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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 £260, 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. File E. Examinations
Applied Mechanics
Army Certificates
Auctioneers and Estate Agents
Aviation Engineering
Ranking
Blue Prints
Hollers
Book-keeping, Accountancy and

lodern 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
Concrete and Structural Engineering
Draughtsmanship. All branches

Engineering. All branches, subjects
and examinations

General Education
G.P.O. Eng. Dept.
Healing and Ventilating
Industrial Chemistry
Institute of Housing
Insurance
Journalism
Mathematics
Matriculation
Metallurgy
Mining. All se/Meets
Mining. Electrical Engineering
Motor Engineering
Motor Trade
Municipal and County Engineers
Naval Architecture
Novel Writing
Pattern Making
Play Writing
Police. Special Course
Preceptors, College of
Press Tool Work

Pumps and Pumping Machinery
Radio Communication
Radio Service Engineering
Road slaking and Niaintenance
Salesmanship, I.S.M.A.
Sanitation
School Attendance Officer
Secretarial Exams.
Sheet Metal Work
Shipbuilding
Shorthand (Pitman's)
Short -Story Writing
Speaking in Public
Structural Engineering
Surveying
Teachers of Handicraf Is
Telephony and Telegraphy
Television
Transport Inst. Exams.
Weights and Measures Inspector
Welding
Wireless Telegraphy and Telephony
Works Managers

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

STUDY AT HOME IN
YOUR SPARE TIME

((1) 0 I/
))

CAN YOU CHANGE MY
EXPRESSION

A:44CD.. oe<

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

ING FOR
Just try it for yourself.
Trace or draw the outline
and then put in the feature,

There are hundreds of openings in connection with
Humorous Papers, Advertisement Drawing,
Posters, Calendars, Catalogues, Textile Designs
Book Illustrations, etc.
60 per cent. of Commercial Art Work is done 133
" Free Lance Artists " who do their work at
home and sell it to the highest bidders. Many
Commercial Artists draw " retaining fees " front
various sources, others prefer to work full-time
employment or partnership arrangement. We
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 a 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. You will be under no obligation
whatever.

041:"1-ci cl< 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 I 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
Tliereis money and pleasure in Journalism and in Story
Writing. No apprenticeship, no pupilage, no examine -
tin., no outfit necessary. Writing for newspapers,
novels or pictures le not a gift; ft is a science that
can be acquired by diligent application and proper
guidance. It le the most faeelnating way of roakina
pastime profitable. Trained ability only is required:
WO do the training by pout. 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 ((rec.) of charge)
Particulars of
Your private advice about

(Cross out line which does not apply)

PLEASE WRITE IN BLOCK LETTERS

Name

Address

It
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THE RAWLPLUG
CO. LTD.

The World's largest
Manufacturers of
Fixing Devices.

CROMWELL ROAD
LONDON, S.W.7

Telephone : FRObisher 8111

B247

Thousands of pounds have been spent in experimental work in
order to produce the special steel used in the manufacture of
Rawlplug tools and drills. There is a Rawlplug boring tool
suitable for boring holes in hard materials such as Concrete,
Stone, Brick, Tile, etc. and a wide range of sizes is available to

suit every size of fixing device we manufacture. Rawlplug tools
have earned a reputation for long life, speed,

efficiency and accuracy. They are easy to use
and will save pounds in reduced boring costs.
May we send you fully illustrated

catalogues and price lists?

SUPER BOAT HULLS

RAWLDRILLS
TUBULAR DRILLS

TILE DRILLS STARDRILLS

AWIPLUG TO LS
&DRILLS

These beautiful hulls are carved out of finest quality pine and are extremely
light and strong. The 30 in. hulls have j'6 in. thick sides whilst the 39 in. hulls

are % in. thick.
These can be supplied for building up Destroyer, Cargo, Liner and Speed

Boats.
Prices. 30 in. hull, 5 in. beam, 4 in. depth overall ... 23/2 each

39 in. hull, 6 in. beam, 5 in. depth overall ... ... 36/4
Plus Carriage.

Make the Perfect Model Railway
Track with Bond's Parts. All Hornby

Models will run on this.
PRICES, Standard Gauge "00" and
"0" Parts suitable for Hornby Models.

Steel Rail
sheradised lid. yd. 2d. yd.
finish ... 1/3 doz. yds. 1/8 doz. yds.
Brass Rail ... 3d. yd. itid. yd.

2/3 doz. yds. 4/3 doz. yd.:.
Cast Chairs
slide -on fit 1/4 100 1/2 100

Electric Raised Chair ... ... 5/4 100 2/- 100
Fishplates ... 3d. doz.
Sleepers, stained ... ... 8d. 100 2/3 100
Pins ... ... ... ... ... ... 3d. pkt. 6d. pkt.
Track Gauge ... ... .., ... ... 6d. each 9d. each

All Prices Track plus 10% and carriage.

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

Telephone: EUSton 5441-2. Est. 1887.

The DLP Vice -Screwing Machine combines the functions of : 3}"
Parallel Vice; /" to 2" Pipe Vice ; Tube, Rod and Strip Bender ; Cable,
Rod and Pin Cutter; Screwing Machine, for threads up to I" Whit.,
1" Gas and 1" Conduit ; Punching Machine; Cable Stripper; Flat and
Conical Anvils. Price, complete as specified, £5 . 17 . 6

DIP VICE -SCREWING
MACHINE

Patent No. 418,829

/17

&Si).

it

Sole Distributors forihe British Isles:
BUCK & HICKMAN LTD
2 WH ITECHAPEL ROAD LONDON  E. I

Overseas Enquiries to the Manufacturers : DeLaPre Components Ltd., Northampton.

CS, 52.44
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EATGIATEERS!
9a r 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.

BRITISH INSTITUTE OF I
ENGINEERING TECHNOLOGY

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

OFF HERE

FREE COUPON
BRITISH INSTITUTE OF

ENGINEERING TECHNOLOGY,
410a, Shakespeare House,

17.19 Stratford Place, W.I.

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

Name

Address

11111111111 IIIIIMMIP IMP IMMO =WI MIN&
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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. MARCH, 1940. No. 78

THE INVENTED NEED
By the Editor

IN walking through one of our large
London stores the other day, I

reflected upon the enormous number of
gadgets-a word I use for want of a
better term, gadgets being something
you don't want, but must have !-
which have been produced on the
assumption that people would invent
an excuse to use them. The successful
inventor is one who caters for an exist-
ing need, whereas most of our un-
successful inventors are those who
first invent the need and then pro-
duce an invention for the invented
need.

Most people possess a large number
of gadgets presented to them on special
occasions, such as birthdays or at
Christmas, which have cost, in toto,
quite a large sum of money, but which
have merely given them temporary
pleasure at the time the gifts were made.
Thus, these expensive gadgets are no
more than toys which amuse for a short
time. They are placed by in drawers
and seldom looked at again.

Multiple Gadgets

ONE of the most popular lines for
the inventor is to produce one

gadget which does the work of six. I
cannot think of any successful multiple
gadget or tool. Thus we have lighters
which combine a watch, a nail file, a
pocket knife, a pair of scissors, and a
pencil and a rule. In order to produce
the completed design to a size which will
make it fit the vest pocket, not one part
of the gadget is really satisfactory.
Incidentally, why do inventors like
to make things specially for the vest
pocket ? The number of devices, as
well as books, which I possess which
have been specially designed to fit the
vest pocket would fill a van. It is time
that inventors remembered that the vest
pocket is already overloaded and cannot
carry further devices.

In engineering there is a very large
number of combination tools. You do
not see a skilled engineer using them,
however. They fail in one or more
important directions. You remember
the watches which were sold some years
ago whose dials included a number of
smaller dials telling the time in most
of the important cities of the world.
They failed commercially because they
catered for a need which did not exist.

Era of Cases -
THIS is also the era of cases. Directly

something is produced, someone
else wishes to sell a case for it. There
are fancy wallets with divisions marked
stamps, treasury note, driving licence,
insurance certificate, registration card,
etc. There are cases marked pyjamas
and brushes and collars and ties.
Apparently, the producers of these
gadgets have not a high opinion of
public intelligence, for they presume
that we need to be told that a collar box
has collars in it.

One of the queries I sometimes
receive concerns a list of things to
invent. There is no limit to the number
of things still required, and my advice
to the budding inventor is not to waste
his time inventing a need, but to produce
inventions which are needed. Needle
threaders exist by the thousand, and
they will never be successful. Patent
alarm clocks which wake you up after
they have boiled the water, made the
tea, cooked the breakfast eggs, and
operated the vacuum cleaner have also
been produced in large numbers, but
none of them have succeeded commer, 1 -
ally. Similarly, time -control switches
which switch on the radio at a pre-
determined hour and switch off again
are also failures. Inventors should
remember that the human race has not
yet reached that stage where it is too
tired to move.

" Practical Engineering -
MY new journal, Practical Engineer-

ing, six issues of which have now
been published, has been well received
by engineers and the engineering trade.
I y have had a large number of most
encouraging letters from principals,
works managers, designers, draughts-
men, toolmakers, turners, fitters, gauge
makers, metallurgists, foundrynien,
millers, in fact, from the whole range of
engineering professions.

Practical Engineering is the modern
engineering weekly dealing with all of
the latest processes employed in
engineering. It is, indeed, a journal
without a competitor, and its success
confirms the view I took when the idea
was first projected, namely, that such a
journal had been needed for years.

If you have not already sampled a
copy, I shall be glad if you will do me
the favour of asking your newsagent to
show you one. Practical Engineering is
published every Thursday at 4d.

Practical Engineering is entirely
modern in its selection of subjects, for
it deals week by week with every work-
shop process. The leading authorities
on special subjects have been retained
to contribute exclusive articles, such as
die-casting, plastics, centrifugal casting,
drawing office practice, press tool
design, time -saving methods, finishing
processes, heat treatment of metals,
test equipment, inspection, and, in fact,
with every sub-slivision on the
mechanical engineering industry.

In connection with it there is a
special offer of "The Engineers Hand-
book," which is an extremely useful
compilation of facts, tables, data and
formula needed by all those engaged
in engineering. The book extends to
256 pages and is handsomely bound.
It is a volume which in the ordinary
way would cost half a guinea
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Working on the stern section of ,a torpedo

THE word " torpedo " comes from the
Latin, torpere, meaning, " to be
rigid," the term being originally

applied to denote a certain family of
electrical fishes of the ray or skate variety.
Exactly how the term originally became
used to denote a submarine weapon of
aggression is difficult to ascertain. All we
know is that the notion of the explosive
torpedo arose during the time of the
American Civil War in the sixties of the
last century, at which period certaip very
primitive types of underwater explosive
bombs were employed by one or other of the
American belligerents, these explosive
devices consisting of a light steel canister
provided with a percussion cap and filled
with a small quantity of high explosive.
This canister was secured to the end of a
very long rod which latter was attached to a
small boat which was cautiously steered
towards the ship to be attacked. Frequently
much damage was effected by this crude
method of marine attack, but often enough
the attacking vessel was blown to pieces
along with the attacked one. Hence this
mode of marine warfare was relinquished,
although there were many in America
who retained the idea that it might be
possible to devise a small vessel filled with
explosives which would be capable of travel-
ling of its own accord and steering itself
through the waves until it came into

STABILISING VANES

TWIN SCREW PROPELLERS

Torpedoes in
An Insight into the History, Mechanics

There are more
than 6000 separ-
ate parts in every

torpedo, and it
takes several -
months to make
one. Before being

sent out to His
Majesty's ships
every torpedo

has to be tried
out and passed
under working

conditions

explosive impact with the object of its
attack.
Whitehead's Torpedo

The first individual to make practicable
the torpedo was an Englishman named
Whitehead, who was, towards the end of the
sixties of the last century, in charge of an
engineering company in Fiume, which was
then an Austrian seaport.

A certain individual named Luppis had
for some time been working on a torpedo
device which was driven by a clockwork
motor, and which was steered by ropes
stretched through the waters. Luppis's
invention was obviously impracticable, and
the Austrian naval authorities in no mean
terms informed him of that fact. Dis-
couraged, Luppis, seems to have climbed
out of the picture, for we hear nothing more
about him.

Whitehead, however, who knew Luppis
and, also, the details of his invention, found
a peculiar fascination and satisfaction in
working upon the details of a torpedo which
would travel under water and steer itself.
He put in a couple of years of hard and
persistent effort and eventually produced a
compressed -air driven torpedo which showed
itself to be capable of travelling some 700
yards at an average speed of seven knots.

After this, Whitehead devised a special
type of depth control mechanism to keep his
torpedo at a fixed depth during its travel
through the water. This was the mechan-
ism which gave to the torpedo its first
practical success.
Torpedo Trials

In July, 1870, a number of torpedo trials
took place off Sheerness, and they were

ENGINE. CHAMBER

GYROSCOPE APPARATUS

witnessed by a committee of Admiralty
experts. In spite of the fact that the results
of the trials were by nc means satisfactory
in all respects, the panel of Admiralty men
reported very favourably on Whitehead's
invention, with the result that in the
following year this inventor sold his patent
rights to the British Government for the
sum of £15,000.

Other countries, too, purchased torpedo -
making rights from Whitehead. The French
nation negotiated for such rights with
Whitehead in 1872, whilst in the following
year the German and the Italian Govern-
ments acted in like manner.

Whitehead, now a man of position and
affluence, continued to experiment cease-
lessly with a view to perfecting his death-
dealin ignvention. He introduced one
improvement after another, until, eventu-
ally, the torpedo became an almost in-
fallible, albeit an extremely costly device.

Recent improvements in torpedoes have,
naturally enough, become the closely -
guarded secrets of the nations in which they
have been effected. Nevertheless, in its
essentials, even the modern naval torpedo
functions on the principles laid down so
many years ago by Whitehead, it being,
indeed, doubtful whether-short of a mode
of utilising atomic power-any more
effective operating principle for such a
weapon could possibly be devised.

Principle of the Torpedo
In principle, the modern torpedo is simple

enough, but in detail it is an extremely
complicated device. The torpedo, as is now,
perhaps, perfectly well known, comprises a
cigar -shaped metal tube which is fired at a
ship from a position either above or below
the water line and which is capable of
propelling itself in a perfectly straight line
and with a very high velocity towards the
object of its attack. Having made forcible
impact with the latter, the charge of high
explosives contained in the torpedo is
detonated, resulting in an explosion and the
consequent destruction of both the attacked
vessel and the torpedo.

The explosive charge of the torpedo is
carried in its head, beyond which projects
the percussion device which, on making
impact with any solid body, immediately
detonates and so brings the explosive charge
into violent and destructive action.

Immediately behind the explosive head
or compartment of the torpedo is the air
reservoir which, in most modern types of
torpedo, comprises a steel tube of very high
tensile strength. It is, indeed, virtually, a
travelling air cylinder, and into this, purified
air is pumped to a very high degree of
compression.

COMPRESSED AIR CHAMBER

DEPTH CONTROLLING APPARATUS

EXPLOSIVE HEAD

PRIMARY CHARGE

Showing, the internal construction of a torpedo
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Naval Warfare
and uses of a Potent and World-wide Weapon

The Balance Chamber
At the rear of the air reservoir comes the

" balance chamber " of the torpedo, whilst
behind this is situated the engine chamber.
Finally, an " after -body " carrying the tail
and propellers of the torpedo completes the
assembly of this much -used missile of naval
warfare.

The reader may be surprised to know that
before the air conies into contact with the
engine, it is actually heated by means of a
petrol burner. This heating results in the
giving of an increased amount of energy to
the air escaping from compression. Usually,
in order to prevent the heating device from
attaining too high a temperature, water is
injected into it, the water being obtained
from storage tanks formed around the
compressed -air reservoir.
The Engine

The heater operates within a sort of
combustion chamber into which air escapes
from the compression reservoir via a delicate
type of reduction valve. Petrol is also
sprayed into this chamber in quantity which
is automatically regulated by the amount
of air entering the chamber. In this
chamber the petroleum vapour is ignited by
means of a slow -burning fuse. Thus it is
that a mixture of compressed air, burning
petrol vapour and steam is passed on to the
engine cylinders at a considerably high
temperature.

The engine of a modem torpedo is a
masterpiece of mechanism. It is frequently
of a three or four cylinder type, automatic-
ally lubricated, and capable of developing
about 500 b.h.p. Many portions of the
engine are cooled by a circulation of sea-
water which is automatically pumped
through it from an opening in the side walls
of the torpedo.
Lubrication and Cooling

The greatest attention has to be paid to
the adequate lubrication and cooling of the

torpedo engine, for if, as is many times the
case, the torpedo " breaks " sea by leaping
above the waves for even a few seconds, the

. . . going . . .

gone

engine, were it not adequately lubricated
and cooled, would instantly heat up and
fuse into a solid mass even within that short
space of time.

From the engine, two concentric pro-
peller shafts pass through the tail or

after body " of the torpedo, each of these
shafts carrying a propeller. This propeller
mechanism is so arranged that the two
propellers revolve in opposite directions,
this being necessary in order to rid the

Firing a torpedo from a British warship

Going . . .

travelling torpedo of any heeling movement.
Perhaps more interesting even than the

amazingly efficient engine which propels the
torpedo through the waves is the delicate
mechanism which keeps it on a true course
and, also, the means whereby it is enabled
to travel through the water at any required
depth.

Keeping a True Course
Torpedo inventors and designers experi-

enced their greatest difficulties in keeping
the missile on a true course through the
water. Without such a mechanism the
torpedo might even describe circles in the
water, and, although, in some instances, it
might only stray out of its course by a very
small amount, such a deviation would be
sufficient to render it ineffective when
attacking an enemy ship.

Not a few devices were tried out for the
above purpose of keeping a travelling
torpedo in a straight line, but, eventually,
the gyroscopic mechanism proved itself to
be the most satisfactory for this purpose.
Nowadays, as is well known, a torpedo is
kept on its course by means of the revolu-
tions of a small gyroscopic flywheel, weigh-
ing, perhaps, two or three pounds. This
gyroscopic wheel is gimbal -mounted, and it
is caused to run at extremely high dpeed.
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The Gyroscope
The -means by which the gyroscopic wheel

maintains the torpedo on a straight course
is 'really very simple in principle. It is
dependent upon the fact that the axis of a
well-balanced flywheel tends always to
point in the one direction during the
rotation of the flywheel, the flywheel itself
tending always to rotate in one and the same
plane.

Now, if, during the run of the torpedo.
the latter tends to deviate from its course,
the high-speed gyroscope flywheel remains
in its original position. By so doing,
matters are so arranged within the gyroscope
compartment of the torpedo that the
gyroscope makes impact upon a projecting
cam which actuates a small valve admitting
air to a miniature cylinder. This latter
operates a control yudder and so brings the
torpedo back into line.

The depth control of the torpedo is
usually effected by means of a small hydro-
static piston operated by the external
pressure of the water. This acts on a valve.
which controls the diving fins of the torpedo
and so compels the travelling missile to
remain at a given depth under the water.
This depth control gear is necessarily a very
delicate one, and it has to be very accurately
adjusted in order that the torpedo may not
alternatively leap above the waves and dive
too deeply under them.
The Tubes

Torpedoes may, in general, be fired from
" tubes " or cylinders which are carried by
a ship or submarine below the water line, or,

alternatively, they may be projected from
similar tubes which are situated above the
water level. In the latter case, the torpedo
will leap from the elevated tube into the
water and, sinking to its predetermined
depth, will travel in a straight line towards,
its object with an almost incredible velocity
and precision.

Practically the entire wartime utility of a
torpedo is dependent upon its ability to
travel in a straight line and at a very high
speed towards the object of its attack. It is
often essential, or, at least preferable, that
the torpedo should travel below the water
surface so that its presence may not be
revealed until the fateful moment.

An average run for a torpedo is of the
order of 3,000 yards, and, at a speed of some
45 knots, it will perform this journey in
about 120 seconds. The torpedo engine unit
must be so designed and constructed that
it attains maximum speed within a few
seconds after the firing of the torpedo. This
vital requirement is attained In practice not
through the existence of any special device,
but, rather, in virtue of the great care and
thoroughness with which the torpedo is
designed and constructed.

Firing
A torpedo may be fired from a ship or a

submarine either by means of compressed
air or through the agency of a small charge
of explosive. Torpedo firing tubes of the
submerged type are usually fixed in direc-
tion, but those of the above -water variety
can be trained on any object as desired.

Just before firing a torpedo which has

been loaded into its tube, the interior
gyroscope flywheel is set into rotation by
the release of a strong spring and/or by a
compressed -air jet. As the torpedo is
projected forcibly from its firing or im-
pulse " tube, a projection within the tube,
automatically engages a lever or arm on the
side of the torpedo. This opens the main
air -reservoir valve and thereby sets the
engin,e into motion, releasing, at the same
time a number of automatic mechanisms
which all play their part in bringing the
torpedo to bear speedily and accurately
upon its chosen quarry.

Average Life of a Torpedo
The average " life " of a torpedo, once it

is set into action, is, as we have already seen,
about a couple of minutes. Then this closely
compacted assembly of many mechanical
ingenuities and automatic devices must
inevitably share the fate of the object of its
attack, which is to be blown to pieta.

It is, indeed, a curious commentary upon
the creative mind of man that it is capable
of devising and that it is, indeed, willing
to invent some of the most marvellous and
efficient trains of automatic, powerful and
yet ultra -delicate mechanisms with the full
knowledge that they can only be used for
destruction and that, having destroyed,
they will themselves also be annihilated.

There is, indeed, no constructive use fora
torpedo. But a motor car normally operat-
ing at the efficiency of a modern torpedo
would be an article of amazement the world
over, and, as such, would contribute greatly
to the happiness of civilisation generally.

NEWS OF THE MONTH
Ideas that are

Conveniently Cleaned Kennel
A POET has said,' 'Tis sweet to hear the

watchdog's honest bark." This is
true, although not only the burglar but the
average listener finds too much of the
honest bark disconcerting. Still the loyal
animal deserves to be housed in a manner
which ministers both to his health and his
comfort.

It is a fact that kennels and also hutches
of the usual type are not always easy to
clean. One cannot conveniently reach the
interior and scrub the corners and inmost
recesses with that thoroughness which is
necessary in order to do the job completely.

With the object of facilitating the work of
cleaning, a kennel has been contrived with
walls pivotally attached to their corres-
ponding margins. As a consequence, these
walls are capable of being turned outwardly.
This will make it easy to apply distemper
whose namesake is often so disastrous to
puppies.

Coloured Targets for Darts
THE game of darts, during recent years,

has become increasingly popular. It
has also gained in respectability, if I may
say so, without reflecting upon the social
tap -rooms with which at one time it was
almost entirely associated. To -day, for
example, at A.R.P. posts, the worthy
wardens-ceaselessly on the qui vire for air
attacks-beguile the period of waiting by
throwing feathered missiles at a long-
suffering target.

An application has been accepted for a
patent in this country relating to an
invention, the purpose of which is to enlarge
the possibilities of the game of darts. The

Novel and New
device consists in the provision of' a dart-
board of a number of individual targets
which may be of different colours, shapes
and sizes. These targets may be coloured
after the manner of the balls used in the
game of snooker. In that case, darts could
be played to similar rules. There may be,
for instance, an outer ring of red targets
and radially arranged yellow, green, brown,
blue, pink, and black targets.

Each target is mounted in a cup or shell
of metal or some other rigid substance and
is composed of material into which a dart
can easily penetrate. The targets are

A DICTIONARY OF
METALS AND THEIR

ALLOYS
This book is a handy and straight-

forward compilation of salient and
useful facts regarding all the known
metals and nearly all the known
commercial alloys. Chapters are also
included on polishing; metal spraying,
rustproofing, metal colouring, case-
hardening and plating metals, whilst
there are numerous instructive tables.

The book costs Ss. or by post 5s. 6d.,
and is obtainable from all booksellers
or the publishers:

GEORGE NEWNES LTD. (Book
Dept.), Tower House, Southampton

Street, London, W.C.2

detachable, and one object of the invention
is an improved method of attaching these
targets.

Pocket Darts
THERE hail also appeared another con-

trivance connected with the game of
darts. The aim of the inventor is to furnish
a type of dart which can be conveniently
carried in the pocket or paper containers.
The enthusiast who prefers to use his own
dart will now be able to convey it to the
place of play without risking damage to
his pocket, his hand or the dart.

According to this invention, when it is
proposed to pocket a dart, the nose is
detached, the point is taken out and reversed
and the head is reinserted in a recess. The
nose is attached to the main portion of the
body, in a bore of which the point is accom-
modated. Thus it can be carried on the
principle of a pencil protector.

Audible Railway Signal
IN the present age, when the ingenuity of

the inventor is so evident in every
department of life, one may legitimately be
allowed to express surprise that a really
effective method of railway fog signalling
has not yet been conceived. What is
required is a foolproof system, so that even
a blind motorman could pilot his train with
perfect safety. A patent which appears to
be at least in this direction has been granted
in the United States. The device is officially
entitled "Audible Railway Signal," and
includes a diaphragm valve. In foggy
weather, such a signal, though invisible,
would orally authorise a driver to stop or
proceed. This would relieve a railway
company of the necessity of using the
ordinary fog signal, whose detonation some-
what resembles that of an enemy bomb.
Moreover, in war -time, such a signal might
take the place of lights, which are hostile
to the black -out and extend further than
a modulated sound would reach.
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The Driving Force of the Atmos Clock is as

Near Perpetual Motion as we are Likely to

Attain. It Relies Upon Changes of Temperature

to Supply the Winding Energy

THE Atmos Clock, strictly speaking, is
not perpetual motion, but to all
intents and purposes it can be claimed

as such, because there is no necessity for
winding it by hand, mechanically or elec-
trically. It is propelled simply and surely
without any human intervention by the
variation of temperature and barometric
pressure. The variations need only be
minute. A change of 21 degrees centigrade
gives 41 hours winding power. The temper-
ature is constantly changing and during 24
hours it is probable the clock is energised
with a fortnight's reserve winding force.
Even in centrally heated buildings this
minute variation occurs.

Experience proves that throughout the
world -the daily variation of temperature is
much greater than 21 degrees, and it is
obvious, therefore,
becomes accumulated. This is stored in a
specially long mainspring which more or less
remains under constant pressure at its
maximum working capacity. With this
reserve there is sufficient power to last one
year even if the clock is placed in a vacuum
where there is no change of temperature.

The Movement
The originality of the Atmos is not con-

fined to the power unit. The movement it-
self is unique in that, owing to the extremely
slow action of the moving parts (there is
practically no wear and tear), together with
the extra fine precision finish, the use of oil
has been eliminated. This removes at once
one of the most serious sources of trouble in
the maintenance of clocks, as oil in time
becomes dry and sticky, thereby necessitat-
ing a clock to be periodically cleaned.

A very important advantage of the Atmos
11 is the simplicity and precision of the
means of regulation. Owing to the remark.
able constancy in the power tension the
regulation is very sensitive. One complete
turn of the regulating wheel produces a
variation of only 12 seconds per 24 hours.
It will be seen, therefore, that the adjust-
ment is almost micromic. The balance
oscillations of the ordinary escapement
clock are 432,000 per 24 hours, but in the
Atmos they total only 2,880.

The Temperature Motor
The Atmos motor consists of a drum.

marked (1) in diagram, in the interior of
which is assembled a flexible metallic
bellows (2). The space between the bellows
and the outer drum casing (4) is hermetically
sealed and contains ether -chlorine in gas
form.

With the slightest decrease of temper-
ature some of the gas will liquify (at 3),
and the interior pressure of the bellows will
be lowered. A spring (5) under compression
is mounted on the central surface of the

bellows (6). This spring tends to keep the
bellows in the open position as in the
diagram. We will refer to this as the
" compression spring."

When, on the other hand, the gas pressure
is increased, the spring becomes further com-
pressed and the bellows close like an
accordion. When, later, the gas pressure
may fall, the action is reversed-the
springs expand, forcing the bellows open
again.

A sectional view of the motor of the Atmos clock

Barometric Pressure
The change in barometric pressure also

comes into play. If it is increased, the
compression spring is assisted in forcing the
bellows to the open position. If the baro-
metric pressure is decreased the internal
pressure of the bellows has less exterior
opposition. It will be seen, therefore, that
the effect of barometric pressure, although
of secondary importance in providing the
winding power, assists materially in livening
up the accordion -like action of the motor.

Working within the compression spring
(5) is a smaller spring which indirectly
provides the winding power. It is fixed
to the body of the clock and the other end is
free. The spring is always under com-
pression. At the extremity, adjacent to
the bellows, is fixed a fine chain (8) which
passes over a pulley (10), and is then
attached to a larger pulley (11). This is
fixed with ratchet action on the spindle in
direct drive with the mainspring of the
clock.

The Atmos II clock which can be obtained in
bronze -gilt or chromium. It measures 9+ in. X

8+ in. X 6,* in.

Winding the Mainspring
A fine coil spring (12) is mounted on the

side of the main pulley drive for the purpose
of taking up the slack in the chain when the
bellows are being compressed. As the
bellows expand again the pull on the chain
turns the driving pulley and winds the main-
spring.

The centre surface of the bellows has an
area of 80 sq. ems. A difference in temper-
ature of 1 degree centigrade will cause a
variation in pressure of 50 grms. per sq. cm.
The working force, therefore, is 4 kilo-
grammes (81 lb.) per 1 degree centigrade
change in temperature. The maximum
compression of the bellows is 40 kilo-
grammes.

Provision has been made by which the
clock cannot be overcharged with power.
The maximum power of the intermediate
spring (9) is lower than that of the clock
mainspring so that if the mainspring is
wound to full working pressure the inter-
mediate spring can only expand itself to the
point where it balances the mainspring
and there remains. As the clock runs down
so does the pressure of the mainspring fall.
As there is a reserve in the intermediate
spring the power is automatically returned
to the mainspring which, therefore. must
remain at a constant pressure. It could only
be in artificial conditions that the inter-
mediate spring ftilly expanded itself before
the mainspring had reached its maximum
working pressure. In practice, the tension
of the mainspring is maintained at almost
constant pressure-a very great advantage
for precision timekeeping.

Features
The advantages of the Atmos clock is

that the pendulum is suspended on an
Elinvar spring which is unaffected b y
temperature changes, thereby assuring
accurate timekeeping in any climate. The
constant driving force ensures maximum
precision and it eliminates the human
element-forgetfulness. There is no electri-
cal problems as with electric clocks and
there is no wear and tear on moving
parts.

The Atmos clock is manufactured by
Jaegar-Le Coultre, one of the largest and
oldest established watch factories in Switzer-
land, and the distributers for Great Britain
and the colonies are De Travers, Ltd., of
88 Regent Street, London, W.1.
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WATER power is not available to
any considerable extent in
England, for although there are

plenty of streams, the land is frequently
too flat to provide a good head. Also the
water flow is liable to considerable variation
between wet and dry weather conditions.
The picturesque old water mills that are
still to be seen are being superseded by
giant factories, or possibly the water wheel
may be replaced by an oil engine.

A waterfall is always a source of power,
but a slow stream flowing through meadow -
land is not. If it is possible to raise the
level of the stream a few feet by building a
dam without flooding the surrounding
country, a head of water equal to the height
of the dam is obtained and the stream
becomes a source of power.

When considering the question of water
power, the first step must, of course, be to

... see if the required power is available, and
to do this it is necessary to ascertain the
quantity of water flowing per second and
the height through which the water can
fall, or in other words we want to know
the " flow " and the " head."
A Wooden Dam

The flow of a small stream can be arrived
at by building a wooden dam or weir with
a rectangular notch in the top as shown
in Fig. 2. The depth of water flowing over
the bottom of the opening will, in conjunc-
tion with Table I, give the flow in cu. feet
per second. The depth should not be
measured at the opening itself, but should
be measured in still water not too near the
opening, as shown in Fig. 2.

" An approximate estimate of the flow can

Harnessing Water
Practical Methods of Obtaining Power

be made withoutthe weir by
measuring the
average width
and the average
depth of the
stream over a
straight stretch
of, say, 20 yd. to
30 yd. Then place
a well -submerged
float (a bottle
partly, filled with
water will do) in
the middle of the
stream, and time
the rate at which
it moves, thus ob-
taining the vel-
ocity of the water
in the middle of

Fig. I. -A
simple arrange-
ment for a
Pelton wheel

the stream. The flow and power available
can be worked out as follows :-

W = Average width of stream in feet.
D = Average depth of stream in feet.
V = Velocity at centre in feet per second.
F = Flow in cubic feet per second.
H = Head of water in feet (measured

from surface of water above weir
to surface below).

P = Horse -power available.
F ---WxDxVx.7

WxDxV)<H>< 43.7
550

If the notched weir method is used in

Fig. 2 -A notched weir for measuring water flow

I

conjunction with Table I, the horse -power
will be :-

P -Fxllx 62.4
550

Horse -Power
As an instance, suppose the stream has an

average width of 9 ft., average depth
2 ft. 3 in., flow .8 ft. per second, and you
can arrange a head of 4 ft., then the power
will work out at 5.15 h.p. But the full
power cannot be obtained in practice as no
water motor is 100% efficient, so suppose
we use a water -wheel with an efficiency of,
say, 60%, then we might reasonably expect
to obtain about 3 -h.p. Tbis may not seem
very much for a stream of this size, but this
is because there is only a small head. If
this same stream were flowing down a
mountain and a head of 200 ft. were avail-
able, one could quite reasonably expect a

WATER JET

L

Fig. 3.-Bucket casting for a Pelton wheel

power output of about 150 horse -power,
or even more, because the efficiency would
be higher than with a water -wheel.

If the water supply appears to be capable
of developing the power required, the next
step is to consider the type of water -motor.
These may broadly be divided into three
classes as follows :-

(a) Water turbines, of which there are
many different kinds, in all sizes, developing
up to tens of thousands of horse -power.
When properly designed for the work they
have to do they are suitable for any head
of water from the lowest to the highest.

