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Have YOU Joined
the Well -paid Ranks

of the

TRAINED MEN?
MANY THOUSANDS MORE ARE URCENTLY

NEEDED. PREPARE YOURSELF FOR A

BETTER POSITION AND BETTER PAY

Ambitious men everywhere have succeeded through
I.C.S. Home Study Courses. So also can you. We
offer you the benefit of our 53 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 I.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 hp knows how to apply it in his everyday work.
Accountancy Draughtsmanship Motor Engineering
Advertising Drawing Office Practice Motor Mechanic
Aeronautical Engineering Electrical Engineering Moulding

Fitting us, Charge Patternmaking
Aero Fitting and Rigging Eng. Shop Practice Plastics
Aeroplane Designing Fire Engineering Quantity Surveying
Air -Conditioning Fitting and Turning Radio Engineering
Architecture Forgeman Radio Servicing
Architectural Drawing Foundry Work Refrigeration
Boilermaking Garage Management Salesmanship -

Book-keeping Gas -Power Engineering Sanitary Engineering
Building Construction Ground Engineer . Secretarial Work
Building Contracting Heating and Ventilation Sheet -Metal Work
Business Training Hydraulic Engineering Steam Engineering
Business Management Joinery Structural Steelwork
Cabinet Making Journalism Surveying
Carpentry Machine Designing Telegraph Engineering
Chemical Engineering Machine -Tool Work Telephone Engineering
Civil Engineering Marine Engineering Templating
Clerk of Works Mechanical Drawing Textile Designing
Colliery Overman Mechanical Engineering Textile Manufacturing
Colliery Management Mine Electrician Toolmaking
Commercial Art _ Mine Fireman Welding
Concrete Engineering Mine Surveying Woodworking
Diesel Engineering Mining Engineering Works Engineering

And most of the Technical, Professional, and Matric Exams.
Special terms for members of H.M. Forces and discharged disabled members of

H.M. Armed Force,.

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

The successful man DOES to -day what the failure
INTENDS doing to -morrow. Write to us TO -DAY

...Use this Coupon...m..4.m.
INTERNATIONAL CORRESPONDENCE SCHOOLS LTD.

Dept. 95, International Buildings, Kingsway, London, W.C.2.

(Use penny stamp on unsealed envelope)

Please send me particulars of your courses in

Name Age

Address ICS

THE FLUXITE OWNS "
AT WORK

We'll he late for the fancy dress
dance,"

Cried Q0 The poor lad's in a
imam..

Yelled it's all right
Fi4ing joints inn* FLUXITE,

BUT f CAN'T MOVE A N
INCH EN THESE
PANTS ! !

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.

With Fluxite joints can 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/4d. and 2/8. Ask to see the FLUXITE SMALL -SPACE
SOLDERING SET-compact but substantial complete with
full instructions, 7/6. TO CYCLISTS! Your wheels will

NOT keep round and true unless the
spokes are tied with fine wire at the crossings
AND SOLDERED. This makes a much
stronger wheel. It's simple-with FLUXITE

-but IMPORTANT.
:2>)

ALL MECHANICS WILL HAVENTHE " FLUXITE "
GUN puts." FLUX-
ITE " where you
want it by a simple

pressure.
Price 1/6 or filled

2/6. -

is

FLUXITE
IT SIMPLIFIES ALL SOLDERING

Write for Bonk on the ART OF " SOFT' SOLDERING and far Leaflets on
CASE -HARDENING STEEL and TEMPERING TOOLS nith FLUXITE.

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

S. TYZACK & SON LTD.
INCORPORATING GEO. ADAMS
"LONDON'S FINEST TOOL SHOPS"

IW" T 7.

THE NEW " ZYTO" PRECI-
SION BENCH SAW

With Canting and Rise and
Fall Table

Rack Feed and Locking Handle.
Specially designed for clean and
accurate cutting of mitres.
angles, etc. Extra long ripping
fence, with fine adjustment.
Ball -bearing spindle. Clean
finish throughout. Table
measures 18in. by 14in. Diameter
of saw, 10in. 1 Vertical cut, 2f in.
Illustrated Leaflet and Price on

application.
MOTORISED MODEL, with

Motor and Bench- Saw
Mounted on one-pleee base

Accurately aligned, and complete
with Vee belt drive and starter.
Illustrated Leaf let and Price on

application.
DELIVERY FROM STOCK

" TO "
Super Quality Sliding
Tailstoek Dieholder

No. 1 M.T. shank, long barrel,
precision finish. For 13i16in.
O.D. dies. Price 10/61. For lin.
O.D. dies. 136, With No. 2

M.T. shank. 15,9.
DELIVERY FROM STO('R

ELECTR IC GRINDERS AND
POLISHERS

(Doubie-ended)
. .

h.p. motors
Complete with Wheels and

Polishing Spindle
Full details on request

DELIVERY IF)Calt STOCK

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

Telephaiie CLE. 40045-6
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Wartime Stock List
( L 12) price 4d. post
free.

" Building a 2..it,
gauge FlyingScotsman"
fully illustrated, price
11- post free.
Fully illustrated book-
let. " boa. to Build
a Traction Engine,"
price od. post free.

LUCKY BOY!
-those pre-war trains he possesses run as smoothly
as when new-thanks to Bassett-Lowke craftsmanship.
And for " after the war " we plan to build even better
models of Railways, Ships and Engines so that you too
shall enjoy the most fascinating of all hobbies with
the finest models obtainable. Our staff in London
and Manchester would welcome a visit from you
and will be pleased to give assistance on any model
matters.

BASSETT-LOW K E, Ltd.
NORTHAMPTON
London 112, High Holborn, W.C.I.
Manchester : 28, Corporation Street, 4.

Your snapshots will
improve if you get
this Trial Outfit!
You have often wanted to make some more prints
from those snaps you took last summer. Why not
do it now ? 'With some Azol, that simple one -solution
developer (it only needs the addition of water) you
can make beautifully bright prints on gaslight paper.

Azol is so simple to use and
you don't have to mess up
the bathroom-or wherever
you work-with a lot of
other chemicals. Just Azol
and, of course, the acid -fixing
to make up the hypo bath.
If you haven't tried Azol send

You'll never know what splendid
results it gives until you%ve used it yourself. Azol
is jolly good, too, for developing films.

Special Trial Offer :
For 2/3 P.O. Johnsons will send you post free (G.B. only) a trial set
of Chemicals, including I -oz. bottle of AZOL, to develop eight
spools 2.1in. by 31in., 4 -oz. tin ACID -FIXING, making 30-60 ozs.
solution, one packet AMIDOL DEVELOPER, enough for 2 to 3 doz.
bromide or contact paper.

Address : Dept. 41,

JOHNSON & SONS LIC,;,a,`,V HENDON, N.W.4

AZOL
is the developer
to use. It brings
out the detail.

for our trial set.

.P.4*. 4 440,::::*,:44R..:
%9-4%*

Pyruma
for Perfici Model*
You just mould this plastic cement to any shape.

It sets to stone hardness by air -drying or baking.
Paints or colours are then added.

The realistic village setting as photographed was
modelled throughout in Pyruma. Sections were
jointed with Tiluma, the finely adhesive jointing
cement. Contour maps, figures, miniatures,
plaques, etc.-all can be modelled just as easily
with these plastic cements.

Sankey's Pyruma and Tiluma are obtainable in
tins from Ironmongers, Hardwaremen, Artists' and
Handicraft Shops. Send id. stamp for Illustrated
Instructions for Modelling leaflet to J. H. Sankey &
Son, Ltd., Modelling Dept. 5, Ilford, Essex.

-1P1
PLASTIC CEMENT
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LET ME BE
YOUR FATHER
You need help and Fatherly advice in difficult
times like these. I am in the position to

give that to you FREE.

We teach nearly all
the Trades and Pro-
fessicins by Post in
all parts of the
world. The most
progressive and
most successful
Correspondence
College in the world.

If you know what
you want to study,
write for prospec-
tus. If you are
undecided, write for
my fatherly advice,
it is free. Distance
makes no difference.

DO ANY Of THESE SUBJECTS INTERESTYOU?
Accountancy Examinations Matriculation
Advertising & Sales Management Metallurgy
Agriculture Mining, All Subjects
A.M.I. Fire E. Examinations Mining, Electrical Engineering
Applied Mechanics Motor Engineering
Army Certificates Motor Trade
Auctioneers and Estate Agents Municipal and County Engineers
Aviation Engineering Naval Architecture
Aviation Wireless Novel Writing
Banking Pattern Making
Blue Prints Play Writing
Boilers Police, Special Course
Book-keeping, Accountancy and Preceptors, College of

Modern Business Methods Press Tool Work
B.Sc. (Eng.) Production Engineering
Builders' Quantities Pumps and Pumping Machinery
Building, Architecture and Clerks Radio Communication

of Works Radio Service Engineering
R.A.F. Special Courses
Road Making and Maintenance
Salesmanship I.S.M.A.
Sanitation
School Attendance Officer
Secretarial Examinations
Sheet Metal Work
Shipbuilding
Shorthand (Pitman's)
Short Story Writing
Speaking in Public
Structural Engineering
Surveying

General Education Teachers of Handicrafts
G.P.O. Eng. Dept. Telephony and Telegraphy
Heating and Ventilating Television
Industrial Chemistry Transport Inst. Examinations
Institute of Housing Viewers, Gaugers, Inspectors
Insurance Weights and Measures Inspectors
Journalism Welding
Languages Wireless Telegraphy and Telephony
Mathematics i Works Managers
If you do not see your own requirements above, write to us on

any subject. Full particulars free.

Cambridge Senior
case

Civil Engineering
Civil Service
All Commercial Subjects
Commercial Art
Common Prelim. E.J.E.B.
Concrete and Structural Engineer-

ing
Draughtsmanship, all Branches
Engineering, all Branches, Subjects

and Examinations

School Certifi-

COUPON. CUT THIS OUT

IF YOU AT-
TEND TO THIS
NOW IT MAY

MAKE A
WONDERFUL
DIFFERENCE

TO YOUR
FUTURE.

Nome

To Dept. 76, THE BENNETT COLLEGE,
LTD., SHEFFIELD

Please send me (free of charge)

Particulars of

(Cross out line

which does

not apply)

Your private advice
about

PLEASE WRITE IN BLOCK LETTERS

Address

Note. Pilipo 055.5/ TINS?

APO..

OK,

Pp IN TEO

snRoq

4.00int

COO, ocairoa ,AL net. CAR.MA wgnvO& ISP.P.Ap

KeepYour oits jean,
and Hands Well Groomed!

Peros-Chlor is the Magic Nail Cleaner and Hand
Beautifier. It takes out the dirt, makes the tips km,
White and leaves the hands SOFT, WHITE AND
FRAGRANT.

