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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,
,.hen there is no need to save. Savings are likely to vanish, but earning capacity is a permanent investment.

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

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

Works
Builders' Quantities
Cambridge Senior School Certificate
Civil Engineering
Civil Service
All Commercial Subjects
Commercial Art
Concrete and Structural Engineering
Draughtsmanship. All branches

Engineering. All branches, subjects Pumps and Pumping Machinery
and examinations

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

If you do not see your own requirements above, write to us on

Radio Communication
Radio Service Engineering
Road Making and Maintenance
Salesmanship.
Sanitation
School Attendance officer
Secretarial Exams.
Sheet Metal Work
Shipbuilding
Shorthand (Pitman's)
Short -Story Writing
Speaking in Public
Structural Engineering
Surveying
Teachers of Handicrafts
Telephony and Telegraphy
Television
Transport Inst. Exams.
Weights and Measures Inspector
Welding
Wireless Telegraphy and Telephony
Works Hammers

any subject. Full particulars free.

STUDY AT HOME IN
YOUR SPARE TIME

..

CAN YOU CHANGE MY
EXPRESSION ?

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

ING FOR
Just try it for yourseli
Trace or draw the outline
and then put in the features

There are hundreds of openings in connection with
Humorous Papers, Advertisement Drawing,
Posters, Calendars, Catalogues, Textile. Designs,
Book Illustrations, etc.
(g) per cent. of Commercial Art Work is done by
" Free Lance Artists " who do their work at
home and sell it to the highest bidders. Many
Commercial Artists draw " retaining fees " from
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.

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.

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

HIMSELF

--
Dept. 76, THE BENNETT COLLEGE, SHEFFIELD

JOURNALISM
Short -Story, Novel and Play

Writing
There I s money and pleasure i n Journalism and In Stori
Writing. No apprenticeship, no pupilage, no examina-
tions, no outfit necessary. Writing for newspapers,
novels or pictures is not a gift: it is a science that
can be acquired by diligent application and propel
guidance. It is the most fascinating way of making
pastime profitable. Trained ability only is required
we do the training by post. Let us tel I you all about it.
DEPARTMENT OF LITERATURE 76

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

COUPON-
CUT THIS OUT

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

(Cross out line which does not apply

PLEASE WRITE IN BLOCK LETTERS

Name

Address
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The DLP Machine is the best possible nuclaus of a workshop. I
comprises:-a Parallel Vice; Pipe Vice; Tubs, Roi ani Strip Bender
Cable, Rod and Pin Cutter; Punching Machine; Cabla Stripper; Screwing
Machine for threads up to 3/4 -in. Whit., %-in.,Gas and t -in. Conduit; Flat
and Conical Anvils. The space required on your bench is only 12 -in. x
s8 -in. Illustrated Folder on application.

Sole Distributors for the British'Ilsles:
BUCK & HICKMAN LTD
2WHITECHAPEL ROAD LONDON  E I

Overseas Enquiries to the Manufacturers: ueLat nemponAt. kornia

A Book of Vital Interest to all who Love Ships and the Sea

SHIPS AT WORK
By A. C. HARDY, B.Sc., F.R.G.S., A.M.I.Mar.E.

This splendid book describes the work carried on by the
world's sea -traders in times of peace and in the more
strenuous times of war.
It takes you aboard the merchant ships of the nations-from
the humble dredger to the largest ship in the world. The
author is a naval architect, and he shows the work of liners,
coasters, tankers, trawlers, cable -ships, lightships and every
other one of the great family of vessels that make up a nation's
lifeline. With illustrations of over 100 ships.

7/6 net, from cif booksellers, or by post, 8.-, from

GEORGE NEWNES LTD. (Book Dept.)
Tower House, Southampton St., Strand, London, W.C.2

GRAYSON LATHES, TOOLS,
MATERIALS AND SUPPLIES

Z12/2/0

THE GRAYSON 3r CENTRE LATHE
Fully Compound Slide -rest. Set -over Tot/stock. No. 2 Morse Tapers. Tumbler Reverse.

Double Clasp Nut. Full Set Change Wheels. 18 in. Between Centres.

3 in. MODELS From L6/ I/O
Write for Free Descriptive Leaflets and Catalogues of Tools and Mat.rials

E. GRAY & SON LTD.
18-20 Clerkenwell Road, London, E.C.1

Telephone: CLE 1174

ENGINEERING
WORKSHOP PRACTICE

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

SOME OF THE SUBJECTS
Files, Chisels, Scrapers, Shears, Punches, Burnishers, Hand

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

THE ILLUSTRATIONS
The book is lavishly illustrated so that the explanations

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

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

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

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

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

Please send me, free of charge, Illustrated Booklet
clescribin,; " Engineering \Vorkshop Practice."

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

or a postcard.

Address

G.'22
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ENGLNEERS I
,4. 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
ENGINEERING TECHNOLOGY

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

oFF HER E -

FREE COUPON

I

I

I
I

BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY,

410a, Shakespeare House,
1719 Stratford Place, W.1.

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

Name

Address

I

I
I
I
I
I

MI MEI I=Mg Mal MJ
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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.

Special Notice-Price Increase
READERS will notice that the price

cf PRACTICAL MECHANICS has been
increased to 7d. as from this issue. The
war has produced its inevitable conse-
quences for publications of the character
of PRACTICAL MECHANICS, and not the
least are the higher costs and the lower
advertisement revenues. On the cost
side, paper alone has risen by over
60 per cent. since the outbreak of war
and the possibilities are that prices will
rise evert further.

In facing this problem we had the
alternatives of reducing the size and the
number of pages of the journal or in-
creasing its price. In deciding on the
latter course we felt sure that our readers
would prefer it to the alternative of a
journal smaller in size and with fewer
pages, for this would ,have meant
sacrificing the services of contributors
and artists and the many special
features which our readers so much
appreciate.

Our tens of thousands of loyal
readers will, we are certain, appreciate
our difficulties, and continue to give
PRACTICAL MECHANICS their valued
support and co:operation. They will,
too, understand that the extra penny
represents only a proportion of the in-
creased costs we have to bear. Our
readers, we are confident, will appreciate
our intention, in spite of the difficulties
of magazine production, to carry on
throughout the war, and we express the
hope that the war will mercifully be of
short duration.

Clubs for Engineers
WHILST most other industries

have clubs, it is somewhat sur-
prising that hitherto the engineering
trade has been without them. I now see
that in some of the busy engineering
districts engineers are forming local
clubs where they meet for discussions

PRACTICAL
MECHANICS

Editor: F. J. CAMM

VOL. VII. JANUARY, 1940. No. 76.

FAIR COMMENT
By the Editor

on engineering problems and to listen
to lectures. Many engineering firms are
willing to supply lecturers and to hire
out instructional films. This club move-
ment seems to be growing and I suppose
that inevitably there will be a parent
organisation to link the various branches.
In some of the industrial centres
engineers have been having a flat time
in the evenings owing to the black -out.
The club movement provides them with
a pleasant means of spending an evening
and meeting others with kindred
interests. It is a means, too, of
gaining knowledge and experience.

The Model of the " Flying
Scotsman"

I REGRET that it has not been found
possible to commence the series of

articles dealing with the 2 in. gauge
model of the "Flying Scotsman." These
will, however, commence next month.
The model has been built and the
drawings are being prepared from the
actual model. It has passed its steam
tests with flying colours.

New Books
WE shall shortly be publishing

from the offices of this journal
the Practical Wireless Short Wave
Manual-a complete treatise on the
principles, design and construction of
shortwave receivers for mains and
battery operation. Another new book
shortly to be published is Watches-
Repair and Adjustment, which deals in
a practical way with every branch of
watch repair and tuning. We have
recently published the seventh edition
of the Practical Wireless Encyclopedia
(formerly The Wireless Constructor's
Encyclopedia). A new edition of Model
Boat Building is in course of preparation
and Motor Car, Principles and Practice
is on the stocks for publication early in

January. More Miles Per Gallon, which
costs ls. from the offices of this journal,
is a volume which every motorist will
appreciate in these times of petrol
rationing. This book covers the whole
subject of economical running, and
dec13 with alternative fuels and methods
of improving petrol consumption. We
issue a catalogue of our technical books
for engineers, mechanics, and electri-
cians, and a copy will be sent free to any
reader upon request. A list of the
chapters of each book is included.

NeW Features
I MAKE my annual request for readers

to let me know what subjects they
would like to form the subject of future
articles. Last year I received an excel-
lent response to my appeal and was
able to satisfy the requirements of a
large number of readers.

I should welcome a postcard from
you detailing articles which you feel
would be of interest. I would, however,
ask you to bear in mind that reference
should be made to the indexes of past
issues so that you do not suggest a
subject which has already been treated.
Indexes for most of the past volumes
are available at 7d. each.

Our Companion Journals
READERS interested in motoring,

wireless or cycling should remem-
ber that we issue from the offices of
this journal the Practical Motorist,
which is published at 3d. every Friday,
and deals with all aspects of motoring
and the motor car, especially from the
owner's point of view; The Cyclist,
every Wednesday -at 3d.; and Practical
Wireless-the only weekly wireless jour-
nal-at 3d. every Wednesday. Next
month I hope to make an interesting
announcement regarding another new
journal which will appeal especially to
engineers.
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The Principles of the Electric

A Model A Console will give every satisfaction
home. There is hardly a limit to the scope of

AN organ that is without pipes or wind
may well indeed be called  a new
instrument. The Hammond Organ

is not merely new; it represents in itself a
revolution so far-reaching as to be quite
incalculable.

Science and the laws of dynamics have
been so harnessed to the inventor's will that
he has created an ,instrument eminently
suitable for the drawin,g,rooni ; yet, when
occasion demands, powerful enough to fill a
cathedral with a tone of great sweetness. It
is remarkably adaptable for installation
purposes. The maximum floor space
which it needs never exceeds four
or five feet square.

The actual ' furniture " of the
instrument consists of but two
pieces-the console and the power
eabihet, which is connected to the
console by a cable and can be placed
in any convenient part of a room or
building. The number of cabinets
may be multiplied for large build-
ings, as required.

General Arrangement
Fig. 1 shows the various controls

marked. The pre-set keys are at
the left-hand end of each manual.
The tremulant control is located
just above the pre-set keys. Imme-
diately over the upper manual are
five groups of controls.

There are two groups of harmonic
controls of nine draw -bars each, on
the left-hand side; these operate on
the upper manual. The two groups
of nine harmonic controls on the
right operate on the lower manual.
Between these groups are two
other harmonic controls ; these
operate on the pedals.

The Pre-set Keys, Models A and B
Consoles
At the left end of each manual is an

A Brief Description of

Tonal Combinations of an

The key at the extreme left, C, is the cancel
key, used only to clear the pre-set keys when two
have been depressed by mistake

The two pre-set keys at the extreme right, A -sharp
and B, are really switch keys, When A -sharp is
depressed the organ speaks with whatever tone
colour is set up on the left one of the two harmonic
controllers for that manual. When B is depressed
the organ speaks according to the right-hand
controller for that manual.

The intervening pre-set keys, C -sharp to A in-
clusive, are each associated with a different ready -
mixed tone quality set up before the organ is
installed. These keys correspond to the pistons on
a pipe organ. They are generally useful tone
qualities. The artist may, however, substitute
any other pre-set quality he prefers for any or all
of them by a simple method fully explained in the
operating instructions.

The tone of the organ is changed from one quality
to another while playing, merely by depressing
another pre-set key.

The two manuals are really duplicates of each
other, each having its own pre-set keys and two
harmonic controllers.

It should be clear from the above that, before
in a small church or auditorium or in the playing, the organist must first depress one of the

music which can be played on this instrument pre-set keys associated with 'the manual
on which he is about to play.additional octave of reverse colour keys-

that is. the naturals are black and the sharps
white. These are the pre-set keys. Those to
the left of the lower manual are associated
with that manual, those above with the
upper manual.

When a pre-set key is depressed it stays
down. When a second key on the same
manual is depressed the first key springs up
and the second remains down. Up, the pre-
set key is "off"-not functioning. Depressed,
it is " on." Only one pre-set key should be
depressed on the same manual at one time.

TREMULANT

CONTROL -1

The Pre-set Pistons
On the Model E Console, small pistons

(numbered 0 to 11) are employed, instead of
the reverse colour keys. A label against each
piston indicates the tone quality associated
with it. The piston marked " 0 "
is the cancel key and Nos. 10 and 11
are available for any tone qualities
that may appeal to the organist by man-
ipulation of the drawbars as explained
on the opposite page.

PRESET KEYS: C$ to A INCLUSIVE

HARMONIC CONTROLLERS FOR UPPER MANUAL

HARMONIC CONTROLLER FOR PEDAL KEYS

HARMONIC CONTROLLERS FOR LOWER MANUAL

STARTING SWITCH

RUNNING SWITCH

WI

- _
thbirtisttlallith141;11-1:11-F --ifs.: I

=NI MI ...1111011MIS

rilITIVII11111]....mum

'lll't v

iay,pi I, t

1111411J

I PLAYING KEYS
11E1UB

61 PLAYING KEYS 111.1111,11111

ZED

[-CANCEL
KEYS

SWITCH KEY CONNECTING LOWER MANUAL TO ITS RIGHT HARMONIC CONTROLLER

SWITCH KEY CONNECTING LOWER MANUAL TO ITS LEFT HARMONIC CONTROLLER

SWITCH KEY CONNECTING UPPER MANUAL TO ITS RIGHT HARMONIC CONTROLLER

SWITCH KEY CONNECTING UPPER MANUAL TO ITS LEFT HARMONIC CONTROLLER

PRESET KEYS. C$ to A INCLUSIVE

Fig. 1.-A plan of Console A model. The pre-set keys are at the left hand of each manual. The tremulant
control is located just above the pre-set keys. Immediately above the upper manual are five groups of controls
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Organ
the Electrical Principles and
Ingenious Musical Instrument

The Harmonic Controller
The Harmonic Controller is the device by

which the artist is enabled to mix the funda-
mental and any or all of 8 different har-
monics in various proportions. It consists of
9 drawbars. The third drawbar from the
left controls the fundamental. Each of the
other drawbars controls a separate
harmonic as shown on the diagram. Each
drawbar may be set at any one of 8
different positions. If pushed all the way
in, against the console, the element it repre-
sents is not present in the mixture. It may
be drawn out to 8 different positions. These
are marked off on the -drawbar and may be
read by the artists. Each position repre-
sents a different degree of intensity of the
element it controls. When drawn out to
position 1, the element it represents will be
present in the mixture with minimum
intensity : when drawn out to position 2,
with greater intensity, and so on, up to
position 8.

PEDAL PISTON INDICATORS

MANUAL PRI.SET PISTONS,

TRINULANT

caw TRDIULANT

Fig. 2. Mode! E Console showing the
manual pre-set pistons, pedal piston indica-

tors and tremulant levers

A tone colour is logged by noting the
numerical position of the various drawbars.
For instance, the tone set up in the diagram
Fig. 3 is known as tone 23,6444,222. After a
tone is so logged it may be made available
again by setting up the harmonic controller
to that number.

The Electrical Principle
When you pull out one drawbar of ti con-

troller and depress a playing key, a minute
single alternating current generated in the
console is carried flu -cough the cable to the
power cabinet. Here it is amplified by the
use of normal amplifying methods and
caused to operate standard speaker cones
and produce audible sound. The characteris-
tics of the minute current generated are such
that the sound produced at the speakers is a
musical tone perfect in pitch and free from
all overtones and harmonics. In other
words, it is a pure fundamental tone.

To this the artist, by using the other
drawbars, may add other pure tones which
are selected harmonics of this fundamental
and thus produce complex musical tones of
a wide variety of qualities. The quality of a
musical tone depends upon its harmonic

Model E Console which can
be termed a professional organ -
id's instrument. Whilst being
perfectly suitable for use-

content. This harmonic content is added to
the fundamental by combining the proper
minute electrical currents at the console
through use of the controls provided.

The Generator
Let us now consider the generator,

located in the console, and see how it pro-
duces the minute electrical t urrents which
create the musical tones. Refer to Fig. 7.
A metallic plate (the tone wheel) about the
size of half a crown is arranged so that it
will rotate in close proximity to a per-
manent Magnet. About the permanent
magnet is wound a coil. The illustration
clearly shows this arrangement of plate,
magnet and coil. This plate is not circular
but has a number of high points equally
spaced around its periphery, as shown. As
it rotates it does not touoh the permanent
magnet, but these high points pass close to

SUB FUNDAMENTAL

SUB 3RD HARMONIC

FUNDAMENTAL

END HARMONIC

6TH HARMONIC

6131 HARMONIC
5TH HARMONIC
4TH HARMONIC

3RD HARMONIC

Fig. 3.-A harmonic controller. This is the device I!,
which the artist is enabled to mix the fundamentals
and any or all of eight different harmonics in various

proportions

the magnet, Each time a high point passes
the magnet it varies the magnetic field' and
induces a minute flow of current in the coil.
Should the tone wheel be rotated at such a
speed, for instance, that 439 high points pass
U. to magnet each second, a minute alter-
nating current of a frequency of 439 would
be generated in the coil and flow in the
circuit with which it is associated. Such a
frequency of 439 when converted into sound
would be New Philharmonic " Pitch_" A."

Now in the generator there are 91 such
plates, all permanently geared together and
driven by a constant -speed synchronous
motor. Their speeds of rotation and the

-in the home or in the smallest or
largest building, it is so equipped that
every description of organ literature

may be played on it

number of high points on each are so cal-
culated that each disc produces one of the
91 frequencies necessary for the 91,pitches
which are ns d in the fundamentals and
harmonic overtones.
The General Electrical Operation

Ninety-one frequencies are thus con-
tinuously available at the generator. When
a key is depressed it selects the proper fre-
quency for the fundamental of the note it
represents, together with the proper fre-
quencies for eight harmonies of that note as
set up on the harmonic controlleror on a
pre-set key. These frequencies then flow
through the contacts made by the key, each
to its proper drawbar, of the harmonic con-
troller. The position of the drawbar (which
is under the control of the artist) determines
the intensity of each frequency. After
leaving the harmonic controller these
various frequencies are superimposed upon
one another, or mixed, and flow as a single
complex electrical wave to the preamplifier,
also located in the console. From here the
wave (amplified somewhat) flows through
the connecting cable to the amplifiers
located in the power cabinet, where it is
further amplified and caused to operate the
speakers.

DuntssiomPE AL (NIMMONS

CHORUS CONTROL

----STARTING SWITCH
\ RUNNING SNITCH

Fig. 4.-The expression pedal indicators,
chorus control and starling and running

switches
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The swell pedal control is located between
thepre-amplifier and the matching transformer
Its operation varies the strength of the elec-
tric wave flowing to the pre -amplifier but does
not change any of its other characteristics.
Varying the strength of this wave varies the
volume of the organ.

Notice that the operation is entirely
electrical. No sound is created in the con-
sole-only electrical wave forms. The music
first appears as sound at the power cabinet.

The above should serve to give an idea of
the vast resources of the Hammond Organ.
Within each tone family can be discovered
an infinite variety of qualities from which
the player can choose ; he is not limited to
relatively few in each family, but is enabled
to create that special subtlety of tone -colour
which he may want at a particular moment.
It is this which makes the Hammond Organ
the instrument upon which the artist -
organist can best express his own indi-

. viduality.

The Harmonic Controller for the Pedal Organ
Here the harmonic resources have been

combined into only two harmonic controls.
The fundamental 16 ft. pitch
and second harmonic are
associated with the left-hand
control and produce the fun-
damental depth to the pedal.
The third, fourth, fifth, sixth,
and eighth harmonics are
associated with the right-
hand control to give higher
harmonic quality variations,
and a useful 8 ft. solo if used
without the left-hand control.

While the possible number
of pedal organ tone qualities
is, of course, less than those
available on the manuals,
the player will find the vol-
ume quality and tonal depth
ample to balance the manual
combinations that are used.

Fig. 5.-Graphs of the wave patterns of
string and reed, pitch " .4." The string
quality is characterised by large upper
harmonic development, and in the reed
tone the upper harmonic development is

very heavy

4. Adjustable. With this piston the
two pedal drawbars are brought into
action and are used in the manner
described in the foregoing para-
graph.

Electrically lighted indicators just above
the manuals show which of the toe pistons is
in action.

Fig. 6 illustrates the position of these toe
pistons, the independent swell pedals and
also the 32 -note concave, radiating pedal
clavier that is such an outstanding feature
of the Model E.

The Tremulant
The organist call adjust the degree of

tremulant to suit his own musical taste.

would correspond to approximately 32
points on a pipe organ, only a few of which
are constructed with a range in excess of
12 points.

The volume increase effected through the
swell pedal is dynamically equivalent to a
pipe organ crescendo build-up. One notice-
able and very desirable difference is the
absence of sudden tone quality changes
characteristic of the build-up of the pipe
organ to orchestral crescendos.

How to Make One Manual Louder than the
Other (Models A and B)

Since the swell pedal operates equally on
both manuals and on the pedals, this balance
is maintained throughout the entire dyna-

mic range of the swell unit.
When it is desired to make

Fig. 6.-Showing the toe pistons, the independent swell pedal and also the 32 -note
concave, radiating pedals clavier that is such an outstanding feature of the Model E

The Toe Pistons
Situated to the left of the expression

pedals of the Aiodel E Console are four
pistons which are placed in the correct
position for easy manipulation for the toe.

The standard settings are :
1. FF-Adjustable from the back of the

organ as are the 18 pre-sets.
2. MF-Swell and pedal.
3. Great to pedal

(This piston is especially useful as
it enables the organist to couple any
of the whole range of tone qualifies
available on the manuals to the
pedals in 8 ft. pitch ; 16 ft. tone can
be added by using the first pedal
drawbar).

MAGNET

TONE WHEEL -,

COIL

When the knob is turned as far as possible to
the left, the tremulant is entirely off. As it
is turned to the right (clockwise direction)
the degree of tremulant gradually increases
until it reaches the maximum at the extreme
right position. The white dot marker qn the
knob indicates at a glance the degree of
tremulant present.

The adjustable feature makes it possible -
to have a mild tremulant for flute qualities
and a more vibrant one for string qualities,
etc.

The Model E Console has separate tremu-
lants for each manual. These tremulants are
adjustable as to intensity or amplitude.
The Swell Pedal, Models A and B

The swell pedal, or expression pedal which
is of the balanced type, is located in the
customary position and with it the volume
of the organ may be controlled over a wide
range. It operates on the two manuals
and pedal clavier, equally ; that is to

say, once the manuals and pedals
are balanced, they retain their relative
balance over the entire swell peda
range.

The dynamic range of the swell is
stupendous. Technically, the power
ratio of the swell pedal fully open to
fully closed, is 50 decibels. In the most
carefully constructed pipe organ swell

shades, the power ratio
seldom exceeds 15
decibels and is usually
considerably less. The
range of 50 decibels

Fig. 7 .-T he synchronous motor and generator
kit which produces the minute electrical

currents which create the musical toms

one manual louder than the
other, it is necessary only to
select a tone colour which is
softer than the one being
used on the other manual,
whether the softer tone
colour be identical in char-
acter or different.

To select an identical but
softer tone colour, it is
necessary only to see that the
harmonic controller for that
manual is set with the draw-
bars in the same relationship
to each other, but not pulled
out so far. For example, tone
number 23,6444,222 is of the

" same quality as 34,7555,333, but softer.
You have simply pushed each drawbar in by
one position.

This ability to make the same tone colour
louder or softer on one manual than on the
other is of great advantage musically. The
swell pedal, operating equally on both
manuals, changes the volume of both
equally without destroying the balance
between them.

The volume of the pedals can be con-
trolled over quite a wide range by the use of
the harmonic controls associated with the
pedals, in addition to the volume change of
the swell pedal.
The Swell Pedals, Model E

The Model E Console has the added
advantage of independent swell pedals, each
of which affects its respective manual over
the wide dynamic range of which the
Hammond Organ is noted. The pedal con-
trolling the Great manual also controls the
pedal clavier.

The position of each pedal at any time is
clearly shown by indicators situated on the
right, above the upper manual.

Hammond a " Straight " Organ
The chief difference between the Ham-

mond and a pipe organ is that in the
Hammond organ the player is able to
control the precise amount of strength of
each rank, which is obviously impossible
with pipes, because a pipe must either be
blown or left silent. To incorporate as many
different sizes of pipes for each rank of the
harmonic series as are necessary to control
the tone quality by harmonic changes alone,
would require so many pipes that the -
expense and difficulty of regulation and
maintenance would make it impracticable.
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Fig. I.-The observer of a reconnoissance plane
using an aerial camera. The use of colour film
is revolutionising the art of camouflage detection

AERIAL photography for reconnais-
sance purposes in war -time dates
from the Great War of 1914-18, but

subsequent developments have been so
rapid as to make cameras and films of that
time appear extremely primitive when
compared with modern apparatus.

In the meantime the world has seen the
introduction successively of super -sensitive
panchromatic (colour ccrrected) film, infra-
red photography, direct colour photography
and television.
Photographing Objects Beyond Visual Range

Each of these developments in its turn
has been applied to military uses by the
leading rowers. The latest development
of which we learn is the use of aerial tele-
vision by the Italian Air Force. At the
moment this is. admittedly rather in the
nature of an experiment, but aerial photog-
raphy using infra -red film has already proved
its usefulness in recording objects many
miles distant or concealed by mist or fog.
Enemy ships at sea can be spotted by the
infra -red camera when quite invisible to
the photographer and sometimes as far
as r,0 miles away !
Penetrative Powers of Infra -Red Rays

There is one very definite " snag " with
infra -red photography, however, and that
is that the film is not very sensitive and,
therefore, requires longer exposures than
with ordinary film. One of the characteris-
tics of this film is the paleness with which
green foliage is recorded; but it also has
certain peculiar penetrative properties
which are probably not generally so well
known. For instance, the rays apparently
penetrate rayon or artificial silk but not
real silk; which recalls the embarrassing
experience of a young press photographer
who took a snap of the ladies of a certain
revue chorus. When the photo was sub-
mitted for publication it was noticed that
the girls, with one exception, appeared in
the print as though naked. The exception
was provided by the only girl of the troupe
who was wearing real silk.
Advantages of Colour Photography

For the detection of camouflage, however,
infra -red photography takes second place
to colour photograph and the results from

New Methods of
Camouflage
Detection

Cut Branches of Trees and Similar
Devices Are No Longer Effective
Camouflage Against the Reconnais-
sance Plane Equipped with the

Latest Photographic Apparatus

the latter are such that the camouflage
experts are being forced to devise new
methods of concealment. The old dodge of
covering gun emplacements with torn -oft
branches of trees and shrubs is no longer
effective against aerial photography, since
the change in colour of the leaves which
occurs a few hours after the branches have
been cut can be detected by the colour fihn
now being used. In the last war very con-
siderable use was made of cut foliage for
concealing ground objects and such camou-
flage would remain effective for many days
under ordinary observation, but with the aid
of colour photography even the scorching of
foliage by the blast from a concealed gun is
easily discernable on the film.

Objects Identified Only by Their Colour
Aerial photography cuts out the human

element in reconnaissance work by correct-
ing and supplementing the memory of the
observer. On the other hand until the
advent of the colour camera successful
observation and detection of military objec-
tives was dependent on the perception of
the observer himself, supplemented by
monotone photographs. It was discovered,
however, that the identification of an
object might depend solely on its colour.
This was proved by instances in which an
object which had been apparent to the
human eye, had appeared entirely abSent
from the negative of an ordinary black -and -
white fihn taken at the same time.

As an example of the importance of colour
in discerning objects, let us take the hypo-
thetical case of two areas of contrasting
colour adjacent to one another. If the depth
of twp of these areas be photographically
the same, then a black and white photo will
record the two colours by the same shade of
grey. In other wcrds they will appear as
one area without division.

Colour in Terms of Black and White
It must be understood that colours which

are photographically of the same tone may
not necessarily be so visually ; thus, for
instance_ a certain blue may be darker in
tone than a red, but when photcigraphed,
especially with ordinary non -panchromatic
film, the tone values may actually be
reversed, the blue reproducing as a lighter
shade than the red. With panchromatic
film, on the other hand, the tone values are
rendered approximately correctly.

The very fact that ordinary photography
often tends to reduce contrasting colours to
the same tone, might very well prove useful
in detecting some forms of camouflage, par-
ticularly of the type which endeavours to
break up the outline of the object by bands
of contrasting colours such as that shown
in Fig. 2. The reduction of the colours to
half tones helps to clarify the outline. It is
interesting to note that in the early stages of
"dazzle painting " used by the British Navy,
and which, incidentally, was introduced to
deceive the enemy as:regards the course and
speed of a vessel and not to reduce its
visibility, that the use of a large range of
colours was used. This was discontinued,
however, when it was discovered that the
German submarines were having their
periscopes equipped with colour filters
which neutralised the effect of the colours
and reduced them to a monotone. There-
after, the colours employed were limited to
black, white and blue; the dazzle properties
of this combination being unaffected by the
colour screens.
Colour Camera at High Altitudes

Apart from the fact that the permanent
record of a reconnaissance flight provided by
the colour camera has obvious advantages
over a memorised visual record, the camera
also surpasses the human eye in its power of
detection and resolution of colours and small
details. It is of particular advantage when
flying at high altitudes when the human eye
loses its power of discernment due to haze.

The colours of objects, which are easily
recognisable' at low altitudes, become
increasingly difficult to detect as the plane
rises, and at 12,000-14,000 feet the colours
of objects commence to merge into a hazy
blue. By the use of special correcting filters
the colour camera can overcome this dis-
advantage to a very large extent; as air
example, it is possible sufficiently to record
the colours of cars in the  street ! Again
aerial colour photographs show clearly the
contrast in colour between the various types
of vegetation-the green of young corn as
distinct from the green of meadtw grass,
and the brown foliage of a dead tree in a
living forest. By the use of multi -lens
cameras large areas can be photographed at
one shot and the films developed and pieced
together at the base.
Modern Methods of Camouflage

Parallel with the military research into
improvements in colour phofography are
experiments being carried out on methods of
camouflage. For instance, where the paint-
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brush fails to disguise an object it is made to
resemble something else, thus an innocent -
looking cottage or farmhouse may hide a
powerful anti-aircraft gun and its crew.
The cottage may not necessarily be a real

black is practically invisible from the ground
and may escape detection by searchlights
equally well. Camouflage for daylight
operations is not so simple, but the scheme
which has met with most success so far
consists in having the upper half painted in
darl- hands and indeterminate shapes so

Fig. 2.-A typical example of a camouflaged aeroplana Junkers bomber. For daylight operations it is usual to paint the upper surfaces of a plane in dark
colours, as depicted here, with the underside a light tone, so that when viewed from above or below the outline of the plane merges into the background. Night

bombers have the wider surface painted dull black

one but may be a specially constructed
set " built for the purpose. However,

large-scale troop movements, batteries of
large guns and such distinctive objects as
airports and harbours are extremely difficult
to conceal from the air. In the case of
areas of easily recognisable shape such as
aerodromes, attempts are made to alter

their appearance by marking the field in
such a way that it appears to be divided up
into a number of smaller areas.

Disguising Bomber Planes
Aeroplanes themselves have also come in

for their share of camouflage, thus a night
bomber with the underside painted dull

as to merge into the general landscape
when viewed from above, while the under.
side is coated with a light-coloured paint or
alternatively is given a highly polished met-
allic finish, which although it does not mini-
mise the risk of detection, serves to dazzle
the man at the range finder so that it becomes
difficult to determine the plane's altitude.

" SECOND YEAR ENGINEERING SCIENCE
-MECHANICAL," by G. W. Bird,
Wh.Ex., B.Sc., etc., revised by B. J.
Tams, M.Sc.Tech., A.M.I.Mech.E. 246 pp.,
230 illustrations. Pitman, 6s.
ASECOND edition of this well -prepared

book has just been published, of which
the first edition was published in 1934.