(b) Pelton wheels, particularly suitable
for high heads and small flows.

(c) Water -wheels of the paddle or bucket
type suitable for low heads with a large
flow of water.

Turbine and Water -Wheel
A turbine may be distinguished from a

water -wheel in that it has two concentric
rings of vanes, one ring remaining stationary
and serving to defiect.the water on to the
ring of moving vanes. As some indication
of the variations in design of this type of
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Power
From Small Streams

water -motor, there are inward radial flow,
outward radial flow, and axial flow turbines,
and these may have horizontal or vertical
shafts. Such machines are rather beyond
the capacity of the amateur mechanic, also
a great deal depends upon their design and
the suitability for the particular purpose in
view. The study of water turbines is a
very involved affair, and it is recommended
that the maker's advice be sought and the
proper machine purchased from one of the
firms of hydraulic engineers who advertise
in the engineering periodicals.

A Pelton wheel, however, should not be
beyond the capability of an amateur to
construct, but careful consideration should
be given to the design before construction
is begun.

Assuming that the supply of water is
ample, the power developed will depend
upon the effective head of water and the
size of the jet. Table II gives this informa-
tion for various conditions, all figures for
horse -power being arrived at assuming an
efficiency of 75%.

Pelton Wheel
Fig. 1 shows a suggested general arrange-

ment for a Pelton wheel ; it should, of course,
be covered in to prevent spray being thrown
about in all directions. The diameter of the
wheel should be worked out that will give
the required number of revs. per minute

re"
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when its peri-
pheral velocity is
as given in Table
II. Obviously the
smaller the wheel
the higher the
r.p.m.

The number of
buckets should be
arranged so that
there is always
one in line with
the jet; the mini-
mum number to
achieve this result
should be used.
There is no advan-
tage in putting on
more buckets than necessary. A pattern
should be made for the buckets (see Fig. 3)
and the required number of castings ob-
tained. The size of the buckets is not of
first importance, the main point being that

DL

#14
- TAIL RACE

Fig. 6.-A breast wheel

PARALLEL

1.4-trj. 60
PAPER

Fig. 4.-A nozzle for a Felton wheel

the water should
flow smoothly and
without spray
until leaving the
bucket. The
radius inside each
semi -bucket may
be, say, about two
to three times the
diameter of the
jet, the central
division sh ould
have a sharp
edge, but the cups
should be rather
less than a semi-
circle in shape so
that the water
when discharged
from the bucket
flows clear of the
next bucket.
About a dozen
such castings
bolted to an old
motor - car wheel
should make a
satisfactory Pel-
ton wheel provid-
ing the diameter
is suitable for the
r. p. m. required.
One-half of a rear
axle could also be
adapted to form
bearings for the
wheel,the drive be-
ing taken off of the
differential end.

Shape of Nozzle
The shape of

rJ

Fig. 5.-An undershot
water -wheel

the nozzle is an important detail. The
inside must be smooth and well finished,
and there must be no sudden change of
diameter. Any elbows or junctions in
the supply pipe should also be kept
well away from the nozzle, as also should
the stop -valve. A nozzle made of brass
or gunmetal on the lines of Fig. 4 should
give good results; the constant taper
is not theoretically the best shape, but it is
easier to make and there will be very little
loss of power compared with the theoretical
nozzle. A roughly made or makeshift
nozzle will, however, waste a high propor-
tion of the power available. Extra nozzles
can be arranged to work on the same wheel
if it is desired to increase the power and
there is sufficient water available.

The arrangement of the supply pipe is
of great importance if waste of power is to
be avoided. It should as a rule be not less
than three or four times the diameter of the
jet if the pipe is very long, and should be as
free as possible from sharp bends or elbows.
It will be noticed in Table II that
" effective " head is referred to. The reason
for this is that there must always be a
certain amount of loss of head due to friction
in the supply pipe, and loss of head means
loss of power. Table III is given to show
loss of head in feet for various diameters of
pipe and various rates of flow, so that the
reader can work out the probable loss for
his own installation. A study of this table
will indicate the importance of a large
supply pipe.

For low heads of water large quantities
have to be dealt with and for such conditions
a water -wheel is suitable. These are
usually large for the power developed, but
as they can be made principally of wood,
they may yet be within the capability of an
enthusiastic- handyman.

Undershot Wheels
Undershot wheels may be used for heads

up to, say, 6 or 7 ft., and should be arranged
as shown in Fig. 5. The thickness of the
water stream should not exceed 10 inches
but may be of any required width. A sluice
should be provided to regulate the flow.
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Fig. 7. -An overshot wheel may
be used where the head exceeds

10 ft. or so

The paddles should be inclined to the
radial line and should be at least twice the
depth of the stream of water. Note the
step below the axis of the wheel to allow the
water to fall clear directly it has done its
work. The velocity of the stream of water
can easily be calculated when the head is
known and its value in feet per second will
be eight times the square root of the head
measured in feet. The peripheral velocity
of the water -wheel should be between half
and .6 of the water velocity for best results,

Fig. 8.-
Propor-
tions of

buckets for
overshot

and breast
wheels.
There

should be
_ _about two

buckets for
each foot

in diameter
of the water
wheel, and

the wheel
should be
arranged

to deal with
the required
quantity of

water
without

waste over
the tops of
the buckets

and the wheel
diameter and
r.p.m. should be
arranged to give
the required
peripheral speed
at full load. The
power developed
may be cal-
culated when the
head and quan-
tity are known,
as explained at
the beginning of
this article and
an efficiency of
50% assumed.

For heads be-
tween 6 ft. and
12 ft. a " breast
wheel " is used
(Fig. 6). If the
water enters the
wheel above its
centre it is called
a high -breast
wheel, or if below
the centre a low -
breast wheel.
There are several
variations in this
type' of wheel,
chiefly in the
manner in which
the water is fed to
the wheel. They
cannot be dealt
with fully here,
but the same
general principles

discussed earlier apply. These wheels
work by the weight of the falling water,
and consequently carry a series of buckets
on heperiphery to hold as much water as
possible.

Overshot Wheels
Overshot wheels (see Fig. 7) may be used

where the head exceeds 10 ft. or so, and in
this case the wheel should be made as large
as conditions allow, as long as it does not
dip into the water in the tail race. It will
be seen that this type of wheel rotates in the
opposite direction to the undershot and
breast wheels, and being worked chiefly
by the weight of the water carried on the
wheel it is provided with buckets like the
breast wheel. There should be about two
buckets for each foot in diameter of the
water -wheel, and the proportions should
be as shown in Fig. 8. The power can be
calculated as already explained and the
width of the wheel should be arranged to
deal with the required quantity of water
without waste over the tops of the buckets.

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
formula' 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

Flow in cubic feet per second ..

TABLE I

1

Depth of Water in inches

2 3 4 5 6 7 8

.08 .225 .414 .637 1.890 1.17 1.47 1.80

9

2.15

10 11 12

2.52 2.90 3.31

TABLE Il

Dia. of
jet

Effective Head Feet
10 20 30 40 50 60 70 80 90 100

I inch
.03 .08 .75 .24 .33 .43 .55 .66 .80 .94

Horse Power
E = 75%)

.03 .05 .06 .07 .08 .085 .09 .10 . .105 .11 Cub. ft. per sec.

1 inch
.12 .32 .61 .95 1.3 1.7 2.2 2.6 3.2 3.7

Horse Power
E = 75%)

.14 .19 .24 .28 .11 .34 .37 .39 .42 .44 Cub. ft. per sec.

11 inch
.27

.31

.5

.72 1.35 1.76 3.0 3.9 5.0 6.0 7.2 8.5
Horse Power
(E = 75%)

.44 .54 .62 .70 .76 .82 .88 .94 1.0 Cub. ft. per sec.

2 inch
1.3 2.4 3.8 5.2 6.0 8.8 10.6 12.8 15

Horse Power
(E=75%)

.55 .78 .06 1.10 1.24 1.35 1.46 1.56

36

1.66 1.75 Cub. ft. per sec.

13 18 22 2.i 28 34 34 38 40
Peripheral Vel.

Feet per sec.

TABLE 111

Water
velocity
in pipe
feet

Diameter of Pipe, Inches

per
second 1 2 3 4 5 6 7 8

2 2.37 1.18 .80 .60 .47 .39 .34 .30

3 4.9 2.4 1.6 1.2 1.0 - .80 , .70 .60

4 8.2 4.1 2.7 2.0 1.6 1.4 1.2 1.0 Feet loss of
head 100 ft.

5 12.3 6.2 4.1 3.1 2.5 2.0 1.3 1.5
per

of straight pipe

6 17.2 8.6 5.7 4.3 3.4 2.9 2.5 2.1

7 22.9 11.5 7.6 5.7 4.6 3.8 3.3 2.9
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The Principles of the
St bm rinePart 2

/ff y R. L. Mwughan, M. Sc., A hist P

The Periscope is the Eye of the Submarine, and In
event Yr ars has eveloped Added Roving Powers

so that it can View the Sky as well as the Sea
THE water ballast tanks carried by a

submarine are of two types. These
are the main water ballast tanks which

are arranged symmetrically about the keel
in the spaces between the inner pressure
hull and the outer hull, and the smaller
auxiliary trimming tanks which are lodged
in the narrow confines at the extreme ends
of the hull. The main water ballast tanks
have a larger capacity and take the bulk of
the water necessary to destroy the reserve
buoyancy of the boat to bring about its
submergence. Each tank is fitted with two
valves, one in the tank bottota giving direct
access to the sea and the other in the top of
the tank to act as an air vent. When the
submarine is in the normal surface cruising
condition these tanks are filled with air at
or just over the atmospheric pressure, the
air valve being closed and the sea valve
open and under the surface. The onrush of
sea water through the open valve is pre-
vented by the pressure of the air trapped in
the tank, and any partial flooding of the
tank due to an extra surge of water through
the valve is combated by the automatic
compression of the enclosed air.

Diving
A dive is initiated by the simple operation

of opening the air vents in all the main
ballast tanks to allow the sea to enter under
its own pressure through the lower valve,
the air being forced out through the open
vents. When the tanks are filled with sea
water the air valves are closed and the sea
valves left open in readiness for the reverse
operation of discharging the tanks. At the
end of the dive the hydroplanes are rotated
into the neutral position and the submarine
enters upon its underwater course in a
horizontal line. Recourse is made if neces-
sary to the auxiliary trimming tanks in
order to adjust the boat to a level keel.
There are two of these tanks, one at either
end of the submarine hull, and permanent
communication is established between them
by a tube which traverses the length of the
boat. In the normal working condition
they are shut off from the sea, but hold a
small amount of water which may be trans-
ferred wholly or in part from one tank to the
other by a water pump operating through
the connecting tube. A small transference
of weight in this way from one end of the
submarine to the other is usually sufficient
to correct the delicate poise of the vessel
and to bring it to an even keel when in the
submerged condition, but a continuous
transference is necessary while the boat is

being navigated on the surface under the
motive power of its Diesel engines in order
to counterbalance the redistribution of
weight which occurs when fuel oil is removed
from the storage tanks and consumed by the
engines.

The Main Tanks
The main tanks are emptied when an

ascent to the surface is to be made by blow-
ing the water out through the open sea
valves under a blast of air. This air is stored
in a highly compressed state in cylinders
housed within the hull, and is supplied to the
ballast tanks through a valve which is
directed towards the pressure hull wall inside
the tank. The strength of this hull is easily
sufficient to withstand the impact of the air
blast and leaves the less robust wall of the
tank formed by the outer hull plates to take
the smaller strain of the pressure difference .

between the external sea water and the
internal blown air. The cylinders are
recharged when the submarine rises to the
surface, the air supply being drawn direct
from the atmosphere through open hatches
by an air compressor worked from the
Diesel engine drive. As a precaution it is
customary to store at any one time an
adequate supply of air to be able to discharge
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the ballast tanks several times over if
necessary.

Although submarine construction dates
from the year 1624 when the Dutchman,
Cornelius van Drebbel, built a vessel out of
wood and leather and successfully demon-
strated its practicability as an under -water
craft by propelling it with oars slotted
through flexible leather glands in the sides,
it was not until 1902 that the periscope
became a permanent feature of the sub-
marine. Previous to that date submarines
travelled Mind and were obliged to make
frequent visits to the surface in order to
take cognizance of their whereabouts,

The Periscope
The periscope is the eye of the submarine,

and in recent years has developed added
roving powers to enable it to view the sky
as well as the sea. In structure a periscope
is really a set of three telescopes arranged
end to end in a vertical tube with a prism
at the top and bottom of the tube. The
upper prism serves to reflect the light from
the sighted object into the top of the tube
and the lower prism from the bottom of the
tube into the eye of the observer, while the
telescopic system in between produces
the necessary magnification. The optical
arrangement of the instrument is illustrated
in Fig. 6. Any system of lenses, prisms and
mirrors which receives a parallel beam of
light at one end and transmits a parallel
beam from the other end after converging
or diverging it in between is said to be
telescopic. It will be seen from Fig. 6
that by this definition the two lenses C and
D form one telescope, the three lenses E, F,
and G a second, and the remaining system
HKLMN a third. A telescope is made up

(n) (b)

Fig. 7.-Showing elevation of view operated by
upper prism

eEs mtially of two lenses,' the first the
objective to receive the parallel beam of
light from the sighted object, and the second
the eyepiece to transmit a parallel beam to
the eye of the observer. If the lenses are
both convex the telescope is said to be
astronomical and produces an inverted
image of the viewed object. If the objective
is convex and the eyepiece concave they
form a Galilean telescope which produces an
upright image.

Simple Instruments
In practice single-lens objectives and

eyepieces are employed only in the very
simplest types of instrument where slight
distortion of the image due to spherical
aberration and slight colouring of the image
edges due to chromatic aberration are not
considered as serious defects. Where it is of
the utmost importance to record the true
form and colouring of a sighted object as it
is in the periscopic observation from a -sub-
marine, objectives and eyepieces each con-
sist of a series of convex and concave lenses
cemented together to form compound lenses
which are free from colour and distortion
defects, that is they are both achromatic and
anastigmatic. Compounds of this type are 
represented in Fig. 6 by the twin lenses D, E,
G, H, N. Since the periscope tube contains
the equivalent of two astronomical telescopes

(EFG and
HKLMN),
each of which
inverts the
image, and
one Galilean
telescope
(CD), which
keeps the
image up-
right, the
final image
produced by
this corn-,
bination will
also be up-
right. In
addition
there is an
inversion at
each .prism
reflection, so

LIGHT ENTERING
EYE OF OBSERVER

b`
LIGHT BEING RECEIVED
FROM SIGHTED OBJECT

Fig. 6.-Vertical section of a
periscope showing the optical
system and path of the central

beam

that the ulti-
mate image
seen by the
observer will
still remain
upright. The
twisting of
the beam of
light to pro-
duce these
successive in-
versions may
be traced in
Fig. 6 in the
courses of
the extreme
rays of the
beam mark-
ed " a " and

b"
Galilean
Telescope

The pur-
pose of the
Galilean tele-
scope is to
provide the
periscope

with two different powers of magni-
fication. It will be seen from Fig. 6
that the Galilean telescope is reversed
with respect to the observer's eye and the
two other astronomical telescopes, its con-
cave eyepiece C being situated between the
upper prism B and its convex objective D
which is directed towards the objective E,
belonging to the middle telescope. When
all the lenses are aligned along a common
axis the observer has a view through three
successive telescopes, but as the end
telescope is reversed the view obtained has
a low -power magnification and the image
is not much enlarged. The advantage of
this low -power vision is that rapid recon-
naissance may be made over wide tracts of
seascape or sky by rotating the periscope
about its vertical axis through a relatively
small angle. When the high -power mag-
nification is required the Galilean telescope
is swung out of the line of vision to leave the
two astronomical telescopes to bear upon
the object with their added powers freed
from the effect of the reversed Galilean
telescope. Under these circumstances, the
field of view is well filled by the highly mag-
nified image, and the minute examination of
details is possible over a necessarily limited
range of vision. It will be appreciated that
the removal of the Galilean telescope to
increase the power of the system rather than
a reversed astronomical telescope does not
alter the number of inversions of the image
during the course of the beam from the
periscope window to the observer's eye, and
so the final image still remains upright.

In the modern submarine the periscope's
range of vision is made to extend to the sky
as well as to the surface of the sea. For this
purpose the upper prism is made to rotate
about a horizontal axis in order to incline
its reflecting surface at a smaller angle to
the vertical. In this position light received
from higher altitudes is received on the
surface of the prism presented to the window
and is reflected from the back surface down

' through the system of telescopes into the
eye of the observer. (See Fig. 7.)

Keeping out the Sea
The sea is prevented from entering the

periscope by means of the plate glass win-
dow built into the tube head. (A in Fig. 6.)
And the remainder of the tube is a water-
tight metal casing which passes through a
water -tight gland pierced through the hull
to emerge above the conning tower. The
tube is raised to its full length when obser-
vations are to be made, and withdrawn
through the gland when the submarine
submerges, by the power of the boat's
electric motors. The unquestioned import-
ance of the periscope as part of the sub-
marine's equipment is responsible for the
continued study and experiment devoted to
its design and construction by the expert in
metallurgy as well as in optics and engineer-
ing, The metal of the periscope tube is a
bronze which has, at the same time, the
property of being able to resist corrosion
through prolonged contact with sea water,
the required rigidity to withstand the strain
of being forced broadside on through the
water as the submarine proceeds on its
course, and the merit of being totally non-
magnetic which prevents it from influencing
the boat's navigation by disturbing the
compass card.

Fig. 8 illustrates the external mechanism
at the base of the periscope tube by means
of which the observations are controlled.
The eyepiece E, with its guard ring of rub-
ber, is centred in the base of the tube-
which also carries the control screws S and
T which are used to move the lenses in the
adjustment of the periscope focus. Two
arms AB protrude from the base piece and
by means of them the base and the entire
column of the periscope above it may be
turned about a vertical axis in order to
make the line of vision sweep through any
desired angle in a horizontal plane. The
indicator I, carried by the base, moves over
a fixed scale K engraved on the circular rim
of the tube containing the periscope, and
automatically registers the angle between
the line of vision and the line of the boat's
keel. The handles at the ends of the arms
are able to rotate about the common axis
AB of the arms themselves, and by turning
the handle A the power of the periscope is
adjusted to the high or low value by swing-
ing the Galilean telescope out of or into the
optic axis of the lens system, whilst the
manipulation of the handle B varies the
inclination of the prism in the periscope
head in order to elevate the view from the
sea to the sky. When the periscope is not
in use the two arms fold upwards into verti-
cal rest positions against the periscope base
to economise the space in that part of the
control -room.

Fig. 8.-Field
of view through
periscope show-
ing crossed
scales for rang-
ing sighted

object
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Main Function
The main function of the periscope is one

of plain observation, but in addition to this
work of surveillance it is also used as a
range -finder. For this purpose its field of
view is divided into four quadrants by two
cross -wires situated in the eyepiece in such a
position that their image is permanently in
focus in the circular field of view. (See
Fig. 8.) Superimposed on their image are
gauge lines marked along the length of each
cross -wire, and by means of them an
estimation may be made of the size of a
sighted object, its distance from the sub-
marine and the speed at which it is moving,
while at the same time an inset image of the
reading of the main indicator of the peri-
scope's angle of observation is projected
into the field of view. (H in Fig. 8.) This
device enables the observer to consult -this
reading without having to remove his eye
from the periscope eyepiece. The calcula-
tions of the size, speed !and distance are
greatly simplified when the cross -wire
observations may be compared with known

data about the sighted object. If this
object is a ship whose length is known, its
speed may be at once gauged from the time
its image takes to move completely across
the vertical cross -wire, and if it is viewed
broadside on its length subtends at the
observer's eye an angle indicated on the
cross -wire graduations, so that the calcula-
tion of its range is made by dividing the
ship's length by the angle it subtends, in
accordance with the well-known geometrical
principle.

Fixed Line of Sight
The tendency of the motion of the sub-

marine in the sea to upset these calculations
by making it difficult to keep a fixed line of
sight on the object is counteracted by the
action of a small gyroscope situated.in the
bottom of the periscope case and set into
motion by the control screw Z. (Fig. 8.)
Its effect is to maintain a steady line of
vision from the eyepiece to the sighted
object in spite of the rolling or pitching of
the boat.

The apparatus of the periscope's base is
centrally situated in the submarine's hull
immediatelynnderneath the conning tower.
This region is the control -room, the positidn
of which makes it highly adaptable to the
command and control of the boat's interior
and to the maintenance of communications
with the outside world. The entire design
of the periscope and its controls makes for
simplicity, efficiency and economy of
operation. The observer stands with an
eye applied to the eyepiece and a hand on
each of the arm handles. A turn of the arms
rotates the periscope tube and sweeps out a
view over the surface of the sea. A twist of
one handle elevates this view and sends it
over the sky ; a twist of the other changes the
magnification of the view and makes
possible the rapid reconnaissance of large
regions or the detailed examination of a
localised region as required, whilst the con-
trol screws for varying the focus and- setting
the gyroscope into motion are conveniently
at hand on the casing of the periscope
base.

MANUFACTURING GLASS
Various Processes in Use To -day

GLASS is a soda lime silicate. That
is, it is made from silica (sand),
soda, and lime. If sand is mixed

with soda (in the form of soda ash or salt -
cake) and heated, the soda melts and the
sand dissolves in the soda. If there is an
excess of soda, on cooling a thick syrupy
liquid is obtained, but if more sand is
added a hard, transparent, glassy substance
results, but this, unfortunately, is soluble
in water and is known as waterglass. By
the addition of lime, the solubility of the
sodium silicate is reduced, and with a suffi-
cient quantity of lime a durable glass is ob-
tained which will stand up to the weather and
to all strong acids except hydrofluoric acid.

The Processes
All processes of manufacture are governed

first by the article which it is required to
make and, secondly, by the physical
properties of the material employed. In the
manufacture of glass the principal physical
properties which influence the processes
are :-

1. Viscosity. Glass has not a definite
melting point. If the glass is heated, it
first softens so that it can be bent ; as the
temperature rises it reaches a point when
the glass becomes a thick, syrupy liquid,
which can be gathered on the end of a
pipe and blown, and finally at higher
temperatures it becomes a thin, watery
liquid.

2. Devitrification. Although weathering
properties can be assured by a high lime
content, there is always the danger of
crystallisation, or devitrification, occur-
ring. Above a certain temperature,
known as devitrification temperature,
glass may be kept in a liquid condition
without any change occurring, but if the
glass is kept below that temperature for
any length of time, crystallisation or
devitrification occurs. It is, therefore,
essential in any process that the time
taken to complete the operation shall not
allow of devitrification. The tendency to
devitrify can be reduced by decreasing the
amount of lime and increasing the soda,
but this can only be done at the expense
of the weathering properties.

3. Annealing. A hot sheet of glass left

to cool naturally will break, and in order
to obtain whole sheets of glass, the sheet
must be annealed, that, is, cooled down
gradually in what is known as a lehr.

4. Melting. The melting process takes
place in three stages : (1) The initial
melting. That is, the chemical reaction
between the three ingredients, and this
results in a sticky mass full of bubbles.
(2) The next stage is the fining operation,
which consists simply of raising the
temperature so that the glass loses its
viscous nature and becomes quite watery,
thus allowing the gases forming the
bubbles to rise to the surface. At this
stage the glass is so thin that it is quite
unworkable. (3) The third stage con-
sists of cooling the glass down to a tem-
perature where it is of the correct
consistency to proceed with the particular
process which is desired.

The Glass Bath
In feeding the tank, the raw material,

which consists of the actual ingredients and
broken glass, falls from a hopper carried on
an overhead crane, into what is known as
the filling pocket, this pocket being the
jutting -out portion of the actual glass bath.
A glass tank, which may be as large as
120 ft. long by 36 ft. wide and 5 ft. in
depth, has sides and bottom made of clay
blocks and the roof of silica bricks, and
may contain anything up to 1,000 tons of
molten glass, with temperatures varying
from 1,200° C. to 1,450° C. in different
parts of its length. There is no end to the
variations which may be made to the shape
of the tank so as to melt the " frit " at one
end to produce seedless and homogeneous
glass at the other. It is comparatively easy
to forecast the convective currents in a
beaker, but the convective currents in a
glass tank of large dimensions are more
difficult, and to understand them is to
know how to produce good glass. Actually,
the amount of glass flowing down the
middle of the tank due to convective cur-
rents is about twenty times as much as
that being withdrawn at the working end.

Polished Plate Glass
This was originally made by melting the

frit, i.e. the mixture of sand, soda, saltcake,
and limestone in fireclay pots, each holding
approximately one ton of molten metal,
which was heated for 17 hours in a gas -
heated furnace at a temperature of approxi-
mately 1,600° C. At the end of this period
mechanical tongs gripped the pots and
conveyed them to the casting tables made
of iron, on which the molten glass was
slowly poured. A roller covering the whole
width of the table then moved across it,
flattening the molten metal into a plate, the
thickness of the glass required being regu-
lated by adjustable guides at the side of the
casting table. The resultant glass was
translucent but not transparent, its surface
being rough and coarse, but the inside
crystal clear. This glass was slowly annealed
to release any internal strains and then
subjected to a grinding process by which the
rough surfaces were smoothed down on
rotating circular tables by means of revolv-
ing iron -shod discs, the abrasive being sand
or emery and water. After the grinding
process the plate was polished on both sides
individually by means of felt -padded
discs, the polishing agent being rouge and
water.

About 1921 a further process was intro-
duced called the Bicheroux process, in
which, although the glass is melted in pots
as in the old process, it is rolled into a sheet
between two rollers instead of being poured
on to a table in front of a single roller, with
a resultant flatter sheet, which means less
loss of time in the subsequent grinding and
polishing operation.

This method gave place to a continuous
process in which the molten glass flowed
directly from the tank between rollers into
the lehr or annealing chamber, from whence
it was cut into lengths and subjected to a
grinding and polishing process on a. con-
tinuous machine. The length of this
machine was 600 ft. and was evolved at
St. Helens.

The latest adaptation of this method is
the direct flow of the sheet from the tank
to the warehouse, where it arrives in a
polished state without handling, having
been ground and polished on both sides
simultaneously en route.

This is an achievement unsurpassed in
the history of glassmaking and has entailed
an expenditure of over one million pounds
sterling in research and erection of plant.
The plant itself, from the melting end of the
furnace to the point of delivery of the
finished product, is over one thousand feet
in length.
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A Low -Wing Petrol
Monoplane

A front view of the model

The Undercarriage and Tail Wheel
YEARS ago I developed a simple type of

undercarriage for petrol models with
two main built-up steel wire legs that

are faired with balsa and bound with silk, and
doped. The two rear legs are coil wire springs.

This was fitted to my record -holder.
" The Blue Dragon." This model has flown
from 1934 to date and completed an enor-

carriage construction because the elevation
is self-explanatory, and if the reader
will refer to the photograph of the model
as shown, on the ground the point to be
observed is that the travel of the under-
carriage is first back then upward, and that
the action is very resilient. This permits the
model to glide into the ground. A model is
not put down 3 -point on to the ground as in

BRASS TUBES ATTACHED TO FUSELAGE

BOUND 2.
SOLDERED

CATCHES FOR
ELASTIC BANDS

BALSA FAIRING_
BOUND WITH SILK 2 DOPED

SPRING SI LtL WIRE

mous number of flights, and the under-
carriage, which is perhaps the most highly
stressed p,art, has never had any repair of any
sort.

It is not beautiful, but it works, which is
the main essential point. I have developed
a better -looking undercarriage since, but it is
not so reliable, although it certainly has the
essential back and then upward shock -
absorber movement.

In the case of a low -wing model there
must be a limited rearward travel or the
rear legs will strike the wing. It was, there-
fore, decided to revert to the trusty old type
of undercarriage for the " Gull," as flying
results always come first when there is any
question about their clashing with looks.

It is hardly necessary to describe the under -

Fig.5 .-Details
of the under-

carriage

the case of a full-sized aero-
plane.

The recent development of
the tricycle undercarriages for
full-size aeroplanes is a similar
idea, and allows the aeroplane to
be flown and glided at reason-
able angles straight into the
ground without flattening off.
This is as it should be.

The Detachable Tail and Detach-.
able Fin
The shape of the tail is evident

from the drawings of the general
view plan. A full-size drawing
must be made from this. You
should also refer to Fig. 8,

By Major C. E. Bowden
(Concluded from page 222 of last month's issue)

which is a sketch of the tail unit showing
constructional details. You will notice that
the tail is detachable and placed on the
rear platform on the fuselage, and is kept
in position by elastic bands from the two
pegs in front to the wire hooks on either
side of the fuselage, and also from the hook
on the tail end of the fuselage.

The fin is made separate for ease of trans-
port, and has two in. round birch dowel
pegs glued into it. The bottom ends of these
dowels fit into the 1 mm. 3 -ply covering of
the tail centre section. Glued below this
covering there is a block of solid balsa where
each dowel peg fits to strengthen.

There is a wire hook at the front and at
the rear of the fin. Elastic bands keep the
fin hard down to the tailplane. The fins
must be set straight at all times. This will
be explained later. The fin is made of three
laminations of -18, in. sheet balsa cut to the
outline shape, and then hollowed out, so that
a proxal outlined remains. The laminations
are glued together and weighted until dry.
The outline edge is then streamlined off by
the use of a razor blade and sandpaper.
Streamline ribs of in. balsa sheet are then

the centre.
The tail and the separate fin are then

covered with thin jap silk, using photo paste
as an adhesive. Now spray the silk with
water when covering, and this will tighten
the silk up when dry.

Now give one coat of clear full-size glider
dope (obtainable from the model shops that
specialise in petrol models).

The Detachable Wing Built in Two Halves
The fitting of a low wing to a large and

heavy model is always a knotty problem, as
1 he wing must be fairly rigid and yet must
knock off if the model flies into a tree.

On this model the wing is built in two
halves for portability, and the two halves
are kept together by wire hooks and elastic
bands. The wire hooks must be not less than
16 s.w.g. wire and must be very well bound
and glued into position as they have con-
siderable loads to carry.

There have been added wire strengtheners
to the break in the wooden spars where the
dihedral angle comes, and up to the two
No. 1 3 -ply ribs. -

The hooks are bound and soldiered to
these wire strengtheners and the whole are
bound to the main spars with thread and
glue.

For the first few bays the top and bottom
WIRE CAMERA TIMER
STRIP

SECONDS SCALE
RELEASE
LEVER

LEADS 3- PLY
WOODEN BASE

Fig. 6.-The flight timer to cut off ignition at a predetermined
time
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LARGEST RIB WINO

X.4 TOP SPAR

Mil 1,2,3, RIBS.
(IYets I AND 2 ARE .41 3 -PLY) FRON 1/93 TO /5 RIB WING TAPERS

SOLID BALSA BLOCK ADDED TO TOPS OF CENTRE SECTION
ONLY, KEEPS WING FROM MOVING THROUGH VIBRATION

UNDERSIDE OF FUSELAGE BETWEEN N433 AND 4
FORMERS SHOULD BE SHAPED 70 TAKE THIS BLOCK

L.E. SPAR
ACXY BOTTOM SPAR

TE SPAR

46 SHEET BALSA STRIP
UNDER AND ALONG TE

No/5 SMALLEST RIB OF WING
ra

SMALLEST TAIL RIB

LE SPAR
%,6 X6 BALSA

TOP AND BOTTOM SPARS
BIRCH

re 4IL s BALSA
LARGEST TAIL RIB BALSA

P10 SHEET STRIP UNDER1:E.

Fig. 7.-The wing and tail sections

main spars are covered in on both sides by
is in. sheet balsa glued on. This makes a
strong box spar in the centre. The top and
bottom main spars are of i in. by g in.
spruce. The L.E. and T.E. are also of in.
by 18 in. spruce.

Ifirst of all built a platform from match -
boarding, upon which to make the wing
halves. This platform has the necessary
dihedral in it.

The drawing of the wing can be put on to
the platform, with some greaseproof paper
over it to prevent glue sticking to the draw-
ing. The wing is then built over the full-
sized drawing, and when the glue is dry a
covering of thin jap silk is put on, using
photopaste as an adhesive, and damping the
silk with water from a scent spray. As the
under -surface of the wing is concave and it
is essential to keep this section, the bottom
must be covered first.

The fabric has to be stitched to each rib
by large stitches of thread through the
fabric, around the rib and back through the
fabric.

When the two wing halves are covered,
they are left to dry, and then given one
generous coat of full-strength, full-size, cellon
glider dope, as in the case of the fuselage and
tail plane.

When the dope is half -dry, and has just
lost its tackiness, the wing halves are placed
upon the wing bed, and flat irons are used
to weight the wing so that it does not distort
whilst the dope is drying. The idea of using,
glider dope is that, once dry, it forms a hard
covering that seldom distorts and is not
easily affected by weather. It also makes a
vastly more
rigid and
stronger
wing than if
many coats
of thin model
dope are
used. It dis-
penses also'
with all in-
ternal brac-
ing.

It is very
important to
give the wing
tips a few de-
grees of wash-
out. This is
done by plac-
ing small
balsa wedges
about + in.
thick under

RIGHT HALF WING

the trailing edges at the tips only. The
washout will set in as the glider dope dries
with its weight and top of the wing halves.
When dry, leave several days to really hard-
en, with weights on.

LEADING EDGE
6X °,5g BALSA

vents distortion de-
veloping in the T edge.

The main balsa ribs
are spaced every 4 ins.
apart, and are cut from
fin. balsa sheet. Every
2 ins. and between the
main ribs there are I
in. 3 -ply wood, and
over the top and bot-
tom of these central
ribs, a covering of 1

mm. 3 -ply wood is
glued. This makes
strong wing centres for
the wing halves to butt
up against each other.

