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Join the Well -paid
Ranks of the I.C.S.

TRAINED MEN
THERE IS ALWAYS A GOOD POSITION FOR THE MAN

WITH A SPECIALIZED TRAINING, BUT THERE'S

NO WORTH -WHILE PLACE FOR THE UNTRAINED

Ambitious men everywhere have succeeded through
J.C.S. Home Study Courses. So also can you. We
offer you the benefit of our 54 years' matchless ex-

perience as the creative pioneers of
postal instruction. Since our establish-
ment in 1891, more than 1,000,000
British men and women have enrolled
for 1.C.S. Courses.

The man with an I.C.S. Training in any one of the subjects
listed below knows it thoroughly, completely, practically.
And he knows how to apply it in his .everyday work.

Accountancy Cotton Manufacturing Motor Engineering
Advertising Diesel Engines Motor Mechanic
Aeronautical Engineering .Draughtsmanship Motor Vehicle Elec.
Aero Engine Fitting (State which branch) Municipal Eng.
Aero Fitting and Rigging Drawing Office Practice Plastics
Aeroplane Designing Electrical Engineering Plumbing
Air -Conditioning Electric Power, Lighting, Quantity Surveying
Aircraft Eng. Licence Transmission, Traction Radio Engineering
Architecture Eng. Shop Practice Radio Service Eng.
Architectural Drawing Fire Engineering Ry. Equip. & Running
Boilermaking Fuel Technology Refrigeration
Book-keeping . Garage Management Salesmanship
Building Construction Gas -Power Engineering Sanitary & Domestic Eng.
Building Specifications Heating and Ventilation Scientific Management
Business Training Hydraulic Engineering Sheet -Metal Work
Business Management Hydro -Electric Steam Engineering
Carpentry Joinery Structural Steelwork
Chemical Engineering Journalism Surveying
Chemistry, Inorganic and Machine Designing (State which branch)

1

Colliery Examiners

Civil Engineering
Clerk of Works

Colliery Overman's
Commercial Art
Concrete Engineering

your work and your career is yours for the asking-free and without
obligation. Let us send you full information regarding the subject in which you
are specially interested. DON'T DELAY. Make ACTION your watchword.

INTENDS doing to -morrow. Write to us TO -DAY

Organic

Special terms for members of H.M. Forces and discharged disabled members of

If you need technical training, our advice on any matter concerning

The successful man DOES to -day what the failure

And most of the Technical, ProfessionaHand Matri

... Use this Coupon.. ...

Mechanical Drawing
Mechanical Engineering
Mine Surveying
Mining Electrical

Machine -Tool \Nark
Marine Engineers

H.M. Armed Forces.

Welding, Gas & Elec.
Woodworking Drawing
Works Engineering
Works Management

Engineering
Telephone Engineering
Textile Designing

INTERNATIONAL CORRESPONDENCE SCHOOLS LTD.
Dept. 95, International Buildings, Kingsway, London, W.C.2.

(Use penny stamp on unsealed envelope)
Please send tee particulars of your courses in

Name Age
(USE BLOCK LETTERS)

Address

Addresses for Overseas Readers
Australia : 140, Elizabeth Street, Sydney.
Egypt : 40, Sharia Malika Farida, Cairo.
India : Lakshmi Bldgs., Sir Pherozsha Mehta Rd., Fort,

Bombay.
New Zealand: 182, Wakefield Street, Wellington.
South Africa : 45, Shortmarket Street, Cape Town.

ICS

THE " FLUXITE 'WINS "
AT WORK

Oh ! save me ! cried 00 in
despair.

Oh, please don't just stand
there and stare. -

Cried 01, Don't he fright,
All it needs is FLUXITE.

The Finest Flux out for repair 1..!

s)
For all SOLDERING work-you need FLUXITE-the paste flux
-with which even dirty metals are soldered and " tinned." For
the jointing of lead-without solder ; and the " running " of white
metal bearings-without " tinning " the bearing. It is suitable
for ALL METALS-excepting ALUMINIUM-and can be used
with safety on ELECTRICAL and other sensitive apparatus.

frith Fla.rite joints ran be " wiped"
successfully that are impossible

by any other method.
Used for over 30 years in Government works and by leading
engineers and manufacturers. Of all Ironmongers-in tins,
8d., I/ 4c1. and 2/8. Ask to see the FLUXITE POCKET PLOW
LAMP, price

TO CYCLISTS! Your wheels will
W NOT keep round and true unless the
spokes are tied with fine wire at the crossings
AND SOLDERED. This ,makes a much
stronger wheel. It's simple-with FLUXITE

-but IMPORTANT.

THE " FLUXITE "
GUN puts" FLUX-
ITE " where you
want it by a simple

pressure.
Price 116 or filled

216.

\cs,
ALL MECHANICS WILL HAVNa

FLUXITE
IT SIMPLIFIES ALL SOLDERING

Write for Book on tke ART OF . SOFT- SOLDERING and for Leaflets on
CASE -HARDENING STEEL and TEMPERING TOOLS with FLUXITE.

Also on WIPED JOINTS." Price Id. Each.
FLUXITE LTD.. Dept. P.M., Bermondsey Street, S.E.1

Stands for Lathes
Really up-to-date cast iron Stands are available
for Myford Lathes. They are sturdy and rigid,
and incorporate heavy trays with integral facings
designed for each type of Myford bed. Facings,
tray undersides and legs are machined to level
surfaces.

These Stands can be
supplied with or without
built-in Motorising
Countershaft equipment of
special design. This equip-
ment utilizes Vee - rcpe
drive and incorporates a
hand lever for tension
release, also fine adjustment
of tension without resort
to spanners.

Vee Headstock Pulleys can
be supplied to convert
Lathes with flat belt drive.

MYFORD ENGINEERING COMPANY LTD.,
BEESTON, NOTTS. Phone : 54222/3,4

e 714-$0
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PERFECTION IN MINIATURE
Model making is our work, detail perfect
models to any type or scale. Visit our
London or Manchester branches, our staffs
will gladly assist you in any model matters.

WRITE for
Wartime Stock List (L/12), price 4d.

" Building a 2lin.
gauge Flying Scots-
man," Price Is.
"How to Build a
Traction Engine."

Price 6d.
"LayingSlodel Per
manent Way."

Price 3d.
"Perfection in Min-
iature" (waterline
models). Price 3d.
cillalnys'eare post free

BASS ETT- LOW KE,Ltd.
NORTHAMPTON

LONDON :112, High Holborn, W.C.1. MANCHESTER: 28, Corporation Street, 4.

THE ALL ELECTRIC HOME OF THE FUTURE

N°* THE LOUNGE HALL

Passenger °oersted
Meru, Lit

A:r Cnn,nddznIng

0 t°7.7,'.=

Builten Co. -a'nd
Rec.& with -Pre.
8.ton" M.rror Sliding

Doors

ITMSECTRIC
CLOCK

Pear, Psnel
.Messed Carp.

SM

Sleminate Numb..
Mae wit Numb.
VIsIblelnsdpudall

Oee...B."rtm

Telennona

Scrip Fluorescent Lielltine In Celle%

CL
rirrLISH CLOCKS LTD ERICKLEWOODC)

Ac} NEW
MEDIUM FOR
MODELLERS

Above are three widely different models made from
one material - PYRUMA.
This plastic, ready -to -use medium becomes stone hard
on air -drying or baking. It can then be sized and painted
with poster colour or enamels.
PYRUMA is inexpensive and obtainable in tins from
ironmongers, hardwaremen, artists' and handicraft

shops.

Send Id. stamp to the address below for illustrated
instruction sheet on PYRUMA modelling methods.

SANK.EYA. SON, LIT

ILFORD EST. 1857 ESSEX
WORKS. LONDON 14.W 2

Scent fie A.E.LJ
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SOLDER
contains 3 cores of
non -corrosive Ersin Flux
Radio Experimenters are now able to use
" The finest Cored Solder in the World,"
Ersin Multicore. The
three cores of extra
active flux ensure
speedy soldering and
eliminate high resis-
tance of dry joints.
Available from electric and
radio shops, ironmongers,
etc.

Nominal 1-1b. reels:
13 S.W.G. - 4/10 ea.
16 S.W.G. - 5/3 ea.

Size 2 cartons :
16 S.W.G. - 6d. ea.

MULTICORE SOLDERS LTD.,
Mellier House, Albemarle Street, London, W.1.

Tel.: REGent 1411 (P.B.X. 4 Lines).

S. TYZACK & SON LTD  10

ENGINEERS MACHINERY AND TOOL SPECIALISTS
GEARED SCROLL LATHE CHUCKS

High-grade Nickel Chrome Steel Scrolls.
Alloy Steel Pinions.
Complete with 2 Sets of Jaws (Internal and External),
4in. diam., £311216 ; 6in. diam., £411216 ; 71 in. diam., £5151-.
Independent 4 Jaw Chucks with Reversible Jaws,
31 in. diam., 3916 ; 4in. diam., 411- ; 4A in. diary., 4819.

DELIVERY EX STOCK

British Made
PRECISION SENSITIVE

BENCH
DRILLING MACHINE

Ideal for Engineers, Model Makers,
etc.

Ball Thrust.
Self -Centring
height, I6in.
Feed Stroke,
S(in.

h.p. Motor if required, Single Phase,
£411716.

Pattern Makers,

Sturdy Construction. Fitted with 3 -Jaw
Chuck, Jacobs. 0 -fin. capacity. Overall
Spindle to Back, 21in.
I in. Adjustable Table, inn/.

Pulley for
Motor, 716 extra

B.A. Stocks and Dies
Size 0 to 10 inclusive with Taper and Plug.
Tap to each size, Tap Holder and Diestock. All
Complete, Fitted in Polished Case. Price 52 6 set.

Set I. Whitworth Stock and Dies
Sizes, 1/16, 3/32, 1/8, 5/32, 3/16, 7/32, I/4in.

Complete with Tap and Die Holders and Taper04-
.

and plug Tap to each Size. Complete in Case, 29i6.
Set 2. 1 5/16, 3/8, 7/16, x inch. As above. 4916.

We have good stocks of all types of Taps and Dies. Whit., B.S.F., Model Engineer.
Please send us your enquiries.-

S. TYZACK & SON LTD.,
341-345, OLD STREET, LONDON, E.C,1

Teiehhone CLE. 4004-5-6

We still can't give you

as much film as you want,

the reason
being

labour

rtage.
But we're

trying

rho

hard, and the best film

ver made should
soon be

e

yours for the asking.

pile please
grant us your kind forbearance.

Meanw

SELO
FILMS

COMPLETE

CONTROL
The specially processed Fibrax material
gives maximum frictional control of
revolutions under all conditions. Fitted
as brake liners its retarding effect is sure
and definite. Used in clutches it is
recognised as the best method for con-
veying power in a smooth, constant and
economical way. Fibrax is made from
the finest asbestos, reinforced with zinc

or brass wire (or non-metallic), and
supplied as follows
FIBRAX FLEXIBLE supplied in
rolls in all widths with selvedges.
FIBRAX DIE PRESSED BRAKE
LINERS, processed to withst nd
heaviest braking and great frictional
heat. Supplied in any radius,
length, width and thickness.
FIBRAX TM2 LINESS, for the
lighter type of brakes used on
conveyor plants, etc.
FIBRAX CLUTCH RINGS, in all
types and sizes.

Breda
a4d 64d-cit
4:04:044

77tecd v ys 9rasp
FIBRAX LTD., 2, TUDOR STREET, LONDON, E.C.4

0Talti
Non -melting,non-hardening Lute for packing or
stopping off Leaks in white metalling jigs etc ....

HOYT'S

ELIMINATES POROUS
CASTINGS

LUTEX contains NO moisture and
cannot came porosity in contact with
molten metal.

ECONOMICAL
LUTEX retains even consistency,' will
not dry or harden and can be used
many times without losing its efficiency.

PRICES
4 lb. .. 6/6 25 lb. .. 30/-
7 lb. .. 10/- CM lb. .. 55/-

14 lb. .. 17/6
Nett Carriage Paid In U.K. :111.I Eire.

SAVES TIME
LUTEX Is supplied ready for use_
needs no further mixing ; does not
have to be dried-ott.

OTHER USES
Preparation of metal parts for Heat
Treatment : holes awl openings can
be plugged with LUTEX, thus insulat-
ing the interior. Cleaning and Painting:.
machinery : holes and surfaces to be
kept free, of Flint can be filled or
covered aith LUTEX and easily
removed when the paint is dry.

Depend on it tY:s. aa`17-17 Product
THE HOYT METAL COMPANY OF GREAT BRITAIN, LTD.
OEODAR ROAD PyTniEV LONDON 5 W.15
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Built to B.S.S. accuracy :
graduated in 40ths of an inch,
vernier readings in 1000ths,
or in + mm. vernier readings
in 50ths. Height Gauges :
10 and 18- (English) ; 25 and

45 cm. (Metric) ; 10725 cm. and18'/45 cm.
(Duplex) ; Vernier Calipers: 6*, 9 and 12'
(English); 15, 25 and 30 cm. (Metric) and 67
15 cm., 9";25 cm., 12'730 cm. (Duplex).

*6" size also supplied with knife edge jaws,
measuring both inside and outside dimensions,

STOCKED BY ALL LEADING TOOL DEALERS.

BRITISH N.S.F. COMPANY LTD.
KEIGHLEY, YORKS.

London Office : 25 Manchester Square. W.1
Agents: Stedall Machine Tool Co. 147-155 St. John Street,
London. E.C.I. Phone : Clerkenwell 1010 (10 lines)

[in

A good plan for amateur
photographers to follow

Get these two developers, use the
Azol. for developing your films or
plates by the Time & Temperature
method described on the Azol
leaflet which comes with the bottle.
Then use universal M.O. developer
for the prints. You will be
delighted with the results.

AZOL for all your negatives
This is a one -solution developer which only
needs the addition of water. It giOs splendid
detail and a good, bright, clean negative, if
you follow the instructions.

UNIVERSAL for all your prints
This new ,liquid M.Q. developer contains
the new chemicals, 542 for preventing stain,
fog and paper markings and 326 for ' easy
flowing and prevention of air bells.

AS,K AT YOUR DEALERS FOR THESE DEVELOPERS.
THEY ARE BOTH SOLD UNDER THE FAMOUS

SCALES BRAND

JOHNSON AND SONS
MANUFACTURING CHEMISTS LTD.
HENDON, N.W. 4. ESTABLISHED 1743.

.......... ..
........

........

,,

Manufacturers of

DRAWING and
SURVEYING

INSTRUMENTS

SLIDE RULES

DRAWING MATERIALS

DRAWING OFFICE
STATIONERY

A. G TH9R N
TsQpecia

N LTD
41 GAR.TJID'E IT. MANC4-1-EfTER.

T2

TOWER TOOLS
BRITISH MADE

ov-
Now obtainable from.

WALNUT TREE WALK, KENNINGTON, LONDON, S.E.II.
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PREPARE FOR PEACE -TIME COMPETITION
In the more competitive days of peace, technical training will be a vital necessity to the
Engineer who wishes to safeguard his position and make advancement. " ENGINEERING
OPPORTUNITIES " will show you how to secure this all-important technical training
quickly and easily in your spare time. This 100 -page book is full of valuable information
and explains the simplest way of preparing for recognised Examinations. Among the
courses described are :

MECHANICAL ENGINEERING GROUP ELECTRICAL ENGINEERING GROUP
A.M.I.Mech.E.
City & Guilds

Estimating
Foremanship

A.M.I.E.E.
City & Guilds

Electricity Supply
Electrical Meters

General Mechanical Eng. Jig & Tool Design General Electrical Eng. Electrical Design
Diesel Engines Viewing & Inspection Alternating Currents Illumination
Draughtsmanship & Tracing Welding Power House Design Installations
Works Management
Press Tool Work

Sheet Metal Work
Maintenance Eng.

Traction
Mains Eng.

Telegraphy
Telephony

Pattern Making Metallurgy
Foundry Practice Refrigeration WIRELESS GROUP

A.M.Brit.I.R.E. Advanced Wireless
COMMERCIAL ENGINEERING GROUP City & Guilds Radio Servicing

A.M.LP.E.
Commercial Eng.

Cost Accounts
Languages

General Wireless
Short -Wave Wireless

Television
Talking -Picture Eng.

CIVIL ENGINEERING GROUP
A.M.I.C.E. Road Eng.
Inst. Mun. & Cy. Engineer Hydraulics
A.M.I.Struct.E. Municipal Eng.
M.R.San.l. General Civil Eng.
Sanitary Inspector Structural Eng.
Specifications Reinforced Concrete
Structural Design Railway Eng.

SURVEYING AND BUILDING GROUP
A.R.I.B.A.
F.S.I.
A.M.I.H. & V.E
L.I.O.B.
F.A.I.

Costing & Valuations
Heating & Ventilating
Clerk of Works
Surveying & Levelling
Building (all branches)

AUTOMOBILE ENGINEERING GROUP
A.M.I.A.E.
M.I.M.T.
City & Guilds
I.A.E. Repair Certificate

General Automobile Eng.
Garage Management
Electrical Equipment
High Speed Diesels

AERONAUTICAL ENGINEERING GROUP
A.F.R.Ae.S.
R.A.F. (Maths.)
Pilots' Licences
Ground Licence

Acro Engines
Navigators' Licence
Aeroplane Design
Meteorology

UNIVERSITY DEGREES
London Matriculation University Entrance
School Certificate Intermediate B.Sc.

WE DEFINITELY GUARANTEE

ii NO PASS -NO FEE"
If you are earning less than £10 a week you cannot afford to miss reading " ENGINEERING
OPPORTUNITIES " ; it tells you everything you want to know to make your peace -time future secure,
and describes many chances you are now missing. In your own interest we advise you to write for your
copy of this enlightening guide to well -paid posts NOW-FREE and without obligation

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
410A, SHAKESPEARE HOUSE, 17, STRATFORD PLACE, LONDON, W.1

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND ift.7TEW..woRL,p
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Inland -

Abroad
Canada

SUBSCRIPTION RATES
(including postage)

- - 10s. 6d. per annum.
10s. per annum.
10s. 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 ankles
published in " Practical Mechanics " is specially
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.

FAIR COMMENT

PRACTICAL
MECHANICS

Owing to the paper shortage "The Cyclist," "Practical Motorist," and "Home Movies are
temporarily incorporated.

Editor : F. J. CAMM

VOL. XIII FEBRUARY, 1946 No. 149

BY THE EDITOR

Invitation to Young Designers
EVER since the commencement of the

art -in -industry movement, which is
receiving encouragement at all hands,

industrial design has become of increasing
prominence in the consciousness of artists, art
teachers and alt students. Not only have
distinguished industrial designers, in signed
articles and public lectures, emphasised the
importance of the subject to the individual
artist and to the nation at large, but official
spokesmen for the Government have warned
us that in the stern struggle for export trade,
on which most of our hopes for the future
depend, good design is of paramount
importance.

Prominent teachers of commercial art and
industrial design take especial care to induce
the students to use their imagination and to
think out their own solutions and designs in
answer to the various problems that may be
set. This valuable exercise in developing
thought forms a basic foundation on which
the students can tackle future propositions.

Of timely encouragement to the young
artist -designer, and to the art student, is a
competition, " The Shape of Things to Come,"
organised by the Central Institute of Art and
Design, in which British competitors of either
sex under 3o years of age are asked for their
pfactical ideas for new articles of furniture
and domestic equipment which they think
will add to comfort and labour-saving in the
home.

Many young artists are serving in the
Forces and art students are being called up,
but these are eligible to enter the competition,
which offers £1,5oo in prizes.

The six sections of the competition take
such a wide range as to include anything
(except purely decorative design on articles),
that could be used by way of furniture or
equipment in the kitchen, dining and or living -
room, bedroom, bathroom and lavatory, or
the nursery. There is a section, too, for
general domestic equipment.

That the work of young designers will be
competently, judged (solely on the merit of
the ideas portrayed) is guaranteed by the
composition of the panel of distinguished
fudges, which comprises such well-known
leaders of design as G. E. Crowe, N.R.D.,
T. A. Fennemore, Mrs. Grace Lovat Fraser,
Sir Charles Tennyson, C.M.G., Grey
Wornum, F.R.I.B.A., and F. R. Yerbury,
Hon.A.R.I.B.A.

The competition remains open until
March 31st, 1946, and full particulars, and
entry forms may be obtained from the Central
Institute of Art and Design, P.O. Box No. 213, .
9, Kean Street, W.C.2. A stamp, with
addressed envelope, should be enclosed.

The Society of Model Aeronautical
Engineers

THE Society .of Model Aeronautical
Engineers is the official body governing

model aeronautics in Great Britain, and is
recognised as such by the Royal Aero Club.
They have some large-scale plans on foot and
are appealing to clubs 'to help to provide
funds to put these plans into effect. They
invite gifts of money and suggest that clubs
might organise whist drives, competitions,
etc., to provide this. Model aircraft clubs
could jointly manufacture model aircraft for
sale and provide further money.

The society aims to further the education,
through grants and other means, of students
choosing aviation as a career, and to give
grants for the completion of flying training at
recognised schools ; establish a research,
section which will include a scientific library
and adequate wind tunnel facilities to investi-
gate fully the problem of low speed flying and
other 'problems in connection with aircraft
development ; acquire a nationally flying and
training school ; act as liaison agent between
the industry and potential employees so that
the full value of experience gained in model
aeronautics can be harnessed to the benefit of
the industry and the nation ; acquire a
travelling lecture and demonstration van to
give illustrated talks to schools, colleges, clubs
and institutes ; foster by means of national
and international competitions and by every
other practical means the spirit of air -minded-
ness in boys and young men ; establish a
central headquarters in London for the
direction and supervision of all these activities.

Combined British Astronautical Society
IN view of the gkeat developments whichI are taking place in connection with
reaction propulsion, the Combined British
Astronautical Society assumes the status of
an important national body. It had, modest
beginnings some years ago but like most new
movements it was laughed at until the
Germans demonstrated the practicability of
jet propulsion with their V -I and rocket
propulsion by their V -II.

This society consists of the joint member-
ships of the Astronautical Development
Society and the Manchester Astronautical
Association and they combined forces some
years ago to fortify and strengthen their
efforts to promote interests in this new
science. The society has now been wound
up and a new society born under the title
of the British Interplanetary Society, a
company limited, by guarantee with offices at
Albe.marle House, Piccadilly, London, W.f.

The entrance fee is 5s. and the rates of annual
subscription -are 1 guinea for fellows, Li for
members and associates los.

The society has been formed to take over
the rights and liabilities of the B.I.S. and the
C.B.A.S. and will continue the work initiated
by these societies. It aims to obtain further
knowledge of conditions existing in the upper
atmosphere and beyond, by the development
of manned and instrument carrying rockets
capable of being projected in and beyond the
earth's atmosphere ; the study of recent
developments in the technique of reaction
propulsion in all parts of the world ; the
development of recording and controlling
apparatus ; and the development of reaction
propulsion systems capable of application to
supersonic flight.

In' addition to these studies, the society
has undertaken a survey of the problems of
control and navigation in spacial investigations
of the conditions on the surfaces of the
planetary bodies of the Solar System ; the
design of equipment and instruments for
use in interplanetary travel ; the physiological
and mechanical problems associated with
space -flight and technique for the computation
of interplanetary trajectors.

" Newnes Engineer's Reference Book "
AN important new ,work has just been

published from the offices of our
companion journal, Practical Engineering,
under the above title. It is a work of reference
on every branch of mechanical engineering,
containing sections on workshop mathematics,
capstan and turret lathes, plastics, dies and
press tools, die-casting, metallurgy, non-
ferrous metals, aeronautical engineering,
radio, internal combustion engines, screw
threads, gear cutting, wire gauges and wire
drawing, milling, planing, shaping, grinding,
drawing office practice, patents, designs and
trade marks, heat treatment, pyrometers and
pyrometry, cutting speeds and feeds, coolants,
riveting, tube drawing, gauge and screw thread
measurement, panel beating, pipe unions,
joints and glands, stampings and forgings,
aero castings, bending, soft and hard soldering,
welding, metal polishing, electro-plating,
degreasing, belts and pulleys, broaching,
production control, time and motion study, rate
fixing, quality control, works costs accounts,
etc., etc., and a vast number of tables dealing
with functions of numbers, trigonometrical
functions, the metric system, screw threads,
etc. The book is chiefly the work of Mr. F. J.
Camm, editor Of PRACTICAL MECHANICS,
with sections by, contributors on special
subjects. The work contains a fully cross-
referenced index.' -
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A Camera. Enlarger
Constructional Details of an Efficient Apparatus for Home Use

By " HOBBYIST "

ENLARGED photographs are always
more enchanting than ordinary con-
tact -printed pictures. The latter,

apart from being rather small, are sometimes
too " sharp " in focus, particularly in respect
to portraits or full-length pictures of rela-
tives and friends. An enlarger produces
" flattery " in a photograph which, if printed
in the normal manner (actual size), would
be harsh and uncomplimentary. It does so
because one can adjust the focus to make
sharp features, wrinkles, etc., softer and less
noticeable. But, of course, good enlargers
are expensive. . . .

A Simple Horizontal Type
However, if you happen to own-or can

manage to obtain-an old quarter -plate stand
camera; it can be adapted to make a reliable
horizontal enlarger for practically no cost.

The completed enlarger.

clear lamp, used in conjunction with the
cpalising screen will produce the unwanted
" ball of light " effect, despite the screen ;
the lamp must therefore be an opalescent
type to diffuse and spread the light more
evenly behind the screen, a reflector also
helping in this connection.

Irrespective of quarter -plate glass nega-
tives, the home-made enlarger takes film
/8

(

Fig. 1.-A side elevation of completed enlarger, showing how case firs down behind the
camera to rest on the base.

In fact, a new stand camera can be used,
because it will not be harmed in any way.
Thus, the camera serves a double purpose-
taking pictures and enlarging them.

In the writer's, case lie managed to buy
a Bausch and Lomb quarter -plate stand
camera for £i in *a second-hand store.
Although somewhat old-fashioned, it took
fairly decent " snap " and " time " exposures
on ultra -speed orthochromatic Kodak plates,
such being sensitive to colours. The pictures
enlarged splendidly by means of the enlarger
which was eventually designed and con-
structed from odds and ends, and the
enlarger detailed herewith is based on this
model.

No Condensing Lens Required
No large, expensive condensing lens is

needed in building the enlarger. Moreover,
the enlarged image projected on the printing
paper is shown clearly and fully, i.e., oblong
in shape as on the negative, this being due
to a special opalising " screen " placed
between the plate holder and the single lamp
used for illumination. Without the screen,
the projected image is not lighted up fully
at the sides and ends, there being a bright,
hazy ball of light showing in the centre-a
" reflection " of the lamp itself, even though
this happens to be a 6o -watt gas -filled
" Argenta " Philips lamp (made in Holland)
having an ooal bulb. The same effect
applies to pearl or " frosted " lamps,
hence the need for the screen. A

negatives ranging from 4,1in. by 31in. to
miniature sizes, due to the special negative
holder which has been designed. And
instead of the usual printing easel, on which
the printing papers are mounted, a print
holder-which resembles a printing frame-
is used, taking half-plate printing papers
(61 -in. by 41in.), and giving a neat lin. white
border all round.

1 I Front

Piece

L
Fg. 2.-How front body piece f is in screen

grooves on camera.

Making the Case
A case, with apertures for the negative

holder, the opalising screen frame, plus
sufficient lamp housing, is made from Ain.
plywood and gin, wood in the following way.
First of all, having obtained the quarter -plate
camera, remove its slip -in back, the latter
being a framework containing the ground -
glass focusing screen and a folding hood.

Now, as will be observed from the side
elevation of the enlarger in Fig. t, the case
front, like the original back of the camera,
fits into the grooves behind the camera. The
front of the case, consequently, is made first
to fit into the camera, as indicated in Fig. 2.

Not all quarter -plate cameras are similar
in construction. The old type used by the
writer measured 51 -in. by 4.1in. by I ;;in.
overall. The grooves at the back accommo-
dated a piece of 3/16in. plywood 51in. by
34in. This panel was then cut to make
a 4hin. by 3in. oblong aperture in the centre,
with two I,in. by ?fin. mortises cut at the
sides, as detailed in Fig. 3.

If your camera differs slightly in size,
make your parts accordingly, following the
same constructional plans given in these
instructions. Use a piece of three-ply wood
so the bottom end of the case front can
be more easily rebated (see side edge view)
by removing a strip from the face ply, this
allowing the framing to fit flush with the
bottom of the camera.

The back end piece (Fig. 3) is cut from
in. wood. To the inside of this is fixed
the lamp reflector piece (Fig. 4), which is
cut from ,in. plywood, being mounted on
blocks 3M. by zin. by gin. The collar, for
the lamp -holder, is cut from Ain. plywood
and affixed centrally over the tlin. diameter
hole cut in the back piece.

The case sides are identical and are cut
,

41
Front

't

f

34 '1
Fig. 3.-Front and back of case, with

chief dimensions.

Back

back End

Col/ar

-114 -

Fig. 4.-The back reflector parts.
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Grooves
Cur }

tT
-r

34:

Fig. 5.-Case side and top. The bottom piece
is cut similar as the top piece.

from ,in. plywood, the top and bottom pieces
(also identical) being cut from din. wood,
as detailed at Fig. 5. To assemble, glue
the side tenons into the mortises in the front
piece, fix the top and bottom between the
sides with glue and nails, then add the
;Top Air Vent

whitewash or else covered with a piece of
thin, white ticket card cut to the same size,
with a tin. diameter hole in the centre. If
the latter method is preferred, it will be
found more convenient to adhere the card
on the reflector piece prior to the assembly
of the case parts. It already assembled, glue
can be brushed on the part and the card
carefully placed in position with the hand.

Opalising Screen Holder
The opal glass frame parts are shown

at Fig. 8. The frame consists of three shapes
cut from ;in. plywood. The middle piece
has a handle or " lug " at one side, with
a top end cut away. Cut the two cover
pieces identical and glue to each side of
the centre piece ; it may be necessary to drive
in a few panel pins here and there to keep
the parts together.

To provide the screen, obtain a piece of
15oz. (or 3/32in. thick) opal glass. This
glass, owing to war conditions, may be
opalised on one side only. The glass sizes
are shown in Fig. to, and it only remains
to fit the glass into its frame.

Negative Holder
The holder for the negatives is built simi-

larly as the frame dealt with, using ;in.

Face Side of
Reflector to be

Covered With Thin
White Ticket Card or
Paper

back. It is imperative, of course, that the
slots in the sides correspond with the grooves
cut in the bottom and top pieces. The parts
should be assembled minus glue and the
case tried in its position behind the camera.
The front should be an easy, slide -in fit ;
if satisfactory, reassemble, using glue.

Top Air Vent
A considerable amount of heat is emitted

by the lamp. This heat needs an outlet
(Fig. 6), otherwise-during damp weather-a
condensation of " steam " may form on the
cold negative plate. The in. diameter holes
cut in the case sides admits air, with the
top vent (which is covered by a light -trap)
allowing the heat to escape. The light -trap
consists of a shaped disc cut from kin. ply-
wood (see top view, Fig. 7) mounted on
suitable washers with ;in No. 4 roundhead
screws.

Lamp and Reflector
Having obtained a 6o -watt opal or frosted

electric lamp and a pendant ceiling fitting
of standard size, unscrew the collar from
the case back and fix it on the fitting
by the screw ring, then replace the collar
against the back (see side sectional view).
A suitable length of twin flex, of course, is
attached to the fitting beforehand ; an
adaptor, or plug, is connected to the opposite
end.

The reflector piece is either coated with

Fig. 6 (Left). -A
cut -away -construc-
tional view of the

case.

Fig. 7 (Right).-
Sectional side view,
showing lamp hous-
ing, with plan view

below.

It is essential that the negative holder
is a neat, smooth fit.- It should not be tight
nor too loose. When tight, the difficulty
of movement is apt to spoil focusing and
adjustments. If rather slack, some amount.
of light escapes, and although this light is
deflected, it is wiser to reduce it as much
as possible.

The completed holder is shown in Fig. to.
In use it takes a single glass negative. If
you wish to use film negatives of varying
sizes, these can be placed between two
cleaned quarter -plate glass negative plates.
The plain pieces of glass are put into the
holder as shown.

It is advisable to have the negative holder
stained black, this also applying to the front
interior of the case. There is no need to
stain the wood beyond the negative holder
frame apertures in the case. The outside
of the latter could be stained black all over.

Do not apply oil or varnish stains, since
these (when the wood heats slightly) create
a nasty smell. Use a water or spirit stain,
a single application sufficing. A simple stain
can be made by mixing a little lamp black
in sufficient water or cheap methylated spirit.
The vent cover and its washers, by the
way, should be stained all over, removing
the parts for this purpose.

Ventilator Collar

Lamp
Front Warit, ., ',/,'

White

i

ilk
Reflector V -,'W.

Ventilator Disc.
Mounted on
lin By im.
Plywood Washers

plywood. CutCut out two cover pieces and a
centre piece to the size and shape shown
in Fig. 9 and glue together. The holder,
it will be seen, is 5in. square ; this enables
it to be used so the negative plate can be
inserted to show vertical or horizontal
images on the focusing easel.

t

7-

5'
Figs. 8 and 9.-The opal glass frame parts.

Testing the Enlarger
You can, at the moment, fit the case behind

the camera and, having placed a glass nega-
tive in the holder, switch on the light and
try focusing the enlarged image on a sheet
of white paper. Images can be made clear
and sharp, but a lot depends on the clearness

(Continued on page 183)

Opal Glass

Small
Film
Negative
Between
Plain
Plates

Plain Glass

' Fig. to. -Negative plate holder details.
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Fig. t8.-Contrails. Clouds formed by aero-
plane exhaust. (Royal Met. Society.)

THERE are two heap clouds, cumulus and
cumulonimbus (cumulus being Latin
for " a heap ").

The bases of these clouds are between
i,5ooft. and 8,000ft., and, though compara-
tively low, they extend vertically to great
heights, ut with little depth. In Great
Britain their bases are usually in the order
of r,sooft.

Cumulus clouds are the most common fair-
weather clouds (Fig. 19). Sometimes they
almost cover the sky, while at other times
the sky is clear except for one or two
cumulus clouds. When the sun shines on
them they have a white, puffy, or cotton
wool appearance, but if of marked vertical
extent they appear black, being full of
moisture (rain).

All heap clouds are caused by upward

The Mechanics of
MeteoroloAy-3

Cloud Formations Fog and Visibility
By G. A. T. BURDETT

(Continued from page 139, January issue)

currents of air which
give off their moisture
as they cool, contract,
and reach their dew
point. As these clouds
are snpported by the
ascending currents of
warm air, precipita-
tion, or rain, rarely
falls from them, but
when they develop to
a great extent, the
moisture becomes too

Fig. 19.-Cumulus cloud.

Fig. 20.-Cumulonimbus cloud. A good example of a fully developed cloud with the anvil
top. (Royal Met. Society.)

heavy for the air to support, and rain falls
in the form of showers.

The presence of heap clouds is of par-
ticular importance to glider flying, since
glider pilots are able to make use of the
numerous ascending currents of warm air
to obtain the necessary " lift," known as
thermals.

The cumulonimbus cloud, which is
cumulus in a more highly developed form,
is the thunder cloud and one which aviators
always avoid and, if necessary, fly round.
Should the aircraft be flown into them, as

The most common cloud of the heap formation.

the clouds hold high charges of electricity,
they are likely to dainage wireless apparatus,
particularly where wailing aerials are
extended and also the compass readings may
be upset.