Since the first edition appeared a number
of minor corrections have been made and a
new chapter-Strength of Materials-has
been added. The book was prepared to
cover the Second Year National Certificate
course, and various other courses of a
similar ature. This it does in a praise-
worthy manner, for the contents are not
written in dry -as -dust form, as are those of
far too many text books. Instead, the
authors have added to the technical explana-
tions descriptions and illustrations of the
application of the technical points in
practical engineering.

This will have an especial appeal to
younger students, although very valuable
to all readers. As a result of this form of

,
BOOKS Ivor*

READING

treatment the book is a combination of a
good text book and an interesting manual.
It will commend itself to every student of
the subject.

Especial reference should be made to the
illustrations, both in line and half -tone,
which are uniformly good.
" Silent Flight." By Ann C. Edmonds.

Published by Country Life, Ltd. 84 pages.
Price 5s. Od. net.
YOUNG persons of either sex who enjoy

outdoor life will find this entertaining
book very interesting reading. The author,
a well-known girl' glider, has taught many
R.A.F. pilots and leading commercial
pilots the art of gliding. The book tells

the story of how two young persons began
their aerial knowledge by flying model
aeroplanes and eventually progress to
actual gliding and flying. Several fine
illustrations are a feature of the book.

" The Mechanic's Repair Shop Manual." By
Herbert J. Dyer. Published by Percival
Marshall & Co., Ltd. 116 pages. Price
2s. 6d. net.
HERE is a book written by a practical

fitter and turner for mechanics who
run their own workshops, and their assis-
tants. The practical wrinkles described are
based on everyday repair -shop experience,
and deal with repairs to ordinary engines,
marine motors, and general mechanical
repairs. The book is divided into fourteen
chapters, covering, amongst other subjects :
Removal of Studs and Screws ; Drawing Off
Flywheels ; Lighting and Removing Valves ;
Piston Troubles; Re -Metalling Bearings;
Boring Jobs ; and Taking Up Slack Bushes.
The book is illustrated with numerous line
drawings.
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The Second Article of a New Series

Worksho

ONE method of cutting a series of
teeth around the edge of a gear wheel
blank is to make use of a simple

rotary cutter driven at high speed by the
spindle of a milling machine. The edge of
the cutter can be shaped to give the correct
tooth contour, according to the number of
teeth on the gear wheel.

The first cutter in Fig. 1 would be suitable
for producing a large gear wheel with
approximately 135 teeth, while the second

pinion with only 12 or 13 teeth. Normally,
a set of eight cutters for each pitch, will
cover all sizes of gears, but half sizes can
be obtained if necessary by the use of
special cutters. In use, the rotating cutter
is moved across the face of the blank, which
is rotated through the required amount
after each cut.
Involute Gear Teeth

The fact that in the case of involute gear
teeth the shape or profile of the teeth
varies according to the number of teeth on
the wheel, offers a simpler and more
accurate method of producing the teeth as
mentioned. On a small pinion having, say,
15 teeth, the curvature would be fairly
pronounced, as shown in Fig. 2. On a
larger wheel, the curvature of the teeth
begins to disappear, until in the case of a

Practice
No. 2 .-Gear Cutting and

Grindi g

Cutting a spiral
bevel pinion
with a Gleason
machine in the
factory of the
Moss Gear Co.

Ltd.

rack, that is, a number of teeth arranged
on a straight strip-the sides of the gear
teeth would be straight.

From this it follows that a very simple
method of producing the gear teeth is
available. Fig. 3 shows that the cutter can

take the form of a rack with straight -sided
teeth. For accurate work the contour of
the teeth of the master gear must be
absolutely exact. This is considerably
simplified at the outset, as it is a simple
manufacturing proposition to produce
straight -sided teeth. The simple design of
the cutter is, in fact, the keynote of this
system of gear generation, as it is termed.

During the process of generation the rack
is moved forward so that it engages with
the blank, which is rotated at the correct
relative speed. If the blank were not of
hard metal, the pressure of the rack would
automatically generate correct involute
teeth, as will be appreciated from the
illustration. As the metal has to be cut,
however, it is necessary to move the rack
from side to side at the same time, so that
its teeth will cut or " plane " Corresponding
teeth in the blank.
The Rotating Cutter

An alternative method of producing gear
teeth is to make use of a grooved, cylindrical

The Methods by which Gear Wheels are Produced
Depend not only on the Shape of the Teeth Them-
selves but also on Manufacturing Considerations

INVOLUTE ,TEETH
FORMED

ROTATING
CUTTER

LARGE GEAR BLANK

SMALL PINION

Fig. I.-A simple method of cutting gear teeth
by means of a rotating cutter with a tooth edge,
carried on the arbor of a milling machine. Note
the different shape of cutter when dealing with

small and large wheels

CURVED FLANKS '

TO TEETH

PINION WITH 15 TEETHj-L-4-- CURVATURE LESS

GEARWHEEL 60 TEETH

STRAIGHT

RACK

Fig. 2.-With the involute form of gear tooth, principally used, the flanks
of the teeth become less curved as the size of the gear wheel increases, until they

are straight in the case of a rack, or toothed strip

rotating cutter, known as a hob. Probably
the most readily usiderstood example is the
hob shown in Fig. 4, which is used to
produce the worm on a worm wheel. The
hob, which in this case more or less resem-
bles the worm with which the wheel is
eventually intended to mesh, is gashed
along its length so that cutting faces are
formed. With the worm wheel and the hob
rotating at suitable speeds the bob is
slowly advanced, so that cutting takes
place progressively until the required depth
of thread is obtained. Sometimes separate
hobs are used for the preliminary cutting
and the finishing operation.
Making Bevel Gears

Bevel gears are, of course, widely u, ed

GEAR WHEEL
BLANK ROTATING

RACK CUTTER

INVOLUTE
TEETH GENERATED

Fig. 3.-A simply cut straight -toothed rack can be made to cut correctly curved
teeth in a circular blank. While the rack is moved forward into engagement
with the rotating blank, it is given a simultaneous side -to -side cutting movement
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CUTTING EDGES

NORMA L
HOB

WORM WHEEL HOB

Fig. 4.-During the process of hobbing the
cutters shown are rotated against the edge of the
gear wheel blank, which is turned during the

process so that teeth are cut

for back -axle drives, and for other applica-
tions, such as driving overhead camshafts.
There are objections to the old-fashioned
straight -toothed bevel gears, so that the
spiral bevel is now almost universal.

There are three well-known methods of
cutting spiral bevels. In the first place, the
end -mill process can be used ; the cutting
tool is .again driven by the spindle of a
milling machine, and moves in a curved
path, cutting curved flutes in the blank.
This process, however, offers technical
difficulties, and is normally limited to large -
size bevels for industrial use, in which the
pitches are coarse. Alternatively, straight-
line bevel teeth may be planed at an angle.
This, however, does not give correct results.

Double Helical Difficulties
Difficulty is sometimes experienced in

the production of double-helical gears, in
which the gear teeth are cut in the form
of a shallow " V." To -day hobbing may be
used, two hobs being required for right-
hand and left-hand teeth respectively. It
is impossible to hob a double-helical gear
with continuous teeth across the blank,
however, as the two halves of the helicals
are separated by a gap which depends on
the diameter of the hobs used.

As the size of the hob cannot be reduced
beyond a certain point owing to technical
difficulties, hobbed helical gears are often
machined with staggered teeth in order to
overcome this difficulty. Staggering of the
teeth becomes almost imperative, in fact, if
a narrow gear wheel is desired and the
hobbing process is used. Continuous double
helical gears, however, can be generated by
using two rack cutters of the type already
described, which generate accurate gear
teeth, and move to and fro across the sur-
face of the blank to the centre or apex of
the teeth.

Under modern production conditions
when single -helical or spur gears have
often to be cut in compact clusters mounted,
for instance, on a gearbox layshaft, and
when internal teeth have to be formed at
the same time, as in the case of the engaging
dogs on synchromesh gearboxes, a universal
high-speed gear -shaping machine is usually
more suitable for mass production when
gears cannot be produced by hobbing or
other methods of milling.

The cutter of a gear -shaping machine for
this type resembles a pinion, as will be seen
from Fig. 5; this is very accurately made,
and is frequently checked for truth. It is
passed rapidly backward and forward
across the face of the gear blank in order to
cut the teeth. Modern gear -shaping ma-
chines enable as many as 600 strokes a
minute to be made; in a typical instance,
two complete turns of the gear blank are
made while the teeth are being cut, the
total time taken to cut all the gears on a
layshaft cluster being just over an hour.

Gear Finishing
Surplus metal to the extent of approxi-

mately .002 in. is left on the flanks of the
gear teeth to allow for finishing operations.
Where the greatest possible silence of
operation ierequired, the finishng of the
gear teeth assumes considerable importance.
One method is to make use of a specially
designed gear -finishing machine. A machine
of the type used in one well-known motor
car works is illustrated in Fig. 6. The
cutter resembles the gear itself, but has
helical teeth which are slotted to their full
depth. The teeth of the cutter, moreover,
are ground to conform.with the convexity
of the gear teeth, and the tool is thus said
to be of the enveloping generating type.

The gear is mounted on a mandrel and is
raised against the cutter, which rotates it.

HELICAL CUTTER

SPUR GEAR
CUTTER

11

HELICAL
GEAR
BLANK

Fig. 5.-Gear shaping machines are widely used
to -day. Various types of cutter similar to those
shown are drawn backward and forward against
the edge of the gear wheel blank, which is rotated

during the process

The cutter, which is not parallel to the gear,
but at a slight angle to it, runs at a speed
of 600 r.p.m., reversing its direction of
rotation at intervals of 10 seconds. After
two runs in each direction the operation is
completed and the cutter comes to rest.

UTTER WITH
SLOTTED
HELICAL TEETH

HELICAL GEAR
TO BE FINISHED

Fig. 6.-A cutter provided with grooved helical
teeth rotates the gear wheel during the finishing
operations. The cutter is not quite parallel to the
wheel, so that a sliding and cutting action takes
place between its teeth and those on the wheel

An alternative method of finishing the
gears is to make use of a rack cutter of the
type already described. The work is
mounted on an arbor, which is held between
centres, and is lowered into contact with
the horizontal cutting rack. The fact that
the gear wheel is at a slight angle to the
rack results in a fine shaving cut on the
teeth of the gear as the rack is moved
lengthwise while in mesh with the gear
wheel.

A more compact machine of a similar
type is one in which a circular involute
type of cutter is substituted for the rack.
In this case the cutter axle is again at
an angle to the work, so that a lengthwise
sliding action takes place between the
cutter and the gear teeth when they are
rotated in mesh.

Heat Treatment
Before the final finishing of the gears

takes place, the gear wheels are sent for
hardening and heat treatment. As some
slight distortion takes place, the wheels are
often run in a lapping machine, as shown in
Fig. 7. In some cases there are three
lapping wheels, and in others only two ;
the wheels are of cast iron, and are coated
with an abrasive compound. The gear
wheel to be lapped is engaged with these
wheels and is rotated at a speed of about
180 r.p.m. At the same time it is moved
backwards and forward, or " stroked " at
the rate of approximately 90 times per
minute.

After lapping has continued for about
20 seconds the direction of rotation is
automatically reversed, so that the gear
wheel is lapped under both driving and
over -running conditions.

The laps themselves are braked by
hydraulic means in order to provide a drag
on the teeth. As a rule, a cast iron lap
requires renewal after about 8,000 or
10,000 gears have been dealt with.

Finishing is, alternatively, often carried
 out by grinding the gear wheels with the
aid of rapidly rotating abrasive wheels,
shaped to provide the correct tooth con-
tour. Grinding wheels can, of course, be
used for producing the gear teeth them-
selves. The thread on a worm, for instance,
is produced on a machine in which the
worm is simultaneously rotated and moved
along its axis past an abrasive wheel, the
edge of which has been trimmed to a
section which will provide the required form
of thread on the worm. The longitudinal
motion of the machine table, in unison
with the rotation of the work, provides the
screw thread, in just the same manner as on
a screw cutting lathe. A highly polished
surface is subsequently obtained by running
the worm with a wooden worm wheel to
which an abrasive lapping compound has
been applied.

PRACTICAL MECHANICS
HANDBOOK

By F. J CAMM
An extremely valuable book, packed with facts
and figures, tables and formulae for the mechanic,
engineer and designer.
From all booksellers 6, net, by post Gs. 3d. from
the publisher George Newnes. Ltd. (Book Dept.),
Tower House Southampton Street. Strand,
W.C.2.
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LAPPING WHEELS
COATED WITH
ABRASIVE

-STROKING"
MOVEMENT

HELICAL
GEAR TO
TAPPED

Fig. 7.-The final finishing is often carried out
by lapping the gear wheel in conjunction with two
or sometimes three cast iron wheels which are
coated with an abrasive compound. An end -to -
end movement of the gear wheel is usually provided

in order to distribute the abrasive
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A Turret Tool Holder for
the Lathe

By Fitting a Turret -Head to the Slide Rest, Much Time and Labour
can be Saved, Especially in Repetition Work Where Several Operations

have to be Carried out on one Chuck Piece Fitting
WHERE repetition work is to be

done in the lathe, and there are
several operations on one chucked
piece fitting, a turret -head to the

slide -rest is a time and labour-saving device.

USUAL TOOL
HOLDER

Fig. 1.-A conventional type of top slide rest
tool holder

In the accompanying illustrations are shown
methods of applying such a head to an
ordinary lathe.

In Fig. 1 is shown a conventional type
of top -slide rest tool holder which has a
tool holding block bolted down by a single
stud and nut ; the stud is a fixture in the
top -slide. In the new arrangement this
stud is replaced by a new one and a cast-
iron block is cast from a simple wooden
pattern of the same shape and size as the
block, Fig. 2. It is bored centrally to fit
the upstanding stud or a longer and larger
stud if necessary.

Boring
For boring it is chucked in the three -jaw

chuck and a drill is put through, fed along
by the back headstock barrel, or by the
back centre if no drill -holder is available
to fit the barrel taper. In this case the
drill is centred at the end to hold on to the
back centre and a lathe dog or carrier with

"a piece of gas barrel driven on its shank
depends between the lathe ways to prevent
the drill turning. The arrangement is
shown in Fig. 3.

The hole should be bored dead parallel.
The block is then chucked on a mandrel
between centres and faced flat each side
and turned along its outside diameter.
While on the mandrel a line is scribed all
round it at a height which will bring the
line into the axial line of the lathe centres.
To get this line, fit the upstanding stud in
the lathe top -slide in place of the tool post
holding -down stud, and rotate the block
by hand meanwhile pressing it up (by the
top parallel slide) to a hardened and
tempered cast steel pointer or scriber

JOG OP
CARRIER..//
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TURRET
BLOCK

running dead true in the lathe three -jaw
chuck. This will give the height for the
centres of the holes drilled radially around
the block to take the tools.

Divide this line around the block into
four, five or six equal parts and with a

drill running in thp three -jaw chuck
drill radial holes at each division. This is
done by feeding the block up to the drill by
the top -slide. Open these *-in. holes
out to a size of hole which will be -decided
upon for our turret -head tools. The size
will depend on the amount of room there is
between the lathe head centre axial line and
the top surface of the top -slide. These holes
should go through the side of the block and

TURRET
TOOL HOLDER

Fig. 2.-In this arrangement the bolting down
stud is replaced by a new one and a cast iron
pattern is cast from a simple wooden pattern of

the same shape and size as the block

terminate just clear of the central hole as
shown in the sectional plan view, Fig. 4.

Drilling
Before drilling the holes in the centre

marked ring round the block, chuck the
block again on the mandrel on which it was
turned and, with a scriber bolted in the tool
post with its tempered point at lathe centre
height, scribe lines horizontally (they will
be vertical when the rig is in use) through
each centre mark for the tool holes, to the
top surface of the block (now standing
vertical) without moving the block round
and, with the scriber still in the tool post
at the correct height, scribe horizontal
lines across the face of the block from its
periphery to the mandrel on which it is
chucked. These lines will be, when the
block is in its horizontal working position,
dead above the axial lines of each of the
holes for the tools. With the block still
chucked on the mandrel scribe a circle
on the top (now vertical) face of the block,
at a distance / in. from its outer edge.
This circle will intersect `he radial lines on
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-*GAS BARREL

Fig. 3.-A piece of gas barrel driven on its shank depends between the
lathe ways to prevent the drill turning

LEVER NUT

Fig. 5.-Details of the
lever nut

the top of the block and, at each inter
section will be drilled and tapped holes for
the set screws which hold the tools in the
holes in the turret block.

The size of these holes (like the size of the
tool -holding holes), will depend on the size
of our block and the clearance between the
top surface of the top -slide and the axial
line of the lathe centres. Hexagon or
square -head set screws can be used, but
they must have flat ends and must be case
hardened at the ends which grip the tools.

Where we have an American type of
lathe with a slotted pillar in a slot in th
top -slide as shown in Fig. 4, we shall have
to fit the centre stud in a manner differing
from the arrangement shown *in Fig. 2, for
the English type of lathe. The method is
shown in Fig. 4. A long central bolt with
a square head to fit the slot is turned to
fit the slot in the top -slide. It is "screw-eut
to take a flat hexagon nut which will hold
it down on the top -slide vertically and in a
fixed position in the middle of the slot in
the slide.
The Turret

The turret cheese -shaped block will have
its central hole recessed underneath to
clear the hexagon nut and the cheese -shaped
turret will bed down flat on the top of the
top -slide. It will be held, when any of the
tools are in working position. by a washer
and a nut on the centre stud.

To avoid the necessity for using a
spanner every time the capstan is turned
to present a new tool to the work, a lever
nut as shown in Fig. 5, can be used. It is
made by forging over a piece of east steel
bar at one end so as to get double thickness

FLAT
NUT

DISTANCE
BUSH

T HOLDER

AMERICAN TYPE
TOOL POST

Fig. 4.-An American type of lathe with a
slotted pillar in a slot in the top -slide

for the length of thread and bending at an
angle as shown. The bent -under part and
the upward bend of the handle will enable
the lever to clear the set screws on the top
of the turret or a bush, thick, as shown,
can be put on the holding -down lever nut to
enable it more easily to clear the set -screws.

The turret can be used for tools for face
or side work. Sometimes a combination
of both will be used according to the class
of work being undertaken.
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Fig. 1.-An interesting example of a
really large -surfaced photo -electric cell such

as Was used some ten years ago

WITHIN the last few years it has
been very apparent on all sides
that the practical control of elec-

trons has become an applied branch of
engineering whose rate of development has
outstripped even the wildest dreams of
early pioneers. By harnessing the energy
of the electron and making it do work, the
physicist has shown the engineer that
material improvements may be effected in
his equipment if he studies the subject of
electronics in its broadest sense. In an
article of this length no attempt will be
made to deal exhaustively with the many
applications but rather to select a few of
the most important, especially that section
of the subject which makes use of secondary
emission and electron optics. There is no
" order of merit " for obviously that will
vary according to which branch of engineer-
ing is most eonctrned, but there are certain
fundamental principles common to all and
these will be dealt with briefly in case
readers may have forgotten them.
Proce >sps Involved

The various forms of electron tubes in
which the motion of electrons moving from
one area to another is controlled by some
specified method, are really energy con-
vertors. The thermionic valve, photo-
electric cell, electron camera, gas discharge
lamp, X-ray tube, mercury arc rectifier,
and so on are but a few examples of those
in everyday use ; devices which have really
become so commonplace that they are often
not recognised as electronic engineering
equipment. In ordinary circumstances,
when a current of electricity is made to
flow, the electrons have their movement
confined to fixed conductors, but under
special conditions energy can be imparted
to free them, and these free electrons then
become capable of carrying out other work.
Certain known substances when heated
release electrons, photo -sensitive surfaces
release electrons under the influence of
light, electronic bombardment of a surface
can cause secondary emission, ionisation
produces free electrons from gases, and
once set free it is necessary to exert an
electrostatic or electro-magnetic control
according to requirements.
Cell Limitations

One of the earliest forms of electronic
 energy convertors to be used scientifically
was the photo -electric cell, and the engineer-
ing applications of this device have extended
enormously. The incidence of light on a
cathode enclosed in a glass container either
evacuated or partly filled with gas according
to the purpose to which it is to be applied,

Sensitivity Improvements
To obtain an increased output signal

under certain light activation conditions,
one of the first methods used was to increase
the siz.e of the cell. This was carried to very
wide limits and as an example of what
could be done in this connection reference
can be made to Fig. 1 which illustrates a
cell considerably over 1 ft. in diameter.
Difficulties were still encountered, however,
and it was the harnessing of the principles
of secondary emission that brought about
such a high gain in efficiency. In simple
words, secondary emission merely implies
the process which takes . place when an
electron stream is allowed to strike one or

Some Practical
Electronic

By H. J. Barton
By Harnessing the Energy of the Electron and Making it do

Improvements May be Effected in his Equipment if he

causes electrons (minute particles of nega-
tively charged electricity) to be released
from the surface and these are attracted
towards and collected by an anode which
has applied to it a positive potential with
reference to the cathode. The degree of
emission is dependent upon the quantity
of light to which the cathode is exposed and
this photo -electric principle has made
possible many modern developments, par-
ticularly television. The limitations of this
device are associated with its varying
sensitivity according to the colour of the
activating light and also its relative
insensitiveness to small quantities of light,
30-50 microamps per lumen being an
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Figs. 2 and 3.-(Left) trOCTANDE

plier photo -cell showing
the cathode surface and multiplier cage. (Right) An explanatory diagram showing the stage by stage

multiplication of electrom which result ultimately in a very large output signal
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average figure. In the case of the former,
continued research is being applied to
develop types of surfaces which are applic-
able to the infra red or ultra violet ends of
the spectrum, while certain forms of caesium
combinations have furnished a colour
response which closely resembles that of the
human eye and in this way, at least in so far
as television is concerned, there is a better
monochromatic rendering of coloured
objects.

AUXILIARY
CATHODE

Fig. 4. - Tlu
S2 electron stream

path and elec-
tronic arrange-
ment of a secon-
dary emissive
thermionic valve

more metallic surfaces which have been
specially prepared. Each electron is then
capable of displacing from that surface
secondary electrons varying in number from
1 to 10 and if this effect is made cumulative
it is easy to see that the final current pro
duced is increased enormously when com-
pared with the magnitude of the initial
electron stream.

These secondary emission multipliers can
be made up in a variety of ways. In some
cases the electrons are made to reciprocate
between two parallel faces and at each
impact secondary electrons are released
which join the main stream and so ulti-
mately builds up a large current which is
passed to the output circuit. Successive
impacts directed against separate surfaces
produce the same cumulative result, while
in yet another form the electrons are guided
to pass through mesh grids where the
secondary emission multiplication is of the
order of three times per Stage.

An Example
As an indication of this last named

scheme being put into actual practice.
reference can be made to Fig. 2 which
shows an early form of a compact multiplier
photo -electric cell. The individual multi-



January, 1940 NEWNES PRACTICAL MECHANICS 157

Aspects of
Engineering
Chapple, B.Sc., etc.
Work, the Physicist has Shown the Engineer that Material
Studies the Subject of Electronics in its Broadest Sense

plier grid stages are accommodated in the
tubular metal shield shown with its bar
window at the base of the cell. In Fig. 3
is a simple explanatory diagram which
traces quite clearly how with five multiplier
grids and one reflecting plate a single
primary electron becomes 1458 electrons
flowing into the output circuit resistance.
The potential applied to , each stage is
stepped up, and assuming that e "
electrons are released from the photo-
electric cathode by the incidence of a beam
of light, each grid stage produces a triple

All the different forms of secondary
emissive multipliers have found application
in various types of modern electronic
equipment and many important advantages
accrue when compared with the previous
orthodox methods of valve amplifiers.
Among these mention can be made of the
absence of microphony, extreme stability
over long periods of times a greatly improved
signal to noise ratio, and the maintenance
of high gains over a very wide frequency
range (up to more than 10 megacycles, if
required).

Fig. 6.-The marked improvement on the design in Fig. 5 brought
about by using one diode and three secondary emission valves

multiplication. After the fifth multiplier
grid, each of which has a fine mesh texture,
an accelerating voltage drives the stream
through the wide meshed collecting grid so
as to strike the reflecting plate, where the
average multiplication is 6. The total
electrons released by this final action are
collected as shown and so cause a magnified
current to flow through the output resist-
ance.
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Fig. 7.-A simplified optical arrangement of a
modern electron microscope

Thermionic Valves and
Secondary Emission
For a long time it was

found impossible to har-
ness this important prin-
ciple of secondary emis-
sion in a direct manner
with thermionic valves,
but now even this diffi-
culty has been overcome
and there are now on the
market valves which give
very high mutual con-
ductances by making a
distinct departure from
ordinary valve practice.
The original TSE4 Philips
Mullard valve now super-
seded by the EE50 is a
case in point. Shorn of
all the intricate construc-
tional details, the
method of operation be-
comes quite simple as can
be seen by referring to
Fig. 4. Electrons are
emitted from the valve
cathode C, are controlled
or modulated by the first
grid and after passing

through the auxiliary grid are made
to follow the dotted path shown, by
the combined action of the two screens
Si and S2. These electrons pass through an
open meshed anode, strike the auxiliary
cathode which has been made secondary .used, there is a limit to the degree of
emissive, and the re-
sulting amplified elec-
tron stream is collected
by the anode A, which
is really a continua-
tion of the open
meshed anode.

By this single stage
of multiplication the
effective gain is three
and it might well be
asked if this improve-
ment in valve tech-
nique can be put to
practical advantage.
The answer is in the
affirmative as can be
proved by referring to
Figs. 5 and 6 which
illustrates a two year
advance in television

Fig. 5.-The vision chassis of this set occupies
the whole width of the middle shelf and embodies

eight valves

receiving design. The vision chassis occupy-
ing the whole width of the cabinet on the
middle shelf of Fig. 5 used six high gain
pentode valves, a diode and triode, while
the sensitivity was of the order of milli-
volt and a band width of approximately
2 megacycles. While this design and layout
gave good results, a reference to Fig. 6
shows the marked change brought about by
the use of secondary emission valves of the
TSE4 class. The whole unit comprises time
base generator cn the extreme right,
cathode-ray tube with deflecting and
focusing system in the centre, and vision
chassis on the left. The last named chassis
is far mere compact than its Fig. 5 pre-
decessor, uses only three secondary emission
valves and a diode, and provides increased
gain and band width, higher stability and
improved sensitivity. This single example
will serve to show how quickly an electronic
advance is incorporated in commercial
equipment to the advantage of designer And
purchaser alike.
An Electron Microscope

The principle of operaticn of an ordinary
optical microscope is no doubt familiar to
most readers but in practice, since light is
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Fig. 8.-A pictorial example of
the application of electronics to
produce a scientific instrument
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magnification which can be achieved for
investigation purposes. It is for this reason
that the subject of electronics has come to
the fore within the last two or three years
and it has been established that magnifica-
tions up to at least 100,000 times have been
achieved, which of course is far in excess of
anything undertaken optically. The bare
details of such a device are shown in Fig. 7.
On the left at the point A is a cathode
providing a source of electrons and these
are accelerated towards and focused down
to a minute point on the slide carrier B.
The object undergoing observation, often
some form of extremely minute bacteria --

is held in place on this slide by a very thin
collodion film and the image is produced
initially on the observation ,screen shown at
(1. This can be either a fluorescent screen or
photographic plate as desired, but if further
magnification is required then the final
observation is undertaken at D. A combina-
tion of electron lenses provided by electro-
static and electro-magnetic means in con-
junction with extremely high voltages
(these sometimes reach 100,000 volts)
makes this device an instrument of immense
value for bacteriological investigation, and
equipment has been built both on the
continent and in the United States using
these electronic prinCiples.

Other Electronic Instruments
In a much simpler form the same idea is

used for investigating the cathode emission
of a cathode-ray tube. It is just a case of
producing an enlarged image of the cathode
surface on the fluorescent screen and for
this purpose an electro-magnetic tube has a
positive potential. applied to the modulator
electrode-something of the order of 200
volts deperiding on the voltage normally
used for the anode itself. The modulator
and anode used in this way provide an
electrostatic lens system and if this is used
in conjunction with the focusing coil, which
is of course and electro-magnetic lens, by
careful adjustment a greatly enlarged image
of the cathode surface is seen on the
fluorescent screen. The variation of emission
over the cathode may then be studied and
the necessary steps taken to improve this

so that the tube when used for ordinary
commercial purposes will give a much
better performance.

Yet another scientific electronic instru-
ment which has been used successfully is
shown in elementary form in Fig. 8. Here
the object to be examined is optically
focused on to an electron tube having a
transparent photo -sensitive cathode. This
produces an electron image such that the
electron density at every point is directly
Proportional to the light and shade of the
optical picture distributed over the whole
surface. This electron image is then
attracted towards and focused on to a
mosaic element screen which can be

Fig. 9.-An actual example of an
image -convertor ta53 u;i71 a

opaque concave shaped cathode

scanned by a beam of electrons to produce
signal currents on'a backing gauze. These
are amplified and passed to the modulator'
electrode of a standard cathode-ray tube
and by using the usual focusing and
deflecting system a magni-
fied and bright visible image
of the original object is seen
on the tube's fluorescent
screen. '

Image Convertor Tubes
Another useful piece of

apparatus which is based
entirely on the principles of
electron optics is the image -
convertor tube which has
Its most important applica-
tion in the infra red end of
the spectrum. A small -
practical example of this
device is illustrated in Fig.
9 and in the spherical glass
section will be seen a disc
cathode. This is provided
with a uniform coating of photo -electric
material, while the surface is made slightly
concave to prevent any form of pin cushion
distortion in the final observed picture.
The picture undergoing observation is
optically projected through the thin glass
spherical wall on to the opaque photo
sensitive surface. This produces the familiar
form of electron image as was the case of
the device described for Fig. 8 and by
Means of the metallised coating, to which
is applied .a positive potential and a

cylindrical focusing coil placed round the
neck of the tube, a bright visible image
appears on the fluorescent coating applied
internally to the glass wall at the right hand
end of the tube. No scanning is necessary,
the device being a straightforward con-
vert& of an optical image into a visible
electron image which can be magnified and
observed section by section by adjusting
the current passing through the focusing
coil. If the photo -sensitive surface is made
responsive to infra red rays, then an
apparently invisible optical image projected
on to this surface becomes completely
visible on the tube's fluorescent screen as
a sharp, bright picture. This infra red ray
investigation is important when, say,
living bacteria need to be examined which
would, be .damaged if subjected to visible
light rays and its value in the medical
world has already been made manifest.

A somewhat similar tube but capable of
providing a larger picture and using a
transparent cathode in lieu of an opaque

Fig. 10.-An image -convertor tube with a transparent cathode
set up for scientific .examination

one is shown in Fig. 10. On the right is the
optical projector, apparatus and at the end
of the tube neck is the transparent photo-
electric cathode on to which the picture to
be observed is focused. A large solenoidal
coil provides the electro-magnetic electron
lens and this in conjunction with the high
potential anode connected to the terminal
on the conical section of the tube is all the
equipment required for this ingenious but
relatively simple piece of electronic appara-
tus.

Tools in Miniature
Modern machine tools have a special

interest in these days of mass -production on
work of national importance-munitions,
aircraft components, guns, gauges and other
engineering products. Here is an attractive
set of machine tools modelled to a scale of
1 inch to 1 foot and built specially to order.
The model represents a workshop fitted up
in the modern style with electric power
transmission for each individual model.
Each of these machines was hand -made to
scale and several were working replicas of
their prototypes. They were constructed
mainly from brass and brass castings and
of the models illustrated the bed planing
machine and the capstan lathe were working
models, driven from a shaft as with the
" real thing." Among other models you
will recognise are the radial drilling machine,
Drummond gear cutter and milling machine. A set of machine tools modelled to a scale of I in. to I ft.
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TOOLMAKING AND TOOL DESIGN 6.
The Principles and Methods of Making Press Tools, Jigs, Gauges and Fixtures

By W. H. DELLER
ALTHOUGH what has been written

so far on the subject of drilling jigs,
by no means exhausts the subject,

the writer is of the opinion that sufficient
has been said to enable the reader to have
an accurate outline of the principles of
design suitable for handling work of a
general character.

