equal to
the combined weight of vessel and contents.

A Floating Hull
A floating hull may be regarded as con-

noting of two parts. The part below the
water line whose volume is the same as the
volume of the displaced liquid, and the
part above the water line. This volume
above the water line is called the reserve
buoyancy of the boat, and the submergence
of the boat is governed by the careful
control of this reserve buoyancy.

In a submarine the reserve buoyancy is
represented by the total volume of the
water -ballast tanks. When these tanks are
empty the reserve buoyancy is said to be
positive and the boat floats. When they
are filled with water, the reserve buoyancy
has been overcome and is said to be zero.
In this condition the submarine is just under
the surface, its actual weight plus the
weight of water occupying the tanks,
being just equal to the weight of the water
displaced by the submerged boat, so that,
as far as the force of gravity is concerned,
the submarine forms a piece of the sea itself
and will neither rise nor sink. In this critical
condition the shipment of the slightest
quantity of extra water will make the
reserve boyancy negative and the boat will
immediately sink and will continue to sink
until the sea bed is reached, unless, of
course, the reserve buoyancy is again made
zero by discharging some of the ballast or by
bringing the power of the submarine's
engines into operation against the dive.
Reserve Buoyancy

The reserve buoyancy calculated in terms
of the total waterballast tank space by the
naval architect has to be different for differ-
ent types of submarine. If this volume is a
small percentage of the boat's total volume,
the shipment of a relatively small quantity
of water, intentionally through the valves
of the ballast tanks or accidentally through
an open conning tower or leak in the hull
plates, will be sufficient to send the craft
below the surface. Small percentage reserve
buoyancies are to be found, therefore, only
in those vessels intended for service in the
reasonably calm and sheltered waters of
bays and harbours, whilst a much greater
reserve buoyancy is accorded to the ocean-

going type of submarine which is more
liable to encounter rough weather. But,
although such a vessel has a greater sea-
worthiness it has the disadvantage of need-
ing a longer time to flood its tanks and dive.
For this reason it is customary for sub-
marines which are operating under active
service conditions to surface cruise " in
diving trim," that is with their tanks three-
quarters full in readiness for a sudden sub-
mergence made by rapidly flooding the
remaining space in the main -water ballast
tanks.

Stability
Closely allied with the buoyancy proper-

ties of a boat is its factor of stability which
determines whether or not a boat will right
itself, and with how much ease it will do
this, when made to heel over to one side or
the other. In terms of pure geometry the
stability of a boat is decided by the positions
of three points, situated in a vertical cross-
section, taken through the boat. These
points are the centre of gravity of the boat
itself, the centre of gravity of the water
which would occupy the space taken by the
immersed portion of the boat, and the
metacentre. The action of gravity through
these three points brings into play forces
which determine the boat's ability to
recover from a list. The centre
of gravity of the boat is the
point through which acts in a
vertically downward direction
the resultant of all the forces
of attraction between the earth

Fig. 5.-Stern view of sub-
marine showing disposition of
hydroplanes, screw propellers

and rudder

RUDDER

To summarise the main features of a hull
successfully designed for submarine pur-
poses, it may be said then that the inner
hull must be circular in cross-section to
withstand the crushing pressure of the
water, the outer hull shaped to give an easy
mobility through water, the reserve buoyancy
calculated to make the vessel both sea-
worthy and readily submersible, and the
net hull form and distribution of internal
load arranged to bring the metacentre
above the submarine's centre of gravity for
the purpose of stability.

Diving Powers
It has been seen that a submarine has to

possess diving powers capable of converting
it at short notice from a normal surface
cruising vessel into an underwater craft
resembling in many respects a steel fish.
The process of submergence depends mainly
upon the sudden flooding of the water
ballast tanks by opening them to the sea,
but the dive itself and the converse pro -

SCREW PROPELLER

HYDROPLANE

and all the particles of matter out of
which the boat is composed. In Fig. 4 this
point is denoted by G. Similarly H denotes
the centre of gravity of the water which
would fill the space occupied by the boat
when the latter is at rest on an even keel
in still water. K is the centre of gravity of
this water when the vessel has a list from its
equilibrium position. The vertical line
through K intersects the straight line
through 0 and H at the point M, which is
defined as the metacentre. In accordance
with the principle of Archimedes the vessel
floats when its weight acting vertically
downwards through G is exactly counter-
balanced by the vertical upthrust of the dis-
placed water through the point H. When
these two points lie on the same vertical,
the boat is at rest and has no list. (Fig 4a).
When there is a list the upthrust through K
and the weight acting through G constitute
a mechanical couple which tends to turn the
boat about its axis. It can be seen from
Fig. 4 that the location of the metacentre
decides whether this turning movement will
tend to right the boat or cause it to capsize.
In Fig. 4b the metacentre lies above the
centre of gravity of the submarine and the
system is mechanically stable, since the
couple acts in a counter -clockwise direction
and tends to restore the boat to its normal
position, whereas in Fig. 4c the metacentre
lies below the centre of gravity producing a
clockwise couple which turns the boat
over.

cedure of making an as-
cent to the surface are
controlled by the manipu-
lation of steel fins moun-
ted in the submarine's
sides. These fins are the
hydroplanes, plane blades
of steel which protrude
from the hull sides and
operate in pairs about
horizontal axes after the

fashion of horizontal rudders.
In the neutral position the hydroplanes

are arranged with their surfaces parallel to
the surface of the sea so as to offer no
resistance to the motion of the boat through
the water, but during a dive the blades are
inclined with their forward edges down in
order to receive on their upper faces the
thrust of the oncoming water as the boat
moves forward. This thrust imparts to the
submarine an oblique course into deeper
water, and combined with the vertically
downward drag of gravity on the water
filled tanks produces a dive which is swift
without being dangerously steep. Con-

- versely, the submarine passes from a hori-
zontal course under water into a rising
course towards the surface by simultaneously
discharging the water ballast tanks and
inclining the hydroplanes with their forward
edges upwards to receive the thrust of the
water on their under faces, the steepness of
the ascent being controlled by the angle of
inclination of the hydroplanes, the velocity
of the boat through the water and the rate
of discharge of ballast. Some submarines
are fitted with two pairs of hydroplanes,
one pair in the bows and the other in the
stern immediately behind the screw pro-
pellers, the latter pair having a larger blade
area to enable their effect to predominate
over that of the forward blades which are
adjusted in response to the inclination of
the larger pair to steady the boat in its
dive or ascent. The disposition of rudder,
stern hydroplanes and screw propellers are
illustrated in Fig. 5.

(To be continued)
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America's largest twin-engined airliner nearing completion

New Sub -stratosphere
Aeroplane

Details of America's Largest Twin-engined Airliner which
has been Specially Designed for High -altitude Operation

THE Curtiss-Wright Corporation, pion-
eer American manufacturer of com-
mercial and military aeroplanes,

aircraft engines and propellers, is now,
completing at its St. Louis (Missouri)
Aeroplane factory for initial flight tests
America's largest twin-engined, high-speed,
civil transport plane, according to Guy W.
Vaughan, president of the organisation.

It is the newly designed low mid -wing,
all -metal Curtiss-Wright sub -stratosphere
plane, built as a club type to transport 30
passengers, a crew of from three to five,
and 6,000 lb. of mail and express at
approximately 3i -miles -per -minute at alti-
tudes up to 20,000 ft. As a sleeper version
-a type which Curtiss-Wright introduced
in aviation with the C -W Condor in 1934-
it will accommodate 36 passengers by day
and 20 in berths at night.

Many Innovations
Designed by Curtiss-Wright engineers

working in close consultation with major
U.S. air -line experts to develop a larger
and faster airliner, it incorporates the latest
advances in air travel and many innovations
beneficial to the traveller as well as to the
pilot. A well-balanced design, it sacrifices
neither safety nor economy to obtain its
high speed, luxurious accommodation,
heavy payload, maximum operating sim-
plicity and advanced aerodynamic efficiency.
Its flexible load -carrying qualities qualify
it for trans -continental or non-stop service.

Dwarfing in size any airliner now being
regularly operated in the United States,

it is 75 ft. from nose to tail, has a wing
span of 108 ft., is 19 ft. 2 in. high, weighs
24,750 lb. empty, carries a useful load of
13,250 lb., and weighs 38,000 lb. fully
loaded. It is equipped with two fuel tanks

A cross section of the pressurised fuselage
sl owing two eccentric circles intersecting so
that the floor joins their points of intersection

in each of its two wings, the four having a
total capacity of 1,000 gallons.

Emphasising safety, yet adhering to the
principle that the most efficient as well as
the most economically operating transport
is one which is equipped with a minimum
number of large power plants, its designers
have powered the new airliner with two
Wright Double -Row Cyclone 14 engines
(data restricted) which are calculated to
give it a maximum speed of 243 m.p.h.
at 13,000 ft., a cruising speed of 210 m.p.h.
at 10,000 ft., a climbing speed of 1,440 ft.
per minute and a landing speed of 70 m.p.h.

Anticipating that some air -line operators
may wish to increase the new design's
payload and performance, however, Curtiss-
Wright engineers have so designed the new
sub -stratosphere type that it may be
equipped with power plants of considerably
greater power than those now installed.

Power Plants
The power plants are equipped with 15 -ft.

Curtiss electric " full -feathering " propellers
which are the largest ever manufactured
for air line operations in the United States.
The " full -feathering " type, a design
which Curtiss-Wright was the first to
develop and manufacture, not only enhances
single -engine performance but also elimin-
ates destructive engine vibration likely to
occur in case of engine failure when using
a propeller which permits " windmilling.

To permit normal cruising at 20,000 ft.
with equivalent " cabin altitude " of
6,000 ft., pressurisation of the fuselage is
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obtained through a new cross-sectional
design of two eccentric circles, intersecting
in such a way that the floor joins their
points of intersection. The floor thus acts
as a tension tie to withstand loads caused
by the tendency of the two circles to separ-
ate under pressure.

Above the floor is a roomy, luxurious
passenger cabin -6.9 ft. high by 9.75 ft.
wide (at window height) by 35.3 ft. long
-with fixed -reclining or swivelling -reclining
chairs for as many as 40, or sleeping berths
for 20; and below is a spacious cargo hold
of 550 cub. ft., capable of accommodating
5,200 lb. of cargo and a separate compart-
ment of 137 cub. ft. to contain such acces-
sories as batteries, water tanks, etc.

The wing design was developed following
tests which proved that lateral control can
be retained at and below the plane's stalling
speed by modifying the airfoil toward the
wing tip. Thus the plane may execute
three-point landings at minimum speed
without chancing " falling off on one wing."
Special Curtiss-Wright slotted flaps attached
to the trailing edge of the wings, inboard
of the ailerons, move directly aft during the
first part of their motion to provide added
lift for take -off and initial climb, and
revolve downward for the latter part of
their motion to accomplish air -breaking.
Landing Gear

The -landing gear was so designed as to
eliminate the possibility of failure. In
anticipation of the further development
of blind -flying technique, the gear was
designed to permit landing at a rate of
descent of 800 ft. per minute, the landing
being cushioned by an extremely long shock
absorber travel. The geometry of the
structure has been so worked out that

when the aeroplane is on the ground there is
no possibility of the landing gear folding
even if the power is applied. As long as the
weight of the aeroplane is on it, the landing
gear cannot be retracted.'

While the use of but two engines relieves
the pilot of the extra responsibility and
effort attendant on the presence of a

SPECIFICATIONS
Dimensions-

Length ...
Height (tail down) ...
Wing span
Wing area
Tread ...

75 ft. 0 in.
. 19 ft. 2 in.

108 ft. 0 in.
... 1,353 sq. ft.
... 25 ft. 11 in.

Power Plant-
Wright Double -row Cyclone 14's or Wright
Duplex Cyclones.

Weights- Cyclone 14 Duplex Cyclone
Empty ... 24,750 lb. 28,040 lb.
Useful load 13,250 lb. 14,960 lb.
Gross ... 38,000 lb. 43,000 lb.

Performance-
Maximum speed 243 m.p.h. 273 m.p.h.
Cruising speed ... 210 m.p.h. 230 m.p.h.
Landing speed ... 70 m.p.h. 74 m.p.h.
Rate of climb (at

S.L.) ... ... 1,440 ft./min. 1,750 ft./min.
Single -engine ceil-

ing ... ... 13,000 ft. 14,000 ft.
Wing loading ... 28.1 lb./sq. ft. 31.8 lb.:sq.. ft.

Accommodations-
Passengers (day)
Passengers (sleeper) ...
Cargo (max.) ...

36-40
. 20

5.200 lb.

multiplicity of power plants, Curtiss-Wright
engineers have further simplified the pilot's
operation of the new skyliner by reducing
the number of flight controls in the modern
transport 33 per cent.; perfected a revolu-
tionary " tell -tale " safety device which
automatically checks the functioning of

A plan, side and front
view of the airliner and
on the right a sectional
view of the fuselage

approximately 50 major instruments and
controls and is virtually a "fourth pilot " ;
devised special radio communication facili-
ties; and lessened the problem of aeroplane
and engine " icing."
Comforts

Recognising that the air traveller expects
the luxury of a hotel or club in the modern
airliner, the manufacturer offers in addition
to the comforts of a supercharged cabin,
adequate ventilation, heat provided inde-
pendently of the power plants, indirect
cabin lighting, fully equipped food galley,
accommodations for both a steward and
hostess, separate washrooms and private
lavatories for men and women, sound-
proofing approaching 60 decibels, a heated
cargo compartment and other innovations.

The new Curtiss-Wright high -altitude
airliner was incidentally the design chosen
last year by the American air transport
industry for full-sized reproduction (mock-
up) and display as a feature of the $500,000
Aviation Building at the New York World's
Fair. Approximately 2,500,000 persons
inspected it during the five -months' period
which ended October 31st, 1939.

Completion of the new airliner marks
the return of the Curtiss-Wright Corpora-
tion to the air transport field. Engaged in
the production of military aircraft in recent
years, the company has produced several
transports such as the 12 -berth C -W Condor
Sleeper, the world's first sleeper plane
introduced in 1934. The latter was preceded
by the organisation's development in
1929 of the 18 -passenger Curtiss-Wright
Condor club plane, first of America's now
popular twin-engined airliners. Both types
were operated extensively by major air
lines in the United States.
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WORKSHOP PRACTICE:

IT is not far short of the truth to say
that the efficiency and wearing qualities
of car engines, etc., are largely deter-

mined in the foundry. The designer's cal-
culations cannot be carried out into effect
unless the cylinder block casting is accurately
made. This calls for control over a number
of variable factors, such as the correct
mixing of the cast iron, accuracy of the
patterns, and the arrangement of the
spaces in the casting so that the metal
is free from chilling or distortion in
cooling.

To -day, the rapid flow of production m a
modern factory has called for mechanisation
of the foundry, to bring it into line with the
rest of the works.

WOODEN
PATTERN

FINISHED
MACHINED )k
CASTING

CORE PRINT
AT EACH END

IMPRESSION
OF PATTERN

LOWER HALF
OF

MOULDING BLOCK

Modern Foundry
Methods

Methods of .Casting and
Making the Necessary Moulds

The ladle filled with

molten metal being

tipped to pour a

cylinder -clock casting

How a Casting is Made
Most of you will probably

be familiar with the proce-
dure of making a casting.
Assuming, for instance, a
simple object such as a hollow
cylinder, two boxes filled
with damp sand would be
used; the pattern for the
outside diameter of the
cylinder, turned from wood,
which would first be pressed

into one box for half its depth, as
shown in an accompanying illustration,
and then into the other, so that when the
two boxes are placed face to face, a cylin-
drical hollow of the same shape as the
exterior of the pattern will exist in the sand
moulds. A core is also required, of the
same diameter as the interior of the cylinder.
This is made from sand bound with oil,
baked so that it is hard enough to retain its
shape, and is supported between the two
faced of the moulding box, so that when
metal is run in, it will fill the space between
the core and the sand moulds. When the
metal has cooled the mould is dismantled,
and the sand core broken out, leaving, a

hollow cylinder.

(Left) The principle
on which a simple
casting is made. The
pattern is pressed
first into one half
of a sand moald, and

BAKED SAND then into the other.
CORE The core, made from

sand, bound with oil
and baked, is placed

DAMP SAND between the two
halves of the mould
when they are
assembled. Only the
bottom half of the
moulding box is

shown in the illustra-
tion. (Right) Dia-
grammatic illustra-
tion of the method

of making a centri- PLUNGERfugal casting BY WHICH FINISHED
CASTING IS EJECTED

Metal Patterns
The first step toward speeding up pro-

duction was the substitution of metal
patterns for those of wood : this permitted
large numbers of sand moulds and cores to
be produced rapidly, whereas a wooden
pattern might lose its truth after only a
dozen moulds had been made. Moulding of
a pattern plate is a fairly simple pro-
position. In the case of a small component,
the two parts of the mould box are assem-
bled with the pattern plate, located by pegs,
between them. The moulder then rams
sand into the upper half of the box, rolls
the complete box over, and rams up the
other side. The pattern plate is then with-
drawn and the pouring gates cut in the
top part of the mould. After reassembling
the complete mould, pouring can take place.
If the casting is to have a hollow centre, a
core of baked sand must, of course, be
supported between the two halves of the
sand moulds after removal of the pattern
plate.

When casting a more elaborate item, such
as a cylinder block, precisely the same
principle is followed in the majority of
cases. In order to provide the openings for
the inlet and exhaust ports, cylinders,
water spaces, and so on, cores made from.
baked oil -bound sand are used. Itxmming,
moreover, is carried out by machinery;
modern machines usually operate in pairs,
one ramming the top half of the mould, and
the other the bottom or "drag" half of the
moulding box.

Before the mould and core can be con-
structed, and the molten metal poured, a
number of preliminary processes must take
place. At the Morris Works, for instance.
the foundry covers an area of over
70,000 sq. ft., and adjoins the railway, so
that truck loads of raw material can lee
delivered close to the point at which they
are required. The Ford Company takes

PERMANENT MOULD
ROTATING AT HIGH SPEED

SOLIDIFYING MOLTEN BORE
METAL

I

POURING
LADLE

WHEN MOULD IS
FULL SURPLUS
METAL OVERFLOWS
FRONT PLATE..
CARRYING SLAG
PARTICLES
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matters a step further, possessing the only
blast furnace in the South of England, and
producing sufficient pig iron to supply not
only their own needs, but outside demands.

Quantity Production
The pig iron is lifted from the railway

trucks, lorries, or storage bins, as the case
may be, and lowered into trucks which
convey it to the foundry, where its contents
ate raised by a crane to the charging plat-
form of the huge cupolas, and fed auto-
matically into the furnace. Coke, steel and
limestone are weighed and fed into the
cupola in the same way. When the molten
iron is ready for pouring it is allowed to flow
into ladles, from which the pouring is done.

In another part of the foundry the sand
for moulding is delivered to rotary dryers
which are capable of dealing with ten tons
of sand per hour. Different types of sand
are used for different castings and for making
the cores. The sand is passed on to an
elevator which delivers it automatically
into small storage hoppers, situated above a
battery of moulding machines. These are
operated by compressed air. On opening a
valve a stream of sand falls into the moulding
box. On operating a further control, the
head of the machine is swung above the
box, and the plate of the machine raised to
squeeze the pattern into the sand. The
process is corn' leted in the space of half
a minute.

Core Blowing Machines
Meanwhile, the cores of sand 'bound with

oil are made in core -blowing machines. The
core boxes are assembled and placed in the
machine, the sand being forced in under air
pressure. The boxes then pass on to a roller
track, where they are dismantled, the cores
being transferred to the suspended racks
on which they pass through a continuous
drying oven.

After inspection the cores pass to the
main assembly point, where they are fitted
into the moulding boxes, the completed
mould being passed on a further roller
track until it comes under one of the ladles
filled with molten iron, which is tipped to
allow the metal to pour into the mould.

After pouring, the mould is taken to a
cooling shed where the fumes are drawn off
by fans; cooling may take five or six hours.
The mould is then taken to the " knock-
out " section, where the casting is knocked
out of the box and the sand surrounding it
removed. The used sand falls through a
grid on to a conveyor, passes under a mag-
netic device which removes particles of
metal, and returns to the sand mill to be
cleaned and remixed.

Finishing the Castings
The casting has the rough edges removed

and is cleaned up or " fettled " by a high-
speed grinding wheel, and after being sub-
mitted to a shot-blasting process, is
inspected. As many as 35 gauges may be
employed on some types of cylinder
blocks, while hammer and punch tests are
also made to detect any possible blow holes
or internal defects. Finally, the castings are
tested under water pressure before being
passed to the stores.

The foregoing is typical of the sequence
followed in the foundry of a large car
manufacturer or a specialised cylinder -
casting firm.

There is, however, a growing tendency to
make use of a procedure known as the
" all -core " method. The principle under-
lying this is that with a normal sand mould
and core, the core is mixed with an oil
binder, or sometimes molasses, and the box
sand with a water binder. Consequently,

the finished cow is warm and dry, whereas
the mould i9 damp. When the molten metal
comes into contact with the damp sand it is
chilled. Chilled cast iron is not only
extremely hard, but also very brittle. The
metal surrounding the baked cores, on the
other hand, retains its normal characteris-
tics. As a result, exactly the opposite to the
ideal state of affairs is obtained, since it is
preferable that the cylinder walls should be
hard, while the exterior surfaces should be
easily machinable, instead of vice versa.

Core Pieces
The all -core method overcomes this

difficulty. At the Morris works, the whole of
the mould is built up of cores, which are
largely hand -made. As many as 31 separate
core pieces are used in a Morris " Eight "
cylinder block. The main outer cores are
located by dovetails in the sides of the
moulding box, while the smaller core
pieces interlock with one another.

The moulding boxes are passed by a con-
veyor along the assembly line, each man
adding his. core and passing the box to his
neighbour. The mould is checked by
special jigs at each stage, although the least
inaccuracy in one core will prevent it from
assembling correctly with the others, so
that the box can be rejected before a scrap

METAL COOLS
FIRST ON
EXTERNAL
SURFACES

'CORE- OF METAL
LAST TO COOL-
SLAG PARTICLES
& GAS CAVITIES
COLLECT HERE

When a cylindrical casting is made with a sand
mould and core, the outside surfaces of the metal
tend to solidify first, an unreliable " core -

results

casting is made. A further advantage is
that control over chilling is possible,
because the same sand mixture can be
employed throughout to produce the same
degree of hardness all over, or different sand
mixtures can be used for certain cores to
obtain greater hardness at particular spots.
At the Morris works, the same sand mixture
is used throughout, so that, as there is no
risk of local chilling, a harder cast iron than
normal can be employed.

Centrifugal Casting
Cylindrical castings, such as cylinder

liners, and the cylinders or " pots " from
which piston rings are parted off, are often
cast by what is termed the centrifugal or
spun -cast method. The main reason for
this is that when a metal is cooling it does
not suddenly become a solid block of metal.
Instead, as the metal cools, groups of
atoms begin to " cohere," forming in each
case the nucleus of a crystal. As the tem-
perature drops further, the nuclei become
growing crystals, until at last the crystals
meet on all sides, and the metal is solid.

There must always be particles of slag in
suspension in the molten metal, while
gases are also dissolved in it. In the case
of east iron, the larger particles of slag
rise to the surface and are skimmed off
before pouring is carried out. Nevertheless,
small particles remain. The growing crys-
tals reject all foreign matter, so that
particles of slag tend to collect in the

portions of the casting which solidify last.
In all sand castings, the outer corners solidify
first, the interior of the metal being the last
to cool. Consequently, in the case of a
normal cylindrical casting for a cylindrical
liner or piston ring pot, the slag particles or
gas cavities tend to be trapped in the middle
section or " core " of the metal.
Removing Slag Particles

This is overcome by pouring the metal
into one end of a cylindrical sand mould
which is rapidly rotating. The molten metal
is flung outward against the interior surface
of the mould, and begins to cool, but the
interior of the bore remains liquid; here
the slag particles rejected by the cooling
metal tend to accumulate. When the mould
is full to the rim of the front plate, as shown
in an illustration on page 201, a little extra
metal is added, and this, as it overflows
the edge of the plate, carries with it the
impurities. Spun pot castings, therefore,
have no unreliable core. Moreover, owing
to a more rapid rate of cooling, a close,
even grain is obtained which is not other-
wise possible.
Camshaft and Crank Castings

A fairly recent innovation, is the intro-
duction of cast camshafts. Cast camshafts
can be produced in small batches at com-
paratively low costs. Apart from the pro-
duction engineer's point of view, the designer
finds this an advantage owing to the ease
with which valve -timing can be altered.
Alteration of the dies of a drop forging
machine is a far more expensive matter.
The camshafts are usually cast in pairs, the
moulds being built up on plates with the
aid of metal patterns. It has actually been
found possible to eliminate straightening of

of
course, to ensure that the castings are not
distorted. The shafts_ are cast very closely
to the finished dimensions, only about
.030 in. being left for can grinding. More-
over, tappet and valve noises are reduced
owing to the smoother action which arises
from the self-lubricating and work -harden-
ing properties of cast iron.
Ford Practice

kfurther unorthodox development is the
use of cast crankshafts by the Ford Com-
pany. Although cast crankshafts have been
used for low -speed engines, they have not
until recently been considered safe for the
modern high-speed power unit. After
lengthy laboratory experiments, and ex-
tended practical tests, the Ford Company
have evolved an alloy cast -steel crankshaft
which shows a marked reduction in failures
in use, as compared with forged crankshafts.

The crankshaft is cast fairly close to its
finished dimensions. Only nine pounds of
metal is removed during machining, as com-
pared with 24 pounds on a similar drop -
forged crankshaft. The total weight of the
shaft, in its finished form, moreover, is
reduced from 66 to 56 pounds, while the
lower co -efficient of .friction of the alloy
cast -steel still further improves engine
performance.

WORKSHOP CALCULATIONS
TABLES AND FORMULIE

2nd Edition
by F. J. CAMM

A handbook dealing with methods of calculation,
solution to workshop problems, and the rules and
formula3 necessary in various workshop processes.
It contains all the information a mechanic normally

requires.
From all booksellers, 3/6 net,
by post 3/9 from the publisher:

GEORGE NEWNES LTD. (Book Dept.),
Tower House, Southampton St., London, W.C.2
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Converting Motor Car Dynamos
to A.C. Motors
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Figs. I and 2.-(Above) An electric
grinder. The dynamo is a two -pole
6 -volt 15 amp. unit whic.b drives a 3 -in.
wheel at 3,000 revs. The cooling fan
and guard are clearly shown. (Right)
Parts of a 6 -volt four -pole starter motor

ready for rewinding

THl: efficiency of these converted
machines is not very high, but as they
are of small capacities this does not

matter. The chief difficulty to be overcome
is the heating of the field coils and magnets
due to the rapid reversal of the current.
With large machines this cannot be over-
come, and they must only be used as
short -period motors where they are in
operation for a few minutes at a time.
A test machine taking 4 amperes was run
for seven minutes before the field magnets
were hot, and then a further ten minutes
before it had to be shut down. For the
home shop a 1/16th h.p. is quite sufficient
for light polishing and grinding, but for
heavier work, a 1/8th h.p. will be required.
These machines run at constant speeds,
and when suitably wound are ideal for
model driving and general experi-
mental work.

A good quality starter motor or
dynamo must be obtained, and the
best place to get one is from a
" scrap " yard, and not your local
garage. If the machine is only required
for model work, you should select a
small dynamo of the motor -cycle type.
but for other work, get as big a machine
as possible. First test the bearings by
shaking the shaft, and see that the brush
gear is in good order. It is essential that
these machines be of the two- or four -
pole type, with the armature at the cen-
tre of the housing ; an eccentrically mounted
armature is not suitable, as complications a-
rise when converting the brush gear. Remem-
ber that a four -pole machine will run at 1,500
revs., and a two -pole at 3,000. It is advis-
able to choose a machine with ball bearings
rather than brass bushes.

How to Commence
If the machine is working as a dynamo,

it will not be necessary to test the armature,
but if there is any doubt, get another
machine, as the armature is not rewound,
and is not touched in any way. Dismantle
the machine and remove all surplus oil
from the case, field magnets and brush
gear with clean petrol, and wash out the
bearings, removing all grease and grit, and
put a few drops of light oil in them. It is
unnecessary to stuff the bearings with
grease, as a little light machine oil fre-
quently applied is more efficient for our
purposes. With third brush machines.
remove the third brush and connect the
two brushes together; similarly, with four -
brush machines connect the brushes
together, or connect the pigtail of each
brush to the frame of the machine. You

This Article appeared in an issue of "Practical Mechanics"
long since out of Print. It is here reprinted for the

guidance of Querists

should use a stout wire here, as a machine
having 1 ampere flowing through the field
coils has about 10 amperes circulating
through the armature, hence the necessity
for a good commutator and brush gear.
With most machines there is some arrange-

Fig. 3.-(Left) Brush connections for a two -pole
motor. (Right) Connections for a four -pole motor

ment whereby the end plates can be
replaced in only One position. This is
generally a small stud, and should be filed
flat so that the ends may be turned round.
The brush gear end should be free, but the
driving end may be left in its original
position, although, if this is free, it may
save drilling extra holes for the fixing bolts
(see Fig. 3).
Removing the Pole Pieces

Remove the pole pieces; it may be
REMOVABLE TOP

necessary to use a cold chisel and hammer
on the screws, but it can be done. Make a
former from suitable wood, using one of
the original field coils as a guide. It may
be found that these coils can be rewound
a little larger than the originals, if so, make
use of this, as it is impossible to get too
much wire on. One coil is required for each
pole, and for the average two -pore machine
about 1 lb. of No. 26 D.C.C. should be used,
and not less than lb. For a four -pole
heavy-duty machine, use No. 22, and for
a light experimental motor, No. 30 or No. 32
will be large enough. Exact quantities of
wire cannot be given, but it is not possible
to use too much, as a series resistance has
to be connected in the circuit, except with
the very small motors. Make the former to
the pattern shown in Fig. 4, and wind to
the maximum capacity, putting the wire
on as evenly and tightly as possible. When
finished, the coils are wrapped with in-
sulating tape, placed on the pole piece, and
fixed in position; take care not to trap
any material between the pole pieces and
the yoke ring. Wind the coils in the same
direction, and to ensure the correct polarity
connect the beginning of the first coil to the
end of the next, and so on. Test for con-
secutive north and south poles with
a pocket compass and a two -volt battery in
series with the field. With the smaller
machines the ends of the field coils are
connected to a length of standard flex, the
joint is insulated and fixed inside the
motor case; and a standard plug or adapter
should be fitted. If these small machines
heat up too much, then a resistance such as
a 100 -watt lamp must be connected in series.