Your nails and hands will always look well groomed
when using this NEW SCIENTIFIC TREATMENT.
NO MESS1! NO BOTHER ! I Just squeeze a
hole on your nail brush and shampoo your nails and
hands. Presto!! Your nails and hands become
immaculate immed acts,

Thousands use Peron -ad. <very day. And what a
boon it is to surgeons, doctors, gardeners, motorists.
housewives, typists, nurses, sailors. soldier,, firemen,
farmers and many more besides.

1/94, 4/4, in tubes and jar,. From all chemists
and stores. A I/94 tube or jar lasts for months.

 OUR HONEST GUARANTEE. Order a 1/94
tube or jar from your chemist to-da v. Use it for
o few weeks. If you are not absolutely amazed as
the wonderful improvement to your nails and hands,
post as the wrapper and we will refund your money
without question or quibble. Do it now

Fair supplies are still available.

Peiorsx- Chlor
7 mz,A.vee

eef o4f 'S Lz DGF.Tpn4s LIN1,113, NEWCOOT

FfIHER

GOLFER

art,.
PAPAW/2mo+

CMG I HEE fi

e.P.LANE

actor4
01.4,5v

014
Pl. LoewycC. Z*KrVIKAPs SWOOP POSTenou1

YGU CAN TIN ANY METAL QUICKLY AND EASILY
with

HOYT'S TINNING COMPOUND
consisting of powdered metal combined with an active flux
NO SEPARATE APPLICATION OF FLUX, SOLDER OR TIN REQUIRED

JUST CLEAN THE. JOB AND FOLLOW DIRECTIONS

Heat the work and just sprinkle the powder evenly
upon surface to be tinned. The flux should " boil "
and its cleansing action will be assisted if the surface
is scrubbed with a wire brush at this stage. When
flux has all melted and the surface is tinned evenly
all over, remove from heat and wipe with a clean rag.

Price 6/3 per lb. nett carr. paid.
b4OYT METAL CO. of GT. BRITAIN, Dept. PM, DEODAR RD., PUTNEY,

LONDON, S.W.IS

/ /40 YEARS' reliable service to the industry

MEG PER CONTROL liD.
CAMBRIDGE ROW, BURRAGE ROAD,

WOOLWICH, LONDON, S.E.I8.

Electrical and Mechanical/
Makers

Engineers
of VARLEY Products
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ROTARY
QUICK MAKE & BREAK

BRITISH MADE THROUGHOUT

For all purposes - fully tested Switches to
customers' requirements.

Let us use our long experience to
solve your Switching problems.

TOK SWITCHES LTD.,
CAMBRIDGE ROW, BUR RAGE ROAD,

WOOLWICH, S.E.18

ENGINEERS, DRAUGHTSMEN AND
MATHEMATICIANS NEED

THE #0.44/

cONFRACTOR
ROTCARY CONVERSION TABLE

The most compact, handy and
accurate table ever devised. . . .

Converting inches to millimeters-
millimeters to inches-to an accuracy
of 7 decimal places is a matter of
seconds with the new " Con-
tractor." The readings, ranging
from " general put pose " to " extra
accurate," are clear and foolproof-
the Table washable and virtually
indestructible. For fuller details write

to W .11. Steele & Co., Ltd., 641, Staines Rd., Bedfont, Mdx.

This is the latest MYFORD Type " M "
3:1," Lathe, of the type previously
manufactured by Messrs. Drummond
Bros. Ltd. The machine illustrated is

mounted on a Myford-designed motorised
stand, with vee-rope drive throughout.
This is an example of the manner in
which Myford are enhancing the prestige
of a machine already famous all over
the World.

Replacement parts and accessories for Lathes require no
Machine Tool Control permit. Apply to your Tool Dealer
or to Myford Engineering Co. Ltd. Permits are required

for the purchase of complete Lathes and Motors.

Full particulars on application

MYFORD ENGINEERING CO. LTD.
BEESTON : NOTTINGHAM

Telephone : Beeston 54222 3 4

.........

WAR AGAINST DISEASE.' It is the image produced by X-rays
on a photographic film that assists the radiologist to diag-
nose disease or injury. Special films for this.purpose have
long been manufactured by Ilford Limited and to -day
greater quantities than ever are being made to meet the
needs of the Forces and the home hospitals. The war against
disease never ends.

ILFORDmakers o
LIMITED

films

OBTAINABLE FRONT ALL W. H. SMITH & SON'S SHOPS
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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. Estimating A.M.I.E.E. Electricity SupplyCity & Guilds Foremanship City & Guilds Electrical MetersGeneral Mechanical Eng. lig & Tool Design General Electrical Eng Electrical DesignDiesel Engines Viewing & Inspection Alternating Currents IlluminationDraughtsmanship & Tracing Welding Power House Design InstallationsWorks Management
Press Tool Work

Sheet Metal Work
Maintenance Eng.

Traction
Mains Eng.

Telegraphy
TelephonyPattern Making Metallurgy

Foundry Practice Refrigeration WIRELESS GROUP
A.M.Brit.l.R.E. Advanced Wireless

COMMERCIAL ENGINEERING GROUP City & Guilds Radio Servicing
A.M.I.P.E.
Commercial Eng.

Cost Accounts
Languages

General Wireless
Short -Wave Wireless

Television
Talking -Picture

CIVIL ENGINEERING GROUP
A.M.I.C.E.
Inst. Man. & Cy. Engineer
A.M.I.Struct.E.
M.R.San.l.
Sanitary Inspector
Specifications
Structural Design

Road Eng.
Hydraulics
Municipal Eng.
General Civil Eng.
Structural Eng.
Reinforced Concrete
Railway Eng.

SURVEYING AND BUILDING GROUP
A.R.I.B.A
F.S.I.
A.M.I.H. & V.F.
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 & Guild;
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

Aero Engines
Navigators' Licence
Aeroplane Design
Meteorology

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

WE DEFINITELY GUARANTEE

"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 o1 this enlightening guide to well -paid posts NOVV-FREE and without obligation

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

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN tlit NO_
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Inland
Abroad
Canada

SUBSCRIPTION RATES
(including postage)

- - IOs. 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 articles
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
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More Developments
CONTINUING our summary of war-

time developments which are released
for publication, we give this month

details of a further batch.

The Hydrabal Instrument
The hydrobal, an instrument designed

by Glenn Martin, is providing an accurate,
rapid and comparatively simple means for
determining proper loading on the Mars
and other Martin flying boats. The func-
tioning of the device, an automatic weight
and balance indicator, is dependent on the
well established facts that the distance
from. the keel to the water line of a boat's
hull is proportional to its loaded weight,
and that the angle at which the hull floats
(trim angle) is related to the loaded centre
of gravity.

Two standpipes with enclosed floats are
installed in the hull, one each fore and aft.
The difference in height of the floats indi-
cates centre of gravity, and the average
gives loaded weights. Readings are obtained
quickly from, a calibrated chart. Results of
tests in a 25 -mile wind and aft. wave were
more accurate than those obtained with
much more complex flight calculations.

The hydrobal requires no complicated
adjustments or servicing, and may be pre-
pared in kit form from service ,installation.
Further developments,' still in the laboratory
stage, will permit direct recording of weight
and centre of gravity without reference to
charts and graphs. Further electric or
pneumatic connections between the floats
and indicating gauges may be used. These
instruments are expected to have promising
post-war applications.

Self-starting Aeroplane Tyre
A " self-starting " aeroplane tyre that will

ease wear and tear of landing impact has
been announced by B. F. Goodrich Co.
When the landing gear is lowered, an
arrangement of vanes, or fins, built into the
side wall of the tyre, catches the air and
sets the tyres rolling at high speed before
they touch ground. Tile fins, made of
rubber and fabric, spring back, flush with
the tyre's side on the upper half " of each
rotation of the wheel.

Automatic Radio -range Monitor
By instantly warning both the flyers and

ground crews of a shift or fading in any
radio course, a new automatic radio -range
monitor, manufactured by Islip Radio
Manufacturing Corporation, represents an
important improvement towards airway.
safety. The monitor acts, if any radio course
shifts as little as three degrees from its
normal setting and may be adjusted to oper-

ate all warning devices with a range course
shift of less than one degree.

The course monitor receiver is located
directly on the radio course I2ooft. from the
radio -range station. Interlocking A and
N signals transmitted by the range station
are received continuously by the monitor.
A shift in course is indicated by predomin-
ance of either A or N signal. If this should
occur, the monitor receiver automatically
transmits an electrical impulse to the air-
port's monitor board, which flashes a red
light and sounds a siren to warn the ground
crew. Simultaneously, the monitor dials the
range transmitter, which instantly signals a
warning at the end of each A -N cycle to all
pilots. The same warning is given if the
link circuit relay fails to interlock the A and
N signals correctly or becomes locked, if
the output of the radio -range station drops
below a predetermined level, or if more than
one-half of the range's station identification
call is not being transmitted.

" Sonotest " Instrument
An electronic instrument called " Sono -

test " is being used in ordnance plants to test
shells for the 20 mm. automatic cannon.
The device tells whether or not the shells are
sound by the way they ring when dropped
on an anvil. It is an elaboration of the
shopkeeper's trick of tossing coins on the
counter to see if they ring true. The shell
is tested twice-first by dropping it on its
base end, then on its side. The sound is
picked up by a microphone and relayed
through a hook-up of electronic tubes. The
vibration frequency, or range of tone, is
recorded, and duration of sound measured.
If the shell meets requirements, a green
light, or master indicator, flashes. The
" Sonotest " inspects for such °factors as
loose rotating bands, loose base plates,
cracks, deep cavities, and serious imperfec-
tions of threads. With a little preliminary
training, a girl operator can test from 1,200
to 1,800 shells an hour.

Navigation Instrument
A new celestial navigation instrument for

life -raft use provides a simple, rapid means
for determining true north, sun time, lati-
tude, great circle course and direction. It
combines a miniature of the celestial sphere
showing the exact location of 22 naviga-
tional stars with a world globe and all co-
ordinates. The instrument, made entirely
of Plexiglas, and weighing about sib., will
float, and is said to be clearly visible even
at night. Its use will eliminate need for a
nautical almanac, sextant, compass, and the
involved calculations required with such
equipment.

BY THE EDITOR

Rotary Indexing Machine
Thermosetting plastics may be injection -

moulded on a large scale continuous basis at
Ford's River Rouge plant by a rotary index-
ing machine in which the three basic opera-
tions of injection moulding are perfectly
synchronised. The unit, which was built
by the Hydraulic Press Mfg. Co., measures
exact amounts of the powdered raw material
into an injection cylinder, where the plastic
is gradually heated to a viscous state. The
now viscous plastic is injected into an
electrically heated injection mould under the
tremendous pressure of 4o,000lb., and the
casting is cured at a temperature between
30o and 33o deg. and under a pressure of
to,000lb. While the casting is being cured,
it is revolved on a turntable through 12
station by the rotary indexer, key feature
of the machine.