Each individual job will. of course, be
considered on its merits from the point of
the actual design of the jig, and once the
elementary requirements are fully under-
stood the designing offers abundant oppor-
tunities in many cases for the inclusion of
" snappy" ideas where warranted. This
being so, simplicity should be the keynote,
however, and the jig should not emerge
as a device bristling with " clever " parts
costly to make and no more efficient than
something a lot simpler.

Fixtures
The term jig is one that is often errone-

ously applied to a fixture. As stated
earlier a fixture is purely and simply a
work -holding device not equipped with
cutter guides. When intended for use on a
machine -tool table or lathe face -plate the
base of the fixture is provided with a key,
or keys, or a circular register so that it can
be accurately disposed on the machine
without prior indication or measurement,
therefore the fixture is merely bolted down
each time it is used.

Fixtures are also employed for certain
assembly operations, but in these circum-
stances the point just mentioned does not
apply.

Various types of work where fixtures
may be profitably employed for the pur-
pose of carrying out the operations indicated
are illustrated in Figs. 30 to 35. That
shown in Fig. 30 is a turning job which has
been machined at a previous operation
consisting of turning a male register and
facing the flange at the bottom. The next
operation calling for a fixture is that of
turning and screwing the male thread,
facing the flange and undercutting the
thread. The requirements are, that the
faces of the flanges shall lie at 90 degrees
with each other and that the centre of the
screwed nose shall be at a pre -determined
distance from the face of the bottom
flange. In passing, mention is made of the
fact tlipt the same type of fixture which

.will be described would suffice if the angle
between the faces is other than that men-
tioned. Where this is so, it follows that
the portion of the fixture on which the
work is mounted will lie at an acute
angle in relation to the surface of the face
plate.

MILIEU

N1ILLED

I Previous Articles in this Series
appeared in Nos, 61, 63, 64, 65

and 67

Milled Work
Examples of simple miffing operations are

seen in Figs. 31 and 32. The first one would
be milled with a gang of three cutters from
the solid. The domed portion is " formed '

FIRST OPERATION FACE

Fig. 30.-A turning job which has been machined
at a previous operation

in the turning operation. In the second
example the parts are turned .from square
bar material, the slot is then milled at one
operation and the radius at the end of the
fork at another. Both of these exanyles
should be held by

Figs. 34 and 35 (Left).-
An assembly job and (right)

WELDED An assembly job of a
different type

operations were being performed and dealt
with singly or in gangs of six or more at
one pass of the cutters.

A broaching job is seen in Fig. 33. Here
the requirements are that the splines are
correctly positioned in relation to the hole
in the small boss. In this instance the
broaching would be done after the boring,
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BROACHING OPERATION

Figs. 31 to 33 (Left to Right).-Two examples of simple milling operations and a broaching job

facing and drilling operations, the lever
being positioned in relation to the broach
teeth by means of a peg or pin passing
through the hole in the smaller boss.

The assembly job illustrated in Fig. 34
consists of a flange attached to a tube by
means of welding. Here the washer would
be held in correct relationship with the ends
of the tube and at the desired angle while
being " tacked at several points. The
welding operation proper would be com-
pleted with the work removed from the
fixture. This practice should not be taken
as a general rule for other types of work
might require to be more rigidly held than
is necessary in this instanee. Where this
occurs allowance has to be made in the
clamping arrangements for expansion and
subsequent contraction.

Assembly Fixtures
Many light assembly jobs are greatly

expedited by the employment of fixtures
which are thus beneficial even where close
accuracy of the finished product is com-
paratively unimportant, but where close
accuracy is demanded the use of a fixture
for the purpose is practically a necessity.

Jobs of this nature may consist of the
assembly of several pressings by means of
rivets or spot welding. Smaller parts of the
same nature might be joined together by
eyelets or hollow rivets. Holes in parts
thus joined would for ease of manipulation
be relatively large in relation to the dia-
meter of the rivet or other means of fixing.
Therefore no reliance could be placed on the
use of the rivets for the purpose of initially
lining up the several components. An
assembly job of a different type is shown
in Fig. 35. Here the end brackets are
attached to the shaft or tube by means of
taper pins and the bell -crank lever in the
centre is free to rotate between a pair of
collars similarly fixed. The essential features
of this assembly are that the feet of the
brackets shall lie in one plane at a distance

apart to correctly maintain the requisite
centre distance between the fixing holes.
Equally important is the disposition of the
lever. Therefore even if the assembly
consists of placing the parts in position
and taper reaming the holes, the brackets
require to be fixed down in their correct
positions and the lever also placed, before
so doing and driving home the pins. It is
only by taking these precautions even with
so simple a job that constant results will
be obtainable.

Handling Milling
Reverting to the question of milling,

the type of work shown in Fig. 31 presents
no difficulty as in this particular example
the surfaces to be formed are lying in one
plane. In the second exa mple, however, the
track of the machining is in two directions
at right angles with each other. This means
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either locating from the slot, or from the
 square sides, to bring the work into correct
relation with the concave cutter which
forms the radius.

Where the milling operation consists of
forming a square, or other head of similar
balanced section, such as may be formed
by a pair of cutters, the point to be decided
if gang milling is to he adopted, is whether
the work shall be partially rotated mechani-
cally between each pass of the cutters to
bring about the desired result, or to other-
wise achieve the purpose by re -locating
the parts after the completion of each cut.
The partial rotation of each part, arranged
in line, simultaneously will invariably
mean the incorporation of gearing for the
purpose. This point, coupled with the fact
that collett type of work -holders would
most likely then be necessary, leads to the
conclusion that such a scheme will be one
t hat will be costly to produce, but this will
not prove it, disadvantage where the outlay
can be spread over a considerable quantity
of parts. It- might be that the fixture
would prove, with the -provision of
different sized shank -adapters or collets,
suitable for the production of a range of

similar parts. In this case the expense
would be also warranted. An alternative
arrangement is to have a fixture that is
capable of being indexed about a base
and upon which the components are
arranged in such a manner, on the rotatable
portion of course, as to permit their being
maohined in several lines at once by means
of a gang of suitably spaced cutters. After
one pass of the cutters the fixture is swung
round to bring the unmachined portions
in line with the cutters. This is a scheme
which, is much simpler to carry out, but
is one which, for obvious reasons, is
unsuited for parts having long " shanked "
portions below the milled surfaces.

Items having tapped holes in them could
naturally he handled in a similar manner
by the provision of suitable mounting
adapters.

While dealing with this class of milled
work mention should be made of the fact
that there is a special horizontal type of
milling machine that was developed for
machining parts of a "special, headed bolt"
nature. The milling is carried out on the
continuous principle and the fixture em-
ployed is really a portion of the machine.

Briefly, the work pieces, held by the shanks,
are passed through the cutters by a rotary
motion imparted to the fixture. After the
work has passed the cutters it drops from
the fixtures and fresh work is inserted as
the empty " stations " reach the loading *
position. A rough picture of how this is
done can be obtained by imagining the
fixture as a pair of bevel wheels mounted
side by side with their teeth facing. The
axes of the gear shafts are arranged at such
an angle as to bring the tops of the teeth
together more or less at the point nearest
to the cutters. The work is fed between
the teeth at the " open " side and is carried
round to the cutters by which time it is
gripped in rolling contact with the flanks
of the teeth. After the cutters are passed,
the receding teeth of the gears will permit
the work to fall out down a chute. Actually,
specially contoured plates are used in
substitution for the gears. It will at once
be apparent that slots thus produced will
not be flat bottomed " but will be concave
to the extent of the radius from the centre
of the fixture to the face of the cutter.
This fact is one that does not prove objec-
tionable on many classes of work.

THIS MONTH IN THE WORLD OF

SCIENCE AND
Steered by Television

"Eye"
MR. U. A. SANABRIA, a Chicago

scientist, chief of staff of the American
Television Institute,` has supplied to the
U.S. War Department plans for an aerial
torpedo steered with a television" eye."

A television transmitter is enclosed in the
nose of the machine which televises the
scene below the torpedo to a screen in the
controlling plane. This formidable machine
is described as " sd.explosive that it could
destroy even a large battleship." The
inventor states that the torpedo is a small
streamlined aeroplane controlled by a large
aeroplane from as far away as 100 miles.

World's Biggest Water
Main

WHAT is stated to be the largest water
main in the world has just been com-

pleted in Southern California. It is 242
miles long and big enough to drive a car
through most of the way. The system will
supply thirteen cities with 1,000,000,000
gallons of water a day.

New Torpedo Boat
ANEW torpedo boat capable of cruising

at 22 knots for more than. 1,000 miles
and safe from both mines and torpeclos was
recently described by Mr. Hubert Scott -
Paine, the speedboat designer.

More than £200,000 has been spent in
research and construction of the boat and
it has been presented to the British Navy.
The boat has a draught of only 3 ft., and
can carry a crew of eight. It has a top
speed of 40 knots and carries four 18 in.
torpedoes.

New Road Lighting
ANEW type of neon light is being tried

out in Poplar which is invisible from
the air. It shows a blue light to drivers
when on their right side of the road, and a
1-ed light if they swerve to the offside.

A Kerb Detector
INVENTION B

-Collapsible Dinghies
AIRCRAFT patrolling the North Sea

are fitted with special equipment for
safeguarding the crew in the event of the
plane having to make a forced landing in
the sea.. It consists of a collapsible rubber
dinghy which is carried in such a position
on the plane that it can easily float free
after being automatically inflated from a
cylinder of compressed gas. The releasing

is actuated by sea water flowing
into an inlet pipe as soon as the plane
alights on the water. In this way the crew
have a means of keeping afloat until they
are picked up.

New
Steerable
Parachute

ANYONE who
has ever

jumped out of a
plane and taken the
bumps of TerraFirma as his
parachute dragged
him over the rough
spots will appreci-
ate this new steer- 
able parachute
which is shown on
this page, being
demonstrated by
Raymond Morders
of Lancaster, PA.,
U.S.A. Air, instead
of spilling out
around the edges as
in regulation para-
chutes, flows out
two vents in the
rear of the para.
chute. The opera-
tor may swing
around by pulling a
shroud line and
closing one of the
vents.

ECAUSE he was continually scraping
his wings and tyres on the kerb, a

watchmaker of Rochester, New York, has
invented a device which lights a tiny red
lamp on the instrument board when the
car gets too close to any object. The most
important part of the device is a delicate
coiled spring which closes an electric
circuit and lights the lamp when the car
edges towards the kerb.

Mechanical Bird -Man
AContinenta I inventor has produced a
flying that can be strapped to

the body. It is powered by a two -cylinder
engine and is controlled by two hand levers.
The feet are placed on a special framework
and the machine has a foot -controlled rudder,

The parachutist holding out his hand for a left turn
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"MOTILUS" PEEPS INTO THE
MODEL WORLD "IL

Well, Model Fans, this Month
we Celebrate the Anniversary
of " Motilus " who joined us in
January Last Year. Despite the
Black -Out our Model Fan, with
his Camera and his Torch, has
been Prowling About, and has
Found out that Though Shops in
London and the Provinces may
Look Dead from the Outside in
Black -Out Time, INSIDE they

are Hives of Industry !

Trix Railway
AHAPPY New Year to you, readers,

and here's hoping you are all keeping
your spirits up ! Your model spy

has not only visited shops in London and
the provinces, with their cheerful Christmas
displays, but has also been conducted round
factories devoted to model making. He had
the opportunity of seeing units of the Trix
railway being produced in bulk and it was
indeed an impressive sight. Rack upon

The new Trix 4-4-0 L.M.S.
locomotive

rack of Trix locomotive casings-goods
locos, passenger locos and accurate little
scale model trains-drying in all their
pristine glory in the special " ovens " for
this purpose. Huge power presses blanking
and piercing the small units for rails, wagons,
tenders, coaches-the finished units, hun-
dreds at a time, being assembled neatly-as
for instance the bogie and wheels on a
truck-the mechanism in an engine ! It all
appeared most efficient to me and I thought
of the lucky boys these holidays who would
be running them round their tracks. While
I was there I saw the new 4-4-0 L.M.S.
and L.N.E.R. locomotives in an advanced
stage of construction and the illustration
shows you the finished L.M.S. locomotive.
A smart little job don't you think ? And
not expensive-two guineas !

Permanent Way
Many model enthusiasts I know use many

hours of their Christmas holidays in re-
arranging or adding to their track. The
laying of permanent way is quite often a
job the model engineer likes to do himself,
but for an exhibition layout it is a task for
a scale track worker. My picture shows one
laying a left-hand turnout in scale model
permanent way with scale spacing of sleepers

A salesman explaining the merits of a model road tractor

and keyed chairs-and by the way while
on the subject of chairs I have just learnt

that Basset-Lowke are now making a new
slide -on chair with cast key at the same
price, Is. 4d. per hundred, as their die-cast

Laying a left-hand turn out on scale model
permanent way

keyless chair. They have also introduced a
slightly heavier pattern with the cast key,
and chemically coloured at Is. 9d. per 100.
I examined samples of these new chairs
and they ar,,, a good fit on the standard
section steel rail.
Road Tractor

My tour of London's toy shops has shown
me that despite the kiss of population to
proVincial centres they did a brisk festive
season trade, also that working models
were still in the front rank of popular
hobbies. He're I caught a technical salesman
explaining the merits of a road tractor-
actually a brother model to that described
by Mr. F. J. Camm not so long ago in these
pages, while high upon a special stand was
a 71 -inch gauge " Royal Scot," and looking
at this first-class engineering job so accu-
rately modelled, I felt a twinge of jealousy
at the person or persons unknown who
would own this monster model on their
garden railway. When I become a wealthy
magnate(!)-hope springs eternal you
know-that is the gauge I'll go in for-just
large enough to haul twenty persons and
with a good run for a quarter mile of track
and 40 ft. radius curves.
Repairing Models

I'm afraid if the present state of my
railway is anything to go by, it will soon
require the services of a model hospital.
I am initiating a young nephew into the
mysteries of gauge 0 " locomotives, but
he is unfortunately at the Stage of pouring
sand in the mechanism ! Model railway
dealers take into account such imps of
mischief and practically every one has a
repair department. Some firms like Bassett-
Lowke, Ltd., undertake repairs on every
type and make of locomotive whether clock-
work, electric or steam, low or high pressure.
Others like Messrs. Trix, Ltd., have a
specialised service for dealing with their
own repairs. The man in charge of a repair
department seems to me to need varied
and unique knowledge of the idiosyncrasies
of small model's, and like a doctor, must
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A model torpedo boat destroyer

know where to look for the trouble, but-
and here he differs from the physician-he
can often reach down a spare part from the
shelf to replace a broken or damaged. limb.
Testing tracks are an essential part of the
" model hospital" where after overhaul the
patient can be put through his paces and
then officially discharged ! Those readers
who have models they prize and who cannot
carry out their own repairs should not
trust them to some local garage or a friend
who is a good mechanic. Like a motor car
or a radio set they need specialised repair
and should be sent to a firm of repute. My
picture shows a Bassett-Lowke craftsman
resetting the valves of a steam Mogul loco-
motive.

Models of Rooms
When gazing at the interiors of those

exquisite models of rooms you sometimes

with the realism of the work on the ceilings,
and the other day a friend of mine asked
me how this work was done. Well, here is
the secret. The ceiling is placed upside

in situ. There is no need to give politicians
this idea. They have already turned Europe
upside down !

Torpedo Boat Destroyer
Particularly topical at the moment is the

new set of parts brought out for making a
model torpedo boat destroyer. The length
of the boat is 30 in., the decks are roughly
cut to shape, the motor and stern tube are
fitted and the hull is bored to take the

Resetting the valves of a steam mogul locomotive

rudder. Among fittings included are rudder,
anchors, QF guns, ventilators, bollards,
fairleads. mast, davits, lifeboats, torpedo
tube, as well as steering wheel and standard
and the smart little engine room telegraph.
These varied fittings can be disposed about
the decks at the discretion of the owner, who
can also, if he is keen on trying out her
paces, experiment with her electric propul-
sion. The motor can be wired in various
ways with flash lamp batteries. For instance,
he can obtain a longer run by series winding,
or a slightly higher speed by parallel wiring,
though in this cas he must beware of over-
loading the motor, which is only constructed
to take 4 to 6 volts. The set of parts is not
expensive at 50s.

down and worked upon and completed in
this position before it becomes a fixture the
right way up. What a joy it would be to

Modelling a room interior

decorators and designers to -day if they
could get at their work in this way instead
of the back -aching job of doing the work

4
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A magnificent model of the Coronation assembly of our present King
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A SMALL STEAM
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Fig. I.-Longitudinal
section of boiler, on

centre line
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THE article published in our November
issue concerned an original design
for a single -acting horizontal model

steam engine, but, unless such a model is
required to be kept solely for spectacular
reasons, in a showcase or as a table
ornament, alone it is of no practical use.
In order to complete it and to drive it, a
boiler, or, to give it its proper name, a steam
generator is required.

As the engine was intended to be an
example of model -making suitable for the
beginner, I think it desirable that the
making of the boiler should be a job which
is also well within his capacity. To this end
I have made both the design and construc-
tion as simple, or nearly as simple, as they
could well be, consistent with good and
quick steaming capabilities.

A plain cylindrical shell or drum boiler
with a fire beneath it would perhaps be
somewhat easier to make, but it would be
more uneconomical in fuel and certainly
would not generate steam at the rate called
for by the engine. By the way, I should
state that the boiler which I have shown in
the drawings illustrating the present
article is intended to drive the larger of
the two engines, i.e. the one having the
2 in. by 1 i in. cylinder.

Small Engine
For the small engine a smaller barrel

tube of, say, 2i, in. diameter by about 8 in.
long can he used, with three or perhaps
four simple water tubes. These tubes can
each enter the boiler shell at both ends,
being brought down to a lower level at the
front and sloping gradually up towards
the chimney end. Other details such as the
dimensions of the casing, the chimney, the
gas, or alternatively methylated spirit
burners, will all be in proportion.

The type of boiler here dealt with follows
somewhat on the lines of the famous
Babcock and Willcox steam generators;
at any rate as regards general proportions

and external appearance. To make the
resemblance complete, however, the rect-
angular casing ought to be of brick or
something which could be made to look like

y K W. wining

brickwork. Internally the combination of a
shell with large "downcomer" tubes and
angularly placed water tubes constitutes a
type of model boiler originally designed

2.-End view of boiler

OIL
The Steam Gener-
ator Described

elow will be F ound
Suitable for Driving
the Steam Engine

ix Described in the
November Issue

by Mr. Smithies, a well-known
model maker, nearly 40 years ago.
It was primarily intended for loco-
motives, and for simplicity,
thermal efficiency and quick
steaming qualities has never
been beaten.

In Fig. i is shown a longitu-
dinal section on the centre -line.
Fig. 2 an elevation of what I,
for convenience, call the front end,
and Fig. 3 a plan of the shell
and water tubes as viewed from
underneath. In Fig. 2 the front
plate of the casing is supposed
to be removed in order to show

the downcomer pipes and cross drum from
which the water tubes issue.

Main Barrel
The main barrel should be made from a

piece of seamless copper tubing 4 in. in
diameter and 12 in. long, having a thickness
of not less than 11, inch bare, that is to say
about No. 18 gauge. If it should be a full
* in. it will not matter, but, as we are not
going to work at a high pressure, No. 18
will be quite strong enough. If, when buying
the tube, one or both ends are not
cut off square, the supplier should be asked
to give you a sufficient margin over and
above the 12 in. to enable you to square tI e
ends.

The flanged end plates, since they will
be flat, may very well be a little thicker.
say -& in. full or No. 16 gauge. In cutting
these end plates circular allow at least

in. for flanging. Ti is flanging is done by
beating the metal over the edge of a
circular thick plate of steel. a circular
cast iron block or a piece of very hard wood.
Obviously iron is, best and the simplest
way to obtain what is necessary will be to
turn a wooden pattern and get a casting
made at an iron foundry. The 'pattern, can
be in any suitable wood; several pieces of
plywood to make up a thickness of about
it in. will be best of all possible materials.
To the back of this a small cube of wood
should be glued and nailed, say about 11 in.
square. This will result in the casting in a
boss by which the plate can be held in the
vice whilst flanging.

The Four Stays
The outside of each copper plate should

be marked out with compasses and a
second circle scribed for the lines of the four
stays which will pass through the boiler.
The inner circle on each plate is divided
on its circumference equally into four,
centre dotted and drilled it in. holes. The
two plates had better, perhaps, be clamped
together for drilling, both at one time. Cut
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Fig. 3,-An underneath view of the boiler

the two plates circular and then thoroughly
anneal by bringing them to a dull red heat
and plunging in water.

Now lay one of them truly and centrally
on the cast iron flanging block and mark
through on to the iron the four holes. Centre
dot and drill the iron with the same
drill. It is now possible, by using four
model bolts in. diameter, to clamp one of
the plates securely to the iron. Before
doing this, however, it will be necessary
to check up the diameter of the iron casting
so as to ensure that after the plate is flanged
it will exactly fit the interior of the boiler
barrel tube.

The best thing to do, to make quite
certain of this, will be to turn the wooden
pattern to a diameter of about Basi in. larger
than the inside diameter of the barrel and
this amount will allow both for
shrinkage of the casting and the
machining or filing of the edge.

Obviously the exact diameter
will be equal to that of the
inside of the barrel less twice
the thickness of the plate.

Flanging
Having got the casting right,

bolt up one of the plates and
commence flanging. Begin by
tapping down all round, a little
at a time, using a fairly light
flat mallet. Assuming that the
casting and plate are held in
the vice in a horizontal position
the blows should be delivered
with a dragging action down-
wards and rather towards the outer edges
of the plate.

As the flanging proceeds there will be a
tendency for the edges to buckle and the
metal to harden. Should it be found that it
is becoming stubborn the plate should be
removed and re -annealed, after which it
will be found more ductile and flanging
can probably then be completed.

When both ends are finished the flanges
should be cleaned bright with emery cloth
and tinned with solder. The inside of the
barrel should also be tinned for a distance
of iE in. inwards from the ends. The flanged
plate which is to be the front of the boiler
can now be drilled and have the collars of the

SPIRITTAM(
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fittings-the water gauge and pressure
gauge syphon-soldered in place, and at
this stage it may be as well to do the same
on the top of the barrel with the safety
valve and wheel valve collars. Then insert
the plate in the barrel and tack it in two
or three places with a large soldering iron.

Riveting the Plate
This plate has now to be riveted. Divide

up the circumference as shown in Fig. 2,
drill all the holes, clearance size, for -1ff in.
copper snap -head rivets. These are inserted
from the inside held up by a square bar
of iron clamped in the vice to form a "dolly,"
cut off with pliers, if necessary, to the
required length and closed over with the
ball end of a ball -pane hammer. Each rivet
head should he finished off neatly by a

24'

4

165 SM./CUTS. %%MICH

making joints in boilers such as this, and if
it were necessary to work our engine with
high pressure steam I would advise this
method ; but I consider that silver soldering
in a boiler of this diameter and thickness
of plate is a job somewhat beyond the young
beginner's abilities and perhaps beyond
his means. It will be obvious that far
greater heat is required, silver -solder is
expensive and a considerable amount of it
would be needed for the whole boiler.
Water Tube Assembly

When we come to the water tube
assembly, however, silver soldering could
very well he adopted but I do not think it
within the scope of this article to tell how
such soldering is done.

Many years ago I built a locomotive with
a Smithies type boiler, nearly as large as
the one we are now dealing with, and every
joint including those in the water tubes
were soft soldered. I never had the slightest
trouble with it. Being always careful never
to let water disappear out of the gauge
glass I never had a particle of solder melt.
If the reader leaves a good heavy fillet of
solder at every tube joint they will have
plenty of strength.

It will be best to drill, bend and joint the
whok of the tubes and down -comer pipes
as a separate unit and then insert it in the
boiler barrel before the end plates are put
in; this will give an opportunity of slightly
expanding the tubes and beading them over

Fig. 4.-Details of the gas burners

cup shaped "snap." This, the front, end of
the boiler can be completed by sweating
with solder, but it will be best to do this
with the large copper soldering iron in
combination with a blowpipe. The latter
should only be used to assist in raising the
temperature of the joint, letting the iron,
well supplied with solder follow behind the
blowpipe flame. If Baker's fluid is used as a
flux well clean the inside of the boiler
with soda water before the other end is
inserted. This other end will be dealt with
exactly as the first.

A great many writers advocate and most
skilled model makers adopt brazing or
silver -soldering as a means of securing and

Fig. 5.-Methylated
spirit burners
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inside of the shell and at the same time will
allow free passage for the holding -up iron,
or "dolly," when riveting. The soldering of
the water tubes can be done with the iron
alone if it is a large one and thoroughly hot.
The general arrangement and all bends of
the water tubes are shown in Figs. I and 3.

The four longitudinal stays are of in.
brass rod, screwed at the ends and fitted
with nuts. After insertion, and the nuts
screwed up, each stay end and its nut are
soldered over. The casing enclosing the
flames of the firing burners and supporting
the boiler is made from any suitable sheet
iron jointed where necessary at the corners
by bending a flange over and riveting.

The chimney can be of any height
which may be found convenient but
should be not much less than 12 ins.
It can be rolled from sheet metal
riveted and flanged at the bottom
or made from a length of brass or
copper tubing with a separate ring
of angle brass riveted at the base.

The adding of the water gauge,
pressure gauge, steam wheel -valve
and safety valve will complete the
boiler. These fittings are all of
Bassett-Lowke's make and the code
numbers shown on the drawings
against each item have been taken
from the catalogue of Bassett-Lowke
Ltd. The reader will therefore have

(Continued on page 191)
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LORD
GORT

says:-
" By means of BATTLE TRAINING
the young man who, on joining the
Army, is eager to learn his new
profession, can assimilate not only
the essential elements of soldier-
ing, presented in an attractive
form, but also something of the
traditions of the British soldier."

Published with the full
co-operation and sanction
of the War Office

BATTLE TRAINING
IN WORD AND PICTURE

NIS SERIES IS PUELMEN BY ODOM N

WITH THE APPROVAL Of THE INN

TO -DAY, when a commission in the Army is open CO every man who
proves that he has reasonable ability and the gift of leadership, a publi-

cation to supplement the official manuals is required-something instructive
and absorbing, too.

BATTLE TRAINING IN WORD AND PICTURE is intended in the main for
leaders of the smaller formations, from the Section or Platoon upwards, and
for those who hope to gain promotion to these commands. It deals
authoritatively and interestingly with the problems that confront such
leaders on peace and war manoeuvres.

Ono of the features of the publication is an account of the operations
carried out between two imaginary warring states-Anglia and Humbria.
Problems are set covering every situation, and solutions given.

WITH MAPS, DIAGRAMS, PHOTOGRAPHS, EXPLANA-
TORY PICTURES, AND A FOREWORD BY LORD GORT.

BATTLE TRAINING
IN WORD AND PICTURE

6d. of all Newsagents, Booksellers and Bookstalls. If you have any
difficulty, send 7d. to the Publisher, George Newnes, Ltd., Tower House,
Southampton Street, Strand, W.C.2, and it will be posted by return.

THE GRAND XMAS
AND BIRTHDAY

DOUBLE NUMBER
OF

"THE AERO MODELLER"
is now on Sale

Price If
Given away Free with above issue

FULL SIZE PLANS FOR BUILDING A
FLYING SCALE MODEL OF

THE SUPERMARINE "SPITFIRE"
ALSO A COPY OF THE AERO MODELLER

BUYER'S GUIDE ! !

GRAND DOUBLE

BIRTHDAY AND CHRISTMAS NUMBER

As well as the two free gifts mentioned
above, the December issue contains many
excellent articles, plans and sketches, in-
cluding full size plans and instructions for
building the Douglas Dive Bomber, a

flying scale model, an excellent article on
The Recent Trend of Fighter Designs,
fully illustrated with drawings, and a fine
article by Capt. C. E. Bowden on Petrol
Engined model flying boats and seaplanes.
Get a copy of this magnificent issue straight
away, if you find difficulty send us your
P.O. for If- and we will send your copy
by return, post free.

"THE AERO MODELLER,"
Allen House, Newarke Street, LEICESTER
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CRACKED
WONDAR

WELD Domestic is a

liquid metallic preparation for
the repair of cracks and the elimination of
water leakage in all types of domestic and
commercial hot water systems, boilers,
tanks, radiators, etc. It is not a temporary measure, but an efficient and
permanent cure. You just pour it in and the crack is sealed permanently in 60
minutes. Save time, labour, mess and expensive welding. Tried and tested by Railway

and Transport Companies throughout the country. Write for
HOLT'S free booklet.

WONI11111 WELD PriceMC0EmSpTiel!

Domestic Size

BOILERS, TANKS
and PIPES, etc.

PERMANENTLY REPAIRED
in 60 Minutes

WITHOUT DISMANTLING

Obtainable from any Halford Cycle Co. 230 Shops or direct
from Sole Distributors :

DOUGLAS HOLT (Est.1919) Ltd., 9, Little Turnstile,
Holborn, LONDON, W.C.1. Tel.: HOL. 4891 2 201 -

Just Published

NEWNES COMPREHENSIVE WAR ATLAS
 Contains eight pages of newest War maps, printed in full
colours. These include the Western Front, with the Maginot
and Siegfried systems clearly shown, and all other countries
involved in the conflict, together with countries whose frontiers
adjoin or are close to those of the belligerents.
 Full information is given of the strengths of the Armies,
Navies and Air Forces of the nations.
 Air distances are shown from all important towns and
countries in a radius extending from Baghdad to London.
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*
From all newsagents, bookstalls or booksellers, or by post
117 from the publishers, GEORGE NEWNES, LTD.
(Book Dept.), Tower House, Southampton Street, Strand,

London, W.C.2.

Keeps the Flag of
Humour Flying

6D
JANUARY

IN THE POPULAR POCKET-SIZE

Order from your Newsagent To -day

YOU'LL enjoy
the bright and

topical drawings
by such stalwarts
as Hynes, Edgar
Norfield and Tom
Webster, the
whole -page art
photographs, and
the snappy hu-
mour of LONDON
OPINION'S
*witty writers.
When you get
your copy guard
it carefully-to
prevent some
other member of
your family from
making it his
property!

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 me particulars from
the Advertisers in your, January issue whose
names I give on list attached.

Advertiser I Page No. I Information Required

Attach sheet of paper, wills particulars, and
your name and address (written in BLOCK
letters) with date, to this announcement.

BECOME a DRAUGHTSMAN
AND EARN BIG MONEY

Men over 21 are
urgently wanted for
reserved occupations
as draughtsmen in
Electrical,Mechan-
ical, Aeronautical,
Structural, and
other Branches of
Engineering. Prac-

tical experience is unnecessary for
those who are willing to learn-our
Guaranteed "Home Study"
courses will get you in. The
FREE 1939 Guide contains 120
pages of information of the greatest
importance to those seeking entry or
advancement in Engineering. It
gives full details of salaries, openings
and prospects in Draughtsman-
ship opportunities in all other
Branches of Engineerirrg and Muni-
cipal work together with parti-
culars of our special rapid courses
and employment service and remark-
able Guarantee of

SUCCESS-OR NO FEE
Il e now Or vote copy of this remark-
able publication It may well prove to be

the tilrntn5 Joist in your career.
NATIONAL INSTITUTE OF ENGINEERING

(Dept. 420) 148, HOLBORN LONDON, E.C.I.

(S Africa Branch : E.C.S.A., P.O. Box 8417,
o'burg)

Does both jobs
at once!

VARNENE
stains and
varnishes
in one
operation

You will be far more
proud of your woodwork
when it has that fine
high gloss finish which
Varnene gives.
Varnene never becomes
tacky while working.
Its stain sinks deeply
into the wood leaving the
varnish to provide a
hard gloss which will rot
readily chip. or scratch.