Heavy icing of aircraft is a further risk.
A typical cumulonimbus cloud is illustrated
in Fig. 20. The " anvil "-shaped top is of
particular interest and is caused by the strong
horizontal winds always present at these
heights in the circumstances. The wisps of
cloud extending from the anvil top are known
as " false cirrus " and are also created by
the horizontal winds and not by the frontal
condition which causes true cirrus.

Thunder Clouds
Electrical storms, normally termed

thunderstorms, are caused by the electrical
discharge of one or more cumulonimbus
clouds. It is the cloud which causes the
storm and not the lightning and thunder
(which are a direct result of the rapid
discharge of electricity from the clouds).
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The large mass of cloud (Fig. 21) becomes
highly charged with static electricity very
much- in the same way as an airship or
balloon does. The electrical resistance of
the air breaks down and a flashover occurs
(Fig. 22). Following the lightning flash we
get the explosion, termed thunder, which
can be heard up to, though rarely greater
than, a distance of ten miles. It is possible
to estimate the distance away of a storm
from the point of observation by counting
the time in seconds between seeing the flash
and hearing the thunder. The speed of the
thunder (the sound) is one -fifth of a mile
per second.

The development of thunderstorms is
more fully dealt with later.

Cloud Amounts
When observing clouds it is not only

important to judge what type of cloud is
present over a specific area, but also the
amount.

Meteorologists always term cloud amount
in so many tenths. For example, if the
sky is completely overcast with nimbostratus,
they report so tenths of nimbostratus, or if
the sky is half covered with cumulus, 5 tenths
of cumulus at, say, 3,000ft. Another report
may be 7 to 8 tenths of altostratus at 7,000ft.,
with patches of stratus at s,000ft.

type. The best
method at first is
to note the com-
parative size of a
known type of
aircraft. At first
a cloud may ap-
pear fairly low,
but when , it is
observed that an
aircraft is at a
great height, but
still below the
cloud, it will be
obvious that the
first estimate was
incorrect.

The first diffi-
culty in judging
types of cloud is
because rarely do
actual clouds re-
semble the text
book illustrations.
Usually a num-
ber of different
types will be ob-
served at t h e
same time, and
it is then the job
of the observer to
ascertain which

Fig. 22.-A remarkable photograph showing single flash of lightning.

The table at the foot of the page is adopted
for simplicity.

Judging Cloud Heights and Types
Only with constant practice is it possible

to estimate accurately cloud heights and their

IX'wpOint Ofarr

Moist di!
COO/Ing AdidadtliVi6f

dS f/SPS
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Ice rrsIce

False Cirrus. ,

Anvil top

Super- cooled
Guntuloit Imbus drops.

cloud.

updrdogot

Ground

Fig. 21.-Diagram of ,a thundercloud.

Radiation fog is usually associated with
three main factors. Air with a high moisture
content, i.e., a high relative humidity, a
clear night sky and a very light wind.
Although radiation fog appears more fre-
quently and is more persistent during the
winter months, it does form during summer
nights, but is dispersed shortly after sunrise.
Valleys and flat country, particularly marsh-
land, are very susceptible to radiation fog.

Frequently the fog will remain for days
on end over loW-lying country, while the
surrounding higher districts will be clear.
These low-lying areas are, during such times,
completely isolated from the neighbouring
areas.

(Royal Met. Society.)

type of cloud is more general.

Fog
Fog is really a kind of cloud at ground

level. Like cloud, it is produced by the
removal of moisture from air cooled below

its dew point.
Orographic cloud There is not, how-

ever, any appre-
ciable movement of
vertical air when
fog is produced.

There are four
main types of fog.
(1) Orographic or
hill fog ; (2) radia-
tion fog ; (3)
movement f o g ;
and (4) mixing fog.

Orographic fog
is really low or
orographic cloud,
which covers hill
tops under condi-
tions which will be
described m or e
fully later (Fig.
23).

lj Dry air
warming

as it descends
(Adiabatic effect)

Fig. 23.-Orographic (or hill) cloud. In rising, coots. The moisture
is precipitated (cloud forming). The warm dry air then descends. In the

Alp; these warm dry winds are known as the Fahn."

Cause of Radiation Fog
At night, when the sky is clear, and there

is no cloud blanket to prevent the heat from
the earth escaping, the ground soon cools.
The light, warmer wind or air then brushes
across the cool ground, and as this will have a
high relative humidity, dew point of the air
is reached and fog is formed.

The shorter the period of sunlight, e.g.,
winter -time, the longer the period during
which the fog is formed, which results in
winter -time being most favourable to the
formation of fog.

Although radiation fog is soon lifted and
dispersed after the sun rises, the fog is
usually thicker immediately after sunrise. A
number of explanations have been offered
for this, each of which contains much logic.

Movement Fog
Movement fog usually forms over the sea,

when it is generally termed sea fog. It
more frequently occurs in spring and sum-
mer, when the sea, which absorbs heat slowly,
has still a temperature little above that of
winter. The warm air from the land moves

o-- clear sky.
I = trace of cloud.

TIO.
10-3 to.
10-6 to.

5=7 'to -8 so.
6=9'10.
7=over 9:so but below sctso.
8 soiso.
9-Sky obscured by fog.
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TABLE
Distance

OF VISIBILITY
Description

27 yards .. . . Dense fog.
55 13 . Thick fog.

220 .. Fog.
550 .. Moderate fog.

1,100 .. Mist, haze or very poor
visibility.

2,200 Poor visibility.
5 miles
I21-

35 55

Moderate visibility.
. Good visibility.

Very good visibility.
Excellent visibility.

over the cold sea, drops to its dew point,
and the fog is formed.

The well-known fogs over the Newfound-
land Banks are a typical example of sea fog
caused by the warm air from North America
coming into contact with the cold streams
flowing from the north.

Sea, or movement fog, occurs even with
a fairly strong wind which blows the fog
over the coast and covers large areas of land
for some miles inland.

Movement fog is not confined to the sea
and will on occasion form on the land ; this
particularly when the ground is covered with
snow or after heavy rain followed quickly
by a cold period. These land movement
fogs do not as a rule last very long, since
they are quickly dispersed by the sun or
wind.

Mixing Fog
This is caused by the mixing of two cur-

rents of air in close proximity, one cold
and the other warm. The warm moist air
strikes and mixes with the cold, drops below
its dew point and gives off its moisture in
the form, of mixing fog.
Industrial Haze

The smoke from towns, particularly in
industrial areas such as the Black Country,
will mix with fog and form a dense yellow
or black fog which causes poor visibility.
This mixture of fog and smoke will pollute
the atmosphere for days on end until the
rains come and wash it away.

This fog, usually called a ," pea souper,"
was a common occurrence in London until
recent years, but owing to the increased
utilisation of smokeless fuels, electricity and
gas, " pea soupers " are rarely seen in that
area now.

A further cause of low visibility is the
presence of smoke haze. Smoke is carried
by rising warm air well up into the atmo-
sphere, while at the same time horizontal
winds carry the smoke well out to sea.

As the prevailing winds in Great Britain
are westerly, the smoke from the Black
Country and Lancashire are blown to the
eastern side of the country and over the sea.
Therefore the eastern counties have more
smoke haze than the western.

When an anticyclone is stationary over the
area where smoke is present, the inversion
(that is, an increasing temperature with
altitude-see last month's article) prevents
the warm air rising above a specific height.
Therefore, while the anticyclone and the
inversion remain, the industrial smoke will
throw a smoke blanket over the- area,
through which the sun will be unable to
penetrate. Aerodromes in these areas may
be rendered unfit for flying for long periods.

We now know that during the war FIDO
(fog, intensive, disposal of) installations were
devised and used to enable our bombers to
operate against the enemy in spite of fog.
Petrol was burnt, the heat from which
temporarily lifted the fog and allowed pilots
to land their aircraft.

Mist
Not everyone is clear as to the correct

meaning of mist, or what is the difference

between fog and mist.
The only difference is
that of visibility. Both
are caused by moisture or
water drops given off by
air of high relative
humidity cooled below
its dew point.

From the accompany-
ing table it will be seen
that as a general rule we
can say that when visi-
bility is less than 2,200
yards (2 kilometres), but
more than ',too yards
(t kilometre), it is mist,
but when below t,roo
yards it is fog.

Measuring Visibility
Visibility is defined as

the distance from which
one can see objects with
the naked eye. This is
dependent upon t h e
weather conditions at the
time of observation. For
instance, fog, haze, rain,
snow and hail all reduce
visibility.

While many of us may
make a rough guess at the
visibility at a specified
time and place, few will
be accurate, since each will make a different
estimate of the exact distance. Such guesses,
being inaccurate, have little, if any, practical
value.

The golden rule is: " First select recog-
nised objects at a known distance away. If
these can be seen and beyond, the visibility
is greater than the distance of the objects.
If in a strange locality, locate a suitable spot

Fig. 25.-Rain gauge. Simple type of gauge
for measuring rainfall, showing graduated

measure.

Fig. 24.-Sunshine recorder, Campbell Stokes pattern, for temperate
latitudes. The sun's rays are focused upon prepared and printed
cardboard strips. As the sun moves from east to wesLso is a tracing

made on the strip.

on a map, e.g., a church spire, or a group
of tall trees. For short distances up to ten
miles select small objects, but for greater
distances select larger ones, e.g., a chimney
stack or a high hill."

There are, however, a few points to bear
in mind. For example, if a church shown
on the map is to miles away, but is hidden
from the observer by a clump of trees or
a hill, it does not necessarily follow that
the visibility is only eight miles. If, on the
other hand, a hill 25 miles away is visible
to the naked eye, but not a church spire 20
miles away, the visibility will be 25 miles
at least. Should the top of the hill be
covered by cloud, and therefore not visible,
though the base of the hill is visible, the
visibility may still be reckoned as 25 miles.
If a chimney stack can be seen 8 miles
away, but not the church at tz miles, the
visibility will be between 8 and 12 miles.

Visibility at Night
During the hours of darkness visibility is

much harder to measure within any degree
of accuracy. Lights are very deceiving from
the point of view of distance. A fairly bright
light may not be seen to miles away on a
moonlight night, but on a dark, clear night
it may be seen much farther away. A
brighter light will, of course, be seen for a
greater distance than one not so powerful.

For measuring night visibility, meteoro-
logists use lights which have a standard pre-
determined candlepower and are viewed
through a special or smoked glass screen.

One point must be appreciated-that
visibility at night has nothing to do with
degree of darkness. Obscurity is the chief
factor to consider. Obviously, visibility will
be better with the aid of artificial illumina-
tion, viz., a torch, on a very dark night than
on a moonlight night when the area is
enveloped in fog or haze.

Visibility also varies in moonlight. An
observer looking " up -moon," that is towards
the moon, will be able to observe objects at
greater distance than if he were to look
" down -moon." The converse is true in sun-
light, where visibility is better down sun
than up. This is due to the glare from the
sun which reduces the observer's vision.

This factor is of particular importance in
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wartime, for when military, authorities decide
to engage the enemy on sea, land, or in the
air, they plan their activities as far as pos-
sible to ensure that the enemy is either facing
up -sun or down -moon and are therefore at
a disadvantage.

Snow on the ground at night, whether the
moon is up or not, also increases the range
of visibility.

Thunderstorms
Thunderstorms are dramatic. Nearly all

of us enjoy witnessing Nature's own vivid
" firework " display. Some, of course, fear
thunderstorms, but it is believed that these
are in the minority and that this fear is due
largely to some incident which occurred
during childhood.

Thunderstorms are likely to develop at any
time of the year, though, as we shall see later,
the probability of their occurring is greater
during late spring and early summer.

Two " weather " conditions are essential
for the development of thunderstorms. (t)
There must be an adequate supply of mois-
ture in the lower regions of the atmosphere,
viz., 5,000ft. to to,000ft., for the development
of the cumulonimbus or thundercloud ; or
(2) there must be a steep temperature lapse
rate (fall with altitude) up to at least to,000ft.,
viz., unstable atmosphere.

Any of the following conditions are neces-
sary for the steep temperature lapse rate:

(i) The day must be clear with a strong
sun to raise the temperature of the ground
to a high value, provided that the upper air
is relatively cold.

(ii) Warm, moist currents of air must be
present in the lower regions, provided the
upper air is relatively cold.

(iii) There must be cold currents of air
undercutting existing warm, moist air.

(iv) Deep polar currents of air travelling
in a southerly direction are warmed at their
base by currents of warm air near the
ground.

Occurrence of Thunderstorms
The first type of thunderstorm may be

expected during the afternoons when the
temperature of the ground and the surface
layers of air have been raised sufficiently.
These occur during the summer, and are
most frequent in the early part when the
upper air is still relatively cold.

The second type also occur in summer in
the British Isles and usually arrive after an
anticyclone has passed over and a depres-
sion is arriving from the Atlantic, bringing
in its wake currents of warm air.

The third type occur by tiay and night,
are not confined to any particular season,
and may therefore be expected at any time
of the year. They are associated with well -
marked cold fronts.

The fourth type are rarely well -developed
thunderstdrms, but they occur frequently in
Great Britain, particularly off the West
Coast in winter -time and off the East Coast
in summer -time.

Break up Fine Weather
It is frequently considered by the amateur

that thunderstorms break up a spell of fine
weather. To some extent this is true, but
they also tend to stabilise the atmosphere
and therefore contribute to the further
extension of the spell of good weather.

The summer -time type of thunderstorm,
caused by heating of the ground, are local
and not national in character. They develop
from the unstable atmosphere, and as a result
of the considerable precipitation of rain, hail
or sleet, they do what might be termed, dry
out or remove the moisture from the atmo-
sphere. It often happens that the days which

follow thunderstorms are less thundery than
those which precede it.

The other type of thunderstorm, that is,
frontal, does mark the breaking of up fine
weather, though this is rather putting the
cart before the horse, for it is the frontal
system which breaks up the weather and
causes the thunderstorm, though the
presence of unstable air does cause a local
depression to form.

Passage of Storm
It is usually possible to follow the direc-

tion of a thunderstorm. This normally
moves with the main current of air in the
main body of the storm, that is, the direction
of the wind, between to,000ft. and 2o,000ft.,
and can be measured by observing the ,weed
and direction of the clouds. When the
clouds are moving quickly, a storm will come
almost without warning, but when they are
moving slowly a fair warning is usually given.

Forecasting a Thunderstorm
Most of us have heard the old saying,

" Mountains in the morning, fountains in the
evening." If on a summer's morning there
is much cumulus cloud which appears rapidly
to develop both in size and depth, viz:,
cumulonimbus ("Mountains "), a series of
thunderstorms (" fountains ") will occur
sooner or later.

The rate at which the thundercloud
develops will depend upon the temperature
lapse rate (decrease with altitude). If the
air is unstable, that is, a decrease in tempera-

-ture is in excess of 3 deg. for each t,000ft.,
clouds will develop so rapidly that the upper
currents of air can no longer support the
moisture content, and a storm will result.

A further method which the forecaster may
adopt to ascertain whether thunderstorms
are likely to develop during the day is to
measure the relative humidity or moisture
content of the atmosphere. Where the
cumulus clouds do not develop before, say,
to o'clock, the relative humidity test may be
the only means of forecasting thunder. A
high relative humidity at 8 o'clock G.M.T.
in the morning spells thunder, but if the
relative humidity is low, the possibility of
thunderstorms is very remote.
Theory of Thunderstorms

Lightning is caused through the break-
down of an electrical stress where it has

been set up between two distinctive parts
of a thundercloud. No one knows quite
how this electrical charge has come about,
but scientists agree to the following.

The electrical charge is given to rrioist
particles of the atmosphere, viz., rain and
hail, etc., due to contact between ice particles,
viz., hail, or the breaking up of rain -drops.
A developed thundercloud carries a negative
electrical charge in its upper portion and a
positive charge in its lower. It has been
proved that contact between ice particles gives
rise to a negative charge and the breaking
up of rain -drops causes a positive. There-
fore we may expect hail in the upper region
and rain in the lower.

As the hail in the upper part, if moved
up and down by the heavy lifting currents
and the rain -drops are continually being
broken up, a high electrical stress of many
million volts is built up. When the limit
of this stress is reached we get the lightning
flash, followed by the rumbling of thunder.

What is Lightning ?
Lightning is not one flashover as is gener-

ally considered, but a series of sparks. All
these are added up, which results in the
forked lightning we all know.

What is Thunder ?
The thunder follows the lightning flash

and is caused by the abrupt expansion of air
particles of the 'lightning discharge.

It is heard as a sharp crack followed by
a rolling sound which was very closely
resembled by explosions of the Vz rocket shell
sent over by Germany during the war.

Three reasons are given for this rumbling,
which are: as the lightning follows a zig-zag
path the sound reaches the hearer by delayed
action, due, of course, to the low relative
speed of sound as compared with light.
Although the sound waves from the thunder
have all occurred simultaneously, as those
of the rocket shell on its downward path, they
have travelled various distances and do not
reach the listener simultaneously.

The second reason is that a number of
lightning discharges usually occur in quick
succession.

The third reason is echo from the hills,
valleys and even from the clouds themselves.

(To be continued.)

The centenary celebrations of the Imperial College of Science and Technology took place recently,
when the college was open for inspection to invited guests, and the normal working of the college
demonstrated. The illustration shows a pressure distribution test on a model wing under flight

conditions in a eft. wind tunnel.
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The Physics of
The Functions of Photographic Exposure

and Development
IT is an amazing fact that the manifold

triumphs of photography have, so far as
fundamentals are concerned, been based

on purely trial and error methods.
Photographic workers and investigators

have invariably prepared their various light-
sensitive emulsions according to certain
fixed rules which trial and experience, added
to basic chemical knowledge, have shown
to bring about the most desirable results, but
until recent times we have all been quite
ignorant as to the exact mechanism and the
" why," so to speak, of the photographic
process.

It does seem remarkable, therefore, that
the photographic industry, which until fairly
recently was more or less in the dark as to the
exact nature and the precise mechanism of
light -sensitivity, should, by empirical
methods alone, have been able to originate
and to turn out so consistently sensitive
material of such undoubted excellence. Yet
such is the case, and had it not been for
the dogged and persistent labours of a mere
handful of photographic investigators, both
chemists and physicists, here and in
America, we would still have been totally
ignorant of what really happens when, for
a fleeting second or even for the merest
fraction of a second, we allow light rays to
exert their decisive influence on the sensitive
plate or film within the camera.

Much. indeed, is wanting to complete our
understanding of the whole mechanism of
light -sensitivity. Nevertheless, the at one

Unexposed silver bromide grains in the emulsion
of a photographic film, 2,000 times magnified.

time utterly mysterious business of photo-
sensitivity has at last begun to yield to the
repeated investigations of our present-day
experts, so much so that the plate and film-
making operation is rapidly becoming less
and less a business of rule -of -thumb method
and more and more a technique of pre-
determined scientific exactitude.

Most of our modern photography is based
on the light -sensitivity of certain salts of
silver, notably the chloride and the bromide
of this metal. There are other methods of
photography and of photographic printing
whose mechanisms are, to say the least, very
incompletely understood, as witness, for
instance, the well-known carbon process
depending on the insolublisation by
means of light action of gelatine containing
a bichromate salt, but these specialised

problems cannot be
included in our
present discussion.

Silver chloride
sometimes occur s
naturally in mineral
form; and for this
reason its character-
istic action in dark-
ening under light
influence has been
known for centuries.
Silver Bromide

During the early
experiments in
photography t h e
darkening effect of
silver chloride was
made use of, but it
was subsequently discovered that silver
bromide is much more light-sensitive than
the chloride, and, moreover, that a short
initial action of light on the silver compound
could be continued afterwards by chemical
means alone. Thus came the idea of
" development " into photography.

In other words, the possibility of produc-
ing by means of a very short exposure to
light an invisible or a " latent " image on
a silver bromide surface was realised, and
it was the ability of this mysterious image
to be developed up afterwards by chemical
treatment which formed the basis of modern
photography.

The emulsion grains after exposure and full
development -2,000 times magnified.

A photographic plate or film consists
fundamentally of art emulsion of silver
bromide grains or particles in a medium of
gelatine.

Now, after these gelatine emulsions had
been commercially manufactured for a
number of years it was found that they
could be increased in " speed " (i.e., in light -
sensitivity) by warming the prepared emul-
sion up to a certain definite temperature
and by carefully keeping it at that tempera-
ture for a definite length of time. During
this " cooking " or " emulsion -ripening "
process the silver bromide grains coalesced
together and gradually grew in size.

Unfortunately, there was a rigid limit to
this arbitrary method of increasing the speed
or sensitivity of the emulsion because the
increased grain size of the silver bromide

the Photo raph

Showing the mass effect" of silver grains in the exposed photographic
emulsion constituting the negative.

particles conferred an unwanted coarseness
or " graininess " on the definition of the
photograph.

There was also a very mysterious factor
which, at one time gave an enormous amount
of trouble and anxiety to the photographic
emulsion makers. This source of trouble lay
in the gelatine which they used, and which
was specially made for them by the highest
skill in the gelatine trade.

It was found that different batches of
gelatine gave different results with the same
amounts of silver bromide and when used
under precisely identical conditions.

The "x" Material
It seemed, therefore, that commercial

gelatine invariably contained traces of a
naturally occurring substance which had the
power, in some mysterious way, of confer-
ring a .very high light -sensitivity on silver
bromide, and that it was a natural variation
of the amount of this unknown " x" ma-
terial in the gelatine which was responsible
for the difficulties under which emulsion
makers had long laboured in endeavouring
to keep their products up to a standard high
speed.

At last, about 1927, the " x " material was
isolated from the gelatine. It proved to be
a fairly simple sulphur -containing compound
which chemists had long known. In fact,
it turned out to be nothing more than mus-
tard oil. So that afterwards, by using" the
highest grades of gelatine and by purpOsely
" inoculating it with small amounts of
mustard oil, photographic manufacturers
were able not merely to get over their own
previous practical difficulties in emulsion -
making, but, better still, to produce emul-
sions of still higher sensitivities and, at the
same time, to dispense with some of their
former " cooking " processes for increasing
the sensitivity of the silver bromide grains.

The silver bromide " grains " in a photo-
graphic emulsion are really crystals, each of
which is separately embedded in the matrix
of carefully prepared gelatine. It is known,
also, that the a:oms of silver and of bromine
in silver bromide are arranged in each crystal
in a very definite and regular alignment with
the bromine atoms forming the framework
of the crystal and the silver atoms filling the
interstices.

When an electric potential is placed across
silver bromide, no matter whether in the
solid state or in solution, the bromine atoms
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The daguerreotype-the earliest type of photograph comprising a silver-
mercury image on a silvered copper plate. Note its ornamental case.

become negatively charged and the silver
atoms become positively charged.

Crucial Experiment
Some years ago a very crucial experiment

was made, end this gave a basic clue to the
explanation of photographic action and the
formation of the " latent image."

An electric current was passed through a
mass of solid silver bromide. It was found
that small amounts of silver accumulated at
the negative electrode, demonstrating the fact
that, even in a solid material such as silver
bromide in which the atoms are supposed
to be tightly bound down to one another
and incapable of much movement, it is
possible for at least some of the silver atoms
to migrate across the mass of material and
to give themselves up at the negative elec-
trode of the cell, although the number of
these " free " atoms is not very great.

It seems, therefore, that the inner struc-
ture of the silver bromide crystal is such that
it allows for a small proportion of these
" loose " or wandering silver atoms which,
under certain directive and/or attractive
influences, can actually move from one part
of the silver bromide crystal to another,
although they cannot actually leave the
crystal itself.

We have already become aware of the
enormous importance of the gelatine -derived
sulphur compound, to wit, of mustard oil
in sensitising photographic emulsions of
silver bromide. Now we shall proceed to
see exactly why such is the case.

There is a slight interaction between the
silver bromide crystals as they exist in the
emulsion and the sulphur compound, which
action gives rise to the formation of minute
specks of silver sulphide here and there on
each minute crystal.

Formation of Latent Image
Now, when light falls on the silver bromide

crystals, as it does during the instant of
photographic exposure, what happens is that
the light -energy liberates free electrons in the
silver bromide crystal, these electrons being
derived from the bromine atoms in the
crystal. After the cessation of the light
impulse, some of the liberated electrons re-
combine with the bromine atoms, but the
remaining ones attach themselves to the
extremely minute specks or areas of silver
sulphide which have been formed by the
action of the sulphur -containing compound
(mustard oil) on the silver bromide crystals,
and the electrons (being negative particles
of electricity) charge up these sulphide areas
negatively.

Consider now the
atomic mechanism
which is initiated
in the silver bromide
grain or crystal
immediately after its
exposure to light.

Light energy is
absorbed by the silver
bromide crystal. It
liberates electrons
from the bromine
atoms. Same of these
electrons attach them-
selves to the areas of
silver sulphide which
are always present in
the silver bromide
crystal, these areas
being charged up
negatively by the
negative electrons.,

What is more to be
expected under these

conditions than the migration of the posi-
tively charged " free " silver atoms to the
now negatively charged silver sulphide
centres, and that, as a consequence, these
silver sulphide areas or nuclei begin to grow
in size

This sort of thing is definitely to be
expected, and it is indeed just the effect
which takes place. Thus, in consequence
of this light -initiated mechanism a latent
or invisible image is brought
into being on the exposed
photographic plate or film. The
local silver sulphide nuclei con-
tinue to increase in size as more
and more silver atoms are
attracted to them, and this
growth continues until all the
liberated electrons have been
used up or found a home for
themselves, as it were.

Because the number of
liberated electrons is condi-
tioned by the duration and the
intensity of the light action, it
follows that the ultimate size of
the built-up silver areas will be
proportional to the amount of
light action on the individual
silver bromide crystals, or, in
other words, on the length of
the exposure and the strength
of the light.

Thus the latent image on a
photographic film or plate is
simply composed of a collection
of minute silver particles which,
by the above -explained mech-
anism, have been assembled
around a tiny, invisible speck
of silver sulphide in the silver
bromide crystal.

Once positioned, these silver
areas are quite stable. The
individual silver atoms do not
tend to fall apart again. Indeed,
so far as we know at present,
they cannot be made to do by
ordinary means. That is why
it would be possible (provided
that you can arrange to live long enough)
for you to take a photograph to -day and to
develop it so or 6o years hence.

The Nature of Development
Concerning the precise mechanism of the

development of the latent image on the
exposed film or plate, photographic chemists
and physicists are not yet quite sure of their
findings. It may be that the small grains
of metallic silver which form the latent image
act as nuclei on and around which are
deposited other silver grains which have been

chemically liberated by the action of the
developer on the silver bromide.

The trouble about accepting this simple
explanation is that silver bromide is not a
very soluble material and, therefore, that
it is doubtful whether sufficient of it would
dissolve in the developer to be able to
supply the requisite amount of silver for the
building up of the developed image.

It seems more probable that when we
develop un the latent image on photographic
film, plate or paper, what we do is in reality
to continue by intensive chemical means the
previous effect of the light exposure.

Ribbon Formation
Very recent investigations by means of

the electron microscope have conclusively
demonstrated the fact that the latent image
develops up in the form of exceedingly
minute long ribbons of metallic silver, each
silver ribbon being about five atoms wide.
Whether there is anything particularly sig-
nificant in this strange ribbon formation
of the silver image we do not know, but
these most recent observations do seem to
prove beyond all doubt that the formation
of the latent image on the photographic film
or plate and its subsequent development to
visible proportions both proceed from
isolated centres in each individual silver
bromide crystal'and that they do not initially
affect the crystal as a whole.

It seems, therefore, fairly certain that

A" glass positive" photograph, the image of which comprised
silver grains embedded in a matrix of albumen, or egg -white.

It preceded the modern gelatine plate or film.

light -exposure and chemical development of
a photographic plate, film or paper are
merely different phases of the same thing.

After the film, plate or paper has been
fully developed, it is a simple chemical matter
to immerse it in a bath of sodium thiosul-
phate (" hypo "> solution, which acts as a
solvent for silver salts and consequently
dissolves away any unchanged silver bromide
in the emulsion, leaving a photographic
image composed of metallic silver perman-
ently embedded in a matrix of purified
gelatine.
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The Story of Radar -4
Radio Nhvigation Beacons The "Gee" System

(Continued from page 122 January issue)

A radar operator is seen here sitting in front of the apparatus in the
wireless cabin of his aircraft checking on the radio beam which assists

his navigation.

THE conception of I.F.F. at the very
beginning of radiolocation in 1935
gave time for the development and

production of numerous valuable consequent
devices while the other applications of the
R.D.F. principle were being brought to
maturity.

Once it was established that pulses from
a transmitter could be received and used
to " trigger " automatically another pulse
transmitter with uniformly negligible time -
delay (not necessarily repeating the original
pulse, or even the original frequency) it
became clear that such a " transponder ' (as
it was later called) could be set up at any
convenient place and would act as a beacon:
a beacon which would normally keep " wire-
less silence," only speaking when spoken to,
capable of being made to respond only to
certain coded sequence of pulses on a given
frequency, and giving accurate information
of the distance between beacon and interro-
gator.

The response could itself be coded, so that
such a beacon could be identified among
other, or distinguished from spurious enemy
transmissions made to mislead the inquirer.

Thus, not only were there I.F.F. equip-
ments in our aircraft, and later in ships and
other vehicles, which would respond to
questioning pulses from our ground stations,
but aircraft and other moving vehicles could
now carry small questioning transmitters
(" interrogators ") and obtain replies from
" responder " beacons on land or sea, in
addition, of course, to those in other friendly
aircraft. Moreover, by use of selective fre-
quencies, response could be limited to any
particular beacon or groups of beacons.

In the spring of 1935, there was a plan
that when " R.D.F.2." (as A.I. and A.S.V.
were at first known) should be achieved, the
aircraft so fitted could find their way across
country by reference to a chessboard pattern

of ground beacons,
and this plan was
known as " R.D.F.3 ".But when
" R.D.F.2" came, in
the form of A.I. and
A.S.V., "R.D.F.3;'
came almost imme-
diately in its train, for
aircrews set up I.F.F.
Mark II sets to act as
ground beacons just
as proposed for
R.D.F.3, save that for
the chessboard was
now substituted a
baseball pitch ; the
beacons were mainly
placed for guidance
into the home base.
This was the first of
the planned radiolo-
cation aids to naviga-
tion to become opera-
tional, and it was the
beginning of a long
and varied train of
ingenious devices. The
night fighters were the
pioneers of this kind
of beacon ; a credit-
able number of air-
crews owe their lives
to this facility for

getting back home to " Mother," as they
Very reasonably called the radiolocation
beacon.

Network System.
Coastal Command had already a radioloca-

tion guidance system, to be mentioned in
the next section, but they supplemented it
by a netWork system of these novel and
well -brought -up beacons which spoke only
when spoken to. Now there is an elabor-
ate network of such beacons for each of
the R.A.F. Commands concerned.

The network of beacons which have come
to be relied upon in war can well be fore-
seen as an important adjunct to navigation
in peace, both at sea and in the air.

The earlier beacon signals were presented
to the pilot of the questioning craft as
fluctuating " blips " on his range scale, with
whatever indication of azimuth (or " bear-
ing ") the apparatus might be capable of
displaying. Since the introduction of the
P.P.I. presentation (Plan -Position Indicator),
the beacons show up as " winking " spots or
arcs of light in their positions relative to the
P.P.I. interrogator, on the scale of the map -
like P.P.I. picture.

In addition to the fixed network described
above, isolated beacons have been dropped
by parachute behind the enemy's lines to
guide our airborne troops in gliders to the
assembly point for the courageous and
spectacular attacks in the rear which dis-
tinguished our succession of invasion land-
ings.

Similarly, buoys containing responder
beacons can be dropped to mark the
suspected position of an enemy submarine.
Our attacking forces then close on the
beacon and endeavour to locate the enemy
without too lengthy a search.

Aircraft launched from carriers in mid -
ocean have no hope of survival unless they

can find their parent ship again before their
fuel is exhausted ; in this case, responder
beacons have proved of inestimable value in
maintaining the morale of homing aircraft
crews, while guiding them home by the
shortest route.

Another most valuable aid to morale is
the use of a " squegging oscillator," which
can be coded, to act as a beacon to summon
and guide help to airmen in distress at sea.
When the crew of an abandoned aircraft
have got their dinghy inflated and them-
selves into it, a small box can be set up to
send for many hours an intermittent pulsed
signal which will show like a beacon on the
radio location display of searching friendly
aircraft or rescue vessel.

As in the case of equipment, and
indeed because the beaconry and identifica-
tion are allied both technically and opera-
tionally, it has been found necessary to
standardise the coding and responses
throughout the civilised world (that is,
among the allies).

"Gee."
Ever since radio direction -finding became

practicable, it has been used to provide ships
and aircraft with a knowledge of their nos: -
6m relative to fixed points. By taking cross
bearings of at least two stations (or from
two land stations to a moving transmitter),
an intersection of lines can be used to fix
position, just as if the methods of visual
surveying had been used.

Direction -finding by radio thus supple-
mented solar and stellar observations and has
proved a very valuable aid to navigation since
the 1914-18 war.

But the kind of radio navigation we are
now about to consider makes use of the
knowledge of the velocity of radio waves and
can give a precision of location altogether of
a different order from the older methods.
By astronomical methods, a really good,
observer can determine the position of a ship
to within a mile or so, and of an aeroplane
to within perhaps eight miles in favourable
circumstances, but with possibilities of errors
much greater, if circumstances are adverse.
Errors in radio direction -finding are com-
parably large. The methods of what may
fairly be called " radar " navigation are
capable of determining position to within
a few tens of yards, while one method over
a somewhat restricted area-a few hundred
miles square-can show directly on an indi-
cator the position to within a few yards.
This fantastic accuracy is such that the geo-
detic surveys of the past cannot provide
maps of sufficient reliability and permanency
to show up the inherent errors of navigation
by these new methods ; in future, with a
world at peace, it may be possible to re-
survey the earth with a precision of which
the cartographer could only have dreamed
before the war.

The essence of the new methods is this:
if two radiolocation transmitters send out
synchronised pulses, that is to say, the
pulses of energy leave the transmitters at the
same moment of time as judged by an,
observer at rest relative to them, then a
suitable receiver situated anywhere on the
perpendicular 'bisector of the straight line
joining the two transmitters, will receive the
two pulses simultaneously, because any
point on this bisector is equidistant from
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both transmitters. At any other point, there
will be a time difference in the receipt of
the pulses, because the receiver will then be
nearer one transmitter than the other, con-
sequently the pulse from the nearer trans-
mitter will get there earlier. Sets of lines
can be drawn, joining all the points having
the same time -differences, and it has been
agreed to call these lines " isochrones," just
as the lines joining all points on a weather
map, having the same barometer readings,
are called " isobars." In general, these
" isochrone " lines are " hyperbola'," not
straight, but curving outwards on either side
of the zero "isochrone " and bunching close
together, but never crossing, as they pass
between the transmitter stations.

The time -differences are displayed on a
cathode ray tube attached to the receiver,
and if the observer notes, for example, that
the pulses from station A and B arrive zo
millionths of a second apart, he can say (if
he is mathematically inclined) that he must
be situated on one of a pair of " conjugate
hyperbole," of which A and B are the foci,
but what he probably does say is that he is
somewhere on " blue 20," A and B being the
" blue " pair of stations.