The new machine is said to have several
advantages. Because exact quantities are
injected, the castings are free .of flash,
resulting in a to per cent. reduction of
waste and a to per cent. saving in labour
formerly required to trim the flash. The
continuous injection produces castings of
greater tensile and dielectric strength. It
effects an estimated 25o per cent. saving in
curing time, attributed largely to higher
mould pressure. The use of fewer dies
permits a 25 per cent. saving in the cost of
the cavities. According to technicians, it
should be possible to employ a different
mould in each of the t2 stations on the rotary
indexer, provided the dies were in the same
weight range. To make new parts, only
the cavity, not the shoe, need be changed.
Although the machine is still considered in
the experimental stage, it has turned out
hundreds of truck -engine coil cases, which
are- difficult to mould because of their odd
shape.

Aircraft Ignition Distribution System
A supercharged aircraft ignition distribu-

tion system used by Northwest Airlines on
the DC -3's is said to prevent most of the
conditions causing the operational troubles
frequently encountered in the ignition
harness. The system supplies pure dry air
to the ignition system at a pressure higher
than that of the surrounding atmosphere, and
provides a means for removing contaminated
air before it can cause damage or misfiring.

The supercharged ignition harness con-
sists of an engine -driven, oil -lubricated
pump which supplies air through oil separa-
tors. The air passes through a dehydrating
unit into the shielded  distribution system.
The flow of extremely dry air through the
harness cools the insulation and so prolongs
its life.



42 NEWNES PRACTICAL MECHANICS November, 1944

IT is not my intention to go into the physics
and technicalities of this subject, but to
enable the reader to understand more

fully what he is reading it is necessary to
touch on the fringe of physics occasionally.

It is surprising how many times during
my 4o years' experience in hospitals, clinics,
and even private practice, I have heard
people remark, " What a wonderful invention
X-rays were " ; hence the short history.

X-rays, of course, were not invented ;
their discovery was quite accidental, like
other epoch-making discoveries in science
Various scientists had, over a period of years
before 1895, been experimenting on the
passage of electricity through a rarefied tube.
It had been found that, when two metal
electrodes were sealed into the ends of a glass
tube and connected to a source of electricity
of sufficient potential outside the tube, certain
changes took place if the gas pressure in the
tube was reduced. Amongst other things it
was noticed that a dark patch or space
surrounded the cathode (the negative pole of
the tube). It was eventually discovered that
the dark space would, when the pressure was
further reduced, fill the whole tube, and the
walls of the tube would light up with a

Fig. 2.-" Scatter" rays and moving grid.

fluorescence (many have seen a green fluores-
cence of the X-ray tube in years gone by,
but this was not X-rays). In 1869 it was
discovered that the space within the tube
contained rays which appeared to come from
the negative end of the tube. These rays
were, and are called to -day, cathode rays.
The cathode rays are a stream of units of
negative electricity.

Crookes' Tube
Sir William Crookes commenced his

experiments in 1879. He demonstrated by
means of a tube and a cross which could
be raised and lowered, that the cathode stream
leaves the cathode at right angles to its surface
and flies in straight lines ; when the cross
was raised into the path of the stream of
electrons, it cast a shadow on the fluorescence
wall of the glass tube, thereby showing that
the fluorescence was due to the glass walls
being struck by the flying electrons (see Fig. a).

The speed of the electrons varies from
one-third to four -fifths of that of light, and
is directly proportional to the electric tension
which is applied to the tube. When the cathode

ProAress in X-rays
The Advances Made in Apparatus and the Application of X-rays

By A. J. WALTON, F.S.R.

is given the shape of a concave mirror, the
stream of electrons converge to a focus.
(This principle was eventually incorporated
in the manufacture of X-ray tubes.) On
striking an object like the cross mentioned
above, or the glass wall of the tube, the
electrons are stopped and their energy is

Cathode Stream

Fig. I.-Diagram of a Crookes tube.

converted. More than 90 per cent. is changed
into heat, less than i per cent. being converted
into X-rays. Other scientists were following
the lead of Sir William Crookes, and Röntgen
was led to his discovery by the work of
Lenard.

The discovery of X-rays, therefore, goes
back to the invention of Crookes' tube.

Lenard missed priority over Rontgen, but
only just missed it ; he had observed when
working with a Crookes tube that if a thin
plate of aluminium were let into a little window
cut in the tube, rays of some kind were able,
more or less, to pass through the aluminium,
but what they would do after that they could
not discover.

Riintgen's Experiments
In April, 1895, Röntgen, during the course

of search for invisible light rays, turned on a
low pressure discharge tube which was
completely enclosed in black paper, when a
fluorescent screen which was lying in the
vicinity of the tube showed marked fluores-
cence while the tube was in action ; obviously
some unknown radiation was at work, and
Röntgen quickly realised that he was dealing
with a new agent which he afterwards called
X-rays. In this simple way one of the most
important discoveries in physics was made,
one which itself, together with other dis-
coveries, has gone far to revolutionise our
conception of matter, and which has developed
new and invaluable aids to practical medicine.

On December 28th the same year Röntgen
announced his discovery to the world.
Amongst other things, he said : " The
fluorescence of barium platino-cyanide (the
fluorescent screen) is not the only recognisable
effect of the X-rays. First, it may be
mentioned that other bodies also fluoresce,
as, for instance, calcium compounds." Also,
" the fact that photographic dry plates have
proved sensitive to X-rays is of special
importance in many respects ; it enables

Fig. 4.-The cathode of a Coolidge tube,
mounted complete.

many phenomena to be recorded, thus making
it easier to exclude deception, and, wherever
possible, I have checked by means of a
photographic exposure every more important
visual observation on the fluorescent screen."
How important these discoveries were. The
fluorescent screen is to -day used for the
examination of parts of the anatomy where
such examination is more useful than by an
X-ray photograph. The patient is placed
between the X-ray tube and the screen,
the required shadow being thrown on the
screen. Calcium tungstate is used in the form
of a screen called an intensifying screen in
conjunction with films because it fluoresces
(a means of converting X-ray energy into
visible light) and allowing this light, rather
than the X-rays themselves, to act on the
sensitive emulsion of the film. The X-rays
also act on the film, and in this way we cut
down our exposures to about a tenth. This
is of great importance, particularly in moving
organs, and in accidents (shocked patients).
Again, with regard to Rontgen's last remark
mentioned above, the latest chest technique,
called miniature radiography, is merely the

A

Fig. 3.-Diagram of an X-ray tube, showing
the paths of the cathode stream impinging on

the anticathode.
/1- )4 ru ic a h ode terminal. . B-Anticathode supporting
tube. C-junction of anticathode support and bulb.
D-Anode terminal. E-Anode. F-Exhaust point.
G-Glass mantle. H-Dark hemisphere. 7-Anti-
cathode. K-Target. I.-Regulator tube. d4-Active
hemisphere. N-Cathode stream. 0-Cathode. P-
Cathode stem. Q -Regulating ar.'n. R-Cathode terminal.

taking a photograph on a 'small film of the
chest as seen on the fluorescent screen. For
a long time there was no definite knowledge
regarding the nature of X-rays. It is now
known that they have their own definite
spectrum, and that they are -a wave motion
of the ether which can be measured ; there
is no question of deflection of the rays by
refraction (prisms), nor, therefore, of the
possibility of collecting than in a lens system,
for X-rays are not refrangible, and pass in
straight lines through matter ; only a very
small portion of the radiation undergoes
deflection and the deflection is due to
diffraction, an effect discovered by Von Lane
when employing a crystal (crystals, with
their absolutely uniform arrangement of
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atoms, provide natural gratings, in which the
distance between neighbouring planes is
sufficiently small to cause interference in
X-ray beams reflected from them).

X-ray Intensity
We can measure the intensity of X-rays.

It can be done by more than one method,
but that generally used is by ionisation
of the air, but there are a variety of instruments
for the purpose. The measurement of

X-ray intensity is important when using them
for therapeutic purposes. Apart from the
action of X-rays on substances previously
mentioned, they have a biological effect on
human tissue, and when used in this way the
application is called X-ray therapy. As most
people know, X-ray treatment is used with
great success in many diseases. The inestimable
value of X-rays both in photography and
therapy, depends on the amount of radiation
which has been absorbed. With the normal
picture of the hand, the flesh appears quite
light because it is comparatively permeable ;
the hones are shown distinctly with all their
detail, because the bone substance has absorbed
more of the rays.

The penetrating power, or wavelength,
of the ray depends upon the voltage applied
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Fig. 8.-Circuit diagram of an induction coil.

to the X-ray tube ; the higher voltage there is
the shorter the wavelength and the more
penetrating the rays. The high penetrating
rays are called " hard" rays ; the low voltage
long wavelength rays are called " soft " rays,
and in-between, " medium." The wavelength
is inversely proportional to the voltage applied
to the tube. The higher the voltage the greater
the speed of the cathode stream and the
greater the impact on collision with the positive
terminal of the tube (called the anticathode) ;
thus, the shorter the wavelength of the X-rays
produced. In practice!there is always a mixture
of wavelength rays called heterogenous rays
produced by the tube. The reason for this will
not interest the reader, but from the X-ray
worker's point of view, it is important because
a system of filtering must be used, particularly
when using them in therapy ; for instance,
if one is treating a deep-seated organ with
penetrating rays, various metal filters must be
used between The tube and the patient to
absorb the less penetrating rays, otherwise
they would be absorbed by the skin and more
superficial tissues, with perhaps serious
results. The composition of the beam is
independent of the material with which the
anticathode of the tube is made and depends
only on the maximum, or peak, voltage applied
to the tube. 30,000 volts produce " soft "
rays ; 200,000 volts produce " hard " rays.
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A much higher voltage is being used in deep
therapy, and when testing metal for imper-
fections, in fact, in America a million volt
machine is used. Metals are tested both by
the screen and, where necessary, films. When
g -rays pass through matter, a part of the
incident radiation is absorbed and transferred
into either heat or cliemical effects. Another
part induces a ray which is generally known
as " scatter." We get scatter from the glass
walls of the tube, from the X-ray couch,

Fig. 5.-A hot cathode tube
used for the protection of X-ray
workers. It operates in similar
manner to the Coolidge tube.

from the tissues and bones of the patient,
etc. The scatter of rays in the passage through
matter depends on the thickness and density,
scattered radiation having a slightly longer
wavelength than the primary beam. The
" scatter " rays tend to interfere with X-ray
photography; they cause a blackening of the
film and interfere with fine detail ; we must
therefore exclude them as much as possible,
particularly when dealing with a corpulent
patient. The means, the use of a cylinder
diaphragm attached beneath the tube or a
special moving grid depending on the nature
of the work. The grid (see Fig. 2),'A. anti -
cathode ; B. grid ; P. film ; 0. patient ;
Z. scatter, is placed between the patient and
the film. It consists of strips of lead alternated
with strips of wax or wood. It is attached
to a small oil motor which is released by means
of a cord ; the whole is built up into a frame
with a carrier to take the film;. the frame is
usually attached to the table placed on rails
and has free movement along the table. The
lead strips cut off a small portion of the
primary beam, but they absorb scattered
rays. It is said that the first X-ray
picture of a hand was taken in this country
with a Crookes tube in 1896. Since
then the importance of the material
of which the anticathode is made
has become more apparent. The bombard-
ment of the anticathode by the cathode
stream causes a considerable rise in tempera-
ture of the anticathode, therefore it must have
a high melting point. Moreover it must have
a high atomic weight and specific gravity so
that it can arrest the cathode stream com-
pletely ; hence the common use of tungsten.