From Ha.ndicraLt Stores, Ironmongers,
men. Grocers, and General Dealers. In Dark
Oak, Walnut, Mahogany, Light Oak, Ehony
Black and Clear (Colourless) Varnish.

VAPNENEFTINEER
OIL VARNISH STAIN
Tins 6d., 1!- and 1'6

Chiswick Products Ltd., London, W.4. OH
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Designing Model Biplanes
A Fascinating Type of Model
which has been Neglected in
the Belief that it is "Difficult"

and Incapable of Duration

THE biplane is a fascinating type o
model, but it has been sadly neglected
on account of a widespread belief

that it is " difficult " and incapable of good
durations. Recent achievements, however,
have surprised many, and induced them to
consider personal investigation. The follow-
ing notes are offered to facilitate the process.

The subject will probably be viewed in
truer perspective if the raison d'otre of the

full-scale biplane is first explained. By
dividing the required lifting -surface into
two wings, and joining them with struts
and wires, the efficiency is reduced some-
what, chiefly owing to the increased drag
of the extra junction of wing and fuselage.
But lighter spars can be used than would
be needed to prevent a monoplane wing
from flexing. The reduced span and chord

Mr. Knight's
" Kabix Minor,"
3's oz multi -sided

fuselage biplane

allow the tail to be moved nearer the wings
without reducing its effectiveness, and so
the fuselage can be shortened and further
weight saved. Consequently, a greater load
can be carried, or the original load carried
on less power and fuel, The reduced overall
dimensions also improve the powers of
manoeuvre.
Rubber -Driven Models

These advantages do not apply to the
rubber -driven model. Bracing -wires would
soon come adrift in the rough-and-tumble
of pilotless flying, and without them any
appreciable thinning of the spars would
result in flimsiness. The fuselage cannot
be shortened without shortening the rubber -
skein and reducing the duration. As for

Mr. Knight's Kittiia:ck" 5 oz cabin
biplane

manoeuvrability, this is of no value to the
modeller.

Biplane lay -out, in fact, offers no advan-
tages to the modeller. On the contrary,
extra work and care are involved, while
the performance tends to be reduced
through the extra drag steepening the
glide. The sole inducements are the
attractive appearance, and-to those who
feel that way!-the satisfaction of tackling
something out of the commonplace.

But while a biplane model is handicapped
when flown in competition with mono-
planes, it ,has shown its ability to soar in
thermals, and a biplane holds the British
seaplane record of 6 minutes 54 seconds !

Lay -Out Variations
Numerous variations in lay -out are open

to the designer. For instance, the wings
can be equal in span, or unequal. (When
the area of one is more than twice that of
the other, the machine is termed a ses-
quiplane, and is not eligible for biplane
contests.) The upper wing can be mounted
directly over the lower, or ahead, or behind.
Certain features are helpful, and others
detrimental: The scale -modeller may have
no choice, but the free-lance designer can
select those features which benefit model
stability and performance.

By way of example, centre -section
struts, supporting the upper - wing above
the fuselage, are likely to come off badly

A petrol-engined biplane (9 cc. "Brown Junior") by Messrs. I. and W. Worden, of The Model Aircraft Clu5
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An unstaggered biplane

(literally !), and it is better to deepen the
fuselage sufficiently to fill the gap between
the planes, so that the upper plane can
rest upon it, and the lower against the
lower longerons. If the gap is less than
the root chord there may be interference
between the air -flow under one wing and
above the other.

Cantilever wings, independent of strut-
ting, are an excellent feature. But inter -
plane struts improve the appearance. In
the case of Mr. M. R. Knight's " Kabix
Minor " each strut plugs into a celluloid
tube in the lower plane, and touches the
upper plane without actual connection,
thus avoiding damage in heavy landings.
Another method is adopted in Kitti-
hawk," each strut consisting of a balsa -
faired paper tube, through which passes a
rubber -band linking small hooks on upper
and lower planes. A hooked wire is em-
ployed to thread the band through the
tube.

Ideally, the wing -area should be about
one -quarter more than for a monoplane, to
compensate for reduced efficiency, and the
span of at any rate one wing must be
sufficient to deal satisfactorily with torque.
When the wing -area is restricted by, rule,
as with Wakefield models, the biplane is
handicapped, for one is not making the
best use of the permissible area by dividing
it into two parts.

F.A.I. rules limit the tail -plane area to
33 per cent. of the wing -area. Despite the
greater wing -area of the biplane, the writer
hail never found it necessary to use a
larger tail -plane than for the equivalent
monoplane, probably owing to the greater
proportionate length of the model fuselage.

" Backward Stagger "
As to line-up,place the Centre of Gravity

midway between the assumed Centre of
Pressure of the two planes (33-40 per cent.
across the chord), and place the thrust -
line on the Centre of Resistance, the
pproximate position of which can be

ascertained by drawing a front eleva-
tion and connecting the wing extremi-
ties by diagonals, as depicted in the
accompanying diagram.

Other line-up items vary according
to the type of biplane. It is interesting
to note that Mr. F. Rogerson's model
with negative or backward stagger
(upper plane leading -edge behind lower
leading -edge), which won the Canadian
Wakefield Cup in 1935, had both
wings set at 2 degrees positive to the
thrust -line, and the tail -plane parallel
with and above the thrust. The

Backward or negative stagger

Forward or positive stagger

The centre of resistance of
ph2nes, fuselage and com-

plete model

upper plane has about 6 degrees of dihedral,
and the lower plane none. A slight increase
in lower plane incidence, and 2 degrees
or more of dihedral might prove advan-
tageous.

" Unstaggered " Line -Up
When no stagger is employed, mount

both wings at 3-31 degrees positive to the
thrust -line, and the tail -plane at about
1-11 degrees positive. Any stalling ten-
dency can then usually be eradicated by
increasing the lower plane incidence.
Difference in upper and lower plane inci-

dence is termed " decalage.' Use 6
degrees of 'dihedral on the upper plane.
and about 8 degrees on the lower.

" Slot " Line -Up !
When there is an appreciable amount

of forward or positive stagger (upper
leading -edge ahead of lower leading -
edge), the upper plane should have
the greater incidence, say 4 degrees
to the lower plane's 2 degrees. The
lower plane then helps to stabilise the
model, and the tail -plane area can be
reduced. The upper wing can be given
8 degrees of dihedral, and the lower
plane 6 degrees or even less.

Mr. S. R. Crow, who for long held
the biplane record with this type, con-
tends that it lends itself to a duration
equal to that of the monoplane, or
-wen better. His method is to rely
chiefly for lift on a large upper wing
of high -lift section, and to use ample
power. A tail of lifting -section is
mounted parallel with and slightly
below the thrust -line. The model is
trimmed to turn against the torque,
and to have so flat a glide that it tends
to stall on power. By the stagger
acting as a species of Handley -
Page slot (so Mr. Crow suggests) the
staffing tendency is converted into a
steep upward spiral which takes the
model to a great height, from whence
the flat glide adds materially to the
flight duration.

CENTRE OF RESISTANCE OF PLANES

CENTRE OF RESISTANCE OF
COMPLETE MODEL

(Midwati between other two centres, the
resistance of the undercarriage
ofFsetting that of tart)

CENTRE OF RESISTANCE
OF FUSELAGE

Skybirds in Wartime
A New Ship Series o Waterline. Scale Models
MANY readers will be interested to

know t4ot Skybird modelling is
more popular than ever, despite

the war ; in fact, the war has given added
interest to this most suitable and appro-
priate indoor hobby of solid Scale Model
Aeroplane construction. What could be
more interesting than to occupy both mind
and hands assembling and painting models
of Britain's air fighters-the " Spitfires,"
" Hurricanes," " Blenhehns," etc.

Skybirds are known to many thousands
of keen modellers, and the Skybird League
founded some seven years ago has played
a very important part in making the youth
of this country air -minded. Many hun-
dreds of the League members are now
serving their country with credit in the

R.A.F. Many letters and personal calls are
received at League headquarters from
enthusiastic members who have switched
from modelling to the real thing. League
headquarters report an influx of new mem-
bers and regret that owing to the need fa
economy, and the censorship of our informa-
tion relating to Service machines, the pub-
lication of the monthly Skybird Bulletin
has been temporarily suspended. For, the
information of modellers, we are pleased to
announce that all being well, the seventh
annual rally and model competition will
take place as usual on or about Easter next.
Now is the time to prepare those prize-
winning models (newcomers will have their
chance now that the past winners are on
active service). Particulars of the corn -

petition and the models eligible can be had
from Skybird League Headquarters, 3
Aldermanbury Avenue. London, E.C.2.
Waterline Models

Ship model enthusiasts will welcome the
new ship series of cast Water -Line Scale
node's advertised in this issue. These
models are marketed at very moderate
prices by the manufacturers of the famous
Skybird Aeroplane models, and can be
relied upon for correctness of detail.

There is a special set of 11 models com-
prising battleships, cruisers, aircraft carrier
and destroyers, scale 150 feet -1 inch,
price 4s. There is also a very comprehensive
range of practically every ship of the
British Navy-scale 100 feet -1 inch.

The prices range. from 3d. each in the
smaller type submarine, patrol boats, etc.
up to 3s. each for battleships and aircraft
carriers, and the Ark Royal is still with
this Fleet. Send stamps 11d, for price list
to A. J. Holladay & Co., Ltd., 3 Alder-
manbury Avenue, London, E.C.2.
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Mackin

PLY WOOD PANEL
EASED UNDER
CURTAINS

Fig. I.-A simple method of fitting
panels into the window frame

Out the Liwhit
BLACK -OUT PAPER
FOR FAN -LIGHTS
ONLY

RE PIECE
OF PLY TO SECURE
SCREW

WASHER
UNDER HEAD
OF FINE SCREW

PROXIMITY
TOWOOEDGED OF

THE hurried black -out measures
adopted by many when the war first
started, necessitating the free use of

drawing pins and sticky paper, must have
taken toll of the wood and paint work,
whilst unless suitable frames have been

' made for erecting black -out paper, both
ventilation and light have of necessity been
restricted during the daytime.

It can be said that the ideal black -out
scheme would be one which is easy to erect
at dusk and remove in the morning.

Various methods suggest themselves
with a little careful thought, and the follow-
ing notes may help those who find that their
schemes have either the above objections or
expense is of primary importance.
 The writer's method of fitting panels into

each window frame without marring the
woodwork with screws, etc., comprises
simply the location of rubber cabinet feet
fitted close to the edge of the plywood panels
so that there is provided a fair amount of
overlap, as shown in Fig. 1.

The Panels
Now, as each panel is cut accurately to the

size of the window frame, the overlap of
each rubber will bind against the frame-
work as the panel is worked into position.

Owing to the amount of side pressure on
these rubbers it will be necessary for washers
to be included under the heads of the fixing
screws, to prevent the rubbers tearing them-
selves free over the heads of the screws
after considerable use.

To facilitate erection and removal,
handles can be fitted to the panels.

Where possible, the panels should be
fitted so that they do not interfere with any
existing curtain fitments, and by treating
each window frame independently, it should
be possible in the majority of instances to
ease each panel under the casement curtains
(see Fig. 1).

For opening type windows, it is only
necessary to cut the plywood at the points
where the casement catches are located, but
although the wood should be cut sufficiently
to allow each panel to be eased into position

y _Handyman')
The Ideal Black -out Scheme is one which is Easy to
Erect at Dusk and as Simple to Remove in the Morning

/0

behind the catches, care will need
to be taken to see that not too
large a cut-out is made.

In such instances where this
cannot be prevented, a strip of
cardboard temporarily fitted over
the hole will suffice. A leather,
felt, or cardboard flap permanently
fixed to the panel at these points
would, however, be the best plan.

Fan -Light Windows
Fan -light windows should be

treated separately, using either
wood panels as in the above in-
stances, or simply black -out paper
fitted in the manner illustrated
in Fig. 1.

SEFUL GROOVE
CAUSED IN SLID-
ING PANEL INTO
POSITION

METHOD TO ADOPT WHEN
RECESSING IS NOT CON-
VENIENT

Fig. 2.-Grooves cut into rubbers as
shown make an ideal method for holding

the panels in place

LOLL CAPER OR
OTHER FORM OF

DECORATION

.11q,

ALTERNATIVE
METHOD USING
BINDING STRIPS

Fig. 3.-Another method of
holding the panels in position. To
prevent them from looking unsightly the panels
can be covered with wallpaper to match the

walls of the room

So far one has seen how the frames can be
fitted without using hooks or screws in the
woodwork, but in instances where say, in the
case of the hall door, or where a number of
small panels would prove troublesome,
exception to this need not prove unsightly
and little damage need result to the paint -
work where occasional screws are used.

In this case, the rubbers are fixed with
long thin screws and washers directly to the
wood, and positioned so that the panel may
be either slid or pressed into position ; this
is shown in Fig. 2.

An alternative way to erect panels easily
and quickly, is to make up a number of
plywood strips at the ends of which, and so
that they overlap, rubbers are fixed, thus
each strip, cut a trifle larger than the frame -

Fig. 4.-A novel
front door lock
illuminating scheme

ALuY

work into which it is to be fitted, will now
be held in position by the bowed strip
binding in the frame as illustrated in Fig. 3.
Now with regard to incidental light pre-
cautions and fitments. Fig. 4 illustrates a
rather novel front door lock illuminating
scheme. In this arrangement, it will be seen
that a " pea " bulb is neatly concealed and
protected under half a small tin lid fitted
just above the lock.

Novel Switching Arrangement
The construction needs little enlargement

here, and the rather interesting method of
switching by the letter box flap will be
easily followed on referring to the wiring
diagram given in Fig. 5.

A separate switch behind the door makes
it possible for the circuit to be put out of
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commission during the day, to preserve, as
far as possible, the life of the pocket lamp
battery. The tin cover could be painted to
match the door.

The pea bulb is soldered permanently to

RIES CONNECTION

HALL
LIGHT

/11\.\

E_ -

Fig. 6.-Details
of the switching

arrangement

CONTACTS SHORTED'
WHEN FLAP IS RAISED

NTACTS OF STRIP BRASS)

Fig. 5.-Wiring diagram
for the keyhole light

the inside of the tin by a thin brass strip
which could be obtained from one contact
of an old torch battery. The fine wires pass
through a small neat hole drilled in the
door.

Another wise plan is to fix a switch over
the front door on the inside, so that when

ErTERY(4.54

the door is opened, the hall light is imme-
diately extinguished before open to any

extent.
A snap -action switch

FINE HOLE should be used and good
DRILLED IN
FRONT ODOR quality flex neatly cleated

along the door frame.
The illustration Fig. 6

shows the essential details of
a suitable switching arrange.
ment and it will be noticed
that here again good use is

made of one of the cabinet rubbers.
A toggle switch, chosen from the Bulgin

range, is mounted on a strong bracket so
that the dolly is semi -recessed in the rubber,
which_ is fixed to the springy bracket by a
6BA nut, bolt, and washers.

The whole fitment should be suitably
located as near to the corner-on the opening
side-of the door as is possible, so that
before the door is clear of the jamb, the
switch is operated. Both the resilience of
the rubber mounting strip, and the binding
of the rubber, ensures a minimum of wear
with a surprisingly light action free of any
fouling.

Fig. 1.-A camera
fitted with the pistol

grip and trigger

WHEN a small folding camera is
used for taking quick snaps,
difficulty is often experienced in

handling the trigger release effectively.
This is, in pocket cameras, invariably an
integral part of the lens mounting, and the
conditions are very similar to those which
would pertain if the trigger of a revolver or
a rifle were fixed on the side of the foresight.
The camera trigger in its usual position is
reasonably satisfactory when the back of
the camera is held hard against the body
fairly low down, but used against the cheek
or the forehead it becomes awkward and
nearly impossible to operate without moving
the body of the camera. For this reason
alone, the grip and trigger described here
has proved exceptionally satisfactory. The
grip enables a firm hold to be made on the
camera, which is not possible in the ordinary
way, owing to the irregular shape of the
camera body, whilst the trigger is situated
in the right place, contortions of the wrist
and fingers are absent, and, used with the
curling forefinger, no unsteadiness results.

General. Arrangement
Fig. 1, shows the general arrangement.

The grip or butt " A," is fashioned from a
solid piece of hard wood, sandpapered and

Adaptin4 a Small Camera
A Pistol Grip and Trigger for Small Cameras

enamelled black. Corrugations may be
scored in the wood for a good gripping sur-
face, but it will be found that this is hardly
necessary.

The actual dimensions are not given,
because these will vary with different
makes of camera and also the size of one's
hand, but a piece of wood 5 -in. long and
1 in. x 2f in., will be a reasonable basis for

G a large hand. The wood is shaped to fit the
film chamber tightly as some support is
obtained thereby, and the top should be just
clear of the underside of the platform. The
shaped brass bracket " B " shown in detail
in Fig. 2, which is secured by the two screws
to the butt, holds the device to the camera
by a stud. The bracket should be made
from i-in. or On. brass sheet and is made
to fit flush in the wood of the butt, both on
top and down the sides. If the tubular
nuts cannot be obtained or made, ordinary
screws with thin nuts used on the left-hand
side of the butt or wood screws are just as
effective. In the last case, the holes in the
bracket should be staggered to avoid the
points of the screws meeting.

The Trigger
The stud " C " Fig. 1, and in detail in

Fig. 3, fits into the tripod socket, usually
tapped 1-whitworth, but may be a metric
size, and carries a round milled nut " D "
and also forms the fulcrum for the trigger.
The trigger" E," details in Fig. 4, is made in
two pieces, the extension " F " being soldered
into the slot across the top of the trigger,

Fig. 4.-How the trigger
is made

which also fits the tongue on the stud. The
trigger can be cut from a piece of brass
On. wide, I -in. thick and approximately
Win. long, and the extension piece of
A -in. brass. The length of the extension
piece will vary with different cameras. The
length and the necessary curvature can be
obtained in this way.

Adjusting the Triggers
Pull out the camera to its middle distance

according to the meter scale on the platform,
and drill a hole through the platform directly
below the trigger release lever. The length
of the arm can then be measured from this
hole. The connection between the two
triggers is made with a short length of fine
chain. This chain is hooked on to the
release lever and passed down through the
hole drilled in the platform and then hooked
on the trigger extension. The strength of
the spring in the shutter has been found in
the four cameras which have been so fitted,
to be sufficient to return the trigger to its
forward position, but if a very light loaded
shutter is used, a short piece of watch spring
screwed to the butt behind the trigger will
be all that is required.

The grip can be easily taken off the camera
for Parrying purposes, by releasing the chain,
the lock -nut and unscrewing the stud

Fig. 3. -Right .
details of the stud

=. 11 1111#

L.

Fig. 2.-The shaped brass bracket
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Chemistry for Beginners
No. 10.-Nitrogen and some of its simple Compounds. Easily -performed

Experiments which can be carried out in any Home Workshop

NITROGEN is usually termed an
" inert " element, for the reason
that when in the uncombined state,

nitrogen gas enters only with difficulty into
the majority of chemical reactions..

Yet, if we choose to regard the element
nitrogen in another light, we are at once
struck by the fact that nitrogen is anything
but an inert element. There are literally
thousands of compounds in the constitution
of which nitrogen plays an exceedingly
important role. Nitrogen, for instance,
imparts to many dyestuffs their colouring
properties. It gives to a multitude of com-
pounds their characteristic odours-good
and bad-whilst, again, it confers upon
another host of compounds which we call
" drugs " the peculiar physiological effects
which render them so valuable to us. And
lastly, nitrogen is an indispensable con-
stituent of all explosives. There is no
useful explosive which does not contain
nitrogen. Indeed, we may regard the
sudden detonation of an explosive com-
pound as a practically instantaneous
liberation of nitrogen atoms, with the
consequent release of enormous quantities
of energy.

Explosive Compounds
In explosive compounds, the constituent

nitrogen atoms show a great antipathy to
existing harmoniously side by side. They
are like quarrelsome people who are always
trying to separate and who fly off at a
tangent on the least possible pretext. And
when they do so, they invariably manage to
disrupt completely the " house ' or chemical
molecule in which they have been existing.
This sudden disruption we call an explosion
and, unfortunately, we are all only too well
aware at the present day of the highly
disintegrating and shattering effects of this
molecular commotion.

In this article, we cannot, of course, deal
with nitrogen in its explosive or other com-
plex compounds. We must confine ourselves
to experiments on pure nitrogen, which is,
of course, a colourless, invisible and in-
odourous gas, and, also, to the preparation
of some of the simpler, yet none the less
interesting nitrogen compounds.

Nitrogen is a very abundant gas. It con-
stitutes four -fifths of the total volume of
the earth's atmosphere. Thus, in a roomful
of air, practically four -fifths consists of pure.
nitrogen, whose main function is to act as a
dilutant of the oxygen.

Nitrogen is so called because it is a con-
stituent of " nitre " or potassium nitrate
(saltpetre), the word itself meaning " nitre -
producer." The French call nitrogen azote,
meaning " without life," because the gas is
incapable of supporting respiration or com-
bustion, and the Germans term it Stickstoff,
or " suffocating stuff."
Preparing Nitrogen

It is not difficult to prepare a quantity of
nitrogen in the laboratory. All we require
is a shallow basin of water and an inverted
bell jar or even a glass jam jar, the latter
being inverted under the water as shown in
the illustration. Within the inverted jar is
placed a small amount of red phosphorous
which is contained in some receptacle
which raises it omit of contact with the
water. The jar is raised, a light is applied

to the phosphorous and the jar is then
quickly replaced over it. The phosphorous
burns with a yellow flame, emitting white

In this test tube are nitric acid and scrap copper.
Nitric oxide gas -is liberated, and this, issuing
from the end of the glass tube, combines with
oxygen of the air, giving rise to reddish fumes of

nitrogen peroxide

clouds of phosphorous oxides. After a little
time, the flame of the phosphorous will go
out, indicating that the oxygen within the
inverted jar has all been used up. At this -
stage, the remaining gas within the jar
consists of nitrogen.

Nitrogen prepared in this manner from
atmospheric air is never quite pure. For
one thing, the burning phosphorous in-
variably becomes extinguished before the
last traces of oxygen have been used up,
whilst, again, the nitrogen " within the
jar will contain a trace of carbon dioxide
and about one per cent. of argon and the
other inert gases of the atmosphere."
Still, however, for many purposes, nitrogen
prepared in the above manner is pure
enough.

Absolutely pure nitrogen, the so-called
chemical nitrogen," is best prepared by

heating in a flask fitted with a delivery tube
dipping under water (see illustration) a con-
centrated solution of ammonium nitrate,
or, better still, a mixture of equal volumes df
concentrated solutions of ammonium chlo-
ride (sal ammoniac) and sodium (or
potassium) nitrite.

NH.4NO2->- 2H20 +N5
Ammonium nitrite Water Nitrogen .

Nitrogen, as we have already read, is a
colourless, odourless gas, which is a non -
supporter of life and combustion. Perhaps,
however, the latter statement should be
qualified, for nitrogen gas will admit of a
certain type of combustion in that when
some metals (notably magnesium, titanium,
calcium and lithium) are heated in nitrogen

Practical Experiments for the
Home Worker

Making pure nitrogen by heating a strong
solution of ammonium nitrite. The gas is collected

over Water

gas, they burn in the gas, forming, not
oxides," but nitrides. Thus, when

magnesium is heated in nitrogen gas it
forms magnesium nitride, Mg,,N2, a white,
solid not unlike magnesium oxide.
Lighter Than Air

Nitrogen is somewhat lighter than air, its
specific gravity being 0.973 (air = 1).
Hence, when a jar of nitrogen is turned
upwards, the nitrogen slowly rises out of the
vessel.

Under the influence of the electric spark
and the electric flame arc, nitrogen will not
only combine directly with oxygen, forming
the various oxides of nitrogen (which can be
converted into nitric acid), but it can also be
made to combine with hydrogen, forming
ammonia.

These reactions, which, unfortunately,
cannot be imitated on the small scale in the
laboratory, are exceedingly important ones,
since they underlie the modern industrial
processes of " fixation of atmospheric
nitrogen " whereby the nitrogen of the air is
utilised for the production of nitric acid
and ammonia, these latter compounds form-
ing the basis of explosive, fertiliser and other
essential chemical manufacture.

By heating calcium carbide in nitrogen
gas we obtain a compound called calcium
cyanamide. CaCN,, which, under the name of
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" nitrolim," is used as a fertiliser. Thus :-
CaC2 + N5 =

Calcium Carbide Nitrogen
CaCN2

Calcium cyanamide Carbon
In order to make this calcium cyanamide,

the calcium carbide must be heated to white
heat.

Calcium cyanamide, CaCN2, besides acting
as a fertiliser, can also be used for generating
ammonia. This is effected by passing a
current of super -heated steam over the
calcium cyanamide, whereby calcium car-
bonate (chalk) is formed:and ammonia gas
produced :-

CaCN2 31-120 =
Calcium cyanamide Water

CaCO3 2NH3
Calcium carbonate Ammonia

Ammonia
Ammonia, of course, is one of the

simplest yet one of the most important.
compounds of nitrogen. Many of us are apt
to think that the " liquor ammonia " which
we buy at the pharmacist's is pure ammonia.
Actually, however, this is not the case, for
ammonia itself is a gas which is extremely
soluble in water. It is, therefore, the water
solution of ammonia gas which is usually
known as " liquor ammonia " or just
" ammonia."

Water will dissolve (at 0° C.) more than
eleven hundred times its volume of ammonia
gas, and when the resulting solution is
heated, the ammonia gas is given off. Thus
a very simple way of making a quantity of
ammonia gas consists in warming some of
the " liquor ammonia " or " liquid
ammonia ' of the pharmacist. This
solution, when at its strongest, has a
specific gravity of 0.882 (at 15° C.) and con-
tains 35 per cent. by weight of ammonia
gas.

Ammonia gas is commonly prepared in
the laboratory by heating any of the
ammonium salts, as, for instance, ammon-
ium chloride (sal ammoniac) or ammonium
sulphate, with slaked lime or with caustic
potash or caustic soda. Ammonia gas is
abundantly disengaged, and, if required, it
may be dried by passing it over quicklime,
but NOT over calcium chloride (which is
the more usual gas -drying agent in the
laboratory) since the gas forms a compound
with calcium chloride.

Owing to its extreme solubility in water.
ammonia gas cannot be collected over
water. If, however, a solution of ammonia
is required, the ammonia gas should be led
into the water by means of a funnel, as
shown in the illustration. If this precaution
is not taken and the gas is passed into the
water by means of an ordinary glass tube,
the absorption cf the ammonia by the
water will probably be so violent that the
water will ascend the glass tube and be
sucked into the flask. Using, however, the
simple apparatus shown in the photograph,
considerable quantities of ammonia solution
may readily be made in the home laboratory.

Ammonia Gas
The suffocating, pungent -smelling proper.

ties of ammonia are well known. Both
ammonia gas and its solution in water are
highly alkaline. Mixed with acids, the
solution forms salts. Thus, when ammonia
solution and dilute hydrochloric acid are
mixed, ammonium chloride is formed (in
solution).

Many metals, such as magnesium and
calcium, when heated in dry ammonia gas,
give rise to nitrides, just as they do when
heated in pure nitrogen gas.

Under ordinary conditions, ammonia gas
is incombustible. If however, the air be

heated or the quantity of oxygen increased.
ammonia gas can be made to burn with a
characteristic yellow -brown colour. This
flame is best seen by bubbling a stream of
oxygen through a quantity of ammonia
solution which is being warmed in a flask.
The gas issuing from the delivery tube of the
flask will burn with the yellow -brown
colour characteristic of combusting am-
monia. If, again, a stream of ammonia gas

A glass jar inverted over a quantity of red
phosphorus supported over a basin of water.
When the phosphorus is ignited, it abstracts the
)xugen from the enclosed air in the jar, leaving

nitrogen

is directed into the air -hole of an ordinary
bunsen burner through which coal gas is
flowing, the flame of the burning coal gas
will be coloured brown -yellow and will
expand considerably.

When dry ammonia gas is passed over
sodium heated in a tube, a compound
known as sodamide, NaNH2, is formed.

As we have already seen, nitrogen and
oxygen can be caused to combine together

Preparing a solution of ammonia gas. A strong
solution of sal ammoniac mixed with lime or
caustic soda is heated in the flask, and the am-
monia gas is abosrbed into water by passing it
through the inverted funnel. This funnel is a
necessary protection against the possibility of the
water rushing back up the delivery tube into the

heated flask and so breaking it

directly by means of the electric spark,
Usually, however, the oxides of nitrogen.
of which there are at least five, are prepared
by roundabout methods.
" Laughing Gas "

The first of the oxides of nitrogen is
nitrous oxide, N20, popularly known as
" laughing gas," because, in a few cases,
this gas, when breathed, has been known to
cause great excitement on the part of the
inhaler of the gas. This is the anaesthetic
gas which is so much used at the present
day by dentists for causing momentary
unconsciousness. It has a sweet, rather
sickly smell and it is best made on the small
scale by heating dry ammonium nitrate.
Since the ammonium nitrate, even when
gently warmed, often gives rise to much
crackling and slight semi -explosions, it is
best not to heat this salt in a glass flask.
but to employ instead for the heating an
enclosed metal vessel. The nitrous oxide
evolved can be collected over hot water, but
not over cold water, for it is substantially
soluble in the latter liquid. In its properties,
it behaves very much like oxygen, many'
strongly burning objects, when thrust into
a jar of the gas, still continuing to burn
with great brilliancy.

Another interesting oxide of nitrogen is
nitric oxide, NO, which is best made by
acting upon copper with nitric acid.

Nitric oxide is a pungent -smelling colour-
less gas. When brought into contact with
air, however, it combines with the oxygen
of the latter, giving nitrogen peroxide,
NO2, which is a reddish gas.

Thus, in the experiment illustrated in the
photograph on the previous page, a quantity
of copper turnings contained in a test tube is
acted upon by nitric acid. The test tube is
provided with a cork through which passes
a short length of glass tubing. Nitric oxide
is generated within the test tube, and this
gas remains invisible. On issuing from the
end of the glass tube, however, it immedi-
ately combines with the oxygen of the air,
giving rise to brown or reddish -brown
fumes of nitrogen peroxide :-

2NO + 02 = 2NO2
Nitrid oxide Oxygen Nitrogen peroxide

In a similar manner, nitric oxide com-
bines directly with chlorine to form nitrosyl
chloride. NOC1 :-

2N0 + 012 2N OC1
Nitric oxide Chlorine Nitrosyl chlorid

An Orange -Yellow Liquid
Nitrosyl chloride is an orange -coloured,

pungent -smelling gas which, when passed
through a U-tube immersed in a mixture of
ice and salt or a similar freezing mixture.
condenses to an orange -yellow liquid which
boils at a temperature of about -8° C. If
nitrosyl chloride is passed into water, it is
decomposed into nitrous acid and hydro-
chloric acid.

Nitrosyl chloride may also be prepared
by gently heating a mixture of 1 part con-
centrated nitric acid and 3 parts concen-
trated hydrochloric acid. In this instance,
chlorine is produced in addition to the
nitrosyl chloride, but when the mixed gases
are passed through a tube immersed in a
freezing mixture, the nitrosyl chloride con-
denses readily, while the chlorine passes on.

By acting upon silver fluoride with
nitrosyl chloride, a rare gas. nitrosyl
fluoride, NOF, is produced. The properties,
however, of nitrosyl fluoride have been little
studied.

Nitrogen peroxide, NO2, may be used to
prepare an interesting compound known as
copper nitroxyl. In order to make this com-
pound, all we need do is to pass a slow

(Continued on page 179)
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ur
Steed for the Stage

TlE zoological record of the pantomime
includes more than one cleverly imper-

sonated animal. Examples of this fact are
Dick Whittington's cat, the mascot of a
Lord Mayor of London, and the ass of Ali
Baba, the panniers of which became jewel
cases. The artificial horse has frequently
cavorted on the boards.