Repeating the observation on another pair
of stations C and D (of which one, say C,
may for convenience be also the second
station of the first pair, B) he may observe
that he is also somewhere on " red z6."
Now, his map or chart will have ruled on it,
intersecting " families " of confocal hyper-
bolx, coloured blue and red respectively, and
numbered at intervals like contour lines of
" isobars." The observer has but to follow
" blue 20 " with his pencil until he comes
across " red 16 " when (subject to an ambi-
guity which, because it will never mislead
him, we need not discuss here) he can fix
with great precision the position of his
receiver at the intersection of the. two iso-
chrones, on both of which he is situated at
the moment.

This is the basic method of navigation
which, in its British form (proposed in t937
at Bawdsey) is called by the code -word
" Gee," and which, using longer wave-
lengths, has been developed in the U.S.A.
as " LORAN " (Long Range Navigation).
The Loran system has the advantage over
"GEE" that its greater wavelength pulses are
propagated over wide stretches of the earth's
surface by multiple reflections from the iono-
sphere, but it suffers from the disadvantage
of all reflected propagations, that the path
lengths are not precisely determinate, and
the errors of position -finding are, in conse-
quence, usually somewhat greater.

It is important to observe that here are
systems using all the pulse techniques of
transmission and reception developed for
radiolocation, but that no " echo " is used ;
it is a straightforward reception of pulses
which started out together from their respec-
tive transmitters. With this preliminary
technical explanation, the following opera-
tional notes may be readily understood.

Wireless Direction Finding
From experience gained between the 'out-

break of war and the early summer of 5940,
British R.A.F. Bomber Command realised
that although their aircraft were able to
navigate over large distances to target areas
in Germany and German -held territory, the
methods of navigation in use in that period
were not sufficiently accurate to enable
bombers to find and identify specific targets
with any degree of certainty under bad
weather conditions, when the target was
obscured by cloud. The expectation of
effective bombing was remote, apart from
their inability to find their *gets in such
conditions. The bomber CreiYs were con-
fronted also with serious difficulty in finding

their way back to base. Wireless direction
finding systems were in use to help bombers
to return to base, but these relied on radio
communication from ground stations to air-
craft in order to pass DiF information, and
were necessarily cumbersome and unable to
handle large numbers of aircraft in a short
time.

T.R.E. set themselves to solve the
navigational problem, and as a result the Gee
System was developed.

This system provided a 24 -hour a day
" fixing " service " to an unlimited number
of aircraft over a range sufficiently great
to include important targets in the Ruhr and
other vital areas of enemy territory. All this
was done by means of three relatively simple
ground stations sited in the British Isles, and
any aircraft within range could make use
of the service, provided that it was equipped
with a receiving and indicating unit. Further,
the aircrew concerned could be confident
that any " fix " taken would be accurate,
irrespective of weather or other flying condi-
tions. The aircraft carried no transmitter,
which meant that " wireless silence could
be Maintained, and thus no warning of the
approach of a raiding force would be given
to the enemy.

The first small-scale test flights were car-
ried out in the autumn of 1940, and by
means of two very low -power ground
stations situated about 15 miles apart on
the south coast, it was found that an aircraft
could obtain " position lines " up to distances
of about too miles and many flights along

trained in the use of Gee in flights over tlze
British Isles, and twelve aircraft were fitted
and ready for operational flights over Ger-
many.

The operational service trials over
Germany took place during August, 1941,
and the results, which were of outstanding
success, were enthusiastically received by
Bomber Command. Not only were naviga-
tors able to find targets within range of the
ground stations, but they were able to
obtain accurate information on wind velocity,
which enabled them to navigate more
accurately than before to places outside the
Gee coverage area.

As a result of the service trials a policy
decision had been taken that large numbers
of aircraft equipments would be manufac-
tured on the highest priority with the final
aim of fitting every bomber aircraft in
service. It was further decided, in order
to keep information from the enemy, that
no Gee fitted aircraft should fly over enemy
territory until sufficient aircraft had been
fitted to make heavy and accurate raids
practicable.

The first Gee raid was made on the night
of March 8, 1942, when about 35o aircraft
made a heavy attack on the Ruhr. Approxi-
mately one quarter of these were equipped
with Gee, and they were used mainly as fire
raisers. The raid was highly successful
compared with previous attacks, as were
others mounted on a similar scale on suc-
ceeding nights. Reports showed that the
aircraft equipments were behaving satisfac-

Qn top of the New York Telephone Building, 140, West Street, New York City, are the antennas
used during a recent demonstration of a hitherto secret U.S. Army Radar microwave -relay
system. The demonstration, conducted by Bell Telephone Laboratories, included a two-way

voice transmission carried but successfully over line totalling 5,40o miles.

specific position lines were successfully
made.

During the time the small scale tests were
being carried out plans were made for set-
ting up a full-scale three -station system with
high -power transmitters and accurate moni-
toring equipment to give coverage over W.
Germany. At the same time an efficient
aircraft receiver was under development.
T.R.E. test flights were carried out over
this country during the spring and summer
of 1941, and by July of that year all the
ground station equipment had been
thoroughly tested and modifications made
where necessary. Aircrews had been

tardy with only a small percentage of failures,
the ground stations proved to be reliable and
aircrews were unanimous in their praise of
the new system.

Monitoring Equipment
During 1942 considerable development

work was carried out at T.R.E. Improved
ground station transmitters and monitoring
equipments were designed and manufactured
on a scale sufficiently large to equip all exist-
ing ground stations with main and standby
gear ; the latter could be brought into opera-
tion at extremely short notice should a fault
develop in the main units. A new airborne
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set was designed incorporating many im-
provements which had been suggested during
the early flights with the Mark I set, and
a very large production of the new sets was
planned.

At the same time a new chain of ground
stations was erected by the Air Ministry
along the south coast in order to give cover
over France, including the then most impor-
tant naval ports of Brest and Lorient and
St. Nazaire. Later, two further chains were
designed, mainly for use by Coastal Command
in the South -Western Approaches and off the
coast of Northern Scotland.

By March, 1943, the Mark II airborne
receiver had successfully passed its opera-
tional trials and had been introduced into
R.A.F. Bomber Command on a massive scale.
Practically all heavy bombers and also certain
squadrons of light bombers had been fitted.
From this time onwards the whole Bomber
Command system of mass raids, involving
control of large numbers of aircraft and the
very complicated problems associated with
routing of both outgoing and returning
bomber streams, was based on the use of
Gee.

In the summer of 1942 the Navy began
to install Gee in their light naval craft, and
by utilising the facilities offered by the
Southern Gee Chain they were able to navi-
gate accurately in all weathers in the English
Channel. Since then naval craft have been
fitted in ever-increasing numbers, and the
use of Gee has been found of inestimable
help in many directions, e.g., it enabled mine-
sweepers to sweep definite lanes with preci-
sion. Coastal Command aircraft also use
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Gee very extensively for patrol and strike
aircraft against both U-boats and surface
craft. It has also been used for accurate
minelaying from both ships and aircraft.

Early in 1943 it became evident that the
enemy was endeavouring to interfere with
the Gee system by radiating " jamming "
signals on the Gee frequencies. This con-
tingency had been foreseen in the early days
of development, and the new Mark II
receiver, which was about to come into
service at that time, was equipped with anti -
jamming circuits which gaVe a measure of
relief. It was also designed to allow the
reception of Gee signals over a very wide
band of radio frequencies. Transmitters and
other ground equipment had also been
designed which would cover the same wide
frequency band, so that by making irregular
changes of frequency it was possible to evade
the enemy's jamming barrage to a large
extent.

When plans for the invasion of Europe
on D -Day were made, it was decided that
Gee should be the main system of navigation.
It was planned that the general navigation
of all aircraft (British and American) of the
bomber and troop -carrier types should be
by means of Gee, and also that surface craft
should make use of this method of navigation.
In the case of troop -carrier aircraft, the actual
dropping was to be carried out, using
" Rebecca/Eureka," but Gee was to be used
wherever possible in the approach to the
area of the landing zones. Before the Eureka
beacons had been planted, aircraft would
depend entirely on Gee if visibility was bad.
In fact, Gee was used successfully to land
some of the " pathfinder " paratroops. It
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was thus vitally necessary that every effort
should be made to prevent the enemy from
jamming the Gee system. In order to
achieve this an elaborate scheme was evolved
for radiating signals, not only in the fre-
quency bands already in use, but in an
entirely new band. The technical effort
involved in achieving the synchronisation of
these transmissions was considerable, and
the equipment was almost entirely hand-
made by T.R.E. The scheme proved com-
pletely successful. Coupled with the bomb-
ing of his jamming sites, the appearance from
the South Coast of new Gee frequencies very
widely separated completely upset the
enemy's jamming organisation, and for
several days Gee was completely free from
any interference at all.

The Gee system was the most important
of all the radar contributions to the offen-
sive. In its application to Bomber Command
it permitted those close concentrations in
time and space which were essential to the
defeat of the enemy ground defences and
the special tactics required to defeat his
fighter defences ; it was essential to the
" thousand -bomber raid " by night ; it made
practicable great elaborations in the close,
relative timing of separate attacks, real and
feint ; and it gave invaluable ad in bringing
the great bomber formations and their
individual aircraft back by the most suitable
routes, and under close time control, to their
allotted return bases, an aid which was
invaluable in bad weather. The correspond-
ing advantages to other Air Commands and
to naval formations have already been
indicated.

(To be continued)

The Technology of Glass in its
Application to High Vacuum. Engineering

A Paper Read Before the Institute of Practical Radio Engineers
SERVICINGS of electronic devices, electric

lamps, radio receiving and transmitting
valves are among the many uses to which

glass has important application. Although
the principle and intended use of each device
differs, all depend upon the provision of glass
bulbs and tubing as well as the requisite
metals to produce effective vacuum -tight
seals.

What Glass Is
Glass in its solid state can be defined as

a hard, amorphous, brittle substance,
although sometimes described as a super-
cooled liquid, made by the heating of a mix-
ture of silicon, boron or phosphorous oxides
with certain basic oxides ; such as sodium,
calcium or magnesium. The main reason why
glass is said to be a " supercooled liquid
is because it does not crystallise upon solidi-
fication. However, before glass reaches this
solidified state, it changes from a liquid
condition to a plastic one.

All students of vacuum technique should
appreciate the conditions through which the
glass must pass and the various characteristics
applicable to the type of glass in use.

Grades of Glass
Glass exists in -two main grades-" soft "

and "hard." The former is sometimes
known as soda -lime or lead oxide glass and
has a melting point between 1,35o deg. C.
and 1,450 deg. C. The latter type of glass
has a much higher melting point, viz., 5,450
deg. C. to 1,55o deg. C. This type of glass
is sometimes known as borosilicate, because
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of its chemical composition. It is used
extensively on high -power valves or tubes,
as it has the property of being able to with-
stand vibration and electrolysis. The
property of any grade of glass when in the
liquid state is known as the "viscosity."
This means that the fluid property of glass
is the internal friction due to the molecular
cohesion, and is dependent upon two factors,
the glass composition and the temperature.
The most impor,tant stage in the working
of any particular glass is the plastic, as it
is in this stage that it can be controlled and
shaped to any design.

When the glass is passing from a plastic
to a solidified state, the utmost caution must
be observed. It must, for instance, be kept
free from draughts or cold air, otherwise
cracks or leaky seals will result. Upon
reaching solidified condition, or the transi-
tion point, the glass becomes hard and brittle.
It is essential, therefore, that whatever shape
or form, whether seal, stem, or such like com-
ponent, the glass must be annealed at a
temperature suitable for the type of use.

Removal of Internal Stresses
Annealing, an essential process, relieves

the internal stresses that have been set up
in the glass during the working of it. Failing
to remove these internal stresses will cause
the glass to fracture or crack, especially when
subjected to heat radiated from adjacent or
nearby components that have been assembled
to make a valve or lamp ; the annealing tern-

peratures for glasses is in the neighbourhood
of 35o deg. C. to 450 deg. C. for the soft
grade, whereas 45o deg. C. to 55o deg. C.
is suitable for most types of hard glasses.
These figures are far below the actual melt-
ing points of these glasses mentioned pre-
viously in this article. For comparison, the
working temperature of these glasses is of
importance, the annealing temperature is far
below that temperature specified for the
working range.

Working Ranges
The working range for soft glasses lies

between 600 deg. C. and t,t oo deg. C.,
whereas, for the hard grade, the working
temperature is much higher, i.e., 750 deg. C.
to 1,25o deg. C. It is at this temperature
that the glass becomes a plastic body. By
a study of these temperatures it will be
appreciated how, if one does not adhere to
the correct annealing temperatures, the glass
will resume a plastic or liquid form.

Glass to Glass Seals
This type of seal is extremely common

to those engaged in the vacuum_ industry,
and unless similar or like glasses are used
a vacuum -tight ,seal will not be obtained.
This can be appreciated by considering the
coefficients of expansion of the various
glasses. Those having identical or similar
coefficients of expansion can be sealed suc-
cessfully, but should they differ to a great
extent, one type would expand at a different
rate than the other, this resulting in a bad
and leaky seal, caused by cracks in the glass.
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Metal to Glass Seals
Metals selected for this type of work should

have similar coefficients of linear expansion
to that of the glass to which it eventually
is sealed. Studying the characteristics of the
various metals and glasses used in the
industry it may be noted that the metals
commonly used for this type of work are
platinum and alloys, dumet, tungsten molyb-
denum, copper, and the alloys of iron,
chrome cobalt and nickel. Two of the well-
known alloys in use in the electronic industry
at the present time are "Kovar " and
" Fernico." No matter which metal is
selected, its expansitivity must be comparAle
with that of the glass to which it is to be
sealed.

The preparation of such metals is an
important factor. The metal must be free
from dirt and grease as well as free from
cracks.

Chemical Bond of Glass and Metal
The principle of all metal to glass seals

is that when the metal is heated for a short
period in a gas flame, the surface becomes
oxidised.. This is an essential feature in the
production of a vacuum -tight seal. The
surface oxide set up on any particular metal
it in the correct proportion will readily dis-
solve into the selected glass and form more
or less a chemical bond between the glass
and the metal.

Oxidation
Excess oxidation will, in most cases, cause

the seal to become leaky.
This can be put down to the inability

of the glass to absorb the greater portion of
the metallic oxide. This must be avoided,
for if the seal does not leak it will be
extremely weak mechanically.

It is recognised that molten glass attacks
some clean metals, due to the chemical com-
position of the glass. However, this must
be avoided at all costs or it will result in
a poor or weak and leaky seal. This pheno-
mena can be recognised by the presence of
minute gas bubbles adhering to the metal
surface inside the glass seal. These bubbles
are the result of chemical reaction between
the glass and the clean metal, causing gas
to be given off by the metal.

Oxides are more or less a necessity in metal
to glass seals. The presence of the oxide
acts as a medium. When the molten glass
is applied it is essential that the oxide present
at the metal face must not be entirely
absorbed by the class, otherwise the chemical
reaction will result as already described. It
is, therefore, good practice to ensure that
an extremely fine oxide coating is left upon
the metallic surface, thus protecting the
metal proper from any likelihood of chemical
reaction.

Colour Denotations
The oxide presence of various metals is

denoted by colours. For instance, a
tungsten -glass seal usually is recognisable
by a light straw colour, whereas copper
usually gives a rich ruby red coloured seal.

Excess oxidation, as stated, must be
avoided. It is good practice to take steps
to control the rate of oxidation. In the
United States of America sealing is carried
out in an inert atmosphere. Another method
which offers great control over possible excess
oxidation is that of borating. This method
is simple and well known to users of dumet
or copper seals. By this method the surface
of the copper is covered with borax. This
chemical layer, if not damaged in any way,
prevents excess oxidation and is essential in
all copper to glass seals. Various fluxes
have been devised or will be developed as
time goes on to suit other metals ; these,
too, will play a similar part as that of borax
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to the ordinary copper seal. In the electronic
industry, where it is necessary that all metal
to glass seals must have the property of being
vacuum tight as well as of good mechanical
strength, it is common practice to " wet "
the Ritetal with an intermediate glass ; this
aids and overcomes many difficulties that
arise when being sealed to the parent glass-
works. To further clarify this study of glass
and suitable metals expansitivities of them
can be reviewed.

Expansitivities
" Dumet," known alternatively as copper

clad, comprises a copper sheath with a nickel
steel core, the sheath being firmly bonded
to the core. This metal will seal directly
to any make of soft glass, although there is
a limitation to maximum diameter of this
metal that can be sealed successfully. The
reason for this is the difference in the axial
and transverse expansions of the material.
The radial expansitivity of this metal is in
the order of 9 x Irv.' per deg. C., and
glasses with identical or similar expansitivi-
ties between 8.n to 9.5 x to should be
selected. Dumet has more or less superseded
platinum as a seal metal, however. It has
a coefficient of expansion of 8.9 x to-",
but because of its high cost and the fact
that it is one of the rarer metals, the lamp
industry developed the former metal, which
is considerably cheaper end easier to obtain.

Tungsten and Molybdenum
Tungsten and molybdenum play an

important part in the electronic field, more
so than in the lamp -making industry. They
are used for all types of seals, including those
found in high -power valves, mercury vapour
rectifiers and X-ray tubes. The oxides of
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these metals are extremely soluble in most
hard glasses, producing the required
vacuum -tight seal because of the adhesion of
the glass to the metal. The expansitivities
of tungsten and molybdenum are approxi-
mately 4.5 x to and 5.6 x to respec-
tively, and as in the case of all metals they
must be sealed with glasses whose expansi-
tivities compare with that of the metals. The
specific purpose of tungsten and molyb-
denum seals is such that they are able to
carry fairly large currents found in the
electronic field.

Copper to Glass Seals
Copper to glass seals are becoming

extremely popular. This type of seal -is
commonly known throughout the lamp and
valve industry as the " Housekeeper Seal."
Copper can be sealed more or less success-
fully to any type of glass whose expansitivities
lie between too x to--' and 4o x to-".
This is only possible, however, if the copper
is carefully shaped and the thickness of the
metal reduced to approximately .cionin. thick.

Kovar and Fernico
These two alloys, specifically developed for

the electronic industry, will play a most
important part in future electronic tube
development. These metals, whether in rod or
cup form, will seal to arty glass or glasses
whose expansitivities are approximately 4.9 x
to-" at a temperature of to deg. C. to too
deg. C. Not only will they give a her-
metic seal, but the seal produced wilt be of
good mechanical strength. This can be
accredited to the fact that the oxides of the4
metals readily dissolve in the selected glasses
and - form more or less a chemical bond
between the glass and the metal.

The Bristol Brabazon I:

It is certain that prospects for civil aviation are far brighter than they were in 1939, and that,
for the first time in the history of flying, there is a real chance that the average man, as Well
as the wealthy business man, will soon be able to fly about the world at prices approaching those
charged by other forms of transport. This will come about because of the experience gained
in aircraft construction and management during the war. This has brought about considerable
improvement in aircraft engines (with mare economical fuel consumption rates). Greater
pay -loads and speeds have been attained, coupled with a far higher standard of safety than
ever before. Our illustration shows a " mock-up" of the Brabazon I now being completed
in Bristol Aeroplane Company's workshops.- A plywood version of a new aircraft is always
completed to scale from designer's specifications. Every detail is then checked, and altered
where necessary before production begins. Some idea of the immense size of this aircraft is

is given by the scale of the man on the wing.
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The Foundations of Thermodynamics -4
Carnot's Heat Engine, and Its Cycle of Operations

THE theorem which states that no heat
engine operating between two speci-
fied temperature levels can possess

an efficiency greater than that of a thermo-
dynamically reversible engine working between
the same two temperatures, was established
by Sadi Carnot, by examining the performance
of an imaginary engine which he postulated
and. endowed with certain ideal properties.
This theorem, as was mentioned in a previous
section of this article, was revealed by Carnot's
search for the theoretical principle underlying
the conversion by an engine of a supply of
heat into mechanical work.

Structure of Carnot's Heat Engine
Carnot's hypothetical engine employs the

piston and cylinder principle and uses a

Piston Rod

Piston

Heat Reservoir Of
infinite Thermal
Capacity At Constant
Temperature ,(Source),

WfURNM

A
Denotes 100%

Denotes 100%

Cylinder (

Containing
Frictionless
Piston And
Ideal Gas
As Working
Substance

Heat Reservoir Of
Infinite Thermal
Capacity At Constant
Temperature T2 (Sink),

Thermally Co/ii,;adiecrtiiz

Thermally Insulating
Material.

Fig. t3.-Diagram illustrating the principle of
Carnot's heat engine.

constant mass of ideal gas as its working
substance. (For this particular purpose a
gas is considered to be ideal " if it completely
obeys the gas laws of Robert Boyle and Jacques
Charles over -all ranges of temperature and
pressure, and therefore has its behaviour
represented by the equation P.V -R.T,
where P denotes the pressure of the gas, V
its volume, T its absolute temperature as
recorded on the ideal gas scale, and R is a
constant whose magnitude is determined by
the chemical nature and mass of the gas).
Heat is supplied to this ideal gas not by passing
fuel through a valve into the cylinder and
burning it there as in the cage of actual
internal combustion engines, or by preheating
the gas in a separate compartment before
admitting it into the cylinder as is done in
the external combustion engine, but by
conducting heat through the cylinder cover.
'The material of the cover is imagined to
possess the ideal thermal property of infinite
conductivity, i.e., will conduct a stream of
heat in any direction through it without the
usual application of a finite temperature
difference across it, which is required by all
real, non -ideal thermal conductors. The
cylinder of Carnot's engine has no valve
attachments and does not admit and expel
quantities of gas during a cycle of work as
real engines do ; it contains a fixed amount
of ideal gas which is sealed in by the piston,
and which expands and contracts accordingly
as heat is conducted into or out of it through
the cylinder cover. The general arrangement
of the engine is illustrated in Fig. 13.
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(Continued from page 128, January issue)

A supply of heat is drawn from a constant
temperature source which is imagined to
have an infinite thermal capacity, so that the
removal or addition of any finite quantity
of heat produces no change in its temperature
(labelled T, in Fig. 13). The walls of this
heat reservoir are made of a material which has
the ideal thermal property of zero conduc-
tivity (i.e., will not conduct heat no matter
how great a temperature difference is applied
across ir, provided this difference remains
finite), but its cover is made of ideally con-
ducting material as is the cover of the cylinder.
The operation of feeding heat to the gas is
performed by placing the cylinder upon the
source and allowing it to remain there long
enough to enable a desired quantity of heat
to pass, without fall of temperature, from
source to gas. A second heat reservoir of
infinite thermal capacity at a lower temperature
T, stands near to the heat source and is
enclosed by insulating walls and covered with
ideally conducting substance. By placing the
cylinder over it, heat is passed isothermally
from gas to sink as .the piston moves forward
to compress the gas. The source and sink are
separated by a non -conducting slab upon
which the cylinder may rest in a state of total
thermal insulation. The engine
is further idealised by assigning
to it the properties of thermo-
dynamic reversibility, frictionless
movement of piston in cylinder
and slide of cylinder
between source and sink.

Action of Carnot's Engine
The engine begins a forward

cycle of work with its cylinder
placed in position over the heat
source, as shown in Fig. 14,
stage i, the gas being in a state
represented by the point A on
the pressure -volume diagram
Fig. tg. A quantity of heat Qt
is conducted from source into
gas at the constant temperature
T, of the source, causing the
gas to expand in a power stroke
from volume VA to volume V5
along the constant temperature
line AB. The cylinder is then
moved laterally into position on
the insulating seat (Fig. 14,
stage 2), and the piston stroke
continues as the gas expands
adiabatically from volume V. to
volume Vc. The fall in tem-
perature which accompanies the
adiabatic expansion is arrested
by bringing the piston to the end
of its stroke when the gas tem-
perature reaches the degree T2 of
the heat sink. At stage 3 the
cylinder is placed over the heat
sink as the piston returns on its
compression stroke, and the
reduction of the gas volume
from Vc to VI, causes a quantity
of heat Q, to flow from gas to
sink at the steady sink tempera-
ture T,. The cycle is completed
by returning the cylinder to
the insulating seat where the gas
is further compressed under
conditions of total thermal insula-
tion. The rise in gas temperature
caused by this adiabatic com-
pression is halted when the

A

original, source temperature Ti is reached,
leaving the gas in a state represented by
point A on the work diagram, in readiness for
the succeeding cycle. The balance of heat
Q1-Q, which has gone out of existence
during the performance of the cycle is, in
accordance with the first law ob thermo-
dynamics, equal to the quantity of mechanical
work W delivered by the engine.

The foregoing analysis of the Carnot cycle in
which the output of work is calculated by
making reference to 'the first law of thermo-
dynamics differs in certain details from the
original discussion made by Carnot himself.
Carnot published his essay a quarter of a
century before Joule had completed the
researches which led to the discovery of the
first law of thermodynamics, and Carnot's
proof of the reversible heat engine theorem
did not take into account the 'disappearance
of part of the supplied heat which is required
by the energy doctrine to explain the
appearance of mechanical work. He assumed
that the same quantity of heat passed out of
the engine into the sink as was drawn by
the engine from the source. Carnot's reflec-
tions on the working of heat engines had been
influenced, and to some extent successfully
guided, by a study of the principles of gravity
engines. Through this study he succeeded in
establishing a heat theorem which is still

I
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Stage L-Cylinder placed
over source. Gas absorbs
Q, units of heat isother-
mally at temperature T,
causing expansion from
volume V, to volume V.

Stage 2.-Cylinder slides
on to insulating seat and
gas continues to expand
adiabatically from volume
V. to volume Vc, with
subsequent cooling from
temperature T1 to tempera- 4.

Lure T2.

Stage 3.-Cylinder over
sink. Gas contracts in
volume from V, to V.
isothermally at temperature
T2, expelling Q2 units of

heat into the sink.

Stage 4.-Cylinder on in-
sulating seat. Compression
of gas continues adiabati-
cally with subsequent rise of
temperature from T5 to T1
and volume decrease from

A r2
V. to V,.

Fig. 14.-Stages in the performance of a cycle of work by
a Carnot engine working in a forward direction.
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accepted as being true, but by drawing too
close a parallel between the respective pro-
cesses of heat and gravity engines he used a
method of proving the theorem which is
considered, in the light of more modern
knowledge, to be false.

Difference of Gravitational Level
In any gravity engine a quantity of matter

is allowed to make a controlled descent from
one gravitational level to a lower one, and
through the action of a suitable mechanism
its fail produces a yield of work in the form
of kinetic energy, rotational or translational
or a combination of both. Familiar examples
of this are to be seen in the action of the
water -mill wheel, the pile driver, and the

---
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Fig. 15.-Pressure-volume diagram of cycle of work performed by
Garriot's engine.
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springless (" grandfather's ") clock. In each
of these mechanisms a factor of prime
importance is the difference of gravitational
level. If there were no difference of level
the waterwheel would not turn no matter
how great a volume of water were available,
since it could not be made to flow ; the pile
driver could not impart energy to the pile
without making a fall, and the hands would
not move round the clock -face if the weights,
no matter how heavy they were, were not
free to descend. A consideration of this fact
caused Carnot to emphasise, rightly, as it
afterwards transpired, the necessity of a
difference of heat level (i.e. temperature) to
the successful working of a heat engine. His
next conclusion, that even as the quantity
of matter lowered in the ideal gravity engine
is the same at the beginning and end of the
fall, so is the heat stream similarly conserved
in the process of passing from the high to
the low temperature through the heat engine,
proved to be erroneous.

Had the phenomena of electromagnetism
been known in his time, Carnot could have
readily extended the notion of an engine as
a device for lowering some energy -producing
agent through its appropriate difference of
level, so as to include the electric motor. But
it was not until after Michael Faraday's
epoch-making discovery in 1831 that the
motion of a conductor in a magnetic field
generates an electric current in the conductor
which persists as long as the conductor moves
or the magnetic field varies, that the means
of producing mechanical work electromag-
netically became available. An electric motor
generates mechanical power by lowering a
supply of electric charge through a difference
of electric level in the presence of a magnetic
field, and in the ideal motor the quantity of
electric charge is the same at the beginning
and end of its fall. Similarly, an optical
engine could consist of an intense source of
light radiating a supply of luminous energy
to a less intense source-that is, conveying a
quantity of light down a gradient of optical

level or intensity, with a suitable mechanical
device (e.g. the plane surface of a solid)
inserted in the beam. The excess of
mechanical pressure exerted upon the surface
exposed to the brighter source would yield
an output of work by moving the solid
through space.

Carnot's Theorem
The original and modified methods of

proving Carnot's heat engine theorem are
illustrated in Figs. i6 to 19. Both methods
are based upon the principle that perpetual
motion is impossible. Fig. 16 represents a
reversible Carnot engine working in a
forward cycle by drawing a quantity of heat
Q, isothermally from the high temperature

source T1, returning
a smaller quantity of
heat Q, isothermally
to the low tempera-
ture sink T,, and
converting the heat
balance Q, -Q, into an
output of mechanical
work W per cycle
(W carries a conven-
tional positive sign to
indicate that the net
work is being done
by the engine on its
environment), for
external consumption.
Fig. 17 shows the
same engine operat-
ing in reverse by
absorbing an amount
of mechanical work

r per cycle (the
conventional negative
sign prefixed to W
indicates that the net
work is being done on

the engine by some external driving agent),
in order to absorb isothermally Q, units of
heat from the low temperature sink and to
return a larger quantity of heat Q, isothermally
to the high temperature level T,. The
quantities in these figures are calculated in
accordance with the first law of thermo-
dynamics, which demands that the appearance
of mechanical energy must be accompanied
by the disappearance of an equivalent amount
of heat, and that the consumption of mechani-
cal energy must result in the production of
heat by the engine.

Fig. 18 illustrates the working of an engine
according to the original thesis of Carrot,
since proved unsound, in which an unaltered
quantity of heat Q is considered to pass
through the engine, from the high to the
low temperature when the engine is working
forward with an output of work, and from
the low to the high temperature when the
engine is in reverse and absorbing work.
On the left-hand side of the diagram, R
represents an ideally reversible engine,
consuming an amount of work W, while a
quantity of heat Q is passed through it
without loss from the low to the high
temperature during a cycle. On the right-
hand side of the diagram, I represents an
irreversible engine arranged so as to carry
from the high to the low temperature the
same amount of heat Q which is used by R.
In the process of lowering this heat, I gives
out a yield of work W. The two engines
I and R are considered to be coupled
together so as to form a self-contained unit
circulating a quantity of heat Q through
both engines with I working forward and
driving R in reverse. The thermal efficiency
of a heat engine is defined as the fraction of
the absorbed heat which is transformed into
mechanical energy, and from this definition
the efficiencies of I and R may be written
thereto& as E, -WX), re-
spectively. Carnot reasoned that if W' is
greater than W, a positive balance of
mechanical energy W5 --W will be left over

for consumption outside the unit formed by
the coupled engines. For the production of
this work, nothing is consumed or done
inside the system apart from the circulation
of an unvarying quantity of heat, which
means that the system serves as an in-
exhaustible source of mechanical power,
which would make perpetual motion possible.
In order to prohibit the possibility of
perpettial motion therefore W' cannot be
made greater than W, from which it follows
that E, cannot be greater than E5, which
establishes Carnot's heat theorem.

At the time of its publication in 1824,
this theorem attracted little attention. Ten
years later, and two years after Carnot's
death, the manuscripts were edited and
republished in the Journal de l'Ecole
Polytechnique," by B. P. E. Clapeyron, and
it was largely through this work that Carnot
became known to scientists. Two men in
particular became interested in Clapeyron's
edition of the heat theorem, William Thomson
in this country, and Rudolf Clausius, a Swiss
Professor of Physics, and it was mainly
through their efforts that the work of Carnot
became united with the work of Joule and his
predecessors to found the subject of
thermodynamics.

At the close of the first half of the 19th
century the experiments of Joule and the
findings of Carnot presented an acute problem
to these scientists. On the one hand, Joule
had demonstrated beyond all reasonable
doubt that mechanical energy can only be
generated from a supply of heat if some of
the heat disappears in the process, while on
the other hand Carnot had proved a theorem
based upon the principle that perpetual
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motion is impossible, by a method in which
it was taken for granted that no heat
disappears in the process of generating
mechanical power from a heat engine. To
reject Carnot's theorem would amount to
admitting that perpetual motion was possible,
but to retain his method of proving it would
offer a complete contradiction to the well -
established energy law of Joule. It clearly
became necessary to modify the proof without
changing the principle of Carnot, and both
men, working independently, arrived at the
same solution of the problem within a year
of one another. Clausius published his paper
in 185o and Thomson in 1851.

The modified proof of Carnot's theorem is
illustrated in Fig. 19. An irreversible engine, I,
develops an output of work W in a forward
cycle by drawing Qt units of heat from the
source, and rejecting the balance (11-W to
the. sink. A reversible engine R, working
reverse, requires an intake of the same
amount of work W in order to deliver Q units
of heat to the source after drawing Q-W
units from the sink. The engines are coupled
so that I drives R in reverse, and since the
output and intake of mechanical work is the
same for both engines, no mechanical energy
is left over for consumption outside the
system, and no energy is absorbed by the
system from an external source of supply.
The net amount of heat taken by the coupled
engines from the low temperature level is
(Q -W)-- (Q' and the net

amount delivered by them to the high
temperature level is also Q -Q1. The
respective engine efficiencies are represented
by the formula E --W, Q, and Ei Qt.
If in accordance with the principle of Carnot
it is maintained that E, cannot be greater
than ER, it follows that Cr cannot be less
than Q, so that the quantity of heat Q -
which is taken by the unaided system from the
low temperature to the high one, cannot be
positive.

This result, whose emergence is forced
by the process of reconciling Carnot's principle
to the first law of thermodynamics, is
described as the second law of thermo-
dynamics. In its simplest form it states that
heat will not of its own accord pass from a
low temperature to a higher one, a rule
which is known to be obeyed in all large-scale
or macroscopic phenomena which have so
far been observed. Other non -mathematical
forms in which the second law of thermo-
dynamics has been stated are as follows :

(r) It is impossible by means of an
inanimate material agency to derive mechanical
effect from any portion of matter by cooling
it below the temperature of the coldest of
surrounding objects. (Thomson.)

(2) It is impossible for a self-acting
machine, unaided by any external agency, to
convey heat from one body to another at a
higher temperature. (Clausius.)

(3) A temperature difference can never
appear spontaneously in a body originally

at a uniform temperature. (Clausius.)
(4) Nature tends to pass from a less

probable to a more probable condition.
(Boltzmann.)

The first and second laws of thermo-
dynamics, when considered collectively for
the purpose of comparison, present themselves
as laws of prohibition imposed by nature on
all phenomena involving transferences or
exchanges of heat. The first law forbids the
generation of heat without the compensating
disappearance of an equivalent amount of
energy in some other form. The second law
forbids the spontaneous passage of heat from
a cold to a hot body. This power of prohibition
is exercised to a greater degree by the second
law than the first, for, whereas the latter lays
down an exact rule of equivalence between
thermal and other forms of energy without
questioning the direction of the exchange,
the second law stipulates the conditions which
determine the direction of the heat transfer-
ence, and requires in addition that the first
law shall be obeyed. The second law of
thermodynamics can be profitably used in
the study of practical problems in heat
engineering by applying it in the form of
Carnot's principle, for this principle, though
evolved from an abstract consideration of a
highly idealised engine which could never be
constructed in practice, provides a calculable
standard by which the performance of an
actual heat engine may be judged or aimed at
by a designer. (To be continued.)

Is Manual Flight. Possible?
The Possibilities of Man being Able to Fly by His Own

IN the history of invention it is usually
found that one's ideas have been antici-
pated by others. But there has been

something lacking that has given the success-
ful inventor a great advantage over the
previous ones. This usually applies to all
things.