No one in 1895 could have foreseen the
enormous strides which have placed the bene-
fits of Rontgen's discovery within reach of
all, or have foretold that the simple apparatus
in use then would, in 1944, be replaced by
highly technical apparatus now used to excite
the X-ray tube, or the great improvement in
X-ray tubes. For a number of years the
exciting apparatus was far in excess of the
capacity of the best tubes, but now we have

Fig. 6.-Cut-away diagram
showing the interior of a

hot cathode tube.

tubes which will take powerful electrical
discharges with safety.

Scientists, apparatus manufacturers and
their engineers, photographic experts, chemists
and medical men (called radiologists), and the
technician, the non -medical man called the
radiographer, have all contributed to the
great general improvement.

X-ray Apparatus
To produce X-rays we require two distinct

pieces of apparatus. 1. The X-ray tube in
which the high tension electric energy is
converted into X-rays. 2. The transformer
which converts the current from the main
electric supply to high-tension current essen-
tial for passage through the X-ray tube to
produce X-rays. The original X-ray tube
(after the experimental period) and still in
use for some Purposes, is called the gas
tube (see Fig. 3).

It is a sphere of glass into one end of
which is sealed the anticathode ; at the
opposite end the cathode (already explained).
The anticathode is a copper stem faced with
platinum, but later with tungsten because,
although its atomic weight is less, its melting
point is higher. With increased output in
apparatus this was important ; it became
necessary on account of this heat produced
to disperse some of it by various means.
A fin radiator was connected to the anti -
cathode outside the tube or a water cooling
device was used. The third terminal (con-
nected to the anticathode) served for manufac-
turing purposes only. There was also a
regulating device for stabilising the vacuum of

Fig. 7.-A shock-
proof tube with metal

shield.

the tube. In manufacture the tube has air
pumped out until only a small residue
remains. It is on this residue that- the tube
depends for the passage of electricity. These
tubes are practically out of use to -day. They
were used in conjunction with the transformer
called the induction coil, the tube being
dependent upon its gas content (which was
not constant) for the production of X-rays,
was unreliable, and a tube in which the
production of the cathode stream, independent
of the combination of gas tube and induction
coil was overcome by replacement of both.
If the tube is completely exhausted, or as
completely as possible, no current will pass
through the tube When both the electrodes
are cold, but if the temperature of the
negative electrode is raised to incandescence,
electrons are given off and current will pass.

Hot Cathode Tubes
Dr. D. D. Coolidge invented a tube on

these lines named after him, and it is a hot
cathode tube. This has been followed by
other types of hot cathode tubes. The one
which Dr. Coolidge devised is exhausted to
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Fig. 9.-Showing the introduction of valves in
the secondary circuit of an induction coil.

the highest possible vacuum. The anti -
cathode is constructed of tungsten ; the
cathode, instead of an aluminium cup -shaped
electrode, consists of a spiral of tungsten
wire surrounded by ''a sleeve of molybdenum
to focus the cathode stream (see Fig. 4).

The tungsten spiral is connected to an
auxiliary source of electricity of 12 volts
from accumulators, having a resistance, and
anameter in the circuit for regulating the
strength of current, the accumulators being
insulated from earth. This current heats the
spiral wire of the cathode, causing it to give
off a negatively charged stream of electrons
which are projected on to the anticathode,
the amount of free electrons being regulated
by the degree of heating of the tungsten
spiral, and the speed of the stream of electrons
is governed by the voltage applied to the
tube by the secondary circuit of the trans-
former. The tube, therefore, has accurate
adjustment, stability and extremely large
output and the means of duplicating results.
One of its advantages at the time of its
invention was its great output for therapeutic
work. It was a great stride. The disadvantage
of accumulators in the auxiliary circuit can
be appreciated when one considers the
necessary charging, cleaning, etc. These
were soon replaced by a transformer which
stepped down the main voltage to 52 volts.

The tube required to be surrounded by
very heavy protection. The next tube was a
hot cathode tube, but it is more important
for its mtection. Everyone has heard of the
dangers of X-rays, and the unfortunate ones
who suffered and died from its effects,
together with other dangers which were
encountered in an X-ray department. There
were four great dangers ; they have practically
been eliminated : t. X-ray dermatitis,
commonly called X-ray burns. 2. Electric
shock. 3. A very bad blood condition due to
ionised air in the X-ray department with
little or no ventilation. 4. A blood condition
to a lesser degree due to working many hours
in small, dark developing rooms with no
ventilation. All this was due to ignorance.
X-ray burns were due to over -exposure to
X-rays ; first, because there was no protection
whatever, and, second, even after the dangers
were realised, through insufficient protection
around the X-ray tube.

Protection for X-ray Workers
The tube called the " self protected "

tube came into use. It protects the X-ray
worker from the primary beam of rays
(provided they are not facing the aperture
through which the rays emerge) without
other protection. It is a hot cathode tube ;
there is more than one make. The principle
of action is similar to that of the Coolidge
tube ; it has its secondary source of electricity
to heat the cathode (see Fig. 5).

It consists of a continuous glass cylinder

instead of the sphere. Surrounding the
central active zone is a protective lead shield,
in which is an aperture for the emission of
X-rays ; thereby, the tube carries its own
protection, and does away with the heavy
lead protective boxes (see Fig. 6). This was
followed by the tube used to -day called the
" shock -proof" tube. This tube has a metal
shield surrounding it, to which is attached
cables which are heavily insulated, and also
surrounded by a flexible metal shield (see
Fig. 7).

The tube shield and the sheath surrounding
the cables are inter -connected and then
joined to the metal case surrounding the
transformer, which, in turn, is connected to
earth. That part of the apparatus, which is
near the patient, is thereby electric -shock
proof; even the cables may touch the pltient
without danger when the tube is running.
This, together with its own protection, is a
great advance. Another development of the
tube is a tube with a " rotating anticathode."

The energy which can be applied to the
tungsten surface of the anticathode is
limited ; there is a time when the stationary
anticathode becomes damaged ; its fine focus
is spoiled, the focus being of great importance.
The rotating anticathode overcomes this.
By its rotation the surface on which the focus
is formed is continually being changed ;
therefore, much heavier currents can be
employed without injury to the metal.
Therapy tubes of to -day employ the hot
cathode system, but they are specially made
to take heavy currents for much longer
periods than the tubes used for diagnostic
work. For X-ray photographs we need from
4o to too kilovolts (t,000 volts-s kilovolt),
and for therapeutic purposes from 120 to zoo,
or in some cases goo kilovolts, are used.
The amount of current we pass through the

Fig. 'I.-Diagrams illustrating the Principle of
a mechanical rectifier.

Fig. 'O.-Section of a closed -core transformer.

tube is measured in milliamperes, a milli-
ampere being a thousandth part of an ampere.
Both kilovolts and milliamperes vary
according to the work we have in hand. The
current passing through the tube must be
unidirectional.

The Induction Coil
The voltage from the electric supply is

usually 25o volts. This may be transformed
to the required voltage either by means of
the induction coil or by the transformer.
In the early days the induction coil was used
and often not from the main supply of
electricity, but with 12 volts in accumulators.
One could almost write a book on the induc-
tion coil, but briefly the coil is made of a
core, the primary and secondary windings,
interrupter and condenser. The core is
made of laminated iron around which is
wound about 200 turns of thick copper wire,
the two ends of which are, when in use,
attached to the main supply. Around the
primary wire is placed a thick insulating
shield, generally ebonite and outside this are
many turns (thousands) of very fine copper
wire. These are the secondary windings,
the ends of which are attached to the X-ray
tube. The secondary is embedded in paraffin
wax or oil. In the primary circuit there is an
interrupter ; the original was a hammer
type working on the end of the coil and
operated by magnetism (as in an electric
bell). A condenser was placed across this
interrupter to take away self-induced currents
from the primary circuit, thus giving a cleaner
interruption. The primary current induced
a current in the secondary windings called
the " inverse" current, but at the time of the
interruption when the core gave up all its
magnetic influence, a much greater current
was induced in the secondary circuit ; this
current flowed in the opposite direction to the
inverse current and was used for the pro-
duction of X-rays. As we must not let the
inverse current flow through the tube, it had to
be suppressed ; this was done by introducing
one or more valve tubes in the circuit (see
Figs. 8 and 9).

Closed -core Transformer
With the introduction of the hot cathode

tube came the closed -core transformer (see
Fig. to).

This works from an alternating current
which causes a rise and fall in the primary
circuit, the interrupter being no longer
required. By a closed core we mean a con-
tinuous ring or rectangle of laminated iron
capable of being loaded with more magnetism.
The whole primary and secondary windings
plus core are placed in a tank of oil, the
ends of the secondary being brought through
the top to insulated supports, and finally to the
X-ray tube. The ail acts as an insulator and
also keeps the windings cool. Having currents
of equal potential in the secondary circuit
flowing in opposite directions, it is, when
working with heavy currents, necessary to
change this alternating current into a uni-
directional one. Two methods are used :
(1) mechanical rectifier (Fig. t), and (2)
valve tubes.

To be continued)



November, 1944 NEWNES PRACTICAL MECHANICS 45

The Centenary of Atoms
The Memory of John Dalton, the Famous Founder of Chemical Theory

AHUNDRED. years ago-in July, 1844,
to be precise-died at Manchester the
celebrated Dr. John Dalton, the man

to whom chemical science is probably more
indebted for its foundations than it is to
any other single individual.

Dalton was a man of outstanding chemical
genius, a 'thinker who, in the dark days of
chemical knowledge, presented the scientific
world with a systematic scheme by means
of which the then perplexing problem of
chemical combination might, at least in part,
be understood.