The Brush Gear
Reassemble the machine, leaving the

brush gear end free to rotate, and connect
in series with a small electric fire and the
mains. Switch on and turn the brush gear
until the armature is rotating at a maxi-
mum. Mark this position and drill new
holes for the fixing bolts, which should be
filed oval so as to give a slight adjustment
when the machine is put on load. It will
be noticed that if the brush gear is ad-
vanced past the maximum speed line, the
motor slows down, stops, and finally
reverses, until its speed is again at a
maximum.

The mounting of the machines depends
upon the work that they are designed to

(Continued on page 228)
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Figs. 1 and 2.-(Left) Rear view of machine showing driving arrangement. (Right) Recording and reproducing amplifier used with the tape machine for the
weather -announcing system

Weather Announcing Tape
Machine

Government Weather Forecasts for New York and Vicinity are now Available to the New
York Telephone Users, and may be had by Telephoning a Weather Forecast Bureau

WEATHER -ANNOUNCING
machine is now installed at the
West Fiftieth Street central -office

building of the New York Telephone Com-
pany. With this machine, telephone sub-
scribers throughout greater New York may
receive authoritative forecasts of weather
conditions. Information for these announce-
ments is supplied hourly between 7 a.m.
and 11 p.m. by the local office of
the United States Weather Bureau
over a direct teletype connection.

Magnetic tape recording is well suited
to services of this type where it is
necessary to change the recorded mess-
age frequently and where permanent
preservation of the record is of no
importance. The record is made by
producing in a moving steel tape of
high retentivity a magnetic pattern
corresponding to the voice current
coming from the microphone circuit.
This pattern remains in the tape and
can be " picked up " electrically many
thousands of times until erased, which
is done by saturating the tape with a
heavy magnetic field. The entire pro-
cess of erasing, recording a new mess-
age, and reproducing is controlled by
a few keys at the operating turret.
No experience or technique is re-
quired to obtain faithful reproduction
of the announcement, and since the steel
tape may be used again Sand again in-
definitely, there is no continuing ex-
pense for record material and there is no
processing cost involved.

Three Machines
Three of these machines are mounted,

each with its associated amplifier, on the
relay -rack bays that carry the apparatus
for control and distribution of the service.
The tape machine employs slightly over
forty feet of tape wound on three accurately
machined brass drums. The two ends of the
tape are electrically welded to form a
sii.gle tape loop, which is driven at a very
uniform velocity. About twenty-five seconds
is required for the passage of the tape

between the recording and reproducing
pole pieces. Fig. 3 shows the general
arrangenient of the machine, which is
mounted on a steel panel bolted to the
relay rack. The brass drums for holding
the tape are arranged in a triangle, as
shown, with their front ends supported by
the triangular plate attached by channel
struts to the main panel. The drum shafts

Fig. 3.-Front

uniform tension in the tape. Certain
improvements in fundamental design of the
equipment, which have had notable effect
on the quality of the recording, were con-
tributed by D. E. Wooldridge of the
Research Department.

The Combs
A unique method was developed for
storing the long tape loops in a small
space. The design employs combs,
consisting of spaced washers, for main-
taining the position of the tape on
the drums ; and it requires no cross-
over idlers. One of the combs is visible
just above the lower drum in Fig. 1.
(Space is provided for a tape loop of
three times the present length if a longer
message appears desirable in the future.)
The drums above and below the pole -
piece unit are driven by the tape.
The drum, whose bearing appears at
the extreme left of the figure, is driven
by the large pulley which may be seen
in Fig. 1, showing the back of the main
panel. A small split -phase induction
motor is mounted on a hinged support
so that its weight maintains proper
tension in the driving belt. To main-
tain the extremely constant speed
required in all forms of satisfactory
recording apparatus, a flywheel is
attached to the motor shaft, which
runs at 1,725 r.p.m.

On the rear of the panel there is
also a condenser uSed with the
split -phase motor, and beneath it a
relay to permit control of the motor
(110 -volt, 60 -cycle) from the 48 -volt
D.C. control circuits of the system.
Two covers have been removed for the
view shown in Fig. 1; the one on the
right protects the pulley and the belt

from accidental contact, and the one on
the left covers the exposed A.C. terminals
on the condenser and relay. The plug,
shown in the foreground, is used to supply
A.C. from a standard conduit outlet. The
terminal board on the left provides con -

(Continued on page 206)

view of tape machine with cover
removed

run in large wick -oiled bearings. Variations
in the length of the tape due to temperature
changes are compensated by a spring idler,
which appears behind the circular hole in
the front plate and maintains a light but
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AT the World's Fairs in New York and
San Francisco great interest was
shown in the speech synthesiser

in the Bell System exhibits. Known as the
Voder, this device creates spoken sounds
and combines them into connected speech.
Its raw materials are two complex tones, a
hiss and a buzz ; selection of one or the other
and its intensity and tone quality are con-
trolled by an operator through a keyboard.

The Voder is an offshoot of a more
extensive system first demonstrated in its
experimental stage some three years ago.
That system analysed spoken sounds, and
then used the information to control the
synthesising circuit. At the time World's
Fair displays were under consideration, so
it was naturally perceived that the syn-
thesiser, manually controlled, could be
made into a dramatic demonstration.
Development was for a while concentrated
in that field; as a successful Voder became
assured, attention was shifted back to the
broader and parent system. Shortly after-
wards the system was given the name
" Vocoder " because it operates on the
principle of deriving voice codes to re-
create the speech which it analyses.
The Circuit

Fig. 1 shows the over-all circuit for
remaking speech ; the analyser is at the left
and the synthesiser at the right. Electrical
speech waves from a microphone are
analysed for pitch by the top channel and
for spectrum by a group of channels at the
bottom.

In the pitch analysis the fundamental
frequency, which for simplicity will be
called the pitch, is measured by a circuit
containing a frequency -discriminating net-
work for obtaining this frequency in
reasonably pure form ; a frequency meter
for counting, by more or less uniform
pulses, the current reversals therein; and a
filter for eliminating the actual speech
frequencies but retaining a slowly changing
current that is a direct measure of the
pitch. (Unvoiced sounds, whether in

E V COD

whispering or the unvoiced sounds of
normal speech, have insufficient power to
operate the frequency meter.) The output
current of the pitch channel is then a pitch -
defining signal with its current approxi-
mately proportional to the pitch of the
voiced sound and equal to zero for the
unvoiced sounds.

There are ten spectrum -analysing
channels, the first handling the frequency
range 0-250 cycles and the other nine, the
bands, 300 cycles wide, extending from 250
cycles to 2950 cycles, a top frequency which
is representative of commercial telephone
circuits. Each spectrum -analysing channel
contains the proper band filter followed by
a rectifier for measuring the power therein
and a 25 -cycle low-pass filter for retaining
the current indicative of this power but
eliminating any of the original speech
frequencies.
The Analyser

The operation of the analyser is illus-

SPEECH'
IN

ANALYZE R

PITCH CHANNEL

FREQUENCY
DISCRIM-
INATOR

PREDISTORTING
EQUALIZER

FREQUENCY
METER

FILTER
(0-2544

SPECTRUM CHANNEL

FILTERS

ER
A Device which Creates
Spoken Sounds and
Combines Them into

Connected Speech

trated in Fig. 2 by a group of oscillograms
taken in analysing the sentence " She saw
Mary." To insure that the same speech was
analysed in obtaining the various oscillo-
grams, the sentence was recorded on a
high -quality magnetic -tape recorder and
reproductions therefrom supplied current
to the analyser. The speech wave input
to the analyser is shown in the line next to
the bottom while the output is shown in the
other oscillogram traces ; the pitch -defining
signal is at the bottom in the figure and the
ten spectrum -defining signals in numerical
order at the top. For convenient reference
the oscillograms are lined up together,
whereas in the actual circuit the speech -
defining signals lag about 17 milli -seconds
behind the speech -input wave. The in-
audible speech -defining output signals
contain all the essential speech information
as to the input wave, but it is to be noted
that they are slow -changing and in this way
correspond to lip or tongue motions, as
contrasted with the higher audible vibra-
tion rates of the rapid -changing speech
wave itself. The dropping of the pitch to
zero for the unvoiced sounds " sh " and
" s " is also readily seen.

Fig. 2 gives an idea also as to the syn-
thesising process. In the analyser the
speech wave is the input and the eleven
speech -defining signals are the output;
in the synthesiser the eleven speech -defining
signals are the input and the speech wave
the output.

The Buzz and Hiss
The steps in speech synthesis are

indicated at the right of Fig. 1. The
relaxation oscillator is the source of the
buzz ; and the random noise circuit the
source of the hiss. The hiss is connected
in circuit for unvoiced sounds and for quiet
intervals. (In the latter case no sound
output from the synthesiser results because
theft are no currents in the spectrum
channels.) When a voiced sound is analysed
a pitch current other than zero is received

ST NT HESIZen
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CONTROL
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Fig. 1. Simplified circuit diagram of the Vocoder
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with the result that the buzz is set for the
current pitch by the " pitch control " on
the relaxation oscillator; also, the relay
marked " energy source switch " operates,
switching from the hiss source to the buzz
source.

The outputs from the spectrum -analysing
channels are fed to the proper synthesising
spectrum controls with the band filters
lined up to correspond. The power derived
from the energy sources of the synthesiser
in these various bands is then passed
through modulators under the control of
the spectrum -defining currents. The result
is that the power output from the syn-
thesiser is sensibly proportional in each
filtered band to that measured by the
analyser in the original speech. From the
loudspeaker comes, then, speech approxi-
mately the same in pitch and in spectrum
as the original. This synthetic speech lags
the original speech by about 17 milli-
seconds due to the inherent delay in
electrical circuits of the types used.

Control Switches
In the present models of the Vocoder.

control switches have been introduced
which permit modifications in the operation
of the synthesiser. Through the manipula-
tion of these controls interesting effects are
produced. Some of the possibilities of the
Vocoder were recently demonstrated by
IL Dudley and C. W. Vadersen before the
Acoustical -Society of America and before
the New York Electrical. Society. In those
presentations Mr. Vadersen supplied by his
own voice the incoming speech which was
picked up by a microphone as shown in the
heading : and at the same time he manipu-
lated the controls to produce desired effects.
A remote -control switch was also provided
through which, for purposes of comparison,
the author could switch the microphone
directly to the loudspeaker and so let the
audience hear hoW the speech would sound
if it had not been modified by the Vocoder.

In these demonstrations comparison is
first made between direct speech and the
best re-creation that the apparatus could
make. Then by manipulation of dials and
switches, speech is modified in various ways.
Normal speech becomes a throaty whisper
when the hiss is substituted for the buzz.
Although the hiss is relatively faint. it is
shown to be essential for discrimination as
between " church " and " shirts."

Ordinarily the re-created pitch moves
up and down with that of the original. If
variation is prevented, the re-created
speech is a monotone, like a chant. When
the relative variation is cut in half, the
voice seems flat and dragging ; when the
swings are twice normal, the voice seems

more brilliant; when four times normal it
sounds febrile, unnatural. The controls
can be reversed so that high becomes low ;
the tune of a song is then unrecognisable
and speech has some of the lilting charac-
teristics of Scandinavian tongues. Another
control fixed the basic value of the re-
created pitch ; if this is " fluttered " by
hand, the voice becomes that of an old
person. By appropriate setting of the basic
pitch, the voice may be anything from a low
bass to a high soprano, and several amusing
tricks can be performed. In one of these,
the basic pitch is set to'maintain a constant
ratio of 5 to 4 to the original. This is a

demonstrations, the sound, taken from a
phonograph record, replaces the buzz input
from the oscillator. Keeping careful time
with the puffs of a locomotive, the demon-
strator can make the locomotive puff
intelligibly " We're-start-ing-slow-ly
-faster, faster, faster " as the puffs come
closer together. Or a church bell may say
" Stop-stop-stop-don't-do-that." A
particularly striking effect is that of singing
with an organ to supply the tones. Although
the words may be spoken the demonstrator
usually sings them to hold the rhythm.
It makes no difference, whether his voice
is melodious or not ; the tonal quality comes

Fig 2.-The originp: peech wave and an analysis of its components,
variation of several direct currents

" major third " higher and harmonises
with the original. In two-part harmony,
the demonstrator then sings, a duet with
himself. Connecting a spare synthesiser
set for a 3 to 4 ratio he then sings one part
in a trio, the others being taken by his
electrical doubles. Finally, with the basic
pitch -control of the apparatus he becomes
a father reprimanding his daughter; then
the girl herself, and then becomes the grand-
father interceding for the youngster.

Demonstrations
For the vocal -cord tones of the original.

the Vocoder substitutes the output of a
relaxation oscillator. But any sound rich
in harmonics can be used : an automobile
horn, an aeroplane roar, an organ. In some

expressed as du

only from the Musical source.
These tricks and others have suggested

uses for the Vocoder in radio and sound
pictures. It appears to have possibilities
as a tool in the investigation of speech,
since by its numerous controls important
variables in speech can be isolated for study.
The engineering possibilities which may
grow out of the application of the principles
employed in this device are hard to predict
at the present time. The speech -defining
currents, however, do have features of
simplicity and inaudibility which may open
the way to new types of privacy systems
or to a reduction in the range required for
the transmission of intelligible telephonic
speech.
(Reprinted from Bell Laboratories Record).

WEATHER -ANNOUNCING TAPE MACHINE
(Continued from page 204)

nection to the control circuits and to the
pole pieces. The pole -piece circuits are fed,
by the cable shown, through the panel to
a plug and jack which facilitates the removal
of the pole -piece unit for any necessary
servicing.

The Amplifier
The amplifier, shown in Fig. 2, is mounted

immediately above the machine on the
rack. Since it is used both in recording a
message and in reproducing it, input and
output relays are provided which during
recording enable the low-level microphone
current to be amplified to the correct level
and supplied to the recording pole pieces.
The self-contained rectifier which supplies
D.C. power for the valves of the amplifier

also supplies the erasing and biasing
currents for the pole pieces as switched by
these relays. In reproducing, the relays
reconnect the amplifier to amplify the
relatively weak potentials obtained by the
pole pieces from the magnetic patterns on
the tape to a sufficient level for feeding the
power amplifiers associated with the distri-
bution system. The amplifier-like the
tape machine-requires a 110 -volt, 60 -cycle
A.C. power supply. Separate controls are,
provided for adjusting recording and'
reproducing levels.

Since the machines are mounted on racks
containing amplifiers and other vacuum -
tube apparatus, it was essential that
vibration and acoustic noise be reduced to
low levels. This has been accomplished by

nounting the motor assembly on rubber
pads. As a result, the machines have proved
o be unusually quiet in operation

(Reprinted from Bell Laboratories Record.

" MORE MILES PER GALLON"
EVERY motorist should have this

new shilling book. As its title
suggests, it contains many useful
hints on getting the best possible
petrol consumption so necessary with
the present rationing scheme. It con-
tains a vast amount of helpful adviec.

" More Miles Per Gallon " costs ls.
from all booksellers or is. 2d. by post
from Publishing Dept., Geo. Newnes,
Ltd., Tower House, Southampton St.,

Strand, London, W.C.2.
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Making Your Own Dry
BRASS CAP

OUTER ZINC
cASi NG

ELECTROLYTE
PASTE

COARSE -WOVEN
FABRIC BAG

DEPOLARISING
PASTE

PITCH OR BITUMINOUS
LAYER

LAVER OF CORK DUST
OP SAW DUST

CARBON DOD

PARAFFIN -IMPREGNATED
OR OTHER INSULATIVE
SEPARATOR

From this diagram the essentials of dry battery
construction may be seen at a glance

THE prolonged shortage of torch and
pocket -lamp batteries-one of the
unexpected consequences of the pres-

ent war-has resulted in many amateurs
attempting to make their own dry cells.

The making of serviceable dry batteries
of varying shapes and sizes is a task which
is by no means beyond the abilities of the
average home technician. It is a job which
is inexpensive, too, for the active material
of dry batteries costs but little, and a few
pounds of the stuff will go a very long way
indeed.

Let no amateur, however, imagine that,
with all his efforts, he will be able to turn
out as excellent an article as the average
present-day torch battery comprises. Dur-
ing the last two decades much thought and
experimentation has been given by manu-
facturers to the inner details of the design
and composition of dry batteries, and since,
in many instances, the active material of
commercial dry cells possesses a more or
less secret composition, it will be impossible
for the home worker to produce dry batter-
ies of equal capacity or ' life " as those of
the commercial variety.

Such facts, however, should on no
account deter the home constructor from
taking up the interesting task of battery
making.

The best way to begin battery -making is
to get hold of two or three spent dry
batteries and to dissect them carefully.
Note that all the " 4 -volt " batteries are
made up of three individual cells which are
connected together in series, the carbon
element of the one cell being connected to
the zinc of the next. Cylindrical batteries
have their cells arranged one above the
other, whilst those of the " flat " pocket -
lamp type are fixed within an outer card-
board case in a side -by -side manner.

Constructional Principle
Despite the actual arrangement of the

individual component cells of a battery,
the actual constructional principle of the
component cells is identically the same in
every case.

Each cell consists of an inner central
carbon rod provided at its upper end with a
brass cap or connecting piece. Around the
carbon rod is a moist paste of material
which is enclosed in a coarsely -woven fabric
bag. This is known as the ' depolarising
paste."

The
been

Batteries
Following Topical Article has
Specially Written in View of

the Battery Shortage

The carbon rod with its bag of
depolarising paste is placed
centrally within an outer zinc
casing, the bag resting upon a
paraffin -impregnated or other
insulative circular card washer,
disc or other type of separator,
and between the bag and the

zinc case is packed another moist chemical
mixture which is known as the " electrolyte
paste."

Over the upper part of the cell is usually
placed a shallow layer of cork granules or
coarse sawdust and over this, sealing off the
cell contents from the outer
air, a layer of pitch or some
type of bituminous or
asphaltic insulative composi-
tion is placed. Through this

Showing the three -cell con-
struction of the well-known
cylindrical type of torch
lamp battery. Electrical
contact is made at the upper
carbon electrode and the

bottom -most zinc base

layer is pierced a tiny vent
hole, the function of which is
to allow the escape of the gases
generated within the cell. If
this vent hole is omitted, the
cell may actually burst under its own internal
gas pressure, although usually it will cease
to function long before this gas pressure is
attained.

A dry- cell of the above nature generates
approximately 1.55 volts. Hence it is that
the usual flashlamp battery containing
three component cells is rated at 4.5 volts.
Individual cells having an E.M.F. of 1.55
volts will serviceably light up flashlamp
bulbs designed for that low voltage, but
such bulbs are far less robust than those of
the higher voltage.

Recharging
It is best to begin the task of dry battery

making by simply recharging the individual
cells of an old battery. Carefully strip the
outer cardboard casing away from the
battery, doing as little damage to the former
as possible so that it may eventually be
replaced, disconnect the individual cells
(after in the case of a " flat -type " battery,
melting away the upper layer of insulative
pitch), and then, by dint of gentle heating,
run the insulative material out of the top
of each cell. This removed, a firm steady
tug at the central carbon rod will usually

result in the entire carbon rod and depolar-
ising paste bag assembly coming neatly
and cleanly out of the zinc container. All
the active material of the cell, within and
without the fabric bag should be discarded.
The zinc container should be washed out in
hot water and the carbon rod similarly
treated. It will be advantageous, of course,
to prepare a number of zinc containers and
carbon rods in this manner before commenc-
ing filling operations.

The actual filling of the dry cells is apt to
be, particularly at first, a messy operation,
especially when small batteries are being
dealt with. Commercially -manufactured
batteries are nowadays, of course, filled and
compacted mechanically so that each
individual cell contains just the right amount
of material compacted within it at the right
degree of pressure. These are refinements
which the amateur cannot hope to attain on
his home -scale of manufacture.

Many formulae for the active material of
batteries have been published from time
to time, and, as we have previously re-
marked, much of the active material in
modern batteries is of secret composition.
The best all-round formulae for amateur
use, however, are thPfollowing :-
Depolarising Paste

This consists of a mixture of approxim-
ately equal quantities of carbon or plumbago
powder and -manganese dioxide (pyrolusite)
made into a pate with a 1 per cent. solution
of gum tragacanth. This latter solution
may, also, with advantage, contain a very
small proportion, a few drops, say, of
glycerine in order to retard its evaporation.

Finely powdered carbon should be
avoided, since this material gives a better
effect when used in the form of fine grains.

UPPER LAYER OF PITCH OR
BITUMINOUS- COMPOSITION

PARAFFIN -IMPREGNATED SEPARATORS

Showing the arrangement of the individual
cells in a " flat - pocket lamp battery
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Electro:yte Paste
This is made up of about 85 per cent. of

plaster of Paris and 15 per cent. of ordinary
flour mixed to 'a " just -wet " paste with a
strong solution of sal ammoniac, which
latter should also contain a little glycerine
(or else zinc chloride) to retard evaporation.

For the making of the fabric bag to
contain the depolarising paste, the thinnest
butter muslin may be used. A better (and
an equally cheap) material is " mull,"
which is a very coarsely -woven cotton
fabric used by bookbinders and sold every-
where by such establishments.

The fabric bag is best stitched together
around a wooden rod or cylinder of requisite
diameter to act as a " mould." It is re-
moved from this "mould," the carbon rod
placed centrally within it and the depolaris-
ing paste packed equally around it and with
as uniform pressure as possible. Finally,
the upper ends of the bag are neatly tied
around the carbon rod at its upper end.

Having placed at the bottom of the zinc
container a wax -impregnated " washer,"
strip or other type of insulator, the carbon
rod with its bag of depolarising paste is held
upright centrally within the zinc container,
and between the bag and the walls of the
zinc container is packed the electrolyte
paste, also with an equally uniform pressure.
This paste should he " just wet," but it
should not be sufficiently sloppy to " run."

Packing the Paste
The electrolyte paste is packed and

gently tapped down with a pencil or other
implement until it reaches the upper level
of the carbon bag. It is then advantageous
to cut a circular washer out of waxed paper
to fit down over the top of the electrolyte
paste and the carbon bag and, over this,
to lay a shallow layer of cork grains (which
are non-absorbent), or, failing these, of
coarse sawdust. Finally, a quantity of
pitch or some similar bituminous or other
plastic and insulative composition should
be melt up in an iron spoon and carefully
poured over the upper surface of the cell.
Just before the plastic material finally
becomes hard, a thick needle should be
plunged downwards through the pitch so as
to provide the minute yet necessary vent
hole through which the internally -generated
gases of the cell can make their
escape.

The cell thus made will usually not be
operative at once. It should be put away
for twelve hours in order to allow its
contents the necessary amount of time in
which to " balance " themselves.

The greatest difficulty in dry cell making
lies, perhaps, in the fitting of the depolaris-
ing bag within the zinc cylinder and the
packing of the electrolyte paste uniformly
all round it. When making up the depolar-
ising bag, the tendency will be to pack this
too -full so that it becomes over -distended
and consequently wedges against the inner
wall of the zinc container. Bearing, how-
ever, this point in mind, it will be possible
for the reader, even at his first attempt at

battery making, to steer fairly clear of this
practical difficulty.

Large Cells
Large dry cells, of course, may be con-

structed upon exactly the same principle as
the small cells and utilising precisely the
same materials and ingredients. A large
cell will not give any higher voltage than a
miniature cell, but its capacity will be very
much greater than the latter so that it will
last very much longer than the small
cell.

If the amateur can procure sheet zinc of
about /32 in. thickness, he will be in a
position to make his own zinc containers
for Isis cells. The best containers are seam-
less or, at any rate, the seams are gently
welded together at a comparatively low
temperature without the employment of any
lead solder, whose presence might set up
electrolytic bye -reactions within the cell
and so continuously waste its " active
material." It will not be easy for amateurs
to make the small sizes of zinc containers in
any great number. Hence, it is recommended
that such containers should comprise the
cleaned -out zincs of used cells, whenever
such can be obtained in reasonable con-
dition.

For the carbons of dry batteries (which
themselves do not deteriorate), suitable
lengths can be sawn off arc-lampcarbons
of the low -resistance "uncoredvariety,
which articles are manufactured in in any
different diameters and lengths.

AROUND THE TRADE
Items of Interest from the Manufacturers

A Portable Pump
THE new Batwin self -priming petrol

engine pumps mark a distinct departure
from accepted practice. The engine com-
prises a f-h.p. single cylinder four-cycle
air-cooled engine with high tension magneto,
heavy duty ball healing crankshaft, fly ball
mechanical governor, suction feed car-
buretter and fuel tank. It can be used as
an ordinary power unit when not pumping
water.

The pump is 100 per cent. self -priming
with a minimum of 60 gallons per minute
at 10 ft. total head. It has a wide open
trash type impeller and handles 1 -in. solids.
A built-in swing -type suction check valve
holds the priming wafer in the pump and
suction line, whilst the angle suction inlet
is a distinctive feature and prevents the
hose kinking. Another feature of the pump
is that it is easily transportable. It costs
£24 complete with rope starter and suction
strainer.

Wondar Weld
WHEN we encounter a very cold spell

of weather like that experienced at
the beginning of January, the water
system of the house, unless adequately
protected, is liable to be cut off through
water freezing in the pipes. The hot water
system is generally the first to freeze as
the pressure of water in these pipes is
considerably less than that in the main
pipes. When the hot water stops running
it is the usual practice to let the boiler
fire out as the steam being trapped in the
boiler is liable to burst it. A boiler repair
invariably means a large plumbing bill, but
providing the burst is not too extensive
there is a compound on the market known
as Holt's Wondar Weld Domestic, which
will repair it for you for a small expenditure.
It is sold in a tin which has two containers;

A contains a powder and B a liquid. First
you must drain the system to boiler level
so that you can disconnect the feed pipe.
Now mix the contents of A container in
a bucket of cold water. Heat the water in
the boiler very hot and pour in the contents
of the bucket. The liquid contents of
container B are now poured in and the
water is then made to boil until the leak
stops. This takes roughly 4 hour. It is
most important to allow the boiler to cool
before refilling the system. Do not think
that Wondar Weld is just a caulking corn -

A new Batwin self -priming petrol engine pump

pound which may block the pipes. It is
a liquid metallic preparation for effecting
a permanent repair and will not clog even
the smallest bore pipe. The cost of the tin
is 20s., and by laying out you may save
yourself several.
P.M. Battery Charger

TW. THOMPSON'S, the makers of the
specified transformer for the P.M.

Battery Charger described in our July 1939
issue, inform us that the Osram Argon
valve is no longer obtainable, and the only
counterpart of this is the Philips rectifying
valve type 1038, which retails at 14s. 6d.
This valve has identical characteristics to
the Argon and can, therefore, be substituted
without any modification to the original
design.

Loss to Bassett-Lowke Ltd.
WE regret to announce the death of

Capin A. B. Lockhart, D.S.C., R.N.,
works director of Bassett-Lowke, Ltd.

He joined the Board of Directors on his
retirement from the Royal Navy-after a
distinguished career-in October, 1936. On
the outbreak of war he rejoined for active
service, but was taken ill and invalided
home early this month. He passed away on
December 14.

Pelmanism
DURING the past few months the Pelman

Institute has once again thoroughly
revised and rearranged its famous Course,
to bring it right up to date with the latest
advances in Psychology.

The Institute has now been established
over forty years, and during this time over
half a million men and women have taken
the Course.

There is one remark made with surprising
frequency by students of the Pelman
Course : I wish I had known of this ten
years ago."

The benefits derived from a Pelman
training are, indeed, nothing short of
surprising to those who take it up, and these
include men and women engaged in every
possible profession, business, and trade.
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The fundamental principle of the modern "echo- system of ocean depth sounding

" OG, latitude, lead." Such were the
" three L's " of the old-time navi-
gator, and, indeed, if we accept the

third of these factors in its modernised
form, they still constitute a trio of indispen-
sables for the guidance of ships at sea.

The " log," the hour -by -hour journal of
the ship's voyage to her destination, is,
even in these days of wirelessed directions
to mariners at sea, much relied upon for
guidance by navigating officers. The know-
ledge of a ship's latitude is also necessary
for position -finding, whilst the third of the
above " three L's," a knowledge of the
"lead " or depth of water under the ship,
is frequently of paramount importance,
particularlyx when the vessel approaches
' difficult coasts, shallow waters, and
unfamiliar seas.

The " lead " factor of a ship's position at
sea is simply the depth of water under the
vessel. It is so called because from very
early days up to practically the beginning
of the present century, the only known way
of- estimating the depth of water under a
ship consisted in actually throwing out a
measuring line weighted with a lump of
lead at the end of it.

" Heaving the Lead "
In comparatively recent times, the vessel

was hove to and a 14-1b. lump of lead,
having a flat bottom smeared over with
grease or tallow for the purpose of collecting

and bringing up samples of the ocean bed,
was attached to a length of line which was
generally about one hundred and fifty feet
from end to end.

This was cast overboard and allowed to
sink below the waters until a sudden
cessation of tautness of the line indicated
that the lead weight had reached the bottom.
A note was made of the length of line paid
out, and this was taken as representing the

-MOUNTING LUGS FOR
FIXING TO WALL

GUN -FIRING SUTTON

Showing the depth indicator instrument dial by
means of which the sound impulse is indicated
and the sea depth read off at a glance in fathom

from the calibrated dial

The Marvel of
the Modern

"Echo Sounder"
depth of the sea below the water -line.

This method of sounding the sea's depth
by means of the practice of heaving the
lead " was mit only inefficient, but it was
also more or less inaccurate. The task
occupied the labours and attentions of six
men and an officer for the better part of an
hour, and, what is more, the vessel had to
be stopped whilst the operation of depth
sounding was being performed. No wonder,
therefore, it was that mariners in many
countries had for decades looked around for
some improvement upon this traditional
but nevertheless extremely wasteful pro-
cedure.

The most significant advance in the
technique of depth sounding came into
practice about the beginning of the present
century as the result of the introduction by
Lord Kelvin (formerly Sir William Thomp-
son) of his " depth -sounding machine."

Lord Kelvin, whose fame will ever be
inseparably connected with the first suc-
cessful laying of the Atlantic cables, had
thought long and hard about this matter
of ocean -depth sounding, and his device,
which, indeed, in many instances, is still
being used at sea; was the result of the close
attention which this master of science gave
to the problem.