I read the other day an introduction in a
book of directions of a pressure cooker. The
manufacturers actually thought pressure
cooking was new. Poor George Papin must
have turned over in his grave if such a
thing were possible. That pressure cooking
was done before the advent of the steam
engine is not generally known, but it is so.

That James Watt never sat and looked at
the steam coming out of the kettle is prob-
ably true, but history is full of these little
fairy tales. James Watt was the father of
the steam engine as we know it to -day, and
it certainly seems to me we are going to put
the internal combustion engine on the shelf,
and go right back to steam. This is the
atomic principle. If this is so, what would
Watt have done if he had had the atomic
boiler to start with ?

Nearly all the constructors of aeroplanes
of the early days could have flown their
machines easily. But they lacked the neces-
sary power. Or, in Professor Langley's
case, the necessary pilot, with the necessary
knowledge. Have we the necessary know-
ledge to -day to fly by man power ? I think
we have. In my mind there has been a
good case for the man -powered aeroplane,
ever since he learnt to make a machine
strong and light. But the knowledge to
make so perfect a machine as the bird is
equipped with has been missing.

As a small child I would sit for hours
watching birds. I made models, but none
of them ever flew. Like other boys with a
scientific " kink," I made all kinds of models.
Cranes, steam engines, boats, etc., and they
all worked. But of my flying machines not
one ever made the slightest attempt to leave
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terra firma. Of course, I made the " but-
terfly " contraption, but I didn't think that
was flying.

Time marched on and a book came into
my possession, " Animal Locomotion," by
J. Bell Pettigrew. I devoured it, but it was
mental pleasure, and nothing else. .

I had reached the age of 19 (19o7) when
I thought of trying to make something that
would get into the air somehow. Of course
I knew all about the Lillienthals' short
flights, and was fairly well up in the subject,
so I decided on bird flight. (If I had
possessed a motor it would probably have
been powered flight.)

A Bird's Strength
I took it very seriously. How strong was

I ? Could I hope to fly ? How strong
was a bird ? Such questions as these took
a lot of answering. It is really hard to
realise in these times that all our famous
(now) designers would take out their
machines days on end and never get a flip.
A straight flight of a mile was front-page
news ; but I digress. Pettigrew said a bird
does not fly by strength alone. Others said
the same thing, so who was I to differ ?
Some kind of hope was indicated. About
this time there were rumours about the
mysterious Wrights. A Frenchman named,
I think, Bellamy came to Brooklands with
a strange erection of wood and canvas. I
don't think he made many-if any-flights.
This was before Jim Mollison's time.

However, I thought the propeller was a
much simpler idea than wings. So shame-
lessly deserting my faithful Pettigrew, I
turned to the propeller. Before attempting
to make an actual machine, I thought I had
better see how fast I could expect to travel
by propeller propulsion. I had a cycle, so
I designed and made an apparatus that

Power
transferred the power from the back wheel
to the air, via a propeller.

I can't say this was very successful. My
speedometer showed 25 m.p.h. with
normal drive. But with the propeller
6 m.p.h. was the utmost I could do. Of
course the air was very cooling, and I cer-
tainly needed it. I then put the propeller
behind, but I didn't even get a cooling wind
that way. Arid very little difference was
shown. After about nine months I con-
cluded that the loss of efficiency through the
propeller precluded any hope of flying with
it, so I turned back to Pettigrew.

I then made a lot of gadgets and appara-
tus, to see what wings would give. The
result, spread over a year or so, was
encouraging, to say the least. I then tackled
a full-sized machine, with a 38 -feet wing
span. I experimented with this for many
months, but it was never really successful.
I could lift myself (with machine off the
ground a few inches) or I could run along
the ground, but never the two together. At
practically every trial something broke ;
nearly always the spars. But the thing that
lured me on was the fact that I did break
the spars. There must be a lot of resistance
somewhere. After some time I was com-
pelled to give up my experiments. My
circumstances and lack of opportunities
denied me the pleasure of trying to break
my neck-as a reporter once remarked about
an attempt I made to take off from a hillside.

I often think back over the years and
wonder whether, if I had possessed the con-
structional knowledge then that I have now,
I would have succeeded ? To that I can
say that I am of the opini9n that I would.

When, in my mind's eye, I see that crude
machine, solid spars that always broke, and
with a feathering gadget that had to be
adjusted for every attempt, a reaction
machine to take the weight of machine and
self when in the air, without working all
the time, it is really laughable from to -day's
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point of view. But I think it would have
answered its purpose.

The first day I took it out was inclined
to be a bit breezy, and when I started to
flap the wings I was promptly blown over.
So back it went to be repaired. After that,
attempts took place on windless days. I just
did not see that the wind would have
helped if I had faced it.
Comparisons

I have written the foregoing to show that
I have done a little more than just think
on this subject. I will now state briefly
why I think man can fly by his own power.

First, let us compare a bird and a man.
A bird in the air and a man on the ground
are in their natural element. To those who
think of the air as a soft, intangible thing, I
would point out at I50 m.p.h. it will sup-
port a 6o -ton aeroplane. Nothing soft or
intangible about that. Remember the dam-
age a gale can do.

Water is soft, but fall flat from a few
feet above it ; it is hard enough then. So
let us from the start not think of the air
from the man's point of view, but from

bird's. Most birds lift two pounds per

his own
can easily carry on his back twice

own weight. (It must be thoroughly

square foot, but they can do more.

understood when I say man, I mean a
fully developed man. The capabilities of
such a man is very different to the "man
in the street.") He can lift his own weight
by the strength of one arm alone. He can
lift, with a great effort, four times his -own
weight. This is in a direct upward direction.
In a rowing position his strength is much
more, for his size and weight, than a bird's.

A bird uses foe the purpose of flight the
strength of its pectoral muscles only. These
are developed to the pitch of perfection, and
are approximately 5o per cent. of its total
muscular power. The most a bird can do
is to lift about a third of its weight. This
is in a general way. I have read of birds
lifting a lot more than this, but I have
never seen it proved. I have read of an eagle
carrying off a child or a lamb. But a golden
eagle gets to a fair size. Personally , I
doubt these statements, because they are very
different to my observations. Plenty of tests
have been made, but after a third of their
weight has been attached to them most
birds cannot fly. One can reduce their
square area without much difference, so it
seems that their power is very little more
than capable of lifting their own weight,
with a comfortable surplus. I have seen a
gull swallow a fish of about a pound
weight, and it had quite a struggle to get
into the air. To those who have pigeons,
try fixing a weight of half a pound to their
feet (or even four ounces) and see what
happens.

" Perfect Flying Apparatus "
What does this mean ? To my mind the

bird has, in a pair of wings, the perfect
flying apparatus. That gives the greatest
effect for the least effort. Can man dupli-
cate these ? I don't see any reason why he
shouldn't. Ignoring for the moment the
possible valvular effect of the feathers (though
I see no great difficulty in duplicating this
if necessary), such a wing would have to be
capable of automatically feathering.

Now comes the snag. The whole machine
would have to be made for not more than a
third of the person's weight. Is this pos-
sible ? My machine weighed 46 pounds.
With present-day knowledge it should be Pos-
sible to make it, with the necessary strength
that I lacked, for 3o pounds at the most. If
any of the big firms were to tackle the
problem intelligently and with the intention
of succeeding, I think they would succeed

NEWNES PRACTICAL MECHANICS

where the individual experimenter has
failed.

I could suggest a design, but I think there
are ot.ners more capable .than I in this
direction.

I know the funamental facts, but in the
past I spent quite a fair amount of time
and money in trying to prove how little
man knows of the possibilities of the flap-
ping wing. I don't think he knows a lot
more now. The helicopter was the very
first heavier than air machine to fly. This
was in t842, and was steam driven.

As I said at the commencement of this
article, things came before their time. That
early helicopter certainly did.

We are constantly finding the impossible
of yesterday the ordinary of to -day. What
would Lillienthal have said to the
modern glider ? I read years ago of a Tom
Moose, a Wisconsin farmer, who travelled
all over his farm by glider. This was a
simple affair he strapped to his shoulders.
It's a pity more isn't known of this case.

How light could such a machine be made ?
Not more than* I 5-2o pounds, I suppose.
Would it not be possible to become air -
current minded ? just as a person balances
his cycle without thought, why not glide
from air current to air current with equal
ease ?

How does a condor fly, without a move-
ment of the wing, after about too feet high ?
Yet it goes up and up. Are there always air
currents for it to ride ? Do albatrosses find
upward air currents in the middle of the
flat sea ? I don't think so.
How Strong is Man?

The generally accepted strength of an
average man is one -tenth of a horse -power.
What does this mean ? What is a horse-
power ? Oh, I know the formula, and I
hope I shall not be accused of being
" Joadian," but the term is about the most
misleading one can possibly imagine.

Let us try to arrive at some absolute facts.
What is a horse capable of ? The average
carthorse can pull a lorry with an all -in
weight of 25 cwt. up an incline of I in 30,
without any great effort, at about 2 m.p.h.
Make the road perfectly level and increase
the load to 3o cwt. and you can double the
speed. This is with wheels with plain
bearings, and sometimes very imperfectly
greased. The horses in a railway yard can
pull ten tons on rails, but here we have
made some attempt to eliminate friction.
The same horse can pull 6o tons in a canal
boat. Now, how strong is that horse ? Is
it really the strength of the horse or the
eliminating of the friction that matters ?.

On the water, as in the air, there is a
practically frictionless speed. Above this
speed resistance piles up and increases very
rapidly. Is there a speed at which the lift of
the ideal aerofoil and the friction more or
less coincides ?

Ever since the first aeroplane the chief
effort has been to increase the speed, and
so power has had to be increased to colossal
amounts. Suppose we go backwards. How
little power is required to lift a man ? To
be perfectly candid, I don't know the answer
to this question. The Wrights flew at
40 m.p.h. and used a 4o h.p. engine. This
machine could not take off, but had to be
assisted. I think it was de Havilland who
made the 3 h.p. aeroplane that flew in 1921
at 72 m.p.h. Why this huge difference ?
According to Professor Langley, who was,
I think, the first man to make any real
experiments in weight power ratio, his
calculations were one pound of power would
lift eight pounds weight. This might or
might not have seen with the ideal aerofoil,
such as a bird has.

If we admit that this is so, mid granting
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it is possible to make a machine weighing
3o pounds, the total amount to be lifted into
the air is 3o pounds, plus 140 pounds
(weight of average man). If a man can exert
an air power of 20 pounds, that will give
him a small surplus. But can he do it ?-
First of all, I do not think he can by means
of a propeller or airscrew. To do this he
must use a pedalling gear. Here we start
to get losses, and we use the strength of the
legs only. In fact, less than the strength
of the legs.

The cycling position is by no means the
ideal position to exert the full strength of
the body, but the rowing position is. On
the other hand, in the cycling position the
weight of the body is used, and in the
rowing position it is not. These are small
details, but they must be considered. Can
the weight of the body and the rowing posi-
tion be used ? On my machine I made
an attempt to do this, but, as I said before,
my constructional knowledge fell short of my
desires. I maintain that the bird does do
this. What power is used by a child, who,
by movements of the body, sets a swing in
motion ? This,.of course, is done by altering
the centre of gravity. Does a bird alter
the centre of gravity in the same way ?
Watch gulls for any length of time, and you
will see movements that seem to have
nothing to do with wing movements, but you
will see the effect in the flight. A slight
movement, a bank or a turn, and it will seem
to surge upward. Is it breasting an air
wave ? Or is it lifting itself higher, as does
the child on the swing ?

No one really knows the effect of the
flapping wing. Many have given opinions,
but until man has made a flapping wing
machine, and used it in moving air, no one
will know why a bird flies.

Is it power ? Is it knowledge ? Is it
alteration of the centre of gravity ? I believe
it is a combination of all three, plus the
perfect machine. Have you ever watched an
expert skater ? See him (or her) moving
along at a fair rate of speed without lifting
the feet from the ice at all. I suppose it is
generally known that a person can skate
faster than he can run. Here again it is
the elimination of friction that counts.

With all this to consider, how can we say
" how strong is man ? " What does the
tenth of a horse -power mean ? A profes-
sional strong man can increase another
man's lifting power in a few minutes. He
simply shows him the best way to do it. I
believe that in the air knowledge is power.
Otherwise why is it that one person can
glide for a longer time than another ? The
ordinary gliding pupil, after an hour's tuition,
might make a flight of a minute or so. The
expert with the same machine could fly for
a couple of hours.

If a man can lift 4 cwt. and a strong man
can do this, can he exert an air power of
20 pounds ?

To my mind the attitude taken to manual
flight is wrong. Let the presumption be
that it is possible, given the perfect machine,
plus the necessary knowledge, and I don't
think it would be long before it would be
an actuality. If a man can fly at 72 m.p.h.
with a 3 h.p. engine, could he fly at 35 m.p.h.
with a 1 h.p. engine ? If so, then could he
fly at 25 m.p.h. with a z h.p. engine ?

We have a motor -assisted cycle. Is an
assisted aeroplane impossible ? I make no
claims of originality in my arguments, I am
simply giving my experiences ,and opinions,
But if you feel very doubtful about manual
flight, go to a provision warehouse, and
every time you see a man carrying a sack of
flour up some steps, say to yourself, "Weight
for weight that is more than any bird could
hope to do, yet it can fly and he can't.
Why ? "
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Rocket Propulsion
British Sounding Rocket Developments

By K. W. GATLAND

(Continued from page 135, January issue)

THE rocket projectile as a means'of long
range, high speed, transit is no
recent idea. It was, in fact, the pioneer

rocket engineer, Professor Oberth, who first
set down the specifications for such a vessel,
which he did as long ago as 1931.

It is of interest to note that the flight
control and trajectory of Oberth's hypo-
thetical rocket bear much resemblance to the
methods originally adopted in the V2 rocket
shell.

The ascent was arranged vertically in order
to overcome the main drag effects of the
atmosphere in the least time. Having main-
tained a direct path to an altitude of 3o
miles, the vessel's course would be reset at
a predetermined angle, and at the desired
speed (the requisite angle and maximum
velocity would vary with the dis'ance to be
covered) the motor " cut," allowing the
balance of the journey to be made under
momentum. The maximum height of the
parabolic flight curve was calculated to be
in the region of too miles.

The trend of development points the way
conclusively to the ultimate evolution of the
rocket projectile. The orthodox aeroplane
has already reached a reasonable limit of
speed efficiency beyond which it is imprac-
ticable to proceed.

The operation of aircraft above the com-
pressibility limit, as we have already seen,
is a reasonable possibility, but only if the
efficiency of the rocket engine, when working
in atmosphere, can be substantially improved.
It may be that this obstacle will be com-
pletely overcome by the development of the
atomic reaction engine, and if so, then the
many lesser problems associated in this
development should be quickly solved.

It is only when the Sanger flight system
is considered that the practicability of
operating chemically powered rocket aircraft
in the super -sonic range strikes feasible, and
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this obviously is merely an interim step lead-
ing ultimately to the true projectile craft.

The Sounding Rocket
Apart from sea -rescue, meteorological

sounding is another specialised peacetime
use that the rocket is now serving. The
war has been the means of accelerating this
development, and already much important
data has been accumulated in this way.

Prior to the rocket, all meteorological and
specific soundings of the atmosphere had
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been made by (a) the small " pilot " sound-
ing balloon, (b) the small radio:sounding
balloon, (c) the manned balloon, and (d) the
aeroplane. Each of these methods serves
a distinct purpose. The first mentioned is
simply a free balloon, which is sent aloft
and its course followed by a ground observer
using a theodolite. In this way the direction
and strength of wind can be estimated ; and
there are also other purposes which these
small balloons serve. An instrument called
an " anathermoscope," for instance, can be
carried, which is used for anticipating fog
conditions. It consists of a delicate thermo-
stat attached beneath the balloon, and when
an abnormally warm layer of air is encoun-
tered at a certain height-the condition
which normally precedes fog formation-the
contacts close, and either effect the release
of a paper parachute or light a signal lamp.
The ground observers, with the aid of the
theodolite, are then able to determine the
height of the warm air layer, and also to
calculate the time at which fog will begin
to form.

The radio -sounding balloon is, of course,
more elaborate, and it is generally employed
for high -altitude sounding. The instruments
carried measure air pressure, temperature
and humidity, and each are linked to a
midget radio -transmitter, which emits con-
tinuous signals. These are picked up and
recorded at a ground receiving station. The
hydrogen -filled balloon, which is normally
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Fig. 53.-Principle of the gyroscopic corrective
control adopted in the M.A.A. sounding rocket

(Fig. 52).

between 3ft. and 4ft. in diameter, bursts
at an altitude of about 35,000ft., the instru-
ments and radio descending by parachute.

More specific soundings, of course, require
different ins!rumentso and some balloons are
used which carry aloft light glass containers
which return with samples of air taken from
the stratosphere. Since certain of these
balloons are capable of reaching heights of
20 miles and more, their importance is very
great indeed.

Manned Balloons
The manred balloons, as employed by

Professor Piccard and Capt. Orville
Anderson, although not capable of altitudes
as great as the free -sounding balloon, are,
too, very valuable, particularly since the vary-
ing conditions "through which they travel can
actually be experienced. The apparatus
they are able to carry is, of course, heavier
and more varied, and the fresh knowledge
that is gleaned from these flights invariably
has an immediate bearing on many fields
of science. The study of the radio -reflective,
Heaviside and Appleton Layers, and the
effects of natural electronic emiss:_ons is,
for instance, of immense value in radio
technique ; but this is only one example of
how the results of high altitude sounding
can be applied in the practical sense.

Finally, there is the aeroplane, and it is
this method that is employed for most
routine soundings of the lower atmosphere
for the purpose of computing the day-by-day
weather forecasts. For several years past
Gloster " Gauntlet " meteorological aircraft
have been used for this purpose. A record-
ing instrument, termed the psychrometer,"
is attached to one of the inter -plane struts,
and this, too, automatically registers the
pressure, temperature and humidity.

Although the rocket should ultimately
prove of great use as a meteorological
instrument, its principal work will un-
doubtedly be in the sounding of extreme
altitudes where the atmospheric pressure is
too low for the balloon to penetrate.

The greatest height reached previous to
the rocket was by a small sounding balloon
released by Russian experimenters, which
carried its instruments to a height of 25
miles. This may not be strictly true, how-
ever, as calculations show that the shells
from " Big Bertha " may have reached as
high as 34 miles.

The rocket will enable soundings to the
limits of the atmosphere and into space itself.
In this connection, the adaptation of the V2
projectile as a sounding rocket has already
been suggested, and it will be remembered
that the calculations for the modified version
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gave a maximum altitude attainable of 500
miles. Since the practical extent of the
atmosphere is in the region of 20o miles, it
is clear that in this development we have
a means of sounding adequate for all
scientific purposes.

From the experience gained in the develop-
ment, handling and performance of the V2,
the design and construction of sounding
rockets of high reliability are certain, and,
of course, these could be fitted with radio -
transmitting gear in much the same way as
the radio -sounding balloon. The example
given of converting the V -shell for this pur-
pose is primarily intended as evidence of
what can be accomplished with a mechanism
that has been proved and is available to -day.
There is obviously much scope for the
specific development of sounding rockets,
and no doubt these will range from light
meteorological types to the larger models
which will ultimately be used to probe the
fringe of atmosphere in search for proofs
of the many controversial theories that exist,
principally about the cosmic ray and other
electronic phenomena. Whether or not the
remaining V -rockets that are available will
be converted for these latter purposes is
yet to be seen. There seems no reason why
they shouldn't be so employed. The cost
of conversion and fuelling would indeed be
cheap exchange for.the invaluable data they
would provide.

A brief account of sounding rocket develop-
ments in the U.S.A. has already been given
(Practical Mechanics, June, 1945, pp. 315-6),
and apart from the investigations of the
American Rocket Society and Professor
Goddard there is little evidence of any other
pre-war research.

In Britain, too, work in this direction has
been slow, and, again, it is the rocket societies
that have provided the most detailed account.
The initial investigations of sounding rockets
are due to the Manchester Astronautical
Association, whose work in this connection
was started in January, 1941.

The investigation began with a mathe-
matical survey in which the characteristics
and performance of a hypothetical sounding
rocket were calculated. This occupied the
association for several months, and from the
experience gained the design of an actual
rocket was next attempted.

M.A.A. Sounding Rocket Developments
The first scheme produced was for an oxy-

petrol rocket stabilised by axial rotation
(Fig. 51), and from the diagram it will be
seen that the design provides for nose -drive,
the propellent feed being arranged in similar
manner to that adopted in the M.A.A.
centrifugal injector.

A parachute is provided at the nose, and
a gyroscope supported immediately beneath
for the purpose of maintaining stability.
The motor assembly, below, comprises four
concentric feed combustion units equally
disposed around the circumference and
axially inclined to impart the required spin.
The petrol and oxygen are fed from their
tanks through tubular shafts which extend
from the feed unit. It .till be observed that
the oxygen line is fitted within the petrol
shaft, the petrol being fed around it.

The performance calculations show that
it would be necessary for the rocket to be
8ft. in length, and the maximum shell
diameter 3ft. 9in. As this appeared un-
reasonable for the height that the rocket
could be expected to reach-the performance
estimation gave a figure approaching
go,000ft.-the entire design was scrapped
and work commenced on another rocket.

The second scheme (Fig. 52) differs in
several respects from the original. Its chief
difference is that stability is not effected by
spinning, but through the offsetting of a
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single rocket motor, which is regulated by
gyroscopically controlled electric motors.

The gyro -control is so designed to func-
tion immediately the rocket deviates from
its true path, and at once alters the direction
of thrust to oppose the deviation, thereby
returning it to the original path of flight.

To achieve this movement, the motor is
pivoted at the " head " on a universal thrust
bearing, and at the nozzle end, held in place
by a system of slides and ratchets. This
ensures easy movement of the motor in any
direction around the central pivot to apply
thrust at angles ranging to 15 degrees from
the normal thrust line. The method of
control is apparent from the diagram (Fig.
53), reversible field electric motors being
used to actuate the rocket chamber.

No motive power is provided in the rocket
for functioning the gyroscope, since the

Control

To Fuel
Check Valve

Soft /,On Contacter

Oute,-
She//

Of
Rocket IElectraMagnet

Side Oft From Tank Launching Rack

Fig. 55.-Part-sectional diagram of a remotely
controlled propellent feed mechanism.

period of powered flight is only a matter
of 43 seconds. It is considered, therefore,
that a ground motor would suffice to build
up the desired rotational velocity, allowing
the inertia of the gyro to maintain control
during the time of thrust.

The Rocket Motor
The driving motor (Fig. 54) was designed

for construction in a light aluminium alloy,
being internally sprayed in order to obtain
a thin coating of steel as protection against
the high combustion temperatures. The
chamber is built in five. sections : mixing
chamber, " head " portion, central portion,
" throat " portion, and nozzle. This facili-
tates replacement should any one of the
components " burn -out," or become other-
wise damaged during testing. It also enables
varying sizes and shapes of chamber section
to be tried as well as different nozzles.

The outer sides of the chamber portion
are ribbed by longitudinal fins.

 Cooling of the motor is arranged by the
induction of air from inlets flush to the skin,
and the air is introduced by means of the
negative pressure caused by the rush of the
exhaust gases, thus effecting a swift cooling
flow past the reaction motor.

The liquid oxygen and petrol are contained
in duraluminium pressure tanks, and these
are designed to allow, as far as possible,
unrestricted flow to the motor.

The feeding of the liquid oxygen is a
simple matter, because of its low tempera-
ture of liquefaction and the ease with which
it vapOrises. The method is the same as that
employed in the early German experiments.
The " Mirak " rockets, it will be recalled,
relied upon the self -feed characteristic of
liquid oxygen, as did also many other types
developed by the Verin fur Raumschiffart.
The only difficulties then were: (a) the
liability of the tanks to explode under the
considerable pressures developed, and (b) the
inconsistency of the feeding pressure. In
the M.,A.A. design these problems are
overcome to a large extent by the provision
of high pressure tanks, and the use of check
valves in the feed lines to stabilise the rate
of flow to the rocket. motor. An emergency
relief valve is fitted to the oxygen tank, but
it is not anticipated that pressure would be
developed to the critical point within the
period from fuelling to flight.

The fuel is introduced in a similar manner
through the pressure of an inert gas (nitro-
gen) acting directly on to its surface.

A parachute is housed in the nose of the
rocket, and this is released by the action
of a mechanism adjusted to function when
the air pressure inside the lower shell is
built up to a predetermined figure as the
rocket falls back to the ground. Its descent
would naturally be tail -first, because when
the tanks are empty the weight is largely
disposed at the rear. Should, however, the
rocket descend nose first, due to accident,
a small clockwork " timer " is also fitted to
ensure that the return is made without
damage.

General particulars of the design and the
calculated performance figures are as fol-
loWS: The total weight of the rocket is
5o.olb., of which 22.51b. comprises fuel and
27.5 " payload." Its overall length is 35.oin.,
and the maximum shell diameter 8.oin.

The jet flow is estimated at o.4641b./sec.,
and the jet reaction 53.28o1b. Other items
of interest are the reaction chamber pressure,
7oolb./sq. in.; fuel tank pressure, r,o5olb./sq.
in ; jet velocity, 5,000ft./sec. ; time of power,
43 sec., and the total height attainable
47,000ft. within 78 seconds.

Launching Procedure
As has already been mentioned, the con-

trolling gyro must be run up to its designed
rotational speed just prior to launching, and
this is arranged through a flexible drive, the
auxiliary motor being held at the side of
the rocket. This is, however, but one of
the operations which must be attended to
in readiness for firing. Previously the fuel
and oxygen tanks must be filled. The feed
control valves must, of course, be closed
during this time, but opened again just prior
to ignition. The method adopted by the
M.A.A. is shown in Fig. 55.

Finally, a last-minute check must be made
to ensure that each of the three tanks-
propellent and feed-are fully charged, and
that the pressure in the oxygen tank has
been developed to the degree required for
self -feeding. The parachute release gear
must not be overlooked, and only when all
these checks have been made is the rocket
ready for firing,
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A motor to the design illustrated, but built

entirely of steel, has been prepared for test,
and it is proposed to make this the feature
of a series of experiments soon to be carried
out. It will not, of course, be possible to
use liquid oxygen, as this would cause an
infringement of the Explosives Act, and it
is likely that compressed air will be
employed instead.

Although it is not anticipated that the
complete sounding rocket will be constructed,
it is hoped that a further design, incorporat-
ing several of the characteristics of this model,
will soon be ready as the result of a new
investigation now proceeding under the
auspices of the Combined British Astro-
nautical Societies. The existing design was

intended merely as a practical example on
which could be based the development of
larger and more useful sounding rockets.
The dimensions of the preliminary model'
have been maintained at the lowest practic-
able limit, and in considerations of size it
will be appreciated that its performance is
highly credible.

IT is with regret that we record the death
of Professor Robert Hutchins Goddard,

who passed away recently in a U.S. hospital
as the result of a throat operation.

As readers of this journal will already be
aware, Goddard was the pioneer of modern
rocket development. It was he who first
conceived the " constant -volume " rocket

system, which he successfully demonstrated
in the world's first firing of a liquid -fuelled
rocket at Auburn, Mass., on March x6th,
1926.

Many equally significant researches are
due to him, both in previous and subsequent
experiments. Readers will recall, for instance,
the unique successively loading powder
motor, which was one of Goddard's earliest
achievements.

When war came to America Goddard
turned his capable hands to the military
rocket, his ',work resulting in several of the
highly -effective rocket weapons which con-
tributed so large a part toward the eventual
overthrow of the Axis.

Inventions of Interest
Potato Peeler

AN
inventor has-been devoting his atten-
tion to an improved way of peeling

potatoes. He points out that there has been
a method of skinning this useful vegetable
by subjecting it to a sudden blast of heat
of an intensity sufficient to cause collection
of free moisture or vapour beneath the skin.
Disintegration and removal of the skin is then
effected by a cooling treatment by means of
jets of cold water or air or by mechanical
friction, or both of these operations.

In prior proposals heat treatment has been
carried out by using a current of hot air
or gas derives from an oil or similar burner
at a high temperature. This action produce.;
the separation of the skin from the pulp, but
it also dehydrates and coagulates the laver
beneath the skin.

The aim of the new method is to retain
the whole of the pulp in a completely raw
state. ' This system is distinguished from
its predecessors by heat treatment in a closed
vessel with steam at only - a moderate tem-.
perature. This lasts only a short period,
sufficient to swell the tissues of the skin, but
insufficient to cook any part of the pulp.

The potatoes are then suddenly cooled
by means of a fluid at a low temperature.
This causes contraction and disintegration
of the skin and thus simplifies its removal
by mechanical friction.

Adjustable Golf Club

AN application
for a patent relating to

golf clubs has been accepted by the
British Patent Office. The inventor asserts
that there have been several proposals con-
cerning a universal golf club in which the
angle of the striking face of the head may
be adjusted infinitely or into one of a pre-
determined number of possible positions.
Thus the player is enabled to strike his ball
to various distances without having to carry
a quantity of different clubs.

He affirms that previous ideas have not
been entirely satisfactory. This was due
to the difficulty of adjusting the head of the
club, its unorthodox appearance and its
inability to endure continuous use.

The inventor has aimed to devise a golf
club head in which the angle of the striking
face may be varied between predetermined
limits and yet is of normal appearance.

The head is rotatable in order to vary the
angle of the striking face by means of an
element slidable on a keyway under the
control of the rotatable element. The last-
mentioned may be turned round by the hand
of the player.

By "Dynamo"
To describe the invention more particu-

larly, an r xtension or stem is made fast to
or integral with the club shaft at a suitable
angle. It is provided with a key -way or

The information on this page is specially
supplied to " Practical Mechanics ' by
Messrs. Hughes & Young, Patent Agents, of
7, Stone Buildings, Lincoln's Inn, London,
W.C.2, who will be pleased to send free to
readers mentioning this paper a copy of their
handbook, " How to Patent an Invention."

spline. Along this is slidable an element
having an external spiral thread or splines
engaging corresponding keys or splines in
a bore in the head. In this is a rotatable
gear operable externally of the head and
engaging cross teeth in the slidable member,
so that rotation of the gear moves the slidable

Pliable Toast Rack
N accommodating variation of that

familiar object of the breakfast table,
the toast rack, has made advent.

As a rule the toast rack is constructed with
fixed rigid partitions regularly spaced apart.
Consequently, unless the bread is cut
uniformly, some slices may be to thick
to be fitted between the partitions, whilst
others are so thin that they are in danger
of falling out while the rack is moved ; for
example, when the toast is handed to a person
at a table.

These disadvantages have' been borne in
mind by the inventor of this improved toast
rack, and he has thought out a rack qualified
to accommodate slices of toast of varying
thickness which are held firmly when the
rack is moved.

A further characteristic is the possibility
of the removal of the partitions for the pus -

A model of the high -voltage laboratory at The English Electric Company's Stafford works,
showing a 132kV. grid transformer, and a 132kV. air -blast switch under test. An exhibit at

the recent " War Activities" Exhibition.

member along the spines, and the spiral
splines, by engagement with those of the
head of the club, cause the head to rotate.

In such an arrangement it is impossible
to rotate the head except by manual rotation
of the gear.

So robust is the construction that it will
last for a very considerable period.

pose of cleaning the rack. Yet another
feature is an arrangement whereby it can
be packed flat.

The device includes a base and a number
of partitions, each of resilient construction
or mounted resiliently on the base, so as
to be capable of gripping the pieces of toast
placed between the partitions.
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The Annals of Electricity
Hans Christian Oersted, and His Chance Discovery of Electro-magnetism

BY one fortunate discovery-a discovery
which was as unexpected as it was
technically spectacular-Hans Christian

Oersted, a Danish Professor of Physics in
the University of Copenhagen, raised himself
to a pinnacle of celebrity in the electrical
world of the early 19th century.

It was the discovery of the magnetic effects
of the electric current which suddenly made
Oersted famous, and which resulted in nearly
all the scientific societies and associations in
Europe flinging their honours at him in what
must have been a somewhat embarrassing
profusion.

Yet, for this single discovery, Oersted is
undoubtedly entitled to the renown of being
the " Father of Electro-magnetism," although,
let it be added, he himself did comparatively
little afterwards to apply the great funda-
mental principle which he had unwittingly
stumbled upon.

As far back as the days of ancient Greece,
philosophers postulated that there might be
some connection between the attractive power
of rubbed amber anti other " electrics and
that of the natural lodestone, the one, as we
now know, being an electrical phenomenon,
the other being a magnetic attraction.

Right through the ages, experimenters
and other people who speculated over these
matters had a sort of intuitive feeling that these
two attractive forces must be related to each
other in some way, but, try as they might,
they were never able to hit upon this supposed
hidden connection between the two forces.

When Alessandro Volta came out with his
first electric batteries, so strong was the general
conviction among experimenters that these
devices would give the clue to the mysterious
relationship between electricity and magnetism
that many of them actually hung up one or
more of these batteries by means of insulated
strings and tapes in the expectation that, under
favourable circumstances, the voltaic cell
would behave like a magnet and align itself
along a line running north -south. This was
an experiment which failed.

Electric Current Pioneer
Oersted was one of the first investigators

to use the voltaic cell and Volta's Pile for
the production of electricity in a state of flow.
That is to say, he was a pioneer in the
utilisation of the electric current as distinct
from electricity in an accumulated or static
condition. As far back as 1812 he published
a pamphlet which endeavoured to prove or,
rather, to deduce a relationship between
electricity and magnetism. But the com-
paratively feeble currents which were then
available to him precluded an exact experi-
mental verification of the attractions and
repulsions of electrical polarities, so that his
explanations of electro-magnetical relation-
ships had necessarily to remain mere surmises,
which, at that time, is just exactly what they
were. -

Then comes the chance demonstration of
the existence of electro-magnetism which was
made by Oersted in 1819 and of the exact
details of which several accounts, not all in
agreement among themselves, have come
down to us.

The life and career of Hans Christian
Oersted proceeded with great regularity and
precision. Indeed, it might almost be said
to have been dull and monotonous in its
successes. If Oersted ever stopped to count
up his many academic and social honours he
must have spent a considerable time over the
job, for, at his zenith, he gained a lion's share
of appreciation and acclamation in European
scientific circles.

Humble Birth
Yet Oersted himself was of very humble

origin. His father was a poor village
apothecary in the little Danish town of
Rudkjobing, situated on the Island of
Langeland. Here he was born on August
14th, 1777. His father, although he seems

Hans Christian Oersted.

to have appreciated the value of true education
and vocational training, had not the means to
send his children to any school, but he
contrived to keep his two elder boys out of
mischief by sending them for an hour or two
every day to an old German wig -maker and
his Danish wife who lived in retirement nearby.

The two Oersted boys were Hans Christian
and Anders Sandoe, the latter being the
younger of the two by one year. Anders
Sandoe, incidentally, became a leading
lawyer in Denmark, and after the death
of .his brother he rose to the dignity of being
the Danish Prime Minister.'

Christian Oldenburg, the- retired wig-
maker, taught the Oersted lads German, and
his wife taught them to read in their own

An early type of galvanometer based on Oersted's
discovery. It was used for many years in the

British Post Office.

9
native language. The Oersted parents, also,
contributed to the brothers' education, and,
between these painstaking tutors, they
picked up a smattering of languages,
mathematics, Latin, History and English, in
addition to acquiring a foundational training
in the " three r's."