Such, in a nutshell, was the " Atomic
Theory of John Dalton. Intrinsically it
was a towering generalisation which, so fir
as it goes, has had its essential truth con-
firmed over and over again by a century of
chemical workers. The Atomic Theory is
Dalton's monument ; and it is a non-perish-
able memorial, too, for, despite the fact that
modern science has proof that the atom is
not the small hard, round, impenetrable
particle which Dalton believed it to be, the
Daltonian theory of atoms and their modes
of combination still stands as stolidly as ever
it did, its principles having almost instinc-
tively been accepted by generations of
chemists the world over.

Known to the Greeks
In consequence of the cursory view of the

Atomic Theory which is given by many
school textbooks, many of us are often
inclined to regard John Dalton as the
" inventor " Nothing, however,
could be further from the truth. The exist-
ence of tiny particles of matter seems to
have been believed in by the very earliest
of the world's thinkers. For example,
Democritus and Leucippus, two Greek
philosophers who flourished about the years
B.C. 440-400, held that all material things
are made up of minute round particles which
are invisible and which cannot be destroyed.
Moreover, it is remarkable to find these old
Greeks actually postulating that their
" ultimate particles " were in a state of
perpetual motion, which fact is precisely
what our modern experimental observations
disclose to us.

Robert Boyle, the early chemical experi-
menter of the time of Charles II, the author
of the famous " Boyle's law," and one of

A " magic" lantern used by Dalton. It was
illuminated by means of a single oil burner.

the founders of the Royal Society, dabbled
in atoms, so to speak. So, also, did a few
other chemical investigators who came in
the century after him ; but these people
never managed to get to grips with the inner
meaning of atoms. The subject was too
difficult a one for them. They preferred to
put it aside and to go on with their more
interesting practical work of discovering new
chemical reactions and fresh chemical com-

Dr. John Dalton

pounds. It was an easier task, besides being
far more spectacular.

College Tutor
The way in which Dalton first became

interested in atoms is a rather curious one.,
When, in 1793, at the age of 27, he first
went to Manchester as a mathematical tutor
in a college which had then recently been
established in that town, one of his abiding
interests was the subject of meteorology, the
study of weather science. He was led into
chemistry through meteorology, for he
endeavoured to find the reason for the
various gaseous constituents of the earth's
atmosphere all being intimately mixed
together, despite their differences in density,
just as liquids of varying specific gravity can
be made to float one above the other in
layers.

He then began to investigate the subject
of gases and their make-up. He experi-
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mented with different gases. He weighed
them as carefully as he could, determined
their densities, tried to work out the inner
relationships between different gases of a like
nature and, in general, entered enthusiastic-
ally into experimental work upon some of
the most fundamental and momentous of
chemical problems.

Dalton has been criticised by some
present-day people on account of the
inaccuracy of his experimental results. They
say that he devised his theories first and
afterwards tried to confirm them by means
of experiment. To the extent that Dalton
used his scientific imagination, such a state-
ment as the latter is true enough, a fact
which surely points emphatically to the inner
genius of this theorist. But as for Dalton's
experimental work being inaccurate-well,
how could the degree of accuracy of modern
determinations possibly be obtained when
experimenters like Dalton had to work with
ink bottles as flasks, with bladders as gas-
holders, with domestic crockery for chemical
utensils and, indeed, with crudities of
apparatus which would immediately be
turned down by the youngest chemical
student of our present day ?

Yet, despite all those difficulties, Dalton
triumphed, giving to the world his Atomic
Theory, without which chemistry could not
possibly have made its phenomenal progress.

A curious and a picturesque character was
John Dalton, the gentle and amiable Quaker
philosopher, of Manchester. He was the
second of the three children of
Deborah Dalton, hard-working and frugal
farmers who had a small area of land near
the village of Eaglesfield, near Cockermouth,
Cumberland. It was here that the future
creator of the Atomic Theory was born on
September 5th, 1766.

The Juvenile Schoolmaster
Brought up in the early tenets of the

Society of Friends, John Dalton acquired a
youthful seriousness and earnestness which
made him different from other children.
Although he only attended the village school
at Eaglesfield for a few years, at the age
of ten (when he ceased from regular school
attendance) he was miles ahead of his
fellow -pupils in scholastic attainments. And
at the tender age of 12 years he started a

Water Carbon Carbon John Dalton's air pump. A crude apparatus
Monoxide Diox,de made of brass and wood, yet it sufficed for the

Some of Dalton's original symbols which he many momentous experiments on gases which
used to represent atoms and their components. its owner made.
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school of his own in the district, but this
venture had not the brilliant success which
its optimistic originator intended it to have.
For before very long the eldest and the
biggest of the pupils began to fight the
juvenile schoolmaster in the schoolyard, and
as fighting was a matter which was morally
opposed to Dalton's tenets he had to
acknowledge the failure of his first indepen-
dent venture.

Three years afterwards, at the age of 55,
Dalton, in company with his elder brother,
Jonathan, started a school in Kendalo.an
academy in which " youth will be instructed
carefully in Eng'ish, Latin, Greek, and
French ; also writing arithmetic, merchants'
accounts and the mathematics." Again the
venture was unsuccessful.

Migration to Manchester
At Kendal, Dalton struck up a lasting

friendship with a blind man named Gough.
It was largely through Gough's encourage-
ment that Dalton ultimately proceeded to
Manchester to take up his employment as
a tutor there. Dalton made Manchester his
home. He spent more than half a century
there, living for the greater part of that time
entirely by himself as a confirmed old
bachelor in a house belonging to the Man-
chester Literary and Philosophical Society,
of which body he was elected a Fellow in
5794.

This gaunt Georgian building, now, alas,
destroyed by enemy action, formed the birth-
place of the Atomic Theory. In its front
room, which Dalton converted into a modest
laboratory, all his chemical and physical work
was carried out, and all his multitudinous
observations made. It is said that Dalton
took no fewer than 200,000 weather and
climatic observations during his lifetime, all
of which he patiently recorded in his note-
books. His first book was written on the
subject of Meteorology, and, as we have
already noted, it was through this subject
that he became interested so greatly in the
fundamentals of chemistry.

Dalton first conceived the main atomic
theory about the year 5802.

When meditating over the ways of
chemical combination he had been strongly
struck by the fact that gases stem to combine
together in definite proportions, either by
weight or by volume. He noted, for
example, that the gas nitric oxide would
combine with oxygen to form two other and
entirely distinct gases. One of these new
gases was a compound of nitric oxide with
one volume of oxygen t the other was a com-

A non -mercurial therMometer used by Dalton.
Made about ISoo, it comprised one of the

world's first metallic -strip thermometers.

pound of nitric oxide with two volumes of
oxygen gas.

Dalton perceived that it was never pos-
sible to obtain a gas of intermediate

John Dalton's microscope. Crude enough
according to modern standards, yet it was

" up to date" in Dalton's day.

composition. Thus, no gas existed having
the composition: nitric oxide r vol.; oxygen,
to vols.

Law of Definite Proportions
REASONING on these lines, Dalton crept

forward from fact to fact. When his
facts were lacking, he tried to devise experi-
ments with the object of supplying them.
Eventually, he formulated his " law of

(Left) Dalton's orig in al
" magnet battery " - a
number of horseshoe mag-
nets screwed .together in
order to obtain greater

magnetic power.

(Right) The original maxi-
mum and minimum
thermometer used by Dalton
in his meteorological work.

definite proportions," the great chemical
generalisation which states that atoms com-
bine with each other in definite proportions
only. Methane gas (firedamp), for instance,
is always the result of the combination of

atom of carbon with 4 atoms of hydrogen.
In modern chemical parlance, it is ALWAYS
CH4-never CH:, or CH3, or CH for
example.

Dalton's conception of atoms was very
similar to that of the old Greek thinkers.
He imagined them to be something of the
nature of miniature billiard balls, perfectly
elastic, perfect indestructible, perfectly im-
penetrable, in fact perfect entities in almost
every respect.

Dalton had no idea of what we now term
" molecules." He talked about atoms of
hydrogen and atoms of oxygen, but, when
referring to what we should now term a
" molecule " of water, he designated it a
" combined atom."

"New System of Chemical Philosophy "
THE total number of chemical elements

known in Dalton's time was just 23.
When, in 585o, -he published his "New
System of Chemical Philosophy," in which
he outlined and detailed his theory of atoms
and their modes- 6'. chemical combination,
he drew up a list of the then known
elements. To designate each elemeni he pro-
posed to use a soh of alchemical symbol, a
number of which are shown on this page.
Curiously, Dalton never seems to have been
struck by the far greater ease of denoting the
various elements by their initial letters or by
means of a system of agreed abbreviations,
as we do at the present time. In fact, when
such a rational system was, at a later date,
introduced by Baron Berzelius, the Swedish
chemist, Dalton was merely impatient of it.

Manchester was devoted to determining the
relative weights of the elements. Owing to
imperfections of his methods, he got many
of these relative weights wrong, which fact
caused him to assign entirely wrong formulae
to many chemical compounds. Nevertheless,
he had hit upon the basic principle of what
we now term the " Atomic weight " of an
element, that is, its weight relative to the
weight of a " standard " element,- usually
hydrogen, and in the " New System of
Chemical Philosophy " Dalton was suffici-
ently confident of his new " philosophy " to
publish a Table of Atomic Weights of
Elements.

Colour Blindness
THE fact that Pffin Dalton was colour-

blind is well known. He seems to
have been the first to study his constitu-
tional defect scientifically.

It was only after some investigation that
Dalton realised that his colour vision was
abnormal. He could distinguish yellows
and greens, but he had no real percep-
tion of blues, reds, purples and crimsons.
They all appeared a uniform flat grey to
him.
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In the year 1794, before the Literary and
Philosophical Society of Manchester, he read
the world's first paper on colour-blindness,
yet he was unable to solve its mystery.

Dalton never married. He was too
unworldly for the ordinary concerns of life.
There was the financial aspect of the ques-
tion, also. He was neveri rich, for how
can one become wealthy by teaching mathe-
matics and chemistry for years and years
at two shillings a lesson ? That, however,
was what Dalton did in order to augment
his other slender resources.

Dalton was nothing if not mathematically
methodical in his routine of existence.
Laboratory duties and tutoring made up his
daily life. Every Thursday afternoon he
went to play a game of bowls at a nearby
hostelry. Every year he went for a holiday
in. the Lake District.
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Many Honours
THE publication and the eventual accept-

ance of his Theory of Chemical
Atoms brought Dalton almost universal
fame in the scientific world. Oxford Uni-
versity awarded him a doctorate degree, the
Royal Society made him one of its Fellows,
he obtained various Continental medals, and
the British Government, in his later days,
gave him a small pension.

Towards the end of his life he was
troubled by several seizures which removed
from him much of his mental alertness. Yet
he still plodded on at his experimental in -
investigations. Even his meteorology was
continued. Indeed, Dalton's last meteoro-
logical observation was made on the evening
before his death. Entered in Dalton's
weather record under the date July 26th,

1844, and in his own handwriting, is the
report " little rain this day."