Kelvin's Depth Sounder
Kelvin's depth sounder is, like many

efficient inventions, very simple in prin-
ciple. All it consists of is a heavy lead
weight or " sinker,:' which is attached to the
end of about one thousand feet of piano-
forte wire. Just above the sinker is fixed
to the wire a perforated metal case contain-
ing within it a glass tube coated inside with
silver chloride and having its open end
downwards.

The pianoforte wire cable is coiled
around a steel drum, and on the release of
a brake attached to the freely revolving
drum, the lead sinker was enabled to speed
swiftly downwards through the water to the
ocean bed. The deeper the lead sank
through the water, the higher up the glass
tube was the water forced. Since the sea
water caused a brownish discoloration of
the silver chloride with which the sides of
the glass tube were coated, it was easy to
form an exact estimate of the length of
wire which had been run out into the sea.

This method of depth sounding was an
enormous advance upon the previous tra-
ditional mode of " heaving the lead." In
the first place, the Kelvin lead could be
projected with great velocity to the sea
bed, and immediately it made contact with
the latter, the lack of tautness of the cable
threw into operation an electrical winding
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gear, which immediately hauled up the line
again in a few seconds. Only one man was
needed to work the apparatus and, still
more important was the fact that the
vessel need not be stopped whilst- the
sounding was being taken, it being possible
to make accurate soundings at any speed
up to and including 15 knots.

A Chain of Soundings
Hence, by the Kelvin method, it was

possible to make a " chain of soundings "
with a very small interval of time between
them. This facility was, of course, a very
great one, particularly to the navigator
who was engaged in guiding his vessel
through shallow and treacherous waters.
Indeed, the Kelvin method of depth sound-
ing took much of the irksomeness out of
coastal and other types of navigation, so
much so that after its establishment had
been effected in maritime circles it was con-
sidered that the problem had been almost
completely solved in its every respect.

Scientific achievements, however, seldom
remain unchallenged for long. Just as
Germany was beginning to launch the
1914-18 war against the world, one of her
physicists was, in Kiel harbour,putting the
finishing touches to a depth -sounding
invention which he had been engaged upon
for nearly a dozen years. The invention
was made practical after the latter war.
and its use has since that time spread
rapidly throughout the world.

Briefly, this new depth -sounding device
consists in projecting a sound wave down-
wards through the water to the bed of the
sea and in measuring the time which the
sound takes to echo back from the sea floor
to the ocean level.

In principle, the modes operandi of the
now almost universal " echo sounder " is
simplicity itself, although several com-
plexities are involved in the details of the
installation.

Attached to one side of the vessel is a
" sound -producer," which consists of a
fixed gun from which a small explosive
cartridge equipped with a brief time fuse
can be shot into the water as the vessel
moves through it. The time fuse of the
cartridge is so adjusted that the latter
explodes with a loud report after it has
attained a depth of a few feet below the
water level.

Sound Waves
The sound waves from the exploding

cartridge travel outwards and downwards.

Attached to the keel of the ship on the same
side as the sound -producer is what is called

starting microphone." This picks up
the sound waves from the exploding car-
tridge as they pass it on their way down-
wards to the floor of the ocean, and, having
done so, immediately sets into action a
time -interval recording mechanism.

At the other side of the ship's keel, and
in an opposite position to that occupied by
the " starting microphone," is fixed the
" echo receiver " microphone. This picks
up the echo or the reflected sound wave
from the ocean floor as it travels upwards

4
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teriorly with silver
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with sea water

to the surface of the waters, and, having
done so, it instantly stops the time -
recording mechanism which was put into
action by the current impulse from the
"starting microphone."

The result of this automatic process is
that a needle swings across the dial of the
" depth indicator," which is mounted in a
convenient position in the ship's instrument
room and almost immediately after the shot
has been made from the sound -producer, the
depth of water below the vessel is indicated
on the dial of the instrument.

The marvel of this method of depth
sounding and the great accuracy with
which the instrument is made to operate
may be gathered from the fact that sound
travels 300 ft. (50 fathoms) through water

in approximately one -sixteenth of a second.
Hence, at all " normal " sea depths the
interval of time between the setting into
operation of the interval -recording mechan-
ism by the current impulse from the
starting microphone and its cessation by
the echo receiver microphone is very short
indeed.

When the vessel is proceeding through
shallow waters, as is very frequently the
case, this time interval becomes so exces-
sively short that special devices have to be
employed to cut the detonation sharp and
to ensure the absolute precision working of
the interval -recording mechanism.

" Sound Shadow "
In the case of large ocean-going vessels of

great bulk, 'a fairly effective and efficient
sound shadow " (roughly conical in shape)

is cast below the. keel. In such instances.
the sound waves projected to the sea bed
from one side of the vessel do not become
confused with the echoes reflected upwards
to the other side of the vessel.

However, with ships of lighter draught,
this " sound shadow ' is very much less
effective, so that in these instances a relay
has to be fitted to the echo receiver micro-
phone sufficient to throw it out of operation
for a few hundredths of a second so that the
detonation sound waves which are pro
jetted to the sea bed may pass it and die
away before the reflected sound waves from
the sea floor rise upwards to it. This elec-
trical relay forms a mechanism of marvel-
lous complexity. It is sensitive to intervals
up to one -thousandth of a second, and
seldom, indeed, has it been known to give
faulty results.

The echo system of depth sounding can
be put into effect when the vessel is travel.
ling at its normal speed. It is almost
instantaneous in its results, and it can be
carried out without any expenditure of
human energy. Moreover, the system is
more or less foolproof, since the human
element does not enter into it, except for
the final reading of the water depth upon
the dial of the " depth indicator." If
necessary, a depth sounding may be made
at half -minute intervals by means of this
modern system of " heaving the lead."

It is only a matter of time before every
ocean-going vessel is equipped with the
echo system of depth sounding. The
apparatus is necessarily expensive arid
delicate, but it is capable of adjustment
and, given reasonable care, it will remain in
good order over a long period.

AN AUTOMATIC SWITCH-DIMME
IT is now becoming customary for a door

switch to be employed to control the
hall or passage light. One of the neatest

and most effective methods is, of course,
to insert a Crabtree " black -out " switch in
the lamp wire of the lighting circuit. This
ensures that the light is instantly and
automatically switched " off " as the door
is opened and " on " again immediately
the door has been closed sufficiently to
prevent light leakage.

Under certain conditions, however, a
sudden and complete blacking out of the
light may be unnecessarily drastic. In
many cases, a dimmed light may be
sufficient and will prove a real help to the
householder. This is especially true where
an outside door is screened or heavily
curtained, where it is covered by a porch
or faces a wall. A dimming effect can,
of course, be obtained by connecting
a second lamp in series with the exist-
ing light and controlling the circuit by

means of a Crabtree black -out " switch.
The new Crabtree automatic switch -

dimmer, however, combines a lampholder,
switch and all the necessary interconnec-
tions in one compact unit. In addition, the

The Crabtree automatic switch -dimmer

base is provided with easily removable
" knock -outs " which maker. the switch
suitable for either surface or back entry
wiring.

The method of inserting the switch -
dimmer in a one-way lighting circuit is
extremely simple. All that is necessary, is
to interrupt the lamp wire at the ceiling
rose and lampholder terminals and run twin
cable back to the switch -dimmer and
connect to the easy fixing terminals provided.
In effect, this provides a special dimming
circuit which only comes into operation
when the switch, controlled by the action
of the door, is opened.

As the switch -dimmer is designed to
project the light upwards, any " spot
light " effect is entirely eliminated and a
soft, diffused glow is obtained. And since
the lampholder embodied in the unit is
suitable for the interchange of standard
bayonet -cap lamps, the amount of illumin-
ation required can be varied quite easily.
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Watch Repairing
and Adjusting 8

Watch Case Repairs
THE watch case is too often treated as

an ornamental box 'which holds the
movement rather than an important

part of the whole assembly. Many watches
suffer from the fault of being fitted into
inferior cases-the type often offered for
sale as solid gold cases-.solid, of course, but
the total weight barely ever exceeds two
pennyweights ! The watch case should
always be strong enough to protect the
movement from damage as well as exclude
the dust.

Case troubles present many difficulties,
probably the most common source whereby
dust and dirt enter the movement is
through a worn winder hole or pendant as it
is called. To cure this fault, take a piece of
brass bush wire a little larger than the hole,
place it in a suitable lathe chuck and turn it
down until it just fits the hole in the case.
Cut it off ; leaving a small shoulder as shown
in Fig. 1. The bush must not protrude too
far into the case to interfere with the move-
ment. To secure the bush apply a little flux
and a very small piece of solder to the inside
of the case and gently warm over a small
gas or spirit flame. When soldered open the
hole with a broach until the winding shaft is
just free to turn.
Thin Backs

Some gold cases have a very thin back, so
thin, in fact, that the back end of the centre
pinion and other raised parts of the move-
ment make an impression on the back when
the watch is worn. A very undesirable state
of affairs, as the pressure is likely to create
friction with a consequent erratic rate. Con-
siderable improvement can be made by
soldering an old hour hand to the back of the
case over the indent caused by the centre
pinion. The socket will now rest upon the
back plate and keep the back of the case
away from the movement.

A very difficult " case " in which the
balance staff was damaged by the case being
gripped tight was cured by making a brass
disc to fit inside the case back. As well as a
hole being drilled to free the centre pinion, a
hole resembling the balance bridge was cut
in the disc with a piercing saw thereby
removing undue pressure from the balance
staff. Two small holes were drilled at the
edge of the disc by which the disc was
soldered to the back of the case. Fig. 2 gives
an idea of the disc.

A Broken Loop
Many a watch has sustained damage

through a worn or broken loop; to -day,

Fig. 3.-A joint pusher which consists of a slender
steel punch fitted with a handle

JOINT PIN
STOPPING

Fig. 4.-Details of the joint pin

however, there is less risk as the strap
attachment is very often a sourdy built-in
affair. When a wire loop is broken away
from the case at one side or even both sides
it is a fairly simple matter to refix it. With
some cases holes are drilled in the band of the
case and the loops inserted before being
SOLDERED BUSH

Fig. 1.-
Repairing a
worn winder

hole

brazed, with others the loops are only
brazed on to the surface. If holes are drilled
to receive the,loop it will be easier to adjust
it into position before securing it with a
piece of soft iron binding wire.

Black iron binding wire is used to mini-
mise the risk of its being fused to the article
being brazed. Before " rigging " up a case
for brazing, both the back and the bezel
should be removed. To do this drive out the
joint pins or hinge pins as they are some -

Fig. 2.-De-
tails of the brass
disc for fitting
inside the watch

case

times called. These pins are usually inserted
from the right -band side when holding the
back or bezel toward the body. Apart from
the ill effect of the intense heat upon the
joints or hinges the removal of the b ick and
bezel will prevent unnecessary polishing.

When the loop has been bound into
position everything is ready for brazing.
Brazing, hard soldering or gold and silver
soldering is rather different from soft solder-
ing_ A different solder and a different flux
have to be used, also an intense heat is
necessary to fuse the metals. To prepare
the flux take a crystal of borax and rub it
down on a piece of wet slate until it pro-
duces a creamy paste.

Brazing
Sharpen a piece of plywood to a chisel

shape and apply a little borax paste to the
parts to be brazed. A small piece of solder
should be placed into position and the case
put on a piece of charcoal or asbestos.

First, gently warm the case all over, for a
sudden application of heat to the borax and
solder will cause the borax to bubble up and
deposit the solder anywhere except in the

desired spot. As soon as the solder has
settled the heat can be directed on to the
parts which are to be brazed. For small and
light -weight cases an ordinary mouth blow-
pipe will be suitable as the heat can be more
easily controlled. Immediately the solder
glistens stop blowing, as thisiwill be the
signal that the metals have fused.

As soon as the case is cold the binding
wire can be removed. The case, especially
around the loop, will be badly discoloured ;
the discoloured parts will have to be treated
before the case can be re -polished. Any sur-
plus borax will have assumed a glazed and
brittle state, but this can be removed with a
few light blows from a small watchmaker's
himer. A gold case can be cleaned with
some strong hydrochloric acid applied with
a sharpened piece of wood.
Cleaning Methods

Hydrochloric acid will leave the case a
pale green colour, the case, however, can soon
be restored to its original geld colour with
the aid of a little metal polish and a final
application of rouge. A slightly different
method of cleaning has to be adopted after
brazing a silver case. When the surplus
borax has been removed the case is re-
heated (not a red heat) and immersed in
some " pickle " (slightly diluted sulphuric
acid).

Allow the case to remain in the " pickle "
for five or ten minutes. When removed
from the "pickle," the case, which will be a
creamy colour, should be well rinsed in
water, preferably warm. By scratch brush-
ing the case with stale beer a brand new
finish can be produced, plus, of course, a final
buffing with rouge. A scratch brush is a
brush having bristles of fine brass wire. The
small brass wire bristles sold for cleaning
suede shoes are quite suitable for this work.
Stubborn stains can be easily removed by
rubbing the affected part with a little pow-
dered pumice.
Replacing a Hinge

The replacement of a complete hinge
(back or front) is not a common repair, the
replacement of the centre portion is, how-
ever, frequently necessary. The first step is
to remove the joint pin or hinge pin as it is
sometimes called. Usually, the pin is
inserted from right to left; but as it may be

Fig. 5.-Contracting a bezel in a vice

inserted from left to right care must be
exercised in driving out the pin. Too much
pressure in the wrong direction will easily
split the hinge or joint as it is usually called.

In some instances a push with a joint
pusher (a slender steel punch fitted with a
handle-see Fig. 3) will be sufficient to
remove the pin, in others a few taps with a
small hammer may be necessary. High-
grade cases usually have a short joint pin
which is inserted well within the three joint
sections, the open ends being filled with a
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" stopping " of gold or silver. Before the
joint pin can be taken out these " stoppings "
have to be removed. A well -sharpened
graver will be the most effective tool to
remove these " stoppings " which are
entered from each end. Fig. 4 shows this
type of joint.

Making a New Joint
When the back, bezel and broken joint

have been removed, preparations can be
made to braze a new joint. A very shallow
groove should be filed with a round file at
the original joint position. Select a suitable
sized piece of gold or silver joint wire and
cut off sufficient to make a new joint; the
joint should be filed until it just fits the
joints on the back. Next, the joint wire is
laid with its seam downwards in the groove
on the band of the case and tied with soft
iron binding wire. Borax should be made
and applied as described when brazing a
loop and a narrow piece of solder slipped
between the binding wire to enable it to
flow around the base and seam of the joint
wire. After brazing the case should be
cleaned and polished as previously described.
It is better to use too little rather than too
much solder as any excess will be difficult to
remove.

Before filing up a new brass joint pin the
three joints should be broached out to pre-
vent binding. The centre joint should be a
trifle larger than the others, as it is very bad
form to see the joint pin turning with the
back and bezel. When the pin has been filed
to fit it should be cut off to the required
length about Ath inch shorter each end
than the length of the joint. After the joint
pin has been inserted the " stoppings " (gold
or silver) should be fitted.

A Lost Bezel
The loss of a bezel is a frequent occur-

rence with the strap -on and two-piece case.
The bezel needs to be contracted or the case
expanded. To contract the bezel; first
remove the glass then place the bezel on a

circular stake or hammer head which has
been fixed in a vice as shown in Fig. 5 and
gently tap the edge all around with a light
mallet. Pliers should never be used as these
only kink the edge. A hinged bezel which
CONCAVE DIE.
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has been strained can be made to snap if a
needle is placed between the bezel and the
band of the case near the hinge and the bezel
forced downwards.

The most popular watch glass is the
unbreakable, more correctly called the
unbreakable watch crystal. These crystals

Fig. 7.-How the cork chucks are made

can be obtained in a complete range of sizes
both round and fancy shaped, gauged in
millimetres. To fit a crystal, first make sure
that the bezel groove is clean cut, next
measure the diameter with a millimetre rule.
Unlike ordinary watch glasses these crystals
are flat and the necessary curvature is pro-
duced by fitting an oversize crystal.

The curvature for most watches can be

produced by selecting a crystal 2 millimetres
larger. The press used for fitting these
crystals is a simple affair consisting of a
number of wooden dies, concave and convex.
The bezel is placed over the lower or convex
and the crystal placed on the die, the upper
or concave die is then pressed on to the
crystal until it is domed sufficiently to enter
the bezel. If the bezel is an in between size
it may be necessary to turn out a size
especially. Take a square of unbreakable
material, place the bezel on the square and
mark around it, next cut out the circle with
a pair of scissors.

Cork Chucks
The cork chucks used to turn the crystal

are quite simple to construct. Procure two
pieces of steel both about 1 inch long which
will fit No. 50 chuck, on the end of one turn
a shoulder about 1 inch, on the other piece
turn a shoulder at one end and a conical
pivot at the other. A disc of brass should
next be soldered to the shouldered end of
each piece of steel as in Fig. 7. Two slices
from a good cork can now be fixed to the
discs with shellac or sealing wax and the cork
chucks are finished.

The plain chuck is placed in No. 50 lathe
chuck and the conical chuck in the female
centre of the tail -stock. Place the unbreak-
able material between the corks and screw
up the tail -stock. When true proceed to
turn a bevelled edge with a well -sharpened
graver. The rest should be well above the
centre as the slightest dig will lift the crystal
out of the corks. An " inside and outside "
measuring rule is the best means of checking
the size as this can be done without removing
the crystal from the corks. When the crystal
is 2 millimetres larger than the bezel it can
be fitted in the usual way.

Ordinary watch crystals have an advan-
tage over unbreakables-they do not
scratch. Scratches, however, can be
removed from unbreakable crystals by
polishing them with ordinary metal polish
on a piece of cotton wool.

A Film Economiser
HERE is an idea which will allow

you to make twenty-eight or thirty
exposures on a normal eight

exposure 21 in. by 31 in. roll film. The
pictures are much smaller, but can, of
course, be enlarged up again to whatever
size you may want them.

The main basis of the idea is to fit a
mask of black paper into the back of the
camera to cover all but the required
portion of the picture. The mask should
be accurately cut from fairly stout paper,
and must lie flat and as near the film as
possible, to prevent halation round the
edges of the window in the mask. The
window should be cut dead in the centre of
the normal space occupied by a full exposure,
to ensure the subject coming accurately
into the centre of the smaller exposed
area*

The mask can be fixed with four small
triangular pieces of insulating tape pressed
into the four corners of the frame of the
camera. (See Fig. I).

The next thing is to decide on the
provision for advancing the film 1 in. at a
time instead of the 3f in. provided for by
the numbers printed on the roll. It entails
the drilling of the back cover of the camera
and the fitting of a dark cover. This
method has the obvious advantage of im-
mediate usage with any roll exactly as it is
bought, but has a disadvantage, in that
light may get through and fog the film.

This will be particularly noticed on excep-
tional fast films although with' care it may
be avoided. Fig. 2 shows how the back cover
is marked out, drilled and fitted. A is the
normal registering window covered with
red or orange celluloid. B is the position
of what can be called the " marking " hole
and should be just large enough to take
the point of a pencil. C is a black celluloid
cover which excludes light entering the
hole. The cover is secured
to the case with a short
screw tapped into the metal.
When using the device, insert
the roll film into the case in
the usual way the mask, of
course, being between the
lens and the film, place the
back on and wind up till
number 1 shows up through
the registering window.

Marking the Film
The cover C is moved over

from the marking hole and a
mark made on the red paper
with a pencil or a stylo pen.
Then expose the picture and
wind up the film until the
spot appears in the centre
of the registering window.
Then make another mark
and expose and so on. You

will get three more pictures after the
No. 8 marking has passed. On develop.
ing the film you will notice that there
is approximately space for three more
exposures previous to the No. 1 mark-
ing. Make a note of the position on the
paper at which the film is attached and
when the next film is inserted into the
camera, only advance the first or second
warning spots to the centre of the reg-
istering aperture. It is possible to get
thirty-three pictures from some makes of
roll film.

T

Figs. 1 and 2.-Details of
the black mask and how the
back cover of the camera is
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WAR -TIME OPPORTUNITIES
It is the duty of those already engaged in Engineering to obtain the maximum amount of technical
knowledge, the highest possible qualifications-so as to ensure that their services are of the greatest
possible value to their Country during the present emergency.
Those engaged in other spheres should prepare themselves for technical work of real National
Importance in Reserved Occupations.
One of the following Courses taken at home in your spare time can definitely be the means of
securing substantial promotion in your present calling, or entry into a new and more congenial
career with far better prospects.
We have helped thousands of others to success. Why not let us do the same for you-you should at
least investigate the opportunities we can place within your reach-it will cost you nothing to enquire.

ENGINEERING
Inst. of Electrical Engineers, A.M.I.E.E.
Inst. of Wireless Technology,

A.M.I.W.T.
Inst. of Civil Engineers, A.M.I.C.E.
Inst. of Structural Engineers,

A.M.I.Struct.E.
Inst. of Builders, L.I.O.B.
Inst. of Sanitary Engineers, A.M.I.S.E.
Royal Sanitary Institute, M.R.S.I.
Inst. of Mechanical Engineers,

A.M.I.Mech.E.
Inst. of Automobile Engineers,

A.M.I.A.E.
Royal Aeronautical Society,

A.F.R.Ae.S.
London B.Sc. Degrees
Wireless - Telegraphy - Telephony
Electrical Engineering
Television-Electric Wiring
Talking Picture Work

If you do not see your requirements

Works Management
Building Construction
Sanitary Engineering
Sheet Metal Work-Refrigeration
Motor Engineering
Inspector, Viewer or Gauger
Engineering Draughtsmanship
Electrical Draughtsmanship
Aeronautical Draughtsmanship
Jig and Tool Draughtsmanship
Die and Press Tool Draughtsmanship
Structural Draughtsmanship
Building Draughtsmanship
Clerk of Works
Building Inspection

GENERAL
Matriculation-Bookkeeping
College of Preceptors
Chartered Institute of Secretaries
Massage-Institute of Hygiene

above, just explain what they are. We
Engineering, Municipal Work, etc.

-Become a Draughtsman -
Inspector or Viewer

AND EARN BIG MONEY
Men over 21 are urgently wanted
for reserved occupations as
Draughtsmen, Inspectors, Viewers,
Gaugers, etc., in Aeronautical,
Electrical, Mechanical and other
Branches of Engineering. Prac-
tical 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 Die and Press
Tool Work and so considerably

increase their scope and earning capacity.

MUNICIPAL SERVICE
School Attendance Officer
Handicraft Teacher
Registrar-Relieving Officer
Sanitary Inspector
Weights and Measures Inspector
M. & Cy. Engineers

RESERVED OCCUPATIONS

Draughtsmen, Inspectors,
Viewers, etc., age 21 and over
are included in the Official Sched-
ule of Reserved Occupations ;
while those engaged in other
branches of Engineering are also
reserved at an early age, usually
21-25.

They are included in this Sched-
ule for one reason only-because
their work on the Home Front is
of First-rate National Importance
and essential to our ultimate
victory.

are able to advise on all branches of

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 service we are able
to offer. Founded in 1885, our success record is unapproachable.
Why not fill in and post the attached coupon for further details and
free authoritative guide to openings in Engineering, or Municipal Work?
These books contain a mine of valuable and exclusive information and
may well prove to be the turning point in your career.

NATIONAL INSTITUTE ..............

OF ENGINEERING

.1

COUPON
To NATIONAL INSTITUTE OF ENGINEERING
(Dept. 29), 143 Holborn, London, E.C.1.

Please forward your FREE Guide to :-
(Dept. 29)

148 HOLBORN,
LONDON, E.C.1

NAME
ADDRESS

ENGINEERING (Place a cross against the
branch in which you.are

My general interest is in: MUNICIPAL WORK interested).
The subject or examination in which

FIFTY-FOUR YEARS OF I am especially interested in
CONTINUOUS SUCCESS (To be filled in where you already have a special preference).

FOUNDED 1885 - - - - OVER 85,000 SUCCESSES
SOUTH AFR:CA BRANCH: P.O., BOX

JOHANNESBURG.
8417, (ld. stamp only required if unsealed).

SOUTH AFRIC.I BRANCH E.C.S.A., P.O. BOX 8417, JOHANNESBURG
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Bad News for Rats
I T is said that the Egyptians and the

Phrygians made a god of the rat. That
is not the attitude of those worthy folk who
organise an anti -rat week. They do not
deify but defy the baleful rodent.

To guard against the sharp teeth of the
vermin in question what is termed a Gnaw -
proof Container has been patented in
America. This container is made entirely of
small gauze wire. It is flexible and an
excellent protection against the gnawing of
rats. It has a Zipp type of fastener which,
when closed, is practically safe from attack
by the pests who were such an inconvenience
to the good people of Hamelin.

Shelfireacher
SHORT people are handicapped when

they have to reach down a book or some
other article from a high shelf. Even those
folks who go to great lengths are baffled by
the altitude of the shelf. And, failing the
assistance of a ladder, they are compelled
to emulate an Alpine climber.

To assist people to get things down, what
is termed a Shelf Reacher has been patented
in the United -States. This invention com-
prises a staff, on which a pair of jaws are
pivotally mounted; means for gripping
articles; a handle on the staff, and means
connecting the handle and the jaws.

I presume that the jaws can be so padded
and manipulated that articles can be
gripped with the softness of the mouth of a
spaniel.

Butter Dispenser
FOR

the use of restaurants, hotels, clubs,
hospitals and other large institutions,

there has been constructed a machine which
delivers pats of butter of any size as fast as
the operator can handle the plates upon
which they are placed. The appliance is
designed to contain butter and ice in separate
tompartments, and the butter is never
touched by hands or ice. As a consequence,
it is kept free from finger prints, germs and
.liscolouration. This machine, it is affirmed,
ruts up 100 butter pats a minute and allots
to the plates 36 to 90 pieces from a pound.
The invention enables butter to be supplied
in more than one shape. It may be extruded
in rectangular, rotund or in massive form;
to use plain language, in squares, rolls or
bulk. And it is instantly adjustable to any
thickness of butter.

Efficient as is this magic dispenser of the
familiar unctuous comestible, in these
unhappy days it is subject to the ration
rules ordered by the State.

Antitrust goof
I LEARN that a recently built factory has

a porcelain enamelled corrugated steel
roof. It is claimed that this is the first
installation of the kind in connection with a
factory. Should it prove satisfactory, it
bids fair to be the pioneer of many such
installations in industrial plants, garages
and other buildings.

It is a well-known fact that Dame Nature
never has a holiday. By day and night, her
oxygen -charged breath eternally assails all
exposed iron and manufactures what
chemists term ferric oxide, which the man
in the street knows as rust.

Now, it is maintained that porcelain
enamel is almost completely resistant to

usy Inventors
By " Dynamo"

the ravages of the weather. It is also
eminently suitable for buildings where
fumes are very hostile to ordinary roofing.
And the porcelain coated roof is pleasant
to the sight.

The Wool Age
THOSE learned scribes who ferret out the

secrets which Mother Earth conceals in
her bosom tell us that there have been a
Stone Age and an Iron Age. The present
may be styled the Wool Age, judging by
the abnormal activity of knitting needles in
the hands of the fair who are making
innumerable pullovers, scarves, socks, gloves
and " Balaclava " caps. These genial
garments are intended for our heroes in the
Navy, Army and Air Force.

Wool has the reputation for not being as
brave as these valiant warriors. Sometimes
it shrinks. To prevent this weakness,
certain inventors have applied to the
British Patent Office to protect a process
which they claim will diminish the shrinkage
of wool. Their method is to treat the wool
with a solution containing what is known as
a protease, preferably in association with a
substance which accelerates the action of
the protease.

Wool in Hot Water
AS regards shrinkability, many people

believe that the proof of the wool is in
the washing. These good folk think that,
when wool gets into hot water, it necessarily

The informa tion on this page is specially supplied to
"Practical Mechanics" by Messrs. Hughes & Young
(Est. 1929), Patent Agents of 9 Warwick Court, High
Holborn, London, W.C.1, who will be pleased to send
readers mentioning this paper, free of charge, a copy
of their handbook, "How to Patent an Invention."

has a habit of shrinking. However, I am
informed by a laundry expert that this is
not accurate. It seems that bad washers
quarrel with their wools. In other words,
shrinking is not always the fault of the
fabric but is sometimes due to the way it is
treated when washed. The afore -mentioned
expert tells me that a woollen garment
should be put into hot, soapy water, adding
that the secret is not to allow it to remain in
this water too long. It should be rinsed in
water of the same temperature.

I am further advised that woollen articles
should invariably be dried flat. If hung on
a line, the moisture left in the upper part of
a garment naturally gravitates to the lower
part. And the wool, owing to the weight of
water at the bottom of the garment, instead
of shrinking, is apt to stretch, pulling the
article out of shape.

Bag!filler
IN the reign of Queen Victoria the young

were taught some moral verses which
began:

Little drops of water,
Little grains of sand,

Make the mighty ocean
And the beauteous land.

In our day the little grains of sand are
playing an important role in the defence of
the realm. Now, filling sandbags by hand
labour is a very tedious process. When the
bag is filled by means of a shovel, the latter

has to be placed well into the mouth of the
bag, to ensure that each shovelful is properly
deposited in the bag. It is natural, therefore,
that the inventor should think out an
expeditious way of getting the work done.
One of the latest methods of bag -filling is the
subject of an application which has been
accepted by the British Patent Office.

According to the new invention there is
provided a hopper or large funnel the
mouth of which is so formed that shovelsful
of sand can be readily thrown into the
hopper without having to be deliberately
placed therein. Within the hopper an
arrangement for normally closing its lower
opening is also adapted to regulate the flow
of sand. This controlling means is preferably
operated by the foot, though it may be
made to work by hand. Lastly, this useful
contrivance, which is mounted on a wheel,
can be transported with ease.

Rubber Lantern
N the bowels of the earth, from which ourI

coal supply is derived, some form of
illumination is absolutely necessary. An
application for a patent has been made to
the British Patent Office to protect a newly -
devised electric hand lantern. This is
specially suitable for use in mines and other
places where a lantern has constant wear
and is subject at times to rough handling.
In order to make this lantern as shock-
proof as possible, there is employed in its
construction as much rubber as is practic-
able. The accumulator is well packed to
keep it in good condition, reduce evapora-
tion and avoid the spilling of the electrolyte.
The inventors have aimed to produce a
lantern not only robust, effective and
economical, but light in weight and capable
of being re -charged without dismantling
any of its parts. There is an adjustable
cover in front of the lamp, so that this dark
lanthorn (as our forefathers used to spell it)
would have been very welcome to Guy
Fawkes.