This fictitious steed usually necessitates
the employment of two men. According to
an invention which has just been patented
in the United States, the amount of labour
required in connection with a property
quadruped will be reduced 50 per cent.
The beast in question consists of a skeleton
body, which is carried on the back of the
actor, who adopts a stooping posture. A
flexible covering represents the hide of the
animal. The front legs are artificial but the
performer uses his natural walking appara-
tus as the hind legs. Consequently, his part
may have a kick in it.

Birds and Black
THE Minister of Agriculture urges us to

cultivate every square yard of soil
available. But, though we dig Mother
Earth in the ribs with a spade and tickle
her with a hoe, she will not laugh in a
harvest unless we defend the seed sown
from those tiny air-raiders-the birds.

An application has been made to patent
in this country a method of rendering seeds
unattractive to feathered thieves. For this
purpose crude tar has been used in the past;
but it is affirmed that this expedient is
liable to injure the seeds or to cause delay
in their germination. The new invention is
based upon the belief that the winged
marauders are not enamoured of seeds
treated with carbon blacks. The process
therefore comprises the treatment of seeds
with substances such as lamp black, gas
black or acetylene black, or a liquid com-
position containing a proportion of carbon
black. It is stated that this method has
not been found to harm or hinder the seeds
in any way.

Deep black seems to be the pet aversion
of the birds. How they must detest the
black -out!

Buried Treasure
I N these days of bombs and bandits an

effective depository will make for the
security of money and valuables and there-
fore for one's peace of mind. There is a
parable of an unfaithful steward who buried
his talent. It is possible now to follow his
example but with a legitimate motive. I
am informed that, at low cost, one may
install vertically in the ground a home safe
which is operated only by compressed air
and which has a set of three keys. Presum-
ably such a safe could be constructed in a
manner that would defy incendiary bombs
and present a powerful obstacle even to the
expert cracksman.

Mechanical Sherlock Holmes
THE X-ray apparatus is eminently

useful in detecting the position of
foreign substances. But it is costly and
somewhat cumbersome. A British patent

- has been applied for to protect a device
which will not only find, but will also
remove, metal particles from human bodies
and those of animals. The invention
includes a source of comparatively weak

usy Inventors
y Dynamo"

electric current, an indicator and a scissors -
like arrangement.

A cynic may suggest that, in the days
when gold was in circulation, in the case of
a man swallowing a sovereign, such an
appliance would have been unnecessary.
The Chancellor of the Exchequer would
have got it out of him !

Anti,Butting Halter
THE mad bull which runs amuck may

now at least suffer some inconvenience.
There has been contrived an anti -butting
device for farm animals. The invention
comprises an appliance of halter -like form,
one loop of which encircles the head of the
animal, while another loop surrounds its
neck. The halter contains an electric
battery, so that, when the animal butts, it
receives a shock. Though this is not enough
to electrocute the Creature, it is sufficient
to cause the beast an unpleasant sensation,
if it be too pushing with its horns. The
device can be applied to a cow or a goat
as well as to a bull. A mild electric shock
would train the animal to check its impulse
to place folk on the horns of a dilemma.
It would doubtless be effective in modifying
a bull -fight.

Motor Boots
A YUGO-SLAVIAN doctor has thought

out a contrivance for helping people
who literally wish to go the pace. He has
devised an accelerating apparatus for the

The information 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. '

feet, which is described as " the motorisa-
tion of walking by means of motor -driven
roller -boots."

The idea of the invention consists in
connecting the drive shaft of a small motor
-carried in a satchel on the back-to two
flexible shafts connected to the rear axles of
the roller -boots. Thereby the power of the
motor is transmitted to them and the boots
are thus set in motion. Started with the
left hand by means of a control wire, after
a few gliding steps, the motor attains full
speed.

Mercury's Rival
THE motor boots, also by means of the

control wire, can be brought to a
standstill. In an emergency a halt may be
caused in the same manner as when one is
skating on ice. The motorised pedestrian,
in a moment, can become an ordinary
walker and vice versa. It should be men-
tioned that between the motor and the
back of the pedestrian there is an asbestos
-plate to keep the heat of the motor from the
body. All the wheels are fitted with pneu-
matic rubber tyres.

Should one become fatigued after walking
a long time with the roller boots, if desired
they can be combined with a seat mounted
on a wheel having a movable steering controL
This rest wheel, when not in use, is carried
folded up hanging on the outside of the
satchel.

Verily, these motor boots will qualify

their possessor to rival lercury. the
messenger of the gods, whose feet were
equipped with wings.

Shirt with Zip Fasteners
THE evolution of male underwear during

the present century has not been
characterised by much variation. The
average shirt is still planned to be put on in
a manner calculated to ruffle the hair,
although the American design, which is
donned like a coat, is not unknown on this
side of the Herring Pond.

I note that the British Patent Office has
received an application to protect a shirt
of a new pattern. The usual frontal opening
is superseded by an aperture in each
shoulder. This is opened and closed by
means of a Zipp fastener. If wished, buttons
can be permanently sewn down the front
of the shirt, in order to imitate the custom-
ary opening. It will be appreciated that,
with a shirt of this description, the studs
can be inserted prior to dressing. This will
avoid the risk of dirtying or crumpling the
immaculate garment. Incidentally, it will
prevent the wearer from becoming what is
vulgarly termed " shirty."

To Stop "Laddering"
THE ladder is considered by the super-

stitious as a source of ill luck. Misfortune
and the ladder are certainly associated in
the case of silk stockings. As far as their
hose are concerned, the ladies may indeed
have a run of bad luck.

Yet another process for checking runs in
knitted wear has made its debut. It relates
to goods composed wholly or in part of
what are known as thermoplastic yarns.
According to the complicrted verbiage of
the abridged American specification, it
includes the step of applying heat at areas
to form overlapping staggered spaced
characters, through the medium of which
contiguous filaments of the knitted wear
are put in partial solution and coalesced
thereby, forming a discontinuous band of
untreated and treated areas at spaced
points in the knitted wear.

If, without concentrated attention, we
cannot unravel the procedure of this
process, we trust that, as a result of its
application, ladders in stockings will not,
like Charley's Aunt, be still running.

Auxiliary Church Seats
ACOLLAPSIBLE pew seat has been
patented in the United States. This

provides auxiliary seats in church when the
congregation overflows the normal sittings.
Adjustable seats at the ends of pews in the
aisles are familiar but the new device, in the
case of each seat, furnishes kneeling
accommodation for the worshipper sitting
immediately behind.

It is hoped that this supplement to the
pew will not collapse at the wrong moment.
In the Middle Ages certain monks occupied
seats which they propped up with their
legs. Consequently, if, through weakness of
the flesh, they slumbered during the sermon,
they, soon found themselves on the floor of
the Sacred edifice.

Ideal Raincoat
FOR a new process recently developed it

is claimed that it enables textile fabrics
of all kinds easily to be made waterproof
and stainless. The fabrics are rolled through
vats containing a synthetic solution, derived
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from coke, limestone and salt. The coating
may be crystal clear, white, translucent or
any colour, and the fabrics can be printed
over the coating. It is further asserted
that the fabrics remain odourless, washable
And pliable in all sorts of weather. Strength
to the material is added by the coating
but very little bulk. Lately, I am told,
there appeared a man's raincoat made of
this fabric, which weighed less than six
ounces. It is affirmed that this coat can be
folded and enclosed in an envelope small
enough to be carried in a pocket. Such a
paragon of a raincoat should qualify one
cheerily to face that mildest form of
adversity-the passing shower.

Dogs in War Time
NOW that the hounds of war have been

unleashed, it has been a problem to
know what to do with our canine friends.

In an air raid the dog might prove to be
an encumbrance. Barred from a public
air raid shelter his position and that of his
owner would not be enviable.

To ensure the safety of her Pekinese
dogs and puppies, one lady, residing in a
suburb of London, has had built an enorm-
ous wire spring erection like a mattress to
cover the abode of her pets. She has
sufficient faith in this construction to
believe that at least incendiary bombs
would bounce therefrom. And there is
something to be said for stout chain netting
as a protection against shrapnel. Like
sand, it does not present rigid resistance
which may cause an impact to be
disastrous.

By the way, a dog -breeder within my
ken sent eight dogs from the alleged
London danger zone to somewhere in
Scotland, in order that they might be safe
from aerial warfare. The suburb of London

in which they lived has, up to the moment
of writing, been completely immune,
whereas a number of air raids with bombs
falling not far away have occurred in the
neighbourhood to which the canine evac-
uees were dispatched. Such is the irony
of fate !

WORKSHOP CALCULATIONS
TABLES AND FORMULA

2nd Edition
by F. J. CAMM

A handbook (baling 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

A Novel Camera Sight
Fitting a Head and Cross Wire Sight to a Hand Camera

THE standard- view finder fitted to
most hand cameras is a practically
useless fitment for the speed Worker.

It is only good enough if there is time to
study the picture carefully and then only
gives an apprOximate idea of the position
of the image which will later appear on the
film. It is rarely accurate, because being
so small, only giving a picture about 1/50
of the size of the actual image, exact
adjustment is nearly impossible. Further,
no adjustment is made to balance any
alteration in the focal adjustment of the
lens, and -although- the register may be
good at 50 feet the error at five feet may be
large. Further, the picture being so small,

so _a well finished device was then made.
The sight does not indicate the size of the
picture, but ensures that the object is in
the centre of the screen. Very little addi-
tions have to be made to the camera and
the sight is easily assembled or dismantled
from the camera for transport.
The Sight Bar

Fig. 1 shows the general arrangement.
Two fixings are required, one at the back of
the camera and the other at the front. The
front fitting is a sliding one to allow for
focusing adjustment of the camera. The
length of the sight bar is governed by the

small objects at a distance become too tiny
to observe. Thus an aeroplane at 200 feet
cannot be observed with any certainty in
the view finder. Then the oblong pieces of
wire fitted to cameras and called direct
vision finders, although an undoubted
improvement, are again not too accurate,
they only giving the area of the picture and
its approximate position.

Moving Objects
In order to get shots of birds on the

wing, or an aeroplane diving, or in fact any
fast moving object, another system of
focusing the camera on the object and
keeping it there, rock steady and central
on the film is necessary. The bead and
cross wire sight, used on aircraft guns, was
tried out, at first by twisting pieces of wire
on the camera, and in taking some shots of
moving objects. These proved promising

Fig. 1.-The general arrangement of the sigh ing
device

angle of the lens, but should be as long as
possible withimt coming into the field of the
lens. The bar is made from 3/16 in. x
3/16 in. brass bar, and is secured to the back
bracket with a terminal nut, run on a piece
of 6BA studding tapped into the end of the
bar. The back bracket, shown in detail in
Fig. 2 is made of 1/16 mild steel and is
secured to the body of the camera with a
terminal nut, on a short screw tapped into
the body of the camera with the head of the
screw inside. The bracket is slotted from the
top and is graduated on the front face to
register with a scratch line on the side of
the sight bar.

The Front Bracket
The front bracket, the design of which

will have to vary considerably with each

DEAD

SPRING PIVOT WASHER

Fig. 3.-Details of the back sight

camera, is fitted either with screws tapped
into the carriage front or gripped behind
the shutter casing. The top of the bracket
carries a square sleeve, made to be an
accurate sliding fit on the sight bar and is
soldered to it. The back sight is shown in
detail in Fig. 3. The sight bar is slotted so
that the back sight can be folded down out
of the way when not required. The back
sight can be of thin mild steel sheet pivoted
and shaped as shown, the spring under-
neath the bar, held by the screw tapped
into the bar, holding it either up or down
securely, by pressure on the flats. The bead
can he a small ball of brass or a tiny black
glass bead, fitted on a spike filled at the tip
of the vane. - The front sight consists of a
brass ring or a piece of tube soldered to the
foot which is arranged with two flats to
press against the spring as in the case of the
back sight. The actual cross wires can be
made in several ways. They can be of 47 or
48 SWG 'enamelled wire soldered across the
diameter of the ring, or very fine scratches
made across a piece of clear celluloid and
filled with Indian ink, or spider's web thread
laid down on a disc of glass.

Adjusting the Sight
Having. made all the pieces, fit them to

the camera and adjust the sight in the
following way. Remove the back of the
camera and place a piece of grained glass
on which are drawn fine pencil lines from
corner to corner, into the back. Set up the
camera on a steady base and place a candle
or a pocket lamp at a measured distance
from the camera. Move the camera until
the image is at the intersection of the lines
on the grained glass. Then adjust the sight
without moving the camera to get the bead
at the intersection of the cross wires in the
front sight and dead in line with the object.
Mark off the sight adjustment on the back
bracket, and proceed to the next distance.
If you require practice try shooting at a
tennis ball thrown into the air.

WASHER SP NC PIVOT

Figs. 2 and 4 (above).-The back bracket. (Right) The front sight
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SHIPS as well as Railways are
featured among BASSETT-LOWKE MODELS

For the indoor Ship Model
enthusiast we recommend this
attractive 50 ft. to the inch set of
parts for building the famous
Cunarder BRITANNIA, price
12/6. Complete with tools and
instructions.
Other sets of parts available for
building are the modern ocean
giants Normandie and Queen
Mary and the historic vessels
Great Britain and Great
Eastern,

Clockwork and electric boats there are in plenty, but inexpensive
and reliable steam boats are few and far between, and this new
model admirably fills the space between Toy Boat and the Working
Scale Model.

The " Dragon " series boats are 29 inches long with hand
carved hull, and fitted with model M.E.I. marine steam engine
plants. The propeller shaft is brass, with polished cast brass pro-
peller, pitched as in large speed -boat practice. The boiler is of solid
drawn brass tube with domed ends, fitted with spring loaded brass
safety valve, steam dome and union. The modern pear-shaped
funnel, finished in delicate buff, gives an attractive final touch, with
deck fitted with ventilators, bollards, and fairleads. The hull in each
case is enamelled white with teak upper -structure but the under-
water colour is in the shades appropriate for " Red Dragon,"
" Green Dragon " and " Blue Dragon." £2.15.0

Price each

Larger full hull old-time Galleons like
La Bona Esperanza, Golden Hind,
Cutty Sark, etc., are stocked by us.

LONDON: C I

OWING TO UNPRECEDEN-
TED DEMAND we ran out of
stock of our Ship Model Catalogue
in December and were obliged to
disappoint several clients. THE
NEW EDITION IS NOW READY
NEW S.I2. Post Free.
May we send you a copy ? 6d 

BASSETT-LOWKE LTD.I

NORTHAMPTON

KEEP THOSE WHEELS
REVOLVING!

The Coronation, although not
the favourite of those who want
so examine the "inner workings",
is most popular among streamline
models, and is available in Gauge
 0" or "00 ". But we have
variety in models-G.W.R., S.R.,
L.N.E.R. and L.M.S.-clockwork,
electric, steam-shunting tanks or
powerful expresses and all acces-
sories. See them in our Railway
Catalogues.
G.R. I2.-New Gauge " 0 " list.

3d.
T.T. I2.-New " 00 " (Table
Railway) list. 2d.
A.B. I2.-Locos. of all Gauges,
and Stationary Engines and
Materials. Post Free. 8d.

L.M.S. Streamliner " Duchess of
Gloucester." Gauge " 0.- 13 gns.
Presentation Set. Gauge " 00 " (with
3 coaches and controllers) t7 0 0

MANCHESTER:
28 Corporation Street

AEROMODELLISTS!
WHETHER YOU ARE EXPERT OR NOVICE THESE BOOKS, THE COVERS
OF WHICH ARE ILLUSTRATED BELOW, WILL PROVE ENORMOUSLY

HELPFUL TO YOU DURING THE WINTER BUILDING MONTHS.

The Design of Wakefield Models"
by by S. B. Stubbs, is a masterly treatise " Scat,

on the design of Wakefield Models. irset sv 600k T;1 Airerat

I.7,
row'. in'c'se two 1,?ti 's the

The book contains 50 pages with over
0°,10 i'*,',,,eude'S ,c2, beg!"..co's ansi 20 diagrams, graphs and illustrations.

,:son got ', a, P:,'°.,seks and is printed on art paper and bound
in stiff card cover.

Price, post free, I T3

To THE HARBOROUGH PUBLISHING CO., LTD1, ALLEN HOU
LEI
SE

CESTER.,
NEWARKE STREET,

Herewith Cheque 216 Rushbrooke's Book 3f- Towner and Boys' Book
Postal Order f 113 Stubbs's Book 619 For all three books
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SUPER BOAT HULLS

1111111111a

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

are 3, 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.

Electric Raised Chair
Fishplates
Sleepers, stained ...
Pins
Track Gauge

Steel Rail
sheradised
finish ...
Brass Rail...

14-cl. yd.
1/3 doz. yds.
3d. yd.
2/3 d az. yds.

Cast Chairs
slide -on fit 1/4100

5/4 100
3d. doz.
8d. 100
3d. pkt.

... 6d. each
All Prices Track plus 1 0% and carriage.

2d. yd.
1/8 doz. yds.
44-d. yd.
4/3 doz. yds.

1/2 100
2/. 100
3d. doz
2/3 100
6d. pkt.
9d. each

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

Telephone: EUSton 5441-2. En 1887.

Said Phyllis to young
Mr. Bright,

''What's on at the Pictures
to -night?"

"Two -gun Pete," replied
he;

-And a smart guy maybe,
But no match for  One -

Gun -FL UXITE.' "

Sea that FLUXITE is alway;
by you -in the house --gar-
age - workshop -- wherever
speedy soldaring is needed.
Used for 30 years i i Govern-
ment works and by leading
engineers and manutacturers.
Of Ironmongers-in tins, 4d..
8d.,1 ,4 and 2 '8. Aft to see the
FLUXITE SMALL SPACE SOLDER-
ING SET - complete but substantial complete with full i astructions 76. Write
for Free Book on the ART OF "SOFT " SOLDERING and ask for Leaflet on
CASE -HARDENING STEEL and TEMPERING TOOLS with FLUXITE.

1

A

TO CYCLISTSCYCLISTS Your wheels will NOT keep round and true unless the shrike;
are tied with fine wire at the eronines and SOLDERED. This makes a much:

etroneer wheel. It'+ simple --with FLUXITE- bu IMPORTANT.

THE FLUXITE GUN
is always ready to put Fluxite
on the soldering job instantly.
A little pressure places the
right quantity on the right
spot and one charging lasts fur
ages. Price 1/6, or filled 2/6.

ALL MECHANICS MU HAVEN

FLUXITE
IT SIMPLIFIES ALL SOLDERING

FLUXITE Ltd., Dept. P.M., Dragon Works, Bermondsey St., S.E.I

A Selection of Handbooks
for the

Modern Handyman

THE HOME
MECHANICS SERIES

This series of Practical Handbooks
is designed to answer the questions
of the amateur mechanic or craftsman.
Each volume is clearly written by an
expert and profusely illustrated with

photographs and diagrams.

Only 14 Net each
(By Post 112.)

I. ACCUMULATORS

3. THE HOME WOODWORKER

5. 25 SIMPLE WORKING MODELS

6. THE HANDYMAN'S ENQUIRE
WITHIN

7. SIMPLE ELECTRICAL APPARATUS
AND EXPERIMENTS

9. TOY MAKING FOR AMATEURS

I I. LATHE WORK FOR AMATEURS

12. HOUSE DECORATING AND
PAINTING

IS, POWER DRIVEN MODEL AIR-
CRAFT

16. THE HOME ELECTRICIAN

17. PRACTICAL LEATHERWORK AND
ALLIED CRAFTS

Practical Mechanics Handbook
By F. J. CAMM

Section on lathe work, small tools, filing, fitting and
marking out, the dividing head. the micrometer and
vernier mensuration, screw -cutting, gear -cutting,
hardening and tempering, electro-plating, silver
soldering, brazing, welding, soft soldering, obtaining

a patent, etc. 6/- Nett (By post 6'6)

From all Booksellers or by post, from the Publisher, George
Newnes, Ltd. (Book Dept.), Tower House, Southampton Street,

Strand, London. W.C.2.
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Fig. 1. (left)-Sword for catching a handkerchief. The blade is hollow and an elastic cord running through it brings the handkerchief out of the hilt to the point.
Fig. 7 (right). Pistol with tube for vanishing various objects. Note how the secret container is palmed out

Weapons For Wizards
Ingenious Devices that help to make the Conjurer's Armoury Baffling and Surprising

THE sword illustrated in Fig. 1 would
net be of much use against an enemy.
But for providing the conjuror with

a silk handkerchief whenever he wants it,
it is perfect. A pass in the air and the
handkerchief appears on the tip of the
sword.

The blade of the sword is hollow. A
length of strong cord elastic is attached to
the hilt just inside the hollow blade. It
passes along inside the blade and out at the
point, where it terminates in a small pointed
hook. The hilt of the sword can be removed
when the elastic wears out, so that a new
piece can be inserted. There is slight tension
on the elastic and this keeps the hook
normally drawn up against the tip of the
sword. To prepare the weapon for use, a
silk handkerchief is impaled on the hook
and the elastic is drawn down until the
handkerchief can be concealed in the hand
holding the sword. The performer presents
to the audience only the side of the sword
where the elastic is not visible. A sweeping

Fig. 2.-An improved
type of foiled sword with

a false hilt

ETAILS OF CATCH

HANDKERCHIEF
CONTAINER TO

OPEN

handkerchief is released and flies to the
point, appearing to be caught on the sword.

An Improvement
Fig. 2 shows an improvement to allow

the sword to be picked up at any time
during the show without the necessity of

B Norm anHunter
(The Well-known Conjurer of

" Maskelyie's Abisteries")

Further Articles on the Secrets of
Conjuring will appear Regularly
and Exclusive_ly in this Journal

going off-stage to get the handkerchief
ready in the hand. This consists of a tube
attached to the hilt of the sword and fitted

SEPARATE TIP

ELASTIC

END OF HOLLOW
SWORD BLADE

Fig. 3.-This type of
sword is used for im-
paling on the sword a
card chosen by the

audience

with a cap. The cap is hinged and held
down by means of a small catch. The hand-
kerchief, attached to the elastic, is tucked
into the tube, the cap closed -and the catch
fastened. In this state the sword may be
freely handled and the handkerchief can be
released at the right moment by pressure of
the thumb on the catch.

The sword shown in Figs. 3 & 4 is adapted
for quite a different purpose though the prin-
ciple is similar Here, the trick consists of
impaling on the sword, a chosen card, when
the whole pack is thrown into the air.

The blade is hollow as before and is
fitted with elastic which, however, _in this
ease terminates in a metal tip which fits on
the end of the blade. The blade is triangular
in section and the tip is cut off. The elastic
emerges from the cut-off point and is
fastened to the loose tip as shown. To the
hilt of the sword is attached a kind of
frame large enough to hold a card. The
card has a slit cut in the centre through
which the tip of the sword is passed. The
elastic is then ,stretched and the card in-
serted into the frame. It is an easy fit and
needs pressure of the thumb to retain it, or
a small catch may be fitted if desired. A
card, duplicate of that on the sword, is
forced by one of the methods already
described in this series. The card is shuffled
back into the pack, which is given to a
spectator. The sword is then brought for-
ward and the performer stands in a fencing
attitude with his right side turned towards
the audience. In this position the hand
holding the sword completely screens the
card holder, on i he hilt. The spectator is

.

Fig. 4.-How the card
is held in position in the

hilt

ELASTIC

CARD
L. -HOLDER

SWORD TIP

4,t
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asked to spread out the cards in a fan and
throw them well up into the air. As they
scatter in a shower a lunge is made into their
midst, the card is released and flies to the
tip of the sword, where it appears to have
been caught from the falling pasteboards.

Fig. 5.-A special type
of sword suitable for

"swallowing"

DRUM OF
SPRING TAPE

RIGID STEEL. TAPE

SWORD
HILT

Catching Three Cards
Three cards instead of one may be caught

with this sword by making in the second
and third cards triangular holes of succes-
sively larger dimensions. The three cards are
fitted together in the same way as the single
card. When released the cards fly to the
point of the sword, one will settle down
about half -way along the blade and the
other will slide almost to the hilt, owing to
the different -sized holes made in them.

Sword swallowing, though outside the
range of ordinary conjuring tricks, can be
effectively imitated with the special sword
shown in Fig. 5. The blade in this case is of
thin spring steel, exactly the same as the
steel tape measures which can be rolled
into a coil and yet will remain rigid when
pulled out. A sword of this type is quite a
simple job to make. First a hilt is con-
structed of wood with a metal guard.
Within the guard the container of the steel
tape is fitted so that the metal strip can be
drawn out through a slit in the proper
position. With the blade pulled out to a
suitable length the sword appears quite
rigid yet it can be apparently swallowed
with ease by gripping the tip between the
teeth and gently pressing the hilt down.
The blade winds up in the hilt and conveys
the impression of passing down the throat.
It is then withdrawn by reversing the
action.
Catching Oranges

Fig. 6 shows a sword for catching oranges
from the air. A metal arm is pivoted mid-
way along the blade so that it can lie along
the blade either towards the point or
towards the hilt. A spring is fitted which
keeps the arm normally resting towards the
point, but a catch is fitted to the hilt by
means of which the arm may be held back
in its reverse position. An orange is im-
paled on the end of the arm and the arm is
held back against the hilt. Under cover of a
slashing movement the catch is released,
the arm springs rapidly over, bringing the 
orange to the point of the sword. If it is
desired to produce several oranges, the arm
is again swung back under pretence of
removing the orange and an already
palmed orange is brought into view in
place of the one attached to the arm. This
palmed orange is openly placed on a
plate and the sword can then be used to
catch another, and so on.
Magical Pistols

Now we come to magical pistols. The

device illustrated in Fig. 7 is an old, but
still very useful attachment to a pistol for
the purpose of apparently shooting them
at some given target. It consists of a metal
tube fitting snugly on to the muzzle of the
pistol. To the tube is attached a metal

Fig. 6.-A sword
for catching oranges

in the air

-.. ....... ........."--HOW PIVOTED ARM
SPRINGS ROUND

ORANGE HIDDEN
IN GUARD

funnel and fitting loosely in the mouth of
the funnel is a metal cup. The complete
thing is shown in section in Fig. 8. With the
cup in position, the inside of which, as well
as the inside of the funnel, is painted dead
black, the pistol is brought forward and the
article to be vanished is wrapped in paper
or in a handkerchief and tucked into the
funnel. The conjuror then transfers the
pistol from his left hand to his right,
the right hand taking it by the mouth of
the funnel, while the left hand moves some
object into position or else guides a
volunteer assistant to where he is to stand
to fire the pistol. The pistol is then taken

Fig. 8.-An attachment
to a pistol for the pur-
pose of apparently
shooting oranges at some

given target

back again by the butt and the right hand
palms out the loose cup by gripping the
protruding edge, as shown in Fig. 7. The
palmed cup can then be passed off fqr the
contents to be placed in whatever apparatus
it is eventually to be found while the pistol
can be harmlessly discharged and the
funnel shown to be empty.

Vanishing a Watch
A very subtle vanish of, say, a watch,

can be managed by the use of this pistol
funnel as follows. A handkerchief is
gathered up by the corners and tucked into
the funnel, the loose cup being inserted on

WINDING KNOB HOOK

Co SPRING
DRUM

RELEASE
CATCH

Fig. 9.-A pistol for
vanishing a handker-

chief

top of it. A borrowed watch is wrapped in
a duplicate handkerchief and tucked into
the funnel, really going into the cup. The
watch and handkerchief are then palmed
out and disposed of ready for the finish of
the trick. After the pistol has been fired,
the duplicate handkerchief is withdrawn
and shaken out, proving that apparently
the discharge of the pistol has shot the
watch off to its destination, but left the
handkerchief behind. By borrowing a white
linen handkerchief in which to wrap the
watch and having another white linen
handkerchief, torn and with burned edges
previously packed into the funnel, a good
deal of fun can be had at the expense of the
owner of the handkerchief. One white
handkerchief is nearly enough like another
for the purpose of the illusion and the per-
former can say, " Well, we can see what's
happened to the handkerchief, but the fate
of the watch remains a mystery. Still,
judging by this," holding up the damaged
handkerchief, "I don't think we need worry
that there is much of the watch left to
trouble' about."
A Variation

For visibly vanishing a watch from the
end of a pistol, a device something like the
orange -catching sword, but working' the
reverse way, is used. The pistol has a spring
arm, pivoted part way down the barrel.
There is a clip on the free end and this end
is held against the muzzle by a catch which
is released when the trigger is pressed and
the arm swings round, bring the free end
against the butt and out of sight of the
audience behind the hand of the performer.
The watch is attached to the arm by
slipping the loop of the watch into the clip.

A pistol for visibly vanishing a handker-

CUP

chief can be constructed in various ways.
Fig. 9 shows details of a simple method
which can be attached to an ordinary cap
pistoL The pistol in this case is of the
automatic type and the attachment consists
of a length of tube soldered along the barrel
on the side which it is intended to keep
away from the audience when using the
weapon. In this tube is a spring roller,
operating in much -the same way as a roller
blind. There is a wide slot in the outer
tubing and a sharp hook is fixed to the
spring roller. The handkerchief to be

HOLE

SPRING

HOOK

CATCH CONNECTED
TO TRIGGER FOR
RELEASE

Fig. 10.-Another type
of gun for vanishing

a handkerchief
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stream of nitrogen peroxide over finely -
divided metallic copper (prepared by the
reduction of copper oxide in a stream of
hydrogen). The finely -divided copper
rapidly absorbs the nitrogen peroxide, form-
ing a brown compound, which is copper
nitroxyl, Cu5NO5.

Copper Nitroxyl
Now, when this copper nitroxyl is heated,

it is decomposed into metallic copper and
nitrogen peroxide. Thus, if we enclose a
quantity of copper nitroxyl in one limb of a

Fig. 11.-Cannon that vanishes handkerchiefs. The barrel contains a powerful
spring which winds up the silk

vanished is draped over the pistol and the
centre secretly engaged in the hook. When
the spring is released the silk is rapidly
wound up inside the tube by the spring roller.

The Release
The release is connected to the trigger as

shown in Fig. 9. At the butt end of the
tube is a thumb wheel for winding the
Spring and attached to this is a cog. A
piece of wire bent to form a lever is pivoted
to the pistol so that it engages the cog and
stops the spring unwinding. The other end
of the wire is soldered to the trigger. When
the pistol is fired, the movement of the
trigger not only explodes the cap, but also
releases the spring and so causes the hand-
kerchief to vanish.

A gun on a Blighty different principle is
shown in Fig. 10. Here there is a powerful
expansion spring in the barrel, to the end
of which is fixed a metal plug with a hook
to engage the handkerchief. The spring is
extended by pushing a metal rod through
the breech of the gun and a catch holds the
spring extended at the muzzle. This catch
is connected to the trigger so that firing the
gun also releases the spring and performs
the vanish. The gun, having a long barrel,
can be used for the disappearance of a fairly
large silk handkerchief.

A card may be vanished by means of a
pistol similar to the automatic pistol for
vanishing a handkerchief. In this case the
slot in the tube covering the spring roller is
on top, and is slightly longer than the width
of a card. A slot in the spring roller engages
the edge of the card which is thus fixed
upright on the barrel and is rapidly rolled
round the spring roller when the trigger is
pressed.

Miniature Cannon
Somewhat on the

same lines is the
miniature cannon,
shown in Fig. 11.
Here the spring
roller is actually
inside the barrel of
the cannon and
instead of a book
being used to attach
the handkerchief,
there is a hinged bar
which closes across
the handkerchief.
When the cannon
is fired the spring
roller inside the
barrel rapidly winds
the handkerchief
out of sight.

Another .cannon,
to cause the dis-
appearance of a
number of borrowed
articles, has an in-
ner lining to the

barrel. This inner lining is closed at the
breech end and slides easily within the barrel.
The breech of the gun proper is either
hinged or made to slide hack. The articles
to be vanished are dropped into the barrel
while the latter is moved to a- vertical
position. In this condition the breech
is opened secretly, the movement being
concealed by the sides of the gun
carriage, and the inner lining drops

Figs. 12 and 13.-
(Left) A bow and
arrow fitted with a
fine wire. (Right)
A bow that vanishes
its arrow. When
the arrow is released
it flys up into the

bow as shown

through into an open well in the table. The
barrel with breech closed is then levelled.
a little flash powder is put into the muzzle
and fired, after which the barrel may be
shown empty and duplicates of the vanished
articles produced from whatever apparatus

it has previously been decided to aim them
at.