It was the last of a series of observations
which Dalton had kept up for more than
half a century. On the morning of the
following day -27th July-the great Master
of Chemistry had passed away. At his
funeral in Ardwick Cemetery, Manchester,
the whole town observed a day of mourning:

In his simple, gentle, and non-assertive
way John Dalton had managed to obtain
for himself an almost national reputation.
The funeral crowds knew nothing-and un-
doubtedly cared much less-about his Atomic
'Theory, but, instinctively, those Mancunians
of a century ago, and the many visitors to
the town who mixed with them, recognised
in John Dalton a man whose mark had been
made not merely for their own age, but,
rather, for many future ages to come.

An Easily -made Telephone
BASED on '.he original " Gallows " tele-

phone made by Dr. Graham Bell, the
instrument about to be described was

designed as an instructional model to be
made by senior schoolboys in their science
room. For this reason the construction was
kept well within the range of a few simple
woodworking tools. Unlike the original
model, the present one has a first-class cobalt
chrome magnet, and therefore gives results

Built from Readily Available Material
marked " X " must be such that the centre
of the magnet chosen will come level with
the centre of the diaphragm, whilst the

By H. H. WARD

in place of the magnet and coil assembly
shown.- The instrument has also been
found useful as an extension to a Morse
buzzer outfit, and is wired to the two ter-
minals marked " line," which are usually
found connected together by a small brass
rod. Fig. 2 gives details of its construction.

Constructional Details
The sketch Fig. r shows the

general layout of the device.
Before commencing construc-
tion, it is advisable to obtain
the magnet, as the size of this
component affects the' sizes of
some of the others. The
magnet chosen should be of the
cobalt chrome type, and should
take the form of either a round
or square bar. The one used
in the model illustrated was 2in.
in length and Kin. by din. in
section, two such magnets being
obtained from a reed loud-
speaker unit of the type fitted
to cheap pre-war radio sets.
Round bar magnets, obtained
from dealers in scientific sup-
plies, were equally suitable, but
a groove had to be cut along
the top of piece No.
4 to prevent them
from rolling when
an adjustment was
made. In Fig. 3
parts 1, 2 and 3 are
fretsawn from

6mm. plywood, if obtainable ; if
not, plain non -plied wood will
serve, but great care is required
to avoid splitting when the
screws are driven into it:
When piece No. 2 is being cut,
the hole for starting the fretsaw
on the inside circle should be
bored on the line itself, as the
piece which comes out has to
be glued to the rear of part
No. t to form part f.A. If a
lathe is available,"i the front of
the instrument may be formed
from two turnings from the
solid, and the mouthpiece may
be included, in place of build-
ing it up by layers as shown
in the sketches.

The length of parts 4 and 5
are shown, but the height

General view of Cie finished telephony.

which compare very favourably with the
modern commercial article, provided the
necessary adjustments are carried out with
care and patience. As low -resistance tele-
phone earpieces are now difficult to obtain,
these home -Made substitutes can be recom-
mended to pre -service units, and others who
are anxious to practise Morse signalling and
telephony. -

If two 'phones of this type are connected
together by means a length of twin bell
wire, speech can be transmitted from room
to room, one instrument acting as a micro-
phone whilst the other functions as the tele-
phone, no battery being required. In order
to transmit speech over greater distances, it
will be necessary to use a carbon microphone
and a battery of t -I2- to 4, volts. It will be
seen that the type of microphone button
which has a stem for securing it in position
can be fitted into the present wooden stand

Fibre or Cardboard
----Col/ Cheeks

To Fit Over
Magnet

Formed from
Tinplate

Cardboard Centre for Cot/
Fig: 4.-Details of coil former.

thickness of the parts should be the same
as the width of the magnet. The base
(part 6) is in. thick and may be left rect-
angular or cut as shown by the dotted lines
to form a grip for the fingers. Parts 1_

and to are glued together, and when the
glue is set a sin. hole is bored through the
centre, the bit being started from both sides

to ensure a clean hole. The
pieces numbered 2 and 3 are
also glued together to form a
rebated circular frame for the
reception of the diaphragm
(Fig. V. , If a diaphragm
from a disused horn type
speaker is available, the

Fig. 1.-Rear view
of the instrument showing
arrangement of components.
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Rubber or Cardboard Washers

Diaphragm

14A Square Nut

Permanent
Magnet

:,-"C N ---I
------=- T --'----=---- &.N

0
co,/

,

Qiimit

4

Ebonite or
Fr bre Strip

4 5 7
Fig. 2.-Sectional view, showing how the parts are fitted together.

dimensions of these parts may be altered to
make it fit, as the performance of the finished
article depends to a large extent on the
choice of the diaphragm. The various
wooden parts should be assembled with good
quality glue, and when this has set the
joints may be reinforced with panel pins at
judicious points, so that the device will not
come apart if accidentally dropped whilst
in use.
Coil Former and Winding

The details of the brass strap which secures
the magnet are shown quite clearly in the

' sketches, and the exact size of screw used
is not important. The details of the coil
former (Fig. 4) should require no explanation

that, when complete, the
bobbin should leave a winding space approxi-
mately three -eighths of an inch wide by half
an inch in depth. The bobbin should be
wound full of 28 -gauge enamelled or
D.C.C. wire, but if this is not to hand, any
gauge between 24 and 3o seems to suffice
as the resistance is not critical. It is an
advantage to have the leading -in and leading-

; out wire of thin flex or of a heavier gauge
to avoid breakage.

If a mouthpiece is required, a circle of
thin cardboard, cut as shown, may be coated
with glue and wrapped round three times on
itself to form a truncated cone, which in
turn can be glued into the tin. hole in the
front of the instrument. When no com-
mercial diaphragm is at hand, a circle cut
from " commons " tinplate will suffice,
although one made from " Taggers " tin-
plate is more sensitive, but not so easy to
obtain. As a last resort, a disc from a dried
milk or similar tin container will work pro-
vided that it is cut and flattened so that the
finished product is fike from buckles.
Magnet Adjustment

The working of the instrument depends
upon the final adjustment of the magnet,
which is undertaken as follows: A double

Another view of finished instrument. -
piece of notepaper is placed against the
diaphragm and the magnet is pushed forward
and clamped in place. By pushing the
diaphragm gently outward the paper is
released and the gap between the diaphragm
and the magnet examined. If the magnet
has pulled the diaphragm into contact with

rA

N° /A Clued or Beck

itself, the process must be repeated with an
extra thickness of paper each time, until the
magnet is as c:ose to the diaphragm as it can
be without pulling it into actual contact.
Obviously the exact distance cannot be speci-
fied owing to the differences in the strength
of various magnets.

. -I 2

Mouthpiece
Fig. 3.-Details giving dimensions of the various parts.
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The Ju-Ju Man
OFFICERS of the new West African Air

Corps-the force that is replacing
R.A.F. men in Africa by native airmen-
used to scoff at Ju-Ju and jungle magic, but
not now.

One night an airman of the Corps was
robbed of a cigarette case containing his
money. He asked his commanding officer
if he could call in a Juju man to find the
thief. Permission was granted.

The Ju-Ju man turned out to be another
airman-a corps tailor. The scepticism of
the British officers seemed to hurt his pro-
fessional pride, and he offered to give a

Mystifies His C.O.
demonstratioa before he set out to find the
thief.

The test was agreed, and while the man
went into the bush to gather Ju-Ju twigs, a
bag of money was hidden in a chest in the
C.O.'s office, the Ju-Ju man had to find it.

The medicine man's only 'equipment was
his twigs, and a small tin full of water. He
called for an assistant, who stood with the
twigs in both hands, arms held out rigidly
to the front. The Ju-Ju man mumbled an
incantation and sprinkled the man's hands
and wrists from time to time with the water.

Gradually a vacant look came into the
assistant's eyes.

Slowly the two men went round the H.Q.
buildings, the assistant beating the walls and
floors with the twigs. At last they got to
the C.O.'s office. At once the man began
to beat frenziedly on the chest with the
bunch of twigs. The medicine man told the
C.O.: " Your money is in there, suh."

In the same way a kit -bag in a barrack hut
was picked out, and the missing cigarette
case found inside. The owner confessed to
the theft.

The airman who was robbed had to pay
the Ju-Ju man 168. for his services, and
the assistant received -5s. By tribal law
money can be got back from the thief.
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Rocket Propulsion
Improved "Mirak" and "Repulsor" Rockets

ON July 2nd, /93o, the Verein fiir
Raumschiffsfahrt E.V. engineers con-
ducted preliminary trials of a new

constant volume combustion chamber,
designed by Professor Oberth, known as the
" Kegelduse " (cone nozzle) type. Tested
on a special proving stand, the motor recorded
a thrust of approximately t6lb., constant
for 90 seconds, operating at an estimated
thermal efficiency of 6.3 per cent. ; not a
highly satisfactory result.

"Mirak " II-Development
Fortified by experience gained from the

trials of its predecessor, the second Mirak
(Fig. to) remained essentially the same,
improvements being in the provision of a
valve within the liquid oxygen tank, designed
to relieve excess pressure; and in the shape
and make up of the combustion chamber.
A ceramic liner was provided inside the
combustion chamber as a precautionary
measure aimed at the prevention of com-
bustion heat effecting a too vigorous expansion
of the liquid oxygen. The combustion
chamber in this design was cylindrical and in
order to gain a certain desired strength factor,
a lining of steel was also provided on a copper
alloy base.

An attempt to provide internal cooling of
the combustion chamber was also made by
the substitution of an alcohol -water mixture,
in lieu of petrol, as fuel.

Despite the many improvements made,
however, after a number of tests, "Mirak "
II suffered the same fate as its former stable
companion; the oxygen tank exploding due
to the inadequate function of the relief valve.

"Mirak" III
Later in 1931, yet a third "Mirak''

(Fig. t 1) was produced at the Ratenflugplatz,
and as with its immediate predecessor,
,several design modifications were embodied.

A considerably more efficient combustion
chamber of a much improved internal shape
was the main feature of the new design,
which incorporated, in addition, a special
cooling system ; the motor being finned
externally to provide a greater radiation
surface. The complete unit, motor and
coolant, was in this design mounted outside
the liquid oxygen tank-positioned sym-
metrically below, about the rocket axis. The
increased capacity oxygen tank fitted was
provided with a pressure relief valve as
before ; designed to function at a pressure
of 9olb. per square inch.

The feed system, too, was improved; a
second tank, containing compressed nitrogen,
being fitted in lieu of the carbon -dioxide
pressure " charger " previously employed.
A reversion to petrol as fuel was also made.

This third model, when subsequently
tested, proved highly successful in operatioji,
responding perfectly in every way, without
exploding.