Educational Partnership
At this stage, the brothers divided in their

individual tastes. Hans Christian followed
his taste for poetry, romance and history,
whilst Anders developed a peculiar attraction
to law and philosophy. Nevertheless, so close
was the connection between the two brothers
that each endeavoured to impart to the other
the substance of any new learning which he
had received.

For some years the two boys went on in
this peculiar educational partnership until,
in the autumn of 1793, they became students
in the University of Copenhagen, Anders
plunging into law and philosophy, in which
domain he was afterwards to become eminently
successful, whilst Hans Christian betook
himself to the study of medicine, astronomy
and physics.

During their half -dozen years of student
life at Copenhagen the two Oersted brothers
carried out methodically the principles of
their strange partnership, Anders indoctrinat-
ing Hans Christian with the various principles
of law and philosophy, and Hans Christian,
in his turn, passing on the elements of
anatomy, physics and astronomy, to say
nothing of minor " sciences such as
chemistry and electricity, to his legal -minded
brother.

At the age of 21, Hans Christian, the future
physicist, gained a doctorate in Medicine and
Philosophy. The year previously, he had
gained a gold medal for poetry, and, addi-
tionally, he seems to have acquired some
smaller prize in chemistry about the same
period.

The first job which Hans Christian pursued
after leaving the University of Copenhagen
was that of manager of an apothecary's shop
in that city. But the job seems to have been
a poorly paid one, for he had at once to
supplement his income by lecturing to
medical students on the elements of chemistry.

European Travel
In the following year he left Copenhagen

and set off on a tour of Germany, Holland,
Belgium and France. During this journey,
which extended over a couple of years, he
met with various adventures, introduced
himself to most of the leading lights in
European science, translated a book or two
for some of them, did a little popular lecturing
and eventually returned to Copenhagen.

Oersted's next step was to apply for the
vacant professorship of Physics in Copen-
hagen's University. But in this application
he was unsuccessful, being adjudged too
young. Nevertheless, he received a sort of
Government retaining fee for the express
purpose of devoting himself to scientific
experiment and giving lectures in science in
the university.

It was during this formative period that
Oersted gained first-hand familiarity with the
electrical investigational work (such as it
Was) of that period. In 1809 he wrote a book
entitled " Manual of Mechanical Physics,"
which was a sort of handbook of the laboratory
arts. The volume was successful, and it
brought him considerable fame in Denmark.

Then during the years 1812 and 5813 he
travelled again in Germany, wrote another
successful book on " View of the Chemical
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Laws of Nature," and generally publicised
himself throughout the German scientific
world.

In 1814 Oersted found time to get married.
He had a family of several sons and daughters,
but they never attained anything more than
a comfortable mediocrity, and, with the
exception of one daughter, Mathilde, who
subsequently published an account of her
father's work, none of them evinced any
Interest in their parent's career.

Oersted's discovery of electro-magnetism-a
reconstructed picture of the event.

During the summer of 1818, by command
of the King of Denmark, Oersted undertook
a geological exploration of the Danish island
of Bornholm. Therein he discovered vast
seams of coal and iron ore which were
afterwards commercially exploited.

Such were the circumstances and interests
of Hans Christian Oersted about the time of
his noted discovery of electio-magnetism.
Oersted had now, like his brother Anders,
become one of the leading men of Denmark.
He was nothing if not an academic handyman.
Doctor, philosopher, physicist, electrician,
chemist, poet, traveller, mineralogist, literary
man-all these, and many other roles, the
ubiquitous Oersted was apparently able to
fulfil at will.

The Famous Discovery
The discovery which made him famous

came about the autumn of 1819. As we have
previously mentioned, reports differ on the
'subject of the actual circumstances of the
discovery, but the narrative which has
received the most credence has it that Oersted
was lecturing to a class of students and
demonstrating electrical experiments to them
when he chanced to observe that every time
he made a connection to a Volta's Pile for
the purpose of showing the heating effects
of the electric current, a compass needle in
the vicinity of the Pile was seized with a
violent oscillation.

The effect was repeated three or four times
during the course of the lecture, but Oersted
said nothing to his students about it. However,
immediately after they had departed from the
lecture -room, Oersted, explaining the circumts
stances to his assistant, hastened to repeat the
phenomenon of the oscillating compass
needle and to ascertain its causation. Within
less than half an hour he found that the
compass needle was deflected in consequence
of a wire which lay, by chance, very near to
the compass needle. When current passed

through this wire, the needle became auto-
matically deflected.

Whether Oersted realised the full signifi-
cance of his discovery at that moment we
do not know. But he did so afterwards as
a result of other experiments which he
subsequently made, and he announced his
discovery of electro-magnetism to the world
in a Latin pamphlet which, on July 21st, 182o,
he posted to all the learned societies in
Europe. In thi1 pamphlet he stated that a
current flowing through a wire produces a
magnetic field around the wire and that if a
magnetic needle is brought into the influence
of this field it will set itself at a tangent to the
circular field of influence, that is at right -
angles to the path of the current. One of
the poles of the needle will tend to revolve
round the conductor in one direction, and if
the direction of the current is changed, the
needle will tend' to revolve in the reverse
direction.

Electricity Produces Magnetism
In short, a current flowing through a

wire creates around the wire a field of
magnetic influence. Electricity has produced
magnetism. The long -hidden and extensively
sought connection between the two has at
long last been disclosed.

Scientific circles took up Oersted's discovery
in a spirit which was akin to a furore of
excitement. Honours and congratulations
avalanched upon him. Our own Royal
Society, at once bestowed on Oersted its
highest honour-the Copley Medal, whilst
other European societies responded in a more
practical manner still with monetary gifts.

The Oersted discovery was, without a
doubt, one of the highest practical importance
in the science of electricity because so
conclusively established the intimate relation-
ship between electricity and magnetism.

Success Brings Success
Right up to his death at Copenhagen on

March 9th, 1851, Oersted remained enshrined
in his celebrity. He reached the status of a
national hero of Denmark. The Danish
King bestowed new titles upon him. The
Danish Government presented him with a
country house and a country estate near
Copenhagen.

In a book entitled " The Soul in Nature,''
which Oersted published towards the end of
his life, he showed that his interests had
shifted more and more to politics, sociology,
poetry and even metaphysics, and that plain
science had become relegated more to the
background of his mind and activities.

Yet, even in our own times, Oersted's
phenomenal fame has persisted. To -day we
apply to the unit of " reluctance " (which is
the magnetic equivalent of electrical
resistance) the name oersted, thus perpetuating
the memory of a much famed individual who,
if he did nothing else of fundamental
importance, at least brought the phenomenon
of electro-magnetism into practical being.

Epilogue
Was Hans Christian Oersted, of

Copenhagen, absolutely the earliest originator
of clectro-magnetism ?

Standard histories, which our article above
has followed, unite in answering such a
query in the affirmative, but then, of course,
official histories frequently have a knack of
being completely incorrect on many material
points.

It is true that Oersted was an independent
discoverer of electro-magnetism. But
independence is not synonymous with priority
in the matter of discovery and invention.
And, in this particular connection, it seems
to be a fact that as long ago as 1802, an Italian

savant, one G. D. Romagnosi.
of Trent, learning of Volta's.
discovery of the electric
" Pile " or battery, announced
in a public pamphlet or othet
similar communication that he
had observed the power of
an electric current travelling
through a wire to deflect a
compass needle when the said
wire passes near the needle.

Such is a claim which has
been made, and which, if

,:rified, would completely dis-

Iron filings used to show the magnetic field I

around a conductor carrying a current. This 1

magnetic field is able to effect .a magnetised I

needle within it, and thus give rise to Oersted's
discovery of electro-magnetism.

Yet Oersted himself did little to develop his
disaluvery in any practical manner. He missed
the invention of the electric magnet and he
even let others discover the principle of the
galvanometer, which latter device was first
introduced in the following year (182o) when
Professor S. C. Schweigger, of Halle, devised
his famous " multiplier," consisting merely of
a few turns of insulated wire set around the
compass needle, the several turns of wire thus
" multiplying " the amplitude of the needle's
deflection.

It must be admitted, therefore, that Hans
Christian Oersted was guilty-perhaps
pardonably-of resting on his oars after his
famous discovery had become generally
known. The big developments in electro-
magnetism came at the hands of Ampere
and, more so, of the illustrious Michael
Faraday.

The elements of Oersted's discovery-a compass
needle deflected by the passage of a current

through an adjacent conductor.

possess Oersted of the priority of the first
discovery of electro-magnetism. Owing,
however, to the upheaval in Europe, the
investigation into Italian scientific archives
and other sources cannot be made. The
speculation on this important matter of
priority must, therefore, still remain an open
one.
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THE WORLD OF MODELS
By " MOTILUS"

Our Model Man tells you this month- about readers' work-Let us hope with the new era of peace
he will be able once again to range "far and wide" with his camera, as he did in the early months of1939!

1.-Model " Queen Mary " scale 26ft. to tin.-the work of Mr. K. Young of Gidea Park, Essex.

"I
FEEL that half the pleasure of modelling
lies in the ferreting out of ways and
means of making even the most compli-

cated parts yourself, besides the satisfaction
of knowing that there is no other model
exactly like yours anywhere! "

This remark from a recent reader's letter
set me thinking-for it is the maxim of
the true craftsman. I read on and found
the study of the model work of Canadian -
born K. Young, of Gidea Park, Essex, was
quite intriguing. Writing to him, I divulged
the identity of " Motilus," and his reply
brought forth a description of his individual
effort in modelling the Queen Mary (Fig. a).

He said : " I was both surprised and inter-
ested to note your identity, and under these
circumstances I am afraid my efforts at
model making may pale a little.

" My miniature Queen Mary was inspired
by models in travel agency windows,
although-with due respects-I have always
felt that these usually suffered badly from
the scaling down process and always looked
like models.

" It was my intention to build a minia-
ture Queen Mary that did not suffer from

this scale effect and would appear as the
real thing seen from a distance. A water-
line model was contemplated, but this is
obviously the easy way out, so a complete
model down to the keel was built. The

is the machined and polished brass fittings.
These may be exact replicas of the actual
parts, but look wrong in a model. A real
ship, seen at a distance to appear the size
of a model, would not show all this glitter -

Fig. 2.-Table-top picture of Imperial Airways liner " Heracles "-I/72nd actual size-the
maker was Mr. K. Young.

part normally below water was purposely
foreshortened, not affecting the accuracy of
the model seriously and helping to do away
with the fault I have just mentioned.

" Another reason, in my opinion, for the
unnatural appearance of most model ships

6.-At the Kodak S.E.E. and C. Exhibition-the tin. scale 4-8-4 Northern type 3 -cylinder
locomotive of Mr. Hardstone, of _Tooting, which won the Locomotive Challenge Cup. In this
model there is remarkable detail work-even a complete set of scale model tools and padlock
on the tool -box. The locomotive is fitted with working vacuum pump for brakes, which can

be seen over rear coupled wheel.

ing brass. Therefore all deck fittings were
made in the simplest of materials and painted
so that they did not appear too contrasty
and, in my opinion, look better than all the
expensive commercial gadgets.

" I know a lot of fastidious scale model -
makers will disagree, but as I am also an
amateur photographer, I must state that I
find by following these principles I get the
kind of table -top photos I want."

That is Mr. Young's view, and I am agree-
ing with him regarding the finish and the
details of the average shipping company's
glass case models, but Mr. Young should
bear in mind that the customer is always
right, and that if the shipping company
prefers the rather old-fashioned silver- and
gold-plated winches and gear, silver-plated
stanchions and hand rails because they think
it makes the model appear more elegant, then
it has to be done ; but I would like to state
here that, just before the war, with the
introduction of large waterline scale models,
realism in miniature was beginning to play
a very important part, and model ships were
being finished more in their actual livery.
It will be interesting to watch the trend
of the post-war model.
Construction of the "Queen Mary"

Model
Mr. Young's model of the Queen Mary,
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which is to the scale of tin. to 26ft., repre-
sents about six months' spare -time work. He
worked on this scale to give the model an
approximate length of 3ft. 6in., and full-size
plans and elevations were prepared. It was
no easy matter to do this, as the model was
constructed before the ship was launched,
but one particular number of a shipping
journal showed many pictures of the liner
in course of construction and also artist's
impressions of the finished ship, and all the
drawings were worked out from these.

The hull, from keel to first main deck
level, was a solid block of cedar, planed and
spokeshaved down to shape ; main keel,
bilge keels and shaft 'tunnels were made
separately and propellers cast in type metal.
Side plating was indicated by cartridge paper
strips accurately spaced and cut to fit. The
superstructure was built up in layers of ply,,
and strawboard, the outer surfaces contain-
ing promenade deck windows and the curved
bridges was made from bristol board cut
with a stencil knife. Very beautiful results
can be obtained with this thin, stiff card if
squarely and accurately cut, and it is very
strong when glued up and brushed with
a mixture of shellac in methylated spirit.
Funnels were also made from bristol board
glued and wrapped round a -former and
allowed to dry. They were then slipped
Off the former, cut to size, and the join
sanded down smooth, wire rings being made
arid fixed to the outside. Ventilators and

5. --Sgt. Rockhill's " Valerie II " on
the stocks.

some deck fittings were cast in type metal,
others made from wood and card. Life-
boats were hand -carved, and the davits made
from square section radio connecting wire.
Masts are wood, with cotton rigging and
rope ladders. There are over 2,000 soldered
joints in the hand rails, which are made from
pins and copper wire.

The model was finished glossy red and
black to deck level, the superstructure being
painted flat white and the funnels glossy
red and black. Deck machinery and cap-
stans, etc., were finished white, grey or black,
according to their appearance in the finished
ship-at a distance. Mr. Young also decided
that port -holes in the superstructure painted
grey, with groups here and there painted
black, whilst keeping them all accurately
aligned, looked much better than rows of
" regimented " brass -framed ports- all
exactly alike.

Model Covered Wagon
Mr. Young has never bought a set of parts

or any ready-made gadgets. His other
models include aircraft and Elizabethan
galleons-also a covered wagon (Fig. 3)-
reminder of his Canadian birth and happy
childhood days. He made this from old
prints and museum specimens of the old
prairie schooners. The wheels were jig-
sawed out from sl in. ply, and the spokes
filed to shape, metal tyres being fitted to
the rims. This model was complete with
canvas cover and given an antique finish.

As an example of table -top photography,
readers may be interested to know that the

photograph of the Imperial Airways liner
Heracles (Fig. 2) was taken with a box
Brownie on a polished table, using only light
from the windows. Exposure was about half
a minute.

This Heracles model is a solid scale model
of 1/72nd actual size. The corrugated sides
of the fuselage were inserts of cardboard,

Fig. 4.-Mr. Young's model of a D.H.

hardened with shellac and scored with a
style. Opaque celluloid windows were
placed in a position behind the cut-out
inserts before these were fixed to the fuse-
lage. Wings and tail assembly were made
from strawboard, sanded to correct camber
and hardened. Engines were shaped from
large dowels, and had short lengths of
screwed rod fixed radially to represent
cylinders. The completed model was

1

Fig. 3.-Model of a Covered Wagon, concocted
from old prints and museum specimens of old

Prairie Schooners-made by Mr. K. Young.

finished in aluminium and blue, with letter-
ing on the fuselage and wings in black.

The other aircraft model shown-a D.H.
Dragon (Fig. 4) is somewhat unusual, as it
has a built-up cabin, complete with seats,
tables, and all internal decorations. It is
1/72nd actual size. Pilot's cabin has seat,
dash -board and control column. The model
was originally made with built-up folding
wings of ribs and spars, and silk covered,
but it was not possible to get a really neat

result in such a small scale, so these parts
were finally made in hard wood. Engines
were wood with lead foil cowlings. Trans-
parent celastoid windows were fitted, and
the model finished in aluminium and blue.

Mr. Young certainly expresses some
original points of view. I wonder if our
readers agree ?

" Dragon-also 1:72nd actual size.

" Valerie II "
Sgt. Rockhill, of the B.A.O.R., sends me

some pictures of his Valerie II (Fig. 5), a
trim craft, completed in ten evenings
" against a battery of ' wisecracks,' pessimis-
tic prophecies, and the usual Army banter,
which has now turned to envy! "

Materials, Sgt. Rockhill writes, presented
some difficulty, but he had a supply of
" liberated " )in. plywood, which supplied
the frames. 2The stringers seemed " hope-
less until he noticed that the weatherboards
of the workshop walls were covered at each
joint with I lin. x strips (and the walls
are not now so weatherproof as they used
to be!). The covering came from an old
lorry cover, but as copper and brass tacks
and nails were out of the question, gallons
of. German paint were used, and so far
Valerie II does not leak a drop.

Sgt. Rockhill and his pals have spent many
pleasant hours this summer cruising on the
river which flows on to Luneburg to join
the Elbe, and his only 'regret is that he
cannot pack his canoe into his kitbag to
bring her Lome!
Scale Model Locomotives

The other two illustrations (Figs. 6 and
7) are of model locomotives on view at the
seventh annual exhibition of the Kodak
Society. of Experimental Engineers and
Craftsmen held last summer in the Kodak -
Social Centre at Harrow. The general
standard of workmanship, I understand, was
the " best yet "-an encouraging thought for
the organisers.

WIRE AND WIRE GAUGES
By F. J. CAMM. 3/6, or by post 3:9 from

George Newnes, Ltd., Tower House.
Southampton Street, London, W.C.2.

- -

F. 7.-A 3in. gauge Princess Royal, made by Mr. Linden of the S.M.E.E., London, which was
very highly commended. This model did some good work on the passenger track.
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Walter Hunt
The Story of the Early Sewing Machine

THE narration of Walter Hunt and his
creation of one of the world's pioneer
sewing -machines has not yet obtained

entry into the standard volumes of Invention's
history. No doubt, such a fact is consequent
upon Walter Hunt being, at least in respect
of his sewing -machine, an inventor who failed.
However, Hunt's eventual failure with his
machine does not invalidate his merits as an
inventor of originality for, as the reader will
readily agree, there is often little other than
an element of mere luck and good fortune to
differentiate between a successful and an
unsuccessful invention.

Walter Hunt was not the first man to
conceive the notion of sewing mechanically.
That honour, so far as existing records reveal,
belongs to an Englishman by the name of
Thomas Saint who, in the year 1790, took out
a British Patent for a leather -stitching machine.

More than a quarter of a century after
Thomas Saint came Barthelemy Thimonnier,
a poor working French tailor of St. Etienne,
who, in 1830, was given a patent in respect
of a mechanical contrivance for stitching short
lengths of cloth together. Thimonnier was an
utterly untutored, untrained, mechanically -
gifted individual. Given suitable backing,
he might have done brilliant things, but he
was up against difficulties and trials all his
life, his working career being little more than
a bitter struggle against enormous odds and
vested interests.

After Thimonnier comes Walter Hunt, an
American Quaker. Unlike the former in-
dividual, Hunt, at the time he took up the
notion of mechanical sewing, was, if not a
formerly trained mechanic, at least an in-
ventor of some considerable experience.
He had to his credit several inventions of a
somewhat miscellaneous nature. For example,
he had already contrived the invention of a
nail -making machine and a similar device for
snaking rivets. He had invented an ice
plough, a street -sweeping machine, a crude
sort of bicycle (" velocipede "), a process for
moulding paraffin candles, a special type of oil
lamp, and a device for cutting -out paper
collars.

The Safety -pin
It is said, too, that Hunt was the inventor

of a revolver and a repeating rifle, together
with a special form of bullet to use with the
same. He certainly attained a minor degree
of celebrity by inventing a safety -pin for use
in the American nurseries. He had a friend,
J. R. Chapin by name, a draughtsman, who
was wont to prepare many of his drawings,
which were necessary to accompany his
applications for patents. Chapin, in later
years, averred that the notion of the safety -pin
flashed across Hunt's mind in an instant,
that he at once sat down and made the first
model of the new pin out of an odd piece of
steel wire and that, within three hours, he
had successfully disposed of the idea to a
New York firm for the sum of k sot). From
Chapin's narrative, it would appear that
Hunt owed hint (Chapin) the sum of fifteen
dollars and that the lightning -like sale of the
safety -pin idea resulted from Hunt's eagerness
to settle the debt.

Walter Hunt must have been a rather
curious sort of a fellow, the embodiment,
indeed, of the old-time notion of the per-
petually impecunious, ever -fertile inventive
genius. He was born in New York about the
year 1793. The circumstances of his parentage
and upbringing do not seem to have been

preserved. It would appear, however, that
Hunt was a man of some pretence to education
and learning.

A 'General Mechanic
In the '20's of the last century he took over

a small shop in Amos Street, New York City,
which he converted into a general mechanic's
work -room. Here he conducted the business
of mechanic, repairer, hardware merchant and

Walter Hunt-.

engineering consultant. Perhaps, by way of
a sideline, he went in for inventing when
business was bad, or as a form of activity to
occupy his spare time. He had associated
with him his younger brother, Adoniram F.
Hunt, an individual who seems to have been
endowed with greater actual constructive
ability than Walter Hunt, albeit of little, if
any, inventive genius.

It was about the year 1832 that Walter 
Hunt first turned his attention to the develop-
ment of the sewing -machine. Perhaps he had
heard news of Thimonnier's achievements,
for that individual had so developed his
invention that at least 8o of his machines were
put to the task of sewing uniforms for the

An early illustration of a household sewing
machine. This model was shown at the great

Exhibition, Hyde Park, London, in 1851.

French Army, and no doubt, intelligence of
the then novel art of mechanical sewing would
have gradually found its way across the
Atlantic.

Whether or no the above supposition
happens to be mere conjecture, the fact
remains that Walter Hunt, in his Amos
Street shop, New York City, took up the idea
of the sewing -machine, knowing nothing
whatever about the mechanics of the problem
and that he had within a couple of years
devised and constructed a machine which,
to a limited extent, really did sew.

Hunt advertised his machine as being one
" for sewing, stitching and seaming cloth."
The fact that it was only able to sew a
continuous seam for three or four inches,
after which the cloth had to he readjusted
and re -positioned in the machine, seemed to
him quite a subsidiary one.

Excited at his prospects, Walter Hunt,
with the assistance of his brother, Adoniram,
built several other similar machines which
they exhibited in various places in and around
New York. There was a mild public response
to the advertising endeavours of Hunt.
People regarded the machine as an amusing
curiosity, like they did, years afterwards, the
first phonograph and the first telephones.
They admired it, gazed at it with perplexity,
made various inquiries concerning it. In
fact, the public, or, at least a section of it,
showed the greatest curiosity over Hunt's
contrivance for mechanical sewing. Never-
theless, they refused to take the invention
seriously.

Even to this day, when Hunt and his sewing -
machine have receded almost to the very
background of historical inventions, this, the
first American sewing -machine is hardly given
the historical credit which is its due.

The 1832-34 Machine
Actually, however, Hunt's 'machine of

1832-34 contained within its make-up nearly
all the essential parts which are present in
the best of modern sewing -machines. Hunt
used an eye -pointed needle which was
actuated by a vertically -oscillating arm.
The needle operated in conjunction with a
shuttle which carried a second thread. By
this combination, Hunt was able to obtain
a perfectly interlocked stitch. The same,
principle is present in modern sewing -
machines, for which reason it is perfectly
safe to say that the Hunt machine played the
role of progenitor of most of the succeeding
machines which endeavoured to perfect the.
operation of mechanical stitching.

The greatest imperfections in Hunt's
sewing -machine were the cloth feed and the
thread -tensioning arrangements. The cloth
ruckled up on the slightest provocation.
It fed badly under the needle. The thread
broke frequently and the shuttle often
jammed under the needle. Not only was the
Hunt machine unable to stitch more than
about three or four inches of cloth at a time,
but its stitches had all to be in a dead straight
line. There was no question of stitching
in curves, angles or circles by means of the
machine. Hence, it was anything but a
" general purpose " machine.

In spite of its imperfections, however,
Hunt's sewing -machine had its uses and, in
1834, the inventor sold a half -interest in his
contrivance to George A. Arrowsmith, a
blacksmith, and the manager and proprietor
of the " Globe Stove Works " in New York
City. This Arrowsmith, at that time, was
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the employer of Hunt's mechanically -gifted
brother, Adoniram F. Hunt.

At Arrowsmith's request, Adoniram Hunt
built a copy of his brother's sewing -machine,
making most of the working parts in wood
instead of in metal. The performance of
the wooden machine so impressed Arrowsmith
that he forthwith purchased the remaining
half -interest in the machine from Walter
Hunt, the latter agreeing to assist him as
much as possible in the preparation of the
necessary specification and, drawings for the
obtaining of an American patent to protect
the invention.

Hunt's Negligence
It may rather astonish the reader to observe

Hunt's negligence and seeming indifference
in the matter of covering his sewing -machine
invention with a patent, but the truth was that
Hunt, being a man of many inventions,
regarded the sewing -machine notion as
merely one of many which he had brought
into actual being. Hunt showed an almost
complete indifference to the success of his

friend, Joel Johnson. The machine worked
perfectly, and Johnson was made a convert
to the idea of mechanical sewing Fired by
Johnson's enthusiasm, Adoniram A. Hunt
returned home with the notion of building
a strong machine all of iron.

Opinion Against the Sewing -machine
In 1838, Walter Hunt, noting Arrowsmith's

failure to do anything with the machine,
suggested to his daughter Caroline, who was
then a girl bordering on her 17th year, that
she might find it profitable to set up as a
manufacturer of corsets, employing for the
purpose the sewing -machine which he had
invented. However, Miss Caroline was
apparently on the side of the " anti "
mechanical sewers. She consulted her older
women friends who were experienced in the
garment -making business. They told her
that her father's machine would never
successfully perform the heavy stitching
necessary for the manufacture of stays and
corsets, and, furthermore, that the introduc-
tion of mechanical sewing would be so

prejudicial to the in-
terests of the hand sewers
that opposition would at
once rise up against her
on all sides.

Thus it came about
that the Hunt sewing -
machine completely
dropped out'of sight for
some 15 years. Public
opinion was opposed to
it, and Hunt himself was
still more or less dis-
interested.

Yet, despite his
activity in other direc-
tions, Hunt seems to
have harboured a per-
sistent sneaking regard

for his sewing -machine invention. When
George A. Arrowsmith finally lost his interest
in the invention, he bought back from him
the original rights in the invention with the
object of commercialising it later on.

The Eye -pointed Needle
The approach of the middle of the last

century saw several claimants for the honour
of the invention, of a successful sewing -

One of the earliot of domestic sewing machine
86o.

sewing -machine. At the time, he had other
inventive notions awaiting development.

George A. Arrowsmith, the one-time
blacksmith, was a much more exuberant
individual than Walter Hunt. Having pro-
cured the sole" rights of the sewing -machine
devised by Hunt, he at once eagerly proceeded

" develop " the invention. In this task,
however, he, received many set -backs. In
the first place, he was not able to obtain the
requisite amount of financial backing to
exploit the invention fully. Secondly, all
his friends and acquaintances opposed his
ideas on moral and religious grounds. They
pointed out that any widespread system of
mechanical sewing would only react by putting
out of employment countless scores of poor,
hard-working tailors and tailoresses, and,
therefore, that the ultimate success of his
machine would mean to many American
families hopeless ruin and, perhaps, ultimate
starvation.

Morally intimidated by such reasonings,
and financially unsuccessful in his attempts
to procure backing for the exploitation of the
sewing machine, Arrowsmith finally relegated
the model of the machine to his lumber
store and forthwith endeavoured to forget
about it.

It was only at a very much later date,
and at a time when the commercial machines
of Isaac Singer and others were flourishing
in America, that the old Hunt machine,
which had been cast away in disappointment
by George A. Arrowsmith, was found in a
garret in a back -street building in New
York, where it had been flung along with a
lot of old rubbish and machine parts which
had been recovered from a fire.

Although Arrowsmith was bitterly disap-
pointed over the machine, others enthused
greatly at it. Adoniram Hunt, in 1835,went
on a business trip to Baltimore at the
instigation of his chief, George A. Arrowsmith.
He took one of the Hunt sewing-machine
models with him and demonstrated it to a

s, dating from about

machine for trade and domestic use. Even
as early as 1841, two individuals, Newton and.
Archbold, took out in England a patent for
an eye -pointed needle which they intended to
use in glove -stitching.

This eye -pointed needle was, of course,
Hunt's own idea. It was, in a way, the
foundation of his sewing -machine invention.

When, after the turn of the '50's of the
last century, sewing -machine ideas were
beginning to come fast and furious, Walter.
Hunt made a very much belated-and
unsuccessful-attempt to patent his original
machine of 1832-34. In 1853 he applied to
the American authorities for a patent, but the
claim was turned down on account of Hunt's
alleged former abandonment of his invention.

Previous to this decision, Hunt had set the
law in motion in the guise of a legal suit for
infringement of his original rights in the
1832-34 invention. He built a special model
of his original sewing -machine for Court
demonstration purposes, but the non -recogni-
tion of his claims by the U.S. patent
authorities cut the ground from under his
feet, and he retired from the contest a
disillusioned individual.

Hunt's Lack of Success
There is no doubt that Hunt's lack of

success in the exploitation of his sewing -
machine lay almost entirely within himself.
The majority of his other " bread-and-
butter " inventions were more or less trivial
ones. They needed little commercial
exploitation. In the case of the sewing -
machine, however, the principle of the
invention was an entirely novel one. The
public were unused to the idea and their
veiled hostility to it only served, at the time,
to heighten Hunt's indifference to its success.

The present-day sewing -machine, however,
undoubtedly owes its first origin to the
1832-34 invention of Walter Hunt, since it
contains all the elements of Hunt's original
machine. The credit, therefore, of having
been the inventor of the first practicable
device for mechanical sewing belongs
indisputably to Walter Hunt. The machines
of other inventors which were subsequently
produced were, fundamentally, merely im-
provements on and elaborations of the basic
principles which Hunt originally established.

This model of the " Clipper ".ship Caliph, which was recently purchased by Her Majesty the
Queen, was made by Captain S. Wharton from plans published by Modekraft, Ltd.
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Letters from Readers
Rocket Propulsion
SIR,-While reading the article " Rocket

Propulsion " in your December issue, I
was in some doubt as to the exact function of
the thrust-augmenter. Thinking about this I
had the idea of further increasing the thrust
generated, and at the same time providing a
cooling system for the combustion chamber.
This is done by the following means. Air is
taken in as in the thrust-augmenter. The
velocity is then made to decrease and at the
same time the air is made to circulate round
the combustion chamber externally, as shewn
in the accompanying diagram. The air is
heated, taking its heat from the combustion
chamber and thus cooling it. The heated air

Intake
Orifices

4e- moves or
Increased 16lociry

Air is slowed
down one neared

Section of combustion chamber of a thrust-
augmenter.

is led out at the rear of the rocket by a ring of
jet section, concentric with the main orifice.
It will leave the duct at a greatly increased
velocity and thus add to the economy of the
unit, bringing it one stage nearer a commercial
proposition. I might also add that this
principle has been applied to the radiators of
modern aircraft and with just the heat
obtained from the coolant, which is cold
compared with the temperatures encountered
in a rocket, it has supplied sufficient propulsive
effort as to entirely overcome the drag offered
by the radiator.-B. CLEMENTS (Bristol).

Making Pipe Bowls
SIR,-I was greatly interested in an article,

" Making Pipe Bowls," in your
November issue of PRACTICAL MECHANICS by
A. E. Bowley. I have been making my own
pipes for over a year now and, with very few
exceptions, they have all turned out very well.

I have tried several kinds of woods, princi-
pally apple, pear, plum and other forest woods,
and find that apple gives the best results.

I select a branch of a tree that has been cut
down and has been lying for a year or so, cut
off the desired size, plane to the square, and
mark out bowl hole in direct line with the
stem hole. This requires great care, for the
least bit out in measurements and you find
the pipe is a failure.

I use a gin. bit for the bowl and bore it
to about lin. from the required depth, then
commence the stem hole, which is done with
a gimlet first. This is the tricky job now, and
each hole is deepened until the stem hole
meets exactly dead centre and flush with
bottom of bowl. Then comes the fitting of
the mouthpiece, which again is to be done with
care and patience. I use a hand -drill with
the size of bit to admit the mouthpiece tightly
and use a counter -sink bit for close fitting.

Now that the stem is fitting properly,
shaping of the pipe is begun. Hacksaw and
chisel are used for this purpose until the pipe
is shaped in the rough, then the sandpaper is
used in the various grades until a very smooth

surface is obtained. To put a very fine
polish on the wood before staining, I use a piece
of the discarded wood.

The pipe is now ready for staining and
polishing. Firstly, two or three coats of
mahogany stain, allowed to dry thoroughly,
then again sandpapered-to smooth the
roughness caused by the application of the
wet stain. French polish is now used, two
or three coats being given and allowed to dry.
With a good deal of hard polishing with a soft
rag the pipe becomes the finished article.-
A. J. TAIT (Errol).

Photo -engraving at Home
SIR,-Your correspondent, F. J. Wells,

whose letter in the January issue of P.M.
commenting on my article " Photo -engraving
at Home," in the November issue, seems to
be of the opinion that this craft is beyond
the capabilities of people with no knowledge
of the trade. I do not agree, since I have
proved it otherwise.

He is quite wrong in suspecting that I have
had previous knowledge of operating," as
he calls it, prior to my own attempts at
simplifying the process in order to bring it
within the reach of the average amateur
craftsman.

It may interest Mr. Wells to know that my
first knowledge of the subject was gained from
books which can be borrowed from any free
library, and I applied this knowledge to suit
my own particular purpose, making and
adapting such pieces of apparatus that could
be picked up cheaply.

I agree that " fine etching " is a process
that will improve a halftone block, especially
those of very fine screen for illustrations on
art paper, but I never found it necessary for
any of my blocks, which were chiefly made
for illustrating a local weekly newspaper for
the purpose of finding a further outlet for
my free-lance press photographs. I am quite
sure that in the rush and scramble of a modem
newspaper photo -engraving department there
is no time for " fine etching," even if they
had the ability for this extra refinement, and
the pictures look quite presentable.

I can quite understand Mr. Wells being
somewhat surprised at this amateur invasion
upon what he obviously considers to be a
highly specialised trade. Perhaps I should
congratulate myself at having succeeded in
making a satisfactory block from such crude
apparatus, but I have the satisfaction of know-
ing that it can be done, and there is no reason
whatever why other " unskilled amateurs "
should not do likewise, provided that they
are sufficiently interested in the subject.

It is some six years since I actually used
the apparatus described, but I still have it,
together with several of the halftone blocks
made with it ; so if there is any doubt about
the quality of the work turned out, they are
available for inspection at any time.

E. H. JACKSON (Newcastle -on -Tyne).

Cat-hedral
SIR,-The article on S. F. Cody brought

back many memories of a fine man and
really a. great pioneer of aviation.

There was one portion that was not, I
think, quite correct. The reason was not so
much the size that gave the machine the
name of the Cathedral. This was purely a
technical term. Not cath-edral, but cat-hedral.
In other words reversed dihedral. This was
seized upon by the non -technical press until
a totally erroneous impression was given.

Incidentally, the machine was hopelessly
instable in the air for this very reason and
only a Cody could fly it.-CLARENCE
THOMPSON (Kensington).

A CAMERA ENLARGER
(Continued from page 159)

and sharpness of the negative picture itself.
Very dense negatives produce dense
enlargements and vice versa.