There are two small
dowels glued into the
right wing half and pro-
truding I in. only, and
two holes drilled oppo-
site in the left wing
half No. 1 rib. These
are merely to locate
the two halves. The

wings are otherwise kept together by the
tension of the elastic bands.

On this page is shown the largest and
smallest rib of a wing half. From these the
tapered wing can be drawn full size.

BAMBOO PEGS FOR
ELASTIC BANDS

TAIL

COVERED IM.M3PLY
"" E N T R E SECTION ONLY

A.'8No8ARLISBALERTI SBS

T.E.FROM
;""x/ BALSA4/ 3

SILK COVERING

TOP AND BOTTOM 1- /N.
SPAR .4-xKe" BIRCH

LAMINATED
4.5HEET BALSA

FOR TIPS

Fig. 8.-Method of constructing
the tail and rudder

OUTLINE MADE FROM
3 LAMINATIONS OF

SHEET BALSA PEGS FIT'
CLUED TOGETHER INTO TAIL
STREAMLINED AND CENTRE
.SILK COVERED SECTION

It should have been mentioned that under
the trailing edge spars of the wing halves, a
strip of flat ,A in. balsa sheet about 14 ins.
wide is glued, so that the rear ends of the
ribs are also glued to this strip. This pre -

WIRE STRENGTHENERS
AT DIHEDRAL

/6 S.LIIC HOOK
FOR ELASTIC
BANDS TO FUSELAGE
FRONT HOOK

FRONT /6 SWG WIRE
HOOKS TO TAKE ELASTIC
BANDS T °KEEP WING

HOOK FOR ELASTIC BANDS
TO FUSELAGE REAR HOOKz

LOCATING DOWELS FIT
INTO HOLES ON

OTHER WING HALF

ROUND
DOWELLING

WIRE NOOK FOR REAR ELASTIC BAND

Flying the Model
If you are a novice-and this article has

been written for the beginner, and in con-
siderable detail-it is suggested that you get
to know your engine by running and starting

Fig. 9.-The right and left halves of the
wings, showing details of the fitting
which hold the two halves together

REAR /6 S.W.G. WIRE HOOKS
TO TAKE ELASTIC BANDS
TO KEEP REAR OF WING

HALVES TOGETHER

LEFT WING HALF

COVER BOTH WING HALVES// HERE WITH 1/4.1,1. 3 -PLY
/77 7 ; I BEFORE 5/LK COVERING

TOGETHER TWO BOTTOM /6 S.W G. WIRE
HOOKS FOR ELASTIC BANDS
TO KEEP BOTTOM OF
iv/NG HALVES TOGETHER.
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it on the bench first, and then on the fuse-
lage, whilst you are completing the rest of
the model. Model engines become simple,
when you understand their peculiarities.

Now get the gliding trim of the model
correct. The model must be a perfect glider
if you wish to get good power flying followed
by flat glides to good landings. Any other
type of flight is not worthy of a decent model,
neither should any modern aero modeller be
satisfied with less.

To get glide -perfect, see that balance is
correct. The point of balance when the
model is fully assembled, and with flying
battery in position, should be approxi-
mately one-third back from the leading edge
of the wing. If it is not, moVe the battery
along the fuselage.

If there is not enough room and your
weight distribution has come out slightly
different, you must weight the nose or tail
with a small weight, but the balance must
be correct.

Glue a + in. packing of balsa under the
leading edge of the tailplane for preliminary
tests. This may be reduced later.

Fig. 4 shows the ignition system and Fig. 5
the chassis construction of the 6 c.c. petrol

model. It will be seen that the chassis is of
the sprung type which permits the landing
shocks to be absorbed, and in conjunction
with the knock -off engine mounting makes
the model reasonably crash -proof. The
rubber band method of securing the wings
safeguards them against damage.

The wiring system is self-explanatory.
Now choose a field, if possible, with a slight
downward slope that leads directly into a
slight wind. Try gliding the model by hold-
ing above the head and throwing direct into
the wind. A straight forward steady throw
is necessary, of reasonable but not excessive
speed, into a moderate wind. Do not throw
upwards. Throw straight, or only very
slightly downwards like a dart.

If the model dives, reduce the block under
the front. If the model noses up, give a
little more under the front of the tail-
plane.

In this way get the glide perfectly flat,
with nice wheel landings every time. Only
slight variations of the C.G. position may be
permitted to assist tail settings. If you have
got your mainplane angle correct, there
should he very little alteration of tail, etc.,
necessary to get the glide correct.

On no account try flying under power
until the glide is correct.

Keep the fin set straight so that the model
will glide straight after the power is off, and
it will then not land whilst winding and
banking and with one wing down, and so
cause a cartwheel landing.

Do not alter these gliding settings on any
account for power flight.

Alteration of climb and turn under power
is done by tilting the thrust line of engine on
this model. This is the only safe way.

Now choose a decent piece of grass, and as
a safety precaution put a piece of * in.
packing in between the top of your engine
mounting and the fuselage, to give tempor-
ary down -thrust.

Give three-quarter revs. on your tiny
engine by controlling the ignition lever.
Set the timer for 10 -second hops, and give
the model a slight push directly into wind.
She probably will not rise. Reduce the
down -thrust 16 in. at a time until she does
rise gently. Now try longer hops, and if the
model tends to turn too rapidly, give oppo-
site side -thrust to counteract. Make sure
that you have no warp on either wing or
fin.

" Cutting Tools for Engineers." By
A. H. Lundy. 130 pages. Price 3s. 6d.
Crosby Lockwood & Son Ltd., Stationers'
Hall Court, London, E.C.4.
IN this book the author presents, in a

clear and simple manner the principles
and application of cutting tools used by
engineers.

Whilst the needs of the engineering
student and apprentice have been the
primary consideration, the craftsman will
find much that will benefit him. The book
is well illustrated with practical diagrams.
" Jigs, Tools and Fixtures," By Philip

Gates. Published by The Technical Press
Ltd. 216 pages. Price 10s. net.

1-HIS is a practical book for the appren-
I tice and man in the shop, and deals

with the drawing and design of equipment
for all modern machine tools. In this
second edition, a chapter on materials, a
subject closely related to jig, tool and
fixture design, has been included. Alto-
gether there are sixteen chapters, covering,
amongst other subjects, Mechanical Draw-
ing, Drill Jigs, Milling Fixtures, Chucks and
Turning Equipment, Cutters, Gauges, Press
Tools and Magnetic and Pneumatic Gripping.
The authoi deals with the subject in a
simple manner, covering at the same time
as wide a field as possible. In addition to
several photographic illustrations and line
drawings, the book includes a large number
of useful tables, and a six -page index.
" Modern Armaments." By Professor A. M.

Low. Published by The Scientific Book
Club. 274 pages. Price 2s. 6d. to members.

EVERYONE interested in armaments will
find a mine of information on the sub-

ject in this new book by Prof. A. M. Low,
who is an acknowledged authority on all
types of modern armaments. The subject
matter is dealt with in a simple and popular
manner, and is readily understandable to
the ordinary reader. The book is divided
into seventeen chapters covering, amongst
other subjects, Explosives; Small Arms;
Artillery; Chemical Warfare; Warships;
Mines and Torpedoes ; Tanks ; In the Air ;
and Parachutes. Amongst a host of other
details the reader is told about the secret
of manufacture of big guns; how machine
guns and other automatic guns and rifles
work ; all about explosives and ammunition ;
how gases and incendiary bombs are made,
the development and manufacture of tanks
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and armoured cars; all about battleships
and aircraft carriers; the mass production
of aeroplanes; and how that wonderful
apparatus, the predictor, works. There are
also interesting chapters on the adaptation
of weapons to peace time uses, such as the
employment of gas for destroying rats, and
other vermin. This book, which is illus-
trated with several fine photographic
reproductions, can be recommended to all
well-informed persons who are anxious to
keep up-to-date with the latest scientific
developments in connection with arma-
ments, and to learn how some of the modern
instruments of warfare may be turned to
good use in peace -time occupations.
" Standard Screw Threads and Twist Drills."

By George Gentry. Price Is. 6d. Pub-
lished by Percival Marshall & Co., Ltd.,
60 Kingsway, W.C.2.

N this enlarged edition of the above bookI

the author has brought the section on
screw die tackle up to date, and further
illustrated matter has been added explaining
the construction of the various dies and
screw -plates now on the market. Six
comprehensive tables are included covering
Whitworth Screw Threads, British Associa-
tion and Metric Screw Threads, Cycle
Standard Screw Threads, " V " Standard
and U.S. Standard Threads, Standard

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.

Twist Drills and Drill Sizes in 1/1,000 up to
1/16 in.

" This Strange World." By A. E. Trueman.
Price 2s. 6d. Published by the Scientific
Book Club, 111 Charing Cross Road,
W.C.2. 240 pages.

IN this book, written by an eminent
I British geologist are sketched the main
outlines of the history of the earth. It
deals with geology, which is pre-eminently
the layman's science, for many of the facts
discussed can be verified by any intelligent
observer without the use of special appara-
tus. But while it has been prepared for the
reader unacquainted with the subject and
contains few technical terms, it describes
the results of many recent discoveries and
shows the importance to the ordinary
citizen of a knowledge of the occurrence of
raw materials, the bulk of which are found
within the crust of the earth.
" Metal Working Tools." By Percival

Marshall. Published by Percival Marshall
and Coy. Ltd. 84 pages. Price ls. 6d. net
THIS useful handbook is intended as a
guide to persons desirous of taking up

mechanical work as a hobby, and who are
about to make their first acquaintance with
metal working tools. The various kinds of
hand -tools commonly used for light
engineering work are illustrated and des-
cribed, and many hints are given as to the
correct methods of using such tools. The
final chapter deals with the equipment of a
small workshop.

" Micrometer, Slide Gauges and Calipers."
By Alfred W. Marshall and George
Gentry. Published by Percival Marshall
and Coy. Ltd. 80 pages. Price ls. 6d. net.

PROFESSIONAL andamateur mec-
hanics, as well as apprentices and stu-

dents will find this small handbook of
considerable interest and practical help.
The subject matter deals chiefly with small
measuring instruments of the caliper and
micrometer class, and the book is written in
simple language for the instruction of
practical workers who have an intelligent
interest in these instruments, and wish to
use them to practical advantage. In this
revised and enlarged edition, account has
been taken off all modern developments in
engineering workshop practice, and the
design of measuring instruments. The book
is well illustratied.
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TOOLMAKING AND TOOL DESIGN 7.
The Principles and Methods of Making Press Tco's, Jigs, Gauges and Fixtures

Mounting Fixtures on a Lathe
WHERE a fixture is intended to be

mounted on the face -plate of a
lathe it is usual to provide a means

of location to ensure that the fixture will
be correctly positioned without having
recourse to the use of measuring instruments
each time it is fixed in place.

The common method of doing this is by
having a shallow recess in the face -plate as

RECESS IN
FACE PLATE

Fig. 36.-Face-plate
adapted for mounting

turning fixtures

illustrated in Fig. 36. As this procedure
will affect the usefulness of the plate for
general work it is better if a spare face-
plate is so treated. Such a plate need not
be slotted, a plain one will serve the purpose
admirably and most fixtures can be de-
signed in such a manner that the fixing
holes can pick up a pair of studs screwed
into the plate. The fixture can, of course, be
made complete to screw on to the nose of
the lathe, but this will probably involve
the inclusion of a balancing medium which
will mean increasing the total weight
unnecessarily. Smaller fixtures of a com-
pact nature might well be so mounted,
but the less cumbersome method usually
will be to fit them with a taper shank, to
fit into the nose of the lathe, and provided
with a draw bar for extra security.

Mounting Fixtures on Slotted Tables
The usual method of locating a fixture

on machines having slotted tables is seen
in Fig. 37. The short keys at either end are
seated in shallow keyways, cut in line, and
secured with screws. Where the base of the
fixture is short, the key can run the whole
length of the distance between the bolt
slots. The keys should be made to fit the
slots with a clearance of about .001 ins.
A heavy fixture might require to " pick up "
two or more slots for purposes of bolting
down rigidly, but it is not necessary to
provide keys for each slot. It may be that
for the performance of a second
operation the same fixture would
suffice if turned at 90 degrees on
the table. In this case additional lugs
and keyways would be provided in
the appropriate position and the
keys transferred between the operations.

Circular tables for use in conjection with
horizontal or vertical milling machines are
centrally counter -bored as on the face -plate

By W. H. DELLER
Previous Articles in this Series
appeared in Nos. 61, 63, 64, 65,

67 and 76.

illustrated, thus enabling fixtures provided
with male registers to be located centrally
thereon.
Turning Fixtures

A turning fixture suitable for mounting
the bend casting (see Fig. 30) while per-
forming the second operation, consisting
of turning, facing and screwing, is illustrated
in Fig. 38. This fixture is an angle bracket,
having a male register on the back face
machined to a " push fit " in the female
register in the face -plate of the lathe that
it is intended to be used upon.

The centre distance of this register from
the work locating surface is made to
correspond to the requisite height from the
surface of the previously machined face
to the centre of the screwed portion. A hole
is bored in the horizontal surface of the
fixture (as drawn) central with the back
register. This hole receives the spigot on the

LOCATING KEYS ON
UN DERSI OE OF

MILLING
FEATURE

Fig. 3 7 . -
Underside of the
base of the fix-
ture, showing

keys

bottom face of the bend and the fit should
be such that there is no slackness, but at
the same time the work must be easily
inserted and removed.

REGISTER
TO' LOCATE
RECESS IN
FACEPLATE

Fig. 38.-Turning fix-
ture suitable for hand

bend casting

When the fixture is made from a casting,
there is no need to machine the entire
surface about the hole, but provision
can be made on the pattern to leave a shal-
low boss round the hole which is faced to
provide a seating for the bottom flange.
If this is not done the casting may have a
shallow counterbored portion slightly larger
than the diameter of the work. The mouth
of the hole is slightly chamfered to provide
an easy entry and to ensure that the flange
will seat positively.

A pair of sliding clamps having " heels "
afford the means of securing the work in
position. The studs should be so positioned,
and the slots in the clamps made long
enough, to permit their being slid towards
the respective edges of the fixture to enable
the work to be inserted or removed without
taking the clamps from the studs. Light
coil springs should be interposed on the
studs between the face of the fixture and
underside of the clamps.

A fixture of this type may be built from
bright mild steel plate, the back being
attached to the base by means of flush
fitting " Allen " or similar cap screws and
dowel pins, and the webs attached in the
same manner. Where the work is of a
light nature or of small proportions and the
fixture consequently of small dimensions a
shank made to fit the nose of the lathe and
fitted into the back of the fixture could
form an alternative method of mounting on
to the machine.

A fixture of this description may be
modified to handle a variety of similar
work. This might involve alterations in the
clamping method described, and perhaps the

Fig. 39.- Milling
fixture (less clamps)
for handling work of
the type shown in
Figs. 31 and 32

inclusion of locating strips to correctly
line up flat machined edges on the work.

Milling Fixtures
A milling fixture suitable for handling

the type of work illustrated in Figs. 31-32
is seen in Fig. 39. This is made from a
casting, the back of the vertical portion
being heavily webbed to provide the
necessary rigidity. The casting is machined
on the base and provided with keys as
already described in line with the holding -
down lugs. The top face of the casting and
the side square with it are machined, and
the vertical surface, in which the Vees are
cut, overhangs the remainder of the
vertical portion so as to provide ample
clearance for parts having long shanks.
In many shops the type of work which this
fixture is intended to handle is of a con-
stantly recurring nature. Therefore in
designing such a fixture it is advisable to
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make its scope of application to cover as
wide a range as possible.

The Vee slots are, of course. cut to an
included angle of 90 degrees and are of
equal depth. A stud is placed between each
pair of slots so that the two adjacent parts
when in position are bridged by a single flat
clamp having a central hole. To assist in
reducing the time required for loading and
unloading, the centre hole in the clamps
may be slotted out to one side, or, where the
centre distance between the Vees in the
fixture will permit, " keyholed " to allow
the clamp to be removed while the stud
nut remains in position. In arranging the
centres of the Vees care should be taken to
keep them as close together as possible in
order to reduce idle cutting time to a
minimum.

The work illustrated in Fig. 32 would be
machined from square bar material and the
Milling performed in two operations. With
such work, therefore, it is necessary to make
some provision on the fixture to position the
parts to ensure that the milling is correct in
relation to the sides of the bar. It is pre-
sumed, of course, that the shanks of the
parts will be machined, with reasonable
accuracy, centrally on the bar, as it is from
the sides that the location will be taken.
A hardened steel " comb -plate " as
illustrated in Fig. 40 is attached to the top
of the fixture for this purpose with bolts
or screws, and further correctly maintained
in position with regard to the' Vee slots
by dowel pins. The slots in the comb plate
are made to suit the width of the bar
material used for the manufactured parts,
and there, should be a fair gap left at the
bottom of the slots for swarf clearance.
For the same reason the comb portion could,
with advantage be raised, by means of a
step at the back; to facilitate cleaning.
Broaching Fixtures

The greater proportion of broaching work
consists of cutting splines, squares or key-

ways in circular blanks and, therefore, the
necessary fixtures are -of a simple nature.
An adapter which will enable the part to be
centralised in relation to the axis of the
broach is all that is usually required. When,
however, the work is similar to that shown
in Fig. 33 it is necessary to make provision
for locating from the smaller boas of the
lever.
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Figs. 40 and
41. - (Above)
Comb plate for
use in conjunc-
tionwithfixture.
Fig. 39.-(Left)
welding fixture

Surface broaching is an operation'<of an
entirely different character and work to be
handled by this method will demand pro-
vision of fixtures similar to those used for
milling operations.
Fixtures for Assembling

A fixture for handling the welding
assembly illustrated in Fig. 34 is shown
diagramatically in Fig. 41. Such a fixture
could be built up on a fiat base but the
construction would be simplified by build-

ing up on a round bar. A bar of suitable
proportions would be shouldered down and.
threaded at both ends, and stout sheet metal
fork pieces drilled at the lower ends to pass
over the larger diameter -and the centre
between the fork and the hole being such
as to raise the washer, forming the flange,
clear of the bar. This washer is located
between strip steel fingers riveted to the
ends of a U piece, which is welded at the
base to the bottom of the bar in an appro-
priate position.

A piece of flat steel, drilled at one end and
bolted to the shouldered end of the bottom
bar, forms an end stop for the tube. The
flat spring clip, the purpose of which is to
maintain the end of the tube against the
stop, is similarly attached to the opposite
end. After the flange has been " tacked "
in position on the tube, the assembly is
lifted from the fixture for completion of the
welding.
Mounting on the Fixture

The assembly illustrated in Fig. 35 might
be handled in the following manner :
after first drilling and taper pinning an end
bracket to the tube, the partly assembled
tube and bracket with the bell -crank
lever, collars and remaining bracket in
position will be mounted on the fixture.
This will consist of a base plate provided
with studs to suit the required centres of the
brackets. After bolting down, the unpinned
bracket would be drilled, taper -reamed and
pinned. The bell crank lever could be
positioned by a pair of blocks, or a slotted
block, attached to the base plate, and the
collars, having been drilled through one side
prior to assembly, would be drilled through
the tube and opposite side of the collar,
reamed and finally pinned in place. A
slotted shim which would subsequently be
withdrawn Might be placed between the
boss of the lever and one of the collars,
whilst pinning, to ensure a working clear-
ance between the faces.

Launching Model Aeroplanes from a
Model It oat

An Ingenious Idea that is
THE mail carried by a liner to -day

arrives at port several hours ahead of
the ship. This is done, of course, by

launching a mail -carrying aeroplane from
the deck of the liner when she is still several
hundreds of miles out at sea.

The model described herewith is adapted
to work on the same principle. It consists
of a model launch which is steam or electric-
ally driven and provided with a landing
deck (see Fig. 2) The launch should be very
much larger than the 'plane so that there
may be plenty of deck space for the take -off.
The Landing Deck

Plywood is a good material for the landing
deck, which in the sketch extends from X
to Y. If possible, it should reach a few
inches beyond the bow of the boat.

The arm CK is shaped like a tuning -fork
and works on a pivot at M. At K is a head-
less nail S, which fits into a corresponding
hole bored in arm OP. E is a hook to which
is attached a length of wire or thread con-
necting F. At G is a small pulley wheel.
FH is a length of rubber of the kind used for
model aeroplanes. R is a wooden wheel for
winding FH, and is provided with a hole so
that it can be turned with the finger. It will
be seen that when the rubber FIT is wound
up tight the arm OP working on the pivot P
will rise at 0, and that CK will be held
.igidly vertical by means of the nail S pass -

Simple and Never Fails
ing through the hole in OP. By pushing a
bolt through the fingerhole in the winding
wheel as shown, CK will remain in this
position as long as required, providing FH
is well wound.

The propeller of the 'plane is held and
prevented from revolving by the prongs of
the arm CK, as shown in Fig. 1. It will thus
be seen that it is possible to fully wind the
'plane and plade it unattended in position
on the deck.

Fig. I and 2.-
(Left) Showing how
the propeller is held
by the forked
arm (Below) A
detail sketch show-
ing the mechanism
for launching the

aeroplane

Keeping the 'Plane in Position
Two small pieces of wood should be

screwed side by side on the deck, with
sufficient space between them for the tail of
the 'plane to rest in, thus keeping it in
position. The launch and 'plane are now
ready for sailing.

When the engine has been started, the
boat should be set against the wind and the
bolt drawn from the winding wheel. The
rubber FH then immediately begins to
unwind itself, with the result that EF
becomes slack, and through a weight at 0
the arm OP falls in a horizontal position.
Through the nail S slipping out of its hole
CK is released and falls level with the deck,
pulled by the elastic, AB.

The propeller free, the 'plane will rise
under its own power and fly to the shore.

If the landing deck is provided with a
trapdoor, all the parts underneath can be
easily reached and adjusted with the hands
without removing it.

To prevent the winding wheel revolving
too fast when the bolt has been drawn, a
weight of suitable size may be attached to it.
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A WORKING -MODEL
HAND LOOM
This model is easy to make,
simple to work, and will actually

weave cloth
ALOOM is often regarded as a some-

what complicated piece of machin-
ery, but the model described is really

quite simple to make from everyday mater-
ials and requires the use of only a modest
set of tools.

The perspective illustration, Fig. 1, shows
the construction of the complete main
frame ; when complete, the loom will weave
plain as well as pattern cloth. The longi-
tudinal or " warp " threads are wound
on to the roller at the hack and pass through
the "healds " to the front roller. These
rollers are called " beams." That at the
back being the " warp beam." As the
weaving progresses the finished cloth is
rolled on to the cloth beam and the warp
unrolled from the other.

Forming the Cloth
To form the cloth alternate threads of the

warp are lifted or depressed to form a
" shed " or wedge-shaped opening through
which the shuttle is passed, leaving behind
it the transverse thread or " weft." The

weft
of a

is pressed tigh ly into place by means
comb -like affair termed a " reed,"

which the warps change over, the lower ones
coming to the top, and vice versa, ready for
the shuttle to lay the next thread or weft,
thus building up the cloth thread by thread
as the operation is repeated.

Start by making the main frame, as shown
in Fig. 1. The brass diagonal struts are
necessary on the four corner -posts to prevent
them from being pulled over by the tension
on the warp, but there is no tendency to pull
the central frame over, so it will suffice just
to screw this up as tightly as possible. The
four vertical rods inside the central frame
are made of straight lengths of round brass
or steel, in diameter; they are not
fixed otherwise than by being a tight fit in
the holes drilled for them at top and bottom.
Each rod should be in. from its immediate
neighbour and in. from the wooden

after
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upright ; let them project in.
above the top of the frame
when fitted, so that they
may be withdrawn by means
of a pair of pincers when
necessary. These rods form
guides for the " healds " or
frames which lift or depress
the warp threads.

The Wooden Frame
Fig. 2 shows the con-

struction of the healds, two
of which are required. The
wooden frame is of the
simplest possible description,
all the four pieces of wood are
alike and are just screwed
together, as shown, with
tiny screws. A touch of

glue on the corners before screwing
together is an advantage. The horizontal
wires are lir in. in diameter and a tight fit
in their respective holes. A knitting needle

The finished
model of the

hand loom

does very well for these wires.
They should be exactly 3i in.
apart and quite parallel. Care
should be taken when making
the frame that the screws are

not put in a position where they are likely
to get in the way of the Yg in. wire. The
screw eyes in the side members should
be small ones ; they have to slide up
and down the vertigo] rods inside the
central frame.

The wires to carry the warp threads
should now be made ; only ona of these is
shown in Fig. 2 to avoid confusion, but
sixty are required, thirty for each heald.
This will give us twenty warp threads per
inch on a piece of cloth 3 ins. wide, and this
provides the usual texture. The method of
making the wires is shown in Figs. 3 and 4.
Drive two nails about 132 M. in diameter into
a piece of wood, so that they are 311 ins.
apart, centre to centre, and cut off the
heads ; then take a piece of wire about 9 ins.
long, lay it round the two nails and twist up
the end for several turns to form a long loop,
as shown in Fig. 3. Now make another jig
with two nails and a piece of wood exactly
as before, except that the nails should be
only 31 ins. apart this time.

Figs. 2 to 5.-{Left) The construction of the
healds and (below) the method of making the
wires. (Centre) Adjusting the wires.
(Right) The central eyelet should be in a
plane at right angles to the eyelets at each end



260 NEWNES PRACTICAL MECHANICS March, 1940

Adjusting the Wires
Lay the loop on the new jig and put a

short piece of lig -in. wire through the loop
and twist the loop up by means of the *-in.
wire till all the slack is taken up, as shown
in Fig. 4. Give one or two extra turns to
make the wire nice and taut, but not
enough to break it. It is better, perhaps, to
twist one or two up until they break so as
to get a good idea of how much twisting is
required, then you can stop just short of
the breaking point afterwards. When
finished, the central eyelet should be in a
plane at right angles to the eyelets at each
end (see Fig. 5). Twist the wire in the same
direction on both jigs, otherwise you may
find yourself in difficulties.

The wire should be 28 -gauge soft brass or
copper, or 28 -gauge enamelled copper
electrical wire will do very well; leave about
1 -in. of the twisted end on, as shown in
Fig. 5 ; the rest may be snipped off.

Draw back the *-in. wires on the healds
and thread on thirty of the twisted wires;
then push the * -in. wires back into place ;
they should fit tightly in the wood. The
twisted wires should be able to move about
freely when fitted, so as to be able to take
up their own position when the threads are
in place. The healds may now be fitted to
their guides in the main frame, with the
horizontal wooden members outside.

Next, make the operating levers for the
healds, as shown in Fig. 6. Two of these
are required; they are just strips of *-in.
brass soldered together, the end being
twisted to make a convenient handle.
The Pivots

These are ordinary brass wood -screws,
soldered on and the threaded part cut off,
after which a -in. hole is drilled for a
split pin. Screw the levers on to the top
horizontal member of the main frame by
means of a single screw which forms a pivot.
One lever should be on the front at the left
and the other on the back at the right, the
inner end of each lever reaching to the
centre line of the machine. Connect each
inner end to its respective heald by means of
a simple link like Fig. 7. The top end of this
link goes on to thepivot soldered on to the
lever and the bottom end is screwed to the
top of the heald by means of a single screw,
which must not be screwed right home.

Now make another link like Fig. 7, but
long enough to connect the vertical mem-
bers of the levers together; this link will
have to be about 5 ins. long, but it will be
better to measure off the exact distance on
the job and make the link to suit. When
this link is fitted and held in place by split
pins, either lever will move both healds so
that when one heald goes up the other goes
down. Fix a screw into the side members
of the main frame to limit the movement of
the levers, allowing the healds to move
/ in. above and below the centre line, i.e.,
each heald has a total movement of l ins.

The Reed and Frame
Next make the reed and its frame, as

shown in Fig. 8. The wooden part is sim-
plicity itself; the bottom is cut off on a
slant at each side to allow it to rock freely
on its hinges. The metal frame is made
from in. by *-in. strip brass, the horizon-
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Fig. 6.-
The operat-
ing levers
for the

healds

tal members being 6 ins. long and the ver-
tical ones 3 ins. long. Take the two hori-
zontal members and clamp them together
in a vice ; then make a cut about 1.2 in. deep
in the centre of the length with a fretsaw
(don't use a hacksaw-it will be too wide),
11 ins. away on each side of the first cut
(giving five nicks in all), then go on halving
the distance between each until you have
made sixty-five nicks altogether in a space
of 3 ins. Separate the two pieces, solder up
the frame at the corners and drill a hole at
each corner for the fixing screws. Now get
some 28 -gauge hard brass wire (don't use
soft copper or enamelled wire for this);
if the wire is not hard when bought you can

Fig. 7.-Details
of the link

harden it by stretching it ; fix one end of the
wire by twisting it to the frame, then wind
it ever and over the frame, one wire in each
nick, until all the nicks have a wire in them
and secure the end of the wire temporarily.
Wind the wire withanoderate tension only;
if wound too tightly the frame will bend

Fig. 8.-
The reed and

its frames

inwards and the wires first put on will be
found very slack. Now solder all the wires
firmly to the frame.

Next cut the wires at the back, thus
leaving sixty-five single wires, all parallel,
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Figs. 9 and 10.
-(Left) Details
of the "beams."
(Right) The

shuttle

and stretched across the frame. Screw the
frame on to its wooden support and fix
the hinges on to the baseboard halfway
between the main frame and the supports
for the cloth beam. The screw eyes are for
use as handles.

The " Beams "
The " beams " are made from four pieces

of broomstick 1 in. in diameter, as shown
in Fig. 9. The spindles are made from nails
with the heads cut off. You will find it very
difficult to get the wood true on the spindle,
if you drive the nail in without special pre -

cautions. A good method is to mark off the
centre carefully and drill a hole of the same
diameter as the nail about 1 in. deep. Ask
an assistant to watch the drill to make sure
you are holding it upright. The drilled
hole then forms an effective guide for the
nail which should be driven in about I in.
further to fix it firmly.

For the cloth beam drive in eight small
brads and cut off the heads, leaving -1 in.
projecting, as shown in Fig. 9. This provides
a simple form of ratchet arrangement, the
brads engaging a hole in a flat brass spring
which can easily be made.

A piece of strong tape f in. wide is tacked
along one edge only to the round wood, as
shown in Fig. 9.

The warp beam is the same as the cloth
beam except that the tape is tacked along
the outer edge and, instead of the eight
brads, a single round -head screw is fitted.

A rubber band is hooked over the screw
eye in the baseboard to provide tension on
the threads.

The only item now to be made is the
shuttle, which is illustrated in Fig. 10. This
is best cut out of a piece of bone about
*-in. thick, though k -in. fretwood will do
quite well..

Weaving
Ordinary darning wool is good material

to weave on this loom. The warp beam is
fixed, temporarily; about a yard behind the
machine and the wool is stitched on to the
piece of tape of the cloth beam, threaded
through the reed, then through the central
eye in one of the twisted wires of the front
heald and stitched on to the tape of the
warp beam. The second thread passes
through the next space in the reed, but is
threaded through an eye in the back heald
instead of the front one. Alternate threads
go through an eye in the front heald and
the threads between go through an eye in
the back heald. The warp threads are then
all rolled on to the beam at once and the
beam fitted into its supports, a small nail
being pushed into the *.in. hole in each
support to hold it in place.

The shuttle is wound in the slots with as
much wool as it will carry easily. Press one
of the heald levers to raise and lower the
warp and pass the shuttle through the
resulting " shed " ; then pull the reed towards
the front to push the weft into position.
Now depress the other lever to reverse the
position of the healds and pass the shuttle
through the shed again in the opposite
direction ; press the weft up close to the
previous thread with the reed, and you will
find the cloth grow as these operations are
repeated.

story iii wog r 1-01EP

C1---------,,,
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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 1.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 vearly 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.

Ifyou 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.
0, Accountancy
c Advertising
 Aeronautical Engineering
E Air Conditioning

Architecture
 Boiler Engineering

Book-keeping
D Building
 Chemical Engineering
0 Civil Engineering

C Diesel Engineering
Draughtsmanship

 Electrical Engineering
c Engineering Shop Practice
 Fire Engineering
0 Garage Management
 Gar -Power Engineering
Cl Heating and Ventilation
C Hydro Electric
E Journalism

0 Lettering D Scientific Management
C Mechanical Drawing c Short -Story Writing
0 Mechanical Engineering 0 Steam Engineering
l=1 Mining Engineering E Surveying
0 Motor Engineering c Telephone and Telegraph Eng.
D Pattern -making C Textiles
D Plumbing c Welding, Gas and Electric
c Radio Engineering and Servicing L Wireless Engineering
D Salesmanship c Woodworking
C Sanitary Engineering 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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IMPORTANT NEW WEEKLY
FOR ENGINEERS

THIS new weekly journal covers
I a very wide field. It deals

comprehensively with every type
of machine employed in engineering,
and every modern mechanical process
and development. It also includes
special features on such important
matters as works layout, time -saving
methods, the systems and methods of
the drawing office, finishing processes,
test equipment and inspection-in
fact, PRACTICAL ENGINEERING
embraces every sub -division of the
mechanical engineering industry.
Leading authorities on specialised
subjects have been retained to con-
tribute regularly, and to help make
this new weekly journal the most
authoritative of its kind published.

4d.
EVERY

THURSDAY

Deals with every
WorkshopProcess
and every type

of Machine

PRACTICAL 41)
ENGINEERING

ingt_1131CM11131IZEILIMIIIIIIIEN

NMI

EVERY THURSOCY

NEW WORK St -40P TOOLS
AND PROCESSES

A Weekly journal for
EXECUTIVES, DESIGNERS, WORKSHOP SUPERINTENDENTS,
DRAUGHTSMEN, PLANT AND PRODUCTION ENGINEERS,
FITTERS, TURNERS, PATTERN -MAKERS, MAINTENANCE
ENGINEERS, TOOL-MAKERS, MILLWRIGHTS, CAPSTAN SET-
TERS, 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.