For Illegible Writing
ASEMI -CIRCULAR rod -shaped lens
which covers the width of a telephone

directory column and enlarges print to
twice its size, is not an absolutely new
object. However, this convenient magnifier
has now been incorporated with a letter
opener. It will, I opine, prove most useful
in an office where the correspondence
received is not always typed or written in
block letters. Signatures, by the way, are
sometimes annoyingly indecipherable.
Therefore, a magnifying glass which doubles
the proportions of the cryptic characters
will make it easier to guess what they are
intended to be.

Washinpup Made Easy
AFTER the meal is over, washing up is a

task which even the industrious house-
wife does not relish as much as she does
the luscious food which makes the cleaning
necessary. Since husbands expect every
woman to do her post -prandial duty, it is
fortunate that an inventor has devised a
convertible dishcloth and scraper. The
dishcloth is of the usual rectangular shape
but has a triangular pocket. When turned
inside out, this pocket reveals an abrasive
attachment which acts as a scraper. When
not in action, the scraper does not interfere
with the washing operation of the dishcloth.
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Fig. L-A picture of our 21 in. scale model of the famou3 L.N.E.R. Flying Scotsman'.

Building a 22 in. Gauge Model
of the "Flying Scotsman" 1

Constructional Details
for a Powerful Model
of a Famous Prototype
FOR some time we have had a desire to

present to our readers a working scale
model of one of our famous main line

express locomotives and accordingly we
commissioned that well-known Northamp-
ton firm, Bassett-Lowke, Ltd., to build an
accurate scale model of the L.N.E.R.
Pacific type locomotive " Flying Scots-
man." The scale drawings were prepared,
after the model had satisfactorily passed its
steam test by Mr. E. W Twining. We
have arranged with Messrs. Bassett-Lowke,
Ltd., to supply all materials, castings and
blueprints.

Fig. 2.-Sheet metal, tubing, and castings used in the construction of the model

Fig. 3.-Buffer beams and axle boxes ready for
assembling

The scale of the model is f in. to one foot,
giving a rail gauge of 2f in., and the
illustration, Fig. 1, shows the realistic
appearance of the model completed at
the Northampton works. All working
details of the original are followed, as well
as the characteristics of external design.
The finished model is an example of the
finest model engineering craftsmanship,
and would be a valuable addition to any
2i in. gauge garden railway.

The completed model, complete with
tender, is over 3 ft. long, and burns methy-
lated spirit, the boiler being of the
" Smithies " type with five water tubes,
and a superheater. The tender contains a
water tank and spirit tank, the spirit
supply being controlled by a needle valve
a small force pump is fitted in the water tank
for feeding water to the boiler when the
locomotive is stationary. When the loco-
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motive is running a pump driven by an eccentric fixed to
the driving axle feeds water to the boiler. The cylinders
are automatically lubricated, by means of a displacement
lubricator fitted between the main frames, just above the
front bogie -wheel axle.

Constructional Details
Before proceeding with details of construction it would

be as well to study Fig. 4, which gives a side elevation of
the locomotive, with dimensions, and also Figs. 5 to 8,
which give details of the engine main frames.

The first job to tackle is the marking out and cutting
of the engine main frames. These are marked out with a
scriber from the dimensions given in Fig. 6. They are
cut out with a cold chisel and metal saw, and finished
with a file. Note that the frames have to be pinched in
at the rear ends.

Next the hornblocks and dummy springs are filed up
ready to be fitted to the frames, after which comes the
fitting of the hornblocks and springs. All holes must be
carefully marked and centre -punched before drilling,
most of the holes being 3/32 in. diameter.

Axle Boxes
The axle boxes and keeps have now to be fitted. The

axle boxes are machined out of the solid, and the keeps
are made of 3/8 in. angle brass. There are six of these
altogether, and all the necessary holes for fixing should be
carefully marked off from the diagram, Fig. 6.

The two stretchers, or circular distance pieces between
the frames, are made of 3/8 in. brass rod, 1 15/16 in.
long. These are drilled at each end and tapped % in.
Whitworth. The stretchers secure the frames rigidly
together and hold them true.

Next come the buffer beams which, although shown
as being built-up from angle brass and % in. by in.
brass strips in Fig. 6, can also be made from castings (see
Fig. 3). These are fixed by 3/32 in. screws.

T
BOGIE

FRAME5.

I

Fig. 7.-Bogie frames and stretcher plate

BOGIE AXLE.
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Fig. 5.-Half sectiona plan of wheels and coupling rod

Trailing Outside Frames
Details of the trailing outside frames are given in Figs. 6 and 8. These are

fitted with dummy springs and hornblocks, and then fixed to the main
frames. The six footplate supporting brackets are cut from 3/16 in. flat
brass, drilled for lightness, and fixed to the main frames by set screws.

The displacement -type lubricator, with steam feed, is attached to the front Tr;
buffer beam by countersunk screws. The position of this fitting is shown in /
Fig. 10. The lubricator is built up out of 1 in. diam. mandrel drawn brass T !
tube with disc ends, and is fitted with a 1 in. diameter filler, No. 1 drain cock,
No. 0 union cock, and No. 0 plain union for steam feed.
Bogie Frames

Details of the bogie frames are given in Fig. 7. These are cut out of c in.
planished steel plate, and the stretcher is also made of c in. steel.

The " life guards " (see Fig. 4) are cut from Id- in. steel plate, and after
being filed to shape are fixed to the front end of the main frames by the
same screws which hold the buffer beams to the frames.

The bogie frame swivels on a 5/32 in. steel pin screwed to the frame
stretcher and held by lock nuts. A slot is cut in the bogie stretcher plate to
allow of the necessary lateral play. Three hexagon screws hold the frame to
the stretcher plate on each side.

Wheels
The wheels are turned from castings of cast iron, and are forced on to turned

steel axles which are shouldered down at the ends. The space between the
shoulders on the driving -wheel axles is exactly 21 in., as indicated in Fig. 5.
The crank -pin and pins for the coupling rods are forced in and riveted, the
driving crank -pins being extended for the connecting rods and eccentric
cranks.

Fixing Hornblocks to Tender Frame
Mark the position of the holes on each hornblock, as indicated in Fig. 8.

For the tender there are eight pairs of blocks, with four -holes in each. Clamp
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motive is running a pump driven by an eccentric fixed to
the driving axle feeds water to the boiler. The cylinders
are automatically lubricated, by means of a displacement
lubricator fitted between the main frames, just above the
front bogie -wheel axle.

Constructional Details
Before proceeding with details of construction it would

be as well to study Fig. 4, which gives a side elevation of
the locomotive, with dimensions, and also Figs. 5 to 8,
which give details of the engine main frames.

The first job to tackle is the marking out and cutting
of the engine main frames. These are marked out with a
scriber from the dimensions given in Fig. 6. They are
cut out with a cold chisel and metal saw, and finished
with a file. Note that the frames have to be pinched in
at the rear ends.

Next the hornblocks and dummy springs are filed up
ready to be fitted to the frames, after which comes the
fitting of the hornblocks and springs. All holes must be
carefully marked and centre -punched before drilling,
most of the holes being 3/32 in. diameter.

Axle Boxes
The axle boxes and keeps have now to be fitted. The

axle boxes are machined out of the solid, and the keeps
are made of 3/8 in. angle brass. There are six of these
altogether, and all the necessary holes for fixing should be
carefully marked off from the diagram, Fig. 6.

The two stretchers, or circular distance pieces between
the frames, are made of 3/8 in. brass rod, 1 15/16 in.
long. These are drilled at each end and tapped % in.
Whitworth. The stretchers secure the frames rigidly
together and hold them true.

Next come the buffer beams which, although shown
as being built-up from angle brass and % in. by in.
brass strips in Fig. 6, can also be made from castings (see
Fig. 3). These are fixed by 3/32 in. screws.

T
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Fig. 7.-Bogie frames and stretcher plate

BOGIE AXLE.
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Fig. 5.-Half sectiona plan of wheels and coupling rod

Trailing Outside Frames
Details of the trailing outside frames are given in Figs. 6 and 8. These are

fitted with dummy springs and hornblocks, and then fixed to the main
frames. The six footplate supporting brackets are cut from 3/16 in. flat
brass, drilled for lightness, and fixed to the main frames by set screws.

The displacement -type lubricator, with steam feed, is attached to the front Tr;
buffer beam by countersunk screws. The position of this fitting is shown in /
Fig. 10. The lubricator is built up out of 1 in. diam. mandrel drawn brass T !
tube with disc ends, and is fitted with a 1 in. diameter filler, No. 1 drain cock,
No. 0 union cock, and No. 0 plain union for steam feed.
Bogie Frames

Details of the bogie frames are given in Fig. 7. These are cut out of c in.
planished steel plate, and the stretcher is also made of c in. steel.

The " life guards " (see Fig. 4) are cut from Id- in. steel plate, and after
being filed to shape are fixed to the front end of the main frames by the
same screws which hold the buffer beams to the frames.

The bogie frame swivels on a 5/32 in. steel pin screwed to the frame
stretcher and held by lock nuts. A slot is cut in the bogie stretcher plate to
allow of the necessary lateral play. Three hexagon screws hold the frame to
the stretcher plate on each side.

Wheels
The wheels are turned from castings of cast iron, and are forced on to turned

steel axles which are shouldered down at the ends. The space between the
shoulders on the driving -wheel axles is exactly 21 in., as indicated in Fig. 5.
The crank -pin and pins for the coupling rods are forced in and riveted, the
driving crank -pins being extended for the connecting rods and eccentric
cranks.

Fixing Hornblocks to Tender Frame
Mark the position of the holes on each hornblock, as indicated in Fig. 8.

For the tender there are eight pairs of blocks, with four -holes in each. Clamp
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Fig. 9.-The main frames, showing one of the cylinders being fitted

the horn blocks in the correct position on to
the tender frame and, drill through with a
No. 51 twist drill. The hornblocks are
rivetted to the frames with 1/16th copper

SPECIFICATION
The chief items of the specification are

as follows:-
Main frames, -1 in. planished steel

plate.
Hornblocks and axle boxes of gunmetal.
Underslung spiral springs for driving

wheels.
Wheels and axles-cast iron wheels

forced on steel axles.
Cylinders (% in. bore by 1 in. stroke)

gunmetal castings. D -slide valves.
Boiler and tubes-copper.
Valve gear-W alschaert.
Reversing gear-lever type.
Footplates-planished steel.
Fittings-water gauge, steam pressure

gauge with syphon, steam valve,
blower valve, check valve, safety
valve, dome and chimney.

Full list of tarts and blueprints will be
given next month.

rivets. The block must be carefully posi
tioned, before rivetting, by means of a
template of the axle box. For this a piece

in. accurately machined brass or steel can
be used.

At this stage the dummy spring cast:ngs
can be cleaned up. Lay them on a flat
surface and centre punch the holes for the
fixing screws, which are central over the

axle boxes. Countersunk screws are used,
the spring castings being drilled and tapped
on the eye of the spring, and then fixed with
the countersunk screws from the back.

The keeps, which are 1 in. long, are ,cut
from IV in. by. ig in. brass strip, the ends
being drilled in. clearance holes, and
corresponding holes are tapped in the
frames. Two h in. holes are drilled in
each end to take the fixing screws for the
buffer beam.
Buffer Beams

The buffer beam castings can now be
cleaned and the buffer centres set out, with
the aid of a rule and dividers. Clamp the
tender frame to the buffer beam, and drill
and tap for A in. screws. Drill A in.
clearance holes in the buffer beams and the
lugs. The tender frames are now ready to
receive the bottom footplate, which is of

in. sheet brass, and measures 131 in. by
41 in. Lay the frames square on the foot-
plate, using it as a template. Clamp it in
position, and secure with screws and nuts,
the nuts on the underside so that the body
of the tender can be removed from the
frame, if necessary. The heads of the screws
are soldered in place to make the joints
water -tight.
Tender Wheels

These are turned on rim and face, and

Fig. 10.-The finished main frames with buffer beams and displacement lubricator in position

have outside journals to receive the axle
boxes. The journals are turned from + in.
steel rod to -A- in. diameter, and the wheels
forced on.

(To be continued)

Fig. 1I.-Engine main frames, tender frames, horn blocks, and dummy springs

PRACTICAL MECHANICS

HANDBOOK
By F. J. CAMM

An extremely valuable book, packed
with facts and figures, tables and formula
for the mechanic, engineer and designer.

From all booksellers 6s. net, by post 6s. 3d.
from the publisher: George Newnes, Ltd.
(Book Dept.), Tower House, Southampton
Street, Strand, W.C.2.
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PRACTICAL 4D

ENGINEERING
A NEWNES PUBLICATION

Vol. I. No. I
Every Thursday.

January 27th, 1940.

VALUABLE NEW WORK OFFERED TO ALL READERS

The

ENGINEER'S MANUAL
A most useful reference book containing in handy form all
the facts, figures and formula, which those engaged in the
mechanical engineering and kindred trades require for the
successful execution of their work. Full particulars in No. I

Get your copy To -day. Of all Newsagents and Bookstalls

COVERS EVERY WORKSHOP PROCESS

AND EVERY TYPE OF MACHINE

THIS new weekly journal covers a very
wide field. It will deal comprehensively

with every type of machine employed in
this country, and every modern mechanical
process and development. It will also
include special features on such important
matters as works layout, time -saving
methods, the efficiency and activity of the
drawing office, finishing processes, test
equipment and inspection-in fact,
PRACTICAL ENGINEERING will survey
every sub -division of the mechanical
engineering industry. Leading authorities
on specialised subjects have been retained
to contribute regularly, and to help make
this new weekly journal the most authorita-
tive of its kind published.

A WEEKLY JOURNAL FOR
EXECUTIVES, DESIGNERS, WORKSHOP
SUPERINTENDENTS, DRAUGHTSMEN,
PLANT AND PRODUCTION ENGINEERS,
FITTERS, TURNERS, PATTERNMAKERS,
MAINTENANCE ENGINEERS, TOOL-
MAKERS, MILLWRIGHTS, CAPSTAN
SETTERS, GAUGE MAKERS, INSPECTORS,
WORKERS IN PLASTICS, FOUNDRY MEN,
SMITHS, AERONAUTICAL ENGINEERS,
MILLERS, WELDERS, SPINNERS,
PLANERS, ERECTORS, SHEET -METAL
WORKERS, ETC., AND THOSE IN

KINDRED PROFESSIONS.

George Newnes, Ltd.
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A front view of the model

THE number of successful low -wing
petrol models that have been produced
is very small indeed. By successful, I

mean models that fly regularly and with
stability.

The high -wing model is generally chosen
because it is so easy to produce even a poorly
designed example that will be reasonably
stable.

Many people are heard to declare that the
low -wing model will not glide. Actually this
assertion is not in accord with the facts, and
is usually made by people who have either
never made a low -wing model or who
have only tried one, and have not
obtained sufficient experience of the
type.

A low -wing model can actually
be an excellent glider, and anyone
who doubts this should remember the
" Klem " full-sized aeroplane. It is a
beautiful " floater " and has a very
flat glide. Incidentally, it also has the
reputation of being of the simplest
fixed -wing aeroplanes in the world.
To obtain such a reputation means
that it is exceptionally stable
and foolproof-anyone who has
flown a " Klem Swallow " will
bear this out.

It may be recalled that many of
the most successful early post -
War (1914-18) rubber -driven models
of high performance were low -wings.
This type won many of the S.M.A.E.
competitions.

Perfectly Stable
I have always been interested in low -

wings, and have built many rubber and quite
a few petrol low -wings. As a result I have
found that if certain rules are followed, the
low -wing is perfectly stable, and can be
flown in rough weather. It is actually easier
to get a good glide after power than in the
case of a high -wing, because the thrust line
can be arranged directly through, the centre
of resistance of the main plane.

The thrust does not then tend to pull the
nose up around the centre of resistance as in
the case of the high -wing and parasol, and
so cause a stall, unless counteracted by
down thrust or some such method. This
point will be dealt with later.

For rubber -driven models, where an acute
climb is required, on limited power, to gain
height for soaring, the high -wing has its
points ; but for the petrol model that merely
requires steady flying, the low -wing is safer.

There are two difficulties in the design of
a successful low -wing model that must be
overcome, and both are extremely simple
but so often neglected. The first is that

A Low -
By Major

The Design of the Model has been
Looks very. Well in the Air. It

lateral stability must be assured by a greater
dihedral angle and careful weight distribu-
tion, so that the forward side area is well
above the C.G. This extra dihedral forward
must be balanced by the correct amount of
side area aft.

The second difficulty to be overcome is
that the downward and then upward sweeps
of disturbed air which follow behind the
wing should not interfere with the tailplane

16"

and fin. This can be overcome by keeping
the fuselage long, so that the upward dis-
turbance clears the tailplane.

It is also important that the trailing edge
of the wing shall blend in with the lines of
the fuselage, in order to prevent buffeting of
the tailplane. The model to be described
complies with these simple rules, and has
been keptfrruggedly simple and practical, and
yet looks very well in the air. Nowhere has
looks been allowed to interfere with the
dictates of practical performance, however.

Not only is the model stable, but it has
been found to be more stable than the
average good high -wing model. This is no
exaggeration, but is an actual fact.

The photographs give a general idea
of the model with its rounded top to the
fuselage.

They show its keen but simple lines com-
bined with general dihedral angle of the wings.
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CABIN MADE FROM
HOLLOWED -OUT BALSA
STREAMLINED AND W/771
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Fig. 1.-A side and plan
view of the monoplane
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Wing Petrol
C. E. Bowden
kept Simple and Practical and
is Perfectly Stable in Flight.

The model has a wing span of 8 ft. and
maximum chord of 16 in., length oft. 3 in.,
and a weight of 6f lb. It has been flown
frequently with a 9 c.c. Brown, and also
with a 9 c.c. Ohlsson engine, or from k in. to

in. maximum revs.
One photograph shows the model in flight,

and also gives a good idea of its flat glidino.
angle. Unfortunately, these photographs'
were taken during dull weather last winter
and, therefore, suffer in clarity.
Simple and Novel Method of Construction

The fuselage has been made up on the
same simple and easily constructed method

that was designed for the little "Kub."
Details of the "Kub " were published
in my book, Petrol Engines and Model
Aeroplanes, and a replica of the model in
the hands of Mr. Jefferies won the 1937
Sir John Shelley Cup, which proves the
practicability of the constructional methods.
There are a number of replicas of the " Kub "
flying about successfully. Let us examine
the fuselage first.
The Fuselage

Fig. 1 is a general arrangement drawn
plan and side elevation of the model. A
scaled -up full-size drawing should be made
upon cheap drawing paper, unless the
builder wishes to keep his plans, when a
better but thin paper should be used. It is
necessary to draw up the fuselage full size,
side elevation and plan on one piece of paper.

From this and Fig. 2, dimensions of the
five three-ply formers can be obtained, and
the formers cut
from 8 in. three-
ply except No. 1
nosepiece former,
which is cut from

in. three-ply.
All formers are
fretted out for
lightness, a n d
these formers
make jigs to
keep the fm-elage
true whilst build-
ing. -

Monoplane

As the tops of the formers are measured
from a straight top line from the fuselage, if
the formers are accurately cut and the
fuselage sides correctly shaped, the correct
angle of incidence of the low -wing will be
automatically obtained. The formers also
take the shocks, and stubs of detachable
wings and tail -retaining hooks, engine and
undercarriage.

Fuselage Sides
Wire hooks, as shown, are bound with

thread and glued to the formers. Hooks
should be of 16 s.w.g. wire (see Fig. 2). The
two sides of the fuselage are cut from IT in.

WIRE HOOKS FOR
FRONT OF TAIL PLANE
AND FIN ELASTIC
RETAIN/NO BANOS

IN "14 FORMFR,
4" 3- PLY

54
3;-

/6 SWG WIRE NOOKS
CLUED AND BOUND
ONTO FORMER FOR
ELASTIC BANDS

N°5 FORMER
3 -PLY

DURAL OR BRASS TUBE
BOUND AND GLUED TO TAKE
TOP PRONGS OF
UNDERCARRIAGE MAIN LEGS

16

'vol
NOSE FORMER

3 -PLY

2.-Details of the formers

3

N°2 FORMER
"3 -PLY

DURAL OR BRASS TUBE
BOUND AND CLUED TO
TAKE ..4,01A PRONGS OF
REAR LEGS

16 5iY.0 WIRE HOOKS
FOR ELASTIC BANC,- TO

. RETAIN FRONT OF -WING
uy Rosa -lore

(Above) The model in flight and (left) a rear
view of the model

sheet balsa of light weight to the side
elevation shape of the fuselage.

On to the inside of these two side sheets of
balsa, in. by Tr; in. lightweight balsa
longerons and uprights are glued, and tem-
porarily pinned by ordinary steel pins until
the cellulose glue is ary. The pins are then
withdrawn and the constructor has two
sides strictly formed with longerens and
uprights complete.

The above operation may be done on a
floor by laying the sheet balsa sides on the
floor and pinning the longerons on the inside
and along the outline of the sheet balsa.
Plenty of glue should be used, as the whole
idea is to form a strong balsa box fuselage,
and due to the method of construction no
birch or spruce longerons, etc., are required;
although the fuselage is actually stronger,
though lighter, when finished, than a normal
spruce fuselage, and certainly infinitely
stronger than normal -type balsa fuselage,
however much strutting is indulged in.

Labour is also reduced, so that the
fuselage can be made in three evenings. The
first is spent in cutting the three-ply main
corners and bindings on hooks, etc. On the
second the two sides are formed, and on the
third evening the top and bottom are
added, and the whole is covered with silk,
and doped. Black or red copying paper is
used to transfer the fuselage side outlined
to the * in. sheet balsa sides. These are
then cut to shape by a balsa cutting knife,
or old razor blade.

ENGINE MOUN7
RETAINING NOOKS

4

NQ iFORmER
3- PLY
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DETACHABLE ENGINE MOUNTING
HELD TO /V9 / FORMER BY ELASTIC
BANDS - MOUNTCAST IN ELEKTRON ALLOY

oryoEeciaRiziAcE
TUBES

WIRE HOOK ON
ENGINE MOUNT
FOR ELASTIC
BANDS TO
FUSELAGE

1.,;- SW G WIRE HOOKS TO TAKE
ELASTIC SANDS TO HOLD UP
WINGS TO FUSELAGE

TWO ;5*SHEET BALSA 5/DES
WITH X.3, --1,j BALSA LONGERONS
AND UPRIGHTS GLUED ON TO INSIOEc

CUT -AWAY PORTION
TO TAKE WING

WIRE HOOK /6 SWG WIRE
FOR ELASTIC BANDS
ro HOLD DETACHABLE
ENGINE MOUNT TO
NOSE FORMER

Fig. 3.-Method of assembling the fuselage

Fitting the Formers ,
Three-ply formers Nos. 2, 3, 4 and 5 (see

Fig. 3) are now glued between the two sides
where shown on the drawing, Fig. 2. Pins
keep in position until dry. See Fig. 3, which
gives a general idea of the fuselage as it now
appears.

Now pull nose inwards a little at each side
so that No. 1 circular nose former, which is
made from in. three-ply, can be glued on to
the ends of each side. Pins will keep in
position until glue is dry. A solid balsa tail-
piece is next glued in at the stern, and that
will finish off the fuselage to a streamline
end.

The Engine Mounting
The engine is mounted on a detachable

mounting that is held up to No. 1 former by
elastic bands from the wire hooks on the
mounting to wire hooks from No. 3 former.
This mounting is a safety device that I
started in this country, and adopt on all my
models.

The fact that the mount is held to the
fuselage by elastic bands prevents damage
to both engine crankshaft and fuselage, in
the event of any normal crash. Only a very
exceptional blow will cause damage, because
the elastic breaks first, and thus acts as an
effective shock absorber.

Alteration of thrust line is also quickly
made by packing where necessary with slips
of wood, during the preliminary tests.
These wooden packings can be permanently
kept in position by silk and glue, when
finally found to be correct. Furthermore,
with this system the engine can be taken out
in a few seconds for attention and repairs.

The mountings are cast in the very light
but strong alloy electron. The reader can
make up his own pattern or obtain a casting
from the firm that deals with electron cast-
ings, or can now obtain standard castings
for "Brown" or " Ohlsson " engines.

Finishing of the Fuselage
To carry on with the fuselage construction

after this digression, glue a floor of 1 mm.
3 -ply from No. 1 nose former to No. 4
former. This 1 mm. 3 -ply floor will take the
coil and condenser strapped down to it
inside the fuselage between Nos. 2 and 3
formers, and will form a strong bottom to
the cutaway portion, the shape of the wing
section. The detachable wing fits up into it.

The cut -away portion is illustrated in the
sketch showing the completed fuselage with
wing and tail detached. Cross pieces of* in.
by * in. balsa should now be glued in top
and bottom.

The remainder of the floor can be glued
on from No. 4 former up to the tailpiece.
This covering is of lg. in. sheet light balsa.

Two brass or duralumin tubes to take
18 s.w.g. wire are now pushed through the

SOLID BALSA
TAIL -PIECE CZ.L/EC
INTO STERN OF
FUSELAGE

sides of the fuselage where shown, and glued
up to the cross -pieces. A little balsa plastic
wood is stuck against these tubes inside the
fuselage, where they pierce the fuselage
sides, to strengthen and take the loads caused
by the tail wheel undercarriage fittings.

Coil and Condenser
The coil and condenser, as already men-

tioned, have been strapped to the floor by
thread and glue. Two battery leads for the
flash lamp flight battery are led through the
bottom of the floor and have spring clips
attached. The 4 -volt 4 oz. rectangular flash -
lamp battery used for flight purposes, is
slung below this floor and outside the
fuselage.

The battery is kept in position by rubber
bands. This battery position may be
criticised by some. but its advantages far
outweigh any other considerations. It is at
once got at to change, and to examine after
each flight. In fact, it saves a peck of trouble
in this position, and in a crash cannot damage
the inside of the fuselage by becoming
detached, and charging through the side of
the fuselage.

All types of position for the battery have
been tried on different models, but it has
been found that the outside slung position
is best. The weight is also kept low for a

Pi.ua

&RT.,/

CONTACT
gREA KER

/NSUL A TED
LVIIVi-d,' CONTACT

low -wing model. If desired, a balsa stream-
lined fairing can be added in the form of a
dummy " Lamblin " type radiator. In
actual practice it hardly shows.

Lead out other necessary wires through
holes in the floor to the engine.

The next operation is to cover the whole
of the top of the fuselage box with A- in.
sheet balsa. Now glue on in. balsa sheet
half ovals as shown, along the top of the
fuselage. On top of these half ovals, string-
ers of in. by * in. balsa are glued on in.
apart.

Now cover this turtle -shaped top of the
fuselage with * in. sheet balsa, using plenty
of glue. A simple cabin as shown should be
carved to a streamline shape from solid
balsa, and hollowed out. It is then glued on
top of the fuselage where shown.

In the top of this cabin the timer for con-
trol of flight duration is fitted. Two detachable
plugs and sockets are fitted into the cabin
side to take the detachable leads for the
ground starting battery. Wires are threaded
through the fuselage up to the timer.

The nose now receives attention and
strengthening. The circular nose former
should have plenty of balsa plastic wood
moulded by the fingers as a fairing to lead
the circular nose former into the rectangular
sides and bottom of the fuselage.

This plastic wood, when dry, makes an
immensely strong nose. A little plastic wood
is also worked inside behind the nose former
to help strengthen it up inside ; also around
the undercarriage tubes where they emerge
through the fuselage.

Now carefully sandpaper the fuselage
down until quite smooth. Then cover the
whole fuselage with very thin jap silk, using
plenty of photopaste as an adhesive.

Covering the Fuselage
The whole fuselage should then be

covered with one coat of full strength Clear
Cellon Glider dope, as used on full-sized air-
craft. You now have an immensely strong
yet light fuselage, and if you require it
coloured a coloured paint or dope should be
added as an extra afterwards. Remem-
ber that colour adds a ltft of weight, but pro-
vided too much is not added it makes little
difference to a large model like the "Gull."

(To be continued)
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Fig. 4.-Wiring diagram of the ignition system
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I.C.S. FACTS
Branches in 30 countries;

students in 50. Total of
British students 900,000.

The Admiralty and
other State Depts. have
made special arrange-
ments with the I.C.S. for
training of men.

More than 1,000 In-
struction Manuals, pre-
pared by I.C.S. in London
for postal teaching, are mar-
vels of clearness, accuracy
and practical helpfulness.

80 Instructors, many of
them Associates, Mem-
bers or Fellows of their
respective technical
bodies. All are specialists.

400 Courses of Instruc-
tion, including one forYOU.

This is

FIGHTING TALK
Two vitally important matters demand your attention-one is your

immediate future, the other your position when peace returns.
Perhaps you have lost your job and have to turn to some different

kind of work. Perhaps you are faced with new duties and requirements
calling for specialised knowledge. Or perhaps you are realising at last
that without trained efficiency a man is badly placed in the life of to -day.

LIFE HAS BECOME A BATTLE. WE MUST

FIGHT IF WE ARE TO HOLD OUR OWN
Technical Training is a National Necessity.
The Government are making widespread

demands for men possessing it.

The I.C.S. have been giving technical training through the post, in
unsurpassed quality, for nearly half a century. We trained many thous-
ands of men during the years 1914-1918 and are splendidly equipped to
render similar service throughout the coming months or years of this
second Great War.

If you need technical training, our advice on any matter concerning your
work andyour career is yours for the asking-free and without obligation.
Let us send you a booklet dealing with the subject in which you are
specially interested. It is packed with valuable information. DON'T
DELAY. Make "ACTION" your watchword.

The time to start preparing yourself for the fight is NOW

COUPON FOR FREE BOOKLET
INTERNATIONAL CORRESPONDENCE SCHOOLS, LTD. (Dept. 95), International Buildings, Kingsway, London, W.C.2

Please send me your booklet containing full particulars of the Course of Correspondence Training before which
I have marked X. I assume no obligation.
FL Accountancy  Diesel Engineering
 Advertising  Draughtsmanship
 Aeronautical Engineering  Electrical Engineering
 Air Conditioning  Engineering Shop Practice
 Architecture 0 Fire Engineering
 Boiler Engineering El Garage Management
 Book-keeping  Gae-Power Engineering
0 Building  Heating and Ventilation

Chemical Engineering 0 Hydro Electric
 Civil Engineering  Journalism

Lettering
 Mechanical Drawing
(I] Mechanical Engineering
 Mining Engineering
 Motor Engineering
 Pattern -making

Plumbing
Radio Engineering and Servicing

0 Salesmanship
 Sanitary Engineering

 Scientific Management
 Short -Story Writing
 Steam Engineering
 Surveying
 Telephone and Telegraph Eng.
 Textiles
 Welding, Gas and Electric
 Wireless Engineering
 Woodworking
0 Works Management

EXAMINATIONS
Technical, Professional, Matriculation, and Civil Service. State the one you wish to pass

NOTE.-If your subject is not on the above list, write it here

NAME Age

ADDRESS
ICS
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BUILD THIS MAGNIFICENT MODEL
"LIVE STEAMER"

Inc i inisneo unpanted model -a sound piece of mode! craftsmanship.