You can, if you wish, try to make enlarged
pictures right away by pinning a sheet of
white paper against a wall and by setting
the focus. Having adjusted the camera
position and its lens carefully, a suitable sheet
of bromide printing paper is pinned over
the temporary focusing easel and an expo-
sure made, this lasting approximately 1z
seconds or less, according to the size of
the enlargement and the density of the
negative. A fairly long exposure is needed
when making min. by 8in. enlargements, the
camera, as a result, being a greater distance
from the printing paper.
Bromide Paper

Bromide printing paper is always used for
making enlargements, of course, it being
more sensitive and quicker than gaslight
printing paper, the latter being used chiefly
for making contact prints. However, it can
also be used for making enlargements, the
approximate exposure time being 3o minutes.

This time can be reduced to 15 minutes
by using a too -watt lamp. The heat from
this lamp is rather too great for the wooden
case, however, and it is liable to crack the
opal glass. The happy medium is a 6o -watt
lamp and the use of bromide printing paper.
Next month the special base for the enlarger
and its adjustable focusing easel will be
described. (To be continued)

Our Cover Subject
THE illustration on the front cover this

month shows a corner in the Aero-
dynamics Department of the National
Physical Laboratory at Teddington.

Fundamental studies in aerodynamical
science, combined with routine and special
test work for the British aircraft industry,
are the man functions of this department.

Three heavy-duty air compressors are
needed to develop the required pressure
(25 atmospheres) in the wind tunnel. Full
pressure may be developed in one hour.
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QUER1ES0,114

ENQUIRIES
A stamped addressed envelope, three penny
stamps, and the query coupon from the current
issue, which appears on back 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 reader.
Send your queries to the Editor, PRACTICAL
MECHANICS, Geo. Newnes, Ltd., Tower House,

Southampton Street, Strand, London, W.C.2.

Bronzing Powders
IAM very interested in burnish bronzing as

used on modern picture frame mouldings-
I mean the effect obtained with bronze powders
(not gold leaf). Can you tell me what method is
used for adhering the bronze powder to the frame,
also the method of fixing or protective finish ?
-L. Crowson (Woodford Green).
TN making up the so-called gold paint from pale gold
1. and other bronze powders, a thin solution of
celluloid is commonly used, the bronze powder being
worked into a little of the solution immediately before
using. This gives the bronze perfect adhesion to the
frame moulding, and provided that the celluloid solution
is not too thick the bronze dries with a perfect matt
surface.

Celluloid or cellulose solution is obtainable from
most big paint stores, being retailed under the name of
" clear cellulose lacquer." You can make it yourself
by dissolving clean, clear scrap celluloid in a mixture
of approximately equal volumes of acetone and amyl
acetate, or in cellusolve alone. These solvents are
obtainable from Messrs. A. Boake, Roberts & Co.,
Ltd., Carpenters Road, Stratford, London, E. If you
require an additional finish, merely paint a little of the
thin varnish (or of any other clear varnish) over the
bronze after it has become thoroughly dry and set.

Bronze powders of various shades are obtainable
from Messrs. Johnson and Bloy, Ltd., Metana House,
Hind Court, Fleet Street, London, E.C.4. They are
rather expensive, as you are probably

Transparent Plastics " Radio Crystals" :
Chromium Plating

COULD you oblige me with information about
the following ?

(s) Is it possible to liquefy the transparent
plastics Perspex or the America counterpart
Plexiglass so that it can be moulded into blocks?
If so what chemicals are required ?

(2) What chemicals and quantities are required
to make radio crystals ?

(3) In your September issue you gave the
formula for chromium plating. Can you please
instruct me on the time it takes to plate the
various articles ? Must the water be distilled or
can ordinary tap water be used ?-J. A. Paul
(Kensington).

The transparent plastic materials cannot be
/ liquefied. Under conditions of heat, they become

discoloured and lose their transparency. They can only
be moulded initially by the manufacturers at the time
of their first production. If you wish to prepare a
block of the material. you would have to cement several
pieces together with a cellulose cement, but, in such
an instance, the transparency of the material would
suffer.

(2) By " radio crystals," we presume that you refer
to the rectifying elements of crystal receiving sets.
These crystals are not manufactured, except in the
instance of carborundum, which is very seldom used
at the present day in crystal receiving sets. The rest
of the crystals " are, nearly always, fragments of
naturally -occurring minerals, which are specially
selected and tested in small batches for their radio -
rectifying properties. By far the commonest of these
crystals is galena, which is a naturally -occurring lead
sulphide. This forms the bright, silvery', many faceted

.crystal so well, known by wireless experimenters.
All these crystals or minerals are obtainable from

laboratory furnishers and chemical suppliers, as, for
example, Messrs. Philip Harris & Co., Ltd., of Birming-
ham, or Messrs. Barrington Brothers, Ltd., 4 Oliver's
Yard, 53a, City Road, Finsbury, London, E.C.

(3) With a well-balanced chromium -plating bath,
the time taken to plate any given article depends upon
the thickness of plating which is required and, also,
upon the amount of amperage (not voltage) of the
current passing through the bath. Let us say that an
average chromium plating on brass has a thickness of
o.000zin. With an ampeeige of 8o per square foot
of plated surface this thickness of chromium would
require about 5o minutes for its deposition. If the
amperage were doubled the time required for the
deposition of the metal would be halved.

Ordinary tap water is perfectly suitable for making
up a chromium plating bath. It as chiefly in the case
of silver-plating solutions that distilled water should
be used, particularly in the London area where the
water is excessively hard.

Telescope Objective and Eyepiece
T HAVE a loin. f '4.5 lens from which I wish to

construct a X 12 telescope. Could you tell
me the type of eyepiece required, and whether
the whole thing is a practical proposition ?-
A. R. Turpin (Banstead).
YOUR scheme is practicable, although your proposed

telescope will be rather unduly heavy with its
join. f14.5 anastigmat lens used as the objective of the
instrument.

The magnifying power of a telescope depends on two
factors. First, the focal length of the objective and
.secondly on the magnifying power of the eyepiece.
The longer the focus (focal length) of the objective,
the greater the light -gathering power of the instrument
and the greater its " distance penetration."

With your roM. objective you would be best advised
to use a tin. eyepiece, and this will give you a magnifying
power of X to. For a higher magnification you will
have to increase the power of the eyepiece, but, in the
instance you quote, this is not advisable. You must
remember that an ordinary eyepiece will give you an
inverted or upside-down image, which, although suit-
able for astronomical purposes, is. useless for terrestrial
observation. Hence, you will require an " erecting "
eyepiece to re -invert the image. Such eyepieces are
usually systems of four lenses.

You will require a total tube length of about i5in.
and the inside of the tube must be dead -blacked with a
dead -black compound paint obtainable from Messrs.
Johnson & Co., Ltd., Photographic Manufacturers,
Hendon, London, N.W.4, or through any photographic
dealer.

Astronomical (or " direct ") and erecting eyepieces
of various powers are obtainable from Messrs.
Broadhurst, Clarkson & Co., Ltd., Farringdon Road,
London, E.C.4.

Solutions for Silver Plating and Nickel
Plating

IT HAVE prepared a silver-plating solution, using
nitrate of silver, to which I have added a

solution of cyanide ; this causes a " curdling,"
which does not appear to be correct, although I
have done a certain amount of plating with the
solution. Can you please advise the correct
method of preparing a bath capable of turning
out first-class work, and how does one know when
the solution contains no silver nitrate, as I have
found it is possible to plate using a cyanide
solution only . I wish to make up a bath of about
two gallons, and would like to know what
quantities of nitrate and cyanide to use.

I should also be glad if you can advise the
method ,of preparing a bath for nickel plating,
giving quantities for a solution of about two
gallons, and also the best method of cleaning
articles to be plated. I am at present boiling the
articles in cyanide, finally scratch -brushing
them under running water and then placing
them in the plating bath, using a D.C. current
of z volts obtained from a car accumulator.
My nickel plating has not been very successful,
the articles coming out of the bath black. I
am told they should emerge white, and require
very little buffing providing the surface prior
to being placed in the bath was good.-E. Jones
(Manchester).

SILVER
cyanide should be soluble in an excess of

potassium or sodium cyanide, so that the whitish
" curd " or precipitate which you obtain should dissolve
completely on the addition of further cyanide. If it
does not do so, it points to the cyanide being impure,
which is often the case.

The following silver-plating bath has been well
recommended : Silver nitrate, 3 ozs. ; potassium
cyanide, 4.3 ozs. ; sodium carbonate, 6.4 ozs. ; water,
1 gallon.

The sodium carbonate is not essential, but its effect
is to increase the conductance of the solution and also
its throwing power. The presence of the carbonate
also tends to give a finer " grained " silver deposit.

Use an anode of fine silver, not sterling silver, since
sterling silver contains about 7.5 per cent. of copper.

A fairly slow rate of current is advisable. Use
about 3 amperes per sq. ft. of surface to be plated,
but, in any case, do not exceed 6 amperes per sq. ft.

Provided that a silver anode is used, the bath will
always contain dissolved silver, and the rate at which
the silver is being used will be indicated by the rate of
solution of the anode.

The following is a good nickel -plating bath : Nickel

ammonium sulphate, 4 ozs. ; nickel sulphate, 8 ozs. ;
water, r gallon.

This should be worked with a pure nickel anode at
the rate of s or 6 amperes per sq. ft. of surface to be
plated.

The fact that your nickel-platings are coming out
black indicates one or more of the following factors :
(a) Use of impure chemicals or a faulty balance of
chemicals. (b) Use of an impure nickel anode. (c)
Solution used too warm. (d) Too heavy a rate of plating.
Possibly, you will find causes (b) and/or (d) operative
n your case.

If you are doing plating jobs seriously, it is every bit
well worth while to take the trouble to employ pure
anode material only. Such material can be obtained
from a good firm of specialists in platers' supplies,
such as Messrs. W. Canning & Co., Ltd., Great Hampton
Street, Birmingham.

Regarding the cleaning of articles to be plated,
scratch brushing is hardly to be recommended at any
stage, since it often produces scores on the articles
which are never afterwards eliminated. The exact
mode of pre -cleaning depends upon the nature of the
metal articles, the type of metal and the extent of the
dirt. Sometimes an acid dip is sufficient. At other
times a degreasing in caustic soda or even sodium
carbonate solution is sufficient, the soda solution being
used hot. It is certainly good practice to immerse the
articles in a cyanide bath immediately previous to
plating, the articles being given a good rinse before
being placed in the plating bath. It is, however, a little
dangerous to use a boiling cyanide solution, for in this
instance there may be traces of hydrocyanic acid gas
above the cyanide solution, which gas, as you are no
doubt very well aware, is exce,sively poisonous. A
slightly warm cyanide solution should do all the work
which you require of it.

The deposited plating on articles takes the form
of the under -metal surface. If the under -metal surface
is bright and lustrous, so, also, will be the plated
surface. On the other hand, if the under -surface is'

" flat " and dull, the plated surface will also be dull
and will require buffing to bring it up to a polish.

Rewinding Field Coils of Motor
WOULD you please supply the following in-

formation ? The size and weight of wire
required to rewind a Rotax 12 volt car starter
as a 1 h.p. 210 v. so cycles single-phase motor.
Also, could the armature be used without a
rewind ? Would the position of the brushes
have to be shifted ?-L. C. Maier (Bristol).
"THE simplest way of using the motor would be to

wind each of the field poles with as many turns
as possible of 23 s.w.g. S.S.C. enamelled wire, all the
coils being connected in series, so that adjacent poles
have opposite magnetic polarity, the whole set of field
coils being fed from the mains. The existing armature
could be used, the two brush holders must be con-
nected together, and experiment will have to be made
to determine the best brush position. The spacing
between the brush holders should be unchanged, but
you may find the best results are obtained with the
whole set of brushes moved 40 to 5o degrees in one
direction or the other. The motor can be reversed
by moving the brushes.

You may also find it an advantage to use thinner
brushes, and to fit brushes of comparatively high
resistance, such as the IM3 brushes made by Morgan
Crucible Co., Ltd., of 'Norton Works, Woodbury
Lane, Norton, Nr. Worcester. It should be realised
that this type of machine is far from ideal for conversion
to an A.C. motor, and you may find it necessary to
connect a small bowl fire in circuit with the field
windings in order to avoid overheating.

Silvering Glass
T WISH to render some glass surfaces half

reflective. Could you supply me with a process
for chemically silvering and half silvering glass
surfaces ?-F. Bannister (Bristol).
SILVERING glass is not an easy process. It requires

skill and patience, for which reason it is always
advisable to make trials on scrap pieces of glass before
commencing the silvering proper.

The following solutions are required:
(A) Dissolve 175 grains silver nitrate in to ozs.

distilled water.
(B) Dissolve 262 grains: ammonium nitrate in 10 ozs.

distilled water.
(CN Dissolve t oz. caustic soda in to ozs. distilled

water.
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THE P.M. LIST OF BLUEPRINTS

Er:

The " PRACTICAL MECHANICS " £20 CAR
(Designed by F. J. CAMM),

Its. 6d. per set of four sheets.
" PRACTICAL MECHANICS " MASTER

BATTERY CLOCK'
Blueprints (2 sheets), 2s.

The " PRACTICAL MECHANICS" OUT-
BOARD SPEEDBOAT

7s. 6d. per set of three sheets.

SUPER -DURATION BIPLANE'
Full-size blueprint, Is.

The l-c.c. TWO-STROKE PETROL ENGINE'
Complete set, Ss.

STREAMLINED WAKEFIELD
MONOPLANE -2s.

LIGHTWEIGHT DURATION MODEL
Full-size blueprint, 2s.

P.M. TRAILER CARAVAN.
Complete set, 10s. 61.

P.M. BATTERY SLAVE CLOCK. Is.= ..=
-a' The above blueprints are obtainable, post free from Messrs. George Newnes, Ltd., Tower House. =

Southampton Street, Strand, W.C.2.
= An * denotes that constructional details are available, free, with the blueprint.

z_-..

A MODEL AUTOGIRO*
Full-size blueprint, ts.
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(D.) Dissolve oz. pure sugar in 5 ca. distilled water.

Then add 26 grains of tartaric acid. Boil in a flask
for to minutes. Cool. Add t oz. of rectified spirit (not
methylated spirit). Then dilute with distilled water so
as to make up the total volume of the solution to to ozs.

The silvering mixture is made by mixing together
4 ozs. of Solution A, 4 ozs. Solution B, 4 ozs. Solution
D. Finally, add Solution C very slowly, stirring well,
until the precipitate which is first formed dissolves
and the whole of the solution assumes a slightly
brownish tint. In this condition, the mixed solutions
are on the verge of depositing silver and must be used
immediately.

The glass to be silvered must be laid in a dish and
the mixed solutions poured over it. In the case of half
silvering such as you require, it will be best to add to
the mixed solution about a third of its bulk of distilled
water in order to slow down its silvering action.
Within about half a minute, the " half mirror " which
you desire should have been formed on the glass. The
glass is now withdrawn from the dish and rinsed
carefully in water, after which it is air dried.

It is, of course, absolutely essential that the glass
surface to be silvered must have been most scrupulously
cleaned with soda, and afterwards with acid,' ro as to
remove every trace of grease and dirt. It is advisable,
also, immediately prior to silvering, to pour en the glass
surface a dilute solution of stannous chloride and
afterwards to rinse it off with distilled water. Note that
distilled water must be used in all these silvering
operations. Ordinary water tends towards a cloudiness
of deposit.

For normal silvering, the mixed solutions described
above are used undiluted.

Once used, the solutions cannot be employed again.
The separate solutions will keep in good order for a
long time if stored in clean bottles, but the life of the
mixed solutions is not more than 3 or 4 minutes. Hence,
they must be used immediately after mixing.

Invisible Inks
COULD you please give me a formula for a

sympathetic ink, which could be developed
with a gas not so pungent as sulphuretted
hydrogen ? I require this for conjuring purposes,
and have been writing with a dilute solution of
/cad acetate, putting the paper to develop in a
clear glass cylinder containing the sulphuretted
hydrogen which as you know has a very unpleasant
odour.-A. G. Hollins, (Newcastle).
THE only other gases which you can use for the

development of invisible inks are iodine vapour
and ammonia. Iodine vapour, for conjuring purposes,
may not be satisfactory, because it is violet in colour.
It is used to develop writing which has been
a solution of ordinary starch. A few crystals of iodine
placed at the bottom of a glass cylinder standing on a
warm plate or in hot water should develop only a slight
vapour which, regarded from a distance, would be
practically colourless.

Ammonia vapour can be used to develop up to a blue
colour writing which has been made with a very dilute
solution of copper sulphate.

You are possibly aware, also, of the modem dry -
development " Ozalid " photographic papers, which,
after exposure to light under a negative (or positive)
are almost instantaneously developed to a strong brown
or black colour through exposure to ammonia fumes. If
you can " pre-print " your written matter on papers of
this type, even weak ammonia vapour will develop
them, and the slight odour of this vapour can be masked
satisfactorily by having on the conjuring -table a burning
joss -stick or incense pastille. The Ozalid Company,
Birmingham, are makers of these printing papers.
Possibly they will not supply retail, in which case you
will be able to get them through a good photographic
firm such as Messrs. Jonathan Fallowfield, Ltd.,
Newman Street, London, W.1.

Hand -cleansers
COULD you give me some advice about any

liquid or special kind of soap for the hands.
I am taking a course in draughtsmanship, and I
cannot keep my hands clean enough to do my
drawing work without getting smudges on the
paper. I do oily and stained work, and it is
impossible to get my hands clean with soap and
hot water.-D. Elliott (Apsley).
IT is possible to make a number of excellent hand -

cleansers of the type you indicate, but the great
trouble at the moment lies in obtaining the necessary
raw materials for this purpose. A good and fairly
easily made hand -cleanser is made according to the
following formula :

'Trichlorethylene 5.7 parts (by volume)
Paraffin oil ; .. 26.o
Acetone .. 2.6
Solvent naphtha .. 17.2
Triethanelamine . . . . tt.0
Oleic acid

The above ingredients are mixed and, if desired, a little
suitable perfume essence may be added in order to
mask the odour of the paraffin and naphtha.

The mixed ingredients are then very 'rapidly stirred
and water (approximately t4.5 parts) is slowly added
until the mixture acquires a jelly -like consistency. It
is then stored in wide -mouthed bottles for use as
required.

To use the above hand -cleanser, place a small
" blob " of the jelly on the palm oaf the hand and rub
it well into the skin of both hands, -well rubbing it into
the finger -nails. Then wash it off with hot soap and
water. Every trace of dirt and grease will be removed
from the hands in one operation.

Since it is very probable that you will not be able to
obtain the above ingredients yet, we would advise you
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that Messrs. Alexander Duckenham & Co., Ltd.,
Duckenham House, 56, Cannon Street, London, E.C.4,
manufacture a hand -cleanser of a similar type to the
above. This is still being produced, and we believe
that you will be able to obtain small -sized packages of
about a pint of the material from this source. The
Duckenham hand -cleanser is very excellent stuff, albeit
rather expensive, but it is just the thing which you
are seeking.

A i,000 -volt Flash Tester
T AM about to make a 1,000 -volt flash teeter for

the testing of electrical appliances, operating
on 230 -volt A.C. so cycles.

Could you please supply me with a circuit
diagram, and any details of components required ?
I wish to put a lamp in circuit to warn of earths.
-C. W. Laight (Birmingham).
WOK .your test unit you could use a double -pole

switch and fusebox, red signal lamp to indicate
the transformer was " alive," high -voltage transformer,
resistance to limit the fault current, and test electrodes ;
these being connected as indicated in the diagram.
With regard to a lamp for indicating faults,.we consider
a better plan would be to rely on the melting of a I amp.
fuse in the primary circuit in the event of an earth fault.

A useful transformer for testing at too to 1,5oo volts
by too -volt steps could be constructed on a core of
21 sq. in. sectional area, this being wound with a

230 V. 50 1%,
Supply
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Nickel ammonium sulphate .. 4 oz.
Zinc sulphate .. oz.
Sodium (or potassium) sulphocyanide t oz.
Water gallon

E.M.F., t volt ; current density, 1-2 amperes. Use
a nickel anode, the article under treatment being the
cathode. With use, the solution will become acid.
This should be neutralised by the addition of a little
zinc oxide from time to time.

Mixing Coloured Powder with Tar
WILL you please tell me how to mix a powder

like yellow ochre with coal tar? I have
heated the tar and tried to mix the powder with
it, but the "po wder remains in little pockets in
the tar. Is there any solvent for the powder so
that the resulting liquid can mix thoroughly with
the hot tar ?-E. Verrall (Chichester).
THE probable cause of your trouble in incorporating

a yellow ochre powder with ordinary coal tar
is moisture in the ochre powder. This moisture repels
the tarry oil and results in particles of the powder
" balling " together into lumps which become coated
with a skin of tar and thus hold tenaciously together
in the manner which you mention.

The remedy is to dry the powder completely in a
hot oven before incorporating it with the tar. Twenty-
four hours' drying may be necessary, for many of these
powders contain up to to per cent. of moisture.

Take the total quantity of dried powder which you
wish to incorporate with
the coal tar, and add to it
a smali quantity of the coal
tar, little by little, so as
to make up a stiff, homo-
geneous paste. Then add
this paste slowly to the main
bulk of the coal tar. In
this manner you will get
perfect mixing without any

" of the powder
particles.

" Conil)osition"
Floors
T SHALL be grateful for
A any information on the
following subjects :

(i) What is the compo-
sition of a floor covering
which is hard, takes a
high polish and which,
I believe, consists mainly
of wood, sawdust and
cement ?

(2) What is the compo-
sition of the well-known

asbestos cement sheets ?-C. Thorpe (Huyton).
" COMPOSITION " floors of the type you

A mention are usually compounded on a "magne-
sium oxychloride " basis. They are of extremely variable
composition and may incorporate a varying number of
inert materials. The following is an average method
of compounding such composition material:

Calcined magnesite .. part (by weight)
Fine limestone, slate, emery,

glass, brickdint or other
inert powder .. ..t 

Sawdust, powdered rubber,
leather, asbestos, hair or
other fibrous material .. r

The above material is thoroughly mixed and then
slaked to the consistency of mortar by a solution made
by dissolving 40 parts of commercial magnesium
chloride in 6o parts of water. The resulting material
is laid with a trowel. It sets dead hard in two days.

The necessary calcined magnesite and magnesium
chloride can be obtained from Messrs. Harrington
Brothers, Ltd., 4, Oliver's Court, 53a, City Road,
Finsbury, London, E.C.1.

(2) Asbestos cement sheets can be made up on the
above magnesium oxychloride basis, but they are more
generally made by mixing t part of Portland cement,
r part fine inert " filler," such as limestone powder,
and t part of asbesto3 powder, this mixture being
slaked to the consistency of mortar with ordinary water.

Flashlight Powder
WILL you please tell me what chemicals are

used in the manufacture of flashlight
powder, and where I can obtain them ?-
R. Ashford (Pelsall).
AFLASHLIGHT powder can be made according

to the following formula :-
Magnesium powder .. 16 parts (by weight)
Saltpetre .. 12
Potassium perchlorate .. 12
Alternatively, you can Make a flash powder by mixing

equal parts of fine magnesium powder and saltpetre,
but this is rather more difficult to ignite than the
foregoing powder.

Flashlight powder making is a rather dangerous
operation. All the ingredients must be absolutely
dry and they must not be ground together. If
any grinding is necessary to get a fine powder, the
grinding must be done separately. The ingredients
are best stirred together in a dry basin by means of a
feather. When perfectly admixed, the powder must
be stored in cans having tightly fitting lids.

The above materials are obtainable from any firm
of -chemical suppliers. Perhaps -you may find one in
your nearest big town. If not, try Messrs. Harrington
Brothers, Ltd., 4, Oliver's Yard, 53a, City Road,
Finsbury, London, E.C.r, or Messrs. A. Gallenkamp
& -Co., Ltd., 17-29, Sun Street, Finsbury Square,
London, E.C.2.

To Testing.
Electrodes

WO V

0 0/1200V0 300 V 0 400 V. 0 500 Volts

600> 909 T. 1200 T 1500 Turns

00 Q9_000_Q_OQ_QQVLOQQQ.0000_09 000Q.00 0 0

Primary 690 Turns

Circuit diagram of a flash testing unit.

primary coil having 690 turns of 21 s.w.g. enamelled
wire with a thin layer of paper between each of the
layers, and a secondary coil having 4,500 turns of
3o s.w.g. D.S.C. wire, with tappings as indicated. A
resistance of 5,coo ohms is advisable in the secondary
circuit.

Running a D.C. Generator as a Motor
COULD you tell me if it is possible (without

major alteration) to run a generator as an
electric motor ? The generator is made by the
Lancashire Dynamo and Crypto, Ltd. ; it is a
D.C. machine, 14-32 volts, 9 amps., speed 2,500

; rating continuous. Electricity supply to
run motor is 240 volts, 5o cycles, A.C.-G. Harrop
(Worcester).
IN general, it may be said that a generator can be run

as a motor on approximately the same D.C. voltage
with little or no alteration. It is, however, quite a
different proposition to run a 14-32 volt D.C. generator
as a motor from 240 -volt A.C. mains. The armature
and field coils would have to be rewound, unless you
can rewind the field coils and feed the motor at low
voltage through a transformer. In any case, if the field
iron system is not fully laminated, as it probably will
not be, the converted machine would be likely to over-
heat on prolonged running on A.C.

If you are considering a rewind, we should like a
fully dimensioned and descriptive sketch of the field
iron system, including the air gap clearance between
armature and field poles (which may be measured by
means of feeler -gauges). We should also require to
know the number of armature slots and commutator
segments.

Dark Finish for Aluminium
T SHOULD be glad if you will tell me of any

way to oxydize or give a dark finish to an
aluminium fitting for an oak door.-G. H. Mills
(Basingstoke).

"A BLACK colour may be obtained on aluminium
by dipping the articles in a hot, medium -strength

solution of caustic soda for about 55 seconds and,
after rinsing them, by immersing them for 2o -3o
minutes in the following solution :

Potassium (or sodium) permanganate ' oz.
Nitric acid ..
Copper nitrate ..
Water h gallon

The temperature of this solution should be about
175 deg. F.

Alter immersion, the articles should be well washed,
dried and lightly lacquered over with a clear lacquer.

The purpose of the prior caustic soda immersion is
to obtain a perfectly clean surface of metal.

The articles may also be blackened electrolytically
by depositing a film of black nickel on them. This
is effected by the following electroplating solution :

Secondary
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HIGHSTONE UTILITIES
CRYSTAL SETS , Our latest Model is

a REAL RADIO
RECEIVER, and
is fitted with a
PERMANENTCRYSTAL
DETECTOR.
WHY NOT HAVE
A SET IN YOUR
OWN ROOM OR
AS A STAND-BY ?

-VC poet 6d.
PERMANENT
DETECTORS, 2/8,

poet 3d.
.0003 Pre-set Condensers, 2'-, post 3d.

HEADPHONES
Reconditioned, 94, 10/8 and 12/6. Post 8d .

MICROPHONES
Just the thing for impromptu concerts. room to
room communication, etc. Bakelite table model.

; Suspension type, 81. Post ad. Super Model
on stand, 12/8. Fitting instructions included,
Mike buttons, ,2/8. Transformers, 8/6. Public
Address Transverse current Mike, 87/8, post 1!-.
All microphones have transformer incorporated.

MORSE KEYS AND BUZZERS
Standard size keys, wired to work Buzzer or Lamp.
Chromium plated, 718. W.O. Rey, heavy brass
bar, with an additional front bracket, 9/8. Chromium
plated, 10/8, post 8d. No. 2 Single Coil Buzzer. 21.
No. a, Heavy Duty Double Coil, 4/9, post 3d.

BELL TRANSFORMERS
These guaranteed trans-
formers work from any
A.C. Mains, giving 3,
or S volts output at 1
amp., operate bulb,
buzzer or bell. Will
supply light in bedroom
or larder, etc. PRICE
OIL Post 6d.

SOLDERING IRONS
Adjustable Bit, all parts replaceable and fully
guaranteed. 200/250 v., till watts, 9/8; 150 watts,
124. post 08. Small Soldering Irons, for use
on gas, 1;4. Pont 9d.
Twin ilex, for lighting, 111. yard. Power, 9d. yard.
and postage. Toggle Swatches. can be used for
VACUUM Cleaners, radio sets, table standards, etc.,
2:3, post 3d.
SEND 1d. S.A.E. FOR ILLUSTRATED LIST B.P.
OF USEFUL ELECTRICAL ACCESSORIES. Money
refunded if not completely satisfied. Letters onlv.
Please include postern, any excess will be regraded.

Wholesale and Export Departments.
HIGHSTONE UTILITIES,

58, New Wanstead, London, E.I1

The
CUTTY SARK
A magnificent set of construc-

tional plans of this best
remembered of all Clipper ships
has been prepared for us by
Arthur W. Kirton, Secretary
of the Bristol Ship Model Club.

They comprise eight sheets,
each 22in. x 35in. Each sheet
covers a definite stage in
construction, thus simplifying
the work -a feature exclusive
to Modelcraft plans.

Size of finished model is -
length 33in., height 22in.

Price for the set of plans,

8/6
Postage 6d.

Complete list of nearly 250
plans. Send 3d. and unstamped
addressed envelope to :

MODELCRAFT Ltd.
77, (PM) Grosvenor Road,

London, S.W.I.

40 YEARS RELIABLE
* SERVICE TO THE *

INDUSTRY

121.415 POWER CHOKES
TRANSFORMERS

WIRE WOUND RESISTANCES
DELAY SWITCHES

MADE BY

OLIVER PELL CONTROL LT°
- CAMBRIDGE ROWWOOLWICH'S'E' IS -

TELE PHONE : WOOLWICH I 4 2 2

CONSOLIDATED

Technical

CHEMICALS
LABORATORY

295, Regents

ANALYTICAL

LABORATORIES,

FINE

Consultants
&

Send

Park

INDUSTRIAL

PHOTOGRAPHIC

Stamp

Road,

RESEARCH
LTD.,

and Analysts

REAGENTS

GLASSWARE
for Lists

Finchley, London, N.3

cf.?SOLFL X4P 6
C\ '04

47 SIMPLIFIES SOLDERING 14 -,,,EP-
PAINT AND HEAT -JOB'S COMPLETE

Solder applied only where required by means of brush or pad. May he heated by
means of solder iron, blow -lamp, open burner, hot plate, oven, etc.

MODEL
MAKING

ASSEMBLY
WORK

CYCLE CABLE
NIPPLES

CAR
RADIATORS

SOLDER PAINT &SOELLEDECRTRCIRCAE_LALM

(Active) (Non -corrosive)
2 oz. 4 oz. 8 oz. 1 lb.
1/9 2/9 4- 61

PURE TLN
PAINT & CREAM

(Active) (Non -corrosive)
2 oz. 4 oz. 8 oz. 11b.
2/3 3,6 5'6 9:3

RADIO AND
ELECTRICAL

. WORK

HOUSEHOLD
USES

TINNING AND
REPAIRS TO

COOKING
. UTENSILS.

REFRIGERATOR
TRAYS, Etc.

SOLFLUX PRODUCTS,
98, ALBION STREET, SOUTHWICK, SUSSEX.

YOU MUST KNOW

ATHEMATICS
,

.

If you wish to make progress in any branch of engineering, you niusc know Mathe-
matics. Our specialised method of Home -Study Tuition is a proved success.
Hundreds of our students who imagined they could never master Maths have
progressed up to the Calculus, and thoroughly enjoyed learning.
Now is the time to increase your knowledge and efficiency, so that you
may face the future with courage and confidence.

* Post coupon for free
details of our Modern Courses
in Mathematics, Radio
Reception, Servicing, Trans-
mission, Radio Caleidations
and Television.

woo,o,c,
(Poo ins unreeled envelope -

Id. postage.)

T. & C. RADIO COLLEGE,
t/ORTH ROAD, PA RKST ON E, DORSET.

 .... .. ,
Please send roc Pee details of your Home -Study Courses

/a. Mathematics and Radio.

Name

Address

M. 25

For increased rower. im-
proved petrol consumption.
better starting. Send (Or
interesting booklet 7.17.

\vid Ihe
'FlivistfINGTUGS

. . . . to your models with
' Plasticine,' the famous modelling
medium. For nearly half a
century ' Plasticine ' has been
used by modelling enthusiasts the
world over, and to them at least,
this material of 101 uses is indis-
pensable. Supplies are strictly
rationed so make your Plasticine '
last.

HA RBU T I'S

Plasticine
Refuse substitutes. None other is genuine

"Plasticine."

JUBILEE WORM DRIVE
HOSE CLIPS

The long -life
clip with the

ever -tight
grip

The Beet Known
For

Radiator Joints,
Air, Oil and
Water Hose

Joints
We guarantee a

Tight Juint
L. ROBINSON & Cs.

25. London
ChaHle Ab emr s.

THE AURIPHONE
Patent penc 10525

A miniature ear-
phone with a high-
fidelity reproduc-
tion of speech and
music equal to
best headphones
known. 111.6 inch
diameter ; holds
in ear without
headband or wire
loop. Two inter-
changeable nipples.
large and small
two models, 10 ohms and 1,003 ohms.
Operate from primary or secondary
terminals of speaker transformer.
Ideal for pocket radio, valve or crystal
set. 5ft. flex cord. Price. black or flesh -
colour enamel, regist. post free.
CEFA INSTRUMENTS, 380, York St.,
Twickenham. Middx. POPesorove 6597

A ?it an.16/LCOn'

-4! r--
\ l

tow' RUNBAKEN.MANCHESTER I
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-ELECTRADIX
MICROPHONES. The Lesdix No. I IA

Hand Mike is again avail-
able ; a carbon inset in solid
brass case, the sensitive
diaphragm protected by a
perforated metal panel,
816. Metal clad inset only,
51-. Pedestal mikes for
desk or pulpit, 25/- ; High
ratio transformer,416 extra.
Recording and announcers'
hand -mikes, multi -carbon,
metal clad, . service type,
by Tannoy and Truvox,
with neat switch in handle.
211-. As illustrated.