Get a copy from your Newsagent To -day

FIRST & STILL THE BEST
I 72nd Scale Model AIRCRAFT CONSTRUCTION

Sic,131FIDS
Nearly 100 different Types have been produced-

AND NOW !
The MESSERSCHMITT "Me109"

Complete Outfit, price 3f -
Send stamps I -id. for SKYBIRDS 1940 illustrated Price List of
Aeronautical Models, complete range of Accessories, and a
copy of the SKYBIRD LEAG :E NEWS BULLETIN. Address:

SKYBIRDS (Desk P.M.), 3 Aldermanbury Avenue, London, E.C.2

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

--.11101

Tailstuck Drill Chucks

1 9 2 4 3'6

13 1,6

Strahslit
Or

Taper

Lathe Carriers

Vertical

Slides

x 4" 31/6

4" x 41/4" 34/3

Ii" . 6" 52/3

1 9 2 3 9
Write for free4c.gtifof.lise3of LatliPs and

2

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

INTRODUCING THE "FLUXITE" QUINS

-0 H" and "0 0 --
We're THE FLUXITE

QUINS - calling
YOU-

For things you make or
mend-

You'll find you can
DEPEND

On US-when there's sol-
dering to do! "

See that FLUXITE is always by you in the house-garage-workshop--
wherever speedy soldering is needed. Used for 30 years in Government works
and by leading engineers and manufacturers. Of ironmongers-in tins, 4d.,
8d., 1 4 and 2 8. Ask to see the FLUXITE SMALL SPACE SOLDERING SET
- complete but substantial complete with full instructions, 7/. 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 i Your wheels will NOT keep round and true unless the spokes
are tied with fine wire at the crossings cud 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 sol-
dering job instantly. A little
pressure places the right quan-
tity on the right spot and one
charging lasts for ages. Price
1/6, or filled 2/6.
FLUXITE Ltd., Dept. P.M., Dragon
Works, Bermondsey Street, S.E.I

ALL MECHANICS WILL HAVE

FLUXITE
IT SIMPLIFIES ALL SOLDERING

George Newnes, Ltd.
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Building a Z -in. Gauge Model
of the "Flying Scotsman"

Fig 19.-Engine main frames, with driving wheels, cylinder and valve gear assembled on one side

BEFORE continuing with the details
of construction, it would be as well
at this stage to study the full speci-

fication of materials, castings and fittings for
this locomotive, which is given on the follow-
ing page. All these parts are obtainable from
Bassett Lowke, Ltd. Only the castings, etc.,
necessary for the particular part of the
work in hand need be purchased at a time.
Other parts can be obtained as the work
proceeds.

Engine Cylinders
The cylinders, which are of standard type,

11/16 in. bore and 1 in. stroke, are turned
from gunmetal castings. It will be noticed,
with reference to Fig. 21, that the port
face of the cylinder is inclined, the slide
valve being of the ordinary D pattern.

Each cover is marked out and drilled for
six 3/32 in. fixing bolts. The steam inlet
in the valve -chest cover is drilled and tapped
3/16 in. for the steam pipe, and the exhaust
outlet is tapped 7/32 in. for the exhaust pipe.
The piston rods, of 5/32 in. diam. steel, are
cut off to the length required (see Fig. 20),
the ends being screwed 40 threads per inch
for screwirn, into the pistons. Each cylinder
is secured to the frames by four 1/8 in.
hexagon -headed screws.

The valve rod, which is 3/32 in. diam., is
turned down at one end, and screwed for
part of its length for the valve -adjusting
nut, as shown in the drawing. The cross-
heads, after machining, are drilled and forced
on the ends of the piston rods, and then
pinned.

The exhaust pipe, of inverted -T type, is
formed from 1 in. diam. copper tube, the ends
being screwed for fitting into the exhaust
outlet of the cylinders. The discharge end
of the exhaust pipe is fitted with a push -on
nozzle. (See Fig. 15.)

Each crosshead guide -bar, of 1 in. by 1/8
in. steel, is drilled at one end for taking a
steel stud for fixing it to the piston -rod
stuffing box on the front cover. (See
Fig. 21.)

The valve -spindle crossheads are made

from in. steel, and are slotted and drilled,
as shown in Fig. 21, which also gives details
of the various parts for the valve motion,
all of which are of steel.

Driving Wheels
All the engine driving wheels are

quartered, and the cranks set at 90 degrees.
An eccentric (No. 3) having a bore of 5/16 in.
and a stroke of 3/16 in., is fixed to the main
driving axle for driving the boiler feed pump
(No. 2). The pump assembly, and the pipe
connections, are shown in Fig. 24.

The trailing side -frames, with dummy
springs and hornblocks attached, are fitted
to the main frames, with 3/32 in. bolts.
(See Figs. 6 and 9). The six footplate
supporting brackets are cut from 3/16 in.
flat brass, drilled for lightness, and fixed to
the main frames by 3/32 in. set screws,
These brackets are clearly seen in Fig. 12.
which also sho vs the driving wheels, cylinder,

Further Constructional
Details of the Cylinders

and Valve Gear
coupling rod, and valve gear assembled on
one side of the engine main frames.

Coupling Rods
The coupling rods are machined from

German silver castings. They are cleaned

Fig. 23.-This view of the engine chassis shows
the steam and exhaust pipe connections, feed

pump, and footplate brackets

up to the sizes required, and milled on the
faces. This is done to prevent rust, and to
give a more pleasing appearance.

Gunmetal bushes are fitted to the main

Fig. 22.-The finished engine and tender wheels on their axles
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frames for the reversing shaft, in a central
position, as indicated in Fig. 6. The
motion brackets are built up from brass or
gunmetal (or castings may be used) and
they are fitted with phosphor bronze
trunnion bushes. These are turned from rod,
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Figs. 15 to 18.-Cross sections through cylinders, boiler and firebox, and rear elevation of cab fittings

and are forced in place, and soldered. The
brackets are then attached to the main
frames by set screws. (See Figs. 12 and 13.)

A bracket to hold the axle -driven pump
is made from 1/16 in. brass, bent to the same
width as the frames, and fixed in place with

countersunk screws. This bracket is seen
just in front of the reversing shaft in Fig. 6.
The pump is attached by 3/32 in. set screws.

Returning to the cylinder, two 1/8 in.
male -end unions are used for connections
to the steam pipe, and a No. 2 male end

MATERIALS, CASTINGS and FITTINGS for the 4 -in. SCALE " FLYING SCOTSMAN "
STEEL PLATE

1/ lb" Engine main frames .. 2 pieces 221" is 2i3"
a bogie frames ... 2 4i" x 11"

rear outside
frames

Tender frames ... 2
Bogie stretchers
Spirit burners support ... 1
Reversing quadrant ... 1 0

Valve gear links and
rods, reversing rods
and sundry parts ... 1 14" x 2"

1/32" Inner firebox . ... 1 13" x 21"
STEEL ROD, ROUND

5/16" dia. Coupled axles 10" long
1" dia. All other axles 28"

Drawbar pins
5/32" dia. Reversing shaft FP 41"

STEEL FLAT STRIP
I" x 1" Slide Bar, " 51"

SHEET BRASS
1/32" thick-

Boiler casing ... 1 sheet 191" x 11"
Firebox back ... 1 x 41"

Throat plates
Smokebox Front ... I 31" x 31"

door ... 1 21" x21"
Cab sides ... ... 2 34 x 31°

1/32" thick-
Cab roof ... ... 1 piece 51 x 4"
Cab front ... ... 1 41" x 41"
Footplating ... 2 a 24" x 11"

side plates ... 2 51" x 11"
front and
back plates... 1

Tender tank sides ... 2
back ...
front ... ... 1

bottom ... 1

top ... 1

partition
Footsteps and sundry parts 1
Vestibule Coupler ... 1 a

1/16" thick-
Expansion link brackets,

hornstays, etc.
Pump cross stretchers ... 1

Spirit sump stretchers ... 1

5/" x 2"
13"x 2"
31" x 11"
21"xlr2¢x11

5 x 2"
132" x 4"
4;"x411"
41" x 31"

131" x 5"
13" x 44"
44" x 41"
7" x 2"

101" x 1"
41" x 21"
41" x It"
21"x11"

4" x 3"
x11"

4" x11"

3,32" thick-
( 'a b roof ventilators 1 piece

3/16" thick-
Expansion link bracket sup-

ports 1136" x

BRASS BAR
x 1" Coupled axleboxes ... 1 6" long

SQ. BRASS ROD
x r By-pass ... 1 a 11"

ROUND BRASS ROD
r dia. Engine frame stays and

reversing shaft
hushes ... 1 piece 5" Iona

STRIP BRASS
x 1/64" Boiler Binding 8"

BRASS TUBING
1" dia. Spirit sump and Imbri-

calor
4" dia. Chimney petticoat 11"
9/16" dia. Spirit Burners 12"
1" dia. a 10"
5/16" dia. 1i"

BRASS ANGLE
I, 16" x -,1"-

liornstays and tender tank
angles ... 12"

I/16" x1" x
Tender tank and frame

angles, etc. 8"
Firebox angles

BRASS STRIP
:3/16" x 1/16"-

Footplate valance 2 24"

COPPER TUBING
21" dia. Boiler shell ,, 161"
1" dia. Water tubes 17"

Exhaust pipe 41" ,
3)16" dia. Steampipe and

superheater ... 1 60"
Pipes in tender etc. 1 20"

1" dia. Water delivery (ten-
der) ... 1 36"

Water (engine) ... 2 18"
Oil and steam lub-

ricator ... I 30"
Blower pipe ... 1 20"

BRASS WIRE
1/16" dia. Handrals 2 pieces 18" long

... 2 12"

HALF ROUND BRASS
3/32" wide-

Tender and cab beading ... 5

IRON CASTINGS
Driving and coupled wheels 1460
Trailing and tender wheels 10 a 1161
Bogie wheels 1156

GUN METAL CASTINGS
Buffer Beams ... 4

Axleboxes, trailing and ten-
der ...10

A xleboxes, horns and t ender 20
Springs (dummy) ...10
Splashers ... 6
Boiler ends, 21" ... 2
Chimney 1 ?I

Dome
Dummy safety valves ... 2

NICKEL OR GERMAN SILVER
Coupling rods (front) ... 2

 (back) ... 2
Connecting rods ... 2

FITTINGS
Cylinders, r. & 1 h. ... 1 pair A2
Pressure gauge ... ... 1 piece
Water gauge 9171
G.M. Union cocks ... . 114/1
Straight nose cocks 11/0
Gun metal unions, 1" 3 24/1

3/10" ... 1 24/3
Check valve 115/1
Regulator patt. C. 1468/2
Blower valve 1500/1
Pad for pressure gauge pipe,

Safety valve
Buffers .. . . 4
Handrail knobs, short pat-

tern
Axle driven pump, horizon-

tal with eccentric
Tender handpump
Spirit needle valve
Brass filling screw, 1" ... 1

II I" ... 1

filling plug (push in),1" 1

PI

11

11

11

11

144/1
152/1

No. 2

No. 2
1726/2
268/0
119/1
No. 2

52/2
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B

connects the superheater to the steam pipe.
(See Fig. 15.)

The smoke -box saddle is fixed between
the main frames with four 3/32 in. screws.

Footplating
With regard to the footplating, this is cut

out of 1/32 in. sheet brass, and bent to shape ls
with 1/16 in. brass beading soldered on.
The curved front portion is cut out from
1/16 in. sheet brass, to the shape shown in
the side elevation of the finished engine,

p Fig. 4. It is fixed in place by 3/32 in.
screws.

AII

Reversing Lever and Quadrant
The reversing lever is turned and filed

from a piece of in. diameter mild steel rod,
to the shape and dimensions given in Fig. 20.
It has a stop pin, just below the handle, for
engaging with holes drilled in the quadrant,
as indicated in the dra ving.

The quadrant, which is cut from 1/16 in.
steel plate, is filed to shape, the lower part
being bent at right angles for screwing to
the footplate on the right-hand side of the
cab, flush with the rear edge pf the footplate
(see Figs. 4 and 18).

For the reversing rod, j in. by 1/16 in.
steel strip is used, the rear end being
upturned and drilled 3/32 in. to take the
screw on the reversing lever. The other
end of the rod is drilled for attaching to the
cranked end of the reversing shaft.

Spirit Burners
At this stage the spirit burners, and
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U &*

"a X, 5'8
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FOOT -PLATING BRACKETS. SUPPORT FOR 4BIU46RNER;
6 OFF I OFF, STEEL PLATE

Fig. 20.-Details of spirit burner, supporting bracket, and reversing
lever and quadrant

IsX.\\\\\`.\\.\\N`l

Fig. 21 -Details of cylinder, crosshead and slide -valve

DETAILED 1-1 EASUREM ErITS
OF VALVE AND PORT FACE'.
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frames for the reversing shaft, in a central
position, as indicated in Fig. 6. The
motion brackets are built up from brass or
gunmetal (or castings may be used) and
they are fitted with phosphor bronze
trunnion bushes. These are turned from rod,
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Figs. 15 to 18.-Cross sections through cylinders, boiler and firebox, and rear elevation of cab fittings

and are forced in place, and soldered. The
brackets are then attached to the main
frames by set screws. (See Figs. 12 and 13.)

A bracket to hold the axle -driven pump
is made from 1/16 in. brass, bent to the same
width as the frames, and fixed in place with

countersunk screws. This bracket is seen
just in front of the reversing shaft in Fig. 6.
The pump is attached by 3/32 in. set screws.

Returning to the cylinder, two 1/8 in.
male -end unions are used for connections
to the steam pipe, and a No. 2 male end

MATERIALS, CASTINGS and FITTINGS for the 4 -in. SCALE " FLYING SCOTSMAN "
STEEL PLATE

1/ lb" Engine main frames .. 2 pieces 221" is 2i3"
a bogie frames ... 2 4i" x 11"

rear outside
frames

Tender frames ... 2
Bogie stretchers
Spirit burners support ... 1
Reversing quadrant ... 1 0

Valve gear links and
rods, reversing rods
and sundry parts ... 1 14" x 2"

1/32" Inner firebox . ... 1 13" x 21"
STEEL ROD, ROUND

5/16" dia. Coupled axles 10" long
1" dia. All other axles 28"

Drawbar pins
5/32" dia. Reversing shaft FP 41"

STEEL FLAT STRIP
I" x 1" Slide Bar, " 51"

SHEET BRASS
1/32" thick-

Boiler casing ... 1 sheet 191" x 11"
Firebox back ... 1 x 41"

Throat plates
Smokebox Front ... I 31" x 31"

door ... 1 21" x21"
Cab sides ... ... 2 34 x 31°

1/32" thick-
Cab roof ... ... 1 piece 51 x 4"
Cab front ... ... 1 41" x 41"
Footplating ... 2 a 24" x 11"

side plates ... 2 51" x 11"
front and
back plates... 1

Tender tank sides ... 2
back ...
front ... ... 1

bottom ... 1

top ... 1

partition
Footsteps and sundry parts 1
Vestibule Coupler ... 1 a

1/16" thick-
Expansion link brackets,

hornstays, etc.
Pump cross stretchers ... 1

Spirit sump stretchers ... 1

5/" x 2"
13"x 2"
31" x 11"
21"xlr2¢x11

5 x 2"
132" x 4"
4;"x411"
41" x 31"

131" x 5"
13" x 44"
44" x 41"
7" x 2"

101" x 1"
41" x 21"
41" x It"
21"x11"

4" x 3"
x11"

4" x11"

3,32" thick-
( 'a b roof ventilators 1 piece

3/16" thick-
Expansion link bracket sup-

ports 1136" x

BRASS BAR
x 1" Coupled axleboxes ... 1 6" long

SQ. BRASS ROD
x r By-pass ... 1 a 11"

ROUND BRASS ROD
r dia. Engine frame stays and

reversing shaft
hushes ... 1 piece 5" Iona

STRIP BRASS
x 1/64" Boiler Binding 8"

BRASS TUBING
1" dia. Spirit sump and Imbri-

calor
4" dia. Chimney petticoat 11"
9/16" dia. Spirit Burners 12"
1" dia. a 10"
5/16" dia. 1i"

BRASS ANGLE
I, 16" x -,1"-

liornstays and tender tank
angles ... 12"

I/16" x1" x
Tender tank and frame

angles, etc. 8"
Firebox angles

BRASS STRIP
:3/16" x 1/16"-

Footplate valance 2 24"

COPPER TUBING
21" dia. Boiler shell ,, 161"
1" dia. Water tubes 17"

Exhaust pipe 41" ,
3)16" dia. Steampipe and

superheater ... 1 60"
Pipes in tender etc. 1 20"

1" dia. Water delivery (ten-
der) ... 1 36"

Water (engine) ... 2 18"
Oil and steam lub-

ricator ... I 30"
Blower pipe ... 1 20"

BRASS WIRE
1/16" dia. Handrals 2 pieces 18" long

... 2 12"

HALF ROUND BRASS
3/32" wide-

Tender and cab beading ... 5

IRON CASTINGS
Driving and coupled wheels 1460
Trailing and tender wheels 10 a 1161
Bogie wheels 1156

GUN METAL CASTINGS
Buffer Beams ... 4

Axleboxes, trailing and ten-
der ...10

A xleboxes, horns and t ender 20
Springs (dummy) ...10
Splashers ... 6
Boiler ends, 21" ... 2
Chimney 1 ?I

Dome
Dummy safety valves ... 2

NICKEL OR GERMAN SILVER
Coupling rods (front) ... 2

 (back) ... 2
Connecting rods ... 2

FITTINGS
Cylinders, r. & 1 h. ... 1 pair A2
Pressure gauge ... ... 1 piece
Water gauge 9171
G.M. Union cocks ... . 114/1
Straight nose cocks 11/0
Gun metal unions, 1" 3 24/1

3/10" ... 1 24/3
Check valve 115/1
Regulator patt. C. 1468/2
Blower valve 1500/1
Pad for pressure gauge pipe,

Safety valve
Buffers .. . . 4
Handrail knobs, short pat-
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Axle driven pump, horizon-

tal with eccentric
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connects the superheater to the steam pipe.
(See Fig. 15.)

The smoke -box saddle is fixed between
the main frames with four 3/32 in. screws.

Footplating
With regard to the footplating, this is cut

out of 1/32 in. sheet brass, and bent to shape ls
with 1/16 in. brass beading soldered on.
The curved front portion is cut out from
1/16 in. sheet brass, to the shape shown in
the side elevation of the finished engine,

p Fig. 4. It is fixed in place by 3/32 in.
screws.

AII

Reversing Lever and Quadrant
The reversing lever is turned and filed

from a piece of in. diameter mild steel rod,
to the shape and dimensions given in Fig. 20.
It has a stop pin, just below the handle, for
engaging with holes drilled in the quadrant,
as indicated in the dra ving.

The quadrant, which is cut from 1/16 in.
steel plate, is filed to shape, the lower part
being bent at right angles for screwing to
the footplate on the right-hand side of the
cab, flush with the rear edge pf the footplate
(see Figs. 4 and 18).

For the reversing rod, j in. by 1/16 in.
steel strip is used, the rear end being
upturned and drilled 3/32 in. to take the
screw on the reversing lever. The other
end of the rod is drilled for attaching to the
cranked end of the reversing shaft.

Spirit Burners
At this stage the spirit burners, and
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supporting bracket can be taken
in hand. It will be seen by DEVNSING ARMS.
reference to Fig. 20 that there are rA
eight wick to s, and these are
cut to the length indicated, from
mandrel drawn brass tubing of
9/16 in. outside diameter. Holes LOFT HAND

t in. diameter are drilled through
the lower ends of the tubes,
diametrically opposite, to take
the supply pipes. Inthe top wall
of these pipes 1/8 in. odiameter
holes are drilled, spaced 1 1/16 in.
apart, and these holes come in
the centre of the wick tubes
when the latter are silver sol-
dered in place. The bottom of
each tube is plugged with a brass
Iisc,'also silver -soldered in place.

The connecting T -piece at the
rear end of the burner tubes is
made up with two pieces of
tubing, as shown, the front ends
of the tubes being plugged with
a brass strip, silver -soldered on.

(To be continued'

CORRECTION
Owing to a draughtsman's

error, the drop in the main
frames at the rear end was given
as % in. in Fig. 6 (February
issue) just below the rear main
axle box keep. This dimension
should be f -g in., giving an over-
all width of 21-:, in. for the main
frame.
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THE VACUUM FLASK
AT first an invention devised for

laboratory use, the vacuum flask
(or " Thermos " flask, to make use

of a proprietary name) has been adapted
with great success to popular requirements.

If we consider a cup of hot coffee, for
instance, we know that if it is left standing
for only a few minutes it will become cold,
i.e., it loses its heat. We must first under-
stand how and where this heat goes before
we can understand the action of the vacuum
flask.

Heat is a form of energy, and as such is
indestructible; it can pass from one sub-
stance to another of lower temperature, or it
can be converted into mechanical, electrical
or chemical energy, but it cannot vanish
altogether. In the case of the cup of coffee
there are four ways in which it can dispose
of its heat : conduction, radiation, convec-
tion and evaporation. These will be
referred to again later.

The illustration shows a section of a
vacuum flask. It consists of a kind of
double glass bottle, the inner one holding
the hot coffee or other liquid, while the
outer one forms a sealed space all round
the inner bottle. The outside surface of
the inner bottle and the inside of the outer
one are silvered like a mirror by introducing
a silver solution into the space. After the
silver is deposited, the liquid is removed and

the air pumped out of this space, .eaving a
vacuum, which is maintained by sealing
up the glass -tube connection. The con-
nection can always be seen as a kind of
nipple near the base of the outer bottle.

Coming back to the cup of coffee, a
certain amount of heat gets away by being
passed on from molecule to molecule
through the cup and anything in contact
therewith. This flow of heat is called

"conduction"
and is pre-
vented in the
flask by re-
moving the
surr ounding

VACUUM = air, so that
SPACE by surround-

ing the hot
coffee with a

SILVERED I = vacuum there
SURFACE is nothing to

conduct the
heat away at

HOT all, except for
Lioum a very little

CORK --.
STOPPER

CONNECTION
SEALED AFTER
VACUUM IS FORMED -

Cross section
through a
vacuum flask

which leaks edgewise along the glass at the
neck and through the cork.

Anything that is hotter than its sur-
roundings " radiates " heat. The sun, for
example, radiates enormous quantities of
heat in all directions, and our cup of coffee
does the same thing on a lesser scale. Now
if a vacuum could stop radiant heat we
should get no warmth at all from the sun,
for its heat has to traverse nearly
100,000,000 miles of space, which is a com-
plete vacuum. Obviously, then, the
vacuum space round the flask will offer no
barrier at all to loss of heat by radiation.
But radiant heat can be reflected in the
same manner as light, therefore the silvered
surface of the inner bottle reflects the
radiated heat back into the bottle again.
The reflecting properties of silver on glass
are very nearly 100 -per cent., so the clever
device of silvering almost entirely prevents
loss of heat by radiation. It is not used to
make the article look pretty.

" Convection " has been mentioned as a
cause of less of heat. This means that as
the heat is conducted to the surrounding
air, the air becomes warm and rises, forming
a current of air, which acts as a kind of
vehicle to carry away the heat. These are
termed convection currents, and in the case
of the vacuum flask are" effectively pre-
vented by the simple means of putting a
cork in the neck. There can, of course, be
no convection currents at the walls of the
bottle on account of the vacuum.

The fourth source of loss-evaporation-
can be seen operating in the rising steam.
A certain amount of the liquid becomes
vaporised, and in the process of evapora-
tion absorbs what is termed " latent heat."
This is not quite so easy to explain as the
other kinds of heat loss, but is very easily
dealt with by the cork, which prevents
evaporation and therefore stops heat loss
from this cause. The action of a vacuum
flask, the reader will know from his own
experience, is very effective
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IN the issue of PR.A C TIC., L MECHANICS for
November last, I gave a description,
illustrated by detail drawings, of a single -

acting, single -cylinder, horizontal steam
engine, the main purpose of which was that
it might serve as an example of model -
making suitable for beginners in the craft.

The simplicity of the principle on which
that engine functions, particularly in regard
to the piston and slide valve, is such that it
commends itself for application to other
forms of steam motors and other uses for the
same ; especially in such cases where the
engine is only required to do useful work
and is not called upon to follow the shape
or outline of a prototype.

Such a case of usefulness is that in which
a prime mover is wanted for driving the
propeller of a model steamship ; the engine
being entirely out of sight and its exact
form being of no consequence.

Less Accuracy in Fitting
It will be obvious to the accomplished

model engineer, as well as to the tyro, that
the making and fitting up of an engine which
has no cylinder cover at the end nearest to
the crankshaft, with a stuffing box through
which a piston rod passes, no crosshead and
slide bars, no slide valve in a closed
steam -chest and no valve rod with its
accompanying stuffing box and gland, must
permit of very considerably less accuracy in
fitting and alignment than does an engine in
which all these things are present. Further,
that in a double-acting cylinder, unless the
workmanship is such that the highest degree
of accuracy has been attained, there is a
considerable loss of power due to friction in
the piston and stuffing boxes. This is due to
the want of alignment between the bore of
the cylinder and the holes in the box and
gland through which the piston rod passes.
This fault may, too, be aggravated by the
crosshead guides being out of line with the
gland, with the cylinder bore or with both.

The great advantage accruing from the
use of single acting cylinders-of the type
which I originated for steam engine models
when I was but fifteen years of age-lies in
the fact that there is no piston rod, no
crosshead, and no valve chest; moreover
there are no long ports to drill from the
valve face to the cylinder ends and through
which ports the steam, on admission, has
probably to be wiredrawn and most cer-
tainly has on the exhaust stroke.

In order to obtain the same horse power in
the single acting principle as in the double
acting, two cylinders have to be employed,
each set in line, one with the other, on
opposite sides of the crank. But the making
of two such cylinders with their connecting
rods, pistons and valves, involves, col-
lectively, less work than does one only of the
double-acting type, complete with slide -bars
and crosshead. Beside the reduced labour
called for in making, and the reduced

amount of friction set up in working, there
are several other advantages arising out of
the use of the single acting principle and
particularly out of the flat -plate type of
slide valve. One of these is the better
balancing of the moving parts ; for ships the
much lower centre of gravity of the mass of
the engine and the simplicity of the lubrica-
tion, not only of the pistons but of the

By E. W. TWINING

crank -shaft bearings and the connecting
rod ends, all of which is automatic by splash
from the crankcase, that is to say : where
such crankcase is of the closed type. The
valves receive some oil which is carried out
of the cylinder by the exhaust steam.
Flat -plate Slide Valve

The advantage of the flat -plate slide
valve is that the ports for steam and

model engineer to take 01i all the needful par-
ticulars and build the engine. From these
drawings it will be seen that a four -cylinder
engine is intended, with cranks set at right
angles. This, from the point of view of
power developed, is equivalent to a two -
cylinder, double-acting engine. The model
can, of course, be built with two single
acting cylinders only, set on opposite sides
of the crankcase, but it must be remembered
that it would not then be self-starting
should the crank happen to be on a dead -
centre.

Smaller Engine
It will be noticed that no figured measure-

ments are given in the drawings. The
reason for this is that some readers may
desire a smaller engine or a larger one than
others, according to the size of the vessel ,

which is to be driven and the speed expected
or required. So, I have, on the sectional
views, appended scales, and by means of
these all measurements can be taken off
with a pak of dividers. I may point out
that by the two scales two sizes of engine are

This First Article on the Building of a Model
Boat Deals with the Construction of the Engine.
Next Month we Intend to give Constructional

Details of the Boat
exhaust are cut straight through it, through
the blocks of metal on either side of it and
between which the valve slides. It follows
therefore that neither live steam nor
exhaust are compelled to pass through long
and tortuous passages in entering and
leaving the cylinder. In addition, there is
the great advantage that boiler steam
enters by a port separate from that through
which the exhaust issues.

The only disadvantage lies in the facts
that separate steam pipes have to be taken
to each valve block and that the slide valve
itself suffers some small amount of cooling
at each end by exposure to the air.

Ship's Engine
The subject of the present article is, as

I have indicated, a model ship's engine. It
embodies the foregoing principle and pos-
sesses the added advantage that it can, if
desired, be built up entirely of sheet metal,
tubing, steel rod, etc., many bits and pieces
of which can often be found in the average
model -maker's scrap box. Actually no
castings are necessary, and the time and
cost of pattern -making is thus saved,
though some people may prefer to have
castings made for the ctankcase.

I have prepared two drawings only, and
these should be quite sufficient to enable any

indicated. The upper one, in Fig. 1, is to be
used for cylinders having a bore and a stroke
of 1 inch, which would be suitable for a
model of a cargo vessel of about 6 to 7 feet
in length. The other scale is for a },inch
by -inch engine which would be capable of
driving a ship having a length on water -line
of about 5 feet.

For a given horse power in the engine and
boiler the exact size of the vessel and its
propeller depends very largely upon the
speed at which the, ship is to be driven
through the water. A cargo steamet in
model form is a very picturesque object,
much more so, in my own opinion, than is
a passenger liner, and a cargo boat moves
at a comparatively low rate of knots.

Size and Speed
This matter of the size and speed of the

model vessel is one upon which I do not pose
as an expert, and as it is proposed that this
article shall be followed by one from my
friend and colleague, Mr. E. H. Clifton, who
will write about and give drawings for a ship
suitable for taking the engine, I will leave
the matter to be dealt with by him. Then
when the sizes and displacement of the hull
are decided upon I will provide the reader
with drawings for a boiler or steam genera-
tor, which will be arranged to fit into the



268 NEWNES PRACTICAL MECHANICS March, 1940

NIMONM0200101.1tkli'

ci

VOW.,

V*4

***117,0400,..1133`.6'

.55tiRM

.1617AVAYAVA7,000103W47/$6,4160,41,,,,W.C.4.^.43-47...

NOW,
41seip

aaa C120,5.5 SECTION
ON- A . A

,7,17,1VAYAW,17,171."." ,..V6ZONN.WWk.,1%

5! .2 MY

In
b,

1.114VONS,

'Z.NANNIO WK.ORSVI.N.XMOZORA

kolastakM142M.MM!..ktatUallarsearalatilrekZzigtWommow
01111.111r7""t

I Ii

5CALE FOR EPIGItit 1" BORE., 1"..3TPOKt

,SCALE FOP ttIG Ill :3/4 BORE. .Y41'. STROKE

AL

space available for it within the hull.
Returning to our engine and -the details of

its construction, I have endeavoured to
render a lengthy description superfluous by
completeness and clarity in the drawings of
which Fig. 1 are all sections and Fig. 2
external views. These latter call for no
comment except to say that the upper
drawing is an end elevation of the after end
with flywheel omitted; the lower drawing is
a plan and on the right hand an elevation of
the starboard side. This last shows a sug-
gested way of distributing steam to the four
slide valves and of collecting the exhaust.
The main steam pipe from the boiler is
brought to a point over the centre of the
engine ; there it enters and is soldered into
a tubular box out of which four branch pipes
issue radially. These branches terminate in
the flanges screwed to the valve cover -
plates Shown in the drawings. The exhaust
pipes had better, perhaps, be separate for
each pair of cylinders, one pipe on each side.
These can be brought together and enter the
base of the funnel, or smokebox, side by
side. But really this matter of pipework
will be best dealt with later and after the
ship and the boiler have been designed.

The Flywheel
As I have already indicated all the parts

of this engine can be built up-with the
exception, of course, of the flywheel. Al-
though some readers may prefer a cast
crankcase I recommend the built-up
method, fcr eventually it will be found to
involve the lesser amount of work. A casting
or pair of castings could not be made from
a simple pattern, and actually a somewhat
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intricate corebox would be needed in addi-
tion to a pattern, in order to form the hollow
interior of the crankcase.

It will be seen that the case is in two
halves, as are also each of the three bearings
for the crankshaft. To make each half, by
building up, six pieces of sheet brass will be
required : two ends, a middle partition, the
wrapper plate and two flanges. The
wrapper, which is the main plate which
receives the cylinders, is first measured up
and bent as shown in the cross section; then
the end bearing plates and the middle parti-
tion are cut out to fit the wrapper and are
silver -soldered in place. The edges of all
the assembled plates may then be faced, laid
upon a flat piece of firebrick and the
flanges similarly silver -soldered. Each of the
two halves of the crankcase should then be
fine -faced by rubbing on a sheet of emery
cloth laid upon a surface plate and finally,
ground together and drilled ready for
bolting.

The Case
The assembled case may next be laid

upon the surface plate-for which a piece of
plate glass serves excellent6- as a substitute
-and carefully marked out, with square
and scriber, for the cylinder centres and for
the centre -line of the crankshaft. The two
halves are then separated, circles scribed
and cut out to take the cylinders and the
markings for the shaft centres scribed across
the middle partition on each half of the
case. It is, of course, most important that
all three of these bearings shall be exactly
in line.

The crankcase is now bolted together

Fig. I.-Sectional views of the
engine. It will be seen that a
four -cylinder engine is intended,
with cranks set at right angles.
No figured measurements are
given as some readers may prefer
a smaller or larger engine,
according to the size of the vessel
which is to be driven and the
speed expected or required
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again and the end holes drilled and opened
out to receive the spigots on the bearings ;
see plan and the section C.C. The centre
partition cannot very well be drilled with
accuracy and, therefore, from the scribed
centre it will be necessary to mark off with
dividers above and Below the line and then
to file the metal away with a half -round
file until the turned bearing fits. All three
of the actual bearings are split and, since it
will not be possible to saw these into halves
after turning, it will be necessary to saw
first and turn afterwards. Take a piece of
round rod of sufficiently large diameter,
divide this with the hacksaw lengthwise,
on its centre -line, file the sawn faces flat and
soft solder them together again. Now drill
down lengthwise, following the soldered
joint, to a diameter to fit the shaft. Turn
the outside to the form shown in the draw-
ings, including the shouldering down to fit
the openings in the crank -case plates, part
off in the lathe for each of the three bearings
and separate the halves by unsoldering.
These half bearings are then silver -soldered
into their respective places in the, crankcase.