Bow and Arrow
Finally, here are two more primitive

weapons adapted to conjuring needs. The
bow and. arrow.

Fig. 12 shows a bow with an arrow fitted
with fine wires at each side. With this
weapon the conjurer can let fly the arrow
behind his back and cut a strip of paper
held some distance away. His aim need be
only approximate since the wires project-
ing from the arrow will tear the paper if the
arrow goes wide.

Fig. 13 is a bow that vanishes its arrow.
The arrow is permanently attached to the
bow, being pivoted as shown between two
shaped pieces of plywood which form the
how. The bow with arrow in position fOr
letting fly is either brought on or picked up
from a table near the rear of the stage. The
bowstring is of cord elastic and this
stretches instead of the bow itself pro-
viding the spring. When the arrow is
released, it flies up into the bow by the
action of a small spring. The trick is com-
pleted by the appearance of a duplicate
arrow in the target. This duplicate arrow is
hinged by its point to the gold (or bulls eye)
and rests in a slot running across the target.
When the release is pulled the arrow
springs out at right angleS and appears to
be sticking into the target. The two pieces
of apparatus can be tit d with a sheet of
glass between perfornier and target, the
arrow apparently passing through the glass
without damaging it.

SPRUNG
PIVOT

HOW ARROW
SPRINGS UP
INTO BOW

ELASTIC
BOW STRING

CHEMISTRY. FOR BEGINNERS
(Continued from page 172)

bent glass tube and seal both ends of the
tube, the copper nitroxyl, when heated, will
generate nitrogen peroxide within the tube,
which, under the influence of -its own
internal pressure will condense to a liquid
in the other limb of the tube.

Similar nitroxyls can be made with the
metals iron, cobalt and nickel when in the
finely -divided state.

Incidentally, liquid nitrogen peroxide may
also be prepared by heating dry lead nitrate
and by passing, the evolved gas through
a L' -tube cooled in a freezing mixture.

./

Nitrogen peroxide must always be kept in
the dry condition, for it is decomposed by
water into a mixture of nitric and nitrous
acids.

The necessity of taking elementary pre-
cautions when experimenting with ammonia
gas is self-evident. In much the same way,
the other gaseous oxides of nitrogen should
not be breathed in any amount. since they
are more or less poisonous. For this
reason, therefore, it is recommended that all
such experiments by prepared either out of
doors, or in a well -ventilated outhouse, or
in a room whose door and window are
allowed to remain open, thus setting up a
current of air and enabling the room to
remain continuously ventilated.
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A Winch for Gliders
The Winch Described can be Firmly Held to the Ground with one
Foot, Leaving One Hand Free to Manoeuvre it, or to Play the Line

THE F.A.I. method of launching gliders
necessitates the use of a winch, and
the winch described here will be found

suitable for launching any model glider, and
the drum is fully capable of taking the 655 ft.
of tow line, without any danger of it becom-
ing entangled.

When launching gliders, it is necessary to
have a winch which is very strong and can
be easily manoeuvred.

Because of this, the winch which can be
held in one hand and wound with the other
is very difficult to handle even when only a
small glider is being flown.

It is far easier to have a winch of the type
described here, which can be firmly held to
the ground with one foot: leaving one hand
free to manoeuvre the winch, or to play the
line.

First Operations
Obtain a piece of hard wood, approxi-

mately if in. x in. and round off the
edges.

Then bend a piece of flat Mild steel, strip
approximately f in. x I in. to the shape
shown, and drill two f in. dia. holes at A and
B.

Drill two f in. dia. holes through the piece
of hard wood, as shown on the drawing,
arid file off any rough edges which are
to be found.

Buy a winder geared approximately
8-1.

A grinder without the grinding wheel,,,
which can be purchased from any hard-'
ware store is most suitable.

'Then cut a circular piece of wood 4 in.
in dia. and I in. thick, and slightly round
the edges.Two thin plywood sides approxi-
mately 8 in. dia. should then be cut.
Cement or nail these on each side of the
centre block, and make sure that there are
no rough edges which could damage the
thread.

Drill a A -in. dia. hole through the centre
of the drum.

The Drum
Fit the drum on to the spindle of the

winder and then tighten up the nut on the
threaded end of the spindle. A washer
should be fitted between the nut and the
drum. A second nut should then be fitted
and tightened up to prevent the first nut
from slipping..

THE HOME MECHANIC

ENCYCLOPEDIA
An up-to-date and comprehensive guide to
the Mechanical, Scientific and Technical
Interests of the day-with expert articles
on Aircraft, Television, Models, Astronomy,
Electricity. Photography, Chemistry. Wood-
work, Motor Cars, Wireless, HomeCinema,

with over 600 illustrations.

Only 3'6 Net
41- post free from the publishers, Book Dept., George
Newnes, Ltd., Tower House, Southampton Street.

Strand, London, W.C.2
NEWNES : LONDON

The metal foot rest can now be fitted to
the wooden shaft by slipping two f -in. bolts
through the holes as shown, and tightening
the two nuts on the outside. The winder
can be firmly screwed on to the shaft at the
height most convenient to the flyer. It
is very helpful if the top of the shaft is
shaped into a handle which can be easily
gripped -

When using the winch, the flyer should
put one foot in the metal foot rest and grasp
the top of the shaft with one hand.

The other hand is used for turning the
handle of the winder.

As the glider gains height, the shaft can be
slowly tilted backwards, and should the
glider go to the right or left, the winch can
easily be turned in the same direction with-
out having to stop winding in the line.

GUIDE

8 DIA
WINDER (GEARED
APPROX 8:1)

4*DiA.CENTRE

SHAFT APPROX Iyti"x 5/84'

Fitting a Guide
It is very helpful to fit a guide, for the

thread, to the winder as shown. This should
be bent from 16 s.w.g. or 14 s.w.g. Any
thinner wire will have a great tendency to
sway about, and will be of little use. Make
sure that there is no chance of the thread
becoming entangled or damaged on the
guide. This winder is easy to make and is
very simple to operate. "

The best method of fixing the thread to
the drum, is to pierce a small hole in one side
of the drum, pass the end of the thread
through it and securely knot it on the out-
side.

This obviates any chance of the
thread slipping when tEe line is fully
extended.

Constructional details of the winch for launching model gliders
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MASTERS OF MECHANICS
No, ;2-THE WONDERFUL DOCTOR

The True Story of Roger It acon, First of the English Scientists
SOME three centuries ago there was

translated into English a book entitled
" The Famous Historie of Fryer

Bacon," in which Roger Bacon, the famous
Franciscan friar, was credited with having
been capable of all sorts of black magic.

In the " Famous Historic " we
read how Bacon was able to summon
strange and beautiful music from
nowhere, and how, at his mere
bidding, a table could become
covered with the richest and
choicest wines and fruits of the
world. Here, also, we read the
absurd story concerning " Friar
Bacon's Head," a brazon head which
Roger Bacon was supposed to have
constructed and which was capable
of speech.

And finally, in this supposed
History, Bacon is made to end his
death in a cell after having made
a bonfire of all his magical writings
and having duly committed the
secrets of his Art to the flames.
" His grave," the " Famous His-
toric " concludes, " he digged with
his own nayles, and he was laied
there when he dyed."

Man of Myster%
Now, unfortunately, all this tissue

of nonsense has had its effect upon
the historical, or, rather, upon the
quasi -historical character of Roger
Bacon, so much so that even
nowadays he is commonly invested
with quite an unnecessary amount
of mystery and glamour as if he
had constituted a sort of scientific
Robin Hood or Friar Tuck.

It is only within comparatively
recent times that the truth con-
cerning Bacon has been ferreted
out, mainly by means of a careful
study of those writings of his which
have managed to survive the passing of time.
Such studies show us that, far from being a
charlatan, or a would-be common prac-
titioner of so-called " black magic." Bacon
stands out in the annals of British science
as almost a second Archimedes, and certainly
as the first English scientist and experi-
menter of whom we have any record or
positive knowledge.

Roger Bacon, the Franciscan friar, was
born near Ilchester, in Somersetshire, in
the year 1210 according to some authorities
and in 1214 according to others. He seems
to have come from a very wealthy family
who sacrificed most of their fortunes' on
behalf of King Henry III in his struggle
with the Barons from 1258 'to 1262. Roger
grew up to be a studious youth, and, after
beginning his stuei_.s at home at the age of
thirteen years, he proceeded to the Uni-
versity of Oxford, where he came under the
tuition of Edmund Rich (afterwards Arch-
bishop of Canterbury), and also became
acquainted with another of Rich's pupils,
one Robert Grosseteste, who subsequently
became Bishop of Lincoln.

Incidentally, it was this latter individual
who was originally connected with the
fabulous story of the Speaking Head, the
legend becoming attached to Roger Bacon
at a later date.

The Clergy
We have now to bring to mind the fact

that in the days of Roger Bacon there was
no science at all worth speaking of in the
whole of Europe, let alone in England. All
knowledge was in the hands of the clergy,

Typical of ,the crude mechanical contrivances impnzed by Roger
Bacon is the old English waterwheel, a device which still has its uses

who, as perhaps was only to be expected
from the manner of their lives, fastened it
down to the study of theology and of the old
Greek and Roman philosophies. True it is
that there had flourished before the time of
Bacon the renowned St. Thomas Aquinas
(1125-74), one of the greatest and most
brilliant intellects which the world has ever
seen. But Aquinas gave his life over to the
formulation of a comprehensive system of
Theology and Philosophy, which, however
excellent it may be, did not, in any sense,
attack the many practical problems which
were waiting to be investigated in the
domain of what we now term " Natural
Philosophy."

Nevertheless, at this time, the ancient
" scientific " culture of the old Greeks began
slowly to spread throughout Europe, chiefly
as a result of the writing of several Arabian
thinkers, and for the development of this
scientific spirit of learning in England
almost in the very middle of the " Dark
Ages " we are indebted to a small group of
Franciscan Friars who were mainly led by
the previously mentioned Robert Grosse-
teste, afterwards Bishop of Lincoln.

It was this little coterie which Roger
Bacon joined after he entered the Fran-
ciscan Order at Oxford. He had then
studied at the great University of Paris,

and, returning to Oxford in 1250, he seems
almost immediately to have launched upon
a twenty -years career of experimental
investigation, for he tells us that during that
period he expended upon books and instru-
ments no less than two thousand pounds,

the bulk of which was subscribed by
influential friends.

A Career of Experiment
Bacon, in setting off upon a career

of experiment, went directly counter
to the prevailing notions of his
day. Right up to the dawn of the
New Learning and the birth of the
Scientific Era, it had been held
that if it was not exactly morally
wrong to perform experiments, it
was certainly totally unnecessary
to do so, for all the knowledge
attainable about the natural order
of things around us was contained
in the writings of the Greek
philosophers, notably those of
Aristotle. Thus if in those days
you wanted to know how many
teeth an adult horse normally
had, you endeavoured to look
up the problem in Aristotle. You
would never, unless your were
ahhost hopelessly degraded, refer
the problem to an actual inspection
of the horse's mouth.

Incredible as it seems in our
present age, it was this slavish

other
ancient philosophers which suc-
ceeded in delaying the oncoming
of experimental Science for many
long centuries.

Gradually, however, the urge to
experiment, the ambition to find out
at first hand some of the essential
facts concerning things around us
succeeded in overcoming the pre-
vailing servitude to the works of the

Greek philosophers, and from this growing
desire for experiment came into existence
the first fundamentals of modern Science.

That Bacon was England's first experi-
mental scientist there seems to be no doubt.
In many ways, also, he was one of the first
martyrs of Science, for, although he was
not actively persecuted by the Church
authorities of his day, he at least fell foul
of them for a time and incurred their active
displeasure.

" Natural Science."
Perhaps Bacon treated his fellow clergy,

or wrote about them, with a greater amount.
of candour than of tact. He spoke so freely
on the prevailing ignorance of the time
and he became so enthusiastic in his devo-
tion to what we call nowadays " Natural
Science " that he found himself inhibited
from lecturing to his students at Oxford.
Later, in 1257, he was, by command of the
General of the Franciscan Order, sent to the
Paris House of the Franciscans and there
he remained under very close intellectual
surveillance for some ten years

Perhaps Friar Bacon would have stayed
at Paris for the remainder of his life had it
not been for the fact that one Guy de
Foulques, an ecclesiastic whom Bacon knew
and who was unusually broadminded
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became Pope in 1265, taking the title of
Clement IV. Knowing the new Pope's
philosophical inclinations, Bacon sent a
petition to him from Paris, offering to write
down his own system of natural philosophy
for the benefit of the world. In the follow-
ing year, Clement IV wrote to his " beloved
Son, Friar Roger named Bacon, of the Order
of Friars Minor," and invited him to com-
pose the projected works, which, within
another eighteen months, were forthcoming
under the titles of "Opus Magnus," "Opus
Minus," and " Opus Tertius," the latter
being a sort of recapitulation of the two
former " Works."

These works, in 1268, gained for Bacon
permission to return to Oxford, which he did
immediately. Settled once again in Oxford,
the Friar commenced an encyclopaedic
work, a " Compendium of the Study of
Philosophy," which was published in 1271.
But this, again, did not please the Oxford
clerics. Moreoever, his friend and protector.
Pope Clement IV, died, and soon after
Roger Bacon was charged with dabbling in
the occult and magical arts. His writings
were condemned, and he was once more
taken to Paris. Here again, despite the
fact that he was now 64 years of age, he
was again more or less confined to the Paris
House of his Order, and, this time, the
confinement lasted for fourteen years.
Nothing daunted, however, Friar Bacon
occupied this long period in further studies
and in the composition of books on a wide
range of subjects.

Waterwheels
When eventually he was allowed to return

to his beloved Oxford in 1292, Bacon was
now an old, although by no means a broken
man. Returning finally to Oxford, he wrote
a " Compendium of Theology." His list
days seem to have been spent in complete
tranquillity, and peace, and he died at the
age of 79 on the 11th of June, 1294. He
was buried in the Church of the Franciscans
at Oxford, but all traces of his last resting
place have long since disappeared.

Bacon's contributions to early science
and mechanics are many. He appears to
have been an authority on waterwheels
and windmills and on various types of
machinery, although never, so far as we can
ascertain, did he hit even dimly upon the
idea of the steam engine.
Scientific Prophecy

Yet in his various writings, Roger Bacon
shows an amazing trait for scientific
prophecy. R'ad, for instance, the following
passage from one of his earliest treatises,
' On the Marvellous Power of Art and
Nature "

" First, by the figurations of art, there
may be made instruments of navigation
without men to row them, as great ships
to brook the sea, only with one man to
steer them, and they shall sail far more
swiftly than if they were full of men : also
chariots that shall move with unspeakable
force without any living creature to stir
them. Likewise, an instrument may be
made to fly withall if one sit in the midst of
the instrument and do turn an engine by
which the wings, being artificially composed,
may beat the air after the manner of a
flying bird."

Most people remember Friar Bacon for
his supposed invention of gunpowder. It
would seem that Bacon actually made
gunpowder and gave sundry demonstrations
of its exploding force (which, no doubt,
by no means tended to disprove his claim
of having nothing to do with the " Black
Arts "). The more, however, we go into the
circumstances of Roger Bacon and gun-
powder, the more we become impressed

with the idea that he was not the actual
creator or inventor of this material. It
would appear that he obtained the basic
idea of employing a mixture of nitre,
sulphur and charcoal from some old
Arabian alchemical work.

Gunpowder
But Bacon made the best of his work on

gunpowder, and, as was the wont of his
times, hid the information concerning it
in a great mass of wordy writing. He
says :

From Salt Petre and other ingredients
we are able to make a fire that shall burn at
what distance we please. Sounds like
thunder, and corruscations, may be formed
in the air, and even with greater horror
than those which happen naturally; for a
little matter, properly dispersed, about the
bigness of a man's thumb, makes a dreadful
noise and occasions a prodigious corrusca-
tion, and this is done in several ways; by
which a city, or an army may be destroyed
after the manner of Gideon's Stratagem,
who, having broke the pitchers and lamps
and the fire issuing out with an inexpressible
noise, killed an infinite number of
Midianites."

Bacon's little matter, properly dis-
persed," has indeed in subsequent history
carried out the promise of this first investiga-
tor of the powers of explosive substances.

Optics
Of the subject of Optics (which he called

" Perspective ") Bacon had a considerable
knowledge. It is on the cards that he
invented and actually used a crude type of
magic lantern or optical projector years
before it was first introduced in the
seventeenth century by Kircher, of Rome.
Although Bacon did not invent the tele-
scope, he did construct several types of
magnifying glasses. It has been conjec-
jured, also, that he had much to do with the
introduction of spectacles, for these nowa-
days often indispensable aids to vision
certainly first became used in his time.

Although Bacon was not exactly a
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mathematician, his knowledge df mechanics
enabled him to devise many simple types of
instruments and tools which were wholly
unknown in his time. He dabbled in
alchemy, but, so far as we can see, he
produced nothing worth while as a result of
his chemical efforts.

Bacon's Claim
Probably Bacon's greatest claim to being

the " First of the English Scientists " rests
not upon the few scientific inventions or
improvements which he brought about, but
upon his instigating in our country the true
spirit of scientific investigation. And this
claim still stands in spite of the fact that
for a couple of centuries after Bacon's death
Science in England remained very much at
a standstill.

Roger Bacon undoubtedly liyed before his
time. His classification of the sciences into
" perspeCtive (optics), astronomy, the
science of weights, alchemy, agriculture and
medicine " was undoubtedly a bold and a
revolutionary one. So also was Friar
Bacon's conception of the elements of
national prosperity and success-" a fertile
soil, busy workshops and easy conveyance
for men and commodities from one place to
another," a dictum which remains true
despite its six centuries of age.

The "Wonderful Doctor "
When Roger Bacon died, his fellow clerics

and his pupils referred to him as the
" Doctor Mirabilis," the " Wonderful
Doctor," and such he undoubtedly was in
his lifetime. Now that the spurious aura
of fanciful mystery and deceit has been
stripped away from the life -history of Friar
Bacon, we see him as one of the long line of
great Englishmen, a scientific and a
mechanistic pioneer, and, curiously enough,
a strange forerunner of anotber English
scientific thinker, Sir Francis Bacon, who
was born in London more than three and a
half centuries after the decease of the
" Doctor Mirabilis."

Both these Bacons adopted a similar and
a fundamental attitude to scientific research,
but if number and weight of works is any
real measure of a man's true calibre, the
older Bacon, who remained throughout his
life a brown-habited friar of the Fran-
ciscan Order, was by far the superior of the
two.

NEW MODEL AIRCRAFT
BOOKS

TWO new handbooks dealing with model
aircraft are to hand from the Har-

borough Publishing Co., Ltd., Allen House,
Newarke Street, Leicester. The first of these
"The Design of Wakefield Models," by
S. B. Stubbs, is a 48 -page volume costing
is. 3d. It is a treatise on the design and the
factors affecting the design of the type of
model specified for the Wakefield Contest.
All of the necessary formulae and factors
are given, and there is a generous supply
of illustrations to luminate the text. A
small improvement could have been made
by giving titles to the chapters. That is
not a criticism, but a suggesition. The
second volume is entitled "An A.B.C. of
Model Aircraft Construction." It is written
by C. S. Rushbrooke, and costs 2s. 6d.
There are 104 pages of most interesting
spatter and illustrations dealing with such
subjects as the selection of your first model,
materials and how to use them, why aero-
planes fly, tools, preparation for building,
wings, fins, undercarriages, fittings, solder-
ing, covering, propellers, etc.
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CONNECTING ROD
PISTON ROD

Figs. I and 2.-Connecting rod and
the crank mechanism of a steam engine

Fig. 3.-Diagram showing
the forces producing side

thrust on a piston rod

WHATEVER the source of energy
utilised for the performance of
mechanical work, whether it be

steam, electricity, internal combustion or
anything else, some mechanics is usually
needed to convert that power into the
form necessary for the particular type of
work in hand. For instance, in the case of
the ordinary steam engine the power is
supplied in a reciprocating form, that is,
by a piston which moves backwards and
forwards, whereas it is usually required in a
rotary form. The necessary conversion is
therefore carried out by means of a con.
fleeting rod and crank.

Connecting Rod and Cranks Systems
An illustration of the steam engine

system of conneetingrodAnd crank is given
in Fig. 1. The fact that steam is fed to both
the top and bottom of the piston alternately
necessitates the use of a rod known as the
piston rod, which operates through a steam -
tight gland in the end of the cylinder and
transmits the power from the piston to the
connecting rod. The piston rod is really a
necessary evil, for it does nothing in itself
to convert the direction of the piston's
motion. It is employed merely to convey
the motion of the piston to the little end
of the connecting rod, without allowing the
escape of useful steam from the cylinder.
Its external end slides between two guides.
Of course, without these guides it would
tend to warp or bend with each thrust of
the piston. the greatest strain being when

Fig. 5.-The arrangement of
the cranks in a 4 -cylinder engine
(three -bearing crank shaft)

Transmission
An Analysis of Some of the

etter-known Devices for
Transmitting the Drive from
the Source of Power to Work

It

the crank is roughly at right angles to the
axis of the cylinder. Fig. 3 shows how the
force of the piston and resistance of the
connecting rod resolve themselves into this
side thrust on the end of the piston rod, thus
necessitating the use of guides.

In the internal combustion engine, as
employed in motor cars, motor cycles and
model planes and speed boats, the driving
force is confined to the top of the piston,
therefore the use of piston rod and guide
rods, etc., is entirely dispensed with.
Fig. 4 shows how the little end of the
connecting rod is pivoted directly inside the
hollow piston.

This form of transmission can he made
extremely difficult especially if the main
bearings of the crankshaft and the big end
of the connecting rod are carried on ball
or roller bearings. It suffers, however,
from that one disadvantage associated with
all reciprocating systems, due to the weight
of the reciprocating parts. This weight not
only reduces the speed of acceleration and
deceleration, but tends to produce vibration.
Even with the weight of the piston and
connecting rod most carefully balanced by
means of counterweights incorporated in
the cranks or flywheels, vibration is likely
to manifest itself at high speeds. Some -

Fig. 6.-Simple oscillating steam engine showing
overhung crank

times vibration " periods occur. For
example, an engine will run quite smoothly
up to a certain number of revolutions per
minute, say 3,000, and will then vibrate
badly up to say 3,500 r.p.m.

Above this speed however, it will again
run smoothly. This phenomenon is often
due to the " natural " frequency of the
whole unit coinciding with the frequency
of the reciprocations of the engine at that
certain speed. It is analogous with the
classic example of the troop of soldiers
marching in step across a suspension bridge
and by reason of the rhythmic beat of their
feet, coinciding with the natural period or
frequency of the bridge, causing it to

CONNECT/NO
ROD

Fig. 4.-Connecting rod and crank assemb.'y of an
automobile engine

oscillate violently in harffiony with each
step.

Weight of Reciprocating Parts
The need for making the piston and

connecting rod as light as possible becomes
very apparent if you consider that quite a
usual speed for an internal combustion
engine is 5,000 r.p.m. and that this speed
means about 167 upward and downward
movements of the piston per second. In
other words, the piston is started and
stopped 334 times per second. If you look
at Fig. 4 you will see the reason for this.
At the instant depicted the piston is moving
downward. When half way down it will be
moving at its greatest speed, but this speed
will decrease rapidly until it reaches the
bottom of its stroke, when for an infinitely
short time it will remain stationary. It
will then start on its upward journey until
it reaches half -way when it will once more
decelerate until it stops at the top of its
stroke. It then starts on the next down.
ward stroke, and so on. Thus you see, the
piston actually accelerates twice and
decelerates twice ' in the course of one
revolution of the crank. Obviously, if the
piston and the connecting rod are very
heavy, the inertia to be overcome in
alternately accelerating and decelerating
something like 300 times per second will be
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of Mechanical
Power

enormous. It speaks well for the skill. of
modern metallurgists that alloys are avail
able for piston and connecting rod construc-
tion which are light enough and strong enough
to permit of speeds up to 10,000 r.p.m.

The design of cranks is by no means
uniform, and various types are employed
in different mechanisms. In some cases the
crank is built up as in Fig. 2, in others it
may be a solid forging such as the crank-
shaft of an automobile engine as shown in
Fig. 5, or again crank and flywheel may be
combined as in Fig. 6. This last arrange-
ment is commonly used for small model
steam engines of the oscillating cylinder
type, while Fig. 7 shows a motor cycle
engine in which the big end, of the connect.
ing rod bears on a crank pin joining the
two flywheels.

Fig. 9.-Method of mounting
two connecting rods on one crank
when the cylinders are in line

(Right.) Fig. 7.-
Twin fly -wheels
which also form the
crank in a motor

cycle engine

The Eccentric Belt Cam
A piece of apparatus which is closely

allied to these crank devices is the eccentric
cam. Builders of model steam engines and
locomotives will be quite familiar with this.

Fig. 10.-An alternative method

In aero engine design, where multi -
cylinder power units are the rule, some very
elaborate connecting rod and crank assembles
are to be found. Fig. 8 shows the principle
of the radial and rotary types of engine.
Here several connecting rods operate on the
one crank, and some ingenious methods are
employed to accommodate the big ends of
the various connecting rods. A simple
example of how more than one big end
can be accommodated on one crank, when
the cylinders are in line, is shown in Fig. 9.
This is the usual arrangement adopted with
a " V " type twin -cylinder engine. A
stirrup shaped big end is used for one of the
connecting rods. An alternative method is
shown in Fig. 10. Of course, where it is not
necessary to have the cylinders in line, the
big ends may be placed side by side as in
Fig. 11. However, in the design of radial
and rotary engines with perhaps fourteen or
eighteen cylinders, the problem is not quite
sosimple. Usually an elaboration of the
method shown in Fig. 10 is employed.

PAZVE CHEST

Fig. I 2. -An eccentric belt cam as used
for operating steam engine values

Fig. 11.-To mount the con-
necting rods side by side the

cylinder must be off -set

It is illustrated in Fig. 12 and is usually used
to carry out a reversal of the action perform-
ed by the connecting rod and crank, that
is, it converts rotary motion into reciprocat-
ing motion. In the steam engine it is used
to impart a backward and forward motion
to the valve gear by utilising the rotation of
the crankshaft. Keyed or otherwise fixed
to the crankshaft C is a circular disc or
cam E. This, as its name implies, is mounted
eccentrically on the shaft so that as the
shaft revolves the centre of the disc traces
out a circular path round the shaft. A
metal strap S encircles the eccentric, which
is able to rotate freely inside the strap. As
this strap is an integral part of the eccentric
rod R., the rotation of the eccentric causes

Fig. 8.-Principle of radial and rotary type engine

the rod to adopt a crank -like action and so
push the rod V backwards and forwards.
This latter rod operates the valve. The
dotted lines in Fig. 12 show various positions
of the eccentric and rod in the course of a
revolution of the crank.

The circular belt cam of the steam engine
is but one of circular cam devices usual for
converting circular motion into reciprocat-
ing motion and vice versa. The cams used
to operate valve gear of automobiles are
either pear-shaped or else squarish, as in
Fig. 13. The object of a cam is to oven and
close its associated valve at the appropriate
times during the explosion cycle. The ideal
to be aimed at is the sudden opening of the
valve to its full open position at just the
right instant; the retention of it in this
position for a certain period, during which
time the gases are entering or escaping from
the cylinder ; and then its instant closing.
The " square " cam conforms to these
requirements. For about 180 degrees of its
movement its contour is circular, and while
this part passes under the tappet T the
valve remains closed by reason of the valve
spring S.

However, as soon as the " hump " of the
cam arrives in the second drawing in Fig. 13
the tappet is suddenly pushed upward and
opens the valve. This then remains open
during the passage of the hump " of the
cam, after which the valve is instantly
closed again by the force of the spring.
Needless to say, with a " square" cam the
whole mechanism is inclined to wear more
rapidly than when a pear-shaped one is
used, owing to the fact that a very strong
valve spring is needed to induce the tappet
to follow the violent contour of the cam,
especially when it is rotating at speed. With
wear the valve gear becomes noisy as well
as losing its efficiency. For this reason cam,
of the pear-shaped type are usually em
ployed for the engines of touring cars. 0.

Fig. 13.-Internal combustion
engine valve gear, using cams
for converting rotary into re-

ciprocating motion
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course, with pear cams the valves do not
open and close quite as rapidly as efficiency
demands, but they are quieter in operation
and wear better.

Other Cam Mechanisms
Some interesting, though less well known,

cam devices are shown in Figs. 14-17. The
first one is a face cam mounted on the end
of a rotating vertical shaft. In the example
shown, two separate earn contours are
incorporated on the face of the one disc
at the head of the shaft. Bearing on these
two cams are two rockers pivoted at A and
B respectively, and each is fitted with tiny
rollers to reduce friction. As the shaft
and cams rotate, so the two rockers move
up and down, thus converting rotary into
reciprocating motion.

The heart cam and the drum cam shown
in Figs. 15 and 16 respectively are both of

Fig. 14.-Face cam
for converting
rotary into recipro-

cating motion

the positive motion type, no springs being
required to make the reciprocating element
follow the contour of the cam. They are
both designed to convery rotary motion
into irregular reciprocating motion.

The device shown in Fig. 17 is somewhat
similar to that eccentric belt cam of Fig. 12.
It employs a circular eccentric cans, but
thus dispenses altogether with a connecting

Fig. 18.-Swash plate for operating
steam engine valve gear

Fig. 15.-
Heart cam
mechanism

Fig. 16.-Drum cans for con-
verting rotary motion into
irregular reciprocating motion

rod. The circular motion of the cam shaft
is converted into an irregular backward
and forward motion by the rotation of the
cam within the rectangular shaped yoke.
The Swash Plate Device

A device which is very similar to a face
cam is illustrated in Fig. 18. It is known as
a swash plate, and consists of a' circular

metal disc mounted concentrically on a
shaft, but tilted at an angle to its axis. It
is sometimes used for operating the valve
gear of certain steam engines where the
valve chest is mounted on the top of the
cylinders and the valve works parallel with
the axis of the crankshaft. This is illustrated
in Fig. 18. As the crankshaft rotates, so the
awash plate rocks from side to side and
oscillates the lever. The upper end of this
lever is attached to the valve spindle by a
simple link mechanism which conveys a
reciprocating motion to the spindle.

A description of the various types of
gears, clutches, ratchets and other mechan-
isms associated with the transmission of
mechanical power will be dealt with in a
later article.

The awash plate has also been used in
place of a crank in both internal combustion
engines- and various pump devices. In

Fig. 17.- Another cam device

these mechanisms a number of vertical
cylinders are arranged in circular formation
with their connecting rods bearing on the
surface of a swash plate whose axis is
parallel with that of the cylinders. Com-
pared with the orthodox crank, this arrange-
ment is somewhat inferior, as considerable
friction is introduced at the contact of the
connecting rods with the swash plate.

NEW INVENTIONS
To Keep the Head On

MOST people who have occasion to use
a brush or broom, have experienced

the nuisance of the head coming off the
handle. An inventor, impressed with the
fact that previous attempts to ensure an
indissoluble union have been futile, has set
himself the task of nullifying this tendency
to divorce. The common mode of attach-
ment consists in driving a nail through the
brush head and the handle. It appears that
the hole in the brush head is usually too
shallow, causing the nail to have only a
precarious hold on the handle.

To remedy this defect, the inventor in
question has combined in a brush head and
handle two screws. One of these screws has
a hole bored through its head. This is
screwed into the head of the brush approxi-
mately parallel to the handle. The second
screw is inserted through the hole in the
first screw and screwed into the handle at
right angles to its longitudinal axis. The
results should be that the head and handle
live together happily for ever after.