SEND -RECEIVE Hand Corns. All -metal
Field Hand Coins. for portable or fixed
stations. The famous No. 16 Govt. type,
used in field telephones : mike and ear-
piece with damaged finger switch, easily
repaired, 714.
BELLS. Large Tangent ironclad bells,
6in. gong 2301250 volts, A.G., new condition.
421, Circular A.C. Bells, 518 volts, 31in.
diam., bakelite base, 21in. diam. metal
gong, 616. House Bells, bakelite base, with
21in. gong, 619. Bell Transformers, 2301
3:5-8 volts, 716.
SUPERSEDERS. H.T. Battery Super-
seders for Radio Receivers, 6 volts input,
110 v. 15 ma. output, 12 volts input, 230 v.
30 ma. output. Size is only 5k x 31 x 31in.,
beautifully made, model finish, ball bear-
ing, etc,, and takes small current from
your accu. Latest model. Price £3 I5s.
MOTORS. Small 1127th H.P. 230 volt

. Universal Motors, A.C.1D.C., speed 4,000
r.p.m., 551-. 24 volt D.C., totally enclosed
Motors, high speed, 351-, with small fan
blower attached, 451, 12 volt D.C.
Motor Blowers for valve cooling or Lab.
work, £5 10s.
A.M. CUT-OUTS on base with bakelite
cover. 4in. x 31 in. x 3.tin., D.C., 12 volts.
40 amps., or 24 volts 40 amps., 351- each.
12 volt triple auto car type cut-outs, dynamo
control boxes, armature field and battery,
211-.
PLUGS AND SOCKETS. Red and
Black Insulated, single socket with plug,
113 pair. 2 -pin radio plug and socket for
table mounting, 116. Wander Plugs, 3d.
each.
TERMINALS. Brass or Plated Telephone
Terminals, 6d. each ; small brass terminals,
3d. each. Spade Tags, light type, 6d.
dozen. Croc. Clips, 4d. each ; large type
for charging, 8d. each.
FIXED CONDENSERS. 2 mfd. 250 volt,
216. 2 mfd. 650 volt Hydra 316. I mfd,
C.P.O. 250 volts, 1(6. Small Set Condensers,
various sizes, If- each. .01 mfd. Paper, 116.
.01 mfd. Mica, 316. .25 mfd. T.C.C., 21 -
each. H.T. 1 mfd. mica, 4,000 volts, 101-.
CONDENSERS VARIABLE. Ultra -short
wave variable air condenser, 16 m.mfd.
Trolitul insulation, ball bearings, new, 51-.
.0005 or .0003 mfd. solid dielectric, 316
each, .0005 differential, 316.
BUTTON MICROPHONES are
SOUND TRANSMITTER UNITS. As
used by G.P.O. For amplification and
detection of sound for all purposes.
EVERY BUTTON GUARANTEED.
The gin. dia. brass
body forms the granule
chamber and the dia-
phragm is thin mica.
Needs only a pocket
battery 4 volts.
Button only, 216.
Transformer for same,
416. Instruction leaflet
supplied.
CRYSTAL SETS. The Wall -Nut Model,
tapped aerial inductance and condenser
tuning, semi -perm. detector, in fine
quality walnut box, 421-. Mk. II Converted
ex-W.D. type, variable condenser, coil
tuning and perm. detector, in box with
lid, 551, The Lesdix " Bijou " crystal
set, bakelite case. condenser tuning and
semi -perm. detector, 151..
CRYSTAL DETECTORS. Semi -perm.
perikon detectors, 216. Spare crystals, 116.
Catswhisker detector, 216. Spare crystal,
11-. Multiple detector arm, choice of
6 catswhiskers, 116.
SUNDRIES. Pocket thermometers, 6in.
in metal case, vet. type, 901110 degrees,
116. Hand wind clock movements, can be
set to run for 30 minutes or less, new,
816 ea. Small bakelite Vee pulleys, 3in.
diam. gin. hole, 1(6 ea. R.A.F. 10 -way
terminal strips, 219 ea. G.P.O. electric
counters, 25150 volts D.C. 500 ohm coil,
counting to 9999, 516.
PARCELS. 10 lb. Parcel of useful odd-
ments for your junk box, all clean and
dismantled from Government and other
apparatus; 716, post free.

Please include postage for mail orders.

ELECTRADIX RADIOS
214, Queenstown Road, London, S.W.8
Tefebh.one MACaulay 2159 ==

LOG-LOG*SLIDE RULE

-priced at 7/6
HARDTTrIUTH'S meet the needs of the practical mechanic
with the range of moderately -priced Classic ' slide rules.
Most popular of all is the 5' log -log rule, illustrated here.
Like all ' Classic' slide rules, it is completely accurate.
strongly made of seasoned Honduras mahogany, tongued
and grooved, and reinforced with flexible stock unaffected
by climatic change:, The strong, view -free, unbreakable
cursor has metal ends. Inch and centimetre scales on edges.

Classic' Slide Rule, in strong, pull -off shoulder box
with full instructions :
Series 1 -With A. B. C and D Scales -

5' Pocket Model ... ... Retail 516 each
10', for Desk Use ...

*SerieS2-With A, B, C, D and Log -Log
Scales -

5' Pocket Model ...
710% for Desk Use ... 101

Series 3 -For Building and Timber Trade,
with Special 3 -line Cursor and Explana-
tory Booklet -

6' Model, with 5' Scales .. 10,6

Series 4 -With Sine and Tangent Scales -

S 0 0 N "KOII-I-NOOR " and " MEPHISTO "-
perhaps the two best-known pencils in the

world -will be available again.

1. & C. HARDTMUTH BRITAIN) ITC.

New address : Church Road, Epsom, Surrey. Tel. Epsom 9729.

APEX
'SUPERLITE'

CELLULOID
PUMP
15" 41 -

Thick Celluloid
Beautifully Polished

Light of Weight
but of

robust construction

The World Famous

BAILEY'S
`SUPER'

PUMP 15" 4/ -
Steel Lined

Celluloid Covered

Lining is solid drawn
cartridge fashion,
the end being solid
with the barrel.

Cannotwarpnorleak

LASTWEL (Celluloid) 15" 4/.

APEX
PRODUCTS

Are in use in every Country in the
world.

They are known and appreciated
for their reliability ; long service and
efficiency in their job of inflating tyres.

War conditions have restricted
supplies, and whilst control lasts we
are permitted to make only small
quantities.

MADE BY

APEX INFLATOR Co. Ltd.
ALDRIDGE ROAD, PERRY BARR,

BIRMINGHAM 22B.

WHY WORRY ?

WORRY uses an immense
amount of vital force. People

who worry not only use up their
energy during the day by worrying,
but they rob themselves of that
greatest of 'ail restoratives, sleep.
Potpie who worry can't sleep. They
lose their appetite. They often end
up by getting really ill. How often
have, you heard it said, " I am
worried to death ?

What do you suppose would
happen if a person who was putting _
himself into mental, moral, and
physical bankruptcy by worrying,
were to convert s all this worry
energy into constructive action ? In
no time at all lie would have accom-
plished so much that he would have
nothing to worry about.

Nothing is more discouraging to
a worrying person than to have
someone say, Oh, don't worry, it
will all come out right " ?

This is not reassuring, at all. The
worrying one can't see how it is
going to come out all right. But if
the men and women who worry
could be shown how to overcome
the troubles and difficulties that cause
worry, they soon would cease
wasting their very life -blood in
worrying. Instead, they would begin
devoting their energies to a con-
structive effort that would gain them
freedom from worry for the rest of
their lives.

You say that sounds plausible, but
can it be done ?

Half fees for serving and ex -service
members of His Majesty's Forces
(Apply for Services Enrolment Form.)

It can be done, and is being done,
by Pelmanism every day in the year.
This is all the more remarkable be-
cause to -day the whole world is in an
upset condition  arid people are
worrying to an unusual extent. 'Yet,
every mail brings letters to the
Pelman Institute from grateful
Pelmanists who have ceased to
worry.

People to -day are all too prone to
complain that they just have to
worry. But once they become
Pelmanists they cease this negative
form of thought.

Remember -Everything you do is
preceded by your attitude of mini

The Pelman Course is fully des-
cribed in a book entitled " The
Science of Success." The Course
is simple and interesting, and takes
uo very little time ; you can enrol
on the most convenient terms. The
book will be sent you, gratis and
post free, on application to :-

Pelman Institute
abl ishcd

130, Norfolk rfansion3,
Wigmore Street, London, W.1.

Readers who can'call at the Institute will be
welcomed.

PELMAN (OVERSEAS) INSTITUTES:
NEW YORK : 271 Nor th Avenue, New Rochelle.
MELBOURNE: 396 Flinders lane. JOHAN-
NESBURG: P.O. Box 4928. DURBAN: Natal
Bank Chambers (P.O. Box 1489). DELHI:
10 Atipare Road. CA LCUT ra: 102 Clive St. eet.
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DUNLOP
backs Britain's

recovery
The huge productive resources of the great
Dunlop organisation will be a powerful factor
in restoring trade and re -equipping Britain

5H/177

Service
After years of faithful service in the
blackout, it is not surprising if even a
Philidyne set needs an overhaul. Should

this apply to your set, send it in now
and let us overhaul it for you. Post to

the Service Department, Philips Lamps

Ltd., Waddon Factory Estate, Waddon,

Croydon, Surrey.

PHILIPS

PHILIDYNP
CYCLE DYNAMO LIGHTING SETS

PHILIPS LAMPS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON. W.C.2 (4c)
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Comments of the Month

All letters should be addressed to
the Editor, "THE CYCLIST,"
George Newnes, Ltd., Tower House,
Southampton Street, Strand, London,

W.C.Z.

Phone : Temple Bar 4363
Telegrams : Newnes, Rand, London

Proposals for a Road
THERE are curious people in the cycling

as well as the motoring and pedestrian
" movements " who think that the

traffic problem can be solved by abolishing
or penalising all other forms of transport
or road users except themselves. Each of
these interests provides solutions to traffic
problems which do not take themselves into
account. We are all aware of the fact that
the growth in road mileage has not been in
proportion to the increase in vehicular
traffic, and we all know that cyclists now
number about to,000,000 and motorists
between three and four millions. -

In August, 1938, the County Surveyors'
Society put forward proposals to the Minister
of Transport for a scheme of motorways, and
they thought that that represented the
minimum programme upon which preparatory
work should be undertaken without delay.
The society stated their proposals in the
following terms :

" That the society, having considered the
views of the members . . . are of opinion
that an adequate study of traffic movement
information would indicate that a certain
number of entirely new roads is a necessity
and further that the number of such new
roads would not be large.

" That completely new through roads with
adequate connections to existing centres of
population may, in the opinion of the society,
prove more economical in construction and
use than the widening of existing main arteries
to the same standard, and that the segregation
of motor vehicle traffic from all other forms
of traffic would tend towards a substantial
reduction in the number of road accidents ;
further that the construction of motorways
for motor traffic only would be substantially
cheaper than the construction of roads for
all forms of traffic,

" That the new motorways should be
constructed as complete units and not in
short lengthS.

" That the new motorways, together with
other arteries of trunk road value, should form
a co-ordinated system for through traffic and
that the whole of the construction' and
improvement work therein should be
controlled by a time programme.

" That existing methods of administration
should be improved in the direction of
speedier execution of works and the elimina-
tion of irritating delays.

" That, in the society's opinion, new roads
and motorways, carefully designed in relation
to the landscape and its preservation, whilst
not causing injury to amenities are likely in
time even to improve them. On the other
hand, the widening of existing roads, with the
attendant demolition of property, will in many
cases offend against amenities.

" That a committee of the society be set
up to prepare, for the consideration of the
society, a plan for a national system of
motorways for the whole country.

" In accordance with the above resolutions,

the society have given the matter their most
careful consideration, and now submit their
recommendations."

National Motorways
THE society's recommendations comprised

the construction of the following
motorways which they consider may form the
foundation of any national system : North
Orbital Road, Dartford to north of Hatfield ;
London -Scotch Corner -Glasgow, with spur
to Newcastle ; London -Birmingham -Carlisle ;
Doncaster -Birmingham -Carlisle London -
Reading -Bristol -Swansea ; London- South-
ampton -Portsmouth ; Manchester -Hull.

These routes have a length of approxi-
mately 1,000 miles and from all engineering
point of view are considered to be practicable
and can be constructed on the motorway
principle for about £60,000,000, or could have
been in 1939 ! These proposals have been
framed to meet the ordinary commercial
needs of the country, and no regard has been
given to the need evinced since they were
made for motorways for the purpose of
national defence.

Lord Justice Scott's committee expressed the
opinion that hitherto the planning of main
roads and railways has remained separate
from planning control and has not even been
fully co-ordinated with town and country
planning. The building of new railways is
not likely to be a big factor in the future, but
roads form an integral part of town and
country planning and cannot be divorced
from it. " We' consider that the complete
elimination of railway level crossings on
important roads is long overdue and that the
construction of bridges is very liffportant.
Many old railway bridges form- serious
obstacles on roads as well as danger spots
and should be rebuilt."

The Institution of Municipal and County
Engineers stated : " In considering com-
munications the fundamental principle should
be to encourage and assist every form of
transport without regard to sectional interests.
Transport and travel by road which has
increased enormously during the past twenty
years will continue to grow, and in post-war
development roads must play a very
important part both in the physical planning
and in the recovery and readjustment, of
industry. During the war other advantages
have become evident, other advantages beyond
those of direct transport from point to point;
speed and reliability in delivery have become
evident, such as the use of alternative routes
id overcoming disorganisation due to air
attacks. While the condition of roads has
been generally improved and many have been
widened, progress has not kept pace with
growing traffic needs. The provision of motor-
ways is one of the most important matters
for consideration." It can, however, be said
that legislation has more than kept pace with
development. In fact, it has been the policy
of the Government for years past to presume
that roads need not be improved much, but

By F. J. C.

Policy
that our obsolete road system can be made to
work by restrictive legislation.

The Institution of Highway Engineers said :
" The main requirements of the re -planned
highway system are that it should provide
a means of safe, speedy, cheap and comfortable
transportation of people and goods between
the main centres of population and industry,
wherever they now exist or where they will
ultimately exist under the basic national
planning scheme. In our opinion, a road
system which will fulfil these requirements is
one which provides : A skeleton network of
high-speed roads to accommodate long-
distance mechanical transport; a secondary
system of mixed traffic roads connecting
neighbouring industrial areas and serving as
feeder roads to the main high-speed routes
and as link roads connecting such routes and
existing trunk roads on the outer ring of
centres of industry and population ; local
parkways accommodating all classes of road
users from industrial areas to recreational
centres; minor roads to serve mainly local
requirements.

Ring -roads and Arteries
NOW let us see what the Ministry of War

Transport has been saying. " The
Ministry of War Transport is far advanced
with the plans for the post-war construction
of ring -roads and radial arteries on which
only fast moving motor traffic would be
allowed. The change from horse-drawn to
motor transport has been so gradual (sic)
that we have allowed every kind of traffic to
remain mixed up on the same old system of
roads managed on the same old principles
as before. . . . It cannot be doubted that the
motor vehicle must also be segregated from
other kinds of traffic on the road. . . . Such
a programme might take many years. It
would costa lot of money, but in time saved,
in leisure, in health and in the productivity
of labour it would mean a return of at least
£25,000,000 a year. On economic
grounds the great capital expenditure neces-
sary would be justified, and I am convinced
that within the next thirty years these roads
would be built." These are the words of
Mr. P. J. Noel -Baker when he was at the
Ministry of War Transport. Now, whilst
all these pious hopes and resolutions have
been made and perhaps served their purpose
in placating public opinion nothing is being
done, and it seems unlikely in view of the
economic situation that anything will be done
for some years. We have the plans, but not
the money or the 'men to put them into effect.
In other words, the traffic problem, the
traffic muddle, the accident and the slaughter
must be a concomitant part of road traffic
for many years to come. Instead, therefore,
of national bodies wasting their time pointing
accusing fingers and finding solutions which
have already been found, they might confine
the it attention for a little while at any rate
to impressing on the Government the need for
putting existing plans into effect.
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A Privilege
INEVER remember a more glorious October than

that of 1945. It really made for us some return
of the short sunshine of the summer, and painted glory
over field and wood, and made our slender daylight
beautiful. It also made me a trifle jealous, too, when
towards the end of the month I saw a S.E.A.C. man
ride off on my tandem for three weeks, wandering
round Devon and Cornwall. He and his companion
in arms were just home from Rangoon after three
years of jungle fighting and their first thought, after
home celebrations had been duly completed, was to
find a machine to take them-plus a little muscular
activity-over the moors of Exe and Dart, and down to

sea at places like Lynmouth, Cloveily and
Boscastle. How lovely they must have looked in that
brave October sunshine, and as I thought of it when
the tail of the tandem wagged up the street, how
fortunate I was to have the goods to offer to men who
had done so much for me and my kind through the
long aching years of war. At intervals a postcard
appraised me of their progress, telling its little story
of legs that wearied quickly during the passage of the
early miles, and how they " trained -on ' and seats
that gradually became accustomed to the shiny leather,
and finally comfortable. So that tandem has gone
another tour without its owner, and its record of such
journeys must now be nearing a score. And once,
just before September, 1939, I nearly sold it, which
wonld have been a sorry error of judgment considering
the joy it has been to other people and the fun I have
obtained from their wanderings. They say if you share
a thing, it, and the memories it brings, doubles the
joy of possession ; and I believe that to be true. It
certainly is in this case, for a couple of warriors now
know a little more of England and are happier men
as a result.

The Real Thing?
IHEAR from a good authority that the B.S.A. Co.

Ltd. intend to make the Sunbeam a replica of the
old " John Marston " type, brought completely up to
date. This is good news for the older rider or the
professional man or woman who likes the best possible
machine that will stand up to continual service in all
weathers, and retain the appearance of high respect-
ability for many years. The old type of oil -bath case
is to be reinstated, I'm told ; the gears, if any, will
be the hub 3- or 4 -speed, and the brakes will be the
modem caliper type actuated by rod and lever. I do
not know what the price will be, obviously a fairly
high figure, for the Golden Sunbeam of immediate
post-war No: a days was sikteen guineas, and there
was no Purchase Tax then to reckon with. There is a
call for this type of mount among riders who practise
the good notion of dual or triple ownership, for then
they have a machine at call to carry them through
the rough weather with that silky slickness of running
which only a leakless oil -bath case can give. My old
Sunbeam has had years of that kind of treatment, and
now that it has been rejuvenated I am surprised, every
time I ride it, what a completely up-to-date appearance
its quarter of a century of years exhibits. Candidly,
I think if I had the luck to be going a long tour-
especially in the fall, winter or spring of the year-it
is the old Sunbeam I should select for the journey.
For it goes shurring through the mud without a creak
or rattle, it steers without effort-that's the 68 deg.
angle-looks and acts the aristocrat in bicycles. High
praise you may say ; but after 25 years of personal use
and numerous loanings, how can you say too well
of a thing ? If the B.S.A. Sunbeam equals, never mind
excels, the old John Marston type, it will deserve well
of the wheeling world and create a modern standard
in cycling quality.
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Sound People
'THESE fellows who come

back from the wars
have very little to say
about them. All I have
met up to date are far
more keen to talk on any
subject except the one in
which they were so
dangerously engaged, and
as most of them are old-
time cyclists it is the
countryside they want to
know about, if so-and-so is
still catering, and how
does such -and -such a
place look now that it has
felt the impact of war by
way of an aerodrome sr
camp. The toleration they
exhibit towards their late
enemies is wide and deep
-never friendly-but that
kind of feeling which
makes one realise how
small is the man who
breathed fire and slaughter
when he was safe from the
firing line, as safe as modem
war conditions allow a
civilian to be. This is a
good omen for the future, I
think, and it is certainly

- a fine example to all of us
to treat these lads and
lassies with a Similar
toleration-only kindlier-
with which they treat the
defeated peoples. I like
to think-and perhaps

I am entirely wrong - that this happy trait
in the nature of the returned warriors to whom I have
talked and with some of whom I have ridden, is due
in some degree to the fact that they were, and indeed
are, cyclists, and their experiences have given them a
wider outlook on many matters and a keener under-
standing that men count more than policies, and that
nationalism is no excuse for bad behaviour. Certain
it is that folk who love the country, its sights and sounds,
and the way of nature have a background that seems
to hold the elements of the eternal, and realise that
the processes displayed today will be repeated again
and again when they are covered with the dead level of
obscurity. Under the moon of a calm November night
I rode home with a man who left these thoughts in my
mind. " Did it ever occur to you," he said, " how
futile we are, and yet how lovely life can be for us in
doing this ? "

Too Bad
QOME months ago " The Hotel and Catering
'-' Management," in a note dealing with cyclists'
behaviour, was a trifle severe, it seemed to me, on
the young rider whose high spirits-and possibly war-
time training or lack of it-had created for our move-
ment a bad name. I hate to think there is some element
of truth in the criticism, but am bound to confess from
my observations since the publication of that paragraph
that certain sections of our community do lack the
decency to consider other people besides, themselves.
I called in for lunch at a well-known house not very
long ago. The day was wet and I left my macs in the
porch, which was easily sighted from the dining -room

Sulgrave,
klor tita ids
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windows. Not so some half -dozen youngsters occupying
the room. 'They were seated round the fire, their macs
occupied a comer near, and some of them had their
shoes and stockings hanging on several chairs with
backs to the blaze. I did not need the warmth, as it
happened,,but no movement was made to invite me to
share the flame, and it almost seemed as if my presence
was resented. It was when the good lady of the establish-
ment grumbled to me regarding the conduct of those
boys that I found it difficult to defend their behaviour.
I mention this now because the returnees from the
Services can do much to cancel out the lack of manners
both by precept and example. I know of one place
Where cyclists are not now welcome because of similar
conduct. Now, we were well served by our caterers
for many years, and surely we should return that
service by the compliment of decent manners and the
acknowledgement of many favours.

For Leisured People
IHAD an interesting'. etter from a retired friend, now

living in Devon, who made a trip during the beautiful
fall of the year through Central Wales for the purpose
of a thoroughly enjoyable change, and to obtain a set of
photographs of the wildest part of that wild land to
complete his pictures of the area. " I am going by
myself," he said, " and shall therefore have no one to
worry me or hasten when I want to wait for the light, or
climb the ridges to obtain a better perspective. And
this lone travelling occasionally makes one intimate
with many things when neither time nor miles have
any lot or part in tlfe day's performance. And then
the inglenook at night with a book, or a quiet review of
the hours spent and the hours to come, give you an
association with life, via the bicycle, that becomes more
compelling as you grow older." It is a very nice
philosophy, and I should like to test it out more
frequently than is possible in present circumstances.
But I am bound to say that my pleasanter notions of
cycling leisure-if that phrase is not a contradiction in
terms-is to have the right companion on hand, the
man who is in no hurry, who will take a chance if
necessary, and whose silences on occasion can be as
eloquent as polished phrases. For I believe enjoyment
shared is enjoyment doubled, and the loveliness that
two can see is greater and more distinctive to each than
when alone. That I think is the common view, or surely
we should not see the spectacle of people advertising
for a cycling Companion ; and the only action I can
think of more dangerous than this is advertising for a
wife or husband. I like the tried and tested comrade,
and if such is not available, then I prefer the lonely
road. Yet I frankly admit that a few days of my own
company make friendships seem all the sweeter.

Accommodation Troubles
CATERING and accommodation is going to be

difficult in 1946, probably more so than during
the war years, for there are more of us to go a -holidaying.
I find it a little hard to make the lad home from foreign
parts understand this, for when he left the country,
many caterers, now out of business, were still function-
ing, and because the war is over for him, he thinks all
the regulations are automatically cancelled or at least
eased. As we who have been on the spot during the
war years know full well, such is not the case ; and I
also know that many places are now full up for,,Easter
and are swiftly filling all the summer dates. It is not
surprising, except to the returnee, that circumstances
are much the same as they were in 1919-2o, when even
a meal of sorts was often hard to come by. Camping
and picnicking will become more popular than ever, and
our return to " the straight tour " of the old days is
likely to be delayed for at least another season.
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Around the Wheelwort
R.T.T. Council Meeting

THE agenda of the meeting of the National
Council of the R.T.T.C. held on

January 13th was a packed one, dealing with
such diverse subjects as the date on which
subscriptions should be due, the best all-
rounder competition, national championships
and, of course, massed -start racing.

One of the interesting resolutions by the
Liverpool D.C. was to the effect that as soon
as present clothing restrictions are relaxed, a
standard regulation costume be introduced ;
and by the North D.C. that riders in time
trials be allowed to compete in short -sleeved
vests.

Tights, of course, which for so many years
have represented the " inconspicuous attire "
which the rule insists upon for racing cyclists,
are going, and not too soon, for no one on
the roads is more conspicuous than the
racing cyclist dressed in tights.

It is noted that as old-timers pass on, their
influence dies with them, and I for one am
thankful for it, for too long have they
exercised their pugnacity over a sport, merely
because they want it continued on lines laid
down in their youth. Most of the old men,
who are endeavouring at the present time to
direct a sport for youth, are merely useful as
reference books. Their counsels are now
unsound, warped and soured.

On the question of publicity, the National
Committee proposed that Regulation 21 be
deleted and the following substituted :
" Promoting clubs shall not permit publication
of preliminary notices specifying the intended
date, time or starting -place of any event other
than by the use of week -end numbers and
course key -numbers. Subsequetit reports of
events must not disclose precise details of the
course." Evidently the R.T.T.C. is deter-
mined in the year 1946 to continue the
hole-and-corner, furtive methods of these
frightened rabbits of the 1880's who were so
scared of the police that they have been
endeavouring to frighten cyclists ever since
into the same frame of mind.

Massed -start Racing
ON the question of massed -start racing, the

National Committee proposed : " That
this Council is of the opinion that massed -start
racing on the public highway, except as
provided in the agreement with the N.C.U.,
is a source of danger and obstruction, and is
likely to bring discredit upon the entire
cycling movement. The Council continues
to dissociate (as printed on the agenda the
word disassociate is used !) itself from this form
of racing and from the supporters thereof."
Which is another way of crying sour grapes,
for if they wanted to associate themselves
with it they could not. Certainly no member
of the B.L.R.C. is going to be worried about
that. In my view, such a resolution is
inviting a counter -resolution from the B.L.R.C.
that in the view of the B.L.R.C., time -trials
are just as dangerous or just as innocuous as
massed -start races, and dissociating themselves
from time -trials !

As neither the R.T.T.C. nor the N.C.U.
has any experience of massed -start races,
they are not entitled to express an opinion
on it.

The C.T.C., on the other hand, does
promote, through hard riders sections,
massed -start events, and it is noted that the
R.T.T.C. does not frame resolutions against
such events, which are ridden at a higher
speed, and without any controlling regulations,
than massed -start racing. The National

By ICARUS

merely endeavouring to prop up the jealous
policy of the N.C.U.

The number of clubs, as at September
3oth, 1945, affiliated to the R.T.T.C. was
480, but this does not include those clubs
excused payments of subscription by district
councils. It was decided that for 1945 e the
amount of the levy should be 3d,. per rider
for each event, as in 1944, but the National
Committee ruled that the levies should not
be payable by entrants in events where no
awards, including certificates, are made by
the co-ordinating body.

The National Committee are satisfied that
the changes made in the conditions for the
1946 series of Championships, particularly so
far as the effect of the British Best All -
Rounder Competition is concerned, have had
the effect which the Committee anticipated,
in securing for the Championships a worthy
and representative entry, and the decisions
taken by the National Council meeting have
proved to be sound and fully justified.

The Championships were allocated as
follows :

25 Miles ..
5o Miles .

roo Miles..
12 Hours ..

Liverpool D.C.
.. North Midlands D.C.
.. Central D.C.

. London North D.C.
Hill Climb .. Manchester D.C.
25 Miles (Women's) Midland D.C.
Since the National Championships were

instituted it has been the aim of the National
Committee that these events should serve as a
model of efficient promotion. Whilst it
cannot be claimed that the highest possible
standard has been reached in every case, the
experiences of the past season will be fully
utilised, and new arrangements made where
necessary, with a view to attaining the desired
goal.

The following are the 1945 Champions :
25 Miles. Promoted by Liverpool District

Council, June 17th, 1945.
Individual-C. Cartwright (Manchester

Clarion C. and A.C.), 59.44.
Team-Calleva R.C. (A. E. G. Derbyshire,

J. E. S. Simmons, D. S. Burrows), 3.8.8.
5o Miles. Promoted by Barnsley R.C.

(N. Midlands District Council), August 12th,
1945.

Individual-J. Simpson (Barnsley R.C.),
2.5.57.

Team-Calleva R.C. (A. E. G. Derbyshire,
L. C. Dunster, R. J. Brown), 6.31.33.

too Miles. Promoted by Broad Oak R.C.
(Central District Council), July 15th, 1945.

Individual-B. L. Smith (Yorkshire R.C.),
4.30.30

Team-Yorkshire R.C. (B. L. Smith,
D. Heppleston, J. B. Cooper), 13.48.54.

12 Hours. Promoted by Polytechnic C.C.
(London North District Council), August
26th, 1945.

Individual-D. Heppleston (Y or k s h ire
R.C.), 241 miles 284 yards.

Team-Calleva R.C. (R. J. Brown, A. E. G.
Derbyshire, W. A. Perkins), 701 miles 490
yards.

Hill Climb. Promoted by Manchester
District Council, October 28th, 1945.

Individual-R. J. Maitland (Solihull C.C.),
3.0-25.

Team-Solihull C.C. (R. J. Maitland,
R. W. Bowes, W. Moreton), 9.55-3/5.

Women's 25 Miles. Promoted by Wyndham
R.C.C. (Midland District Council), July 1st,
1945-

Individual-Mrs. E. Sheridan (Coventry

Team-Pyramid R.C. (Miss J. Barlow,a1
Miss E. Jones, Miss D. Cheetham), 3.39.53. '11

N.C.U. Activity in Scotland
IN a circular issued by Mr. A. P. Chamberlin,

it is stated that the N.C.U. has been
concerned for some considerable time at the
lack of co-ordination of N.C.U. activity in
Scotland. He recently paid a visit to Stirling,
by invitation, and a number of clubs were
represented. Arising out of this meeting it
became apparent that Scottish clubfolk were
indeed keen in every possible way, and only
too anxious to keep the cycling game in a
flourishing state in Scotland.

Arising out of his report, the whole question
of Scotland was given the most careful
thought and consideration, and the Com-
mittee have come to the following decisions,
which they are prepared to recommend to
the General Council of the Union at the
forthcoming Annual General Meeting on
March 23rd, 1946:

That the National Cyclists' Union in
Scotland become an independent self-governing
body within the framework of the parent
body.

If the necessary arrangements could be
come to, this would enable Scottish clubfolk
to run their own events ; handle their own
finances ; and, in fact, enjoy complete auto-
nomy within the framework of N.C.U. rules.

Scotland would be able to run its own
national championships ; its own centre or
area championships ; fix [its own centre
boundaries to the best advantages, etc.

The membership fees would be apportioned
as follows :

Club affiliation fee at 3,- per member ;
6 to the Scottish body and r 6 to the parent

body.
Private members fee at 6 6 ; 2 6 to the

Scottish body and 4 - to the parent body.
Family and junior private members at 3;6 ;
6 to the Scottish body and 2,- to the parent

body.
Where the Associates are concerned, some

arrangements will have to be come to, and
details could be worked out when the scheme
gets a little further ahead.

The National Cyclists' Union parent body,
will, in return for its portion of the membership
fees, do the following :

Pay full Third Party Insurance for each
individual member.

Continue to give to affiliated 'clubmen and
private members full legal aid as at present,
together with full touring advice and assis-
tance.

The private members will, in addition to
the above, receive a free copy of the N.C.U.
touring handbook.

Cyclists' Capes Not " Essential "
THE Board of Trade informs the National

Committee on Cycling that cycling capes
4ncl leggings are not regarded as essential
garments and are not included in the list of
garments for which replacement coupons may
be claimed when torn in road accidents.

" Unfortunately," states an official, " sup-
plies are too short to allow coupons to be
issued for the automatic replacement of all
lost or destroyed clothing. Claims are only
allowed, therefore, for the replacement of
essential garments when the applicant's stock
of remaining garments fall below a standard

Committee in advancing this resolution, is C.C.), 1.8.38. minimum level."
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Take Off the Brakes
ANATIONAL evening newspaper of

recent date carried a headline of some
significance to cyclists, to the effect

that the Government were contemplating
spending some money on sport, and even
dabbling with the idea of nationalising it.

Unfortunately for us, cycling was not
mentioned, which is perhaps not to be
wondered at, the present condition of cycling
sport being none too healthy on the tracks-
if one may call them such. We have an
organisation actively opposing any attempt
at progress, or interest, by the man in the
street, and on the road we have another
organisation running time trials. These are
more in the nature of specialist events for a
group of conservative clubmen; the flattest
courses are used, and the men enter with
one ambition, a place in the B.A.R.

Now, this sort of thing is not calculated to
further our cause with the public, or the
Government. From an international stand-
point it is fatal, and we have become as a
cycling nation far too insular in our outlook.

The average young clubman can hardly be
blamed for his lack of knowledge of inter-
national cycling ; the conservative cycling
Press seldom report foreign meetings, and if
they do they very carefully leave out the
attendance figures. The comparison with
our own attendances would perhaps lead to
awkward questions.

It will be admitted that we have now
reached a period in history where isolation
and all that it implies is as dead as the dodo.
The wireless and the aeroplane have enabled
people to hear and see things which were
impossible only a short time ago, and the
films have also done their part in enabling
us to see how the other parts of the world
live and play. As time goes on force of
circumstances will make people of all nations
draw closer to each other ; the exchange of
ideas is bound to be beneficial, and, above
all, will have a broadening effect on our
outlook.

Now, what can we as intelligent cyclists do
to make our sport and pastime take its
rightful place in the public eye of all nations ?

Publicity Needed
Firstly, we need publicity.. The only

publicity cyclists have received in recent
years was that accorded to the riders in the
B.L.R.C. cycling marathon from Brighton
to Glasgow last August. I think it is safe
to say that the sport received more publicity
during this five-day event than it has done for
the past 25 years. To prove my point, I daily
come in contact with scores of people who
know I'm very keen on cycling, and many of
these people during those five days asked
me questions about gears, frames, angles,
etc. The national newspapers had devoted
some space to the event and these people
were naturally interested. To them, as laymen,
it seemed incredible that a bunch of cyclists
could pedal from Brighton to Glasgow at all,
let alone race. I took the opportunity to
acquaint them with cycling facts and figures
which astounded them ; in fact, some had to
be shown records in printed form before they
would believe my statements.

Now, surely this is a very sad state of
affairs from our point of view, and the remedy
is to appoint a publicity agent who will see
to it that our sport is fully reported in the
national Press, and the public is encouraged
to take an interest in it. He must also approach
the trade and get them to back up the sport ;
also, he must be able to interest big sports
promoters, men who are wilting and able
to promote events of international calibre.

By R L. JEFFERSON

Tracks and Stadium
Secondly, we need tracks. Can we honestly

say that we have even one track on which the
world's championship could be held ? Defin-
itely not. Herne Hill, for example, is badly
placed, the banking and surface are inadequate
for high speeds, the stands are antiquated,
also dressing -rooms and other amehities.

What we need is a brand-new stadium
centrally placed, with a cement track capable
of taking motor -paced speeds, the spectators
to be under cover, ample refreshment -rooms,
dressing -rooms, car park, and all the other
things which have come to be accepted as
commonplace in every other sport except
our own.

I personally believe that the B.L.R.C. can
be the nucleus of an up-to-date organisation
which can control cycling sport in a better
and more modern manner than it has ever
been conducted before. There is room for
great improvement. When one looks around
and sees the methods used to control our
pastime it makes one sigh for a George Allison
of cycling. People at present in control
want things to continue as they have done for
some years past. Now, if these organisations
are supposed to represent cyclists over here,
what are they going to do about getting back
the prestige this country once had as a cycling
nation ?

Not all cyclists are bigots, or fools for that
matter, and some of the youngsters look in
the record tables and notice names such as
Bailey, Meredith, Johnson, Marsh, etc. They
note that these men have won world titles
against all corners, some several times, and
they also wonder why we don't seem to stand
an earthly now in international events ; we
never will unless we get rid of the people who
are throttling our sport.

There is now a gap of 23 years since we
won a world title on the track, and since that
time track sport has steadily declined until
to -day it is little more than a farce, and utterly
unrepresentative of this country as a sprinting
nation.

It is only natural that such a long period
without success must generate a definite
inferiority complex in our riders who do
compete against foreigners ; they feel that
they are licked before they actually start.
Morally they are, as they've been so hide-
bound with ridiculous club events of no
importance to anyone except the clubs
concerned that when they do meet some real
opposition with brains and speed they are
hopelessly outclassed.