The Cylinders
The cylinders are made from brass tubing,

carefully selected for smoothness and
circular truth. Cylinder covers are turned
from thick brass plate, shouldered and
soldered in.

The valve -face blocks may be small
castings, but I think this had better be
decided by each maker of the engine for
himself. Some people would not hesitate
to, take a piece of brass bar, long enough for
all four blocks, mount it either on an angle -

J
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plate carried on the lathe faceplate or else
on the saddle of the lathe, and with a boring
tool in the one case or a boring bar in the
other, would machine the hollow, which is
to saddle on to the cylinders, at one opera-
tion, sawing off each block afterwards. It is
possible to build this engine without a lathe,
and if none is available I suggest that the
least laborious way of providing these
blocks is to make a small wooden pattern,
get a gunmetal or brass casting and finish
all off with half -round and other files.

There is one other part-or rather, four of
them-which also may be cast if preferred,
namely the webs and counterbalances of the
cranks. Obviously these are best made from
mild steel and are machined from pieces of
plate ; but it would be quite practicable-
and I think they would be reliable-to make
them of hand -cast gunmetal. In either case
the" webs, shaft and crank -pins are to be
silver -soldered together.

As will be seen the pistons are built up,
the piston trunks being tubes of two -
diameters, one outside of the other. This
method of using two tubes enables us to
leave a gap in the outer one to receive the
soft cotton packing. The pistons should,
when made, be a tight fit in the cylinder, and
should then be lapped in, using first the
finest flour emery followed by metal polish.
They should, after lapping, make a perfect
sliding fit, and with a film of oil between
piston and cylinder, and the ports covered,
bear compression of air for a long period
without leakage.

Slide Valves
The slide valves are simple pieces of fiat

a

brass plate as are also the cover plates;
these latter are double, i.e., each made up
of two pieces, soldered together. The one
next to the valve has steam and exhaust -
port openings cut in them exactly opposite
those in the cylinder and block, whilst the
outer one has circular holes corresponding
with the apertures of the steam and exhaust
pipes.

Both sides of the valve and both the faces
between which the valve works have to be
ground true, preferably on plate glass, with
abrasive gradually reducing in fineness to
that of metal polish. Finally the pairs of
swfaces which have to work together should
be ground together with the polish.

A Disc Crank
For driving the forward valves a small

disc crank is adopted, with two rods some-
what like small connecting rods, but on the
after end the valves must be driven by an
eccentric, for a reason which will be obvious.
Here one sheave only need be fitted on the
shaft, and this can take both eccentric rods.
The straps, or eyes of the rods, need not be
split in the usual way; it will be more simple
to fit a removable cheek on the sheave which
will allow the rods to be passed into
place.

The flywheel is of cast iron and is secured
by one set -screw. In the after side of the
wheel there are two pins which will engage
with a driven plate on the end of the pro-
peller shaft. Alignment of the engine with
the propeller shaft is secured by a third pin
projecting from the centre of the crank
shaft ; this fits into a hole in the centre of the
driven plate.
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It will, perhaps, be noticed that in the
drawings I have shown no brackets or other
means of mounting and holding the engine.
For steamship work I think it best to defer
dealing with this until the hull is designed.

(To be continued)

Sindbad Up ,to,date
THE Advisory Committee on inventions

at the Ministry of Supply are the'
recipients of a multiplicity of suggestions.
Doubtless many of these are unworkable,
although dear to the hearts of the proposers.
The average inventor makes a pet of his
idea, regarding it with the favourable bias
which the mother invariably feels towards
her firstborn. But while cold impartiality
finds it necessary to reject a number of
ideas, care is naturally exercised lest in
sifting the wheat from the tares really
golden ears may be rejected.

Some visionary in the United States has
suggested an electro-magnet which would
draw to the side of a battleship a submarine
and electrocute the crew of the latter.

This impracticable notion recalls one of
the tales of that remarkable traveller,
Sindbad the Sailor. He told how once his
ship was, by some mysterious power,
irresistibly attracted towards a mountain
on the coast. When the vessel approached
the shore, the ship suddenly went to pieces.
All the nails in its planks were forced out
and flew to the slopes of the mountain,
which was a huge loadstone !

"""*4...

Fig. 2.-External views
of the completed engine
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Chemistry for Beginners

Preparing hydrogen phosphide or pho:phine" by boiling yellow phosphorus with caustic soda solution
in a flask. The bottle on the left contains marble chippings and dilute hydrochloric acid in order to
generate carbon dioxide gas which is led into the flask to displace the air therein before beginning the

preparation of the hydrogen phosphide

THE element phosphorus bears a
strange history. Despite the fact that
it is present in our brains and in

those of most animals, as well as existing
abundantly-in the form of calcium phos-
phate, Ca3(PO4)2,-in all animal and human
bones, the element itself was not really
scientifically examined until the great
chemist, Scheele, in 1771, obtained it by
heating burnt and powdered bones with
sulphuric acid.

Previous to this, phosphorus, although
known, had been a rare curiosity. It seems
to have been first discovered by a German
alchemist named Brand in either 1668 or
1669. Brand, like all other alchemists,
diligently sought for the secret of the
" Philosopher's Stone " which mythical
commodity was considered to possess the
power of turning silver and other metals into
gold. Curious, indeed, were the many
highly absurd methods which some of the
alchemists adopted in their search for the
Philosopher's Stone. Prand, the alchemist
of Hamburg, sought to make the Philoso-
pher's Stone, or, at least, an ( xtract of it,
by concentrating urine and then by distilling
it with sand. Needless to say, he failed in
his quest, but, at least, this experimenter
did stumble across one curious discovery,
for in the receiver of his alchemical retort
he found a few flakes of a strange and
altogether unknown material which actually
shone in the dark with a pale, mysterious
light and which took fire violently almost
at the very touch.

A Close Secret
Brand made quite a lot of money out of

his phosphorus, the mode of preparation of
which he guarded as a close secret. Then
he sold his secret to a few others, with the
result that the newly -discovered material
began to be exhibited at Royal courts for
the amusement and delectation of European
princes and monarchs.

Robert Boyle, the " first of the English
chemists," managed to prepare a small
quantity of phosphorus in or about the year
1680, although whether he obtained the
secret from the Continent or effected an

was brought into the open, as it were, and
stripped of all the masses of mystery and
fantasy with which it had formerly been
clothed.

Phosphorus is a peculiar element. It is
made nowadays from bone ash, by heating
this material with sand and coke in an
electric furnace, whereby a complex chemical
reaction takes place resulting in the libera-
tion of free phosphorus which distils over
into a suitably -designed receiver. It is, from
a practical standpoint, impossible to imitate
the manufacture of phosphorus on the small
scale, and, therefore, time should not be
wasted in the home laboratory in vain
attempts at the preparation of this element.
Yellow and Red

The element exists in several different
forms, the two commonest of which are
" yellow " and " red " phosphorus.

Yellow phosphorus comes to the market
in the form of cream coloured, waxy -looking
sticks, which, when exposed to air in the
dark, emit a pale greenish light. The
material smells unpleasantly of garlic, and,
what is more, it ignites and burns violently
upon the slightest friction. For this reason
yellow phosphorus is always kept, cut and in
other ways manipulated completely under
water. It must never be handled with dry
fingers, otherwise a really bad phosphorus
burn may result from the element taking
fire in consequence of the heat and friction
of the fingers.

The glow of yellow phosphorus is very
characteristic of the element. It is, in
fact, an example of " cold fire," for the
luminescence of the material is, in reality,
due to the slow oxidation or combustion of
the phosphorus. Yet, curiously enough, if

No. 12. - The Luminous Element - Interesting

Experiments and Facts Concerning Phosphorus

original discovery we have no certain means
of knowing. It was, however, as we have
already seen, not until the time of Karl
Scheele, the Scandanavian chemist, just
about a century after Brand's first discovery
of phosphorus, that this peculiar substance

Preparing phosphorus pentoxide by burning phos-
phorus in air under a large bell jar. The white
clouds of the pentoxide collects as a deposit on the

inner side of the jar

a piece of yellow phosphorus is placed into
an atmosphere of pure oxygen, its character-
istic luminescence diminishes to a very great
extent. Again, the glow of phosphorus is
stopped if the air be even slightly com-
pressed or if it contains traces of essential
oils such as turpentine and, also, various
gases. Even at the present day, we do not
know everything about the glow of yellow
phosphorus, that strange phenomenon
which has excited man's attention for more
than two and a half centuries, but we do
know one thing about it, and that is that
the effect is in some way due to the gradual
and almost imperceptible oxidation of the
yellow phosphorus.

Red Phosphorus
The second well-known) form of this

curious element is dark brick red in colour.
Hence, it is known as " red phosphorus."
Now red phosphorus neither glows in the
dark, nor does it readily ignite upon friction.
Yellow phosphorus is very poisonous, but
you may eat a spoonful of the red variety of
this element without doing yourself any
more harm than upsetting your digestion.
But, from a chemical standpoint, red
phosphorus is identical in properties with
yellow phosphorus. It enters into exactly
the same reactiops, although it does not
undergo them so violently as does its yellow
relation. Hence, for synthetical work and
for most chemical preparations, the red



Y3T

March, 1940 NEWNES PRACTICAL MECHANICS 271

variety of phosphorus is the one which is
the most employed in the laboratory.

On the industrial scale, red phosphorus is
made simply by heating yellow phosphorus
(in the absence of air) to a temperature of
about 260°C. At this temperature, an
inter -molecular change takes place in the
yellow phosphorus, resulting in its conver-
sion into the more harmless and less violent] y
reactive " red " variety.

We can see for ourselves this curious
change taking place in the laboratory.

Take a. few small grains of yellow phos-
phorus, carefully dry them with blotting
paper and introduce them into a short length
of glass tubing, sealed at one end. Now very
carefully heat the other end of the tubing
(keeping the lower end of the tubing immer-
sed in cold water in order not to allow the
contained yellow phosphorus to heat up and
so to ignite) and seal it up as quickly as
possible.

Now suspend the phosphorus tube in the
neck of a flask containing within it some
high -boiling -point liquid such as dibutyl
phthalate, or even medium -thick oil. When
the flask is heated, the hot vapours from the
liquid will heat up the yellow phosphorus
in the tube, raising it to the temperature of
its conversion into red phosphorus, which
conversion will take place quickly and
visibly. If a small trace of iodine is placed
into the phosphorus tube before sealing it off,
this change will take place even more readily'
and at a considerably lower temperature.

The above experiment illustrates the
principle of red phosphorus manufacture, an
industrial process which is nowadays under-
taken on a very large scale in view of the
constant and ever-increasing demands for
red phosphorus for the manufacture of
matches, fireworks, smoke bombs and so
forth.

Phosphoric Oxide

When either red or yellow phosphorus is
ignited, it burns with a ghostly yellow light
and with the emission of vast clouds of dense
white " smoke," which " smoke " consists
mainly of phosphoric oxide, P205. This
phosphoric oxide (or phosphorus pentoxide,
as it is sometimes termed) is a most peculiar
white, voluminous powder. It is readily
obtained by allowing a quantity of red or
yellow phosphorus to burn under a large
glass bell jar or other enclosure and then by
rapidly scraping the deposit of the oxide off
the sides of the jar. The chief character-
istic of this phosphoric oxide is its excep-
tional affinity for water. It very rapidly
abstracts moisture from the air, becoming
wet and pasty in the process, and for this
reason it is frequently employed in chemical
operations for the effective abstraction of
the last traces of moisture from gases. Also,
when phosphoric oxide is dissolved in water
and the liquid boiled, ortho-phosphoric acid,
H3PO4, is formed.

There are several other oxides of phos-
phorus. One, phosphorus oxide, P203, is
formed by burning phosphorus in a regu-
lated supply of air, whilst another oxide-
phosphorus tetroxide, P204-is created by
heating phosphorus oxide in a sealed tube
to a temperature of 440°C. These oxides,
however, do not interest the beginner in
chemistry, and for further details of their
characters and preparation a fairly advanced
textbook of chemistry must be consulted.

Besides forming several oxides, phos-
phorus is capable of giving rise to at least
two hydrides, or compounds of the element
with hydrogen. One of these hydrides is an
evil -smelling gas, the other comprising a
liquid which -is actually spontaneously
inflammable, that is to say, one which will
take fire immediately on contact with air.

I ,Y

By this simple apparatus, the change of yellow
into red phosphorus can be 'observed. A small
quantity of yellow phosphorus is sealed in a
piece of glass tubing which is then suspended in

a vapour of a high boiling -point liquid oil

Hydrogen Phosphide
The best way to make phosphorus hydride

(or hydrogen phosphide,  as it is better
called) is by dropping pieces of calcium
phosphide into water. This experiment
must be done out of doors, owing to the
bad odour of the evolved hydrogen phos-
phide or " phosphine." The gas, also, is
poisonous, but no harm can come of experi-
ments with it, provided that they are per-
formed out of doors.

When lumps of calcium phosphide are
dropped into water, the hydrogen phosphide
which is generated is spontaneously inflam-
mable, and the bubbles of it which break
through the surface of the water instantly
take fire on meeting with the air. This is
due to the fact that when water acts upon
calcium phosphide, two hydrogen phosphides
are generated-one, the ordinary phosphine,
PIL, which is not spontaneously inflam-

N.N5'

`evcas'''

ORTHO - PHOSPHORIC ACID

Student's scheme,
outlining at a glance
some of the main
reactions of phos-
phorus and its

compounds

0

mable, and the other, the hydrogen phos-
phide, P2H 4, which is spontaneously
inflammable. Hence it is that by the agency
of the latter hydrogen phosphide, the issuing
gas, as a whole, is ignited.

Incidentally, this spontaneously inflam-
mable hydrogen phosphide is really a liquid.
It can be obtained by passing the gaseous
products of the interaction between water
and calcium phosphide through a U-tube
surrounded by ice or a freezing mixture,
whereby the liquid (and spontaneously
inflammable) hydrogen phosphide condenses
and the non -spontaneously inflammable
gas passes on. Needless to say, before any
experiment of this nature is tried, all the air
must be swept out of the apparatus by
means of a current of carbon dioxide gas,
and the condensed liquid (spontaneously
inflammable) hydrogen phosphide must 'not
be brought indoors.

Marine " Marker " Buoys
The production of this spontaneously -

inflammable hydrogen phosphide has a
most important application in the con-
struction of various types of marine
" marker " buoys which burst into flame
when cast into the waters.

These hydrogen phosphides may also be
prepared by boiling yellow phosphorus in a
moderately strong solution of caustic soda.
If a solution of caustic soda in alcohol is
substituted for the aqueous solution of the
soda, the gas evolved will not be spon-
taneously inflammable, owing to the
solution of the latter inflammable hydride
in the alcohol. In all cases, however, when
performing this experiment, a stream of
carbon dioxide (from hydrochloric acid and
marble fragments) should be passed through
the apparatus before commencing the
experiment in order to displace the air from
the flask in which the phosphorus and
caustic soda solution are boiled. Also, the
experiment must be performed either out of
doors or in an efficient laboratory fume
cupboard.

Phosphorus itself is an element which
readily combines with a large number of
substances. When it is warmed with
iodine, sulphur, powdered antimony and
Other metals, it readily combines with very
great energy. In all these instances, only
the red variety of phosphorus should be
employed, since the yellow phosphorus will
often combine semi -explosively.
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With chlorine, phosphorus forms two
well-known compounds : phosphorus tri-
chloride, PC13, which is a colourless, mobile,
fuming liquid, boiling at 76°C. ; and
phosphorus pentachloride, PC15, which is a
white solid, having an irritating and pungent
odour.

These two compounds are readily made.
To prepare the trichloride, merely pass dry
chlorine gas over red phosphorus which is
very gently warmed in a bulb tube or in a
small retort. The liquid phosphorus
trioxide, PC13, will condense in the well -
cooled receiver, and it can be purified and
freed from any contaminating phosphorus
pentachloride by simple distillation.

Phosphorus Pentachlorlde
Phosphorus pentachloride, PC15, is pre-

pared by allowing dry chlorine gas to .flow
on to the surface of a quantity of phosphorus
trichloride contained in a well -cooled flask.
The chlorine is rapidly absorbed by the
phosphorus trichloride, which is in conse-
quence converted into the solid phosphorus
pentachloride.

Both phosphorus trichloride and phos-
phorus pentachloride are unstable in the
presence of water. Phosphorus trichloride
is decomposed by water into hydrochloric
and phosphorus acids :

PC13 + 3H20 = H3P03 + 3HC1
phosphorus water phosphorus hydro-
trichloride acid chloric acid
whilst phosphorus pentachloride is decom-
posed by water into hydrochloric acid and
phosphorus oxychloride, a liquid boiling at
107°C. :

PC15 + H2O = POC13 + 2HC1
phosphorus water phosphorus hydro-
pentachloride oxychloride chloric acid
Hence it is that only perfectly dry chlorine
gas must be used in the preparation of the
above two chlorides of phosphorus.

The best way of making phosphorus
oxychloride, POC13, is to add water to
phosphorus pentachloride very carefully,
and drop by drop until the white solid turns
to a liquid.

Of the various important acids containing
phosphorus little of practical importance
can be set down here. The most important
of these acids is ortho-phosphoric acid,
H3PO4, which, as we have already noted,
may be prepared by dissolving phosphorus
pentoxide in water and by boiling the liquid.
Thus :

P205 + 3H20 = 2 H3PO4
phosphorus water ortho-phosphoric

pentoxide acid
This acid, when concentrated, forms a
thick syrup. It gives rise to all the various
phosphates, and it is manufactured on the
large scale by the action of sulphuric acid on
powdered, calcined bones. By this action,
insoluble calcium sulphate is produced from
the calcium phosphate in the bones and,
also, at the same time, ortho-phosphoric
acid is liberated. The calcium sulphate,
being a white insoluble powder, is filtered
off, leaving the ortho-phosphoric acid to be
concentrated.

Pyro-Phosphoric Acid
When ortho-phosphoric acid is heated to

about 215°C., it parts with water and

becomes converted into pyro-phosphoric
acid :

2H3PO4 - H2O = H4P207
ortho-phosphoric water pyro-phosphorie

acid acid
This pyro-phosphoric acid is a white

crystalline solid, which, when boiled with
water, changes back again into ortho-
phosphoric acid.

As we have already signified, this ortho-
phosphoric acid is the parent acid of the
various phosphates which are found in
rocks and in animals. Human bones, for
instance, contain about 62 per cent. of pure
calcium phosphate, and to this material they
owe entirely their strength and their rigidity.
Many rocks contain calcium, magnesium
and aluminium phosphates, whilst these
phosphates, also, are found in all fertile
soils, their presence being essential to the
growth and well-being of crops and plants.

Phosphorus, indeed, in its various com-
binations is one of Life's vital elements.
Animals and plants (and often micro-
organisms, too) must have adequate supplies
of phosphorus compounds for their success-
ful existence. Cut off the phosphorus
supply of any one of these living beings and
the creature immediately begins to wilt and
eventually it dies.

The role of phosphorus in nature is an
exceedingly large and an overwhelming
one. Its study is different, perhaps, to the
study of phosphorus in the laboratory.
Yet in all its reactions, the element phos-
phorus shows a characteristic great activity,
as the student of chemistry, after perform-
ing experiments with this strange elemental
material, will quickly come to realise.

Forming Tool for Turning Radii
A Useful Device for the Workshop

WHEN carrying out machining
operations for models, etc., it is
sometimes found that a number

of radii have to be turned on each fitting.
To make, and change in the tool post, a

form tool for each radii is a lengthy and
expensive job, as a piece of high-speed tool
steel is required for each tool, and it is

334.

CorD

DIAMETER ;

TO SUIT

A

RADIUS
TO SUIT

5.

Details for making the tool

'1

yz

necessary to forge to shape and finally
grind a piece of steel * in. thick. In order
to obviate this tedious job the tool shown
in the illustration was designed.

The shank A is a piece of *-in. by 1 -in.
mild steel shaped as shown, drilled and
tapped to take the j in. dia. Whitworth
stud B. The concave form blade C is made
from a piece of * in. thick high-speed steel
shown at E.
Drilling Operations

The I in. dia. attachment hole in the
centre is first drilled, and on the pitch
circle indicated, a number of holes are
drilled equal in diameter to twice the radii
required.

This piece is then cut to shape round
the dotted line as shown, and the
clearance filed as indicated at H, and
finally hardened and tempered in accordance
with the steel manufacturer's instructions.
The Convex Form Blade

The convex form blade is made from
a similar piece of * in. thick steel, drilled
for the attachment hole, marked out and
carefully filed to the required form, hardened
and tempered as for the previous blade. It
is advisable to clearly mark the dimension
of each radii, and by doing this avoid
mistakes and spoilt work. -
Using the Tool

In operation the form blade is fitted to
the shank and clamped in position by
means of the washer G and nut F.

With this tool in the tool post a rapid
change may be made from one radii to
another, and when a collection of suitable
blades has been made, you will have the
assurance of having the right tool to tackle
the job.

A CURIOUS
EXPERIMENT IN

MECHANICS

THE illustration shows a spring
balance partly supporting a weight
of 7 lb. with a 1-1b. weight hung en

the centre of the supporting cord-but the
spring balance registers  under 3 lb. What
has become of the extra 4 lb. ?

Reply Next Month
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The 21" Gauge "Flying Scotsman" Model
READERS who are building this fine locomotive
described in the editorial pages of this issue, and
who require parts are invited to send a postcard
for our list of drawings, castings and materials
available. Here are a few examples :-
Full set of drawings (7 sheets), £1 Is. Od. post
free. Cylinder Castings, 616 each. Finished
Cylinders, 2116 each. Material for Boiler (Plate
and Tubes, Inner and Outer), In. Driving
Wheel Castings, 10d. each, and other items
at reasonable prices.
AB. 12-Bassett-Lowke's model engineering list is one of the most

useful and valuable compendiums for model makers on the
market. From steam locomotives of all gauges, and model loco. parts and
accessories, it passes to stationary engines, castings, materials, 0 post
drawings and parts. 160 pages. 6d. over the counter, OU. freet
Also GR.I2 Gauge "0" Railways, 3d. and TT.12 Gauge "00". 2d.

Also S.12 Model Ships and Fittings, 6d. post free.

BASSETT-LOWKE LTD.
NORTHAMPTON

London:ltelr2 H28i gchHor lobroart^,Manco

A BOOK OF REAL -LIFE THRILLS !

ROUND THE WORLD IN INDUSTRY
By GERALD COLLINS

"It gives graphic descriptions of the routine lives of
men engaged in many kinds of work in many parts of
the earth-on jobs involving constant danger and
demanding long and special training and experience,
steady nerves and ever -ready resource. . . . There
are sixteen admirable full -page plates. --Times
Literary Supplement.

Recommended also by The Teacher's World.

Available from all booksellers 54 net, or by post 5/6 from
GEORGE NEWNES LTD. (Book Dept.),

Tower House, Southampton Street, Strand, W.C.2.

S. TYZACK & SON, LTD., " LONDON'S FINETOOLSHOPS".

Superior quality Com-
bination Grinding,
Polishing and Drilling
Machine. "Oilite"
bronze bearings, self cen-
tring drill chuck. Capacity
0-2 in. Centre height 6 in.

Complete 15'6

British made Self -centring drill Chucks, concea ed
springs. Hardened and ground steel iaws. No. I M.T.
Shank, capacity 04, 5.3. Ditto, capacity 7/-.

Finest Sheffield made Firmer
Chisels. Handled. In sets Af5
of 5-4, f, f, I in. Set "T

Engineers' T a bl e
Vice. Steel screws
and handle, machined
jaws. Width of jaws,
If in., opens Wei
2 in. Complete 

4 -way Turret Tool Hol-
der for lathes 2) in. 8,3
to 3 in. centres.
With Locating plunger and
quick release lever, 12.9

Finest quality Spring Steel Skew Back Handsaws.
22 in. blade 6f-. 26 in. blade 7,6.

Fitted Chests of
Guaranteed Tools.
47 full-size and fully
varanteed British
Made cn, Complete

F.O.R.
Free Gift with every
chest, an " Illustrated
Home " Book. 636

pages.

Catalogue of Wood
and Metal Work Tools
and machines FREE.

Post 2d.
Catalogues of Engi-
nee's' Tools and Ma-
chinery including Geo.
Adams' Specialities,
Sixpence Post Free.

S. TYZACK & SON, LTD.
Tool Specialists (Dept. F.M.5 ), 341, 343 & 345 OLD ST., LONDON, E.C. I

pi CMS in BOILERS, TANKS,
PIPES, etc. -,

,v( IN 1111( \\ E I,D Domestic is a
PERMANENTLY ------or ""-T

i, q , ;o t I I nT ,Il i4 preparation for the
repair of cracks and the elimina- REPAIRED in C'4 _

111

lion of water leakage in all types
of domestic and commercial hot- 60 MINUTES !I.., 01

water systems, boilers, tanks,
radiators. etc. It is not a NO DISMANTLINGtem-
porary 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 expenshie welding. Tried
and tested by Railway and Transport Companies

throughout the country. Write for free booklet.
HOLT'S A GUARANTEED JOB

WONDAR WELD DOMESTIC
Obtainable from lialford's, Plumbers, Iron- Price Complete
mongers, etc., or in case of difficulty MIMED- Treatment
'ATE attention to URGENT orders from : DOMESTIC sizr:
DOUGLAS HOLT (Est. 1919) LTD., 9, Little
Turnstile, Holborn, LONDON, W.C.1.

Tel.: HOL. 4891'2. COL

NOTE,-Motorists
get details of
WONDAR WELD
- PERMANENTLY
repairs cracked
cylinders, valve
ports, etc., in 00
minutes. Guaran-
teed. t pint 9/6,

pint 2b;-,1 quart
2.5t -

HAVE YOUR OWN
CINEMATOGRAPH SHOW

AT HOME The New
"Homroy''

Projector
Hand

Turned
Model

2716
Mains
Motor
Driven
Model

(Uni versa!)

£3.17.6
Obtainable front Trading Storer and Pholowaphit
IVrite to -day for Mu grated lir( and miner of ,rearext stoeki,/

HOMRAY PROJECTOR COMPANY
(Dept. P.M.), 46 High Pavement, Nottingham

CHEMISTRY EXPERIMENTS
IN YOUR OWN LABORATORY

Post Free OFFER of
SAMPLE PARCEL
containing many
useful pieces of

CHEMICAL
APPARATUS

2/9
Write also for

FREE PRICE LIST
of other Sets.

BECK,sstcoig ecwpme

gt0.
nA , 600n Highon St..6

Booklet, "Experiments in Chemistry," 6d. P.O.

When replying to Advertisers
please be sure to mention

' PRACTICAL MECHANICS "

engineers
For a well -paid post
study at home with The
T.I.G.B. Write NOW
for this great Guide
containing world's
widest choice of en-
gineering courses-
covering all branches-
and which alone gives
the Regulations for
Qualifications such as
A.M.Inst.C.E., A.M.I.
Mech. E., A.M.I.E.E.,
etc. Training until
successful guaranteed.

The Technological
Institute

of Great Britain,
123 Temple Bar

House,
London, E.C.4

(Founded 1917.
20,000 Successes)

Guide
To

Success
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AIRCRAFT PRODUCTION IN ALL ITS BRANCHES

YfCg1211.).tnILMCg

kERO
AERO

AERO.
AERO

VtitiRIC ilKoittioc giNEtgK

THIS work provides in a convenient form a comprehen-
sive and reliable source of reference to Aircraft
Construction, Production, Maintenance and Overhaul.
The wide adoption of metal construction has rendered a

work of this kind necessary even for those men who have been
for many years associated with the aircraft industry. Never
before has the whole aspect of Aircraft Production and
Maintenance, from the original specification to the forty
hours' inspection schedule, been covered within the confines
of a single work.
Through the assistance of many of the larger manufacturers
"AERO ENGINEERING" is able to deal thoroughly and in
a practical manner, with some of the leading types of British
aircraft, both from the production side and the point of view
of the ground engineer.

40
EXPERT

CONTRIBUTORS
2,500 PAGES OF THE LATEST
AND MOST PRACTICAL IN-

FORMATION
2,000 ILLUSTRATIONS,

PLANS, DIAGRAMS
50 DATA SHEETS COVERING
50 CIVIL AND MILITARY

AIRCRAFT
TWO YEARS' TECHNICAL
ADVISORY SERVICE FREE

TO EVERY PURCHASER

VERY BRIEF OUTLINE OF
" AERO ENGINEERING "

Essential Requirements of Modern Aero-
planes. Principles of Flight. Survey of
Modern Aircraft Production. Workshop
Processes used in Aircraft Production.
Machine Tools. Sheet and Plate Metal
Work. Component Jigs. Air Frame Jigs.
Materials used in Aircraft Construction.
Heat Treatment. The Anodic Process.
Metal Cutting. Welding. Solder and
Brazing. Riveting. Inspection Standards
and Methods. Air Frame Assembly.
Engine Installation. Fitting the Electrical
Equipment. Rigging. Aeroplane Main-
tenance. The Inspection Schedule. Ground

Equipment, etc., etc.

HOME LIBRARY BOOK COMPANY
(George Newnes, Ltd.)

Tower House, Southampton Street, London, I
W.C.2.

Please send me a Free Copy of your Descriptive
Booklet for "AERO ENGINEERING," together with
full particulars showing how I may obtain the work for I
a small initial subscription.

Name

Address

(Occupation) Age

If you do not wish to cut your copy, send a postcard
mentioning "Practical Mechanics " to above address.

P.Mc.340

POST

THIS
COUPON

TO -DAY
FOR

FREE
BOOKLET

NEW FROM COVER TO COVER

COMPLETE
ELECTRICAL
ENGINEERING

STUDY the information contained in this great new work and
you will add considerably to your earning capacity in

the electrical engineering world ! COMPLETE ELECTRICAL
ENGINEERING is offered to you at a price you can afford to
pay. It is a complete library-a ready reference to the
thousand and one applications of present-day electrical
engineering. Its contents are absolutely comprehensive
and deal with everything you can possibly want to know-
from Electrical Power Supply to Talking Picture Equipment ;
from the Wiring of Modern Flats to Electrical Timing Instru-
ments ; from Emergency Storage -Battery Systems to Testing
Electrical Machinery ; from Lift Operation and Control to
Garage Electrical Testing Equipment ; from Time Switches
and Time -Delay Devices to Electrical Welding Plant ; from
Refrigeration to Electric Meters and Cookers, etc.

It is impossible in this space to include details of the 160
Sections, but the special brochure which is yours for the
asking-and without obligation to purchase-will show you
that COMPLETE ELECTRICAL ENGINEERING is the very
work you have been looking for. It can be yours within a
few days !

Over 3,000 Pages of Exclusive, Practical, Worth -while
Information

Over 2,500 Action Photographs, Plans, Tables and
Calculations

63 EXPERT CONTRIBUTORS
Special Chart Case with 48 Data Charts
2 YEARS' POSTAL ADVISORY SERVICE

Complete in
S Volumes

A

FIT 11,a0.1-11.

tittrat ; Wel Oa

POST COUPON TO -DAY 40

r1HOME LIBRARY BOOK COMPANY
------

I &George A et, nes, Ltd.1 I

I Tower House, Southampton Street, London, W.C2 I

I Please send me, without any obligation to purchase, tun
I particulars of COMPLETE ELECTRICAL ENGINEERING
I and details of how I may obtain this work for a small initial I
I subscription.

NAME

ADDRESS

I

IOccupation
Age

If you do not wish to cut your copy, send a postcard mentioning
"Practical Mrchdnics" to address above. P.Mc.340

George Newnes, Ltd.
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ur
ThermorneterfOrTobaccoPipes

TO prevent the pipe smoker from smoking
his pipe is the object of a new invention.

That sentence does not imply the prohibi-
tion of the tobacco pipe; it means that some
men smoke their pipes in addition to the
tobacco contained therein. They puff so
rapidly and continuously that the tobacco
glows like a fiery furnace. The sequel is a
far from cool smoke and damage to the pipe.

The invention in question comprises a
tiny heat -indicating dial attached to the side
of the bowl and visible to the smoker. This
enables him to protect the bowl from being
partially consumed. It also furnishes him
with means for determining the amount of
heat in various brands of tobacco. The
inventor states that he is not necessarily
concerned with the actual degree of heat
generated from tobacco, as expressed in
technical heat units; he is desirous of
showing a comparative reading, as, for
instance, the degree point beyond which a
pipe may be injured. The Lilliputian
thermometer will warn the smoker when his
pipe has a temperature.

Bus Seat Indicator
A CLERICAL gentleman of my acquaint-

ance once remarked that his young son
had not yet decided whether he would be
a parson like his father or a tram con-
ductor. The two vocations are not as dis-
similar as appears at first sight. Both
churches and trams have an aisle with an
official making a collection, and each of these
callings has its difficulties. The clergyman
too often has to lament the number of
empty pews in his church, while, in the case
of the conductor, his trouble is that at
times he cannot accommodate all the eager
folks who require seats.

As the regulations regarding overcrowding
are stringent, conductors of trams and
buses will be interested in a new enumerator
and indicator of the number of seats avail-
able on the upper decks of passenger
vehicles. The counting and indicating
mechanism is operated from two passenger -
depressible spring -returned stair -treads.
Numbered dials are visible to the inspector,
the conductor and the public. They may
show one face towards the interior and
another towards the exterior of the bus.
Passengers, therefore, will be able to see at
a glance when there is standing room only.

Artcial Ankle
SINCE the days of Long John Silver with

his timber leg, there has been consider-
able development in the construction of
artificial limbs. Incidentally, it may be
mentioned that the cost of these imitations
of man's nether limbs has substantially
increased. But, although compared with
the crude peg worn by the pirate of
"Treasure Island," the artificial limb to -day
is costly, it is far more natural and effective.