Roundabouts
THE evolution of the roundabout from

the primitive merry-go-round to the
latest gorgeous development, has shown
many variations. To heighten the enjoy-
ment derived from this rotating source of

amusement, by providing means giving
novel sensations, is the declared object of a
recent invention of the roundabout type.
The new excitement is obtained by two
roundabouts revolving in juxtaposition. As
a consequence, the enchanted passengers on
one will receive the impression that they
are rushing to an inevitable collision with
the delighted riders on the other. It is
stated that the best effect is produced by
by rotating the two roundabouts in opposite
directions. The sequel is a thrilling circular
tour.

Lather and Grit
FOR cleaning very dirty hands something
more powerful than ordinary soap is

required. The average lathering soap has
the drawback that it will not remove the
stains from the skin. On the other hand-
in fact, on both hands-a sand -containing
soap, which has the grit to rub out dirt,
lacks lather.

To obviate these defects, an inventor has
produced a soap tablet consisting of two
parts, one of lathering soap and the
other containing sand. The characteristic
feature of this tablet is that the sand -con-
taining part is located in a depression formed
in one of the large sides of the lathering
soap. Consequently, the former part has a
border of lathering soap.

One advantage of this tablet is that,

owing to the roughness caused by the
presence of the sand, the soap is not so slip-
pery as the average cake.

The villain in the melodramatic thriller
who soaps the stairs would not find this par-
ticular soap effective for his nefarious pur-
pose. And, though its obliterating power is
almost omnipotent, I am afraid it would
fail to remove the incriminating stains on
Lady Macbeth and Bill Sikes.

To Salve an Aeroplane
IMMEDIATELY prior to the war, an appli-

cation by a German citizen for a patent
relating to aircraft was published by the
British Patent Office. His invention con-
cerns the movement or removal of damaged
or disabled aeroplanes. lf, whilst landing,
an aeroplane breaks its undercarriage, or if
it is fitted with a retractible undercarriage
which cannot be moved because it is
jammed, the plane is forced to land on its
body. The salvage of the machine then
presents difficulties, owing to the fact
that damage may be caused to the frame-
work.

To cope with the task of lifting an aero-
plane in the aforementioned predicament,
the inventor's idea is to raise the machine
by means of inflatable receptacles of a
pliable material. These are placed between
the plane and the ground. The inflation
exerts a lifting pressure directly upon, and
over an extensive area of the surface of
the structure. This invention is, in prin-
ciple, a pneumatic jack.
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A DICTIONARY OF

Metals
Bismuth.-Metallic element. Chemical sym-

bol, Bi ; At. No. 83 ; At. Wt. 208 ; M.P.
`269°C.; B.P. 1420°C.; Sp. Gray. 9.823;
Sp. Ht. .0305; Coef. Exp. .00001333;
Therm. Cond. (Silver -100) 1.8 ; Elec.
Cond. at 0°C. (Mercury -1) .8676.

Chief ores : Bismuth Ochre, Bi203;
Bismuth Glance, Bi2S3. It occurs mainly
in the free metallic condition.

Metallic bismuth was known by the
alchemists, but was frequently confused
with antimony and/or zinc. The metal
was, perhaps, first scientifically studied
by an Englishman, J. H. Pott, in 1739.
its name is supposed to be derived from
the German, weissmuth, white matter, in
reference to its now well-known white
carbonate.

Bismuth is a white, lustrous metal
having a very faint reddish tinge. It is
extremely brittle and is a poor conductor
of heat and electricity. Alloys readily
with other metals, and imparts to them
the proPerties of hardness and low -tem-
perature fusibility. Hence. it is used a
good deal in the making of such alloys
as Wood's metal, etc. " Fusible metals "
of this type are used as safety plugs in
steam boilers, in fire -alarm apparatus

The fracture begins at the surface of the metal

and Their Alloys
(Continued from page 126 of last month's issue)

and in other devices. Bismuth alloys are
also used for the snaking of metallic casts.
Chemically, bismuth is fairly reactive, its
best-known compound, bismuth car-
bonate, being a popular medicinal sub-
stance. In most of its properties, bis-
ninth is similar to antimony.

Bismuth Amalgam.-A thinly fluid amal-
gam prepared by adding mercury to
molten bismuth. Almost any proportions
of these two ingredients may be used.
Bismuth amalgams, on account of their
fluidity, are useful for filling very delicate
moulds. Other amalgams are, also,
rendered more fluid by adding to them
a small proportion of a bismuth amalgam.

Bismuth amalgam is sometimes used
for silvering glass globes and similar
articles.

The amalgam will pass through
chamois -leather like mercury. The drops,
however, are pear-skaped and not per-
fectly globular as in the case of 'pure
mercury.

Bismuth Bronze.-An alloy sometimes used
for 'mirrors and lamp reflectors on
account of the very high polish which it

LIST OF ABBREVIATIONS
The following abbreviations are used throughout

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

takes. Composition : copper, 52 ; nickel,
30; zinc, 12; lead. 5 ; bismuth, 1 parts.

Bismuth Purissimum.-Name sometimes
given to refined bismuth metal of from
99.85 to 99.98% purity.

Black Antimony.-See Yellow Antimony.
Black Arsenic.-Also known as beta "

arsenic. Obtained by the slow condensa-
tion of arsenic vapour. It occurs as a
black powder or a brittle, glassy -looking
mass which, when heated to s 360°C.,
passes into the ordinary " grey " or

metallic " arsenic.
Black Tin.-Strictly speaking, this is not

a metal. It is the name given by miners
to tinstone (tin ore) to distinguish it
from tin metal which they called " White
tin."

-Blister Copper.-Name given to metallic
copper after it has been roasted in a
reverberatory furnace. It has then a
blistered appearance.

Blister Steel.-A certain type of raw steel
which has been cooled very slowly and

Three stages in the growth of a
fracture in a brass rod which has
been subjected to intermittent stress

which

The fracture deepens

presents a warty or blistered
appearance, the blisters " having been
formed by the efforts of gas to escape
from within the metal.

Block Tin.-Name given to ingots of cast
tin. These are usually cast in granite
moulds.

Blowhole.-An air -hole in a metallic
casting.

Blue Gold.-(a) A gold -iron alloy containing
from 25% to 33.3% of iron.
(b) A colloidal solution of gold prepared
by reducing a solution of gold chloride
with hydrazine hydrate. It possesses a
bluish colour.

Blue Metal. -A name for impure copper
obtained during the -process of copper
smelting. " Blue metal " contains from
55% to 66% of metallic copper mixed
with copper and iron sulphides. It has a
peculiar bluish colour.

Bob Brass.-See Ferrule Brass.
Bobierre's Metal.-This is ordinary brass

consisting of 66 parts of copper and
34 parts of zinc. Introduced by M.
Bobierre in the last century as a sheathing
for ships.

Boroto Metal.-A tin -lead -antimony white -
metal in which colloidal graphite is
incorporated. Of American origin, it
has a Brinell hardness of from 17-25, and
is employed as a self-lubricating bearing
metal.

Bottger's Amalgam.-An electric amalgam
used in frictional machines. etc. Com-
position : zinc, 2; mercury, 1 parts.

Bottoms Copper.-The copper which has
sunk to the bottom of the smelting
ftirnace. It is the least pure of the mass
of metal in the furnace and it usually
contains tin, lead and antimony, and
sometimes traces of silver and gold.

Bourbon Metal.-An alloy composed of
equal parts of tin and aluminium. It
solders readily.

Brass.-A generic name given to alloys of
copper and zinc. Common brass (or
east brass) contains 2 parts of copper and
I part of zinc.

Brass has been known from early
ages. Its name is supposed to be derived
from the Anglo-Saxon word braes-a
fire -produced metal.

The various brasses are described
under their individual names.

Brazing.Soldering with a brass alloy.
Brazing Brass.-A brass alloy having a low

zinc content. It possesses a red colour
and is used for brazing purposes. Com-
position : copper. 86.75; zinc, 12; lead,
1.25 parts.

Brazing Metal.-This term is usually
synonymous with brazing brass.

The fracture almost complete

Brazing Solder.-A variety of brass con-
taining copper, 50%; zinc, 50%. Is
usually cast in iron moulds having
transverse and longitudinal ridges, so
that the cake of brass can be broken
up into small rectangular pieces. These
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pieces are then heated in a furnace and
afterwards powdered in an iron mortar.
The solder is used for uniting Aron and
brass.

Brearley Steel.-An original type-of stain-
less steel discovered in 1913 by Mr.
Harry Brearley, of Sheffield. It is a
high chromium steel and it was first
made available for cutlery' purposes about
the middle of 1914.

Brightray.-A nickel -chromium alloy of
high corrosion' resistance.

Brinell Hardness Test.-A standardised test
of metal hardness. It is made by indent-
ing the smooth surface of the metal under
test by means of a hardened steel ball
(usually 10 mm. in diameter) by sub-
jecting it to a pressure or load of 300
kilograms for a soft metal and 3,000
kilograms for a hard metal. For very
hard materials, a 2 mm. diameter
diamond sphere is used.

By means of a lens, the diameter of
the indentation in the metal surface is
measured, and this is used as a means
of calculating comparative hardness
numbers-Brinell Hardness Number.

Bristol Brass.-This is the same as Prince's
Metal, which see.

Britannia Metal.-This is, in reality, tin
hardened with from '5 to 10%' of, anti=:
mony. It frequently contains a small
amount of copper. Typical comp?sition
is : tin, 140 ; antiniony, 8 ; copper, 3 parts.
An increase in the amount of copper has
the effect of colouring the metal.

The average M.P. of the above alloy
is 250°C. It is much used as the base
metal of plated goods of the ornamental
type.

Brittleness.-A metal which, easily breaks
upon the application of a sudden shock
or one which fractures readily when sub-
jected to a hammering or compressing
force is considered to be brittle. Metals
are usually increased in brittleness by
the presence of impurities; within them.
Thus, phosphorus in iron renders the
metal brittle or " short."

Crystalline metals are usually brittle,
because of the feeble degree of cohesion
between their component crystals.

Distinguish carefully between brittle-
ness and hardness of a metal. The two
terms are by no means synonymous.
Thus for example, Manganese steel is
hard, but it is not brittle. Metallic
tellurium is brittle but it is not hard.

" Brocade."-A type of bronze powder con-
sisting of coarse metal flakes prepared
from the waste of metal -leaf factories.

Bronze.-The name given to a large class
of copper -zinc -tin alloys. Approximate
limitating proportions of these con-
stituents are : copper, 70-90%; zinc,
1-25%; tin, 1.18%.

Such bronzes are much used for
making castings, coins, ornaments, etc.

Bronze has been known from very
ancient times.

Bronze Powders.-These are used for coating
metallic and non-metallic objects in order
to impart to them a decorative appear-
anc,e. They have the following average
composition: copper, 64-83%; silver,
4.3.4.5%; tin, 8-8.7%. The lower grades
of bronze powders contain up to 13%
of zinc, which whitens them considerably:

Brown Gold.-An alloy containing 20 parts
of gold, 4 parts of copper.

Buflokast.-An iron -silicon alloy of Ameri-
can origin. It is non -corrosive and is
similar to Tantiron, -which see.

C
Cadmium. - Metallic element. Chemical

k'symbol, Cd.; At; No. 4S; At. Wt. 112;
M.P. 320.2°C. ; B.P. 745°C.; Sp. Gray
8.6603'; Sp. Ht. .0548; Coef Rxp.
.00003323, Therm. Gonda (Silver-WO)
20.06. ; Elec. Cond. at 0°C. (Mercury -1)
13.46.

Occurrence : Mainly in zinc ores.
Cadmium never occurs in Nature in the
free state.

Cadmium was discovered by F. Siro-
meyer in 1817 in a specimen of zinc
carbonate, the name " cadmium." being
coined from the term cadmic fossilis, by
which zinc ore was then known, the
ancient Greeks having, during their
civilisation. known zinc ore as " cad-
meia."

Cadmium is a bluish -white metal,
closely related to zinc on the one hand
and to mercury on the other. It tar-
nishes superficially, and is fairly reactive
chemically, one of its chief compounds,
cadmium sulphide, CdS, being extensively
employed in the paint industry as a
golden -yellow pigment.

Cadmium metal is ductile, and can be
rolled into sheets and drawn into wire.
It 'has been used to some extent as a
plating metal. Cadmium -is also used in
the' making of fusible alloys and certain
casting metals.

Cadmium Amalgam.-Amalgams of mercury
and cadmium readily crystallise. They
can be made in almost any proportions.
They are tin or silver -white in colour
and, when heated, become soft and can
be kneaded. These amalgams are useful
as metallic fillings and stoppings for a
variety of purposes.

When mercury is completely saturated
with cadmium, the. resulting amalgam
has the composition : mercury, 78.26%,
cadmium, 21.74 parts. This amalgam is
tin -white, crystalline, and, although it is
somewhat brittle, it softens, like all
cadmium amalgams, when heated, so
much so that it can' be kneaded like wax.
This amalgam is sometimes used by
dentists for filling teeth.

Cadmium Copper.-A copper - cadmium
alloy containing either 0.5% or 1% of
copper. Retains a maximum conductivity
with an increased tensile strength, and
hence is in demand for the manufacture
of overhead electric lines, power cables,
etc. It was first introduced in 1920 and
has an approximately 50% greater
tensile strength than ordinary hard -
drawn copper wire.

Caesium.-Metallic element. Chemical
symbol, Cs; At. No. 55 ; At. Wt. 133 ;
M.P. 28.5°C; 670°C. ; Sp. Gray. 1.903 ;
Sp. FR. .0522 : Coef. Exp. .000345.

Discovered by Robert Bunsen and
G. Kirchhoff (1860) in certain spring
water containing lithia. Given the name,
caesium, from the Latin, caesiu8, sky-
blue, in respect, of the blue light emitted
by its incandescent vapour.

Occurrence': in certain mineral waters
containing lithia, sodium, etc. Also in
some rare minerals.

Caesium is a silvery -white, ductile
metal, which is soft enough to be cut with
a knife, like cheese. It is the most
electro-positive of metals. Exposed to
air, it rapidly becomes covered with a
film of oxide, and hence must be pre-
served belcw the surface of oil. Like
Sodium and potassium, it energetically
decomposes NI ater with the evolution of
hydrogen gas and the production of
caesium hydroxide: If placed in an
atmosphere of dry oxygen, caesium will
spontaneously take fire.

Within the last few years, caesium
'has come into prominence as a light-
sensitive metal in the manufacture of
photo -electric cells, ," caesium cells"

' being Particularly infra -red sensitive.
' Calcium.Metallic element. Chemical

symbol, Ca; At. No. 20; At. Wt. 40;
M.P. 780°C. Sp. Gray. 1.52 ; Sp. Ht:
.152 ; Elec. ,doncl. at 0°C. (Mercary = 1)
12.5.

Discovered in 1808 by H. Davy. Name
derived from the Latin; calx, lime, since
calcium is the constituent metal of lime
and limestone. Occurrence : in lime-
stone, chalk, marble, calcspar. CaCO3.

A white, lustrous metal, having a slight
yellow tinge. Has a strong affinity for
oxygen, becoming coated with an oxide
film when exposed to air. Decomposes
water with evolution of hydrogen and
formation of calcium hydroxide, Ca (0112).
In general properties, calcium closely
resembles barium and strontium. When
heated in nitrogen, forms calcium nitride,
Ca3N2. Calcium metal is fairly soft and
malleable. Usually preserved under oil
or naphtha.

Calcium metal can be made to form
alloys with aluminium, lead, antimony,
sodium, potassium and zinc, as well as
several amalgams with mercury, but
neither the metal nor its alloys have
any special uses.

Calcium Lead.-Lead containing a .small
percentage of metallic calcium to harden
it.

Camelia Metal.-A white metal used for
pivot bearings in machinery and for
similar purposes. Composition : zinc,
10.2%-; copper, 70.2%; tin, 4.25%; lead,
14.75%; iron, 0.55%.

" Carat " Gold.-The amount of gold in
alloys is conventionally expressed in
Rafts per 24, these parts being termed

carats." Thus pure gold is' 24 carat
gold," whilst a gold alloy containing
18 parts of gold and 6 ,parts of silver
(or copper) constitutes " 18 -carat gold."
Similarly, " 9 -carat gold " contains 9
pails of gold and 15 parts of other metal.

The word " carat is supposed to be
derived from the Greek, keration, signify-
ing a bean or a seed used for weighing
gold.

Carbon Bronze.-An anti -friction bearing
metal containing a trace of carbon.
Composition : copper, 75.47%; tin,
9.72%; lead, 14.57%; carbon, 0.1%.

Carbondale Silver.-A variety of nickel
silver. Composition : copper, 66 ;
18; zinc, 16.

Carbon Steel.-Roughly speaking, steel
is an intermediate material between cast
iron and wrought iron, the latter being
the purest form of iron commercially
attainable.

Cast or pig iron contains about 3%
of carbon. Wrought iron contains about
0.06% of carbon. Between these two
limits comes " steel," a form of iron
containing dissolved or alloyed carbon.
" Carbon steel," therefore, is nothing
more or less than " ordinary " steel, the
word " carbon " being employed to
distinguish the metal from the nowadays
numerous " alloy " or " special " steels
which contain other alloying metals in
addition to carbon. " Carbon " steel,
therefore, is the " old-fashioned " type,
of steel.

A " hard " carbon steel contains about
1%of carbon, whilst a " soft " steel of
this type has a carbon content of about.,
.1%.

(To be continued)
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oAeuit QUERIES
ENQUIRIES

a:,41114

Re -silvering a Mirror
CAN you tell me how to re -silver a looking

glass?-A. L. (Bristol).
THERE are three general chemical

methods of silvering glass. Of these the
following, known as the Rochelle salt
method, is the most readily worked for
average purposes.

Make up the following solutions :-
Solution 1.

Silver nitrate 0.5 gram.
Rochelle salt 0.7 Boil and
WaWr 250 cos filter.

Solution 2.
Silver nitrate 2.5 grams.
Water 25 cos
To Solution 2 add strong ammonia drop

by drop until the precipitate formed just
dissolves. After this, add one or two drops
of weak silver nitrate solution until the
liquid just becomes cloudy again, Then
dilute the solution with 250 cos of water.

For use, the above two solutions (which
should be freshly prepared) should be mixed
in equal amounts and instantly poured over
the surface of the glass. For this purpose,
the latter should lie in a perfectly clean dish.
Silvering will take place immediately and
will be completed within about five minutes.

Before silvering, the glass should be very
carefully cleaned, preferably by rubbing it
over with nitric acid. It should then be
well rinsed. Just before silvering it is
advisable to immerse the glass in a strong
solution of stannous chloride for a few
minutes and, afterwards, to rinse the latter
salt away.

Distilled water should be employed for
making the solutions.

The whole secret of successful silvering is
(a) thorough cleanliness of all vessels and
solutions, (b) cleanliness of the glass surface,
and (c) accurate making up of the solutions.
If you have not engaged in this work
previously, it would be advisable for you to
perform a few experiments in glass silvering
before embarking upon it for a serious
purpose.

Repairing Bakelite
CAN bakelite be repaired so as to retain

its insulating properties and if so how
can this be achieved ? Also, what is the
voltage required to produce a spark of one
centimetre?-L. D. (Carlow).

THE possibility of satisfactory repairs
depends largely on the size of the

article and the nature of the break. If the
article has not become distorted or warped
through the fracture and the edges are quite
clean and close fitting apply a little of the
cement sold as " Certofix " on both sides
of the broken part, allow it to become tacky,.
and press together with a clamp until hard.

Bostick " is another useful cement, and
rather a better insulator. Replying to
another question, the voltage required to
spark across a distance of one centimetre
will depend upon the shape of the terminal
points, the atmospheric pressure, and on the

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.

temperature. Between two insulated
spheres of 20 mm. diameter at 25 degrees C.
and 76 mm. barometric pressure, a dis-
charge spark will take place across a distance
of 4.2 millimetres with a potential difference
of 10,000 volts between the spheres. At
20,000 volts the sparkover will cross a gap
of 8.6 mm., and at 30,000 volts 13.7
millimetres. From these three points a curve
can be plotted showing the probable
behaviour for higher or lower pressures.
Fuller particulars can be obtained from
British Standard Specification No. 358 of
1929, obtainable from 28 Victoria Street,
London, S.W.1.

Winding for Synchronous Clock
Motor

I WISH to know how to decide on the
number of turns and gauge of wire to use

on a small synchronous multi -polar electric
motor of sufficient power to drive a clock.

I have planned to use an iron disc rotor
of 1 in. diam. and having 30 teeth. The coil
would be 1114, in. long and have its poles termi-
nating in 8 teeth on each side. The current
is A.C. 220 v. 50-60 cycles. -A. C. (Mul-
lingar).
YOU omit to state what train of gears

you are contemplating, but probably
have realised that the clock would not keep
time on frequencies of both 50 and 60
cycles, it must be designed definitely for
one or the other. The 30 -slot rotor of 1 in.
diameter need not be more than in. thick,
but should be built up of thin stampings,
not from the solid. The same applies to the
stator having eight slots on .each pole face.
If you intend this to be plugged in direct
on a 220 volt circuit you must be prepared
to wind the coil with extremely fine
enamelled copper wire such as No. .45SWG,
and if this is a first attempt at winding it
cannot be recommended as it would tax the
skill of quite an experienced winder. As an
alternative it is suggested to run the clock
from a bell transformer secondary, at say
12 volts, in which case a suitable winding
would consist of 1 oz. of No. .38SWG
enamel covered copper. Cotton coverings
are quite inadmissible owing to the in-
creased space factor they require. With
enamel coverings 2.4 times as many turns
as cotton covered wire of this gauge can be
got into the same winding space.

Fireproofing Canvas
CAN you tell of a reliable solution for

making canvas fireproof. Can paper
also be made fireproof ?-W. M. (Eltham,
S.E.9).
IN two gallons of hot water dissolve
I approximately 1 lb. of alum. With a
clean brush, spread this mixture (prefer-
ably hit) all over the canvas and on both

sides so that it is thoroughly impregnated.
When dry, rub the canvas over with a clean
rag in order to remove any of the alum
powder which may be adhering to its
surface. The canvas will now be fireproof.

Another solution having the same effect
is made by' dissolving 10 parts of sodium
tungstate in 100 parts of water.

Paper and other materials can be
similarly fire -proofed by immersion in the
above solutions.

Actually, the above fire -proofed "
materials will often smoulder slowly if they
are ignited, but, usually, the smouldefing
area will pot spread itself.

Running Motor on Reduced Voltage
I HAVE a Spartan refrigerator-com-

pressor type-with a one -sixth h.p. motor.
1,440 r.p.m. 1.9 amps at 220 v. A.C.

I now want to run this off 240 A.c. mains.
I take it that the coil resistance of the
motor is 220/1.9 = 115 ohms. and that if I
put a resistance of about 10 ohms in the lead
from the wall plug to the motor it will
reduce the voltage at the motor from 240 to
220.

How do I do this ? I have some 24 gauge
Eureka resistance wire, and I wound 10
ohms. on to a former, but the wire tot very
hot through overloading. What is the right
wire, and how much shall I need ?-N. L.
(Middlesex).
I T is a little difficult to advise in the

absence of further particulars as to the
type of motor. If it is a series motor of the
commutator type and you wish to dissipate
the difference of voltage between 240 and
220, that is 20 volts, when the motor is
taking its normal current of 1.9 amperes, all
you need is a small additional resistance in
circuit of 20/1.9 = 10.5 ohms. No. .23SWG
Eureka resistance wire will carry this
current without excessive temperature rise,
if freely ventilated, and has a resistance of
1.487 ohms. per yard, so that the length of
wire required to give the required 20 volts
drop would be 20/1.487 = 13i yards.
approx. This should be wound on an
insulated metal tube of about 14 in.
diameter, mounted vertically and protected
with a ventilated cover. If the motor is of
the induction type, however, the proposed
resistance may not he entirely satisfactory,
since these motors take such a heavy start-
ing current in order to develop normal
torque that the additional resistance in
circuit would cause an abnormal volt -drop
at the terminals and probably prevent the
motor from starting up. The impedance
of the windings is mainly composed of
inductance with a very low ohmic resist-
ance, in this type of motor, hence your
calculation of the motor resistance would
not apply. If the suggested resistance does
not enable the motor to start up the best
alternative will be to put in a small auto -
transformer input 240 volts output 220
volts, short -rated at 10 amperes, and con-
tinuously rated at 2 amperes.

Bengal Matches
COULD you kindly give me some

information about the following :-
How Bengal matches are manufactured ?
How enamelled show signs are manu-

factured ?
How mechanical tin toys are coloured or

painted ?-P.O. (Co. Clare).

BY
" Bengal Matches " we presume that

you mean those which burn with a
coloured flame, usually a red or a green
flame. These matches contain the ordin-
ary safety -match " mixture," i.e., the
matcher kre tipped with a mixture con-
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A SHEET OF BLACK PAPER

A TUBE OF

Min
ECONOMICAL ANTI -GLARE

LAMPSHADE FOR

A. R. P.
Me -I, ix is the neat, clean,
speedy way to do a strong,
lasting job. Colourless,

-odourless, needing no
heat, it is a powerful
adhesive and spreads
straight from the tube.
2d., 6d. and 9d. the tube.
Made by the proprietors
of Stephens' Inks, 57
Aldersgate St., London,

In WORKSHOP and HOME
keep warm with a PORTABLE

TILLEY RADIATOR
The unpleasant conditions of winter
are soon forgotten amidst the
comforts of the home. The Tiley
Radiator being PORTABLE, pro-
vides warmth in workshop, sitting -
room, bedroom, bathroom, etc.,
as required. Burn; ordinary
paraffin at the low cost of Id.
for 6 hours. Requires no con-
nections or fixing. Absolutely safe.
No wick to adjust and causes
neither smoke, smell nor mess.
British Made. Price 37/6, plus 5%.

Sold by all goad Ironmongers and
Stores. If auy difficulty, write to:-

TILLEY LAMP CO. (Dept. P.M.), HENDON, N.W.4

HAVE YOUR OWN
CINEMATOGRAPH

AT HOME
SHOW

The New
' Homray "
Projector

Hand
Turned
Model

271
Mains
Motor
Driven
Model

(Universal)

£3.17.6
Obtainable from leading Stases and Photographic Dealers

Write lo -day 'or illustrated list, and name of nearest stoello

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

taining potassium chlorate, potassium bi-
chromate, red lead and antimony sulphide
and they are inflamed by rubbing on a sur-
face (usually the side of the matchbox) pre-
pared with a mixture of red phosphorous,
antimony sulphide and a little glue to act
as a binding agent. The matches are
" coloured " by adding to the match -head
mixture a quantity of barium nitrate (which
will colour the flame green) or strontium
nitrate (which colours the flame red). Like-
wise, sodium nitrate would colour the flame
orange, whilst traces of copper salts would
import a blue-green colouration to it. The
preparation of these matches is not without
danger and should not be undertaken
except upon a very small scale.

Enamelled show signs are nowadays
manufactured in many different ways.
Usually, however, the clean iron surface has
spread upon it the glazing composition
which is either. printed on in the form of
letters or designs or else laid on by hand.
This glazing mixture, may, of course, he of
any colour. Thus, for instance, a sign con-
sisting of black lettering on a white back-
ground would have its black letters applied
first, the surround subsequently being
whitened. Finally, of course, the prepared
sheet is " fired " for a definite time at a
high temperature in a muffle furnace,
wherein the glaze fuses and afterwards sets
to a hard glassy film.

The mechanical toys which you refer to
are usually hand coloured with ordinary
enamel paints. If, for instance, you apply
soap and water to any ordinary painted toy,
the colours can usually be removed quite
readily. Workers in the toy trades, par-
ticularly in foreign factories, become very
adept at painting large numbers of these
toys at a rapid rate.

Egg Tongs
I HAVE produced a pair of egg tongs, made

of wire. TI e feature is the novel way in
which the egg is picked up.

When the tongs are gently pressed into
the egg, they automatically grip it and hold
it securely.

A slight pressure on the sides of the longs,
releases the egg.

Do you think that the idea is fit subject
for a patent. If not, can it be protected l'y
some other means ?-V. W. (Surrey).

THE improved device for handling eggs,
if novel, appears to form fit subject

matter for letters patent, but without
further particulars or a sample of the in-
vention, it is not possible to express a
definite opinion. It may be that protection
for the device could be obtained by regis-
tration as a design. The cost of registering
a design is less expensive than a patent, but
the protection given is not as broad as a
patent.

In some eases it is possible to obtain both
a patent and a registered design for a
device, but all devices are not capable of
registration as designs.

American Patents
N a recent issue you state in one of the

I " Replies " that an American patent
MUST be filed within 12 months of the
English patent application.

Does this mean that a patent device
which has proved to be successful, but only
after 18 months exploitation here, cannot be
patented at all in U.S.A. by its original
British owner ?-G. B. (Sunderland).

ACCORDING to the U.S. Patent Law an
invention to be patentable must be

novel. An invention is not considered novel
(1) If it has been known or used by others
in the U.S.A. before your invention or dis.

covery thereof; (2) if it has been patented
or described in any printed publication in
the U.S.A. or in airy foreign country before
your invention or discovery thereof, or
more than twti years prior to the applica-
tion for the patent; (3) if the invention has
been in public use cr on sale in the U.S.A.
for more than two years prior to your,
application unless the same is proved to
have been abandoned; (4) if an application
for patent for the invention has been filed
in a foreign country more than 12 months
prior to the application in the U.S.

It may be taken as correct that unless an
inventor applies for a U.S. patent within
12 months from the date of the application
or the date of filing of his British patent
application, on the supposition that such
patent application is the first that is filed
in any country for the same invention, then
no patent will be granted on such a U.S.
patent application.

It is, however, true that if it be possible
to delay the sealing of the patent on the
British application until after a U.S.
patent has been issued on the late filing, i.e.
after 12 months of a U.S. patent application,
a U.S. patent will be granted on such
application. In practice, however, this is
hardly ever possible, since the sealing of the
British patent can only be delayed for a
definite time, which is almost certain to be
exceeded. before it is possible to obtain
issuance of the U.S. patent.

It will thus be seen that the statement
that a U.S. patent application must be
filed within 12 months of the British patent
application, is correct for all practical
purposes.

Petrol Vapour Lamp
CAN you give me any constructional

details of a petrol vapour lamp? I re-
quire one for use in a garage.-A. R.
(Chesterfield).

APETROL lamp works on the principle of
an incandescent mantle being heated by

the non -luminous flame produced by petrol
vapour burning in a current of air. For
this purpose, petrol from a suitable con-
tainer is allowed to flow through a needle -
valve or other suitable regulator to a
specially devised burner over which is sus-
pended an incandescent mantle of the usual
typeIn.

order to start the lamp, it is necessary
to heat the burner. This is effected by
pouring a small quantity of methylated
spirit in a cup -like channel former around
the burner. When the spirit is ignited, it
warms the burner and conduit thereto,
with the result that the slowly flowing
petrol is gasified and mixed with air in
which condition it is combusted, thereby
heating the mantle and so exciting it to a
condition of incandescence. 

We fear that you will find it a very
difficult job to construct an incandescent
petrol lamp for yourself and, if possible,
we would suggest your purchasing .a second-
hand lamp of this type, since then you
would not risk disappointment. If, how-
ever, you desire to try your hand at making
these lamps (the majority of which, we
believe, are subject to patent protection)
your best plan will be to procure a suitable
container for the petrol. This should have a
filling' orifice and cap at the top and a
length of piping should lead out from it at
the base. This piping (which must have in
it some type of regulating valve) com-
municates -with an upright iron tube having
at its upper end a circular burner of the
Bunsen type over which the mantle may be
fitted and held securely. Around the pipe
just below the burner, you will find it
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necessary to fit some type of race or channel
in which to pour the methylated spirit
necessary for the starting of the lamp.

Some petrol lamps operate under pressure
which is generated by means of an auxiliary
handpump fitted to the petrol container.
The construction of these, however, is
beyond most amateurs, unless, of course.
an ordinary spirit stove of the Primus "
type is adapted for the purpose.