The " Repulsor " Rockets
After the tests of " Mirak " III were com-

pleted, the Society engineers continued With
their development work, building several
more rockets rather more ambitious both as
regards design and size. These rockets were
termed " Repulsors " ; the first of the type,
constructed in the spring of 1931, being
designed by engineer Klaus Riedel, essentially
for the purpose of free flight test.

By K. W. GATLAND

(Continued from page 22, October issue)

The rocket motor of "Repulsor " I
consisted of a combustion chambei,
distinctly similar to the one employed in the
""Mirak" III ; housed with in a water coolant
jacket. This assembly formed the nosing
shell. Below, and separated from the motor
nosing, were fitted two thin tubular tanks,
one containing petrol, with pressure charger,
the other liquid oxygen.

Connecting the combustion chamber, and
nosing, to the tanks were feed lines, the

Liquid Oxygen
rank

Fuel rank.
(Denatured
Methylated
Spirit.)

Fuel Feed Line

o

Pressure Relief
Valve

Ceramic lined
Combustion
Chamber '

Oxygen Valve
and Feed Line

Exhaust Nozzle

CO* Chortler

Fig. to.-Sectional diagram of the " Mirak"
II rocket.

tanks being supported beneath by rigid metal
struts. The all -up weight of this first rocket
of the " Repulsor ' series was 25o1b.

After initial trials of its motor on the
proving stand, " Repulsor " I was fired in
free flight on May t4th, 1931. No parachute
was provided for descent. Unfortunately,
the rocket did not rise vertically, but took
off slantwise, striking a small building during
its path of flight. Nevertheless, the rocket
rose tq a height of nearly 200 feet, but was
not sufficiently stable, and spun in. the air,

jettisoning most Of the water from the cooling
jacket, prior to its return to earth. Examina-
tion showed that a hole had been burnt
through both the side of the combustion
chamber and the outer casing of the water
jacket.

A second " Repulsor " (Fig. t2) was built,
and was ready for test by May 23rd. This
particular model did not differ greatly from
its predecessor, the only alteration being
the elimination of the heavy support struts.
Circular aluminium " hoops " were fitted in
their stead, the tanks being supported solely

by means of the rigidity of the feed lines.
Again, no parachute was fitted.

When fired, "Repulsor " II climbed ver-
tically to about 266 feet, before curving over,
'slowly losing altitude, and ending in the
branches of a tree some 2,000 feet from the
Point of take -off. A further " Repulsor "
was built before the end of the month, and
this time a parachute provided to enable a
safe return. The design was essentially the
same as the former rocket, the only difference
being that the tanks were located closer to
the rocket axis, in an attempt to improve
stability.

The third " Repulsor " was fired in June,
and attained a height of over 15,000 feet.
Unfortunately, the parachute was released
too early in the flight-while the motor was
still functioning, and was torn away. The
rocket covered a distance of nearly 2,000 feet,
in a well -stabilised flight, before hitting the
ground as a complete wreck.

In all, more than 3o " Repulsor " type
rockets were built, and most of their tests
were recorded as highly satisfactory. Some
of the later rockets were termed " one -stick
Repulsors," and differed considerably from
the early types, the main distinguishing
feature being that both tanks were placed in
line about the vertical axis. The first rocket
of this type was free -flight tested in August.
1931, and attained an altitude of practically
33,000 feet; a parachute opening at the peak
of trajectory, wafting the rocket gently back
to the ground.

Rocket Motor Tests
While work on the " Repulsors " continued,

another section of the Society concerned itself
essentially with the development of the rocket
motor combustion chamber. These investi-
gations resulted in the construction of a
number of highly efficient rocket motors of
varied internal shapes, which were subjected
to stringent test on the Society proving stands.
Specially constructed reaction units of highly
durable metals were thoroughly tested, and
many of the special heat -resisting steels and
alloys produced up to that time were quickly
disposed of as practical combustion chamber
materials. A number of rocket motors,
constructed of materials considered to he
highly satisfactory for the purpose, literally
disintegrated into a mass of white hot sparks,
after being on test for merely a few seconds.
Others, fired for their respective runs, were so
severely scarred internally that they had to be
discarded as useless for further experiment.
Nevertheless, several successful rocket motors
were produced during 1931, most of these
being constructed of aluminium. By the
end of 1933, over 500 individual ground tests
had been satisfactorily concluded at the
Ratenflugplatz. Six large Oberth designed
rockets were also built during this period, but
did not prove so efficient (relatively) as the
third " Mirak," and Repulsor types,
although on occasions thrust values of over
450 lb. were recorded during tests.
End of the Verein !fur Raumschiffsfahrt

E.V.
At one time, during the peak of its career

in 1929, the Verein fur Raumschiffsfahrt E.V.
had a total of nearly 2,000 members on record.
However, by 1933, the Society's numerical
strength was considerably changed, only zoo
members remaining. Due to the consequent
depletion of funds, publication of Die
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Rakete," the Society journal, was indefinitely
suspended early in 1933. Towards the end of
the year, the positiorf had grown considerably
worse and the Society was facing the prospect
of disruption.

Not only were restricted to lack of
funds; prominent members were accused of
using the Society for personal gain, and
there were also questions of extravagance.

While this dispute was at its height, Willy
Ley (one time vice-president of the Society),
together with a number of his associates whose
interests in the development of the rocket were
less superficial than the rest, disassociated
themselves completely from the Verein fur
Raumschiffsfahrt E.V. A short time after,
the Society was dissolved.
The German Interplanetary Society

Ley's idea was to form another research
group around the nucleus of rocket enthusiasts
which remained, in order that the work of
years should not fade with the name of his
former Society, and with the aid of another
German organisation, the E.V. Fortschritt-
liche Verkehrstechnik (Society for the
Progress of Traffic Technique), a Society
interested in all forms of propulsion, success
in this direction was achieved. A proposal
was put to Dr. Otto Steinitz, the founder of
that Society, to the effect that the Ley group
should amalgamate with the E.V. Fort-
schrittliche Verkehrstechnik, with the view
to establish the projected coalition as the
German Interplanetary Society. This pro-
posal was readily accepted by the Steinitz
organisation, which at that time was also in
precarious straits with regard to funds.
Thus substantially augmented numerically,
the new Society grew slowly but steadily
in strength, and by the spring of 1934 the
total membership had risen to about 200.
Regular publication of the Society journal,
" Das Ncue Fahrzeug," was also possible by
the increased income, which although
adequately sufficient to satisfy this problem,
was not, however, large enough to finance
practical experimentation. Nor was this
the worst of their problems ; the rise of
National Socialism throughout Germany did

Fuel Tank ---
!Petrol.)

hitter C405

" Mir ik" III rocket.

not make the problem
of maintaining t h e
Society an any too
easy proposition, and
complications with the
military authorities
soon arose, making the
prospect of further
progressive research
virtually impossible.

In 1935, Willy Ley,
together with H.
Scharfer, another engi-
neer of the Verein fur
Raumschiffsfahrt E.V.,
and other fellow coun-
trymen quick to size
up the situation,
quitted the *German
scene, travelling to the
U.S.A. There Ley con-
tinued his researches;
hut mention of this
more current work
will be made in a sub-
sequent article.

On the other side,
Hermann Oberth, von
Opel, and many others
prominent in German
rocket development,
remained in Germany,
getting caught up in
the Nazi ideals. (Un-
official reports have
indicated that the
German long-range
rocket weapon, " V-2,"
is an Oberth crea-
tion.)

In this way, free German research came to
an end, later rocket development being
catered for by special Government depart-
ments under a cloak of extreme secrecy.

An Austrian Research Society
Another European rocket society, the

Oesterreichische Gesellschaft fur Rake-
tentechnik (the Austria Society for Rocket
Technique) was formed on August 16th, 1930,
in Vienna. Investigations were concerned
largely with theoretical research of the
problems connected with interplanetary com-
munications ; engineer G. von Pirquet, the
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Fig. I2. --Diagram of the " Repulsor"
rocket.
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Society's vice-president, featuring promin-
ently in this work. A similar fate as that
which befell the German Society, however,
brought about disruption of this group but a
few years after its formation.

The American Interplanetary Society
In the spring of 1931, a year after the

formation of the American Interplanetary
Society, the president, G. E. Pendray,
travelled to Germany and visited the Raten-
flugplatz. There he witnessed a number
of tests of the " Repulsor " type rockets,
and gained much valuable experience, both
concerning the design and construction of
liquid fuelled rockets, and also of the organisa-
tion of the Society itself.

Upon his return to New York, Pendray
set about a policy of reorganisation, com-
bining ideas of his own society with those
of the German group, and finally succeeded
in the establishment of an experimental
programme to cover the development of a
series of liquid fuelled rocket units.

As might be expected, the first rockets
constructed by the Society engineers were -
not highly original in design, hut incorporated
many features proved by the German
" Repulsors." A great deal of acutal test
experience was required before technical
improvement became a practical possibility,
but within a relatively short space of time
the Society successfully constructed and
proved as highly satisfactory, a number of
rockets embodying many original design
innovations.

A.I.S. Experimental Rockets Nos. I and 2
The first rocket, Experimental Rockc t No. r,

fuelled by petrol with liquid oxygen, was
tested in November, 1931. For the purpose
of this, and subsequent tests, the Society
engineers constructed a small proving stand.

During the initial firing, however, an
accident occurred in which parts of the
combustion system were damaged. In view
of the mishap, the Society's first rocket
was not put to further test. Instead, a number
of components, which included the motor and
tanks, were used in the construction of
Experimental Rocket No. 2, the design and
building of which occupied the Society for a
year and a half. After a number of proving
stand trials, the rocket was finally fired
in free flight on May 14th, 1933.

The rocket was fired out over the sea from
the Society's proving ground at Staten
Island, New York, and exploded upon
reaching a height of approximately 25o feet.
An examination of the wreckage found that
the liquid oxygen tank had burst, despite
the fact that a relief valve was fitted-the
direct cause being the heat from the com-
bustion' chamber had effected an excessive
expansion of the contents.

A DICTIONARY OF
METALS AND ALLOYS

New Edition

Edited by F. J. CAMM

A handy and straightforward book on
all the known metals and nearly all the
known commercial alloys, with numerous

instructive tables.

Price 10/6 from all Booksellers, or by
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Instruments for Motor-cars
and Aircra tf (4C09on!e'nputeedibreor

issue)pcig

Oxygen Instruments, the Voltmeter, and the Gyroscope
By J.