I note that in the United States there has
been granted a patent for an improved
artificial ankle -joint fitted with bearings
and a rubber cushion to prevent shock.

The skill of the modern mechanician can
produce artificial limbs approximating very
closely to those with which Nature has
endowed the human race. But they do not
always deceive the animal world. For
example, a friend of mine who, owing to the
last war, literally has one leg in the grave,
finds ,that his imitation leg is avoided by
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the family cat. The latter prefers to sit
upon a natural limb which imparts warmth
and into which, after the feline manner, the
animal can stick his claws.

Genial Warmth for Towel
Rails

JACK FROST has, during the opening
J weeks of 1940, converted our country
into a huge refrigerator. His bitter on-
slaught is not an unmixed evil; it decimates
a countless army of hostile germs. And it
elicits a Te Deem from the plumber and coal
merchant. Nevertheless, antidotes to the
arctic conditions are very welcome to the
shivering public. One of these is an effec-
tive heated towel rail in the bathroom. Self-
contained towel rails have been on the mar.
ket for 'many years. But they have con-
tained water, which must be periodically
replenished, owing to the loss caused by
evaporation. The use of oil as the heat
circulating means in radiators and ovens
has also been suggested. However, with
such a method it appears that temperatures
are attained which would burn the hand
which came too near.

In this connection the chief object of a
new invention is to supply a towel rail con-
taining a medium which will not exceed
a desired maximum temperature. The
device consists of a towel rail having a
sealed liquid circulating system and a

Misinformation on this page is specially supplied to
"Practical Mechanics" by Messrs. Hughes & Young
(Est. 1829), 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."

modified source of heat. The liquid is a
mineral oil with a viscosity which will never
reach a temperature that will burn the hand
which happens to touch the rail.

This invention should add to the amen=
ties of the bathroom by ensuring a dry
towel of genial warmth.

Baby and Puppy Safe
nNE of the latest things in air raid
N.1

pre-
cautions is a gas -proof cabinet, which

can be used for a variety of purposes. Into
it one may safely insert the baby or Fido,
the faithful occupant of the hearthrug. It
may also be employed for the storage of
food or any article which it is desired to
protect from poisonous gas. I presume this
collection of living creatures and inanimate
objects would not be placed together in the
cabinet.

The structure may be composed of wood
or any suitable sheet material. It has the
air -inlets located at the lower part and
the outlets at the upper part of the cabinet.
The aim of this arrangement is to enable
the fresh air to flow upwards.

Bombs for Boys
THE fashion of children's playthings

tallies with the times. I note that the
United States Patent Office has granted a
patent for a toy bomb. Some educators
will lament the existence of such a horrific
toy. But it is a fact that youngsters-

principally boys-have always delighted to
play at soldiers.

Another toy which has been protected in
America is not of a military type. It is
apparently an elaborate relation of the game
known as Tiddley-winks, which, it will be
remembered, aims at projecting counters
into a bowl. The new game has triple bowls
elevated one above the other.

I conclude that the player who succeeds
in lodging his counter in the highest bowl
adds materially to his score. This form of
amusement might counter ,the gloom of
the black -out.

Whetstone Holder
THE scythe and the sickle play an im-

portant part in the reaping of the
harvest. Like a razor, they must be
sharpened at regular intervals. To attain
the necessary keen edge, the reaper usually
carries a small whetstone and the rythmic
rubbing of the blade is a familiar sound in
the harvest field. Now a sharpening stone
sometimes becomes fractured and it is not
advisable for the farm labourer to continue
using the broken portion, because, owing to
its shortness, he would have to hold it
dangerously near to the cutting edge of the
tool. To throw it away would be a repre-
hensible act in this time of super -economy.

In order to provide for this emergency,
an inventor has devised a holder and a
handle for a broken sharpening stone which
comprises a socket capable of contraction
by a nut and bolt to grip the stone. The
principle of the arrangement is that of a
holder designed to use up pencil stumps.

By the way, one wonders how Old Father
Time keeps his scythe in good condition.

Ornamental Steel Helmet
THE steel helmet, so familiar an official

headgear in our country to -day, is not
a thing of beauty. And valuable though
it be as a shield, it certainly does not add
dignity to the wearer. The Tin Hat, as it
is colloquially styled on our side of the
Atlantic, is known as a Safety Hat in
America.

An ornamental design for this helmet has
recently been registered in the United States.
While not reducing the efficiency of the
head cover as a guard, an agreeable pattern
would relieve the plainness. And a corru-
gated design might add to the helmet's
power of resistance.

Comfort for the Couch
EVER mind the warming pan" was
part of the documentary evidence

given in that cause Mare, Barden v.
Pickwick. In these chilly days, or rather
nights, the warming pan no longer performs
its kindly office of driving the cold from our
sheets. To -day, in all its copper glory,
looking like a banjo, it hangs on the wall
in some houses; its sole purpose in life now
is that of an ornament.

One of the most up-to-date methods of
heating, warming and airing beds is an
apparatus for which an application for a
patent has, been accepted by the British
Patent Office. This appliance includes a
heating element mounted in a cage -like
frame. The heat is carried within a tube
having, at its extremities, a series of radial
arms. The appliance is placed in the bed
with the clothes held out of direct contact
with the heater. This device will add
materially to the cosiness of the couch.

"N



A 15 -in. Gauge Engine
GLANCING through some old photo-

graphs the other day, I came across
what I consider quite an interesting

picture, taken about thirty years ago in the
yard of a famous and old -established firm
which is still, despite these trying times, in
the land of the living. The central feature is a
15 -in. gauge Atlantic -type locomotive,
made for the miniature railway at the Franco -
British exhibition at Wembley in 1908. It was
used for carrying visitors around the grounds
of the exhibition and belonged to one of those
pioneer model railways, which have been
reproduced at practically every international
exhibition held since ( with the possible
exception of the Zurich exhibition, where I
remember a waterway with boats taking its
place). Fifteen -inch gauge is extremely
powerful in the model world, the real
railway itself is only four times bigger, but
let us return to the photograph-there are
several well-known personalities of the
model world in the group. On the top row,
centre back, wearing cap, is Mr. J. T.
Lowke, father of Mr. W. J. Bassett-Lowke,
looking very youthful on the extreme right
front. Above " W.J." and slightly to the
left without hat is Mr. H. F. R. Franklin, a
pioneer director of Bassett-Lowke, Ltd.
The youthful looking person just behind
Mr. W. J. Bassett-Lowke is Mr. W. H.
Rowe, who now has to his record a third of
a century in loyal service on the staff of this
model -making company. Perhaps most
important of all is the man on the left of
Mr. J. T. Lowke-Mr. Fred Green, one of
the first builders in this country of large-
scale steam model locomotives-and the
builder of this model.

Unique Beam Engine
A short time ago I paid a visit to Lough-

borough College in Leicestershire and was
interested to see in the grounds an old beam
engine-the work of James Watt. On
inquiry I discovered that this unique piece
of machinery had been presented to the
Governors of the College by the Metro-
politan Water Board in 1932. It struck me
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"MOTILUS" PEEPS INTO THE

A thirty -year -old picture of a I5 -in. gauge Atlantic -type locomotive.
W. J. Bassett-Lowke

at the time how little seems to be known of
the engines of Watt in these days. Perhaps

On the extreme right is Mr.

" Motilus " Looks Back Over Old

I have talked with the wrong persons, but 1
meet people who have little idea of the
Watt Parallel Motion, the Jet Condenser,
the Plug Tree, or Snifting Valves. The
average person will tell you that Watt
invented the steam engine and Stephenson
the locomotive, though actually this is far
from the truth. What each did was to
effect outstanding improvements, so that
the two types of engines became " a prac-
tical proposition."

As long ago as 1829 much preliminary
work had been done with the problem of
the design of steam engines, but the genius
of James Watt wrought vast improvements,
as this engine in the College grounds (built
by James Watt & Co., of Soho, and
supplied to the South London Water Works
in 1850) can demonstrate.

The 2,000 -word agreement, beautifully
written on parchment, contains no stipula-
tion of horsepower or speed, nor is the
output of the pump specified. The cylinder
was required " to have a diameter of 20
inches with a length of 3 feet," and all
parts of the engine were to be " sufficiently
strong to work with steam in the cylinder
at 20 lbs. pressure per square inch." The
connecting rod, crankshaft and pumps rods
were to be of wrought iron. The Cornish
boiler was built up of wrought -iron plates,
and as it was not possible for them to be
rolled sufficiently wide, the makers had to
rivet a joint across each of the end plates.
There is only a single row of rivets for both
longitudinal and circumferential joints.
The beam is supported over an entablature
carried on six columns, whilst the ornamen-
tal bedplate contains the condenser and air -
pump. The main pump and its air vessel
were fixed in a well immediately below the
crank shaft. The various sections of the
flywheel are carefully dovetailed into each
other to withstand the centrifugal stress.

The governor controls a butterfly valve
at the inlet of the cylinder by means of a
square iron bar inside one of the top cast-
ings. The bar rests on knife edges fixed at
either end and is rocked as the governor
balls rise or fall. A lever at the other end

(Centre).-This old beam engine is the work of James Watt and stands in the grounds of Loughborough
College, Leicestershire. (Below).-A model of a breakdown crane truck outfit, one of the latest develop-

ments in" 00 " gauge railways
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MODEL WORLD
Photographs for Items of Model -Making Interest

of the bar connects to the butterfly valve.
The valve gear of the cylinder comprises an
early type long D valve driven by a single
eccentric with the braced rod characteristic
of all Watt engines. I might write much
more about this engine, but space does not
permit. Should any reader visit Lough-

. borough College I would recommend him
to examine the locking device for the nuts
on the bearings of the beam trunnions, the
blacksmith's work on the eccentric and
pump rods and the mercury gauge. It is
fitting that this College, whose primary
object is the training of the young engineer,
should possess an engine designed by the
world's greatest engineer.
" 00 " Gauge

Returning to the model world again, the
other day, I saw one of the latest develop-
ments in " 00 " gauge, a breakdown crane
truck outfit. This is another novelty
produced by Trix Ltd. in their efforts to
keep the Twin Trains running as strongly
as ever through the black -out. From the
photo you will see that one 'Engineer's
Department truck carries the crane and a
second vehicle acts as a rest for the crane
jib and also carries the dummy tool -box.
An advantage of this novelty is that the
crane can be moved from the truck and
fitted on to a special base as shown in the
rear, on the platform side, or more usually
in the goods yard. The crane is die cast
throughout and has a cut gear wheel, brass
pulley and drum, and is actually an efficient
working model.
African Village Model

The thought on miniature railways brings
to the mind a well-known champion of
" 00 " and " HO " gauges, the Rev. E.
Beal of Dundee, who has written several
books lately on the subject. I had a letter
from Mr. Beal the other day and he dent me
photographs of a most ingenious African
Village Model which he constructed in the
short space of a fortnight for the recent
F. M. Exhibitions of his church at Kilmar-
nock and Paisley. The scale of this model
is 4 m.m. to the foot and the baseboard
folds in the middle and entirely closes up
for transit with the aid of a flap at the end.
The scheme represents on one side of the
stream a heathen village with cattle kraal
and chief's hut, and several huts for his
wives and children. On the other side of
the stream there are the usual evidences of

A comprehensive
gauge I layout. The
water tower is a
working model for
use with internally
fired locomotives.

a Christian mission post-school, class-
rooms, boy and girl boarder huts, grain
silos, playing fields, etc. The church Mr.
Beal explains has to be accommodated on
the other side, hence the foot -bridge.
Certainly an attractive piece of craftsman-
ship and a model with a mission.

Model Steamer
Liners vary in their detail, but generally

by their deck detail a shipping man can
tell them. What would you say of this
picture-a model, of course-cargo steamer
or luxury liner? She is a mixed express
goods traffic and passenger liner plying the
southern seas. Such a liner always has
large open sports decks and nearly_ always
an outdoor swimming pool with verandah
cafe, and for the practical side of the work
a plentiful supply of king posts with derricks
for handling cargo, where harbours are not
so well equipped as in more frequented sea
routes. Quite often the ship has to remain
outside her port, due to shallowness, and
the goods have to be loaded into lighters
for conveyance to or from the shore. This
picture as I said before is of a model and is
a nice piece of detail work, but owing to war
regulations I am not able to give the name
of the prototype or where she operates.

Comprehensive Display
Visiting the North of England I took the

opportunity of calling on the Manchester
branch of Bassett-Lowke, Ltd., at 28
Corporation Street. Although similar to
their London premises I find they have a
more comprehensive display, comparatively,
of models other than Bassett-Lowke pro-
ductions. I was quite amazed at the
variety-Frog Penguin sets, Astra search-
lights, working models of army equipment,
Meccano Dinky toys and the latest kits of
Studiette and Lines Brothers. For the

(Left) - The
deck of a
model steamer.
(Right) -A
model of an
African

village

model engineer they have Myford lathes,
Portass lathes, Stuart Turners range of
engines, and in model railway equipment
they stock the products of the Leeds Model
Co., Mills Bros., and the " 00 " gauge
buildings of Hailey Models.
Gauge 1 Layout

Gauge 1 railways, when space permits,
have certainly a boldness of appearance
and when in steam, an ease of manipulation
which improves on gauge " 0 " and smaller
gauges. Here is a photograph sent to me
by Mr. Jos. C. Robinson of Rhyl, who has a
comprehensive gauge 1 layout.

The water tower is a working model for
use with internally fired locos, which have
provision for replenishing the boiler and the
fuel tank whilst the engine is in steam.
The brick tower was made by Mr. Robinson
himself from his own drawing, and is con-
structed from wood and covered with brick
paper. The tank was made to the owner's
dimension by Bassett-Lowke. It is of
brass and divided into two compartments,
one for spirit and the other for water.
Trackside accessories like this make all the
difference in the " life " of a model railway.

"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 advice.

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

Strand, London, W.C.2.
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Model Ships in ottles
Although it Appears Imp° ssible to Build a Model of a Ship
Inside a Bottle, this Article tells you How Simple it Really Is

AMODEL of a ship in a bottle often
puzzles, yet always appeals to
everyone. It takes very little time

to make, costs but a few pence, yet if
made for sale will sell readily at a good
price. The materials required are as
follows : several lengths of stout wire, some
odd scraps of wood, putty, quick -drying
enamel or paint, and a bottle either of the
round or square variety. If possible,
a square bottle should be used, owing to
the shorter neck. The parts are passed
into the bottle by means of a length of wire
with a needle firmly attached to it. Another
length of wire with a i in. of end bent is

Secure the masts to the hull with wire as
shown in Fig. 3, and pass a length of cotton
through the left-hand hole of the hull
through the mast from the back to the
front, down through the right-hand hole in
the hull, up again, through the back to the
front of the mast, down to the starting
place and draw taut and knot.

The Mast Stay
Having wired on and rigged the masts,

the next step is to put on the mast stay,
which consists of thread or silk cotton.
This is done as shown in Fig. 4, and the
masts can now be raised or lowered, the

.  34.  ..)Ws ts     3_ _ _ _
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Figs. 2 and 4.-(Left) The masts, two of which are required, with holes bored for the rigging and for
securing it to the hull. (Right) The hull with masts and rigging attached

HOLE FOR MAST STAY:

Fig. 1 -Details of the hull

Fig. 3.-
How the
rigging is

fitted

used to form the rake which pulls the parts
into position when they, are in the bottle.
At least two lengths are required for the
brushes; tufts from an old clothes -brush
answer very well, being secured firmly
with thread. The ship consists of the
following parts : the hell, the body, the
top, masts, sternpiece and fo'c'sle pieces.

The Hull and Masts
The length of the hull is 51 in. by I in.

square. A glance at Fig. 1 should make its
construction quite clear. Holes are drilled
through for the rigging, and two holes are
bored from the top to the bottom so that
the foot of the mast can be secured with
wire.

A hole is also/bored at the bows to take
the mast stay. Two masts are now required,
each being 11 in. by in. diameter. Two
holes are then bored in each, as shown in
Fig. 2, the upper being for the rigging and
the lower for securing them to the hull.

rigging remaining taut. Care must be taken
that the mast stay is sufficiently long enough
to grip the outside of the bottle. If the
mast does not lie flat a piece can be cut
from the hull, which can afterwards be
covered by the stern piece and body.

The body is made from two strips of wood
3 in. by fa- in. by * in. and three strips
of very thin cardboard 3 in. by in. ; these

are glued together with the cardboard at
the top and bottom and the remaining
piece of cardboard dividing the wood in
the centre (Fig. 5). (The edges of the card-
board overlapping the piece of wood may
be sewn if desired, though it is not essential).
If sewn the cotton becomes stiff after
painting and appears like rails. Dots may
be added to give the effect of the portholes.
The Top and Funnels

The top is made from a strip of card-
board the same size as the body, and to
this is fitted the bridge, boats, ventilators
and funnels. These are all glued on to the
top, excepting the funnels which are placed
separately in position in the bottle. Match-
sticks are suitable for the boats, while
pieces of lead pencil will do for the funnels,
the length of which are I in. There now
remain the stern and fo'c'sle, which are
small pieces of wood shaped to the bow
and stern respectively. A small notch is
then cut in the stern piece to allow for the
mast stay, the object being to raise up the
fo'c'sle and stern.

Small hatches, etc., may be added if
desired. Figs. 7 and 8 show the shape of
the stern and fo'c'sle pieces.
Preparing the Bottle

Obtain a square bottle if possible,
thoroughly clean and dry, and paint the
bottom and end blue. The land is painted
green, great care being taken that the
brush does not touch the front of the bottle
nor the front half of the top, as the whole
view is obtained here, the remainder being
the background. Unless the bottle is
painted the putty will show white under-
neath when the bottle is turned over.
When dry, the putty should be put in
piece by piece and spread over the bottom
with the rake, spreading out very thinly
and making a sloping design to represent
the land. As soon as the putty is in, paint
the sea blue; a few dabs of white added

(Continued on page 287)
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Figs. 5 to 8.-(Top left)
How the body of the ship is
sewn together. (Below)
Details of the bridge, boats,
ventilators and funnels.
(Above) The stern and

fo'c'sle pieces
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SMALL ELECTRIC FURNACES

THE employment of large electric fur-
naces in the iron and steel industry is
well known and plays an ever-increas-

ing part at the present time in our produc-
tion of munitions. As a supplement or even
a rival to the more or less familiar gas and
oil -fired furnaces used by tool-makers and
many other mechanical trades the small
electric furnace, is now becoming much more
popular than formerly. Even in the smallest
establishments more and more uses for this
handy and reliable source of heat production
is beginning to find favour, as well as in the
amateur workshop. Its simplicity, flexibility
and freedom from fire risks makes a strong
appeal, and although its first cost may be
slightly higher as compared with coal gas
and blowpipe methods, it has everything
else in its favour, particularly on the point
of certainty of results, since temperatures
can be controlled to a nicety and regulated
to any pre -determined degree.
Hardening Tools

The application of the small' electric
furnace to a variety of different industries is
almost unlimited, now that public electric
supply is available so universally, but the
one purpose for which it is pre-eminently
fitted, namely hardening annealing, or
tempering small tools is alone sufficient to
commend it to the attention of all engineer-
ing and practical mechanics for the variety
of repair jobs which are sure to arise in their
daily work. Turners, fitters, and tool-
makers all know the need for the quick -
repair of " casualties " that occur, even in
the most 'careful hands, such as drills, taps,
lathe tools, screwdrivers, etc. An urgent
job often gets held up inconveniently await-
ing the issue of replacements from the stores,
many of which are a quite unnecessary
expense when the breakages could be
re -conditioned so easily on the spot.
Materials

At the cost of a very few shillings it is
within the ability of any mechanic to build
up a perfectly serviceable electric furnace of
sufficient size to deal with the heat treat-
ment of either carbon or high-speed steels up
to fin. diameter rounds, or fin. squares.
The necessary material used in its con-
struction is tabulated in the following list :

By A. H. Avery, A.M.I.E.E.
Every Fitting Bench Should Have a Small Furnace of its
Own, Ready for Instant Use, Similar to those Described in

this Article.

2 pieces of "Sindanyo " electric
arc and heat -resisting board,

in. thick for the ends.
.1 piece sheet iron 22 SWG for the

body.
4 lengths of fin. diameter bright

round mild steel for bolting up
studs.

Fig. 1.-An
end eleva-
tion in part
section of a
200 watt

electric
furnace

Fig. 2.-A side
elevation in part
section of a 200
watt electric fur-

nace
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Arrangement of Parts
A general idea of the construction and

arrangement of parts is given in Figs. 1 and
2, representing end and side elevations of
the furnace in part section. The Sindanyo
asbestos cement compound used for the
ends will no doubt be familiar to many as a
favourite material for small switchboard

22 S.W.G. SHEET IRON
f. 5/8"

65/8"LONG

FIBRE

HEAT RESISTING BOARD

534'
8 hexagon nuts and washers for fin.

studs.
1 fireclay former or muffle, as used in

500 -watt electric bowl fires, with 1 -in.
central hole 3 ins. long, grooved exter-
nally to receive the resistor winding.

60 ft. of No. 32 SWG nickel -chrome
80/20 per cent. wire for the spiral heating
element or resistor.

1 3 -terminal china connector, 5 -amp size.
4 ft. of 3 -core 23/.0076 " Varnoflex "

flexible for external connection to plug
point.

2 lbs. of " Newtempheit " fibre for heat
insulation or lagging.

1 lb. " Tringle V " No. 29 Alumina
cement for covering the resistance
spiral when wound.

1 lb. " Pyruma " putty for sealing any
apertures not wanted.

The above materials are suitable for fur-
naces where the Maximum temperature
required does not exceed 850 or 900 deg. C.
such as required for hardening carbon steels.
But if special high-speed steels are likely to
be dealt with, the heat treatment is on a
higher scale needing a more refractory
type of muffle and resistor winding. In
such cases the specification for the muffle is
" Sillimanite," a highly resistant form of
alumina, while the use of " Kanthal " wire
is necessary in place of 80/20 per cent. nickel -
chrome. Temperatures up to 1,200 deg. C.
can then be obtained with safety.

rt
T
7/8'

334*

I Ve

II 
panels, in place of the enamelled slate and
marble formerly in vogue. It is a material
quite easy to drill, can be cut to shape with
a hacksaw, filed and turned, and is very
resistant to high temperatures. The sheet -
iron body has an overlapping seam at the
bottom, where it is riveted or spot-welded
according to facilities at hand. The long
bolts nutted and washered at either end,
call for no comment, the dimensions being
taken from the drawing. The holes in the,
end frames drilled to receive them are
marked out in such position as to locate
the sheet -iron body against which the end
frames butt.

So far the work is of a very simple
character. The part requiring considerable
care is the preparation of the wire spiral or

resistor " which forms the heating element,
and lies embedded in the grooves on the
exterior of the muffle: The gauge and
length of wire used for this depends, of
course, upon the voltage of the circuit upon
which it will be used. In the majority of
cases this will lie somewhere within the
limits of 200 and 250 volts, and separate
specifications to cover this range are given
below. In practice it is found that with
heat insulation of the thickness and material
here adopted a final temperature of 850 to
900 deg. C. results with a loading of 180 to
200 watts on the resistor coil. This is the
equivalent of a current consumption
between 0.78 and 0.87 amperes on the
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standard 230 volt service. The final tem-
perature of embedded conductors is a very
difficult matter, either to calculate or to
estimate, as in the furnace the radiation of
heat is determined by the immediate envir-
onment and the nature of the lagging
employed. The figures recommended above,
however, have been obtained from actual
extensive running tests, and can be relied
upon. The results, too, will be unaffected by
the nature of the current, the windings being
" universal " in the sense of being equally
suitable for either alternating or direct cur-
rent service, provided the voltage is similar.
Heating Coil

The special alloy of nickel and chrome
used for the heating coil contains 80 per
cent. of nickel and 20 per cent. of chromium
which resists to a high degree oxidisation and
scaling at high temperatures. Like most
other resistance materials it possesses a
positive temperature co -efficient, the resis-
tance for a given length increasing as the
temperature rises, so that allowance for this
feature has to be made in the calculations of
length required to result in a definite loading
in watts. Unfortunately, this rise in resis-
tance is not constant for equal increments of
heat, but follows a rather erratic course
which is indicated by the curve plotted out
in Fig. 3. Here the percentage increase in
resistance between temperatures of
20 and 1000 deg.C. is shown. To
apply the curve in practice the
cold resistance is first obtained from
makers' tables for the wire in use,
and this figure added to by the appro-
priate percentage -increase as set out
in the curve, for the final working
temperature. For example, to find
the resistance of 50 ft. of No. 19
SWG 80/20 per cent. nickel -chrome
at a temperature of 900 deg.C. first
ascertain the resistance per ft. cold
(i.e. at 20 deg.C.) from tables, and
multiply by the length in ft. Thus,
No. 19 SWG has a cold resistance of
0.387 ohms per ft., so that 50 ft.
would have a resistance of 0.387 x
50 =19.35 ohms at 20 deg.C. Refer-
ence to the chart in Fig. 3 now shows
that there is an increase in resistance of
4.15 per cent. at 900 deg.C., thus the original
value of 19.35 ohms when cold becomes 20.15
ohms when heated to 900 deg.C. since :

19.35 x 4.15
19.35 ± - 20.15 ohms.

100
Any other gauges or temperatures can be
dealt with, of course, in the same way making
the necessary correction with the aid of the
percentage increase in resistance shoWn by
the above curve.
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Fireclay Muffle
The form of fireclay muffle employed in

this furnace has an external groove or
thread to receive the spiral heating coil.
This coil is close -wound on a mandrel con-
sisting of an 18 -inch length of No. 12 SWG
silver steel wire, the overall length of the
spiral being determined by the voltage of
the circuit it is used upon. For circuits of
200 to 210 volts the overall length required
is 141in. ; for 220 to 230 volts 16 ins, long;
and for 240 to 250 volts 171 ins. long. In
each case the gauge of the resistance wire is
the same, namely No. 32 SWG nickel -chrome
-known in the trade as " Brightray." When
" Kanthal " wire is used for the higher tem-
peratures one gauge larger will be called for,
namely No. 31 SWG. Winding this spiral
is not a difficult matter when due precau-
tions are taken. The wire is extremely hard
and springy, so that it will need winding
under considerable and constant tension,
and above all it must be free from any kinks
or other defects. If the tension is varied

during the winding the turns of the spiral
will not be all of the same diameter, so that
the safest plan is to make a spring tension -
head through which the wire passes on its
way to the mandrel. Usually the winding
is done in a lathe, and 'then the coil has
been completed the two ends on either side
of the cut.portion must be held firmly, or a

- tangle will result when the wire is divided.
Holding the coil on the mandrel at the free
end, allow it to revolve slowly until it has
relieved its own tendency to unwind, after
which it is slipped off the mandrel with
care, so that the turns are not distorted. It
is next pulled out by stretching the ends
apart until about 3 feet long, ready to wind
in the grooves on the muffle. The end -to -
end length of the groove is rather more than
three feet, so the coils will be still under
a slight end tension when they are laid
down, which ensures their even and close
contact with the muffle.
Anchoring the Spiral

Provision has now to be made for anchor-
ing the ends of the spiral. Twist up a couple
of nickel -chrome wires of the same gauge
into two pigtails about a foot long, and
secure them with one turn round each end of
the muffle to make the leads in and out.
Straighten out a foot or so of the heating
spiral at each end, and, giving one of these
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a few turns round the twisted pigtail to
anchor it, lay the spiral heating element
carefully in the grooves with even tension,
so that individual turns all lie the same dis-
tance apart. The finishing end of the spiral
is then anchored to the other twisted lead
in the same manner as at the start. Each
double lead with the straightened end of the
spiral attached to it should then form a
3 -strand connection for attachment ulti-
mately to the china connector and flexible
lead-in wire. Be particularly careful to
keep the individual turns of wire in the
heating spiral as evenly spaced as possible,
otherwise those closest together will get
hotter than the others.
Cement Coating

Two good coats of the Alumina cement
are then to be given to the whole of the
exterior, after previously closing any holes
in the fireclay former with Pyruma putty.
The cement coating is necessary to prevent
the lagging from coming into actual contact
with the hot resistance wire, which might
otherwise fuse it or set up chemical action.
Mix the dry cement powder into a thin paste
with clean cold water, and work it well in
between the spirals with a brush until the
whole is thoroughly covered. It should
stand in a warm place for a day or two and
can then be finally dried out by passing
current through the winding itself until a
red heat is reached. The 3 -strand leads
coming from each end of the winding are
further protected by stringing over them

" Fishspine " or " Ballsok " insulating
bealis to the point where their ends are finally
twisted up with the copper flexible from the
outer circuit, the junctions being pinched by
the screws of the china connector. The
joint is made just inside the rear end cover
through which the outer connection passes
to the plug point. Varnoflex or -asbestos-
covered heat -resisting flex is better to use
for this purpose than rubber insulated flex
as it will be subject to a certain amount of
heat. Either 2 -core or 3 -core flex can be
used, the latter being necessary if Home
Office requirements are complied with ; in the
latter case the third strand is attached to
the iron body of the furnace by a small screw
and nut.

For the lagging between muffle and outer
body there is choice of several materials, all
of which are serviceable to a certain point.
The risk of fusion at high temperatures must.
be guarded against, however, and the elec-
trical insulating properties of some are not
too good. The material recommended here,
known as " Newtempheit " appears to be as
satisfactory as any and better than most.
No chemical corrosion has been noticeable
upon the wire resistor windings, a point
which needs carefully guarding against,
hence the cement covering to the spiral as
an additional precaution. To apply the

lagging mount the front end frame
flat on a bench, having previously
inserted the four long studs and
placed the metal body over them.
The open end of the muffle, with
its resistor winding, is then socketed
into its recess, the bead -insulated
leads being brought up along the
sides next to the metal body, as far
away from the muffle as possible. The
lagging can then be dropped into
the casing a little at a time and
pressed firmly down without disturb-
ing the position of the muffle or
the bolts. When the casing is nearly
full, cut the excess from the leads and
joint them to the outer flexible by
twisting tightly together. The pinch
screws in the china connector will
then make a firm joint. Finish packing
with lagging until level with the end

of the metal body, thread the rear end plate
over the studs, and pull the whole firmly
together with the end nuts. A standard
2 -pin or 3 -pin 5 -ampere plug enables con-
nection to be made between the furnace
and the service by an appropriate wall
socket. Even a lampholder adapter may be
used if preferred, as the current is so small,
amounting to little more than the require-
ments of three ordinary 60 -watt lamps.
In Use

For the first time or two when put into
use there may be a slight amount of moisture
ooze from the interior, as the lagging is
slightly hygroscopic. This, however, soon
dries out and gives no trouble in practice.
Remember when using the furnace, that
time must be allowed for it to acquire its full
heat, as the temperature rises gradually
from the moment when it is first switched in,
until a point is reached where loss of heat by
radiation balances gain of heat from the
coil. In a furnace of this size full heat is
usually reached in 20 to 25 minutes from
first switching in, after which tools of 1 -in.
diameter will take only about 3 minutes to
bring up to hardening temperature, or five
to six minutes for tools 1 -in. square.

In carrying out repairs to carbon -steel
tools, such as ordinary taps, drills, or other
sundries the steel must be first softened to a
degree enabling it to be easily shaped up.
It is placed, therefore, in the muffle when
fully hot and current switched off and left

(Continued on page 287)
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MASTERS OF MECHANICS
No. 54.-EA ]IRON -SMELTING IN ENGLAND

The Deeds of Dud Dudley, a Pioneer' of the
IRON, in its many forms,

is the chief material of
engineering. Without

this most useful of all
metals, modern industrial-
ised civilisation would have
been impossible of attain-
ment and even the agri-
cultural arts, through lack
of machinery, would still be
in the backward state in
which they were centuries
ago.

Yet although iron is,
nowadays, the cheapest and
the commonest of metals,
this a,bund an cy of the metal
did not always exist. Time
was when an article made of
iron, such as a ploughshare.
a sword or a cooking uten-
sil, possessed a very great
value. This was because
not only was iron found to
be difficult to smelt from
its ores but, also, because it
could only be produced in
relatively small quantities
at a time and with a great
expenditure of materials.

Steel was, of course, un-
known in very early times.
The iron which the Roman
invaders manufactured in
Britain in the days of the
imperial Caesars was more
or less wrought iron, and,
indeed, right up to the
beginnings of the engineer-
ing industry in England
this was the only variety of
the metal which could be
obtained commercially

Charcoal
Through the centuries,

ironmaking in England was
undertaken on the village
industry scale. Charcoal was
considered to be the indis-
pensable ingredient for iron
making, and as vast quantities of charcoal
were needed for the process it was found
advantageous to take the iron ore to the
well -wooded districts of Britain from which
the charcoal could be obtained on the spot
rather than to carry the necessary timber
for charcoal production to the locality in
which the iron ore was obtainable. Hence
it was that the Romans made iron in the
Forest of Dean (some of their workings
are still visible there) and that our medieval
ancestors manufactured their iron for
swords and for ploughshares, as well as for
domestic utensils in Sussex and, later on,
in other parts of the country.

The medieval process of iron production
consisted merely in mixinea small quantity
of iron ore with a relatively large amount
of granular charcoal and by subjecting the
mass to the highest temperature obtainable.
In these conditions the carbon (i.e. the
charcoal), having a great affinity for oxygen,
abstracted that element from the iron
oxide which comprised the natural iron ore.
As a result, the metallic iron was left behind
and it was found (in small quantity-for

la ritish Iron Industry

Upon Dud Dudley's pioneering discoveries is fundamentally based the modem iron
industry, without which the present-day intricate industrial plant and equipment

could never have been brought into being

the process was wholly inefficient) at the
bottom of the furnace when the latter
cooled.