Parts for the
"Flying Scot" Model

We are not supplying a complete set
of castings and parts because many
model makers prefer to obtain their
own goods locally, but here are a

few essentials for the model. Plan-
ished steel plate for main frames,
roughly cut to shape, 6s. 6d. Ditto
for Bogie Frames, 6d. Ditto for
Tender, 3/-. Material for Boiler
(Plate and Tubes, Inner and Outer),
12/6. Cylinder Castings, 6/6.
Finished Cylinders, 21/6 each.
Driving Wheel Castings, 10d. each.
Bogie Wheel Castings, 5d. each.
Trailing Wheel Castings, 6d. each.
Funnel and Dome Castings, 9d.
each. Material for Cab Roof and
Sides, 2/.. Tender Material (Plate),
12/6.

Catalogues of all
kinds for 1940

by BASSETT-LOWKE

GR.I2 The new 40 -page Gauge
"0" Railways Catalogue, 3d.

TT.12 Latest Twin Train Cata-
logue of this famous little Gauge
"00" Railway, 2d.
S.I I 1940 list of Model Ships
and Fittings, etc., 6d.
Laying Permanent Way, useful
track booklet, 2d.
How to build a Traction Engine,
3d.

Building a Bassett-Lowke gauge
"0" Steam Mogul in 30 hours, 6d.

THE 22 -INCH GAUGE .1 -INCH SCALE 4-6-2
L.N.E.R. Pacific FLYING SCOTSMAN. Full in-
structions and details for building this high
pressure steam model commence in this issue of
"Practical Mechanics." A finished model of this

type is worth over seventy pounds !

Set of Drawings (7 sheets) for this Loco
21/- post free

The BOOK of PARTS for the
Model Maker

is Bassett-Lowke's AB.12 Cata-
logue. Priced at 6d. (8d.,
post free), it contains over
160 pages and deals with
steam locomotives of all
gauges from "0" to 104 -

inches.... Parts and Fittings
for railways of these gauges
... Castings ... Fittings ...
Blueprints . . . Stationary
Engines . Boilers
Material ... Bolts ... Rivets

and Tools for the Model
Builder. 8d., post free, from
Northampton.

London: 112 High Holborn,W.C.I
BASSETT-LOWKE Lim, NORTHAMPTON Manchester: 28 Corporation St.

CRACKEDBaOnIdLEPRISP,ETS,AeNttS

wONDAR WELD Domestic is a PERMANENTLY REPAIRED
 liquid metallic preparation for in 60 Minutes

the repair of cracks and elimina- WITHOUT DISMANTLING
tion of water leakage in all types of
domestic and commercial hot water systems, boilers, tanks, radiators,
etc. It is not a temporary measure, but an efficient and permanent cure. You
just pour it in and the crack is sealed permanently in 60 minutes. Save time, labour,

mess and expensive welding. Tried and tested by Railway and Trans-
HOLT'S port Companies throughout the country. Write for free booklet.

WONDAR WELD
PDrOiceMcoEmSpTieltCe

Obtainable from any Halford Cycle Co's. 230 Shops or direct
from Sole Distributors : Domestic Size

DOUGLAS HOLT (Est.1919) Ltd., 9, Little Turnstile, 20
Holborn, LONDON, W.C.1. Tel.: HOL. 4891/2

E. GRAY & SON LTD.
TOOLS & MATERIALS FOR MODEL ENGINEERS

Tailstock 17.111 Packsin"ap,.Ye"
19 2/4 3/6

Lathe Carriers)"
34" 1" 1'A"

1/3 1/6 1/9 2/3

Straig it
or

Taper

Vertical

Slides

x 4".....31/6

4" x _34/3

x _52/3

Write for free Leaflets of Lathes and
2/9 Accessories

18-20 CLERKENWELL ROAD, LONDON, E.C.1.
Phone: CLE 1174 EST. 1822

HAVE YOUR OWN
CINEMATOGRAPH SHOW
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A DICTIONARY OF

Metals and Their
Cartridge Brass.-Composition : copper,

70%; zinc, 30%. This composition
represents the extreme limit of solubility
of zinc in copper. The alloy is more
brittle than copper and cannot be rolled
when hot.

Case-Hardening.-This consists in impreg-
nating the surface of steel with carbon
so that this portion may be hardened
by quenching, while the interior remains
tough and soft. The steel, as it were,
is contained in a hardened "case."
There are several ways of case -hardening
steel, one of the best known being to
pack the steel objects into mixture of
animal charcoal and barium carbonate
and to heat them in a furnace to about
900°C. for a period of time depending
upon the depth of " casing " required.

Cassiopeium.-A name for Lutecium, pro-
posed by Auer von Welsbach in 1906.
It is now obsolete.

Cast Brass.-A very common brass. It may
contain up to 75% of copper, but an
average composition is 2 parts of copper
to 1 of zinc. It often contains a very
small amount of lead. It is often known
as " Common Brass."

Cast Iron.-See Pig Iron.
Cast Steel.-This term was originally applied

only to crucible steels. Nowadays,
however, it is applied to cheaper steels.

Cathode Copper. - Electrolytically - refined
copper which has been deposited on the
cathode of the electrolytic bath of
acidified copper sulphate solution. Such
copper is usually melted up again in
a furnace before being marketed as

electrolytic copper."
Causul Metal.-A special grade of alloy

cast iron containing nickel, copper and
chromium. Similar to "Ni-Resist"(which
see).

Cementation Steel.-Steel which has been
made by the " cementation " process
in which bars of wrought iron are packed
into a sealed furnace together with
charcoal. The resulting material is
termed " blister steel " (which see).

Cement Copper.-See Copper Precipitate.
Cementite.-This is a carbide of iron.

Fe3C, which is a hard constituent of
cast iron.

Ceralumin.-A British aluminium alloy.
Brinell Hardness (when heat -treated)
130-140. Tensile strength 40,000 lb.
per sq. in. Contains : silicon, 1.2%;
copper. 2.5%; magnesium, 0.8%; iron.
1.2%; nickel, 1.5%; remainder alu-
minium.

Cerium.-Metallic element. Chemical
symbol, Ce ; At. No. 58; At. Wt. 140;
M.P. 623`C. ; Sp. Gray. 6.73 ; Sp. Ht.
.04479.

The metal was first isolated by Mogan -
der in 1826 from a mineral which had
been named " ceria " in commemoration
of the discovery of the planet, Ceres
(the name being that of the old goddess
of tillage and corn) in 1801.

Chief ores: Cerite, and Monazite.
Cerium, when pure, is a steel -grey

metal, ductile and malleable. In moist
air, it is superficially oxidised. Cerium
is a strongly " pyrophoric " or spark -
emitting metal, both in the pure state

(Continued from page 188 of last month's issue)

LIST OF ABBREVIATIONS
The following abbreviations are used throughout

this Dictionary :
At. No. .. .. Atomic Number
At. Wt. .. Atomic Weight
M.P. .. Melting Point
B.P. Boiling Point
Sp. Giay. Specific Gravity
Sp. Ht... Specific Heat
Coef. Exp. .. Coefficient of Expamion
Therm. Cond. .. Thermal conductivity
Elec. Cond. .. .. Electrical conductivity

and in the form of some of its alloys.
On this account it has been greatly
used in recent years in petrol -lighters
and other similar sparking devices. Its
salts are employed in the gas -mantle
industry, and, to a small extent, in
photography.

Charpy's Alloy.-Anti-friction metal. Com-
position : tin. 83 parts; copper, 11.5
parts; antimony, 5.5 parts.

China Silver.-A silvery -white metal con-
taining : copper, 65.24 parts; tin, 19.52
parts; nickel, 13 parts; silver, 2.05 parts.

Chinese Bronze.-Also known as Slutku-do.
A, bronze employed for art metalwork.

High-grade chrome Steel. Here the crystalline
structure is exceedingly fine, thus imparting to
the metal very high stress -resisting properties

Varies in composition. The following are
typical :-

I II

Copper .. 94.61% 95.77%
Silver .. 1.55% .08%
Lead . . .11%
Gold .. 3 .73% 4.15%
A similar alloy, known as Shibu-ichi

contains :
Copper 66.31%
Silver .. 33.17%
Iron .52%

(With sometimes a trace of gold).
The gold in these alloys is important,

since it enables them to acquire a very
beautiful patina when used for art
metalwork.

Japanese bronzes have a very similar
composition.

Chinese Silver.-An imitation silver used
in the jewellery trade. Composition :
Copper, 58%; zinc, 17.5%; nickel,
11.5%; cobalt, 11%; silver, 2%.

Chisel Steel.-A carbon steel containing
1 of carbon. It is readily forged. Used

Alloys
for chisel -making. large punches, miners'
drills, etc.

Christophle Metal.-An ornamental
copper -nickel alloy. Similar to Chin:
Silver, which see.

Chrome -Aluminium Steel.-A type of steel
used sometimes on the Continent on
account of its resistance to scaling. Has
been used for the tubes of locomotive
superheaters, etc. Contains about 6%
of chromium and from 1 to 1.5% of
aluminium.

Chromel.-A chemically -resistant pure
nickel -chromium alloy. It is also heat -
resistant and is sometimes used for
making electric fire elements. Composi-
tion : nickel, 80%; chromium, 20%.

Chrome -Molybdenum Steel.-Steels of this
type are resistant to oxidation. They
have mostly been developed on the
Continent. An average chrome -molyb-
denum steel contains from 1 to 1.5% of
chromium and about .5 % of molybdenum.

Chrome-Nickel.-A nickel -chromium alloy
containing about 23% nickel and 73%
chromium. Used in the manufacture of
chrome -nickel steels.

Chrome -Nickel Steel.-See Chrome Steel.
Chrome Steel.-Chromium, when alloyed

with steel, acts especially as a hardening
agent. Hence chromium or chrome
steels are characteriFed by their very
great hardness. Indeed, steel containing
about 1 °/,, of carbon and from 2.5 to 4%
of chromium is so hard that it cannot be
worked with ordinary hardened steel
tools. It is, therefore, more or less per-
fectly drill -proof.

Combined with nickel or vanadium,
chromium steel gives the strongest and
the best -wearing of the contmercial
steels, chrome nickel and chrome -
vanadium steels being tough, yet
machinable. Hence such steels are used
for gears and for the crankshafts of
internal-combustion engines and for other
engineering components which are con-
tinuously subjected to heavy am -Vice.

Simple chrome steels are used when-
ever extreme hardness (without machin-
ability) is required. Thus high -quality
files are made from chrome -steel contain-
ing about 1.3% of carbon and .5% of
chromium. Chromium steels are also used
for bearing balls and races, for pro-
jectiles and shells.

Steels containing more than 12 % of
chromium are highly resistant to corro-
sion. They constitute the now very much
used " Stainless Steels."

Chroine Vanadium Steel.-Sec Vanadium
Steel.

Chromium.-Metallic element. ('hemical
symbol, Cr; At. No. 24; At. Vt, 52;
M.P. 1520°C.; B.P. 2200°C.; Sp. Gray.
6.9 Sp. Ht. .12. Discovered in 1797 by
L. N. Vauquelin, who named it " chrom-
ium " (from the Greek chroma, colour)
on account of the coloured salts which it
gives rise to.

Chief ores : Chrome Iron ore or
Chromite, Cr.203.Fe0 ; Chrome ochre
C4%03.

Chromium is a steely -grey metal
having a pronounced bluish cast, par-
ticularly when plated. It is very hard
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and somewhat brittle. Unacted upon by
air at ordinary temperatures. Soluble in
mineral acids except nitric acid, in which
liquid it assumes the so-called " passive "
or inert condition. As a plating metal,
chromium is now universally employed
and has practically superseded nickel.
Chromium is of great technical import-
ance in metallurgy on account of its
hardening effect on steel. Steel con-
taining from 2i to 4 % of chromium is so
hard as to be almost drill -proof. The
various alloys of chromium and steel are
not only hard but also chemically re-
sistant, as, for example, the now well-
known stainless and " chemical " steels.

In the pure metallic state chromium
has no uses, it being too hard, brittle
and difficult to work.

Chromium Bronzes. -These are copper -tin
alloys containing chromium and iron.
They are corrosion -resistant and have
been used as bearing metals.

Chromium Steel. -See Chrome Steel.
Chrysochalk.-Name given to an imitation -

gold alloy similar to Mannheim gold.
Used in cheap jewellery. Average
composition : copper, 90.5; zinc, 7.9;
lead, 1.6 parts. It has a fine golden
colour, but it gradually tarnishes on
exposure to air.

Chrysorin.-An imitation gold. In reality,
a variety of brass. Average composition :
copper, 66.6; zinc, 33.4.

The name is derived from the Greek,
chrysos, gold.

Clamer's. Alloy. -A general-purpose white
bearing or anti -friction metal. Com-
position : tin, 5%; copper, 64%; lead,
30%, nickel, 1%.

Clerk's Alloy. -An imitation silver. Com-
position : copper, 75% ; nickel, 14.5%;
zinc, 7.5% ; tin, 1.5% ; cobalt, 1.5 %.

Cliche Metal. -An alloy sometimes used for
preparing cloth -printing rollers, engrav-
ing plates, etc. Composition : tin, 48 ;
lead, 32.5; bismuth, 9; antimony,
10.5 parts.

Clock -Case Metal. -A type of brass used
for clock bezels and other ornamental
purposes. Has a smooth surface and
takes lacquer well. Compositions :
copper, 68% ; zinc, 32%.

Coarse Solder. -See Plumber's Solder.
Cobalt. -Metallic element. Chemical sym-

bol, Co ; At. No. 27 ; At. Wt. 59 ; M.P.
1467°C. ; Sp. Gray. 8.5 ; Sp. Ht. .107 ;
Coef. Exp. .0000124;Therm. Cond.
(Silver=100) 17.2; Elec. Cond. at 0°C.
( Mercury= 1) 9.685.

Chief ores : Cobaltite or Cobalt glance,
CoAs.S ; Smaltite, CoAsa. Also frequently
contained in nickel ores.

Cobalt was first recognised as an
element by Brandt in 1735. Its name is
derived from the German, Kobold, a
goblin or sprite, because the old German
miners ebnsidered. cobalt ores to be use-
less and, indeed, injurious to other
metals.

Cobalt is a hard white metal, similar
to nickel in appearance, but having a
slight bluish cast. It is malleable, ductile
and feebly magnetic, properties which it
shares in common with nickel. It
oxidises very slowly in moist air, and is
acted upon in the ordinary way by the
common acids. Cobalt in thin films is said
to have the property of absorbing
hydrogen. In all its chemical properties,
cobalt is very closely related to nickel.
In the metallic form, cobalt has not many
uses, but its various chemical compounds,
particularly the insoluble pigments which

it gi'es rise to, are of considerable
importance.

Cobalt Chrome Steel. -An alloy steel having
a high resistance to pitting and high -
temperature deformation. Sometimes
used for the valves of internal-com-
bustion engines. Composition : iron,
80% ; chromium, 13.3% ; cobalt, 3.7% ;
carbon, 1.5% ; molybdenum, 0.7%;
silicon, 0.4% ; manganese, 0.4%.

Cobalt -Chromium Steels. -At one time
employed for the exhaust valves of motor
engines, their great hardness preventing
scoring. Their mechanical properties,
however, fall off with high temperatures,
and they have now largely been replaced
by the chromium steels.

Cobalt Steels These were first investigated
y Sir Robert. Hadfield in 1891. They

may contain up to 35% of cobalt. They
are characterised by their great magnetic
permeability, for which reason they are
employed as magnet steels.

Coffin Metal. -A lead -tin alloy used for
making metal coffins. Approximate
composition : lead, 45 parts; tin, 40
parts ; copper, 15 parts.

Coinage Bronze. -This usually contains :
copper, 95% ; tin, 4% ; zinc, 1%. It is
hard and slow wearing under ordinary
conditions.

Coinage Copper. -This usually contains :

copper, 95% ; tin, 4% ; zinc, 1%, although
these proportions vary from time to
time.

Coinage Metals. -These comprise copper,
silver and gold, and, to a certain extent,
nickel. Platinum has, also, rarely been
used for coinage purposes.

These metals (and/or their special
alloys) are employed for coinage purposes
because they are sufficiently plastic under
pressure to be " struck " with dies, they
are tough and not easily broken, they do
not readily corrode in air or water, and
because, if necessary, they can be
hardened by admixture with other
metals to meet the hard wear of ordinary
coinage.

Coinage Silver. -In the pre-war days, this
contained : silver, 92.5% ; copper, 7.2% ;
lead, .2% ; gold, .1%..

" Cold Short." -See " Short."
Colorado Silver. -A nickel silver. Com-

position : copper, 57% ; nickel, 25% ;
zinc, 18%.

Columbium. -Metallic element. Chemical
symbol, Cb ; At. No. 41; At. Wt. 93.5 ;
M.P. 1950°C.

Occurs in the rare mineral Columbite
or Tantalite.

Discovered in 1844 by H. Rose and
called by him " Niobium " (from Niobe,
the mythological daughter of Tantalus)
since the metal is very similar in pro-
perties of tantalum. Of more recent date,
the metal has been re -named Columbium
(from Columbus, the discoverer of
America) in view of its chief sources of
ore being situated in America. In many
chemical and other reference books, how-
ever, the name " Niobium " is still
perpetuated.

Columbium is still a rare element. It
is a steel -grey, hard, difficultly fusible
metal which is resistant to acids and
resembles tantalum, its related metal, in
appearance and properties. So far the
metal has not been put to any use, but,
doubtless, were it more plentiful, it
would function well as a lamp filament
metal.

Columnar Fracture. -Name used to describe
the appearance of the fractured surfaces

of some metals, the metal breaking across
into rectangular " fingers " or pieces
resembling lump starch. Tin shows this
type of fracture when heated to near
its melting point and then struck sharply
with a mallet.

Common Brass. -Another name for Cast
Brass (which see).

Common Pewter. -See English Pewter.
Common Solder.-M.P. 220°C. Composi-

tion : tin, 50% ; lead, 50%. This alloy
constitutes the ordinary solder of the
worlr.shop.

Complex Steels. -See Quaternary Steels.
Composition. -An alloying ingredient for

gold used in the jewellery trade. Jeweller's
composition consists of brass containing
2 parts copper to 1 of zinc. Zinc and
copper in gold harden the metal.

Conchoidal Fracture. -Term referring to
the characteristic appearance of the
broken surfaces of certain varieties of
metals, the metal fracturing with a
convex or concave surface having shell-
like markings. Certain types of hard
steels possess this type of fracture. It
denotes hardness and brittleness in a
metal. (From the Latin, concha, a shell.)

Conductivity. -The power of metals and
alloys of transmitting heat and elec-
tricity. Hence the terms, " Thermal
Conductivity," " Electrical Conductiv-
ity." The electrical conductivity of a
metal is practical equal to its thermal or
heat conductivity, and in both these
instances the presence of even a very
small amount of impurity in the metal
will diminish its conductivity. The
electrical conductivity of a" metal is much
decreased by rise in temperature. Of all
metals, silver has the highest thermal and
electrical conductivities.

The following table shows the relative
conducting powers of a number of well-
known metals :

Thermal Electrical
Conductivity. Conductivity.

Silver .. 1000 1000
Copper 748 941
Gold 548 730
Aluminium 511
Zinc 266
Platinum .. 94 166
Iron 101 155
Nickel 120
Tin.. 154 114
Lead .. 79 76
Bismuth .. 18 11

Conductivity Bronzes. -Copper alloys con-
taining elements such as tin, silicon and
aluminium. Although they have a lesser
conductivity than pure copper, they are
characterised by great strength and are,
therefore, used instead of pure copper for
some purposes for which a maximum
copper conductivity is not a paramount
necessity.

Constantan.-An electrical high -resistance
alloy used for winding resistance coils,
etc. Composition : nickel, 40% ; copper,
60%. Also used as a thermo-couple
alloy.

Cooperite.-A nickel -zirconium alloy, simi-
lar to Stelae (which see) but lighter and
cheaper.

Cooper's Gold. -An imitation gold contain.
ing platinum. Is never used now, but
was employed fairly extensively in the
days of relatively inexpensive platinum.
Composition : copper, 12 ; platinum, 3
parts. The alloy makes an excellent
imitation gold.

(To be continued)
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"MOTILUS" PEEPS INTO THE
MODEL
WORLD

A realistic model of the German Africa liner
" Windhuk"

THE first illustration on this page is of
a very topical subject. The vessel
you will recognise as the German

Africa liner Windhuk, which before the war
was plying regularly between Hamburg.
Southampton and South Africa, with her
sister ship the Pretoria. You may think
the vessel was photographed here when she
was coming down Channel past the rocky
coast of Cornwall, but no, this photo is of
a 6 -in. waterline miniature of her, with
scenery supplied by ordinary gas coke and
sea of crumpled. cellophane, together with
a sprinkling of ground rice and salt ! What
possibilities this picture suggests to the
model maker and enthusiastic photographer
(like me !). These table -top shots are just
the thing for the black -out, and I have
always found that model making and
photography-whether still or tine-went
hand in hand. It is even more useful if v,,u

A scale model of a diesel railcar of the type built for the New Zealand Government Railways

The Latest News
from

Model -Land

snake your own models because little
waterline ships do not require a workshop
and do not take up enough space to upset
the household !

Model Railway
This is the sort of railway every boy

would like to possess and it -does belong to

An attractive model railway layout

one lucky boy, Peter Stephens, who lives
at Muswell Hill. It is of handy size,
5 ft. by 5 ft., and is permanently built on
a sheet of 8 in. plywood, backed by 2 in.
by 1 in. wood round the edges. For use it
is placed on the table, and when finished
with it can be taken off and stood against
the wall-a neat idea. At present, his
father tells me, the layout is only half
completed owing to the usual schoolboy
problem, lack of funds ! But eventually he
intends to run a double line through the
station in the top left-hand corner, and to
add a goods shunting line to the main
station in the centre, with a siding alongside
the platform in the lower left-hand corner.
All points in the layout are electrically
operated from a signal box (just off the
right-hand corner), and all tjie stations are
home made from 2 in. by 1 in. wood faced
with 3 -ply. The tunnel and bridge are
also constructed of 3 -ply, and the whole
layout is painted in attractive colours.



228 NEWNES PRACTICAL MECHANICS February, 1940

A cameraman making shots of the hull of the
model " Dominion Monarch"

A Model Railcar
Next I show a scale model of a diesel

railcar, of the type built for the New Zealand
Government Railways by the Vulcan
Foundry Ltd., of Newton -le -Willows. The
model is the work of Bassett-Lowke, and
is now on exhibition in the New 'Zealand
Railways Department of the Centennial
Exhibition at Wellington, New Zealand,
which opened in November last. It was
built for the makers. The scale is in.
to 1 ft. and with a gauge of 11 in. (gauge 1);
current is supplied -24 volts D.C.-by
means of a raised centre rail. The photo-
graph shows quite a large amount of the
external detail, which has been most
faithfully modelled, including ventilators,
headlight and marker lights, footstep
recesses, door handles and grab rails. You
will also see replicas of the token pick-up
gear fitted on each corner of the model,
which is finished in the standard colouring
of the New Zealand railways-aluminium
and green. The model is fitted with a
whistling device which is operated from the
track side.

An innovation is created by the modelling
of figures inside-passengers embodying
the New Zealand types, and exquisitely
finished. This question of model figures

manager of a shipping or railway company
will ever try this out. I do not think it
has yet been done.
Mold Making Film

Among the many short films being shown
to -day on industries and hobbies, model
making does not seem to have received a
very big share of space on the silver screen,
but to -day has seen a step forward. The
company of Palfreeman Film Productions
have been specialising in Northampton and
its industries, and besides making films of
shoemaking, etc. have made a special one
on model making, ship building and railway
making and here is seen Cameraman A. C.
Carter making shots of the hull of the model
Dominion Monarch, while the upper -
structure work was in progress. By the
time this appears in print some of my
readers may quite possibly have sten the
actual film as it appears very shortly in
cinemas all over the country.
Novel Cigarette Box

Cigarette smokers have no doubt seen
many novel table containers for cigarettes,
but here I venture to prophesy is something
quite new-the conversion of a model
ship's funnel into a cigarette case. In this
instance it is I in. to the foot model of the

A novel cigarette box which resembles a funnel

has raised quite a controversy in its time.
I know a man who would love to cover the
model liners in Cockspur Street with crowds
and crowds of cruising passengers. Bathing
in the pool, playing deck quoits and
generally making whoopee-and all the
officers and crew at their proper stations.
I wonder if some enterprising publicity

forward funnel of the Winchester Castle
before she was converted to a single funnel.
The funnel is mounted on a wood base with
the lining of the funnel built up to accommo-
date the cigarettes correctly. For ship -
lovers this is a novelty which should appeal
greatly to hosts, when the cigarettes are
to be passed round a nautical " crowd."

Converting Motor Car Dynamos to A.C. Motors
(Continued from page 203)

perform, and one method is shown here.
The heating unit is mounted on the same
base as the motor, and is connected in
series with it. It has been found that with
the larger types of motor, when fan -cooled,
the maximum permissible current for
continuous running is 2 amperes. Wire
should be removed from the heater until
the motor is operating satisfactorily.
Suitable resistance units can easily be made
in the following way. Obtain an old
bayonet cap lamp and remove all glass and
connecting wires, and to the contacts
solder stout bare copper wires of about
No. 16 gauge. Obtain some plastic fire
cement and mould it into a small inverted

cone with the cap at the apex; hollow out
the base, leaving walls about + in. Cut a
wide spiral from the cap down to the base,
and then back, starting and finishing at
the copper leads. Small knobs of cement
should be made at the points where the
wire turns back, and also at the leads.
When dry, a heating spiral should be
wound on the former and the length
adjusted as before; the wire should just
glow in the dark; the connections should
be made to small nuts and bolts passed
through eyes in the copper wire (see Fig.
5).

Nothing has been said about cooling
arrangements, and with all these machines

a fan is necessary. It may be dispensed
with in the very small machines, but in the
large ones it is essentiaL Cut a disc from
stout sheet iron, and make six radial cuts
to form the blades of a fan, and drill to fit
the armature shaft. The end plate, which
does not contain the brush gear, is drilled
with several large holes for ventilation
purposes and these should be filed into
slots and be as big as possible without
materially weakening the structure. It
should project beyond the fan for a distance
of in., and besides being a precautionary
measure, it increases the cooling of the fan.
The cover for the bush gear may be used
as a fan guard, since on some machines this
is just a simple strip of metaL Figs. 1 and 2
show a completed machine adapted for
grinding, and one ready for rewinding.
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Chemistry for Beginners

Owing to its corrosive nature, pure bromine is best sealed in
a number of small glass tubes, in which condition it is best

stored for future use

TO a large extent, bromine and iodine
are chemical twins. Yet, despite
their great similarity in chemical

properties, they differ widely in appearance.
Iodine, for example, is the well-known
bluish -black shining solid, whose solution in
alcohol, known as " tincture of Iodine," is
familiar to all. Bromine, on the other hand,
is a red, fuming liquid, and, incidentally, it
is the only element, apart from mercury or
quicksilver, which is liquid at ordinary
temperatures.

Although bromine never occurs free in
Nature, it is present in the form of its
potassium, sodium and magnesium salts in
many spring waters and, also, in sea water.
The waters of the Atlantic and Pacific
oceans are said to contain about 0.008 per
cent. of magnesium bromide, and it is,
indeed, from sea water that the bromine of
modern times is very largely obtained.

Bromine, of course, is nowadays a highly
important commodity. Apart from its
utilisation in the form of potassium bromide
which is employed both in medicine and in
photography, much bromine is used in the
manufacture of petrol " doping " com-
pounds, dyestuffs and synthetic drugs.
Remarkable Liquid

This remarkable liquid element was first
discovered by A. J. Ballard in 1826 whilst
he was studying the crystallisation of min-
eral salt from the water of the marshes near
Montpellier, in France. The discoverer first
called the new element " muride," but very
soon afterwards changed its name to
" bromine," a word which he coined from
the Greek bromos, meaning " a smell."

Bromine; true to its name, has, indeed, a
powerful, suffocating smell, although, when
inhaled in very small quantities the odour
of the element is not unpleasant. But.
owing to the fact that bromine vapour
attacks the nose and eyes, all experiments
with this material should take place out of
doors, or, at least, in a current of air in
order that the experimenter may not inhale
any great quantity of the vapour.

To make bromine is not a difficult task.
For us, it is best manufactured on the small
scale by heating gently a quantity of
potassium bromine (plus one quarter of its
weight of manganese dioxide) with concen-
trated sulphuric acid. The heating may
take place in an ordinary retort, or, if that
piece of apparatus is not available, an
ordinary flask provided with a delivery
tube may be used, the delivery tube dipping
down into a well -corked bottle (which

No. H.-Simple Experiments with Bromine and
Iodine. Together with some Notes on Fluorine,

the Unruly Element

should be immersed in cold water),
the latter bottle also being provided
with an escape tube for any small
amount of bromine vapour which
may escape complete condensa-
tion. This latter apparatus is shown
in the illustration given on
page 230, but in the photograph
(for the sake of greater clarity) the
water bath which should surround
the condensing bottle has been
omitted.

Sealed in Tubes
Bromine is a dark red liquid. It boils at

59°C. and it fumes strongly in air. Owing
to the fact that the fumes of bromine attack
the corks of bottles, and, also, cause even
glass stoppers to stick, it is best to seal
bromine up in small glass tubes, breaking
each tube as the contained bromine is
required for further experiment.

iodine. This well-known substance was
first discovered in 1812 by B. Courtis, a
Parisian manufacturer of saltpetre. Courtis
found that by warming an extract of kelp,
or burnt seaweed, with sulphuric acid he
obtained a " vapour of a superb violet
colour." This vapour condensed to blue -
black glistening particles in Courtis' receiv-
ing apparatus, and it was not long before
the material was recognised to constitute a
new element, which, in view of the brilliant
violet nature of its vapour, was given the
name of " iodine," from the Greek word,
ioeides, " violet."