Firms manufacturing petrol lamps do not
supply parts other than replacements. You
might, however, try the following firms for
supplies : Messrs. J. M. & D. Hunter, 41
Slaney Street, Birmingham ; Messrs. Spencers
(London), Ltd., 5 and 6 London Street,
Paddington, London, W.2. ; Messrs. M.
Howlett & Co., Ltd., 140 Hockley Hill,
Birmingham.

Designing a Solenoid
I WISH to construct a " Solenoid " similar

to that used for gearchanging on the
American " Caddillac " car some years ago,
and capable of pulling or pushing a rod with
a force of 10 lbs. Can you inform me if
there is a " formula " for determining the
size and length of wire required, and the
necessary voltage and amperage of current.
I want to use a car type battery if possible.

Is there any book covering the construction
of Solenoids -J. M. (York):
THE design of a solenoid to give a

definite pull over a definite distance is
a matter depending so much upon the space
available that no general rules can be laid

down. The. tractive effort or pull when the
fixed and movable iron cores are in actual
contact is calculable from the formula :

B2 x A2 (in square inches)
Pull in lbs. ..

72,134,000
B being the induction or flux density in lines
per sq. in., but this figure is very difficult to
obtain in practice, as the magnetic leakage
is a variable quantity and varies with every
change in the length of the air gap between
the cores. It is impossible to go into the
matter fully in the space of a letter, but
some assistance will no doubt be derived
by studying the articles entitled " Electro-
magnetic Devices t" by A. H. Avery, which
appeared in The Model Engineer for April
23rd and 30th, 1936 and also May 7th and
21st of the same year. There is no publica-
tion dealing exclusively with Solenoids.
You may be able to see a copy of Prof.
S. P. Thompson's The Electromagnet "
at some technical library, but this has long
been out of print.

PRACTICAL WIRELESS
ENCYCLOPAEDIA

7th Edition

6f-, by post 616
from Geo. Newnes Ltd., Tower House,

Southampton Street, Strand, W.C.2

A SMALL STEAM
BOILER

(Continued from page ILA)

no difficulty in choosing suitable fittings.
Working Pressure

The working pressure of our boiler is
intended to be 30 lb. per square inch. Now
I want to give the reader a method of setting
the safety valve so that this pressure shall
be determined before steam is raised in the
boiler for the first time.

The aperture or diameter of the bore of
the safety valve is in. (.25 in.). This figure
squared and multiplied by .7854= .0491
square in., or for convenience we will call
it .05 square in. Thirty pounds multiplied
by .05 equals 1.5 lbs. which is the actual

- pressure of steam on the under side of the
valve tending to -lift it. Now all that it is
necessary to do in pre-setting for this
pressure is to insert a short piece of rod of
steel, brass or wood up under the valve,
letting it be a nice easy fit in the hole and
projecting an inch or so. Hold the safety
valve over a spring balance or scales. Press
the whole body of the valve down on the
scale by means of the rod and adjust the
nuts until the valve is seen to just lift off
its seat when the scales are reading exactly

lbs. Then lock the nuts and the valve
is set approximately if not with exactitude.

I have said that the boiler is finished, but
it is recommended that the inside of the
easing be lined with asbestos cardboard;
this will prevent some loss of heat by
radiation. The top of the boiler may very
well be lagged, also with asbestos, and,
for the sake of appearance, this should
again be covered with thin sheet metal
which may be painted and held down by
brass (bands.
Firing Arrangement

The last item to be dealt with is the
firing arrangement. Gas will be found by
far the most convenient fuel, and it may be
that the reader will save himself some work

by being able to find a gas ring of convenient
size and shape ; or it may he possible to
adapt ready-made burners from a gas
Pre, the grill of a gas cooker or utilise the
lower part of .a Fletcher pattern soldering -
iron -heater. Failing all these, burners can
be made in accordance with the accompany-
ing drawing Fig. 4.. using iron tubing with
saw -cuts made across it and stock pattern
brass taps for the gas jets. The "Y" piece
of pipe can be soft -soldered together.

If no gas is available methylated spirit
is a simple alternative. Burners and lamp
having asbestos wicks are shown in Fig. 5.
The burners are made from 1- in. diameter
brass or copper tube flattened to oblong
form. The boiler and engine may very
well be mounted side by side upon a ply-
wood base board which should be protected,
underneath the boiler, by an iron plate
screwed down over a thick piece of asbestos
card.

The steam,connection between the wheel -
valve and he engine will be by * in.
diameter copper pipe and the exhaust
from the slide valve cover -plate by I in.
pipe, which it will be advisable to take
into the fire casing and bend in such a
manner that it points upwards, centrally,
at the base of the chimney, just as the
blast pipe. does in the smokebox of a
locomotive.

It may be remarked that no provision
is made for feeding the boiler with water.
Actually I think that a pump is scarcely
needed ; for one filling through a funnel
inserted in the safety valve hole, by
unscrewing the valve, will be sufficient
for a very long run of the engine ; probably
as long as is desired, but if a greater period
than about an hour is wanted without
cooling off the boiler and refilling then a
hand pump can be mounted on the base-
board, or a small pump be driven by an
eccentric off the engine crankshaft. In
either case a check valve will he needed
on the boiler, and, all things considered,
I do not think it will be worth while to
provide a pump.

BARGAINS BY ELECTRADIX
H.T. TRANSFORMERS. Steel
clad, as illus., 200 watts, 50 cycles.
10,000 v.. 40/-. 400 watts, 4,000 volts.
60/, 220 volts /300-0-300 volts 60 ma..
78 v., 21 a., 58 v.. 10 a..1.8:-, E.H.I.
Mains- Rectifier Transformers 120
volts 20 ma. output. 8 8. H.M.V.
Transformers any A.C. Mains input.
350-0-350 volts 80 ma.' 4 volts 2
amps. and 4 volts 3 amps.. 8.6.
TRICKLE. 200/240 v. to 2 a.. and 8 v.

a.. 7/6. Mains 110/220 v.. to 150 v.
30 Ma., and 4 v. 1 a. and 4 v. 3. a.,4.13.
INTERFERENCE FILTERS. in
Polished walnut case, 71 x 6 x 3. L.F.

or H.F. smoothing, 15!-.
L.F. Transformers and Chokes. all sizes.
FERRANTI. Type 0.P.M., etc. Single
Ratios 27.1. 3.1. 38/I, 5/6 each. Output for
50 m.a.,6,-. 3 Ratio Ferranti 31-71-10 t0,1,
or 4-7-10 to 1. 61. Push -Pull 3 ratio, 100
ma.. 7,-. Loud Speakers, etc. List 17/.
Sale 10 High Ratio Microphone TranS-
former. 100 1 Ratio, 4/6. 30/1 ratio. 12/6.
Special P.A. Speech Transformer, 10!6.

B.T.H. Bakelite 4 to 1 Intervalve, 5/,
CHOKES. 30 Hy. 50 100 m.a.,4 -. t amp. ditto, 1.0;-. H.F.
Chokes L. and S.W.. 1 6.
MOTORS FOR A.C. MAINS. Repulsion,
self-starting. 1/60 H.P. with pulley. Type 50,
1.500 revs.. 18/8. Ditto, Type 36. 1;25 H.P.
G.H.C., 3.500 revs..27 6. Enclo. Induction 1/10
H.P. Motors, 2,500 revs., 35 -. Self-starting.

H.P.. 1.425 revs..491-. etc.. etc. D.C. Mains
Motors, 1/40 H.P., 110 or 220-v. series, Type
KB., 1,750 revs., 15/-. Ditto. G.E.C. 230-v..
2000 revs., 16/-. Croydon 1/12 H.P., 110 and
220-v. shunt. 1.700 revs...30 -.

GENUINE E.D.C. ROTARY
CONVERTERS. For A.C.
Receivers on D.C. 230 v. A.C.
output. All in silence cabinet.
with filter. All sizes in stock
from 50 watts to sets for tele-
viso rs of 450 watts.
D.C. MAINS MOTOR DENS.
D.C. D.C. 220 v. to 30 v. 10
amps.. £719/-. M.G. Cromp-

ton. D.C./D.C. 100 vlts.
to 17 volts 6 amps..
£45am7p6s..,200g5. Ev.sttroo M.G.

ditto to 6 volts 1 amp.
45/-. Motor Genera-

r6so for
amps.

l. outputs up
to

ALTERNATORS. 200 Dal
Self -exciting Alternator,
TYPE` 52A. A most perfectly -
made A.C. generator. 500
cycles 10 volts 20 amps., eight
71 lb., in aluminium cover.
Belt or motor drive. and fully
guaranteed. With quite a
small transformer, H.T. vol-
tage up to 6.000 volts may be obtained. smoothed and
rectified for plate H.T. Cost 030, and are given away at
23/10/- cash with order.
SELENIUM CELLS. ' Light sensitive resistance, gold
grids. moisture -proof. L. to D., ratio 5 to 1. Mounted in
bakelite, 10,-. Super Model in Oxybrass body with
window 013.
C0001'ROL BY RAYS. We have some £5 Photo Cells for
Talkies. Light Tests. Timings Controls. etc.. at bargain
Prices. Vacuum cells. Response to light 50 micro -amps.
per lumen. R.C.A., 25;-.: Holders. 1/ Electric Cells, self -
generating on Micro -Ammeter or Micro. Relay. 11 in. x

in..21/6. Beck Prisms. 5 6.
LOW COST SOUND RECORDING. Blanks now 33 per

dozen. Electric FEIGH set
has ball -bearing centre
gear box and geared tra-
verserod. Set with Track-
ing Gear, Pick-up and
Tone -arm fitted diamond,
3716. Tracker gear only.
less Pick-up and Tone -
arm, is 216. Diamond
Cutter Needles fit all pick-
ups. 71. 6 in. Blank Discs.
3.3 dozen. Sample with

record one side 1/-. Post free. Complete Acoustic Set,
de Luxe,111/-, No. 2,10/6; Junior Type. 5/6 each complete.
AMPLIFIERS for Record boosting. 21 watts undistor-
ted output from mains. Steel clad chassis with metal
cover. O.
CRYSTAL SETS. Buy one now, you may want it one
day. No battery or valves wanted. Efficient reception.
7.6 each. PhOnes 4 /6.

PHONES. For all purposes. Table
or wall, house or office 'phones, from
10/-. Headphones. Pocket type W.D.
leather Headbands, 31 pr. Sullivan
Radio Aluminium Headbaffils, 3/9 pr.
4,000 ohm SIW lightweight Head-
thones, 5.- pr. 13.T.H.. 6'-., Browns.

DIAL TUNING. 10 -
point Finger Switch
Dials. As illus.. used
on G.P.O. Automatic
Telephones. These
have spring drive.
governor; clutch and
contacts inside. Price 21.

WIRE WOUND POWER RESISTANCES. 5 -watt 8,000
ohms, 10 ma.. 10d. 5 watt Potential Dividers, tapped
50,000 ohms, 16. Mains Transformers, 3/6. 1 -mid. Con-
densers. 4d.

3 9 MILLIAMMETERS. New. Where
the lob calls for something simple
without calibration for tuning or
galvo for testing. Back of panel type.
as illus., 8m.a. full scale. Plain scale
and 1 in. needle with mica panel, back
lamp and bracket. Neat and compact.
Can be used as voltmeter with extra
resistance. Great bargain at 3'9
post free.

Send for "Radio Electrical" Scientific Illus. Lisl ' V." Free

ELECTRADIX RADIOS
218, Upper Thames Street, London, E.C.ti

'Phone : Central 4611
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TRAINING

in Wartime
In peace -time the T.1.G.B. home -study courses
provided first-class technical education. For
several years past the pass percentage of
T.I.G.B. Students at Professional Engineering
Examinations such as A.M.Inst.C.E.
A.M.I.Mech.E., A.M.I.E.E., A.F.R.Ae.S..
C. and G., etc., has not once been lower than
96%-and no fewer than 22 FIRST PLACES
have been gained. In War -time the advantages
of T.I.G.B. Training-free from black -out and
travel difficulties-are most marked. To -day,
The T.I.G.B. courses are the ideal method of
qualifying quickly for the great range of posts
being offered by Industry and the Govern-
ment to technically trained engineers, the
need for whom needs no over -stressing. Write
TO -DAY for "The Engineer's Guide to
Success," containing the world's widest choice
of engineering courses covering all branches and
recognised qualifications. Mention branch, post
or qualification that interests you. The
T.I.G.B. guarantees
training until success-
ul for the one fee.

The Technological
Institute of
Great Britain
218 Temple Bar House
London - - E.C.4

(Founded 1917)
20,000 Successes

An Absorbing Hobby
BUILDING A STUART MODEL IS
AN ENGROSSING PASTIME, AND
THE RESULT A CONTINUOUS

PLEASURE

We illustrate

STUART

NO. 10.
High Speed

Steam Engine.

Bore 41".

Stroke 71".

Each set is quitecomplete-
drawings and
instructions are
included.

If you have a lathe-
The rough castings 8/6

If not-
Fully machined set - - 19/6
Ditto, with all holes drilled

and tapped - - - 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

40 New Improved Machine Vices, 21" wide steel
faced jaws, I" deep, opens 3r. A necessity to all
mechanics. Clearing while stock lasts, 4/9 each. 
-Burke.

56 Sets Starrett Pattern Yee Blocks and Clamp. Two
vee blocks and one clamp. Accurate and first-class
finish. Present-day priA over 12:-. Gifts at 5/6 set.
-Burke.

Hexagon Dies Nuts, less than half price to clear.
Very useful in any repair shop. In the following
threads only : Whitworth, B.S.F., and American
Fine S.A.E. Sets E' r, r, r, r, 1", 101
set of nine; ditto f" to r, cis set of seven; ditto i" to
A", 3/9. Special offer, three sets j" to 1" 271. Iler
cheap.-Burke.

46 Sots Whit. Dies and Taps, Etc. Five. 1", tomtit
dies, cutting 1". ", r, r. Whit., complete with
set of five t tper taps, one I" all -steel die stock, and one
adjustable tap wrench. Very attractive liargain, 8/6
set; also a few sets in Brass 26 Threads, same price.
Sets of Whit. Taps, seconds, or Plugs, 2/9 get. No
stock of seconds or plugs in 26 thread.-Burke.

U Sets 1" Round Otis, t", r -1 B.S.F.,"! 4", in .S.Y.
or S.A.E., _clear 2/9 set. No taps available in these
sizes. 1' Die Stooks, 1/9 each.-Burke.

148 Sets ir Split Dies, cutting I", A-, I", Whit.
only. Complete with taper taps, stock and tap
wrench. A very useful bargain, 4/6 set. Second or
Plug Taps, 1'3 set.-Burke.

750 Only H° Split Dies, cutting 0, 1, 2, 3, 4, 5, 6 B.A.:
31-. tt". In Whit. or B.S.F.

Also 32", k", i" by 40 threads. We parchtisled
this stock when prices were low. Secure supplies now.
Si. each, 5 6 per dozen.-Burke.

1,200 Small Taps, 2, 4, 6 B.A., r, -6,' Whit.
taper second; or plugs, 4d. each, 3/9 dozen; " "
Whit.. 7, 5, 10 B.A., 6d. each.-Burke.

300 Large Taps, -4f" r Whit., 9d. each; . 1 -:
i", 1,6: ", 2/-; 1", 2/6., Also r and r B.S.F. :it 1 6
and 2 - each. Gas Tape, A", ed.; V. 9d.; 1 3:
2-, 11: I", 2'6 each. -Burke.

300 Best Carborundum Wheels, approx. 3I" diam
1" or r thick, I" hole, suitable for small tool or drill
grinding, 9d. each.-Burke.

2,000 Fine Emery Wheels, 2' to ar diam., Ile to
I" thick. Very useful for grinding cutters, taps, etc.
Given away price, 2 9 per dozen. Cost ad. to 1/6
each.-Burke.

21 any lot. Eight lots St -Below.

:'" Toolholder, with four H.E. Tools,

Adj. Boring Tool, with II.R. Tool,

to p," Silver Steel, I 3 pieces. 13" long.

r to r Silver Steel, 4 lb., 2" to 4" loth.

500 Ass. Brass and Steel Screws, etc.

100 Steel Hex. Bolts and Nuts, I" to r.

16 H.S. Drills, .:31.2" to A-.

Slitting Saws, five " to V thick, 1" hole.

Two dozen Fine Odd Thread Taps to I".

Three dozen Tungsten Hack -Saws to 12".

18 Grinding Wheels, ," to 1" diant.

Three H.S. Tap Fluting Cutters, I i" diam.

One dozen Ass. Files, 4" t 12".

Dozen Toolmaker's Needle Files, indispensable.

Best Carborundum Wheel, 7" by liy 1" hole.

200 Springs to approx. 6" long.

El Orders Carriage Paid, except abroad. Money
refunded if not satisfied with any of the above bargains.

J. BURKE, 30, TRIPPET LANE, SHEFFIELD, 1

SITUATIONS VACANT
DRAUGHTSMANSHIP. Men over 21 wanted

for reserved occupations. Thousands of openings in all
branches of Engineering, Governtrient Service, etc. No
experience required. FREE details of rapid prepara-
tion and employment service for these vacancies front
National Institute of Engineering (Dept. 372), 148
Holborn, London, E.C.I.

CHEMISTRY EXPERIMENTS
FOR BLACK -OUT EVENINGS

Post Free OFFER
Of SAMPLE PARCEL
containing many
useful pieces of

CHEMICAL
APPARATUS

219
Write G.:. for

FREE PRICE LIST
of other Sets.

BECK (=m.Al,

60 l':h 3I.Ne:10-da 4.13
Booklet, "Experiments in Chemistry." ad. P.O.

Priao
.2 -3-

Machine
Vice 11,

The ' ADEPT' Bench Hand Shaper
Length of stroke of nun. ins.; Length of
..rose travel of slide, a ins.: Site of Taint
-11, ins. - 4 Ins.; Rise and fall of Tall' -
2 ins.; Vertical feed of tool slide. If ins..
Maximum distance between tool and table.
3 ins.; Weight, 18 lbs. Also the .Adept'

No. 2B.H, Shaper, stroke.
Pei w

Manefocirioef
F. W. POEMS'.

STREET. SIIEFFI

BARGAIN OFFER
INSTRUMENT WIRE
At Halt OrdinaryPrieel

Price per lb. for Double Cotton Covered.
25 SWG 1/8. 28 SWG 2,2. 30 SWG 2/10.
32 SWG 3/4. 34 SWG 3/10. 36 SWG 4/9.

Price per lb. for Double Sill, Covered.
26 SWG 2/8. 28 SWG 2/10. 30 SWG 3/2.
32 SWG 3/8. 34 SWG 4/8. 40 SWG

Postage 6d. Reels and Winding, 6d. per reel.
SPLIT PHASE A.C. MOTORS

1425 r.p.rn. All voltages.
Ideal for workshop use,
L aches. Blowers. Heavy
duty rating. No radio
interference and silent.

h.p. 55/-; 1'3 h.p., 65/-;
h.p. 781-, plus 10 per cent.

Other motors from 16/6.
Universal, Capacitor,
Repulsion. Low prices.

Leaflets Low voltage Trans -
free. formers, secondary tap-

pings 10-20-40 volts 6'6. Post Pd.
L. WILKINSON, 204 LOWER ADDISCOMBE ROAD, CROYDON

CHARGE YOUR L.T.
AT HOME Battery Charger

just plug-in, lit itch Or., that's all !

l'rices: 2v., I amp, 12,6; 2 amps, 18/6; tiv., I amp,
15/-. Car Battery Models: 6v., 2 amps, 25/-;
12.v., 30/-. Commercial Charger for 1-14, 2v.
cells, 0-3 ammeter, Low, Medium, High taps, 50/-.
Larger Models, 75,', 90/-. All have Metal Rectifiers
and strong steel cases. Send :;d. for REAL PHOTO
and FREE TRIAL terms.

BRIGHTON RADIO SERVICE,
34 Middle Street, Brighton.

-WTIF 0 S
BOOKSELLERS TO THE WORLD
New and secondhand books on all technical subjects
113-125 CHARING CROSS RD., LONDON, W.C.2

Telephone Gerrard 5660 (16 lines)

When replying to Advertisers
Please mention " Practical

Mechanics "



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 2.1% 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.

CANOES
BOATS AND CANOE KITS. Hobby for long

evenings. Prices unaffected, few bargains. Metacraft
(P) Christchurch, Hants.

METAL WORK
MAKE METAL TOYS. Easy, profitable with

"Success" Moulds. List Free. Complete trial mould
1/6. - -Lee's, 1 Birkin Avenue, Nottingham.

MICROSCOPY
MICROSCOPIC OBJECTS, unmounted

prepared. Assorted packet, 2/-.-Leng, " Elhanan,"
Brierley Road, Bournemouth.

MODELS
EVERYTHING FOR electrical rewinds and repairs

Screws, nuts, and washers for model engineers. Lists
free. -Lumen Electric Co., Litherland, Liverpool, '21.

PERFECT USED RAILWAY BARGAINS
(Gauge " 0 "). Send 4%cl. for our catalogue. -Below.

FOR mix RAILWAYS. Some special locomotives
and wooden coaches; list 1%d. Exchanges. Georges',
11, Friars Street, Ipswich.

JUBILEE
WORM DRIVE
HOSE CLIPS

The long -life clip with
the ever -tight grip.

The Beat Known
For Radiator Joints,
Air, Oil, and Water
Hose Joints.

We guarantee a Tight
Joint.

Stocked by oil Garages
and Accessory Dealers

L. ROBINSON & CO.,
25 London Chambers,
GILLINGHAM, KENT.

u s e

"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., 1'. and lib tins.

also in bulk.

SIR W. BURNETT CO._tH M [CIAO LIMITED
GREAT WEST ROAD  ISLIWORill..MIDnE.SE%

OUR ADVICE. BUREAU

COUPON
This coupon is available until January alst, 1940,
and must be attached to all letters containing
queries, together with 3 penny stamps. A stamped

addressed envelope must also be enclosed.
PRACTICAL MECHANICS, JAN., 1940.

WIRELESS
RADIO BARGAINS, 2 valve kits 15s. 8d., imme-

diate delivery. -Buckle, 63, Avenue Approach, Bury
St. Edmunds.

PATENTS AND INVENTIONS
HAVE YOU a sound, practical invention for sale,

patented or  unpatented? If so, write Chartered
Institute of American Inventors, Dept. I6 -C, Wash-
ington, D.C., U.S.A.

PHOTOGRAPHY
PHOTOGRAPHIC MATERIALS. Plates, films,

mounts, chemicals. Interesting money -saving lists
free.-"Kimber's," 105 Queens Road, Brighton.

STAMPS
FREE!! Twenty Unused Colonials. "Neurope,"

1%d. Fifty for 1/1 yel.-G. H. Barnett, Limington,
Somerset.

WATCHMAKING
WATCH & CLOCK REPAIRERS. Send 3d. for

complete list of material and tools.-Blakiston & Co
Ainsdale, Southport.

MISCELLANEOUS
CASTING MOULDS for Lead Soldiers, Indians'

Animals, etc. Sample mould, 2/9. Catalogue stamp. -
Industries 2, Waldegrave Park, Twickenham.

TELESCOPES, MICROSCOPES, Scientific
Instruments, etc. Send for lists. Sale or Exchange. -
C. V. Bolton, F.S.M.C., 49a Leigh Road, Leigh, Lanes.

HALLICRAFTERS Sky Buddy, S.19, £7 or
exchange for 5.10 meter battery superhet.-George,
15 Garsdale Road, Peckham, S.E.15.

BE TALLER II Extra inches count Details
6d. stamp. -Malcolm Ross, Height Specialist, Scar-
borough.

in. WINFIELD
FOR VALUE AND RELIABILITY

As illustrated £10 - 10 -0
or by 12 monthly payments of 18:4

3 in. B.G.S.C. Lathes from E4 - 10 - 0

The Winfield Mfg. Co.`tigNeGS tiAtiks

CUT THIS
Practical Pen Coupon Value 3d.

Send five of these coupons with only 3/- (and 2d. stamp)
direct to the Fleet Pen Co., 119, Fleet Street, E.C.4.
By return you will receive a handsome lever self -filling
FLEET B.F. PEN with solid gold nib (fine, medium, or
broad), usually 10/0. Fleet price 4/3, or with 5 coupons
only 3/-. De Luxe Model, FLEET SELF -FILLER,
2/- extra.

(Dept. 358), 6

MISCELLANEOUS-Cont.
LIGHT BRASS AND ALUMINIUM CAST-

INGS made and turned (for inventors by blue prints
if necessary). Strictly confidential. -Donovan Bros.,
"Ronkswood," Llanbradach, Caerphilly, Glam., South
Wales.

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,

TOOLS
BRAND NEW POWER TOOLS of quality,

10 -inch bandsaws, 54s.; Jigsaws, 22s. 6d.; Bench
Drills, 11s.; Circular Saws from 25s.; 3 -inch S.C.
Toolroom Lathes, from £4 5s. New 1 -inch chromium -
plated, Micrometers, 12s. 6d.; Electric Drills, 37s. 6d.;
Grinders. -John P. Steel, Bingley.

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.

MYFORD LATHES have no equal for sturdiness
and value. Lists free. Delivery anywhere. Terms sts I
available.-Nuttall's, 20 Albert Street, Mansfield.

MASTER THE PIANO
Easily, Quickly, Enjoyably
To learn to play really beautifully is
not difficult -It is easy -with proper
teaching! Even if you start at middle
age, not knowing a note. I CAN
TEACH YOU to play so that your

friends will want you always. I will
send you by POST. Sun -clear. Fascinating
Lessons from ordinary musical notation.
no freakish methods, enabling you to
read and play at sight any standard musi-
cal composition. 1 have taught over
51,000 adult pupl's during 35 rears. and
I DAN TEACH YOU, and I guarantee to
please and even surprise you with your
rapid progress. Send p.c. for FREE BOOK

"Mind. Muscle and Keyboard."
and form for free advice.

Say Moderate. Elementary
or Beginner.

Mr. H. BECKER
,B,a14/6 by BirM

rai weal,
9, Fleet Street, E.C.4.

Easily made from our
castings 12,6 per set.
Complete Engines
ready to run from

£3 15s.
J. HALLAM & SON

Upton, Poole,
Dorset.

MINIATURE PETROL ENGINES . . . for
Aeroplanes and Speed Boats. 1 to 15 c.c.

Send 3d. for particulars.

MAKE MORE MONEY
£3 to £6 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, 8.E.25.

Ali apptications respecting Advertising in this Publication should be addressed to the ADVERTISEMENT MANAGER .GEORGE NEWNES LTD.
Tower House, Southampton Street. Strand, London W.C.2. Telephone : Temple Liar 4.163
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GAMAGE
Send for copies of
Gamages Tool
Bargain Leaflets
for Metalworkers
and Woodworkers

FIRST QUALITY, HEAVYWEIGHT
3 in. SCREWCUTTING LATHES
(BACK GEARED, GAP BED), SLIDING, MILLING, SURFACING
An opportunity to secure a high-grade lathe at a remarkably low

price. Be advised and order now while stocks are available.
SPECIFICATION:-

Exceptionally strong headstoek with adjustable bearings.
Heavy, solid bed ensures accurate work. Machine cut change
wheels for all English threads. Saddle and slide have large
bearing surfaces, and the tailstock is of right design. Swing over
saddle 41 in., over bed 6 In., over gap 8 in. Diameter of mandrel
I in., mandrel nose in. x 12 threads. Mandrel and tailstock
bored in. clear. Centres No. 1 Morse taper. leadscrew in. a
8 T.P.I. Cone pulleys 31 in., 3i in., 21 in. x in.

2 in., overall length 27 in., weight 52 lb. Com-. IBack gear ratio 30 to 20, distance between centres

lete with face late. and ten change wheels.

Or DELIVERED on FIRST of SIX MONTHLY PAYMENTS of 14'9
Carriage (outside our extensive delivery area) :1,6 extra England and Wales.

BRITISH MADE
THROUGHOUT

TABLE VICES

with
Steel -
lined

Jaws and
Covered
Screw

Ifigh-grade Vices in the
sizes

11 in. Jaws. Weight 21lb.
Post 6d.

21 in. Jaws. Weight 4 lb. 3/11 Post
2;',, in. Jaws. Weight 5 lb. 5/- Post Bd.

BOXES 0 12
ASSORTED FILES
The best and cheapest way to buy
Files. British
quality.
Sizes 6 to 12 ills. for

Post 9d.
Also sizes 4 to 8 ins. 12 for 2,11.

Post tid.

Suitable for Very Fine Work

Constructed on orthodox lines. Overall length, 124 in. Length of bed, 8 in. Maximum
distance between centres, 01 in. Height of centres .un gap, 1. The nose of the
solid mandrel is # In. x 20 threads. Bearings adjust,tile for I ompound slide
rest has yes slides with jibs and adjusting screw **lock
of the sliding barrel type and is held in position 1), set,
lniver plate, 11 in. in dia. Cone pulleys, lg in. x 1 it dia. t
pe. in. or in. rotted belting. Weight, 8 10. ,

Carriage 1/6 England or -Wales.
Foot Motor, 18 6. Set of Six Tools, 3/3; Belt, 518.

iv PLAIN
GAP BED
LATHE

with Compound
Slide Rest

SURFACE

GAUGES
Accurately made.
Fitted with line
adjustment device.
Overall height 12 in.
Diameter of base,
31 inches.

Post list.

HEAVY DUTY
AIR COMPRESSORS
A first-class compressor at a
most competitive price. f in.
bore, 'kin. stroke. Splash
lubricated, sealed crankcase.
Diameter of flywheel 9 in.
Weight 34 lb.
Carriage
1/6 Eng-
land or

Wales.

63'
Also large:
and more
powerfulmodel
with 2 in.
bore,2ln.

stroke,
64.17.6

or £1
Deposit.
Balance
in Six
Monthly

Payments
of 14 3

GEARED
MINIATURE

A.G. MOTORS (51 cydes)
Will work through any -suit. -
able transformer. Rating 12
to 14 volts continuous to
two minutes at 24 volts.
Incorporating bi-metal ther-
mal cutout and automatic
clutch to avoid breakage
under sudden stoppage. Re-
versing switch, self-lubricat-
ing bearings. Rotors eed no
load) 2,000 r.p.m.
Output spindle
speed 58 r.p.m.
All brand new,and
remarkable value. Post 6d.
Illustration iR approx. one-

third (whorl

BRITISH

MADE-
SUPER

QUALITY

ELECTRIC

SOLDERING

IRONS

A flue tool with a six months'
guarantee against electrical
breakdown. Length 12 in.
Fitted with a 6 oz. copper
bit, loading 80 watts. Com-
plete with tw
yards of twin
Ilex and adaptor.
Exceptional value.
Please state voltage. Po., 61

POLISHING, BORING
and

GRINDING HEAD

British made and offered at much
below original price. Height 7 in.
Total length of spindle, 10 in. Chuck
capacity, 1 in. Weight 7 lb.
Also available for grinding wheel -
oily, and without a heck and tapered

-Muffle, at same price.

SET OF

HIGH-

GRADE

TAP

HOLDERS

With six collets for taps to
-tif in. Excellent work-

2n

manship and out-
standing value.

Post 6d.

STOCKS AND DIES by Russell Manufacturing Co.
A SUPER SET ---- Adjustable dies in 21 in. diameter

collets cutting 1, 1%. R,

and in. Whitworth Threads with
a taper tap to each size. Complete
with die holder and tap wrench.
['ached in a strong wooden box.

Carriage (outside
nee extensive deliver',

a, , a - England or Wales.

OR DELIVERED FOR 23/- DEPOSIT
BALANCE IN SIX MONTHLY 17'3PAYMENTS OF

Heavy Duty Block Type

Condensers
I MED. Capacity.
tages up to 1,000
A.C. or 2,000
D.C. Tested to
1,000 volts D.C.
Dimensions
approximately
41 in. wide, 9 in.
overall height,

in. thick, Bake-
lite ease. To be
cleared at all enor-
wous lion.

216
Pik! ad.

Suitable for vol-
.
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