" Devour the Woods "
During the course of time, iron -smelters

set up their furnaces up and down England,
mainly in the well -wooded districts, in
order that they might obtain abundant
supplies of freshly -burned charcoal. The
smelters, however, habitually made such
demands upon the charcoal -producing
timber that they gained for themselves a
good deal of unpopularity, both official and
private.

At one time the Government took drastic
steps and prohibited the smelting 'of iron
anywhere in England, but the futility of
this step became eventually recognised, so
that, in later years, iron production by
means of charcoal (to the detriment of the
English timber resources) began again with
even greater vigour in our country.!

In the latter half of the seventeenth
century, the best iron came from Germany,
for in the many forests of that country

charcoal was abundant, and
the peculiar quality of the
iron ore obtained by the
Germans seeins to have
rendered it well adapted to
the gentle smelting process
which was brought about by
the assistance of charcoal.

One of the German
smelters came to England
(luring the latter part of the
seventeenth century. His
name was Simon Sturtevant,
and he seems to have been
possessed of the notion that
coal could be made to take
the place of charcoal in
the process of iron smelt-
ing. Sturtevant was even
granted an English patent
in order to " neale, melt and
worke all kind of metal
oares, irons, and steeles with
sea-coale, pit coale, and
earth-coale," but his pro-
cess, when tried out on a
large scale, failed signally,
and accordingly his patent
was cancelled before it had
been in operation for a year.

Lord Dudley
About this time there

lived at Dudley Castle, in
the county of Worcester,
one Edward, Lord Dudley,
who had made a name for
himself as an industrialist
and as  an owner of iron -
smelting furnaces in the
district. Lord Dudley, be-
sides possessing a consider-
able number of legitimate
off -spring, was the father of
eleven natural children, of
which latter, the fourth,
who was born in 1599, and
given the name of Dud
Dudley, rose to a position
of eminence in the iron
world, despite the chequered

and adventurous career which eventually
became his.

The Earl of Dudley, seeing the inborn
ability of his son, Dud, took the greatest
pains with his upbringing, educating him
carefully, and giving him a position in his
iron works near the town of Dudley.

The latter town 'was at that time one of
the centres of the English iron industry,
although it mainly concerned itself with the
production of small ironware, such as nails,
keys, horseshoes, and a few common
agricultural implements. Into this industry
therefore the boy, Dud, was flung by his
noble father in order to gain experience of
the practical side of the business. Exactly
what Dud Dudley did at this early stage of
his career we do not know, but we do know
that some years afterwards he was sent to
study at Baliol College, Oxford, from which
seat of learning he was eventually suddenly
withdrawn by his excitable and somewhat
eccentric parent in order that he might
take charge of an iron furnace and a couple
of newly -erected forges at Pensnet, in
Worcestershire.
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No sooner was the young Dud Dudley
installed as manager of the works than he
came up against the well -familiar problem
of the increasing scarcity of charcoal
supplies. Many methods were adopted by
the young Dudley to eke out and to
economise his supplies of the precious
charcoal, but they were all of no avail.

Powdered Coal
Feeling, therefore, driven to desperate

devices, Dudley took up (whether knowingly
or otherwise is not known) the idea which
had been first put forward by old Simon
Sturtevant, the German smelter. He began
to smelt his ore with powdered coal, and
although at first some apparent success
resulted from these trials, the iron which
was obtained was of an exceedingly poor
nature, since it had been contaminated with
sulphur obtained from the coal and thereby
partially sulphurised.

It was Dud Dudley's clear realisation of
the part played by sulphur in the deteriora-
tion of the iron which put him on the
right road to his epoch-making discovery
-that of the use of de-sulphurised coal,
or, in other words, coke, for smelting
purposes.

To rid the coal of its contained sulphur,
Dudley heaped it up out of doors in conical
piles, after the fashion of charcoal -burning
heaps, and set fire to it. The coal burned
slowly, and in consequence produced the
light, porous material which we nowadays
call " coke," but which Dudley and his
associates termed " char."

This " char " they proved to be prac-
tically devoid of sulphur. So they powdered
it up, mixed it with the requisite proportion
of carefully selected iron ore and smelted
the mixture in their furnaces. The experi-
ment worked, and worked amazingly well.
Not only did the coke (or " char ") readily
convert the iron ore into its metal, but by
its use it was found possible to employ
larger furnaces, and these, reaching a
higher temperature, made it possible to
obtain a much purer iron than was ever
available before.

It was in 1619 that Dud Dudley succeeded
with the above experiments. In that year
he managed to reach and to maintain an
output of three tons per week of his new
iron. And in that year also he wrote to his
father, the Earl, detailing to the latter
worthy all information concerning the
nature and the success of his experiments,
which information seems to have so
delighted the heart of the energetic Earl
that he immediately applied-in his own
name, incidentally-to King James for the
grant of a patent for the invention, which
patent was forthcoming and was finally
sealed on February 22, 1620.

New Furnaces
Dudley the younger at once proceeded

with the erection of new furnaces both in
Worcestershire and in the adjoining county
of Staffordshire. These activities succeeded
beyond his wildest dreams. The Dudleys
-father and son-became known far and
wide as the manufacturers (by a secret
process) of an iron which even excelled that
which was formerly imported from
Germany.

The success of the Dudleys, however, was
not allowed to go unchallenged. Rival
iron -smelters presented a petition to the
King in which they alleged that Dudley's
iron was unworkable, full of impurities,
and not merchantable. They stressed the
fact that, in some unknown way, the metal
was produced through the agency of coal,
a material which King James regarded with
great disfavour, and they ended up by

saying that the Dudleys were ruining their
trade since the latter individuals were able
to produce the iron at cheaper rates than
they could do.

The result of this petition was that Dudley
was commanded to manufacture a quantity
of his iron and to send it up to the Tower
of London for trial. This was done with
all celerity. Up to the famous Tower of
London the new iron of the Dudleys went.
It was put through many tests, cannons
and other pieces of ordnance were made
from it and it was pronounced " good,
merchantable iron " which was " fit for
the making of muskets, carbines, and great
bolts for shipping."

It is sad to relate that after this victory
over his detractors Dud Dudley had the
misfortune to have his works at Cradley
(Staffordshire) almost completely swept
away by a great flood. Undaunted by this
setback, however, Dudley at once began to
erect new works and to turn out his " pit -
coal iron " in even greater quantities than
before. Again the neighbouring iron -
masters petitioned the King on the score of
Dudley's iron, but their combined influence
proved of little avail, for all they succeeded
in effecting was in obtaining an official
restriction of the Dudley patent to fourteen
years instead of to its original thirty-one
years.

Cast -Iron Wares
Serenely, therefore, Dud Dudley con-

tinued to work his patent, and he " made
annually great store of iron, good and
merchantable, and sold it unto diverse
men at twelve pounds per ton."

" I also," says Dudley himself, in the
book which he subsequently wrote and
entitled " Metallum Martis " (1665), " made
all sorts of cast-iron wares, as brewing
cisterns, pots, mortars, etc., better and
cheaper than any yet made in these nations
with charcoal, some of which are yet to be
seen by any man (at the author's house in
the city of Worcester) that desires to be
satisfied of the truth of the invention."

Dudley, besides being able to produce
iron more easily and more cheaply by means
of coke -smelting, also evolved the tech-
nique of casting iron, i.e., of pouring the
molten metal into moulds and of allowing
it to solidify therein.

New Works Every Year
He erected new works every year, his

largest one being put up at Hasco Bridge,
near Sedgeley, and being capable of turning
out some seven tons of iron per week.
Almost as soon, however, as this works was
got into full operation, the enraged iron -
masters, charcoal -burners and other workers
of the surrounding districts assembled in a
mob and raided the works, destroying the
furnaces and reducing everything in the
immediate vicinity of the building to ruins.
More than this, Dud Dudley was given no
peace. He was personally attacked by
rioters, and even when he managed to
escape physical injury at their hands, he
found himself harassed by the many and
tedious trade law -suits upon which he was
obliged to embark. Eventually, through a
concourse of malign agencies, he found him-
self severely in debt, in consequence of which
fact he was arrested, sent up to London, and
jailed in a debtors' prison.

Released from Prison
It was King Charles I who released

Dud Dudley from his debtor's confinement,
but despite this act of clemency Dud's
evil fortune still seemed to pursue him.
The Civil War in England between the
King's and the Parliamentarian forces

hroke out. Strongly loyalist, Dud Dudley
ranged himself on the side of the King, and
for the time he appears to have completely
abandoned his iron works in Worcestershire
and Staffordshire. Holding several official
positions in the Royal army, including that
of " Chief Military Engineer," he went
unscathed through several fierce battles.
Cannons and other guns Were forged under
his direction, but eventually the forces of the
Parliamentarians under Cromwell proved
the stronger of the two factions, and after a
series of exciting adventures Dud Dudley
was captured in Bosco Bello woods, near
Madeley, from whence he was taken to
Worcester Castle and imprisoned therein.
In spite, however, of the fact that he was
closely guarded the adventurous Dudley,
aided by a companion, managed to escape
from Worcester and he succeeded in
reaching London. In that city, shortly
afterwards, he was recaptured, at once
recognised, and summarily sentenced to be
executed by " shooting to death."

On the day before his intended execution
-a Sunday morning, August 20th, 1648-
Dudley and a fellow prisoner, taking their
opportunity " at ten of the clocke in sermon
time," again made their escape by dint of
overpowering the few guards who had been
left in charge of them. Although severely
wounded in the leg, Dudley managed to
drag himself on improvised crutches to
Bristol, in which city he lived in secret
until the hue and cry for him bad died
down.

A Project Wrecked
Whilst living in Bristol, Dudley succeeded

in inducing two other Bristolians to enter
into a partnership with him to recommence
his process of iron manufacture. This
project was taken up with great enthusiasm
by the partners, but before long Dudley
quarrelled with them, and so by his own
stupidity, or perhaps irritability, wrecked a
project which might have led him to
enduring success.

After the eventual rout of the Cromwellian
forces and the restoration of the Royalist
regime under King Charles II, Dud Dudley
at once petitioned the King for a return
of his former possessions. There were many
other loyal petitions from other people,
however, and all Dudley obtained was a
renewal of some of his former official offices.
He failed to obtain a renewal of his patent
for making iron from coal. Indeed, two or
three other individuals were granted a
patent for " iron -making with coale," but
as Dudley alone knew the practical secret
of iron production by means of " char " or
coke, these other patentees and their
businesses came to nothing.

Restored to his official offices (granted
formerly to him by King Charles I) such as
those of Lieutenant of Ordnance and Sur-
veyor of the King's Armoury, and finding
himself also through the new King's favour
appointed to the position of Serjeant-at-
Arms, Dudley seems apparently to have
given up all desire of recommencing his
once very flourishing iron -smelting busi-
nesses.

Dudley's Death
Instead, he began to lead a semi -retired

life, devoting much of his time-outside his
official and nominal duties-to the compos-
ing of his " Metallum Martis," a curious
work in which he gives a history of his iron -
making invention. From this time onwards
(about 1665) we hear nothing further con-
cerning Dud Dudley. All we know is that
a few years later he retired to St. Helen's,
a Worcestershire village, and that he died
there in 1684, in the 85th year of his age.
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Around the Trade
Items of Interest from the

A Compact Tool Roll
THE neat and compact tool rolls shown

below are ideal for motorists and cyclists.
They are both made with strong brown
waterproof canvas and can easily be slipped
into the pocket. In one case the tools are
held in position by means of an adjustable
looped leather runner strap, whilst in the
other sewn -in pockets of various sizes hold
the tools firmly in position. They are
obtainable in various sizes.

Double Whirling Shower
WATERING a lawn is rather a tedious

task if one has to stand and hold the
--hose, but with the device shown on this

page the job is considerably simplified. It
is a double whirling shower which is fitted
to the end of the hose, and the pressure of

Two types of tool roll that can be carried about
in the pocket

water causes the two jets to revolve. In
this way a large area is sprayed with water.

Whilst on the subject of care of the lawn,
the rake shown at the foot of the page,
known as a Springbok, will prove ideal for
raking moss and clover from the lawn.

The use of this whirling shower will save considerable
time and labour when watering the lawn

Combined Monocular and Magnifier

THIS
interesting gadget will prove to

have a number of uses as it can be
used to view things at a distance (6 X
magnification) or close up (9 X magni-
fication). When used as a monocular the
knurled wheel shown at the top of the

Manufacturers
device allows variable focus. It is supplied
complete in a leather ease.

A Pipe Ashsafe
CMOKERS will no doubt find a use for the
0 pipe ashtray shown on this page which
is fitted with a cork knockout. The curved
rim, which can be taken out for easy

A combined monocular and magnifier

cleaning, helps to retain the smoke that
gets underneath and it also keeps' the
ashes out of sight. It is obtainable in
marbelite or Bakelite, and the purchaser
has the choice of three colours-green,
walnut or mahogany. The ashtray, which
can also be used for cigarettes, is unbreak-

An ashtray for pipe smokers which is fitted with a
cork knock out

able, and will riot tip up when the pipe,
is knocked out.

" T aque " Expanding File
THE householder is no doubt often at a

loss to find a safe place for bill receipts
letters, etc., and the expanding file illus-
trated on this page should prove ideal for
this purpose. It has cloth -bound backs and
the pockets are made of strong manilla.
It is sold complete with an index and tape

The "Springbok" rake which
is ideal for removing moss and

clover from the lawn

An 'expanding file which is suitable for household
use. It can be used for filing bill receipts, letters, etc.

for tying, and is obtainable in octavo,
quarto, and foolscap sizes.

Reflex Document Paper for Copying
WE haverecently carried out tests with

a sample of Ilford reflex document
paper submitted to us by Messrs. Ilford,
Ltd., of Ilford, London, and we have
obtained very satisfactory results. In this
method of photographic copying, there is
no need for a camera, the sensitive side of
the photographic paper merely being
placed in direct contact with the original
and then exposed to any convenient
source of light. The light is actually
directed on to the back of the sensitised
paper, so that it passes through the sensitive
layer, reaches the original and is reflected
back by the white paper, but is absorbed
by the black image. In this way a reflex
negative is formed, and from this any
number of positive prints can subsequently
be prepared.

Tins system of reflex copying is suitable
for use with any form of original consisting
of lines, such as a drawing, written or
printed matter, printed illustrations, etc.
Usually, such subjects are on a white base,
but this is immaterial, because the paper
we tried out proved to be capable of record -
big, and to a certain extent differentiating

An all -metal jack plane which will make a useful
addition to the handyman's tool box

between a wide range of colours. Conse-
quently it is suitable for copying all types
of drawings and record cards on which
coloured inks have been employed.

All -Metal Jack Plane
THE handyman is always on the look -out

for efficient tools, and the all -metal
jack plane shown herewith will prove a
useful addition to his tool -box. The advan-
tage of the plane is that it cannot warp,
and the cast steel frame will ensure highly
finished work. It is fitted with a mechanical

/ vernier screw adjustment which allows the
iron to be finely adjusted. The angle of the
plane may also be adjusted to facilitate the
planing of end grain.
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THE USE OF

Buttons in Engineering
Practice

TO enable factories to employ young
and unskilled labour on the assembly
of intricate mechanism tends to show

that the component parts must be correct in
every detail, also that the most important
feature is the holes. To facilitate the assem-
bly of engine parts they are usually finished
to within 'a tolerance error of .001 in.,
excepting such parts as bushes and ball -races,
the accuracy of which must be finer still.

With electrical parts the assembly holes
to accommodate screws, pins, etc., are
usually to within position limits of .002 in.,
but hole diameters in the majority of cases
have to be within finer limits. It will be
visualised from the foregoing statement
that the tools and jigs which are to produce
the holes must be of greater accuracy than
that required on the component parts,
to allow for minute variation in production.
Many and varied are the appliances and
machines invented and marketed by nearly
every country in the world to ensure holes
being put in the place that they are required
to be.

Accuracy of Holes
The accuracy of holes in tool -room work

can be divided up into four classes, e.g.
holes that have to be within .0005 in. of a
predetermined position and size, which can
only be bored with a jig -boring machine.
The next group are those that can be within
a margin of .001 in. If a jig -boring machine
is available, these are also decidedly better
produced by this method, but many
engineering works and tool -rooms are
denied these special luxuries, and so have to
resort to simpler and less expensive opera-
tions, the most commonly known method
being the use of buttons. These little
instruments consist of short pieces of round
cast steel hardened and tempered to restrict
bruising and wear. They are usually
supplied in sets of four, the smallest set
being .2 in. in diameter, then increasing
by .1 in. per set up to 1 in. The size of
them is not particular, provided they are
perfectly round. Each one is provided
with a clearance screw hole which requires
to be -41 in. larger than the screw which

Figs. 1 and 2.-
(Left) Placing four
holes on a pitched
diameter on a per-
fect square. (Right)
Button and block
method for position-
ing precision holes

it is to accommodate, to
allow of movement in set-
ting. It is really a turner's
method of boring precision
holes, and the sequence
of procedure is as follows : The holes are
carefully marked off with the vernier height
gauge, and centre -pop marks indented in
the spot where the holes are going to be.
The holes are then drilled and tapped to
a suitable size to accept screws which will
pass through the buttons and fasten them
on to the job which is going to be bored.
Assuming that four holes have to be placed
in a perfect square on a pitched diameter
circle (P.D.C.) to within a limit of one -
thousandth of an inch (.001 in.) ; five buttons
would be used, one would denote the centre
line, which would not be bored, and the
remaining four would define the position for
the holes (Fig. 1). The five buttons would
be screwed on to the job and adjusted to
their exact position with the micrometer of
a suitable size after the necessary calcula-
tions had been made. Again assuming that
the four holes are on a 4 -in. diameter circle
and the buttons are .400 in. diameter, the
length of chord being given as 2.8284, add
to this the 'diameter of one button, which
will then be 3.2284, and this should then be
the dimension outside any two buttons
forming the square when measured with the
micrometer. If they are not so, they are
gently moved into position, after which the
screws are made snug and tight before being
mounted on the lathe face plate for boring.

A dial indicator is really a necessity to set
the job up to the accuracy required, but
failing this instrument the only thing
possible without fear of moving the buttons
is to lightly colour them with Prussian blue,
then, using a very thin hooked scriber, ob-
tain a marking, rotating the lathe by hand,
then adjusting the job into position. After
it has been ascertained that the button is
in true alignment with the lathe centre
line by the indicator reading "steady" when
the machine is revolving, the clamps
holding the job on to the face plate are
finally tightened. The screw holding the
button in position is then withdrawn, and

Ensuring Accuracy in Component Parts
of Intricate Mechanisms so that Assembly
can be Carried Out by Unskilled Men

this particular button removed.
The hole is then drilled and finished

by boring in the usual manner, after which
the job is moved and re -set for a further
boring, and so on until completed.

Button and Block Method
It will be realised from the foregoing that

the process already outlined being rather
lengthy has its economic limitations, and for
this very reason many boring machines
costing vast sums of money have proved a
commercial proposition. It may be of some
interest to learn that there is another and
more profitable way in which buttons can be
used for positioning holes, this being known
as the "button and block method." It is
considerably quicker and use can be made
of the drilling machine, instead of the lathe.
It is quite as decisive, especially if the holes
are of dimensions which allow the use of
standard reamers. A glance at the illustra-
tion (Fig. 2), in conjunction with the
explanation, will help to convey the process
satisfactorily. Buttons are made of a suit-
able size similar to those already outlined,
hardened and tempered, afterwards ground
if possible, but should this not be so, they
can be either made from standard size silver
steel or turned to some size previously
decided. A block of cast steel is obtained
as illustrated, and a hole placed somewhere
near the middle, into which these buttons
are a slide fit. Exactly the same procedure
is adopted as with the previous button job
in regard to getting definite position with
the micrometer, but when all are set and
tight, the block is slipped over one of the
buttons, and then very firmly clamped on to
the plate or work -piece requiring to be
drilled. The screw retaining the button is
then withdrawn, and the button pulled out
of the block. It is then merely a matter of
transferring this hole right through into the
job, and if this is done with care there is no
reason why it should wander, as the block
will act as a jig in guiding the drill and
reamer. It is preferable if the block is
hardened and tempered before use to
minimise wear, which will naturally result
in the hole becoming larger.
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QUERIES0Auf
ENQUIRIES

Covering a Floor
I AM desirous of covering a floor with a

composition flooring such as " Litosilo."
Could you possibly tell me the mixture and
quantities of such a composition, also where
the materials may be obtained ?-A. M.
(Liverpool).
FLOORING preparations of the type you
I name have compositions which are
kept secret by the manufacturers.
Essentially, however, such preparations
contain powdered barytes (barium sulphate)
mixed with shellac varnish and often a
small proportion of linseed oil. Such
" lino " compositions, when brushed over
a smooth flooring surface, set hard fairly
rapidly, drying with a good gloss and giving
a hard, water-repellent surface.

Since (as we have mentioned above) these
compositions are more or less maintained
secret, we cannot give you the exact pro-
portions of their ingredients, but from the
information contained in the preceding
paragraph, we feel sure that, after a few
trials, you will be able to make a satis-
factory flooring composition for yourself.

The materials necessary may be obtained
from any large paint and oil stores.

Making Film Cement
I WISH to make my own film cement for

nonflam film of any make. I believe
the cement consists of four things, namely
acetic acid, amyl acetate, acetone (or strip
film), and liquid ether. Kindly correct me
if any are wrong, also their quantities.-
A. B. (Harrow).
YOU are incorrect in assuming that the

average film cement contains acetic acid
and ether.

An excellent cement for any type of
film may be made by mixing together one
part of acetone and one part of amyl (or
butyl) acetate, both of which liquids may
be obtained from your local branch of Boots
the Chemists or from any firm of laboratory
chemical suppliers. In this mixture of
liquids a quantity of clean scrap celluloid is
dissolved until the resulting liquid has the
consistency of thin varnish.

Your film cement will be ready for use.
Preserved in airtight bottles it will keep
indefinitely, although it must be remem-
bered that the cement is highly inflamma-
able.

A Peppermint Still

D°
you know where I could get con-

structional details for building a still
for distilling peppermint, and can you
supply me with the name and address of a
firm manufacturing these stills ?-B. G.
`Sussex).
EXACTLY what sort of peppermint do

you wish to distil? Is it the essential
oil of the plant, the plant itself, or any
aqueous infusion of the oil ? Each of these
operations would require a special type of

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.

still, but presuming you require to distil the
fresh flowers or other parts of the plant,
you would require a copper still of at least
two -gallon capacity into which steam could
be injected. The peppermint oil is volatile
in the steam and thus distils over with it,
being usually collected in glass receivers,
in which it is separated from the water, and
redistilled in a small glass still. Such stills
could be obtained from Messrs. Philip
Humphrey & Co., Ltd., Laboratory
Furnishers, Birmingham. You should note,
however, that you require an Excise Licence
to operate any still legally.

Treating Oak Beams
I WISH to treat the outside oak beams and

window sills of a bungalow with a black
preservative that will not hide the grain, and
which will not discolour the window frames
(which will be painted or enamelled white),
where the two colours meet. Can you please
advise me of a suitable preparation ?-S. T.
(Wembley).
YOUR best plan is to make up a preser-

vative by dissolving 1 lb. of barium
naphthinate in paraffin or white spirit, about
one gallon of the latter being required. Apply
this liquid to the woodwork in the hot
condition (but, of course, bear in mind the

THE P.M. LIST OF
BLUEPRI NTS

F. J. CAMM'S PETROL -DRIVEN
MODEL MONOPLANE

7s. 6d. per set of four sheets, full-size.
The "PRACTICAL MECHANICS" 620 CAR

(Designed by F. J. 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, 55.

STREAMLINED WAKEFIELD
MONOPLANE -2s.

A LIGHTWEIGHT GLIDER
Full-size blueprint, 2s.

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 above:blueprints are obtainable post free from
Messrs.G.NewnesLtd.,TowerHouse,Strand,W.C.2

fact that the paraffin or white spirit is
inflammable). This solution will penetrate
the woodwork well and will not stain, or
hide the grain. Moreover, after the solvent
has dried out, the woodwork can be treated
in any way desired. Barium naphthinate
may be obtained, price about 2s. lb., from
Messrs. A. Boak, Roberts & Co., Ltd.,
Stratford, London, E.15. This material
has been given the trade name " Novenate
Baritim."

Chemicals Required
WHERE can I obtain supplies of deo-

dorised castor oil, ricinoleate of
triethanolamine, vitamin F, organic sulphur
AK, parachlorobenzoate of soda and stipine.
According to the information I have, stipine
is a seaweed extract manufactured by a
certain maison Gattefosse of Lyon, France,
and I wondered if it is manufactured in this
country.-G. C. G. (Wilts.).

DEODORISED castor oil (known in the
trade as the " Italian " castor oil)

may be obtained conveniently from any
branch of Boots The Chemists, or, alter-
natively, from Messrs. A. Boake, Roberts
and Co., Ltd., Stratford, London, E.15,
from which latter firm also supplies of
triethanolamine ricinoleate may be ob-
tained.

Sodium parachlorobenzoate, vitamin F
extracts and the various organic sulphurs
may be obtained from The British Drug
Houses, Ltd., Graham Street, City Road
London, N.1. It is possible, also, that
Messrs. Harrington Brothers, Ltd., 4 Oliver's
Yard, 53a City Road, London, E.C.1, may
also be able to supply some of the latter
materials, particularly sodium parachloro-
benzoate.

We doubt whether you will be able to
obtain " Stipine " in this country, but you
might try The British Drughouses, Ltd.
(Address as above) and, also, Messrs.
James Woolley, Sons & Co., Ltd., Victoria
Bridge, Manchester. Also Messrs. Reynolds
and Branson, Wholesale Chemists, Leeds.

Gas Mask Filters
CAN you tell me what are the contents of

the filters in the civilian, civilian duty
and service type respirators ?

I have built the P.M. master battery clock
and am very satisfied with its time keeping.
The only trouble experienced was in obtain-
ing the piece of steel from which the pendu-
lum is hung. However, I substituted a piece
of copper of the same thickness which
answers the purpose admirably.-R. A.
(Islington, N.1).

CIVILIAN respirators contain as their
active principle a bag or container of

coarsely woven material containing a mix-
ture of nut -shell charcoals, permanganate
and soda -lime.

The Service respirators contain precisely
the same materials but in larger amounts,
and, moreover, in these respirators a system
of Multi -containers is employed. The exact
proportions of the various ingredients in the
respirator filters has not been made public.

We are pleased to hear that you are so
satisfied with the P.M. Master battery clock
which you have built according to our
instructions, but we do not think you will
experience lasting satisfaction by using a
piece of strip copper or copper foil in place
of the steel suspension spring enjoined
in our instructions. We would, therefore,
advise you to procure a steel suspension
spring of the requisite dimensions. Such an
article can be purchased for 2d. or 3d. at
any of the clockmakers in the Clerkenwell
Road district, E.C.
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-ELECTRADIX-
Signal Work and Training Aids for Navy, Army & R.A.F.
L.R. SOLO PHONES. For use with buzzer morse.

Useful as a circuit tester with
a pocket cell. Single Earpiece,
90 ohms. metal hook loop, with
cord, 1/3. Ditto D.3, 60 ohms,
with cord, 1/6. W.E. 1,000 ohms,
with cord. 2/-. 2,000 ohms Ear-
piece, with cord. 2/6.
L.R. DOUBLE HEADPHONES.
Pilot Signallers 120 ohms, Phones.
All leather headbands with slide
adjustment chin strap and 4ft.
cord. Comfortable, 3/6. Sullivan
120 ohms, Aluminium Headbands,
3/9. cords 1/6 extra.
HIGH RESISTANCE AND

PRO .SIGNAL !IRS' RADIO
PHONES. The finest

HEADemotes always is the adjustable Browns
A Reed Phone, aluminium swivel.

0" headband, 4.000
ohms, 35:6. 1,500 ohms, 2116. 120 ohms.
17/8. Cords, 1/9.
Various Makes. Second-hand Head-
phones, in good order, 2.000 ohms and
9,000 ohms. 5/-, 6/6 and 7/8, with cords.
Western Electric, 2,000 ohms, 4/6.
FIELD PHONES & EXCHANGES.
Leather -cased or wood.
CORDS. Makers new price up to 2/- for head cords, but
we have in stock tough ex W.D. headphone cords that
will wear better at 116. Service 2 -pin plugs. 6d. 2 -hole
sockets, mounted. 6d. Supplied with phones.
LEARNERS' MORSE PRACTICE SET. No. 3A
Duplex with Key and Buzzer and Lamp for sound and
visual, line plug is on base, 7/-.
BUZZERS, small type, with cover, 1/6. Power Buzzers.
with screw contact and adjustable spring armature, 2/6.
Heavy Buzzers in Bakelite case, 3/8. Siemens Morse
Transmitters, with key and brass -cased Power Buzzer.
17/6. Magneto Exploders, 25/.. Field Telegraph Sets
with Sounder, Relay and Galvo. etc.

KEYS. Morse Signal Keys. Dummy
Practice Keys. 3/, 1, T.X. Practice
Key on black moulded base, a good
small key. 3/6. la, Long Bar Type
Practice Key, T.X.2, with cranked
bar, 516. 2. Superior model B.2,
with back contact, a well finished

key on polished wood base,7/6. 3, Operators' P.F. plated
pivot bar and terminals, mahogany base. 9/8. 4, Type
I.V. Superior ditto, nickel -plated pivot bar and fittings,
on polished base. 10/6.
MORSE INKER. Tape Strip Recorders: portable or
table. Cheap. Wheatstone Strip Hand Perforators.
15/-. Paper Tape for Morse and Wheatstones, green or
white, 6d. reel. Brass Tape Reels in mahogany case. 2'6.
METERS. Lineman's Q & I. Galvos. Two ranges with
three terminals for circuit testing. In leather case.15/-.
HORIZONTAL BRASS -CASED GALVOS, 7/8.
CELL TESTERS. Megger 3-0-3 moving coil. Aluminium
Case, 25/-.
ELLIOTT BATTERY TESTERS. Government Model
108, Moving Coil Ammeter and graded theo., 37/6.
TESTERS. Field A.C. or D.C. Vest
Pocket Tester Dix-MIpanta " Bake-
lite case. 2iin. by 3M. No projecting
terminals. Universal versatile high-
grade, moving -iron multi -range meter
for service on A.C. or D.C. battery or
mains. No projecting terminals.
Three ranges of volts: 0-7.5 Wits;
0-150 volts; 0-300 volts. In black
Bakelite case, 2iin. by 2iin. 19/6 only.
ALARM BELLS. Small and large.
Battery or mains D.C. or A.C. 10in.
gong. Domestic Bells and Fire Bells, cheap. please
state wants. Single Bell Wire. 116 Per 100 yds.
METER MOVEMENTS. Full size, moving coil, P.M.,
for adapting home-made multi -range testers. For 3in.
or 4in. dials, 51-, post 1/-.
LIGHT AND RAY CELLS. Selenium, 10/8: Electro-
cell. Self -generating, 25/-; Raycraft outfit with relay
and amplifier, 55/-. Photo -Cells for sound on Film,
Television and Ray work, R.C.A., 25/, Beck, Angle
Prisms, mounted in carrier, 5,8.
RELAYS. Single and multiple contact telephone
type in 15 models from 5/-. Send for "Relay" List.
Genuine G.P.O. Vertical Relays, brass case, glass top,
54 to clear. Complete with original platinum contacts,
17/6. Worth double. Mov. Coil Weston, 601-.
FUSES. Glass tube, 1 amp., 6d. With clips and hase,9d.

PETROL ELECTRIC GENERATING SETS
FOR LIGHTING AND CHARGING FOR
£16 ONLY. A 500 -watt, single cyl. 2 stroke,

water-cooled, self -oiling Stuart
Turner engine: mag. ign. coupled
to 50/70 volts, 10 amps. shunt
dynamo, 1,000 r.p.m., £16. No in-
crease in price, these are £40 sets
ready for immediate delivery.
FOR £12. A 150 -watt engine and
dynamo on similar lines, but

coupled to 25'30 volts. 6 amps. dynamo.
A.C. ROTARY CHARGERS. 3 phase Motor 200 volts
to D.C. Dynamo 8 volts 15 amps.. 24117/6. R.C.A. 3 ph.
Motor 220 volts, coupled to D.C. Dynamo 400 volts.
200 m.a.. 25/10. Metvick 3 ph. 1 h.p. Motor coupled to
D.C. Dynamo 12 volts 30 amps.. £6.
Single phase to D.C., Higgs 230 volt A.C. Motor coupled
to D.C. Dynamo 8 volts 16 amps.. £7110.
D.C. ROTARY CHARGERS, 3 h.p. 220 volt D.C. Motor
6 volt 250 amp.. Dynamo. £16. 200 volt Motor 25 volt
8 amps, dynamo. 64. Motor 220 volts 8 volts 50 amps.
dynamo, 26110. And others up to 6 kW.

CELL A.C./D.C. CRYPTO MOTOR-GEN. SET.
F r v. A.C. mains. Foe Radio Cell Circuits and ten 12-
v o amp. Car. Batts. D.C. output 160 volts 20 amps. £32.
AC USTIC RECORDERS. Cost is low. New MI VOICE
acoustic sets, complete outfits in carton
de luxe, 16/-. No. 2 Mivoice, 10/6. Junior.
5/6.
5!- EMERGENCY PARCELS of useful
stand-by electrical and radio repair k

material and apparatus, 7 lbs. for 51-. skiPost Free.
Send for 1940 Bargain List "P.M."