It is well worth while inspecting the
beautiful violet colour of iodine vapour, for
once seen, it is not likely to be forgotten.
This may readily be accomplished by heat-
ing a few iodine crystals at the bottom of a
large dry flask. The crystals will immedi-
ately vapourise and will fill the flask with the
characteristic violet vapour of the 6.1tment.

Practical Experiments for the
Home Worker

Bromine combines directly with many
elements, forming bromides. Thus, it will
combine with sulphur, antimony, lead,
phosphorus, etc., forming compounds which
have many varying uses. For many years a
material known as " bromum solidifica-
tum. " was sold as a disinfectant. This com-
prised merely bromine absorbed in fuller's
earth or kieselguhr.

Let us now examine, for a moment, the
properties of bromine's twin element-

By heating a few crystals of iodine in a large
flask, the beautiful and characteristic violet vapour

el the element may readily be discerned

To make iodine in quantity, our best plan
is to heat potassium iodide (plus a little
manganese dioxide) with concentrated sul-
phuric acid in a retort, the entire reaction
being analagous to the making of bromine
by heating potassium bromide with con-
centrated sulphuric acid and manganese
dioxide. Free iodine will at once be dis-
engaged, and it will condensa in the well -
cooled receiver of the retort. '

Iodine
At ordinary temperatures, iodine is a

dark bluish -black crystalline solid. It is
soluble in most organic liquids, such as
alcohol, ether, acetone, benzene, but it is not
very soluble in water. If, however, the
water contains some dissolved potassium
iodide, then iodine will dissolve to a much
,seater extent in it.

Iodine is slowly volatile at ordinary
(.mperatures. Placed on a sheet of paper
in a warm room a crystal of iodine will dis-
appear in a few days, thereby proving its
volatility.

Like its related element, bromine, iodine
will combine directly with many elements
such as phosphorus, sulphur, mercury, etc.,
forming iodides, although the energy of its
combination is very much less than that of
bromine.

By rubbing up 2 parts of mercury with
2.5 parts of iodine (wetted with methylated
spirit) in a mortar, red murcuric iodide will
be formed. This material (which is poison-
ous) has a rather curious property. When
heated it turns yellow, but if allowed to cool,
without being disturbed, it remains yellow.
If, however, the mercuric iodide is struck,
shaken, stretched or in any way subjected
to frictional interference, it immediately
reverts to its original red colour.
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When solutions of soluble iodide or
bromides (as, for instance, those of potas-
sium iodide or bromide) are added to solu-
tions of salts of the heavy metals, a charac-
teristically -coloured precipitate of the metal-
lic iodide or bromide is produced. Thus,
potassium bromide solution added to silver
nitrate solution gives a pale yellow pre-
cipitate of silver bromide, whilst potassium
iodide solution added to silver nitrate solu-
tion precipitates full -yellow silver iodide.

Iodine from Seaweed
Iodine, as we have already noted, is con-

tained in seaweed. On an industrial scale,
the seaweed, as it is flung up on the west
coasts of Scotland, Ireland and France, is
carefully collected and slowly burned at the
lowest possible temperature. The ash
resulting from this process is called " kelp "
in Scotland and Ireland and " varec " in
France. From this " kelp " the iodine is
extracted by means of chemical actions
similar to the ones described. By careful
burning of the kelp, it is possible to extract
from 25 to 30 lbs. of iodine from a ton of
good -class seaweed.

When iodine is brought into contact with
starch, it gives rise to a brilliant blue
colouration. What this colouring matter
consists of is at present unknown, but it is a
significant fact that this " blue " reaction is
sufficiently delicate to reveal the presence of
as little as 0.0000001 gram of iodine. Only
free iodine gives rise to this blue colouration,
Iodides do not give this reaction. Hence
the formation of the blue colouring matter
in contact with starch solutiodis definitely
and conclusively indicative of the presence
of free iodine.

Quite an interesting experiment may be
effected by taking advantage of the different
solubilities of iodine. If we pour into a long
glass cylinder a quantity of carbon bisul-
phide, water and ether, the liquids, all being
non -miscible, will arrange themselves in the
cylinder in separate layers, carbon bisul-
phide being bottommost. A few crystals of
iodine are now dropped into the cylinder
and the latter s .d afterwards
allowed to, remain un,." . The carbon
bisulphide layer will be found to be coloured
violet, the water yellow and the ether brown
by the dissolved iodine.

Both bromine and iodine very closely
resemble chlorine (described in Article No. 5
of this series) in chemical properties. Just
as chlorine gas combines with hydrogen to
form hydrogen chloride or hydrochloric
acid, HCI, so, also, bromine combines with
hydrogen to form hydrogen bromide
(hydrobromic acid), HBr, and iodine pro-
duces hydrogen iodide (hydriodic acid), HI.

Hydrogen Bromide
We cannot very well produce hydrogen

bromide or iodide by heating sodium (or
potassium) bromide or iodide with sul-
phuric acid, thus imitating the method of
generating hydrogen chloride by heating
common salt with sulphuric acid), although,
by substituting phosphoric acid, in these
experiments with bromides and iodides we
may get a fair yield of hydrogen bromide
and hydrogen iodide gases.

Hydrogen bromide is best made by drop,
ping bromine on to a quantity of moist red
phosphorus contained in a flask. Volumes
of hydrogen bromide-a colourless gas,
similar in smell and properties to hydro-
chloric acid-will be liberated, and This, if
required, may be led into cold water, thereby
giving rise to a solution of the gas in water
which is usually known as hydrobromic acid.

Hydrogen iodide is best prepared by
placing a mixture of equal quantities of
iodine and red phosphorus in a dry flask, and
by dropping water slowly on to the mixture.

Hydrogen iodide gas will, under these con-
ditions, be formed abundantly, and it may,
as in the case of hydrogen bromide, be led
into water, in which liquid it will readily
dissolve, forming hydriodic acid. This acid
will fairly rapidly turn brown owing to the
liberation of free iodine as a result of
atmospheric oxidation.

Hydrochloric, hydrobromic and hydriodic
acids are all very similar in chemical
properties, hydrochloric acid being the most
powerful and hydriodic acid the least
potent. Many metals are dissolved directly
by hydrochloric acid, but, usually, only
hydroxides and carbonates are dissolved in
hydrobromic and hydriodic acids, forming'
bromides and iodides respectively.

Sulphur Bromides
Various sulphur bromides and sulphur

iodides may be made by heating sulphur
with bromine or iodine, and the same is true
of phosphorus, also. If phosphorus is
experimented with, the red variety only
should be used, since yellow phosphorus
reacts too violently with iodine and bromine.

Just as iodine and chlorine are slightly
soluble in water, so, also, is the red element,

Preparing bromine by heating a mixture of potash
bromide, manganese dioxide and concentrated
sulphur. The bromine distils over as a heavy red

vapour condenses in the bottle

bromine. One hundred parts of water
dissolve (at ordinary temperatures) about
three parts of bromine water, the resulting
reddish liquid being known as " bromine
water."

Into the many uses of bromine and iodine
in synthetical organic chemistry we cannot
propose to enter. It is of interest, however,
to compare the different reactivities of
chlorine, bromine and iodine in respect of
their affinity for hydrogen. A, mixture of
equal parts of chlorine and hydrogen will
violently explode under the influence of
sunlight, forming hydrogen chloride. Hy-
drogen and bromine only combine slowly
when exposed to light, whilst hydrogen and
iodine do not readily combine at all unless
specially persuaded to do so by catalytic
means, as, for instance, by being passed
over platinum black.

The term halogen," or " salt -producing
element " has been fully explained in
article No. 5 of this series. We have now
dealt with three of the four halogen ele-
ments, to wit chlorine, bromine and iodine.
Hence it merely remains for us to take note
of the fourth halogen, which is, of course, the.

highly -reactive fluorine, the element which
is frequently epitomised as the " unruly "
one, ,since it combines with almost every
other element and is only maintained in its
free and uncombined state with the very
greatest difficulty. '

Fluorine
Fluorine is the element contained in

fluorspar, which mineral consists of calcium '
fluoride (CaF2). For many years the exist-
ence of the element was known before it
was first prepared: The excessive difficulty
of preparing fluorine gas was due to the
fact that immediately the gas was, liberated
from its compounds, it attacked and com-
bined with some other material in its
immediate vicinity, thus rendering it
impossible to prepare in the pure state.

After many experimenters through the
decades of the last century had signally
failed to liberate this the most active of all
the chemical elements in its uncombined
state, the problem was finally solved in
1886 by H. Moissan, the French chemist (of
" synthetic diamond " fame). Moissan
electrolysed a solution of potassium fluoride
in anhydrous hydrofluoric acid, using an
all -platinum apparatus for the purpose. As
a result, fluorine gas was disengaged at the
positive electrode, and it was led into all -
platinum vessels, showing itself to be a
canary -yellow gas, entirely devoid of the
characteristic greenish hue possessed by
chlorine.

So chemically energetic did the free
fluorine show itself to be that it even attacked
the all -platinum apparatus, making it
necessary to substitute one comprising a
platinum -iridium alloy. At a later date,
however, a copper apparatus was employed,
it being found that although the fluorine
attacked the copper at once, forming a film
of copper fluoride on the walls of the vessel,
this film inhibited further rapid action.

Such, in brief, is the history of fluorine,
the " unruly element." Few modern
chemists have ever. seen it or are likely to
see it, for fluorine still remains to -day one
of the rarest of chemical curiosities. Fluorine
gas attacks almost everything, entering into
violent combination with all substances, yet,
strangely enough, fluorine does not combine
with oxygen, there being no known oxides
of the element.

Like chlorine, bromine and iodine,
fluorine combines with hydrogen to form
hydrogen fluoride which, in the pure state,
in a colourless, fuming liquid, boiling at
19.5°C.-i.e., just above ordinary room
temperatures. So energetically does fluorine
combine with hydrogen, that the two gases
unite together with a violent explosion even
in the dark, forming cloudy fumes of
hydrogen fluoride gas, HF.

" Hydrofluoric Acid "
The " hydrofluoric acid " which is sold

commercially in lead or rubber bottles (on
account of its property of dissolving glass) is
an aqueous solution of the pure - hydrogen
fluoride. It may be prepared by distilling
powdered calcium fluoride (fluorspar) with
concentrated hydrochloric acid. The opera-
tion is not without some danger, since even
the aqueous acid and its vapour are
extremely corrosive, and are apt to produce
sores on the skin which are difficult to heal.
An all -metal apparatus must be used for
the purpose-one of lead is to be preferred-
and, naturally enough, the entire operation
must be conducted out of doors.

Owing to the fact that hydrofluoric acid
rapidly attacks and dissolves glass, it is
much used for etching purposes and for
producing designs upon glass. It is, however,
possible to etch glass with hydrofluoric acid
without producing the latter in any quantity.



February, 1940 NEWNES PRACTICAL MECHANICS 231

THE "ZYTO" 31 in. LATHE
BACK GEARED, SCREWCUTTING, SLIDING,
SURFACING, ETC. 12! ' BETWEEN CENTRES

MANDREL GUARANTEED TRUE TO WITHIN .0005

Illustrated Brochure
FREE on application -,--4118110

PLUS TEN
Heights of centres, 3;', -in.; Distance between
centres, 14 -in.; Height from gap, 4i -in.; Height
from Saddle, 2 -in.; Guide Screw, 8 T.P.I.;
Headstock Mandrel Admit, ',I -in.; Tailstock
Barrel Admit, ;3, -in.; Headstock Pulley, 3 -speed,
-in. flat -belt; Faceplate, dia., 6 -in.; Overall

length of Lathe, 30 -in.; Change Wheels, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65. Back gear guards
and change wheels together with catch plate
and finished back plate for chuck are all included.
(Also made 20 -in. between centres 33s. extra.)
Nett.

CATALOGUE OF LATHES FREE, POST 2d. ENGINEERS'
CATALOGUE, INCLUDING GEO. ADAMS' SPECIALITIES,
SIXPENCE, REFUNDED ON FIRST ORDER 0 F

CAN ALSO
BE SUPPLIED
MOTORIZED.

FULL DETAILS
ON

APPLICATION.

S. TYZACK L SON, LTD. (pDeA) 30116 3s13.: E3.4c.51,

ABOVE ALL OTHERS!
AN " ELITE" PRODUCT " NIPPY"

Wingspan 30 ins. Length 24 ins. Average Duration 90-120 secs.

A COMPLETE KIT FOR BUILDING THIS FINE MODEL
Contains : Finished Prop. Free -wheeling Shaft, Balloon Wheels, Rib Out.
lines clearly printed on M.A.T.A. Balsa, Balsa Strip, Wire, Tissue, Brass
Brush, Cement, Dope, Tissue -paste, semi -finished Nose Block, FULL SIZE
PLAN Instruction Sheet, Aluminium Tube, Washers, 8 strands Rubber.
UNBEATABLE VALUE. Only 6/6, post free.

ANOTHER ELITE MODEL-The MAYBIRD. 27 in. span,
24 ins. long. No other plane at the price looks so smart

or flies so well. Complete, Kit post free.
"SOLID" SCALE KITS.-True to life. Flying boat " Caledonia," 1/11;
Bristol Blenheim, I/11; Fairey Battle, 1/7; Supermarine Spitfire, 1/4, etc.All post free.

Send 2d. for our large 1943 catalogue, illustrating a full range of Kits from
1/3 to 21/'. Every type of accessory is also listed.

ELITE MODEL AIRPLANE SUPPLIES ' 4M BA UN RC YM VIA R, D8

A New Book for Everyone in Wartime

FIRST AID FOR THE HOUSEHOLDER
by

H. A. CLEGG, M.B., M.R.C.P., and I. HARVEY FLACK, M.B., Ch.B.

Almost as many accidents occur in the home as in the busy streets-so statistics
prove ! That is why everyone should possess an elementary knowledge of
First Aid. In these war days it is essential. Could you act, quickly and efficiently,
and perhaps be the means of saving a life ; Any day the emergency might arise
that would find you helpless, despairing-when every moment before the
doctor arrives is of vital importance. Study this simple new book and be
prepared !

Fully illustrated with explanatory diagrams,
and with strong linen binding it costs only 1/6.

1'6Fromall Booksellers, or bypost4/8fromthepublishers,
eorgNewnesL;;(Loi,ept.)Tower0.sesouthamtanstreettran:,NET

London, W.C.2.
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ORING ARS
Some Important Points to Consider
when I: oring Cylinders are Here Detailed

WI I EN boring cyliriders bolted to
the lathe saddle, and using a
boring bar between centres, there
are some considerations which

should be taken into account. It may be
well to set them out here. The main
desideratum is stiffness in the bar and in its
support on the lathe head and tailstock
centres.

This can best be obtained by using the
largest diameter of bar that the work will
allow, because, by using a big diameter,
the bar is stiffened against spring and the
overhang length of the cutting tool between
the edge and the tool support in the bar is
reduced. Spring is the enemy to be faced
up to in this class of work. A springing
bar may cut a varying diameter along the
bore. It will do this because, as the tool
blunts, it may attempt to ride the surfaces
being cut and so cut a smaller diameter.

Furthermore, the cored hole (if it is a
cored casting) may be anything but con-
centric to its outside surface, and the cutter

Grub Screw
Fig. 2.-A sectional view of the bar showing the

position of the cutter

Cutter

walls of the casting, and scribe a line across
each end parallel with the surface plate.
The lathe bed or a drilling machine bed
may be used as a surface plate.

Now turn the casting over a quarter turn
and again level so that the outside surfaces
acre parallel with the surface plate and, with
the scribing block set at half their height,
scribe lines parallel with the surface across
the two ends on the wooden plugged core holes.
The point where the two lines intersect at
each end will give us the axial centre of the
casting. It may not be the axial centre of
the cored hole, but that does not matter.

Now bolt the casting down on the lathe
saddle by one or two straps and bolts, and
pack up and move sideways until the two
points of intersection of the scribed lines-
one at each end-align with the points of
the head and tailstock centres. It is
important that these should be dead in line
with each other, or the hole bored will be
taper instead of parallel. The writer
always checks this by chucking a length of

Set Screw Oa Hate

Fig. I.-A suitable boring bar

may be required to cut a deeper cut at one
side than the other, or cut deeper at the top
than at the bottom, or vice versa. If this
happens, the result will not be a true
cylinder. It is well to remind the turner
that the centring of the casting on the lathe
saddle should be done from the outside.
The centre of the cored hole should not be
taken as a guide, since cores have a habit
of shifting in the sand mould and the hole
cannot be relied upon to be concentric with
the outside of the cylinder wall.

, Setting Up
In setting up the work on the saddle, the

position should be ascertained by using the
two lathe centres as the datum line-the
axial line. First block both ends of the
cored hole with a strip of wood jammed in
the ends of the bore. Use a surface plate
and a scribing block, and locate the casting
by the outside of the body-not the flanges
-of the cylinder. Pack it up on the plate
so that the centre of the casting-not the
core-is the same at both ends. Set the
scribing block to the centre of the outside

The Cutter
Fig. 3.-A transverse
view of the bar with the Figs. 4 and 5.-Two
cutter and pinch screw views of the cutter

shown in position

scrap bar between the centres and taking a
cut along with the lead screw sliding the
saddle along.

It is important, for this test, that the
cutting edge of the tool should stand
exactly the same height from the bed as
the lathe centres. If it is high or low the
test will be inconclusive and many taper
bores have been caused by disregarding
this point. Now carefully measure each end
of the test bar with the micrometer. If the
ends agree, the centres are right for accurate
boring by the boring bar. Do not remove
the centres after this test.

The Bar
The best material for a boring bar is cast

iron, because it has less spring than any
other metal. A suitable bar is shown in
Fig. 1. Its diameter should be about the
diameter of the hole to be bored, less
enough to allow the cutter to project in.
for small work and I in. for large work.
The idea is to get as big a bar as the job
will stand and as little unsupported length
of cutter as possible.

The bar will be a casting made from x
turned wooden pattern and it need not be
machined except at the ends, to get a
square face. A surface at an angle is filed
to start the drilling of a hole at right angles
to it and to recess the grub screw. The flat
at the top (Fig. 3) provides room for the
hexagon head of the set -screw without
projecting farther than'the cutter projects.

The ends of the bar should be centre -
punched and bored in thelathe" by feeding
up to a drill held in a true -running chuck,
the other end of the bar being located, and
traversed up for cut, by the tailstock barrel
and hand wheel.

These centres are important and should
be of good diameter. The sectional end
shows their proportions. There should be
a good area of surface of lathe centre in
Contact with the taper hole, and a good
clearance hole at the end of the taper for
the nose of the lathe centre. The taper in
the hole should exactly correspond with the
taper on the centres. The centre hole on
the bar which runs on the tailstock centre
should be provided with means for lubrica-
tion, and this is best attained by drilling a
hole in. diameter, as shown, through the
side of the bar and into the clearance end
of the central hole.

Making the Cutter
The cutter is best made of round cast

steel I in. or * in. in diameter, according
to the size of work to be done and the size
of the bar. It is fitted in a hole of the
same diameter bored at a slight angle, as
shown in the sectional part of the bar
(Fig. 2). A close fit is a very great advan-
tage. At one end the +-in. or A -in. hole
runs right out at the side of the bar so as
to support the cutter right up to the end
of the hole. At the other end it is tapped
to take a grub screw by means of which
the cutter can be held up to the cut and
adjusted to the required diameter. This
cutter has a fiat on its top side. The flat
should be -114- in. wide. Against this is
screwed a hardened hexagon -headed screw
which holds the cutter firmly against
rotating or pulling out.

The grub screw in the end of the cutter
hole prevents the cutter getting back under
the cut and, therefore, cutting under size.
Both screws should be case hardened.

A transverse view of the bar at an angle
with the cutter and pinch screw shown in
position is seen in Fig. 3. Two views of
the cutter in Figs. 4 and 5 show its shape.
It should be hardened dead hard and then
let down by heating the non -cutting end
with a blow -pipe flame until the cutter
edge assumes a golden -yellow -amber colour.
It is then quenched.

Boring by Bar
If very accurate setting of the tool by

micrometer is desired, the diameter of the
bar at the part where the cutter goes
through may be just turned to some
standard diameter, such as 1 in. or 1 in.
Then by measuring with the micrometer
across from the cutter edge to the side of
the bar and deducting half the bar diameter
we get radius the tool will cut. Twice this
will, of course, be the diameter of the hole
the bar will bore.
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" PRACTICAL MECHANICS " WIRELESS SUPPLEMENT

A 304 THREE VALVER

INEX PENSIVE receivers are always
popular, and in an endeavour to pursue
this policy further we have been 'looking

round and have found a very useful nucleus
for a three -valve receiver of novel design
which readers may obtain for the low price
of 10s., inclusive of cabinet. This particular
item is in the form of surplus supplied by
Electradix Radios, and consists of a small
cabinet, panel and baseboard with three
valve -holders ready wired. All wiring is
completed, with the exception of two very

LIST OF COMPONENTS

One wired chassis and cabinet Electradix
Four fixed resistances: 75,000 Dubilier

ohms, five 100,000 ohms, 1 watt
two at 1 megohms and one type
2 megohms

One .0003-mfd. fixed conden- pubilier
ser, wire -end or mica type or similar

One D.210, one L.210 and Hivac
one P.220 valve

One 9 -volt G.B. battery
One 120 -volt H.T. battery Exide
One 2.volt L.T. accumulator
One coil-see text.

slight modifications, and all that has to be
done is to make these two modifications,
wind a very simple coil and mount it, and
the receiver is ready for use. The total cost,
including three suitable valves, is just under
30s., and the receiver is then quite a useful
piece of apparatus as it has one or two very
novel points.

Dealing first of all with the circuit, it will
be seen from Fig. 1 that this is a standard
R.C. coupled arrangement following the

An

Figs. 1 and 2.-A
three-quarter rear view
of the chassis showing
the compact arrangement
of the components.
(Right) The completed
receiver in the cabinet
supplied with the parts

Efficient Receiver which is Available
in a Partially Completed Form

with Cabinet

detector and two L.F. lines. A special
switch is fitted on the panel by means of
which the receiver may not only be switched
on and off but the output stage may also be
cut out, so that the receiver is automatically
operated as a two-valver. In these days of
economy this is, of course, a valuable point,
as there are many occasions on which two
valves will provide all the volume which is

 
L.i U7 LILT -

Fig. 3.-This diagram shows the modifications to
the connections to the grid of the detector stage

requiied. The reaction control is effected
by means of a special moving plate type of
condenser using the metal panel as one plate
and a sheet of mica is supported to provide
the dielectric. A threaded rod gives control
over the moving plate and this operates
most effectively in providing the reaction
effects. The home-made coil has a suitable
winding, of course, to ensure that reaction is
smooth over the entire band.
Wiring Changes

As the receiver is supplied there is a
variable resistance fitted which will not be
needed with modern valves. There is a
flexible lead connected to the plunger or
moving element of this resistance, and to
eliminate the device this flex lead should be
cut off the plunger and the latter removed.
The end of the flex lead should then be
soldered to the lead joined to the top of the
resistance. -

The second alteration which has to be
made to the wiring is the incorporation of a
grid leak and condenser. It will be seen
when the receiver is obtained, that two con-
nections are made to the grid socket of the
first valveholder and these must be un-
soldered. A .0003 mfd. fixed condenser
must then be connected to the grid socket
and the other side of the condenser must be
joined to the two wires which have been
removed. The grid leak is then connected
between the grid socket and the L.T.
positive socket of the detector stage. These
are the only alterations which have to be
made and all that now remains is to fit
suitable resistances in the four sets of clips
provided and wind the coil when the
receiver is ready for use. The resistances
should have values of 75,000 ohms, 100,000
ohms, and two or one megohm each, and
they are inserted as indicated in the wiring
diagram.

The Coil
The coil is wound on a length of suitable

former, that used by us being ordinary postal
tubing with an overall diameter of 21 in.
and a length of 3 in. A disc of wood should
be cut to fit tightly in one end of the
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tube, and on this wooden disc five valve
pins must be mounted to fit into the sockets
provided on the baseboard. The exact
measurements aro given in Fig. 3. The valve
pins are supplied by Messrs. Electradix and
are attached to the wood by means of the
nuts provided. The coil is wound with
26 S.W.G. enamelled wire and the full wind-
ing data is given in Fig. 4. Make quite
certain that the two windings are in the
same direction, and that the ends are con-
nected to the correct pins. A 9 -volt grid
bias battery and a 120 -volt H.T. battery are

30 T.

50.T.

Fig. 4-The
id I coil winding

and connect-
ing data

needed in addition to the usual 2 -volt
accumulator, and the batteries should be
connected to the rear terminal strip with
ordinary flex and plugs in the usual manner,
the terminals being suitably marked.
G.B. 1 should be 1.5 volts, and G.B. -2
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Fig. 5.-Theoretical circuit of the 30/- Three

4.5 volts, whilst the total 120 volts are
employed for H.T. Connect the 'phones or a
loudspeaker to the end pair of terminals, and
use a medium type of aerial. A large aerial
will, of course, introduce selectivity difficul-
ties unless a series aerial condenser is used,
whilst a small aerial will probably provide
insufficient pick-up. For preliminary tests,
whilst making certain that the coil is in
order, it would probably be preferable to
turn the right-hand control until it indicates
2, which means that the output valve is cut
out of circuit., The tuning condenser should
then be turned until the Home Service trans-
mission is picked up (towards the top end of
the scale). The reaction control should then
be operated and it will he found that there

is a gradual build-up in strength until
oscillation sets in. The control should not,
of course, be used so far advanced that
signals are distorted, or that any substantial
noise accompanies the signal, as in that case
there is a risk of some interference being
caused on receivers in the neighbourhood.

Always keep the reaction down as much
as possible, consistent with good signal
strength. When the right-hand switch is
turned to indicate 3, all valves are in circuit
and volume will be substantially increased.
The H.T. and L.T. consumption will, of
course, be correspondingly increased and,
therefore, the extra valve will, as already
mentioned, only be switched in as occasion
demands.

" Everybody's Book of Electricity," by
R. Barnard Way. Price is. 114 pages, fully
illustrated. Percival Marshall & Co., Ltd.,
60, Kingsway, W.C.2.

WHEN writing a textbook on electricity
the author is faced with the poser

that nobody as yet has been able to discover
what electricity really is. Thus the reader
has to be satisfied with a vague sort of
description, and be content to know how
to make it and what electricity can do for
us when handled correctly.

In this book the author sets out to tell
the reader a little about everything elec-
trical, from simple electrical devices to
electric trains, wireless, X-rays, etc.
Although the book has only 118 pages and
his descriptions are brief he covers his
subject admirably in the small space
available, and he helps the reader out with
numerous diagrams.

" Marking -out for Machinists," by Cap-
tain Richard Twelvetrees, A.M.I.Mech.E.
Price ls. 6d. 80 pages, 51 illustrations.
Percival Marshall & Co., Ltd., 60, Kings -
way, W.C.2.
IN engineering practice the marking -out

operations are entrusted to highly skilled
mechanics and there is no such dimension
as " near enough." In this textbook the
author describes the ways and means for
transferring given dimensions from mechan-
ical drawings to the materials of construc-
tion so that the accuracy of the former may
be reproduced in a tangible form. Captain
Twelvetrees points out in his book that the
marker -out has not recourse to a piece of
rubber to correct his mistakes but that he

BOOKS Worth
READING

is in the unhappy position of knowing that
he has ruined the particular job he has on
hand.

The author starts off by telling the reader
how to prepare work for the marking -out
table and the tools necessary for this
delicate operation. He then goes on to
show how errors in marking -out multiply
and so through various chapters until
finally finishing up with marking -out in the
tool -room.

" British Railways To -day." By K. G.
Fenelon. Price 2s. 6d. 187 pages with half-
tone illustrations. Thomas Nelson & Sons,
Ltd., 35, 36, Paternoster Row, E.C.4.
THE above book is the latest addition

to the long list of Discussion Books
published by the above company. These
books are published from time to time so
that the man -in -the -street may become
acquainted with what is going on in the
modern world. Recently, the railways have
figured prominently in public discussion,
and in this book the author has provided
a summary of the historical evolution of the
British railways to enable present con-
ditions to be understood in the light of past
history. Dr. Fenelon deals in non -technical

language with the relations of the railways
to the public, the State, the trader and the
farmer. A number of half -tone plates are
included in the book.

"-You and Life." By Dr. Karl v. Frisch.
Price 2s. 6d. 270 pages. Scientific Book
Club, London.
X this book the author introduces hisI

subject by dealing with life, death and
immortality and he introduces a number of
clever analogies which make interesting
reading. Under the heading of the organs
of the body and their functions he tells us
why running makes us hot and out of
breath, why we do not bleed to death from
a pin -prick and many other interesting
things concerning the human body.

Other chapters in the book deal with
Connection with the Outside World, Repro-
duction, Development, Inheritance and
Evolution of Species in the Course of the
Earth's History. A six -page index is also
included at the back of the book.

" The Woodworker." Vol. XLIII., 1939.
Price 6s. 6d. net. 408 pages. Evans Bros..
Ltd., Montague House, Russell Square,
London, W.C.1.
EVERYONE interested in woodwork

will find much to interest them in this
useful volume. It contains a wealth of ideas
on making furniture of every description,
of modern design, and includes practical
artir,4es on the uses of tools, the making of
joints repair work, polishing, workshop
practice, and numerous allied subjects.
The book is well illustrated with line and
half -tone illustrations.
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MASTERS F MECHANICS
No. 53.-Joseph Bramah-His Work and His Success

Pioneer of Toolmaking and Inventor of the Hydraulic Press
MORE than sixty years

before the early rail-
ways threw their

network of lines across the
face of Britain, there slowly
trudged to London from
Silkstone, in Yorkshire, a
young carpenter just out of
his term of apprenticeship,
and Joseph Bramah by
name.