Ask any fair-minded clubman who saw a
certain evening meeting before the war what
he thought of it. The highlight of this
particular meeting was a three -event match
between Grassin, Grant and Paul Krewer. I
think he will agree that he hadn't seen speed
like that for years ; as a matter of fact, the
motor -pacers were nearly touching the railings
in trying to get round the inadequate banking.
Our own Harry Grant won after a wonderful
exhibition of courage by Krewer, who
punctured and then after changing machines
almost caught Grant. The point I am trying
to make in bringing up this particular meeting
is that here was an Englishman competing on
an English track against foreigners and
beating them, but he had to go abroad to learn
how to heat them ; also, his world's hour
record which still stands was made on a
foreign track ; 'there isn't one here on which
he could do 56 m.p.h.

Controlling the Sport
We need people over here with big minds

to control our sport, men like Harper, who is
going to put Crystal Palace Football Club
on the map ; remember the opposition he
had when he started to ginger things up.
He was actually removed from the Board of
Directors, but soon got back. Look at his
club to -day, and think ; if we can interest a
man of that calibre he would soon get things
moving for us. He had already shown the
football fans one phase of cycling, bicycle
polo, and they seem to like it ; incidentally,
the people who opposed him and his
progressive ideas have been removed, and
good riddance say the fans. These people
who turn up each Saturday pay the piper
and want results.

Constructive Suggestions
I expect readers will think I've done a lot

of criticising and not offered many construc-
tive suggestions, so here goes.

Let all cyclists interested in the sporting
side get together, and have a debate, with no
quarter asked or given. Get men like Bailey and
Johnson to talk to you, and listen to them;
they know, you don't. Results prove that.
When you've thrashed the matter out appoint
a committee of young -minded riders to
demand a real track from your representatives,
the N.C.U. If these people can't or won't
give it to you join the B.L.R.C., and get
them to form a track organisation of your
own ; the committee must then get the trade
to finance the building of a suitable track in
London ; a professional class must quickly
be built ; the amateurs must train with the
pros. ; if necessary a continental coach would
have to be engaged to teach us how to sprint.
We may have to eat humble' pie for a time,
but if we persevere we will one day be able
to lift our heads again and point the finger of
pride at one of our own boys winning a world
title.

I wonder how many cyclists know the kind
of opposition " Major " Taylor had to
contend with. He was bumped and pocketed
in nearly every race he competed in, but he
got through ; he had that very necessary
qualification we call guts." One of the
riders who was in a combination against the
" Major," on being soundly beaten in company
with his fellows, could not refrain after the
event from shaking the coloured rider's hand
and saying, " Mr. Taylor, you're the whitest.
man I've ever ridden against."

I have before me, as I write, the programme
of the B.L.R.C. event previously referred
to ; each competing rider is given a little
write-up, the events he has competed in are
enumerated, and more than half the
competitors have the ambition to represent
this country abroad, and they are going the
right way about it to do so. World titles on
the road are decided on the massed start
principle ; the only way we will get anywhere
internationally is to compete on these lines.

The trade will back up massed start racing
if we promote it on a big enough scale ;
it's good business. They will also soon
create a professional class, and can build
the machines better than anyone in the
world and, above all, they want our machines
to be shown and sold abroad.

So let's all get together, and back up the
organisation which is trying against odds at
present to put us on the map. Join the
B.L.R.C., and agitate for the things I have
enumerated, and one day not very far distant
the name of a " Tom Brown " of cycling will
be as popular as Tommy. Lawton of football.
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"After what I saw 'out there'
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no other tyre
will really
satisfy
me now"
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New ideas in design and construction giving
extra lightness, easier running and rigidity are
outstanding features of the New Dayton
Tourist Models which promise to be the
sensation of the cycling world.

Look out for future announcements.

ALL -BRITISH

DAYTON CYCLE CO. LTD.. PARK ROYAL ROAD, NORTH ACTON, N.W.IO
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Enthusiasts for Winter

AS an old nature lover . . . in whatever
her mood . . . I am always a little

surprised when a cyclist, or a walker, or
a swimmer, tells me that he or she is " pack-
ing up " for the winter. It presupposes that
when colourful autumn says farewell, all the
joys of the English countryside are over.
Now, nothing could be farther from the
uuth ! For the cyclist I vow that there
is no more enjoyable ride than the one on
a 'winter's morning, when the rime is on
the hedges, when there is a real nip in the
air, and when one may see the bare beauty
of outline of trees lovely in their nakedness.
And as a remedy against colds and chills and
all manner of ailments, commend me to
winter cycling-it puts warmth into your
limbs, gets the circulation going, and is
an antidote for all kinds of ills. The other
day I met an old man, a life-long cyclist,
who combined a love for riding with a love
for a winter swim . . . and he recounted
how, four mornings every week, he rode
to a pool and had his before -breakfast dip.
He was, he afterwards told me, 74 years of
age! But he loved the winter, and would
not hear of any theory that winter -time is
less beautiful than spring or summer.
" Each succeeding season has its charms,"
he said . . . and I shall long remember his
stories of rides in the Chilterns when the
valleys were blocked with snowdrifts and
when the whole Buckinghamshire country-
side was silent under a white mantle.

A Shrine in Dumfriesshire
YES!-it should be a shrine visited with

veneration by many cyclists, for it is
a cottage where lived Kirkpatrick MacMillan,
who is accepted as the authentic inventor
of the bicycle. There have, I fancy, been
rival claims for the honour, but I also gather
that the experts give the palm to the Scot-
tish blacksmith whose name I have given ;
and if, indeed, he did give us the bicycle,
then his memory should be honoured and
kept green. And I have heard rumours that
some time next year there may be a plaque

...................
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placed on the cottage where MacMillan was
born. It was over a century ago that he
first saw the light of day . . . and I cannot
help musing upon the millions of hours of
happiness which the bicycle has brought to
men and women, and boys and girls. We
do well to honour MacMillan, as some few
years ago we honoured John Boyd Dunlop,
the inventor of the first practicable pneumatic
tyre.

A Question of Diet
T HAD an interesting little chat recently
-1- with some cyclists about the best form
of food to eat when out riding-doing fairly
long distances. There seemed to be a firm
opinion that one of the most sustaining foods,
easily carried and handy to eat by the way-
side, was cheese. Personally I heartily
agreed, and my only lament in recent times
has been that cheese has been hard to obtain.
There is an increased ration now, but even
so I find the small portion allowed me by
my good wife as a " snack for the ride "
pitiably inadequate. Seated under a tree,
after a good ride, I could-in the old days-
always dispose of a goodly portion of bread
and cheese, and actually I have always con-
sidered this homely diet as good as any
for riding on. True,- I have found bananas
and chocolate good and sustaining . . . and
I still believe that munching two or three
apples is a fine thing. But ideas on dietary
vary enormously, and I should like to hear
the views of those who, by virtue of studying
the question from a scientific angle, are
qualified to speak on the subject. As to
drinks-well, on a hot Rummer's day I swear
by barley -water, but I am afsaid that the
lure of the picturesque village inn is strong,
and I have " kept going " many a time on
a pint of good ale in a wayside tavern.

'Those Tourists from Abroad
FROM all sides I hear talk of the thou-

sands of visitors from abroad who are
coming to England-to see the little island
which stood alone when Hitlerism threatened
to engulf the world. I'm told they will
want to see the beauties, the curiosities, the
hills and valleys, the castles and cottages
of our ancient land. Well, I hope they will
come . . . but I think that we ought to
be thinking hard about how they will be
received. Our hotels are shabby . . due

to the war. Our standards of catering leave
much to be desired. Our methods of
cookery are, in many cases, quite devoid
of interest. The whole question of our
tourist traffic from abroad wants overhauling
if we are ever going into the business seri-
ously. And why shouldn't this lovely land
be the mecca of millions of visitors ? What
can compare with the green loveliness of
England ? Where are there more charming
villages ? Where more ancient hallowed
ruins ? But I do not know whether the
Travel Association is alive to all that needs
doing before these tourists will come . . .

and want to come again! Anyway, why not
make a special effort to attract cyclists ? One
can see England best of all on a bike!
The Villages Remembered

THERE seemed to be a double and deep
significance about Armistice Day this

year, and I was fortunate enough to be in
a small village on the Sunday when the
countless dead were honoured and remem-
bered. Nothing like a quiet English village
for a ceremony such as Remembrance Day!
A simple little memorial, erected in the
stone of the shire . . splashes of colour
from Flanders poppies and some wreaths
of flowers from cottage gardens . . . and
a short but powerful address from a padre
who wore the ribbons of the last Great War
on his surplice. And as I listened to his
words I gazed over English meadows . .

kept free and unsullied by the heels of an
invader, because. Englishmen kept true and
died.

Time Well Spent
YES! -when it is an hour or so spent

on giving the old bike an overhaul-
making everything O.K. for the times when
the rains will come and the roads be muddy.
I hate a mount that is not truly weather-
proof, and I commend a bit of overhauling
to any rider who, loving the roads in winter,
wants to be sure that tyres are in sound
condition, nuts tight, and all in order for
the rides when the winds blow, and the
rain beats down, and the smooth track of
summer days has become the rutted route
of the winter ride. Go to it!
No White Christmas

ALTHOUGH I spent Christmas in the
good country on the fringe of the Peak

of Derbyshire, where snow often comes so
early and in such heavy falls, I did not
have a " white Christmas " ; there was a
fair amount of rain, and the air was cold
and raw. Striding across fields to pay visits
to farmer friends, I was glad of my over-
coat and stout country boots. But I enjoyed
my stay in the country, gathered holly and
ivy, walked the streets of ancient Ashbourne,
and again came under the magic spell of
grey Derbyshire . . . a hilly land for the
cyclist, but one worth more attention than
it seems to receive.
A Welcome Sign

AFRIEND of mine, some weeks before
Christmas, asked me about the chances

of buying a child's cycle . . . not a toy, but
a real cycle. I am afraid my comments
were not very optimistic, but I now learn
that he obtained a cycle-just the right
size-and so delighted, one child's heart on
Christmas morning. I mention the matter
because it would appear that supplies are
improving, and if the manufacture of juvenile
bikes has been resumed, then we seem to
be on the way to those good times when the
"austerity ogre" will have been killed at
last.

4
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THE CYCLIST

[I

Scole
Norfolk

Looking up the street towards
the splendid White Start-
Poiel twillinIcsn. Its farnos
sign spanning theroadwag has
unfortunately long since bees-
deenolished..

.4 Closed Chapter
SO the chapter marked t945 has closed, and a

successor " reigns in its stead." Yet, to many
of us, 1045 remains open and will continue to occupy
that position " so long as memory holds its seat "-

.a .vivid record of miles achieved and purposes accom-
plished, a sublime recollection of stormy and cloudless
skies, of brilliant sunsets, of amazing colour schemes,
of far-flung views; of pastoral scenes and rugged hills,
of little rivers and regiments of trees, of difficult and
easy journeys, of wettings and srorchings, of fast
and delirious movement and of slow trudging up long
banks ; with, over all, a grand feeling of physical and
mental fitness and a more strongly entrenched con-

. viction that one's debt to the little old bicycle- is
irredeemable. I write on the first day of the new
year, and these are some of my thoughts as I look
back over the days that are gone, and ahead to the great
occasions yet to be.

As for my personal record, I find that my
total mileage for the year is very little short of zo,000,
despite the fact that for the first two and a half months
1 did no cycling, thanks to a highly inconvenient but
not dangerous and certainly not recurring (an unpleasant
operation having seen to that l)epot of eye trouble.
I find, too, that my average distance for the 39 cycling
Sundays of 1945 was 65 miles, which is not too bad

.when a late start in the morning and an early return
home in the evening form part of the programme.

The Yuletide Pause
WITH a generous Christmas holiday, I had three

jolly good rides-and got wet on each occasion!
The journey which stands out above the others was
that accomplished on the afternoon and evening of the
Monday (Christmas Eve). The morning .was hopeless
from the weather point of view, but I changed after
lunch into my cycling regalia and " got on with it "
through a soaking countryside. What a change came
over the scene It is some time since I saw such a riot
of colour in the sky. There were great patches of
royal blue, interspersed with streaks of silver and
bronze and dabs of mauve and green and grey.
Otherwise, it was a bleak sort of day, but how I enjoyed
the stinging wind on my cheeks and the massive
pageantry of the heavens !

After a farmhouse tea I made for home again, and
most of the return journey (like, indeed, the run out)
was done in lanes. Some of these were new to me
but that did not matter, even in the dark, and even
though I had to stop and ask my way. The stars made
a brave showing in the sable sky, doing something
to relieve the Stygian gloom, and lighted cottage
windows, dumb throughout the war years, spoke a
welcome to me. I went through a dark and lonely
corridor which rejoices in the curious name of " Shut
Mill Valley," and cl imbed over the hills towards home.
Below me then. I saw the lamps of towns and cities,
and the glare thus thrown on the sky lightened the
blackness for me. Out of the sable night I emerged
into suburbia, and was soon home again. After a
quick change back into my purple and fine linen I
was ready, in every sense of the word, for a meal and
 for the festivities which followed, feeling well content
with the cycling activity that day had provided.

Playing Safe
ON the last Sunday in December I carried out my

usual journey (with variations) in order to have
lunch in the country. A night's freezing had made

travel somewhat tricky,
but 'a, generous winter sun
gradually undid most of
Jack Frost's work, and
the roads became very
wet. providing a dazzle
which was painful to the
eyes. Here and there was
a fog threat. As I sat a:
lunch I decided that this
was an occasion for- play-
ing safe. So far as an
amateur weather -observer
could discern, there
seemed to be every
possibility of the frost
returning, with highly
treacherous roads as the
result, and with the added
complication of a pea -
soup atmosphere.

The red light (which
may be called intuition)
shone clearly, and I
decided to cut out the
rest of my programme
and to make for home,
which was duly reached
at teatime. I missed the
slippery roads and had
only a taste of the dense
fog w h i c h afterwards
descended on the land
and put a stop to most
classes of traffic. How
glad I was to have paid
attention to the warning
of the inner voice, for
the zo-mile after -tea
journey, which would
have fallen to my lot
had my original
grairime been adhered
to, was not a nice thing

to contemplate in the prevailing condition, . I
dislike departing from plan, but I believe that
discretion is the better part of valour. Moreover,
at my time of life it does not do to risk being flung off
your bicycle on treacherous roads.

Surprise packet
T WAS asked, one day recently, to write a little article
A correcting the general impression that the outdoor
life in the winter season is (to quote Shakespeare) " flat,
stale and unprofitable." Taking as my text six words

-from J. W. Allen's Wheel Magic,"I proclaimed
the truth that " winter is as fine as summer,"' and so
developed the theme. Then, two or three days later, the
climate came to my support.

It was an early. December Sunday, and one of the
- most beautiful winter days I can remember. After

a preliminary splash, the clouds dispersed and the sun
came but, remaining on duty until its work was done.
A late start limited my morning ride to zo miles. The
afternoon journey, ending in the dark, accounted fOr
25 miles, and another 23 miles after tea gave me a
total of 68 -for the day The whole experience was a
joy, reinforced by a colourful sky, so long as daylight
lasted, by genial airs, by some inspiring views'of distant
hills, by a perfectly brilliant night sky and by lonely
roads. The day underlined all that I wrote in the
article referred to, and I remain convinced that "winter
is as fine 'as summer " : I remain convinced that thok
cyclists (and non -cyclists, for the matter of that) who
give the country a miss during the winter months are
deliberately depriving themselves of a great deal o
pleasure and advantage.

February; 1946

Sound Scheme
ACCORDING to a biography I have just read, Rudyar

Kipling's motto in life was " Never go back the way
you came. This thought was in connection with the
world -journeys he took, but it seems to me that we
cyclists may fitly-on occasion-adopt the plan in
respect of our own travels, which, of necessity, are
shorter but very much more frequent than those carded
out by R. K. I qualify my suggestion by interpolating
the words " on occasion," holding that all roads should
be traversed in ,both directions if they, and what they
have to offer, are to be properly seen. One aspect is 'so
different from the other.

That said, it is a sound idea not (I won't say " never ")
" to go back the way you came." It is an idea Which
I have been implementing for some time. A journey of
6o, 7o or 8o miles may separate my front door from
my front door, and not an inch of ground is covered
more than once. Of course, this plan is helped by
the fact that I live in a real cycling centre, it thus
being readily possible not to return by one's outward
route. So I set off due east and come back out of the
west, having described a rough circle : I face south on
leaving home, and am still looking in that direction
when, later in the day, I return from the north. So
ring the changes on the available routes, and, on '
occasion, don't go back home the way you came out.

Taking Cover
THE war brought us strange experiences, some of

which, of necessity, will continue for a while.
The other day, while cycling through suburbia, the

'sky suddenly darkened and I found that I was riding
under the cover of aeroplane wings which were being
conveyed on a motor lorry. There was no need for the
instinctive " duck " which followed this- discos -cry.
for the wings proved to be well above my head.

Windscreen
ON a recent very cold day, when stopping for tea.

I drew a sheet of brown paper front, under 'my
waistcoat and put it aside, with a murmured apology
for " undressing " in public. Somebody ejaculated :
" That's a good idea : keeps the, wind out, doesn't
it?" The idea in question was evidently new to the
speaker, though it is actually as old as the hills-some
of the younger hills, anyway. A sheet of brown paper
(or newspaper) makes an effective windscreen, and I
have practised the dodge for many years. It is to be
commended as an extra garment-coupopless I

Road Safety Propaganda
MOST cyclists will have been watching with real

interest the Road Safety publicity now appearing
in the Press, and will be hoping that this effort wilt,
achieve much in connection with the curtailing of road
accidents-still far, far too many. I have discussed
the campaign with several advertising experts and, of
course, there are varying views as to' whether the right
" approach " has been made. jut when advertising
men get together and discuss ways and means of
" putting over " ideas, there are always many schools
of thought, and one never reaches finality. But I hope
that in conjunction. with the Press advertising about -
road safety, there is an adequate campaign being'
carried out in the schools. It is there, I. feel, that some
of the most fruitful work can be done, and not all
schoolmasters, or education authorities, give this vits'
matter sufficient attention.
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Belaugh. A pretty corner on the River Bure, a few miles N.E. of Norwich.
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SYNCHRONOUS MOTOR
Enclosed Type

by C & H, self-starting, exceptionally
good torque ; rotor speed 200 r.p.m.
200-250 v.a.c. 50 c. Consumption
3 watts. Size 21 x 2. Geared I R.60
min., can be reset to zero by friction
drive from front or back. Shaft
?in. x 1110, to run clockwise : ideal
movements for making electric clocks,
time -switches, etc. Nickel -plated finish.
Price 27I6each. Reg. post and packing II-.
IS AMP. MERCURY SWITCHES,

. enclosed bakelite tubular cases, 2f in. x
;in., fitted swivel saddle, connector
block, etc. 516 each.
WIRE -WOUND NON - INDUC-
TIVE RESISTANCES, 2 watt.,
ideal for Meter Shunts, Resistance
Boxes, etc. 23 per cent. accuracy,
wound on bakelite bobbins, i;in. x
Ore of each of the following ratings,
25, 100, 200, 400, 600, 1,000 and 2,000
.chins. 516 per lot, postage paid,
quantities available.
ELECTRO MAGNETS, 200-250
volts A.C. Resistance, 320 ohms,
I x I lin. 3/6 each.
REV. COUNTER S. Ex Meters,
drum type, 0-999. Automatic reset
to zero on completion. 316 each.
MOVING COIL HEADPHONES,
P.M. Energised by Alni Magnets,
45 ohms, in. Coil. Ideal for Mikes.
Miniature Loudspeakers, etc. I

overall in Bakelite cases with 3in, front
flange. 7/6 each. Per pair, with
headband, 1616.
THROAT MICROPHONES,
res. 15 ohms, fitted with elastic bands,
'Phone, Plug, etc. 716 each.
A.C. TRANSFORMERS. First Grade
A.C. Mains Transformers 2001250
v.a.c., 3501350.90 mla. 6V-4 Amps.
6 V-2 Amps. 2716 each. Ditto with
4 V-4 Amps, 4 V-2 Amps winding, 251,
Postage II- extra.
RESPIRATOR CARBON MICRO-
PHONES, fitted 'phone plug, lead,
etc. 516 each.
MIDGET CHOKES. 1,000 ohms
30-40 mla. 31.. Post 6d. extra.
TO CALLERS ONLY. A comprehen-
sive stock of scientific instruments,
meters, gears, relays, etc.
H. FRANKS, Scientific Stores'
56, NEW OX FORD STREET, W.C.I

Tel.: MUSeum 9594.

--GIVE THOSE YOU LOVE -
A Radio You Have

Made Yourself.
The " JR VICTORY FOUR" is :

(a) Child's play to build.
(b) Suitable for work off A.C. or D.C.

mains and bang up to date.
(c) Portable, it needs no aerial or earth.
(d) Ideally suitable for Bedroom,

Nursery, Workshop, etc.
(t) Guaranteed 6 months and subject

during this time to free service.
Complete kit of parts, including valves
and all items, even nuts, bolts, wire,
etc., with full detailed layouts and
wiring instructions. £711716. Dia-
grams. etc., only, 51.; refunded if
complete kit bought later.

V.E.S., Radio Rouse, Ruislip.

MIDLAND INSTRUMENT CO.
Comprehensive range of Lewcos instrument
wires, resistance wires, flexes and cables.
sleeving. Empire tape, rubber grommets,
7..T: selenium rectifiers and transformers.
Avotheters, speakers, chassis, dual range
and s.w. coils, var. conds counters, syn
chronous motors, microphones, etc., etc.

Lists. Id. s.a.e. Enquiries, 2(4. s.a.e.

18, Harborne Park Road, Birmingham, 17

-BUILD YOUR OWN'
Table Model

POWER DRIVEN FRET -JIG SAW
from easily obtainable parts ONLY
(costing, about 60/- complete). Well
tested design. Uses Coping saw. Will
cut out TOYS, ANIMALS, PUZZLES,
and 101 Salesable .Articles. Complete
set of .Diagre.MS and Instructions.
Price 313.- P.M.:BARHAM, Hilltop."
Bradmore Green, Coulsdon, Surrey,
(Parts stocked.)

Easily m a o e
From Our

Castings.

J.H ALLAM
& SON,

Upton, Poole,
Dorset.

MINIATURE PETROL ENGINES for
Aeroplanes and Speed Boats.

Send 3t. for particulars

SMALL TOOLS
Drills, Reamers, Lathe Took, Micrometers, etc.

EVERYTHING FOR THE
ENGINEER -MECHANIC

Bench Millers, Lathes, Bench Drills, Electric Motors
A.C. and D.C.

Send 41d. for Lists

NUTTALL'S (LITRES) LIMITED,
MANSFIELD, NOTTS.

:CHEMISTRY EMI

APPARATUS
OFFER

10/6
OR INCLUDING

CHEMICALS

21/-
(h'w/lared. Scot-
land and Wales

only.)
Send Id. stamped
envelope for Price
List of other

equipihent.

BECK
,SCIENTIFIC DEPT. Al, SO. HIGH STREET,

STOKE NEWINGTON, LONDON, N.10.
Booklet "Experiments in Chemistry." 7d. P.O.

" They Laughed at First
hot srholI been to play -a hush fen upon the room,
1 playa{ the lira few hags of lixethomin't immortal

'Moonlight Sonata,' frieralm
not mw!lbourid, and when the last
norm died away, the excitement
nit tax i jams ! ' Who teas your
leaeher ' How do you get
that --tore!, singing torte 1' " I
receive similar letters daily
from students of MY POSTAL
I,EmeONs for the PIANO who

,,'Shout knowing a note.
I Have enrolled more than 2,800 adult
pupils during the last 12 months, bane
taught over "67.750 during 41 years,
and I CAN TEACH YOU. Onlinary
musical notation only used (no freakish
methods), enabling. you to read -and
play at right any standard musical
composition. Semi p.c. for FREE
book and free advice. Say Moderate,

Elementary or Beginner.
MR. H. BECKER

Dept. 7581,

aNe Fleet St.
E.C.i

1')IDEAS
WANTED !

We are open to consider any
ideas or patents of practical
worth with a view to making
and marketing them. Write
in confidence to

Edron Industrial Group,
7 Park Lane, London, W.I

You'll be glad you kept on saving
when you can again buy an

ADANA
Adana Printing Machines

.-TWICKENHAM. MIDDLESEX -

RATCHET & REVOLUTION
COUNTERS

Ask for
Leaflet No. I8/4

Speed up to
6,000 r.p.m. SfLitk

B. & F. CARTER
& Co. Ltd., Bolton 5

I2in. POWER BENCH BANDSAWS.
Make your own. Send 10/6 for working
prints and photograph. Sound, simple
design.-Rawlimon (PM), 34, Caeszwyn
Read, Whitehurch . Cardiff.

MATRICULATION

Whatever your age, you can now
study for the all-important Mattic-
ulation Examination at home on
" NO PASS -NO FEE " terms.
" MATRIC " is the accepted pass-
port to all careers, and opens up
opportunities which would other-
wise be completely closed to you.
Ensure the success and security of
you and yours through post-war
difficulties by writing for our
valuable "Guide to Matriculation"
immediately -FREE and without
obligation. B.T.I. (Dept. 160),
356, Oxford Street, London, W.1.

CONSTRUCTIONAL DIAGRAMS
Convert your M.W. TRF set to Long
and Medium Waves. Circuit diagrams
and specific instructions for our own
" Wizard " and " Dorset " conversion,
price 1(1. " Dorset " Amplifier, A.C./
D.C., 6-8 watts, circuit and instructions,
5/-.

SPECIAL LINES
Weymouth 3 -Wave Superhet Gail Pack.
complete with circuit and detailed
instructions, Standard size
LF, Transformers, factory tuned to
465 Kc.. High Q, per pair, 15!-. Minia-
ture I.F. Transformers, permeability
tuning, factory tuned to 465 kc.. high
Q., per pair 26/.. H.F. Chokes, 21- each.
3 -Wave Superhet Aerial and Oscillator
coils with circuit. Per pair. 10!-.
Separate tuning coils, Medium, Long
and Short Wave, Aerial, H. F. or
Oscillator, 2/6d. each.
Write Weldona Radio Accessories,
Ltd., 12, Gilbert Road, Swanage,

DORSET.

LARGE DEPT. FOR TECHNICAL BOOKS

FOYLES
FOR BOOKS

New and secondhand Books on
Engineering and all other subjects.

119-125, Charing X Rd., London, W.C,2
Open 9 a.m.-6 p.m. including Saturday.
Telephone Gerrard 5664 flit nee.,

SHORTHAND
DUTTON'S ONE -WEEK SHORT-
HAND is used by over 60,000 men
and women. Accepted by Services
and examining bodies. Test Lesson
Md. Write Dept. P.M., 39 Great
:Russell St., London, W.C.1.

IN ONE WEEK
FABRICATED PLATEWORK

CONSTRUCTIONAL AND GENERAL
ENGINEERING

WELDING AND REPAIRS IN ALL
METALS

ROD ENGINEERING &
WELDING CO.,

64a, Arkwright St., Nottingham
'Phone : Nottm. 89455

TOOL NEWS
7d. post free.

GARNERS
Sheffield Road, BARNSLEY

'Phone 2866.

SPARKS' DATA , SHEETS
Provide full constructional Details,
theoretical diagram, component list,
and fine full-size black and white prints
of Tested and Guaranteed Designs,
specially prepared to meet the needs

of the amateur.
MIDGET ONE -VALVE PORTABLE.
-All dry batteries. Own aerial covering
Medium and Long waves. 9vH.T. (C) 2/6
TRILEE-VALVE T.R.F. SET. Batt.
Medium and Long-wavez. Compact
and efficient. Pentode output ... 216
FOUR -VALVE T.R.F. SET. (No.
LO/8.) Batt. Medium and Long waves.
Push-pull output. Powerful with good
Quality. P.C. sockets ., 2/6
THREE -VALVE T,ILF. SET. (No.
L0/9.) A.C. mains. 31 Watt output.
Good Quality on radio and P.U. Medium
and Long waves
MIDGET PORTABLE. All -dry batt.
3-valver. Self-contained L.S. and
Aerial. 8 x 6 x 3lin. Medium wave

MIDGET TWO -V ALVER. All dry
Batt. 9v. H.T. Med. wave, Si x 5i a 30n.
Powerful 'phone sign. (C)
A.C. RADIOGRAM, A Quality lob.
Med. waves. H.F. stage plus " Infinite
Imped." Detector. 8 watts P.P. output

A.C. 8 WATT AMPLIFIER. Neg.
Feed -back. P.P. output. Tone and
Vol-. controls. Ideal for P.C. ... 2/6
RADIO UNIT. Two-valver for use
with a Quality amplifier. A.C. or A.C./
D.C. Med. waves, H.F. stage plus
" Infinite Impedance " Detector (C) 216
THREE -VALVE PUSH-PULL AM-
PLIFIER. A One unit for battery
operation. Ideal for P.17.. etc. ... 216
ELECTRIC GUITAR UNITS ... 5! -
ELECTRONIC ONE -STRING
FIDDLE 318
A.C./D.C. PORTABLE AMPLIFIER.
Neg. Feed -back 8 watts. P.P. output.
For use with above or P.C., etc. 3/6
31 WATT A.C. AMPLIFIER ... 2/6

SA.C. QUALITY TWO -VALVE ET.
Med. waves (C) 2/6
TWO -VALVE AMPLIFIER. Battery.
Pentode output. Fine Vol.... 2/6
COMPACT STRAIGHT 3 SET. Batt.
Med. Waves (C)... 2/ -
SUPER S.W. TWO-VALVER. Batt.
Plug-in Coils 2/6
HIGH GAIN CRYSTAL SET. Med.
waves (C) ... 1/8
A.C. CHARGER. 2 and Ii volt ... 2/8
SHOCKING COIL

(C. Denotes coil details provided.)
Many other Designs. Please send stamp

with order or for List.
L. ORMOND SPARKS (MD.

9, Phoebeth Road, Broekley, S.E.4
(Lee Green 0220)

A.C. BATTERY CHARGER
For charging car accumulators, either 6
or 12 volt at I amp., in enclosed metal
case. Input and output flex, leads
and ADAPTORS. A thoroughly
efficient job. Price 3916, post I0d.,
state 6 or 12 volt.
COMPLETE SET OF PARTS,
including case and blue print. Price
3216, post .10d.
WATER MOTOR. Powerful machine,
will drive your models from household
tap. Complete with attachment.
Price 816, post 7d.
ELECTRIC ENGRAVERS. Powerful
instrument in cylindrical cases, on
stand, with spring attachment and
switch, suitable for dog collars, identity
discs, etc. A.C. Mains Model, 200-240v.
75I-. 4 -6 -volt Battery Mode!, 551-.
SWITCHBOARD METERS, A.G.-
D.C. N.P. cases, 1.3" dial. Any read-
ings up to 0-25 volts, 0-25 amps. Price
1516 each.

ECONOMIC
ELECTRIC CO.,

64, London Road, Twickenham,
Middlesex.

Tel.: POPesgrove 1318.

BOOKS

A.B.O. OF S.R. AND L.M.S. ELEC.
G.W.R. OR L.M.S. TITANS ... each

Postage 21d, each extra.

HISTORY OF THE G.W.R., IN 3 PARTS
10/6 each

BRITISH LOCOMOTIVE TYPES 8/ -
ISLE OF MAN RAILWAY ... 7/6

Postage 6d. each extra.

MODEL RAILWAY CONSTRUCTION
MODEL SHIPS AND BOATS
OUR RAILWAY HISTORY, PART 3...

Postage 3d. extra.

For second-hand and new Model Railway
accessories and parts, state requirements
and send 2id. stamp.

1'1141 TYLDESLEY &HOLBROOK
(M.E.T.A.)

109, DEANSOATE,
MANCHESTER, 3.

ya

2/-

1/6
1/9

1I6
118
3/8
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One of the following Courses taken at home in your
spare time can definitely be the means of securing
substantial promotion in your present calling, or entry
into a more congenial career with better prospects.

ENGINEERING, AERO, ETC. --
Plastifs-Radio-Aero Engines-Aircraft Disign-
Welding-Aerodynamics-Electrical Engineering-
Television-Electric Wiring-Talking Picture Work
-Generation and Supply-Works Management-
Metallurgy-Refrigeration-Planning, Estimating,
Rate-fixing-Time and Motion Study-Aero Inspec-
tion-Automobile Engineering-Sheet-metal Work-
Engineering Draughtsmanship-Aero Draughtsman-
ship-Jig and Tool Draughtsmanship-Press Tool and
Die Draughtsmanship-Structural or RIF Concrete
Draughtsmanship - Sanitary Engineering - R.A.F.
AND R.N. PILOTS AND OBSERVERS:

. ,

GENERAL
Matriculation-College of Preceptors-Chartered
Institute of Secretaries-Aircraft Apprentice.

MUNICIPAL SERVICE
School Attendance Officer-Handicraft Teacher-
Registrar-Relieving Officer-Sanitary Inspector-
Weights and Measures Inspector-Inst. of Mun.
and Cy. Engineers-P.A.S.I.

THE BUILDING BOOM -7 -
SECURE YOUR SHARE!

The Free Guide also gives particulars of our
extensive range of modern Building and Structural
Courses, Building Dratightsmanship, etc. The
great post-war Building programme offers un-
limited prospects to technically trained men.

_BECOME A DRAUGHTSMAN
QUALIFY AT HOME

AND EARN BIG MONEY
Men and Youths urgently wanted for well paid
positions as Draughtsmen, Inspectors, etc.,
in Aero, Jig and Tool, Press Tool, Electrical,
Mechanical and other Branches of Engineering.
Practical experience is unnecessary for those
who are willing to learn-our Guaranteed

" Home Study" courses
will gSt you in. Those
already engaged in the
General Drawing4 Office
should study some
specialised Branch such
as Jig and Tool or Press
Tool Work and so con-
siderably increase their
scope and earning
capacity.

NATIONAL INSTITUTE OF ENGINEERING
(Dept. 29)

148, HOLBORN, LONDON, E.C.I

OVER SIXTY YEARS OF
CONTINUOUS SUCCESS

SOUTH AFRICAN BRANCH : E.C.S.A., P.O. BOX 8417 JOHANNESBURG.
a.

"PRACTICAL ENGINEERING" said
We recommend all reade;-s interested in improving their position

to apply for a copy of this valuable Book. " Success in
Engineering" is not a pamphlet. It is a 332 -page book,
containing valuable and vital informaijon.. on all branches of
engineering . . . There are many engaged in engineering who
owe their success to The National Institute of Engineering.
The FREE GUIDE explains

Openings, prospects, i salaries, etc., in Draughts-
manship, Inspection, 'and opportunities in all other
branches of Engineering and Building,

 How to obtain money -making technical qualifications
through special RAPID FULLY -GUARANTEED
COURSES. -

Write now for your
copy of this remarkable
publication.
A.M.I.E.E., A.M.I.Mech.E.,
A.M.Brit.I.R.E., A.M.I.P.E.,
A.M.I.C.E., A.M.I.Struct.E.,
A.M.I.A.E., A.F.R.Ae.S.,
A.M.I.S.E., M.R.San.I.,
London B.Sc., Degrees.
Fully, guaranteed postal courses for
all the above and  many other
examinations. Fully described in
the Free Guide.

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

FOUNDED 1885 - FOREMOST TODAY -- OVER 100,000 SUCCESSES

"Practical Mechanics," Advice Bureau COUPON
This coupon is available until February 28th,
1946, and must be attached to all letters con-
taining queries, together with 3 penny stamps.
A stamped, addressed envelope must also be

enclosed.
Practical Mechanics. February, 1946.

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

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

Why not fill in and post .the attached coupon NOW for further
details and- Free Authoritative Guide to openings in Engineering
and Building ? This book contains a mine of valuable and exclusive
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