ELECTRADIX RADIOS
21 8 Upper Thames Street, London E.C.4

Telephone : Central 4611

Rocket Detonators
CAN you tell me how the detonations take

place in a gas or gasoline fuelled rocket?
Is the fuel allowed to enter the combustion
chamber in a steady flow, or is the fuel
admitted into the tube intermittently and
ignited by a sparking plug as it enters ?-
J. G. (Glasgow).
CO many varying types of petrol -driven

rockets have been proposed and devised
by inventors that it is almost impossible to
summarise the basic principles of their
design. As a rule, however, inventors
endeavour to arrange for the rapid burning
of a stream of compressed fuel vapour
within a small " combustion chamber "
situated in the heart of the rocket, the
exhaust from this combustion being thrust
violently downwards and so setting up a
reaction which impels the rocket forward.
Sometimes the fuel has been stored at the
sides of the rocket ; at other times towards
the rocket's nose. In nearly every case,
however, the fuel vapour is combusted in a
continuous flow and not in spasmodic
charges.

A CORRECTION
I N the article on " Converting Motor Car

Dynamos to A.C. Motors " which ap-
peared in our February issue the illustration
Fig. 3 was shown incorrectly. The correct

(Left) The brush connections fora two -pole motor.
(Right) Connections for a four -pole motor. In
practice carbon brushes are placed radially to

the centre and not at an angle

sketch is shown herewith. It should also be
pointed out that no definite speed is pos-
sible with series -connected motors as this
depends entirely on the load for the moment.

Fish Oil
n CIES fish oil, such as is obtained from

cod or herrings, have any value as a
lubricant for high-speed shafting. -E. L.
(Wembley).
FISH oils possess no lubricating value

whatever. This is because of the fact
that, from a chemical standpoint, they are
said to be highly " unsaturated," and they
will abstract oxygen from the air to form
sticky, semi -cold substances which would
only impede and gum -up mechanical parts.
Some vegetable oils, however, such as
castor oil, as you probably know, are highly
efficient lubricators.

Pistonless Engine
CAN you give me any information

regarding the new pistonless engine
invented in U.S.A.-J. K. (Bristol).

NO details concerning the American
" pistonless " engine which you men-

tion have reached this country, but it is
very possible that the engine in question
may comprise some pfacticable modification
of a number of past inventions and sugges-

cope,
victocivion aesetoes

A fine high -gloss finish worthy of good wood-
work is ensured by using Varnene, the finer Oil
Varnish Stain.

Varnene is easy to apply, because it never
becomes tacky while working. Its stain sinks
deeply into the wood, leaving the Varnish to
provide a smooth, hard gloss which will not
readily chip or scratch.

In Dark Oak, Walnut, Mahogany, Light
Oak, Ebony Black, and Clear (Colourless)
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BECOME A
DRAUGHTSMAN

AND EARN BIG MONEY

Men over 21 are ur-
gently wanted for re-
served occupations as
draughtsmen in Elec-
trical, Mechanical,Aeronautical,
Structural, and other
Branches of E n -
gineering. Practical
experience is unneces-

sary for those who are willing to learn -
our Guaranteed " Home Study "
courses will get you in. The FREE
1940 Guide contains 120 pages of infor-
mation of the greatest importance to
those seeking entry or advancement in
Engineering. It gives full details of
salaries, openings and prospects in
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all other Branches of Engineering and
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particulars of our special rapid courses
and employment service and remarkable
Guarantee of

SUCCESS -OR NO FEE
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able publication. It may well prove to be
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(S. Africa Branch : E.C.S.A., P.O.
Box 8417, Jo'burg)
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tions whereby it was proposed to explode
charges of gas or vapour in a number of
little " pockets " formed in a large circular
vessel built around a main shaft. The
explosions in these " pockets " or " impel-
ler -chambers " cause a rotary reaction of the
circular vessel and so set up its continual
revolution. We feel bound to say, however,
that the highly experimental engines of this
type have never yet been made practicable.

Charcoal Blocks
I WISH to make up some fine bone char-

coal into small solid blocks. What
medium must I use to bind the charcoal
without imparing free burning.-F. Y.
(Hounslow).

WITHOUT an adequate bonding press
it will be difficult for you to obtain the

satisfactory- type of compressed charcoal
blocks which you require. Such a press
would have to exert a pressure of between

and ton per square inch, and, under this
pressure, the charcoal would compress
without the necessity of incorporating any
bonding agent with it. For greater security
however, you could, under the above con-
ditions, add 2 per cent. of fire clay with the
charcoal. -

In the absence of a press, we would
suggest that you made experiments in bond-
ing the charcoal powder with Portland
cement. Make up a mixture of 8-10 parts
of the charcoal powder, 1 part of Portland
cement and I part of China or fire clay.
Mix these well together and add water so
that a stiff paste is formed. Then trowel
the paste into wooden moulds, compressing
the paste into each mould as tightly as
possible. Set the material to dry in a warm
oven for two or three days, when useful
charcoal blocks should be obtained. These
will probably be very brittle, but they will
burn completely without giving rise to any
objectionable odour.

Calculating Humidity
HOW can I calculate the humidity of a

room by the readings on a wet and dry
thermometer. I want to run my brooder
house at 50 degrees humidity and usually
the readings vary 4 to 6 degrees.-C. C.
(Wellingborough).

THE wet and dry bulb thermometer
measures the relative humidity of the

atmosphere, evaporation from the wet bulb
causes that thermometer to give a lower
reading than the dry bulb thermometer. If
the air is dry, the evaporation from the wet
bulb -will be large. Consequently the
temperature difference between the two
thermometers will be considerable. If, on
the other hand, the air is humid, the
evaporation from the wet bulb will be
small and thus the temperature difference
between the two thermometers will be
small. If the air is moisture -saturated, so
that no evaporation takes place from the
wet bulb, both thermometers will read the
same temperature.

In order to express the above -mentioned
temperature-difference in terms of relative
humidity of the air, a lengthy calculation is
necessary, depending upon the fact that

Pressure of aqueous vapoorin saturated air at den, point
Humidity -- Pressure of aqueous vapour in saturated air at x°.

Almost invariably, therefore, the deter-
minations of relative humidity are made by
referring the temp?.rature-differences of the
wet and dry bulb thermometer to a series
of Humidity Tables (which were originally
compiled by Glaisher). Such tables are -
readily obtainable and are usually sold as a
part of the wet and dry bulb thermometer.

SMALL ELECTRIC
FURNACES

Continued . from page 280

until cold. The gradual cooling -down which
then takes place slowly and steadily, while
protected from draughts of cold air by the
closed end of the muffle, ensures the steel
being reduced to its softest possible con-
dition. After the. necessary work has been
carried out on it the furnace is again heated
up to a bright cherry red, the tool inserted

- until the same colour is reached, removed
and immediately plunged vertically into
clean cold water. The condition of the
steel should then be glass hard, but too
brittle- for use, and to give it the necessary
strength the temper must be drawn to a
point suited to the duty it is intended for.
This temper, that is its ultimate hardness,
will be indicated by the colour of the oxide
film formed on the surface of a portion that
has been prepared by removing scale, etc.,
until the bright metal is exposed. Clean
one side of the tool, therefore, with perfectly
dry emery paper, free from any trace of oil,
and do not even finger the brightened por-
tion or the colour effects will be obscured.
After this brightening, the tool is then
inserted into the cold furnace, and current
switched on, watching closely for the first
appearance of any colour effects. In a few
minutes a pale yellow colour will appear,
followed progressively by dark straw, red,
dark blue, light blue, and finally white.
The colours will be an indication of the
hardness and, therefore, the suitability of
the tool for the work it is to perform,
yellow being the hardest, and blue the
softest.

MAKING MODEL
SHIPS IN BOTTLES

Continued from page 278

give a good effect. The land can then be
painted green. After painting, a few red -top
houses about a a in. square may be added,
as these show up well and look quite large
from outside the bottle. As each part of
the ship is finished it should be painted as
it is impossible to paint the ship once it
is inside the bottle.

The hull of the ship should be painted
black except it in. from the bottom, which
should be painted red. The body, edges of
pieces, and top are painted white, and the
funnels are red with black tops.

With the ship and the bottle ready it is
quite easy to get the ship fitted up inside.
Lay the masts down towards the stern,
and push the hull into the bottle stern
first. As soon as the bow is clear of the
neck, hold it down with the rake and pull
gently on the mast -stay. As soon as the
masts are upright, push the hull further in,
and then press down firmly with the rake.
A spot of glue placed on the end of a wire,
dropped into the hole at the bows, will
secure the mast -stay. Allow a few minutes
to dry, and then cut off as close as possible
to the end of stay, twirling the remainder
round with a wire and burying it out of
sight on the land side of ship.

The stern piece is the first to be passed
in ; having first glued the hull part to the
underneath part of the stern piece, the
needle must not be pushed in too far, or
difficulty will be experienced in withdrawing
it. The same operation applies to the body,
top, funnels, and fo'c'sle piece, which
should be fixed in this order.

TAKE UP PELMANISM
For

Courage and Confidence
pELMAN1SM

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.

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."

The newly revised Course is fully explained
in " The Faience of Success." The Course is
simple and interesting and takes up very
little time. You can enrol on the most con-
venient terms. The book will be sent you,
gratis and post free, on application'to-day to ;

Pelman Institute
(Established over 40 years),

130 Pelman House, Bloomsbury St.,LondonW.C.1
PELM AN (OVERSEAS) INSTITUTES : PARIS : 176
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
Altpore Road. CALCUTTA: 102 Clive Street. A M-
STERDA M : Danwak 68. JAVA: Malabarte eg, Malang.
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GALPINS
ELECTRICAL STORES
75 LEE HIGH ROAD, LEWISHAM

LONDON, S.E.I 3
Telephone : LEE GREEN 5240

VOLTAGE CHANGING TRANSFORMERS (Auto. wound), 12
months' zuarautee,100/110 to 20(1/240 v/ lts i/r vice versa,250 watts,
21/-; .00 watts, 26/-; 750 watts, 32,6; 1,01.0 watts, 37,6; 1,500
watts, 501-; 2,000 watts, 62/6.
HIGH VOLTAGE TRANSFORMERS for Television, Neon, etc.
200/240 v. 50 cp. 1 -oh. primary, 5 000 and 7,000 volts secondary,
enclosed in petroleum jelly. Size : in. x 4) fn. x 44111_7/6 each,
post 1/-. Ditto, skeleton type, 5,6, post 9d. All brand new.
MAINS TRANSFORMERS, 200/240 volts input, 12 and '24 volts at
4 to 6 amps. output (useful for model trains, etc.)15/- each, post 1/...
EVERSHED EX-R.A.F. HAND -DRIVEN GENERATOR, in new
condition, 800 volts 30 na/a, and 6 volts 21 amps. D.C. Useful as
megger genies and all test work. 20/- each, post 1/6.
EX-G.P.O. GLASS TOP RELAYS, Type B. Useful as Keying
Relays,6 /4 each, post 6/1. Also a few only that need points, which
are easily fitted, 2/6 each. P/F.
T.C.C. 2,000 MF. ELECTROLYTIC CONDENSERS, 50 -volt working
(brand new), 5/- each, post 6.1.
STANDARD TELEPHONE BELL WIRE, all brand new, 150 -yd.
coils, twin 22 gauge, 4/-, post 9d.; 250 -yd. coils, single 18 gauge
4"-, post 1/ - ; 300 -yd. coils, single 22 gauge, 3/-, post 6d.
MOVING COIL MOVEMENTS, complete in case with pointer, very
low mia., full deflecticns, 21 in. dia..5/c. Post 6d.; 4 in. dia., 6.-,
post ad.; and 6 in. scale, 7/. each, post lid.
WESTON (501) AND E. TURNER (409) 2 in. DIAL MOVING COIL
M2LLIAMPMETERS, as new. 0 to 5 m/ ...17 6; 0 to 2.1 inn ..16 6;
0 to 50 fu'a. ISI-; 0 to 200 ma ^,5,- ea h.
MULTI -CONTACT RELAYS, EX-o.t1.0., as used in automatic
exchange, condition as new, small size, suitable for automatic
toning for press -button control, heavy platinoid contacts, 2/6,
post 3d.; 2 for 4/-, poet 6,1.; 3 for 6b-, past
ELECTRIC LIGHT CHECK METERS, for Sub -lettings, Garages,
etc. 200/250 volts, 50 cp. 1 -ph. supply 5, 10 or 20 amps..614 each,
post 1/-.
X-RAY TRANSPCRMERS. All in good condition, fully guar-
anteed. 120 volts 50 ey. 1 ph. input, 64,000 volts 2 kVA. output,
with winding for Coolidge Tube, £1110s. Another, same input,
80,000 volts 3 kVA. output. £1410s. Another, 200/240 volt,
input, 4,000 .9.Its 12 mat output, 66. All Carriage Forward.
MINE EXPLODERS, or shot firing machines for blasting, etc., hand
rachi t complete in mahogany case, as new, with self-
gmcrating dynamo, price 17/6. CT.
C.A.V. SHUNT WOUND DYNAMOS, 25 volts 8 amps.,1,750 r.p.m.,
326. C/F.
E.C.C. SHUNT WOUND DYNAMO, 100 volts 50 amps .,1,500 r.p.m.,
£610s. C/F.
STANDARD TELEPHONE CONDENSERS, 1 mf. 400 "volt wkg.,4Leacb,mf .wkg.,6d. each. Nfuirhead, I inf.
4,000 volt test, 211 each. Philips, 1 mf. 8,000 volt test, 61- each.
T.C.C., 2 mf .1,000 volt test,1/- each. T.C.C.2,000 nif. . 12 volt wkg.,
2/- each.

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 el".

Stroke r.

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

J. Burke announcing that all items in the foregoing
advertisement can and will be delivered from actual
stock. All previous advertisements and prices are now
cancelled.

1 Ton Best Blue Twill Emery Cloth, Superfine, Fine
Medium, Medium Coarse, Coarse. Supplied to clients
particular grade or can be had assorted. Very useful.
Bargain. 3 lbs., 2/6; 2 lbs., 2/ -.-Burke.

2,000 Fine Emery Wheels, 116" tol" wide; 2" to 34"
diam., I" hole. Very useful for drill and cutter grinding.
Cheap, 1/9 doz.-Burke.

300 Best Carborundum Wheels, approx. 3." diam.,
4" thick, i" hole, 9d. each ; three, 2/ -.-Burke.

40 Sets Small Screwing Tackle. Whit., A",
1", split circular dies; complete with taper taps to
suit; all steel die -stock, and adjustable steel tap
wrench. Half present day price, clear, 5/6 set.-Burke.

82 Sets as above ill B.A. sizes, 0, 2, 4, 6 B.A. dies,
taps, stock, wrench, 5/6 set; ditto in 1, 3, 5 B.A. With
taps, stock and wrench, 4/6 set.-Burke.

65 Sets Whit Screwing Tackle, 1" dies, cutting .4"

3 ", r, 4", with taps, steel die stock. Adjustable
tap wrench, 9/- set; also ditto cutting same sizes 26
threads, 9/- set. No other threads available.-Burke

3/- any lot. Seven lots EL-Below.
r Toolholder, with four H.S. Tools.
Eight H.S. Tools for above.
4" Adj. Boring Tool, with H.S. Tool.
T!g" to 156" Silver Steel, 13 pieces. 13" long.
r to 4" Silver Steel, 4 lb., 2" to 4" long.
r to 14" Silver Steel, 6 lbs.
500 Ass. Brass and Steel Screws, etc., B.A. and Fine

Threads, to 4".
100 Steel Hex. Bolts and Nuts, I" to I".
16 H.S. Drills, ,1.2" upwards.
12 Fine Thread Taps to 4" diam.
Three dozen Tungsten Hack -Saws to 12".
18 Grinding Wheels, r to 1" diam.
Three H.S. Tap Fluting Cutters, 11" diam.
One dozen Ass. Files, 4" to 12".
Dozen Toolmaker's Needle Files, indispensable.

£1 Orders Carriage Paid, except abroad. Money
refunded if not satisfied with any of the above bargains.

J. BURKE, 30, TRIPPET LANE, SHEFFIELD, 1.

BRAND NEW POWER TOOLS of quality,
10 -inch bandsaws, 54s.; Jigsaws, 22s. Gd.; Bench
Drills, 115.; Circular Saws from 25s.; 3 -inch S.C.
Toolroom Lathes, from £4 Os. New 1 -inch chromium -
plated Micrometers, 12s. fid.; I'Dctric Drills. 37s. Od.;
Grinders.-John P. Steel, Bingley.

WHEN YOU ARE TALLER
-YOU'LL NOT BE OVERLOOKED !

Added inches make all the differ-
ence, and many have already
attained them with the aid of
Challoner's Famous Formula

H.T. N. TAB LETS
and easy system; well tried and
safe. No strenuous exercises or
old-fashioned appliances. If one
box is insufficient we guarantee
to supply a further box FREE.
G. Y. (Watford) writes, I have
never had confidence in any sys-
tem till I tried yours, now I've
gained in height, weight and
fitness." Act now 1 Full particu-
lars lld. Sample ild. Book on
height improvement 3d. stamps or
P.O. only. Sent under plain sealed
cover.

THE CHALLONER CO., Dept. B26
Laboratory & Works, Hyde Heath, A mersham, BUCKS.

BLUSHING
to all sufferers, particulars of a
proved home treatment that

quickly removes all embarrassment, and per-
manently cures blushing and flushing of the face
and neck. Enclose stamp to pay postage to
Mr. M. Temple (Specialist), 32 " Commerce
House," 72 Oxford Street, W.1. (Est. 39 years).

FREE

TOOLS-Continued
MYFORD LATHES have no equal for sturdiness

and value. Lists free. Delivery anywhere. Terms
still available. Nuttall's, 20 Albert Street, Mansfield.

SITUATIONS VACANT
DRAUGHTSMANSHIP. Men over 21 wanted

for reserved occupations. Thousands of openings in all
branches of Engineering, Government Service, etc. No
experience required. FREE details of rapid prepara-
tion and employment service for these vacancies from
National Institute of Engineering (Dept. 372), 148
Holborn, London, E.C.1.

HOW TO OBTAIN A
PERFECT LOOKING NOSE
My latest improved Model 25 cor-
rects ill -shaped noses quickly. pain-
lessly, permanently And comfortably
at home. It is the only nose -shaping
appliance of precise adjustment, asafe
and guaranteed device that Will actu-
ally improve the shape of your nose.
Write for free booklet, testimonials
and Money -back Guarantee terms.
M. TRILETY, Specialist, (D3I6),

45, Hatton Garden, London, E.C.1

VOYLES
BOOKSELLERS TO THE WORLD
Newandsecondhand books on all technical subjects
113-125 CHARING CROSS RD., LONDON, W.C.2

Telephone: Gerrard 5660 (16 lines)

Price The 'ADEPT' Bench Hand Shaperv.3..y.6 Length of stroke of ram, 31 ins.; Length of
cross travel of slide, 3 ins.; Size of Table,
41 ins. -4 ins.; Rise and fall of Table,
2 ins,; Vertical feed of tool slide, 11 ins.;
Maximum distance between tool:and table,
3 ins.; Weight, 18 lbs. Also the 'Adept'

No. 15.50. Shaper, 61 -in. stroke.
Price 06-19-0.

Manufactured byMachine F. W. PORTASS
Vice 12,- SELLERS STREET, SHEFFIELD.

FREE SERVICE
FOR READERS
READERS requiring information con-

cerning goods or services advertised
in PRACTICAL MECHANICS
should give names of Advertisers
from whom particulars are desired.
Any number of names may be included
and we will obtain for you catalogues,
lists and any other information you may
be wanting. THERE IS NO CHARGE
FOR THIS SERVICE.
Readers desiring particulars from a number of
Advertisers will, by this method, save time and
postage. If any Advertiser stipulates that stamps
or postal orders are necessary before samples or
catalogues are sent, please enclose the necessary
amount with your instructions. You are -cordially
invited to make full use of this Service.

ADVERT, SERVICE DEPT
PRACTICAL MECHANICS,

TOWER HOUSE, SOUTHAMPTON
STREET, STRAND, W.C.2

Please obtain and send to I1Z8 particulars from
the Advertisers in your March issue whose
names I give on list attached.

Advertiser I Page No. I Information Required

Attach sheet of paper, with particulars, and
your name and address (written in BLOCK
letters) with date, to this announcement.



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  for 6 consecutive monthly insertions or 5% 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. When ex-

hausted, revive by simple inexpensive method. Patent
applied for. Directions (for private use only) one shilling,
from REVIVALS (D), "Manesty," Cobham Road, East
Horsley, Surrey.

CANOES
BOAT and CANOE KITS. Completed craft. Low

prices, few second -hands. Metacraf (P), Christchurch,
Hants.

COMMUNICATION RECEIVERS
The famous HALLICRAETER S X23, released by

the makers only in July, 1939, can still be supplied by
Webb's Radio at PRE-WAR PRICES.

We, fortunately, had good supplies delivered in
August. NO price increase on present stork of this
model only, £33 Ins. 1-1.1'. terms available. Write for
descriptive brochure- A. WEBB'S RADIO, 14 Soho
Street, London, W.1. 'Phone : Gerrard 2089.

MISCELLANEOUS
BE TALLER!! Inches put you Miles Ahead ! !

Details 6d. stamp.-Malcolm Ross, Height Specialist,
Scarborough.

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

,..

v.tfer,asw
orRi"

use

I rtuip

'uele
"Easily the Best Soldering
Fluid Obtainable." This
statement by a regular user
of "BAKER'S" expresses the
general opinion of the Motor
and Engineering Trades.
Sold in 6d., li- and 6 tins.

also in bulk.

S,a1Al..BURNETT1,. Co. ( CHIMICALS) LIMITS
GREAT WEST ROAD ISIEWORTli O  MIDDLESEX1,1 NON,. OW 0414

OUR ADVICE BUREAU

COUPON
This coupon is available until March 30th, 1940,
and must be attached to all letters containing
queries, together with 9 penny stamps. A stamped

addressed envelope must also be enclosed.
FRAC.] !CAL ECHA811.8,, MARCH. 1940.

MISCELLANEOUS-Continued
CASTING MOULDS.-for Lead Soldiers, Indians,

Animals, etc. Sample mould, 2/9. Catalogue stamp.-
I iidustries 2, 1.Valdegrave Park, Twickenham.

TELESCOPES, MICROSCOPES, Scientific
Instruments, etc. Send for lists. Sale or Exchange.-
C. V. Bolton, P.S.M.C., 49a Leigh Road, Leigh, Lancs.

MODELS
EVERYTHING FOR electrical rewinds and repairs.

Screws, nuts and washers for model engineers. Lists
free.-Lumen Electric Co., Litherland, Liverpool, 21.

MODEL AIRCRAFT
CANTERBURY.-East Kent Model Engineering

Co., 21b Burgate Street. We have comprehensive
stocks of popular duration, solid and flying scale kits,
balsa, cements, dopes, propellers, wheels, petrol
engines, spark plugs, ignition coils, condensers, etc.
Please call,

LEICESTER.-Avan, 30 Edwyn Street, Leicester.
Modellers! I can supply you with Propellers, Rubber
and Petrol. Dealers write for terms.

WOLVERHAMPTON. -Wolverhampton's aero
modellers' rendezvous. START and SONS, 61 Victoria
Street. Kits by all the popular makers, petrol engines,
etc., selected balsa wood, spruce, cements, dopes,
rubber, etc., and the most complete range of materials
and accessories.

MODELS FOR SALE
UNIQUE OFFER of super detail gauge 1 loco-

motives amid equipment -the property of the late
Captain Lockhart. A full list is available on application
by post to Bassett-Lowke, Ltd., Northampton, or to
their London or Manchester Branches (112 High
Holborn, W.C.1, and 28 Corporation Street, respect-
ively) where specimens of the rolling stock may be seen.

PATENTS AND INVENTIONS
HAVE YOU a sound, practical invention for sale,

patented or unpatented? If so, write Chartered
Institute of American Inventors, Dept. 16-C, Wash-
ington, D.C., U.S.A.

38 MYFORD 31
BEST VALUE-INEXPENSIVE

SUPPLIED TO NUMEROUS LARGE WORKS
AND INSTRUCTIONAL CENTRES, ETC.

Bench - Treadle - Motorised Lathes & Accessories

Send P.C. for free illustrated /1st (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 only 3/- (and 2d. stadip)
direct to the Fleet Pen Co., 119, Fleet Street, E.C.4.
By return you will receive a handsome lever self -filling
FLEET S.F. PEN with solid gold nib (fine. medium, or
broad), usually 10/6. Fleet price 4/3, or with 5 coupons
only 3/-. De Luxe Model, FLEET SELF -FILLER,
2/- extra.

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

METAL WORK
MAKE METAL TOYS. Easy, profitable with

"Success" Moulds. List Free. Complete trial mould
Is. 6d.-Lee's, 1 Birkin Avenue, Nottingham.

WIRELESS
CRYSTAL SET KITS. complete 4s. 11d. Head-

phones :is, ltd.-Buckle, 113 Avenue Approach, Bury
St. Edmunds.

PHOTOGRAPHY
PHOTOGRAPHIC MATERIALS. Plates, tilms,

mounts, chemicals. Interesting money -saving lists
free.-" Mother's," 105 Queens Road, Brighton.

WATCHMAKING
WATCH & CLOCK REPAIRERS. Send 3,1. for

complete list of material and tools. -Blakiston & Co.,
Ainsdale, Southport,

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, Sheffield.

"THEY LAUGHED AT FIRST
but when I began to play-a hush fell upon the room.
I played the first few bars of Beethoven's immortal

'Moonlight Sonata.' My friends sat
spellbound. I played on as !thought
you would like me toploy and when
the last notes died away the excitementaway
on their faces! 'Who was your teacher?'
'Flow do you get that lovely singing
tone?' " I receive similar letters daily
from students of MY POSTAL LES-
SONS for the PIANO who started

Without knowing a note. If already a player
I'LL MAKE YOU PLAY BETTER beyond
your dreams. I have enrolled more than
700 adult pupils dining the War. have
taught over51,000 iltiring35 sears. andCAN TEACH YOU. Ordinary musical
notation only used (no freakish methods).
enabling you to read and play at sight any
standard musical Momposition. Send for

FREE book and advice. Say Moderate,
Elementary, or Beginner.

MR H. BECKER
Britidt by birth A- elpv,ret)
Dept.558, 69 Fleet St.

London, E.C.4.

, ttii

Easily made from our
castings

From
12/6 Per Set

J. HALLAM & SON
Upton, Poole,

Dorset.
PErttel, UNGINES . . . for

Aeroplanes and Seed Boats. 1 to 60 c.c.
Send 3d, for particulars.

MAKE MORE MONEY
to lb weekly can be earned at home in a wonder-

ful business of your own. No matter where you
live you can commence to make money in your
spare or whole time. No risk, canvassing or exper-
ience required. A wonderful opportunity for anyone
wishing to add pounds to their income. Particulars,
stamp.
BALLARD. York House, 12 Hambrook Road,

LONDON.S.E.25.

All appocauons inspecting Advertising in this Publication should be addressed to the All VERTISEMEN I' MANAGER, GEORGE NEWNES LTD,
Tower House, Southampton Street, Strand, London, W.C.2. Telephone : Temple Bar 43u3

IIt
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Send for copies of
Gamages Tool
Bargain Leaflets
for Metalworkers
and Woodworkers

BRITAIN'S BIGGEST VALUE IN TOOL CHESTS

U
Carriage (outside our free delivery area) 3/. extra

England and Wales.

s Ir F CF I HE EL SDT MFAODRE OT NO LOYL S 4,1
Contains an exceptionally comprehensive range of fine quality tools-suitable for practically all
woodworking jobs. Chest stained and polished Walnut colour. Size: 27 in. by 11 in. by 74 in.
Fitted with fixed compartments for small articles, and movable tray with 24 spring slips to hold
chisels, bits, etc. Contents: 1 Skew -back Handsaw, 22 in.; 1 Tenon Saw, 12 in.; 1 Set 3 Blade
Compass Saws; 1 Pad Saw and Handle; 1 Smoothing Plane, 2 in. double iron; 1 Joiner's
Hammer, No. 2; 1 Claw Hammer, No. 1; Joiner's Mallet, 5 in.; All -Steel Hatchet, No. 1;
1 Cased Oilstone, 8 in.; 1 Joiner's Square, (3 in.; 1 Sliding Bevel; 1 Spirit Level, 6 in.; 1 Spoke-
shave, 21 in.; 1 Marking Gauge; 1 Cabinet Turnscrew, each 4 in., 6 in., 1 pair Pincers, 6 in.;
I Handled Chisel, each 1 In., 1 in., 1 in., 1 in.; Handled Gouge, 1 in.; 1 Joiner's Plain Brace
9 in.; 1 Centre Bit, each 1 In., 1 In., in.; 1 Special Auger Bit, each # in., 1 in., # in.,
/ in.; 1 Boxwood Rule, 2 ft.; 1 pair Combination Pliers; 1 Putty Knife; 1 Paint Scraper;
1 Mitre Block, 9 in.; 2 Gimlets; 2 Bradawls; 1 Glue Pot; 1 Cold Chisel, 6 in. by 1 in.; 1 Tack
Hammer; 1 6 -in. Half -round File and Handle; 14 -in. Saw File and Handle; 1 Centre Punch
1 Nail Punch; 1 Packet of 12 Sheffield Twist Drills; 1 Pencil.

Or DELIVERED on FIRST of SIX MONTHLY PAYMENTS of 1516

DELCO-REMY
ELECTRIC

- ICarriage
k

Iesigned for
hey are equally
epeated intermittent

[I refrigeration.
s needed for
an be operated
ordinary tumbler
lght switch.
leW.
'lease state
vhen ordering.

Carriage

MOTORS
ORIGINALLY

LISTED
AT 74/-

I I /5 h.P.
A.C.
Cap-
acitor
start.

200/220
volts.

50
N' cycles.

heavy continuous use,
satisfactory for

work such as
No special switch

starting, and the motor
by Wails of an

electric
All brand

cottage I-
1/6 England or Wales.

1" PLAIN GAP8
Overall length, 121 in. Length
bed, 8 in. Maximum distance
between centres, 61 in. Height
centres from gap, 2 in. The nose
the solid mandrel is # in. x 20
threads. Bearings adjustable
wear. Compound slide rest has
slides with gibs and adjusting screws.
Tailstock is of the sliding barrel
type, and is held in position
a set screw. Driver plate,
11 in. dia. Cone pulleys,
1.1 in. x 11 in, dia. for IV
kin. or lin. round belting
Weight 8 lb.

w i tt iCdoemRpeosr dBED LATHE
of

of ' .

-'.."',. s.
of '''

in.
for - ""s(s r
vee

by

r (autsiae our free delivery
area) 1/6 England or Wales.

Foot Motor, 18/6. Set of Six Tools, 3/3. Belt, 2/6

Heavy Duty Block
CONDENSERS

1 M.F.D. Capacity.
voltages up to 1,000
D.C. Tested to
4.000 volts D.C.
Dimensions ap-proximately
41 in. wide, 9 in.
overall height, tin.
thick. Bakelite
case. TO be cleared
at an enormous
reduction.

2/6
Post 6d.

Type

Suitable for
A.C. or 2,000

s.-
I rr-,
' ' --''

r.

'4"3"s, li l VP!: 256-st N. Km/ a,
iMFD,...................s.,

l'N Exceptional Value in GEARED
MINIATURE A.C. MOTORS (50 cycles)

. Will work through any suitable transformer. Rating 12 to 14
1.- -----H)).' volts continuous to two minutes at 24 vol s. Incorporating

t lx, lb -metal thermal cut out and automatic clutch to avoid break-,:ii '' i' age under sudden stoppage. Reversing switch, self-lubricating

HIGH-GRADE

BENCH
GRINDERS

illii

l'e 316
.

Post 7d.

Hand driven, fitted 4 in. x 1 in. wheel
and with tool rest. Strongly made
throughout, will give years of ser-
vice. Offered at about half the
price you would expect to pay.

li

y,

1Alj!'.,

l'i'

bearings. Rotor speed (no load) 2,000figi 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.
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I BRITISH MADE, SUPER QUALITY

ELECTRIC SOLDERING IRONS
'A fine tool with a six months' guarantee against electrical breakdown.
Length 12 in. Fitted with a 6 -oz. copper bit, loading 80 watts. Complete
with 2 yards A

of flex
andtwinadaptor. '
Post 6d.

.

HEAVY DUTY
AIRCOMPRESSORS

A. first-class compressor at a
nost competitive price. li in.
(ore, PI in. stroke. Splash
ubrieated, sealed crankcase.
Diameter of flywheel 9 in.
Neight 34 lb.
;acreage 4o.
/6 Ere/-

-

High-grade

11

21 in.
2i

TABLE VICES

W.,
...1., 1

, I

with
Steel-

....- lined
Jaws and
Covered4.., ,......
Screw

Vices in the
following sizes : I
in. Jaws. Weight 2 ii
2i lb. Post 6d.

Jaws. Weight 4 lb. 3/11 Post 7d.
in. Jaws. Weight 5 lb. 5/- Post 8d.

SUPER SET OF STOCKS AND
by Russell Manufacturing Co. Adjustable dies

diameter collets,
Made zu U.S.A. +, A-, I, 16, 1,1

Whitworth threads
a taper tap to- - ---- r'''' ' .....;...._ "7-"--,ZIA.ii

- a..-"' li' - '0 V.1,7' Complete with
7.---,--7-.-71----,....-=-'11 and tap wrench.

Lk? , in a strong woodentip
Lt. ,.....--= -..%./-__---:--'l'"---- Carnage (outside our

free delivery area) 2/.
England or Wales. £5 .117

DIES
in 21 in.
cutting

and I in.
with

each side.
die holder

Packed
box.

I

and or
woes A kolarger

and more
powerful

-------- model
with 2 in.
liore,2m.
stroke.
E4.17.6

I
0 r £ 1
Deposit,
Balance
in Six
Monthly
Pay -
ments
of 14,3

OR DELIVERED FOR 231- DEPOSIT
BALANCE IN SIX MONTHLY PAYMENTS OF 1713
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