It was a long and a weary
walk to London in those
days, a journey which led
the determined traveller
over miles and miles of
badly made roads, up hills
and down dales, through
hundreds of villages and a
handful of growing towns.
But Joseph Bramah was a
determined enough young
man, and as he continued
his daily journey towards
the Metropolis he hummed
a merry tune and should-
ered his bag of roughly
made tools more light-
heartedly than ever as he
thought of the continually
decreasing numbers of miles
which lay between him and
that famous city of the
world in which he had
convinced himself his even-
tual fortune lay awaiting
him.
A Curious Young Man

A curious young man
was this " Joey " Bramah,
as he had been known
among his native hills of
Yorkshire. We meet him
here on his first journey to
London at about the age
of twenty-one. He has, as
we have already noted, just
been released from his
apprenticeship to a York-
shire carpenter, one Allott
by name, who resided in the village of
Stainborough, in the parish of Silkstone,
Yorks, in which village " Joey " had first
seen the light in the year 1748.

Bramah's father was a farm labourer, who
afterwards rented a small farm of his own,
on which " Joey " and his four younger
brothers were all born and reared. All the
Bramah lads received the smattering of an
education in the local school, and all showed
eventual signs of constructive abilities. In
this latter direction, however, it was the
eldest boy, " Joey," who exhibited the
greatest degree of natural ingenuity and
talent. Making friends with the neighbour-
ing blacksmith, young Bramah succeeded in
persuading that worthy to make for him a
number of crude tools, such as chisels, files,
and knives. With these, he began making
mechanical models, and also a violin or two,
and even, it seems, a violincello.

" Joey " Bramah might have remained
for ever a farm hand had it not been for the
fact that he severely injured his ankle whilst
ploughing -up some acres of rough land. The
accident laid him up in bed for some weeks,

A modern hydraulic press used for the manufacture of cement tiles functions
upon the principle first applied by Joseph Bramah

during which.time he took to wood carving
and similar pursuits in order to while away
the time. Incidentally, too, he decided that
his career in life lay in an occupation of a
constructional nature and not in the tra-
ditional land work of his family.

Apprenticed to a Carpenter
And so it was that the eldest of the

Bramah lads was " put to " the carpenter
Allott as an apprentice. Here he distin-
guished himself. In addition to making
window -frames, doors, ploughs and other
" bread and butter " articles, he continued
to indulge his 'cello making and his violin
construction until he became quite famous
among the rural Community. The needs of
such a community, however, could never be
expected to coincide with the output capa-
bilities of a budding genius which young
" Joey " Bramah undoubtedly was. Hence
it is that we meet him at the beginning of
this review of his life's career slowly and yet
cheerfully wending his way over the rough
and winding road to London, to that city in
which he felt sure existed every possible

scope for his future energies
and abilities.

The exact date of
Bramah's first arrival in
London is not known. It
was probably some time in
the summer of 1769 and it
would appear that almost
immediately upon his arrival
in that city, the Yorkshire
lad found work with a
cabinet-maker in the East
End of the Metropolis.
This work, however, did
not suit him. Before long,
we find Joseph Bramah
setting up for himself in a
very small way as a cabinet-
maker and mechanic, a
business which he seems to
have prospered in from his
very commencement of it.

Then another very cir-
cumstantial accident befell
Bramah. He stumbled on a
long ladder,,k fell heavily,
and landed himself in bed
for another considerable
period. But this period of
enforced leisure was, as
Bramah admitted after-
wards, just what he wanted.
for it gave him time to work
out an invention or, rather.
the details of an improve-
ment on an invention which
had been in his mind for
some time.

Briefly, the circumstances
were these: in London.
at that period, the " water -
closet " system of sanita-
tion was being introduced
for the first time. Bramah's
work had been concerned
with the installation of
these articles, but he had
seen many demerits in the
details of such systems and
he had vainly endeavouied

to snatch a little leisure in which to work
out for himself an improved system. The
necessary leisure came to Bramah during
his enforced " lay up " after his accident,
and the eventual result of it was
Bramah's first patent (taken out in
1783) for an improved water - closet
system.

New Premises
The patent (and the business which

resulted from it) was eminently successful.
Bramah took over new premises for his
works, engaged a number of workmen and
even sent up to Yorkshire for the old black-
smith who had forged a few tools for hint
during his childhood days.

The above business having been firmly
established, Brainah next turned his
attention to locks, a subject which had in-
terested him from his early youth.

The locks which were in use towards the
end of the eighteenth century were of a very
inefficient kind. They could easily be
picked, despite the massive dimensions
which they were often given, and thus the
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measure of protection which they afforded
was very little.

Bramah seems to have given his mind to
the solution of the problem of making a
thief -proof lock in consequence of the great
amount of mechanical and constructional
work which was inherent in the task. With
the most elementary of mechanical tools he
succeeded in his aim, and eventually devised
a lock operating on the now well-known
" tumbler ' principle. The Bramah lock
was patented, and its inventor without more
ado set himself to manufacture the lock
commercially.

The large-scale production of Bramah's
lock, however, necessitated the introduction
-and, for the most part, the invention-of
various machines and mechanical contri-
vances whereby the new locks could be
turned out in commercial numbers. The
locks were fitted with springs, sliders, bar-
rels and levers, each of which components
required the most careful machining for it
to take its tart in the functioning of the lock
as a whole. However, in his usual indomi-
table manner, Bramah solved each problem
of production as it presented itself, and,
with the aid of his growing number of
assistants, the lock was eventually mar-
keted and became very successful.

Unpickable Lock
Throughout his long and useful career

Bramah was very proud of his lock. In his
shop in Piccadilly, London, he for years
exhibited a notjce to the effect that he would
present £200 to anyone who could pick one
of his patent locks. Many individuals tried
to win the proffered reward, but they all
failed, and the Bramah look remained un-
assailed for a period of no less than 67 years
until it was, at last, picked in 1851 by an
individual named Hobbs. As, however,
Hobbs took 16 days over the job of picking
the lock and used specially made imple-
ments, it was quite evident that the Bramah
lock, despite Hobbs' technical mastery over
it, still remained inviolable in actual prac-
tice.

Having safely and successfully launched
his patent lock upon the market, Bramah
looked round for other fields of activity, and,
as a result, hit upon the invention in con-
nection with which his name is mainly
remembered nowadays. This was, of course,
the invention of the hydraulic press which
Bramah at first called his " Hydrostatic
Engine."

The principle of the hydraulic press
will, no doubt, be familiar to readers of
this article. This principle of pressure
applied to a small column of water being
transmitted by the liquid to a larger water
column and thereby operating a solid pis-
ton, " plunger " or ram " was by no means
Bramah's own discovery. It had been
known long before his time, but, on account

' of the many mechanical difficulties inherent
in the construction of a " hydrostatic en-
gine," the device had never come into actual
being until Bramah himself took up the
problem:

The Hydraulic Press
In the working out of his hydraulic press,

Bramah came up against the formidable
difficulty of effectively sealing the clearance
which he had to allow between the solid
plunger of his press and the cylinder within
which it worked. He experimented with all
sorts of packings, but they all allowed the
water to leak upwards past the plunger
under the great pressure which was genera-
ted within the system.

At last, however, the problem was solved
by Henry Maudsley, Bramah's foreman,
who himself eventually became a noted

tool-maker. The idea occurred to Maudsley
of making the pressure of the water itself in
the plunger or " ram " cylinder give the
necessary degree of water -tightness re-
quired. This Maudsley effected by means of
a sort of flapping leather collar which fitted
in a groove turned in the upper part of the
ram cylinder. Under the internal pressure
of the water in the cylinder, the leather flap
of the collar was forced upwards between
the ram and the cylinder, whilst during the
subsequent descent of the ram under its
own weight the leather collar allowed itself
to be pushed harmlessly aside.

The Bramah hydraulic press took the in-
dustrial and the engineering world by storm.
Its effectiveness, its essential simplicity and
its operating economy appealed to every
thinking engineer equally as greatly as did
the vast scope which opened out for its use.
The hydraulic press, therefore, was imme-
diately successful, and although it has since
been manufactured in almost numberless
different detail forms, its working principle
is still just the same as it was in the days of
its first ',practical inventor, for, like the
steam engine, it operates upon a fundamen-
tal and unassailable natural law.

PISTON

WATER

RAM OP PLUNGER

Illus rating the principle of the hydraulic press
which Bramah raised to the status of an

engineering creation

It is interesting to note that the well-
known pumping device known, nowadays,
as the " beer engine," whereby a publican or
barman raises from cellar casks the various
liquors which are sold over the counter by
him was the invention of Joseph Bramah.
It was patented by this inventor in 1797, as
also was an effective type of street fire -
engine which operated upon a somewhat
similar principle.

The Steam Engine
Bramah might have contributed much to

steam-engine development had it not been
or the legal villainies of James Watt, the
falsely supposed " inventor " of this form
of prime mover. Watt, and his equally
scoundrelly partner, Matthew Boulton, of
Soho Foundry, Birmingham, managed to
obtain a strangehold upon English steam-
engine development for a considerable
number of years owing to a false and pre-
judiced legal interpretation of Watt's
obscurely -worded " steam engine " patent.
Having monopolised the whole field of
steam-engine invention and development,
Watt remained content in drawing mon-
strous royalties from users of his engines and
in legally bounding and persecuting original
steam-engine inventors who dared to pit
their abilities against his legally favoured
monopoly.

One of these original inventors whom
Watt and his partisans succeeded in totally
ruining was the Cornishman, Hornblower, a
man who was as great an inventor of steam
engines as Watt was a copyist of them. In
the Watt-Hornblower trial of December,
1796, Bramah gave evidence on behalf of
Hornblower who was being prosecuted for
infringement. Bramah argued that the

original Watt patent had no definite mean-
ing, that it was absurd and inconsistent, that
it could not be clearly understood and that
many of Watt's methods arose from " mon-
strous stupidity." But Watt had powerful
friends, and he won the day. Still, however,
these remarks of the engineer Bramah are
worthy of recording, for they show some of
the contemporary expert opinions which
were held on Watt's supposed invention
towards the end of the eighteenth century.

After the Watt-Boulton monopoly had
been forced eventually to give way, Bramah
invented a few types of steam engines of
his own, but he seems, in the main, to have
left the subject of prime movers to the
attention of others and to have specialised
more or less in the fabrication of mechanical
tools, whereby Machinery parts and appli-
ances could be made with great accuracy.
Several Inventions

In this direction, Bramah invented
several varieties of mechanical planing,
drilling and sawing machines both for wood
and for metal. At Pimlico, near London,
he established extensive shops for the
commercial production of these mechanical
appliances, and, naturally enough, as all
successful manufacturers did at that time,
he prospered exceedingly by them.

Bramah's prowess as a designer, inventor
and manufacturer of tools and mechanical
appliances became so widespread that it
invaded official quarters, with the result
that he was approached, in 1806, by the
Bank of England with the request that
he would invent a machine capable of
numbering successively the various notes
for which that organisation has long been
famous. And so came into the world the
nowadays much familiar " numbering
machine " which prints or " stamps
numbers in consecutive succession upon
any papers or documents on which it may
be operated. Bramah's invention of the
numbering machine not only saved the
" Old Lady of Threadneedle Street " a lot
of monotonous work, but it also put it
better check upon her notes and therefore
rendered forgeries easier to trace.

To list the different inventions of Bramah
during his peculiarly active career would
require more than a whole page of this
magazine. A machine for turning out
perfectly shaped quill writing pens by the
hundreds was his, as was, also, a mode of
building canal locks and bridges and a
method of rooting up trees by means of
the hydraulic press.
His Death

The end of this truly remarkable and
energetic inventor came rather suddenly
on December 9, 1814. He had a day or
two previously been out superintending
the installation of one of his tree -rooting
hydraulic presses in the New Forest
district of Hampshire. Catching a chill, he
neglected it, whereupon the complaint
speedily transferred itself into the pneu-
monia which brought about his decease.

Until comparatively recent times, the
original farmstead at Stainborough, where
he was born, remained in almost
the same condition as when the great
Bramah in his boyhood trod its verdant
meadows and ploughed its brown fields.

Time, indeed, changes all things, and
frequently enough annihilates even the
most notable memories. But, in the
hydraulic ram, which in its modern patterns
can lift almost any conceivable load, the
genius of " Joey Bramah, former farm -lad
of Stainborough, Yorks., still persists, and,
indeed, is likely always to do so in this one
of the most imperishable of man's engineer-
ing creations.
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QUERIES
eA ENQUIRIES

Converting Car Dynamo to A.C.
Motor

I HAVE a 12 v. Smith car dynamo, which I
wish to convert into an A.C. motor to

run off a supply of 250 volts 50 cycles.-G. C.
(Leicestershire).

AMACHINE with a 13 -slot armature
24 in. diameter and 14 in. long fitted

with 26 -part commutator, running in 2 -pole
fields at about 2,000 r.p.m., should be able
to develop 1/6th h.p. as a D.C. motor, but
if used on 50 -cycle alternating circuits the
power output will be rather lower, probably
not more than 1/8th h.p. This will only be
practicable if the fields are laffiinated, since
a solid field casting would acquire a
dangerously high temperature on alternating
current due to eddy currents set up in the
solid metal. As a commutator type motor
with wound armature, running on A.C. the
machine will need to be series wound to the
following specification, to suit a 250 -volt
50 -cycle circuit :-

Armature. -13 coils each containing
60 turns of No. 30 S.W.G. 6 -mil. d.e.c.
copper, grouped two per slot, coil span from
slot 1 to slot 6 inclusive.

Fields. -2 coils, each with 450 turns of
No. 21 S.W.G. d.c.c. connected in series.

Brushes. -2 " Link C/4 " carbon, 3/8th in.
square, set at an angle of 180 deg. The
remaining two brush positions used when
the machine was operating as a car dynamo
will not be wanted now.

The full load current consumption on
250 volts A.C. would be from 1 to 1.2
amperes. (See also article on page 203.)

A Hard Alloy
WHAT metals combined would produce

T an alloy hard enough to resist blows
or pressure without distorting, and yet have,
if possible, practically no contraction in
cooling, after being cast ? Melting tem-
perature about the same as zinc.-A. L.
(Bristol).

T will be very difficult for you to produce
I an alloy which will fulfill the exacting
conditions which you lay down, for, to begin
with, no alloy melting around the tem-
perature of melting zinc will come up to the
extreme hardness of the alloy steels.
Rabbit metal is more or less useless for your
purpose, being far too soft.

You might try an aluminium bronze,
that is an alloy containing 10 per -cent. of
aluminium and 90 per -cent. of copper. If
the melting point of this is too high for your
purpose try an alloy containing three parts
of zinc and one part of alumium with or
without the addition of about a quarter
per -cent. of copper. Again, you might try
one of the stereotype metals, as, for instance.
an alloy consisting of lead 100 parts, anti-
mony 20 parts, tin 3 parts. This metal is
fairly hard, of medium -low melting point,
and casts well with little shrinkage or con-
traction. It is not, however, dead hard.
but -you might increase its hardness by
; ncorporating, a little aluminium and 'or

A stamped addressed envelope, three penny
stamps, and the query coupon from the current
issue, which appears on page iii of cover, must be
enclosed with every letter containing a query.
Every query and drawing which is sent must bear
the name and address of the sender. Send your
queries to the Editor, PRACTICAL MECHANICS,
Geo. Newnes, Ltd., Tower House, Southampton

Street, Strand, London, W.C.2.

copper with it. There are no actual alloys
having all the requirements you outline,
however.

One per-cent.,or even less, of aluminium
in zinc will haren the metal somewhat, but
would not decrease the amount of contrac-
tion on cooling.

For your purpose we think that a stereo.
type metal such as the one mentioned above
is the most likely to meet your needs.

Annealing Furnace
WHAT is the type of salts used for the

salt bath annealing furnace used for
annealing stainless steel ? The salts are
heated in a pot to the correct annealing
temperature, and the stainless steel articles
immersed. As the temperature is fairly
high, what is the pot or container made of
to withstand the heat.-R. S. (Grimsby).
-THERE are numerous systems of anneal-

ing steel and many of them are secret
ones. Usually, however, small articles of
stainless or other steels are packed h-ito an
iron box, the spaces between the articles
being filled up with charcoal. The lid of the
box is luted on and the whole is then placed
in a furnace at the correct annealing
temperature.

THE P.M. LIST OF
BLUEPRI NTS

F. J. CAMM'S PETROL -DRIVEN
MODEL MONOPLANE

7s. 6d. per set of four sheets, full-size.
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(Designed by F. I. CAMM)
10s. 6d. per set of four sheets.

"PRACTICAL MECHANICS" MASTER
BATTERY CLOCK

Blueprint Is.
The "PRACTICAL MECHANICS" OUT-

BOARD SPEEDBOAT
7s. 6d. per set of three sheets.
A MODEL AUTOGIRO

Full-size blueprint, Is.
SUPER -DURATION BIPLANE

Full-size blueprint, Is.
The P.M. "PETROL" MODEL

MONOPLANE
Complete set, Ss.

The I-c.c. TWO-STROKE PETROL ENGINE
Complete set, 5s.

STREAMLINED WAKEFIELD
MONOPLANE -2s.
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Full-size blueprint, is.

MODEL DURATION MONOPLANE
Full-size blueprint, 2s.

WAKEFIELD MODEL
Full-size blueprint, 2s.

"FLYING" LOW -WING PETROL MODEL
PLANE

Full-size blueprint of wing sections, 6d.
LIGHTWEIGHT DURATION MODEL

Full-size blueprint, 2s.
The aboviblueprints are obtainable post free from
Messrs.G.NewnesLtd.,TowerHouse,Strand,W.C.2

Other annealing salts are a mixture of dry
lime and powdered charcoal, fused calcium
chloride, borax and the various borates. In
many instances, of course, the " dry "
annealing of steel takes place in an ordinary
furnace without the use of other materials.

A cast-iron container is often suitable for
use in annealing processes, also a vessel of
unglazed earthenware-" crucible earthen-
ware."

Cyanogen Bromide
HOW do you prepare cyanogen bromide,

and how can I obtain solid dry sodium
azide ?-P. S. (Liverpool).

TO make cyanogen bromide (which, inci-
dentally, is a highly poisonous sub-

stance) place two parts of mercury cyanide
in a retort surrounded with ice and allow
1 part of bromine gradually to flow into the
retort. Cyanogen bromide and mercury

- bromide are formed and much heat is
evolved. After the reaction has been com-
pleted, warm the retort very gently.
Cyanogen bromide will sublime and will
collect in the receiver (which should also be
surrounded with ice) in the form of needle -
like crystals. It may be contaminated with
bromine. If so, expose it to the air for a
time in order to allow the bromine to
evaporate.

You can only obtain sodium azide in a
state of purity by carefully acting upon
sodium oxide with hydrazoic acid. You
will find the preparation of this and other
similar salts detailed by Curtius in
" Berichte " 23, p. 3.032. This publication
which is in German, may possibly be referred
to at your city reference library. There is
no English translation available.

Salt Water Erosion
THE engine in my model cruiser is fitted

with an aluminium sump which is
being eaten away by the action of the salt
water. Can I make a preparation that
will arrest this trouble.-L. B. (Ne4th).

THERE is really no method of preventing
the sea water from attacking the

aluminium sump of your model cruiser.
The only line of treatment you can take
consists in applying either paint or varnish
to the metal surface. This treatment will
be found effective provided that it is
renewed at frequent intervals, that is to say,
whenever the paint or varnish " roughens '

and loses its glossy surface.
Alternatively, you might try painting the

metal with celluloid varnish (made by
dissolving scrap celluloid in amyl or butyl
acetate until a syrup-like solution is
obtained). This should be painted on in
three separate thin layers, allowing the
first layer to dry thoroughly before applying
the remaining ones. This varnish will be
quite invisible and it is fairly resistant to
sea water.

In order to eliminate the trouble alto-
gether, it would, of course, be necessary for
you to reconstruct your engine sump in
some metal other than aluminium, which
when pure is not very resistant to sea -water
attack. There are several aluminium alloys
which possess resistant properties, particu-
lars of which can be obtained from The
British Aluminium Co., Ltd., King William
Street, London, E.C.4, or from Aluminium
Corporation, Ltd., Buckingham Gti.te .
London, S.W.1.

Self -Change Gear
I HAVE invented a new kind of self -change

motor -car gearing which embodies a
modified form of the annulus -planet and
annulus brake as used in the Wilson's patent
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ELECTRADIX
GENUINE E.D.C. ROTARY CONVERTERS

For A.C. Receivers on D.C.
230 v. A.C. output. All in
silence cabinet, with filter.
All sizes in stock from 50
watts to sets for televisors of
450 watts.
D.C. MAINS MOTOR BENS.
D.C./D.C. 220 v. to 30 v.

10 amps., 87181-. M.G.
Crompton, D.C./D.C.
100 volts to 17 volts
6 amps., 64/7/6.
200 v. to 16 v. 5 amps.,
65. Estro M.G. ditto
to 6 volts 1 amp. 45/-.

Motor Generators for all outputs up to 60 amps.
THE P.W. 30/- THREE. Fitted Cabinet, with varia.
Condensers and Wiring, 10/6 to callers, or 12/6 post
and packing free. See "Practical Wireless."
CRYSTAL SETS. Model B, Pol. Mahog. case, 9 in. by
10 in., 2 tuning condensers, plug-in coils, Permanent
Detector, 7/6. Model B.M. Table, 6/6. 4,000 ohms
phones, 6 6 and 8i6.
DETECTORS AND CRYSTALS. Enclosed 2 -crystal
permanent Detector, 2/3. Carbortmdurn Marconi Army
Detector, 2/6. Galena point Detector, mounted, 1/6.
Galena and Neutron Crystals, 4d., 6d., and Perikon,
1/-. Carborundum mounted, Bd.

LEARN HOW TO SEND AND READ MORSE
MORSE PRACTICE SETS are cheap. No. 1 Sound
Key and Buzzer on base, 3/-. No. 2 Light. Key and
Bulb on base, 2/-. No. 3. Combination Set for Sound
and Light, key, buzzer and bulb on base, 7/-.

KEYS for MORSE. Well-balanced Morse keys, plated
brass bar, bakelite base and terminals, etc., 4/6. Mas-
sive Buzzers, 1/6, 2/6 and 3/6. With one and your
pocket battery you can signal distant line to pair of 3/9
Sullivan phones. Super Model Keys, 7/6. A few
Government long -lever Keys, used spares for trans-
mitting, 10/6.

POCKET HEADPHONES. W.D., all -
leather headband and strap, 3/6 pair.
Wireless type, with aluminium head-
bands, 31 4,000 ohms, 4/6, 6/6 and 8/6.

LISTENING MIKES, steel -clad Elec-
tradix indestructible; are ears outside
your dug -out, 25/-.

BELLS. G.P.O. type trembler Circular Desk Bell, with
movement in gong, 1/6. Wall Bells, trembler, 2/6. Ditto,
large size, 7/6. Large metal 12 -volt single stroke Bells,
10/-. A.R.P. 220 -volt Ironclad Trembler Alarm
Bells, with 10 -in. gong, outdoor type, listed, 80/-.
Sale, 37/6.
Single Bell Wire,1/- 100 yards. Twin Bell Wire, 3/- 100
yards. Hooters, 6 and 12 volts, 4/6. Bell Transformers
for A.C. 100 volts, 2/6. 230 volts, 5/6 and 15/-.
PHOTO -CELLS. R.C.A. caesium silver vacuum. £5
list, for 26/-. Eleetro-Photonic photo cells generate
E.M.F. under light 11 in. x in., 22/6. Few only left.
SELENIUM CELLS. Light sensitive resistance, gold
grids, moisture -proof. L. to D., ratio 5 to 1. Mounted in
bakelite, 10/-. Super Model in Oxybrass body with
window, 12/6.
RELAYS. Ultra sensitive moving -coil relay 1,000 ohm
coil, closes circuit on 50 micro -amps., 60/-. 2,000 ohm
5 WA. lightweight magnetic relay, 10/0.
CHARGERS. YOU MUST KEEP YOUR BATTERY
PREPARED ! ! ! Battery Charging on A.C. Mains.
The A.C. NITNDAY will keep your battery fit without
attention. Model N/A6, 200/250 volts A.C. and D.('.
6/8 volts 1 amp., 15/-. Model N/B6, 200/250 volts to D.C.
6/8 volts 1 amp., 25/-. Model N/C6, 200/250 volts to
D.C., 6/8 volts 2 amp., 35/-. Model N3112, 200/250
volts to 12 volts 1 amp., 32/-. Ditto, 12 volts 2 amps.,
with 6 -volt tap, 55/-. 5 amp., 84/10/-. And many
others.
A.C. MAINS MOTORS. Enclosed, self -start on load,
A.C. repulsion, 1/60 h.p., with pulley. Type 36,
1,500 revs., 18/6. Ditto, 1/16 h.p., G.E.C., 3,500 revs.,
27/6. Induction 1/10 h.p., 2,500 revs., 35/-. h.p.,
1,425 revs., 65/-.
D.C. MAINS MOTORS. 1/40 h.p., 110 v. or 220 v.,
K.B. series, 1,750 revs., 15/-. Ditto, 1/43 h.p., G.E.C.,
230 v. Series, 2,000 revs., 16/-.
Ditto, 1/12 h.p. Croydon 110 and
230 v. shunt, 30/-.
DIX-MIPANTA VEST:- POCKET
TESTER. A versatile moving -iron
multi -range meter for service on
A.C. or D.C. THREE ranges of
volts : 0-7.5, 0-150, 0-300. Used for
MILLIAMPS, reads : 121
ma. In black bakelite
case, 21 in. x in., with 19/6pair of test leads and plugs.
5/- EMERGENCY PARCELS of useful
standby electrical and radio repair material
and apparatus, 7 lbs. for 5/-. Post Free. ,

Soul for latest Bargain List ''P.31." ski

ELECTRADIX RADIOS
218, UPPER THAMES STREET, LONDON, E.C.4

Telephone: Central 4611

gearbox. Can I patent my idea without
infringing on the rights of the Wilson's
patent. -H. K. (Lanes).

AS you have given insufficient particulars
of your invention, it is not possible to

give you any definite opinion as to whether
your invention contains sufficient subject
matter for a patent. If you desire a con-
sidered opinion as to whether your invention
is covered by any existing patent, it will be
necessary for you to obtain professional
assistance, as the work involved in giving
such an opinion is a relatively expensive
matter.

If the invention contains patentable
subject matter, and it is more useful than
known constructions, it will be possible to
obtain a patent for it. A patent per ae, can-
not infringe a prior patent, infringement
can only take place when the invention
covered by a subsequent patent is made,
used, or sold.

Fluid Glass
I HAVE heard from several reliable sources

of the existence of a coating substance
called Fluid Glass, which among other uses
renders wood, cork, and asbestos really
watertight, and also to a very high degree
fireproof. It takes about twelve to twenty-
four hours to dry, and sets hard as glass.
Could you give me any further information
upon this subject ? It would seem to be
ideal for covering speed -boats, etc. --R. S.
(E. Croydon).
WE think that the " fluid glass " is one

of the many entirely imaginary
chemical materials which are from time to
time conjured up by the daily press in
consequence of mistaken or misapplied
reports. There is, however, a glass -like
composition of. a plastic nature which is
manufactured by Imperial Chemical In-
dustries, Ltd. (Milibank, London, S.VV.1),
but this is by no means fireproof. Also,
sodium silicate solution is almost perfectly
transparent and may be used for impregnat-
ing various materials and conferring fire-
proof properties upon them. This is some-
times termed " glass solution," but we have
never heard the term " fluid glass " applied
to it. When sodium silicate is treated with
acid, it is decomposed into silica, which is
semi -transparent and highly fireproof.

We think therefore, that for your experi-
ments you might well try impregnating your
material with sodium silicate (solution) and
afterwards immersing the impregnated
material in a bath of weak hydrochloric
acid which would render it almost entirely
fireproof. Concentrated solutions of sodium
silicate arc well known under the name of
" waterglass." It is impossible, however,
by means of sodium silicate treatment, to
obtain a glass -like coating upon various
surfaces which is, we presume, the end you
aim at.

Several Ideas
I HAVE thought of several ideas which I

think are rather novel (details enclosed),
and would like your opinion on each. -J. W.
(West Hartlepool).

EANS of gripping paper on drawing -
boards

M
without the use of pins is not

broadly novel. Many years ago drawing -
boards were quite common in which a panel
fitted with a frame, the top surface of the
panel and frame being level. The panel was
held in position by hinged battens at the
back engaging slots in the frame. In an-
other construction of drawing -board, the
paper was stretched over the surface by a
pair of wires or bars, one at each opposite
edge of the board. These wires or bars

THEY'RE
IN

THE NEWS
YOU WANT THEM ,

IIIPSERIES
1"---7 Cast Waterline Scale Models

"EXETER" "AJAX"
" ACHILLES"

Price 119 each

Scale 100 feet = I inch.

Also the

"GRAF SPEE" Price 219
and a new Display Set :

FIGHTING SHIPS OF
THE BRITISH EMPIRE

comprising :
Battleships, Cruisers, Aircraft
Carrier and Destroyers -scale 150
feet I inch -Set of I I Models

Price 41-
A

S
L

Constructive Scale Model Aeroplanes

" SPITFIRE " " HURRICANE "
3f- 3I-

" BLENHEIM " " BATTLE "
13f- 3f9

{" MORANE " The " CURTISS ",
(French) 31- (U.S.A.) 3/- I

Now in Use by our French Allies I

SIIIPSERIES & SKYBIIII)
Models may be obtained from all leading Stores
or send stamps 1 Id. for free Price List direct to:_

A. J. HOLLADAY & CO. LTD.,
(Desk P.M.)

3, Aldermanbury Av., London, E.C.2

SIC11311[ID

INCREASED HEIGHT
will get you higher up'!
Those extra inches mean so much,
and many have already attained
them with aid of Challoner's Famous
Formula
H.T.N. TABLETS
and safe easy system. No strenuous
exercises or old-fashioned appli-
ances. If one box is insufficient
we guarantee to supply a further
box FREE. A. L. (Wilts) writes :
"Since I started your Treatment, I
have gained 3 inches in height."
Full particulars 11/2(1. Sample 7%2d.
Book on height improvement 3d.,

stamps or P.O. only. Sent under plain sealed cover.
THE CHALLON ER CO., Dept. A90
Laboratory & Works, Hyde Heath, Amersham, BUCKS.
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normally engaged in recesses near the edges
of the board, and were provided with
cranked ends which were pivoted in the
edges of the board. It may be possible to
obtain a patent for the proposed construc-
tion, but in view of what is already known
it would necessarily be of restricted scope,
and therefore not be of any great com-
mercial value.

It may be possible to obtain a patent for
the improved means for mounting machines
to obviate vibration if the idea is novel or
the methods employed are novel. The broad
idea of interposing resilient pads between
the supports of a machine and the ground
are, of course, quite old, but it is possible
that the particular method proposed may
be novel. Since insufficient particulars are
given of the proposed method, it is not
possible to express a more definite opinion
on the invention.

The improved pulley is thought to be
novel from personal knowledge, and forms
fit subject matter for protection by Letters
Patent. It is not thought, however, to be
likely to have any commercial success as
practically the same result can be achieved
by self -aligning beatings at probably less
cost.

The improved mouse -trap does not appear
to be a practicable arrangement, or to have
any commercial value.

The improved method of converting an
ordinary dining -table into a billiard table
is no longer novel. A very similar arrange-
ment was marketed some twenty years ago,
but it is not thought that it achieved any
marked success, and it is thought to be no
longer on the market.

There is nothing to prevent you from
making and selling your inventions, and
since you do not propose to employ any
hands, the Factory Acts will not apply.

The actual stamp duty payable on filing
an Application for Patent with a Provi-
sional Specificgtion is £1; and for filing an
Application for Patent with a Complete
Specification, £5. If professional assistance
is required, which is most advisable, the
costs are ra ce3sarily greater and depend
largely on the intricacy of the invention.

Winding an A.C. Motor
I HAVE recently purchased a 1-h.p. D.C.

electric motor from which all windings
have been removed. Is it possible to rewind
this motor to use as a -h.p. A.C. 230 v.
50 cycle ?-K. A. F. (Norwich).
YOU have not stated the dimensions of

your armature, but if it is rated at h.p.
on direct current it may safely be assumed
that 1/6th h.p. will be as much as you can
hope for on alternating current, and if the
yoke ring is solid the machine will develop
considerable heat. The fields should be
laminated throughout, that is, both field
poles and yoke ring, for use on A.C. It is
quite customary to have twice as many
bars in the commutator as slots in the arma-
ture, the coils being grouped two per slot.
The winding recommended for 230 volts
50 cycles 1/6th h.p. at approximately 2,000
r.p.m. will be as follows :-

Armature. -30 coils, each containing
66 turns of No. 31 S.W.G. d.c.c. copper,
connected to 30 -part commutator, grouped
two per slot in 15 -slot armature core, and
lap -connected, with span of 1-8 for the
coils.

Fields. -2 coils, each containing 500 turns
of No. 23 S.W.G. s.c.c. copper, in series with
one another and with the armature.

Brushes.-Of " Link C/4" carbon 3/8th
in. square.

"Sea foam Candy"
CAN you describe in detail how " sea -

foam candy " is made, and whether it
is possible to make small quantities at home?
-G. B. (Derby).

THE confection which you name is one
of a very large class whose essential

constituents are sugar, gelatine and albu-
men, plus, of course, any flavouring or
colouring -matter which may be thought
necessary.

You can make such sweetmeats by stirring
confectioner's or icing sugar into double its
weight of a 3 or 4 per -cent. solution of
cooking gelatine to which has been added a
quantity of albumen or white of egg equal-
ling approximately one-half of the weight of
the gelatine solution used.

The gelatine solution is placed in a
capacious vessel and it is kept cool as
possible by being surrounded by another
vessel containing cold water. After the
albumen has been dissolved in the gelatine
solution, the latter is then rapidly stirred
(preferably by means of a mechanical
stirrer) and the sugar is added bit by bit.
A large quantity of white sugary foam will
be formed, and this, as soon as it arrives at
the right consistency, is rapidly broken
away and placed for a few minutes in a
low -temperature oven (temperature not
exceeding 100 degrees C.) to " cook " and to
stabilise itself.

It is possible to make small quantities of
this material at home, and in place of a
mechanical stirring apparatus, an ordinary
revolving " egg -whisk should suffice.

Divining Water
I S there a fairly simple method of divining

water where it is known to exist, such as a
galvo. and exploring loop hook-up ?-L. A.
(Birmingham).

YOU cannot divine water satisfactorily
by electrical means. The orthodox way

of locating the presence of water is by care-
ful consideration of the geological strata of
the district, followed by careful boring.

There is, of course, the practice of
" dowsing " or the use of the forked twig or
" divining rod " to be considered, and this,
in our actual experience, has often been
highly successful. At the same time, there
are many who consider the technique of this
method to be utterly false. A galvanometer
and an exploring loop will give no assistance
in the search for underground water.

Driving an Air Pump
I WOULD like to make an induction motor

to drive a small air pump in. bore,
in. stroke, for use with an aquarium.

Would you kindly supply details for both
the induction and the synchronous type of
motor, 230 volts ?-W. A. P. (London).

WE are afraid the necessary space
required to give sufficient drawings

and details of a small induction or syn-
chronous motor to make the matter intel-
ligible would not be available at present,
as neither the construction nor the windings
are a simple matter. The cost of stampings,
wire and material generally would be far
higher than the price of a small motor
ready-made which can be picked up for a
few shillings at most secondhand electrical
shops. If you only want a cheap motor for
aquarium aerating it is suggested that you
apply to Messrs. Basset-Lowke & Co., Ltd.,
112, High Holborn, W.C.1, and get parti-
culars of the synchronous impulse -type
motors they market for that purpose.

THE USEFULNESS
OF PELMANISM

pELMANISM
is Useful in all the affairs of

life. That is its outstanding recom-
mendation to those who wish to make the
best of themselves in their occupations, in
all their recreations, and in their social and
cultural relations.

Every line written in the Pelman Course
is directly applicable to some aspect of
human life and conduct. The intention of
every word in the Course is to make clear to
men and women the means by which they
can develop their powers to the fullest
extent so that they can live more happily
and be more successful-so that, on the one
hand, they will make and use occasions for
profit and advantage and, on the other hand,
be at ease in any company. Both conditions
are necessary to complete self-respect and a
full life.

The Pelmanist is not left to make the
applications himself. An experienced and
sympathetic instructional staff shows him,
in exact detail, how to apply the principles
of Pelmanism to his own circumstances and
aspirations. Thus every Pelman Course is
an individual Course. Over and over again
our correspondents say, in effect, " I feel
that this Course was prepared for me, and
me only." Substantially this is so, for the
instructional notes and letters of advice
are entirely personal to the individual;
they are for him and him only.

H.M. FORCES
All serving members are now
entitled to receive the complete
Pelman Course with full tuition and
guidance at

One-half Usual Fee.
Immediate application should be
made for Special Enrolment Form
(Services), Approved by War Office.

a The present dominant aim for every man
and woman must be to show a courageous,
confident, well-equipped mental front. This
assured, then all else will be achieved, and
the world has no more proven method than
Pelmanism to attain this end. Many of the
greatest Leaders in varying spheres testify
this. You may read what they say in the
Free Book offered. ,

Remember this-everything you do is
preceded by your attitude of mind.

The Pelman Course of Mind, Personality
and Body. Control is a tonic from the start
and gives lasting power. There is nothing
so valuable for Poise and Self -Confidence.
Conscientious men and women, looking
ahead towards national achievement-
Peace and a Rebuilt Future-should send
to -day for a free copy of " The Science of
Success."

Newly Revised Course
The Pelman Course has once again been

thoroughly revised and re -arranged to bring
it right up to date with the latest scientific
findings. The newly revised Course is fully
explained in " The Science of Success."
The Course is simple and interesting ;nd
takes up very little time. You can enrol on
the most convenient terms. The book will
be sent you, gratis and post free, on applica-
tion to -day to :-

Pelman Institute,
(Established over 40 years)

130 Pelman House, Bloomsbury St.,LondonW.C. I
PEL3I AN (OVERSEAS) INSTITUTES : PARIS : 17!i
Boulevard Hausmann. NEW YORK : 271 North Avenue,
New Rochelle. MELBOURNE: 396 Flinders Lane.
JOHANNESBURG: P.O. Box 4928. DURBAN:
Natal Bank Chambers (P.O. Box 1489). DELHI: 10
.4lipore Road. CALCUTTA : 102' Clive Street. A M -
STERD A M : Damrak 68. JA VA : Malabarweg, Malang.
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AUTHORITATIVE

TRAINING

in Wartime
In peace -time The T.I.G.B. home -study courses
provided first-class technical education. For
several years past the pass percentage of
T.I.G.B. Students at Professional Engineering
Examinations such as A.M.Inst.C.E.,
A.M.I.Mech.E., A.M.I.E.E., A.F.R.Ae.S.,
C. and G., etc., has not once been lower than
96%-and no fewer than 22 FIRST PLACES
have been gained. In War -time the advantages
of T.I.G.B. Training-free from black -out and
travel difficulties-are most marked. To -day,
The T.I.G.B. courses are the ideal method of
qualifying quickly for the great range of posts
being offered by Industry and the Govern-
ment to technically trained engineers, the
need for whom needs no over -stressing. Write
TO -DAY for "The Engineer's Guide to
Success," containing the world's widest choice
of engineering courses covering all branches and
recognised qualifications. Mention branch, post
or qualification that interests you. The
T.I.G.B. guarantees
training until success-
ful for the one fee.

The Technological
Institute of
Great Britain
218 Temple Bar House
London - E.C.4

(Founded 1917)
20,000 Successes

An Absorbing Hobby
BUILDING A STUART MODEL IS
AN ENGROSSING PASTIME, AND
THE RESULT A CONTINUOUS

PLEASURE

We illustrate :

STUART
NO. 10.
High Speed

Steam Engine.

Bore -1".

Stroke

Each set is quite
complete-
drawings and
instructions are
included.

If you have a lathe-
The rough castings

If not-
Fully machined set - -
Ditto, with all holes drilled

and tapped - - -

8/6

19/6

25/ -

This and many other Stuart engines are
fully described in the 72 -page CATA-

LOGUE No. 3, 6d. post free.

STUART TURNER LTD.
HENLEY- ON-THAMES

BUY, EXCHANGE OR SELL
TOOLS-Continued

BRAND NEW POWER TOOLS of quality,
10 -inch bandsaws, 54s.; Jigsaws, 22s. 6d.; Bench
Drills, lls.; Circular Saws from 25s.; 3 -inch S.C.
Toolroom Lathes, from £4 5s. New 1 -inch chromium -
plated, Micrometers, 12s. 6d.; Electric Drills, 37s. Gd.;
Grinders.-John P. Steel, Bingley.

1 Ten Best Blue Twill Emery Cloth Strips. Splendid
assortment, fine to coarse. 3 lbs., 2/6; 2 lbs., 2/..
Very cheap.-Burke.

80 only, Carborundum Wheels, Dish Shape, 8" diam,
" wide, g" hole, 3/- each.-Burke.

50 Bundles Bright Mild Steel Rounds; Squares;
Flats; Hexs.; r to I" diam.; approx. 12" lengths;
weight 6 lb. 3/- bundle. Also larger sizes, weight
13 lbs., 5/- bundle; both lots 7/6-Burke.

. Hexagon Dies Nuts, less than half price to clear.
Very useful in any repair shop. In the following
threads only : Whitworth, B.S.F., and American
Fine S.A.E. Sets I", A", I", ", r, r, I", r 1", 10/6
set of nine; ditto t" to r, 6/6 set of seven; ditto f" to
"' 3/9. Special otter, three sets " to 1" , 27/6. Very

cheap.-Burke.

46 Sets Whit. Dies and Taps, Etc. Five 1" round
dies, cutting -tfr", f', 1", Whit., complete with
set of five taper taps, one 1' all -steel die stock, and one
adjustable tap wrench. Very attractive bargain, 8/6
set; also a few sets in Brass 26 Threads, same price.
Sets of Whit. Taps, seconds, or Plugs, 2/9 set. No
stock of seconds or plugs in 26 thread.-Burke.

85 Sets 1" Round Dies, I" ", -I", ie", I", in B.S.F.
or S.A.E., clear 2/9 set. No taps available in these
sizes. 1" Die Stocks, 1/9 each.-Burke.

148 Sets la" Split Dies, cutting f", A", A", f", Whit.
only. Complete with taper taps, stock and tap
wrench. A very useful bargain, 4/6 set. Second or
Plug Taps, 1/3 set.-Burke.

750 Only E" Split Dies, cutting 0, 1, 2, 3, 4, 5, 6 B.A.;
h", r, A-, A". In Whit. or B.S.F.

Also " " " by 40 threads. We purchased
this stock when prices were low. Secure supplies now.
6d. each, 5/6 per dozen.-Burke.

1,200 Small Taps, 2, 4, 6 B.A., 4", , Whit.
taper seconds or plugs, 4d. each, 3/9 dozen; A", A"
Whit., 8, 10 B.A., 6d. each.-Burke.

300 Large Taps, Ili", l" Whit., 9d. each; r, 1/-;
r, 1/6; F', 2/-; 1", 2/6. Also r and V' B.S.P. at 1;6
and 2/- each. Gas Taps, r, 6d.; I", 9d.; f", 1/3;
r, 1/9; 1", 2/6 each.-Burke.

300 Best Carborundum Wheels, approx. 3f" diam.,
F' or f" thick, r hole, suitable for small tool or drill
;;;rinding, 9d. each.-Burke.

2,000 Fine Emery Wheels, 2" to 35" diam., A" to
Fr thick. Very useful for grinding cutters, taps, etc.
Given away price, 2/9 per dozen. Cost 9d. to 1/6
each.-Burke.

2/9 any lot. Eight lots £1.-Below.

r Toolholder, with four H.S. Tools.

g-" Adj. Boring Tool, with H.S. Tool.

An" to A Silver Steel, 13 pieces. 13" long.

a" to f" Silver Steel, 1 lb., 2" to 4' long.

503 Ass. Brass and Steel Screws, etc. B.A. and Fine
Threads.

100 Steel Hex. Bolts and Nuts, 4" to I".

16 H.S. Drills, 11" to

Two dozen Fine Odd Thread Taps to I".

Three dozen Tungsten Hack -Saws to 12".

18 Grinding Wheels, I" to 1" diam.

Three H.S. Tap Fluting Cutters, If"

One dozen Ass. Files, 4" tp 12".

Dozen Toolmaker's Needle Files, indispensable.

Best Carborundum Wheel, 6" by i" by 4" hole.

200 Springs to approx. 6" long.

11 Orders Carriage Paid, except abroad. Money
refunded if not satisfied with any of the above bargains.

J. BURKE, 30, TRIPPET LANE, SHEFFIELD, 1

CHEMISTRY EXPERIMENTS
FOR BLACK -OUT EVENINGS

BECK

Post Free OFFER
OF SAMPLE PARCEL
containing many
useful pieces of

CHEMICAL
APPARATUS

2,9
Write also for

FREE PRICE LIST
of other Sets.

(Scientific Dept. Al, 60, High St.,
Stoke Newington, London, N.16.

Booklet, " Experiments in Chemistry," 6d. P.O.

CHARGE YOUR L.T.
AT HOME, with a "Site's,'

* Battery Charger
Just plug-in, fit spades, switch on, that's all !
Prices : 2v., 1 amp, 12/6; 2 amps, 18/6; 6v., 1 amp,
15/-. Car Battery Models : 6v., 2 amps, 25)-;
12v., 30/-. Commercial Charger for 1-14, 2v.
cells, 0-3 ammeter, Low, Medium, High taps, 50/-.
Larger Models, 75/-, 90/-. All have Metal Rectifiers
and strong steel cases. Send Id. for REAL PHOTO
and FREE TRIAL terms.

BRIGHTON RADIO SERVICE,
34 Middle Street, Brighton.

NEW MODELS
A.C. Motors. Self
Starting. Switch built
in M.P. 53/-, 1,440
R.P.M. 200/250V.
Universal Usages.

Plus 10% increase.
EASCO18 P.M., Brixton

Rd., London, S.W.9
Telephone RELiance 1693

The `ADEPT'
LATHE

I in. centres, Gin. be-
tween centres.

With compound slide.
rest 22/-, or with band -

rest only, 1319.
Screw Tail Stock, 5/6

eras, Poxt1 I-.
ADEPT' 211n. INDEPENDENT 4 -JAW CHUCK,
Price 15/-; Post 6d: THE SUPER ,ADEPT,' 331,
F. W. PORTASS,

HAVE YOU A RED NOSE?
Send a stamp to pay postage, and you will
learn how to rid yourself of such a terrible

...ffliction free of charge.
Address in confidence-

P. TEMPLE, Specialist
32 " Commerce House," 72 Oxford Street, W.1

(Est. 39 years.)

Send for this book-
-the first step to
GLOWING HEALTH

(enclose 3d. in stamps)
JOYBENCH Keep -Fit System

Dept. M., 27 Stonecutter St.

LONDON, E.C.4.

FOTLES
BOOKSELLERS TO THE WORLD
New and secondhand books on all technical subjects
113-125 CHARI NG CROSS RD., LONDON, W.C.2

Telephone: Gerrard 5660 (16 lines)



BUY, EXCHANGE OR SELL
Advertisements are accepted for these columns at 3d. per word (minimum 12 words at 3s.-advertisements of less than 12 words are
charged at the minimum rate of 3s.) subject to a discount of 21 0:0 for 6 consecutive monthly insertions or for 12 consecutive monthly
insertions. TERMS :-Cash with order. Cheques, Postal Orders. etc., should be made payable to George Newnes, Ltd. The Proprietors
reserve the right to refuse or withdraw advertisements at their discretion. All advertisements must be received on or before the 5th of the
month preceding date of publication and should be addressed to the Advertisement Manager, " Practical Mechanics,- George Newnes

Ltd., Tower House, Southampton Street. Strand, W.C.2.

BATTERIES
TORCH OR LAMP BATTERIES. Suppose you

can, why buy new? When exhausted, revive by
kimple inexpensive method. Patent applied for.
Details, one shilling. "Revivals." Manesty, Cobham
Road. East Horsley. Surrey.

VAUXHALL. Torch batteries; No. 8, 3 -volt, 8d.
Penlite 3 -volt, I Id. Flat, 44, -volt, 10d. Complete
Bike' torches, with bulb and 3 -volt battery, Is. 9d.
Bulbs, 2d. Post 2d. extra on each item. Vauxhall
I"tilities, 163a Strand, London, W.C.2.

COMMUNICATION RECEIVERS
The famous HALLICRAFTER S X23, released by

the makers only in July, 1939, ran still be supplied by
Webb's Radio at PRE-WAR PRICES.

We, fortunately, had good supplies delivered in
August. NO price increase on present stock of this
model only, £d3 10s. H.P. terms available. Write for
descriptive brochure. -.A. WEBB'S RADIO, I I Soho
Street, London, W.I. 'Phone: Gerrard 2001

- -

METAL WORK SITUATIONS VACANT
MAKE METAL TOYS. Easy, profitable with DRAUGHTSMANSHIP. Men over 21 wanted

"Success" Moulds. I.ist Free. Complete trial mould for reserved occupations. Thousands of openings in all
Is. lid.- Lee's. 1 Bit kin Avenue, Nottingham. branches of Engineering, Government Service, etc. No

experience required. FREE details of rapid prepara-
tion and employment service for these vacancies front
National Institute of Engineering (Dept. 3721, 145
Holborn, London, E,C.1.MISCELLANEOUS

TELESCOPES, MICROSCOPES, Scientific .

Instruments, etc. Send for lists. Sale or Exchange.-
C. V. Bolton, F.S.M.C., tOa Leigh Road, Leigh, Lancs.

CASTING MOULDS. ---for Lead Soldiers, Indians,
Animals, etc. Sample mould, 2/9. Catalogue stamp.-
Industries 2. W:11ClegniVe Park, Twickenham.

BE TALLER!! Extra inches count ! ! Details
6d. stamp. -Malcolm Ross, Height Specialist, Scar-
borough.

MODEL AIRCRAFT

WATCHMAKING
WATCH & CLOCK REPAIRERS. Send 3d. for

complete list of material and tools. Blakiston & Co.,
Hinsdale, Southport.

PHOTOGRAPHY
PHOTOGRAPHIC MATERIALS. Plates, films.

mounts, chemicals. Interesting money saving list
free.-" Kimber's," let:, Queens Road, Brighton.

WOLVERHAMPTON. --Wolverhampton's aero
modellers' rendezvous. START and SONS, 61 Victoria
Street. Kits by all the popular makers, petrol engines, CANOESWIRELESS etc., selected balsa wood, spruce, cements, dopes,
rubber, etc., and the most complete range of materials BOAT and CANOE KITS. Completed craft. Low

CRYSTAL SET KITS, complete 4s. I Id. Head- j and accessories. mices, few second -hands. Metacraft (P), Christchurch
phones :Is. l Id. Buckle, tirt Avenue Approach. Bury - --
St. 1:cnurals.

JUBILEE
WORM DRIVE
HOSE CLIPS
The long -life clip with

the ever -tight grip

The Best Known
For Radiator Joints,
Air, Oil, and Water

Hose Joints
We guarantee a Tight

Joint
Stocked by all Garages
and Accessory Dealers

L. ROBINSON & CO.,
25, London Chambers,

GILLINGHAM, KENT

Baker's " Solderine. For all
electrical work and wherever
paste flux Is preferred. Popular
sizes include : 2oz. tins, 6d. ; 4oz
tins, 8d, Also supplied in bulk
Obtainable from all
wholesalers. ss

. N
Cued West Rd Islekkeih Mids.
SirWmt (0 (.1;4.014 PASTE

.04urviSt.e., .76
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OUR ADVICE BUREAU

COUPON
This coupon is available until February 29th, 1940,
and must be attached to all letters containina
queries, together with 3 penny stamps. A stamped

addressed envelope must also be enclosed.
FRAC I it AL 1940

MODELS
EVERYTHING FOR electrical rewinds and repairs

Screws, nuts and washers for model engineers. List,
free.- Lumen Electric Cn., Litherland. Liverpool. "21.

PERFECT USED MODELS and mechanical toys.
Send for our catalogue and save money.-
Georges', II Friars Street, Ipswich.

MUSICAL INSTRUMENTS
BAND GUIDE. Hints on the Bugle, Drum, Flute

Staff Parade formation, etc. Free, post paid. --
Potter's (Manufacturers), West Street, London, W.C.2.

. _ .

PATENTS AND INVENTIONS
WE SUCCESSFULLY SELL inventions, patented

and unpatented. Write for proof, and tell us what you
have for sale.-Chartered Institute of American
Inventors, Dept. 16-C, Washington, D.C. U.S.A.

38 MYFORD 3/
BEST VALUE-INEXPENSIVE

SUPPLIED TO NUMEROUS LARGE WORKS
AND INSTRUCTIONAL CENTRES, ETC.

Bench - Treadle - Motorised Lathes & Accessories

Send P.C. for free illustrated list (your tool
merchant's address would be appreciated;

MYFORD ENG. Co., Ltd., Beeston, Nottingham

-----CUT THIS OUT ----- -----
Practical Pen Coupon Value 3d.

Send five of these coupons with oply 3 - land 2d. stamp)
direct to the Fleet Pon Co., 119, Fleet Street, E.C.J.
By return you will receive a handsome lever self -filling
FLEET S.F. PEN with solid gold Hits (fine, medium, or
broad), Willa I y 10/6. Fleet price 6/3, or with ii coupons
only 3/-. 1),. Luxe Model. FLEET SELF -FILLER,

TOOLS
GRAYSON'S Glass -boring Outfits and 'tube.

Cutters avoid risk. --Below.
DRILLS, Taps, Dies, Files, Chisels and Punches.

Best quality at keenest prices.-Grayson & Company.
300 Campo Lane, Shoff eld.

MYFORD LATHES have no equal for sturdiness
and value. Lists free. Delivery anywhere. Terms still
available. Nuttall's. 20 Albert Street, Mansfield.

I WILL MAKE YOU A
BRILLIANT PIANIST

do not say I may, I say positively
that I W ILI if I accept you as my
pupil, I have enrolled more than 360
adult pupils during the war, have
taught over 51,000 during 35 years, of
all ages, occupations and degrees of
proficiency to play the piano twilit-

& antly. I CAN TEACH YOU, even If
It -day you do not know a note, to read and
play at sight any standard musical com-
position. I grade Lessons personally to snit

tan. individual needs, using ordinary
musical notation, no freakish methods.

MEN]) for free hook and advice.
Say Moderate, Elementary or Beginner.

Mr. H. BECKER
British by Fide

and Descent,.

11111
(Dept. ass),

69, Fleet St., London

Easily made from our
castings 1213 per set.
Complete Engines
leads, to run from

£3 15s.

J. HALLAM & SON
Upton, Poole,

Dorset.
Asisluk PEIROI. END INES . . for

Aeroplanes and Speed Boats. 1 to 15 c.c.
Send ad. for particular:.

MAKE MORE MONEY
£.3 to £6 weekly can he earned at lions: ill a wonder-
ful business of your owu. Nu matter where you
live you can commence to make money in your
spare or whole time. No risk. emuvasuiug or exper-
ience required. A wonderful opportunity for anyone
wishing. to add pounds to their income. Partieulars,
stamp.
BALLARD. York House, 12 Hannerook Road,

LONDON. R. E.25.

All appiicattons iespeeting Advertising in this Publication should he addressed to the ADVERTISEMEN MANAGER .GEORGE NEWNES L'I'D.
Tower i louse, Southampton Street, Strand. I .ondon W.C.2.. Telephone : Temple Bar 1.303

Ut'



GAMAG
Exceptional Value in

GEARED
MINIATURE A.C. MOTORS

(50 cycles)

THESE FINELY
MAD MOTORS ARE
USEFUL FOR MANY

`T'l PURPOSES. IDEAL
FOR DRIVING
MODELS.

Will work through any
suitable transformer. Rat-
ing 12 to 14 volts, contin-
uous to two minutes at
24 volt,. Incorporating
bi-metal thermal cut out
and automatic clutch to
avoid breakage under sud-

den stoppage. Reversing switch, self-lubricating
bearings. Rotor speed (no load) 2,0011 r.p.m.
Output spindle speed 58
r.p.m. All brand new, and
remarkable value.

Post 6d.
Illustration is approx. one-

third actual size.
76

BOXES OF TWELVE
ASSORTED FILES

The best and cheapest way to buy Files. British
made and excellent quality. Warranted cast steel,
Sizes 8 to 12 inches. For all purpo.,..:.

12 r1/4 4'6
Also sixes
4 to 8 ins.
12 tar 2/11
Pest 6d.

Brand New, Super Quality
Famous A.C. Productions at a

Fraction of Original Cost
AC.80 M.P.H. SPEEDOMETER
combined with MILEAGE RECORDER
and EIGHT-DAY CLOCK

1'04 6d.

250 only. A
,uperb instru-
ment. Mileage
recorder to 1

100,000 miles,
resetable trip
recorder to 100
miles. Diameter
of dial 5 in.
Reliable 8 -day
clock.

As above, but wit bout clock, 1 5 - Poet 6d.

A.C. ELECTRIC
TANK GAUGES

Post 6d. extra.

These can be used on any
size tank by lengthening
the float arm. Consists
of tank unit and dial
gauge as illustrated.
Work off 12 volt circuit.
Per set

Or PLAIN GAP BED LATHE with Compound Me Rest
i"\ Constructed on orthodox lines. Overall length, 12i in. Length of

bed, 8 in. Maximum distance
between centres, 61 in. Height of
centres from gap, 2 in. The nose of
the solid mandrel is! in. x 20 threads.
Bearings adjustable for wear. Com-
pound slide rest has vee slides with
jibs and adjusting screws. Tailstoek
is of the sliding
barrel type and is
held in rosition by

a set screw. Driver plate, 12 in. In dia. Cone
pulleys, 1l in. x lf In. dia. for 41, in. or 1 in. round
belting. Weight, 8 lb.
Foot Mot. 'r, 18/6. Net of Six Tools, 3/3; Belt, 2.6.

Carriage 1,'6 England
or Wales.

ZIP

Send for copies of
Gamages Tool
Bargain Leaflets
for Metalworkers
and Woodworkers

Exceptional Offer of
ELECTRIC

DOUBLE GRINDERS
Operated by self-contained 4 -rd h.p. motor for
2221240 volts A.C. 50 cycles Single-phase. 3,000
r.p.m. 2.7 amps., k.w. 0.25. Grinding wheels 6 by

in. or Norton 7 by } in. Overall measure-
ments: 18 in. long, in. wide, 101 in. high.
Weight 60 lb. With 0 ft. tab tyre flex.

CASH PRICE
OR DEPOSIT
AND SIXONTHY15.19.6 PAYMENTS

Lof

Carriage 2/- England or Wales

HEAVY DUTY BLOCK TYPE
CONDENSERS

1 MFD. Capacity. Suit-
able for voltages up to
1,000 A.C. or 2,000 D.C.
Tested to 4,000 volts
D.C. Dimmsions ap-
proximately 41 in. wide,
9 in. overall height, in.
thick, Bakelite case. To
be cleared at an enor-
mous
red ue-
t ion.

Post 6d. 2:6
BENCH GRINDERS

At a Remarkably Low Price
All brand new. Strongly made

from best materials. Fitted
with smooth working hand
drive, 4 x } In. grinding
wheel, and with tool rest. Will
withstand years of hard use.
Offered at about half theprice you
would nor.

mally ex-
pect to
pay.
Post 7d. t
36

.3 in. BACK GEARED, SCREWCUTTING, SLIDING, MILLING
and SURFACING LATHE with Compound Slide Rest
Gamages score again with exceptional value in a high-grade lathe.
It has the characteristics and accuracy of lathes costing consider-
ably more. Compare the value.
Headstock and Bed are of ample proportions; with large diameter
mandrel in long adjustable bearings. Quirk Traverse Handle for
Saddle Return. Saddle has machine -cut slots. All gears are
machine -cut. Dimensions : Swing in gap, 8 in.; Swing over
saddle, 3} in.; Diameter of mandrel nose, d in. Whitworth and
tailstock barrel bored I in. clear; Centres, standard No. 1 Morse
taper; Cross -slide traverse, 3} in. Top -side traverse, 3 in.;
Lead -screw in. diameter by 8 T.P.I.; Cone Pulley, 3} in., 3} in..
2} In. by } in. width; Back -gear ratio, 6 to 1; Approximate
weight, 60 lb. With Compound Slide Rest and Back Gear.
20 in. between Centres, including 6 in. Face Plate,
24 in. Driver Plate. Machined Chuck Plate, 10
Change Wheels and Double Clasp Nut. 6.7.6

OR 25/8 DEPOSIT, BALANCE IN SIX MONTHLY PAYMENTS OF 18(9

GUARANTEED
TRUE TO

-001 IN.

Carriage (OlaSidG UU4 L.atlbStC, aci 0/ 1.1 ) 3,6 England or Wales
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