IT is common knowledge that oxygen In
sufficient quantity is necessary to support
the human life. At normal altitudes this

oxygen is present in sufficient quantities to
do so, but at great heights, from approxi-
mately to,000 feet upwards, owing to the
rarefied atmosphere, the oxygen contents of
the air is insufficient. To make up for this
deficiency, oxygen is supplied by artificial
means, and this is done by a number of
containers, containing oxygen at high pres-
sure, being fitted in the aircraft. The amount
required for any particular aircraft has been
carefully calculated according to the number
of crew, length of journey, etc., and an ample
margin for safety is provided. At various
positions in the aircraft there are plug con-
nections attached by pipe line to the source
of supply. Indicators are provided at the
pilot's- cockpit, the bomb-aimer's position,
the rear gunner's turret, etc., to show the
amount of oxygen in the containers and also
for adjustment to be made to the flow of
oxygen according to the height, e.g., the
greater the height the greater the flow.

The containers are spun from seamless
steel, and oxygen is carried in them at a
pressure of approximately 1,800lb. per sq.

Filter

Fig. 2I.-Oxygen delivery indicator.

in. In the neck of each bottle is a valve,
and all the bottles are connected to one main
supply pipe line, and from this pipe line the
connections are made to the various points
required.

It is obvious that oxygen cannot be
breathed at the above pressure, and so it
passes through a regulator which reduces
it to a constant low pressure of approximately
35113. per sq. inch.

After passing through the regulator, the
oxygen passes to a delivery indicator (Fig. 21).
This is marked off in 5,000 foot intervals,
and according to the height at which the air-
craft is flying the flow is adjusted. It is
essential that all oxygen tubing should be
thoroughly cleaned with petrol and dried
with warm air. In no case whatsoever must
any oil or grease be permitted to come into
contact with any part of the system, e.g., for
tight valves, etc., as this will cause a violent
explosion.

MARTIN

The Oxygen Regulator
This is a very ingenious instrument and

operates in the following manner, as seen
form the illustration, Fig. 22. Oxygen at
high pressure enters the regulator through a
filter. Some of the gas is led off to a supply
indicator, which is a simple gauge of the
Bourdon type described earlier in this
series, and operates in the same manner, the
dial being calibrated in fractions of cylinder
contents, e.g., *---14, etc. Another passage
from the filter leads to the reducing valve,
and in this chamber is a safety valve adjusted
to blow off if the pressure builds up above
toolb. per sq. inch. The operation of the
reducing chamber is as indicated in Fig. 23.
Oxygen flows through the filter past the
valve into the chamber, where it builds up to
a pressure of 351b. If the pressure increases
above this then the diaphragm presses against
the tension of the spring A, causing it,
the diaphragm, to move away from the
L-shaped lever. Spring J3 comes into play,
moving the lever, and since the valve is
attached to the lever, it closes, reducing the
supply of oxygeri. The oxygen in the
chamber is led off through a small pipe line
to the delivery indicator. This supply is con-
trolled by the control knob, as in Fig. 23.
As the pressure is reduced in the reduction
chamber, spring A forces the diaphragm
back again against the tension of spring B ;
this moves the L-shaped lever in the opposite
direction, causing the valve to open and
admit more oxygen.
The Delivery Indicator

This instrument is necessary in order that
each member of the crew in the aircraft may
adjust his supply to the correct amount
required at the altitude at which the aircraft
is flying. The instrument is a moving vane
type, i.e., it consists of a circular disc cut in
a series of vanes. These vanes control the
supply of oxygen, being adjustable by a
screw set behind each vane. On passing
through the vanes, the oxygen impinges on a
large vane attached to the pointer spindle.
The greater the flow of oxygen required for
greater heights, the greater the pressure on
the vane, therefore greater movement of the
vane. The pointer' being attached to the
spindle, will move farther. round the indi-
cator dial, which is calibrated in 5,000 of
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Fig. 24.-Operating mechanism of a moving -coil
voltmeter.
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Fig. 22 (below).-Section of oxygen regulator.
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valve.
feet. The pointer moves against the tension
of a torque spring, which returns the pointer
to zero, as the flow of oxygen decreases.

From the delivery indicator the oxygen is
fed directly to the masks of the crew.
The Voltmeter

A voltmeter is installed in the aircraft or
automobile, on a panel, to indicate the
voltage of the supply. The supply may be
a generator for the main supply, or an
accumulator, or both. The generator is
driven off the engine and maintains a con-
stant voltage. The voltmeter may indicate
the voltage of the supply when charging, or_
voltage in the accumulator when the aircraft
is stationary. Several voltmeters may be
included in the main circuit, plus subsidiary
meters, as in the wireless equipment, etc.

The voltmeter' (Fig. 24) is a moving -coil
instrument, and works on the following
principle:

If a conductor carrying current is placed
between two magnets of different polarity,
the lines of force emanating from the con-
ductor will reinforce those of the magnets.
In the magnets the magnet flux or lines of
force will flow from N. to S. The lines of
force in the conductor, if a wire, will flow
radially around the wire. The result is
that at one position the two lines will form
a strong force, whereas immediately oppo-
site there will exist a weak force ; this will
cause the wire to move. The development
of force on a conductor carrying a current
is called " the Motor Principle." When
the coil has rotated through 90 deg. there
no longer exists a rotational force, and the
coil comes to rest. By changing the
direction of the current, the coil can be
made to continue throughout the 36o deg.
as with the simple motor, but for the pur-
pose of constructing a moving -coil meter
the movement through 90 deg. is quite
sufficient.
In the instrument is incorporated a per-

manent magnet, and between the two faces
is inserted a uniform radial magnet in the
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form of a small soft iron core. Surrounding
the soft iron core, but quite free from it, is
an aluminium former. This former carries
the coil wrapped around it, the coil consisting
of many turns of fine copper wire. The
wound former is suspended on jewelled
bearings.

When the current flows through the coil a
magnetic field is established, and this inter-
acts with the uniform radial field, and by
a law knotkn as Fleming's Left Hand Rule,
rotation can be deduced.

Now, since the field of the permanent
magnet is uniform, the angle of rotation
depends entirely upon the field due to
current, therefore the angle of rotation is
directly proportional to the current carried
in the coil.

A spring is attached to'the coil former,
and the spring becomes wound up the torque
of the spring opposing the torque of the
coil. The greater the current the greater
is the torque of the coil, and the greater the
angle of rotation. When the electrical
torque due to the coil is equal to the resisting
torque of the springs, then rotation will
cease.

The indicator needle is attached to the
spindle fitted to the coil former.

The angle of rotation is directly propor-
tional to the value of the current. If the
current is doubled then deflection is doubled.
In consequence a uniform scale is fitted.
Since I equals the angle of rotation is

proportional to the voltage, therefore a
moving coil can be used as a voltmeter. A
voltmeter is inserted in the circuit in parallel,
that is to say across the circuit. When the
current is nil the plane of the coil is parallel
to the permanent field and the pointer is at
zero. The " eddy currents " in the soft iron
core reinforce the torque springs for the
purpose of preventing oscillation of the
pointer. This is known as damping, and
results in the pointer coming to rest very
quickly. The resistance of a voltmeter is
high, and this means that the amount of
current flowing will be low.

The Moving -coil Ammeter
This is essentially the same in construc-

tion as the moving -coil voltmeter, but
included in the circuit is a "shunt," fitted in
parallel. This is necessary in view of the
fact that the fine wire can only carry very
small currents without the danger of burning
out, and in consequence strips of very low
resistance alloy are inserted to carry off the
greater proportion of the current. Thus the
instrument carries a fraction of the main
current, but is calibrated to register the main
current. The ammeter is joined in series
with the supply at any convenient point.

The Gyroscope
In these days of modern aircraft, involving

considerable distances over unknown terri-
tory at night and over vast expanses of
ocean, it has been found necessary to incor-
porate more accurate navigation instruments
than were used in days gone by. Aircraft
navigation has developed into a science as
accurate as that of seaborne navigation. Hit
or miss methods are useless to a Sunderland
pilot detailed to pick up a convoy hundreds
of miles at sea in thick weather. And so,
in order that more accurate indication shall
be given to pilots concerning the bearing of
the aircraft, and the actual flying position,
such instruments as the Directional Gyro-
scope, the Artificial Horizon, and the Turn
and Bank Indicator have been invented. The
actuating principle of all of these three
instruments is the gyroscope.

The Principle of the Gyroscope
A gyroscope is briefly as follows: A

statically balanced flywheel or rotor, of some
heavy material, for instance, brass, turning

about an axis. This axis is pivoted in a
ring, and this ring in turn is pivoted in
another ring. So we have two rings, pivoted
at right angles to one another, with the rotor
in the centre. This instrument is exactly
similar to the familiar toy of one's childhood,
and is a further adaptation of a spinning top.

The main property of the gyroscope is that
with the rotor revolving at high speed it will
tend to maintain its axis of spin, whatever
the position of the gyro. And, if a force be
applied to the inner ring of the gyro, the
outer ring will tend to veer or turn, and if a
force be applied to the outer ring, the inner
ring will tilt. This is known as precession.
For whatever torque is applied to either ring
the other will tend to precess in a definite
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Fig. 25.-Sectional diagram of a directional
gyroscope.

direction according to the direction in which
the torque is applied (a torque, simply
described, is a turning force).

The Directional Gyroscope
It is obvious that the magnetic compass,

whilst being very sensitive to any deviation
of the aircraft from its set course, the ,degrees
on the card or ring are set so close together
that a slight deviation, say of one or two
degrees, is not immediately apparent, and on
a long flight this can result in the pilot
being some miles off his course. Therefore
the ,directional gyroscope or indicator was
designed to show immediately any such slight
deviation, when set to the course on which
the aircraft is heading (Fig. 25).

The rotor, of the gyroscope in this instru-
ment has its axis of spin horizontal, and its
plane of spin vertical. The rotor is pro -
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mechanism of

pelled by air. The outer ring carries a
bearing card, which  is marked in degrees
similar to the magnetic compass. The whole
is housed in a light alloy case, which is air-
tight with the exception of the union feed
to the line, also the filters. The indicator
is viewed through a shaded glass..

Action
The action of this instrument in a turn or

on any deviation from the set course is as
follows : The gyroscope will tend to main-
tain its plane of spin and keep the rings, or
gimbal system, steady. The aircraft and
instrument casing will move around this
gimbal system. It will be seen that any
relative movement between this bearing
card and the casing can immediately be
viewed through the glass window. Owing
to the imperfect balance of this gyroscope,
and due to the earth's rotation, it is neces-
sary to reset this instrument from the mag-
netic compass at frequent intervals. This
resetting is carried out by means of a knob
situated on the front of the instrument,
below the glass window, and which, when
compressed, will bring into play a series of
gears, thereby permitting the gimbal system
to be turned gimbal.
The Artificial Horizon

This is a highly important instrument,
for it provides the pilot with a clear indica-
tion of the aircraft's relative position to
the earth whilst flying at night, or in bad
weather. .It shows whether he is flying
straight and level, and the position of the
horizon relative to the aircraft (Fig. 26).

It consists of a rotor and gimbal system,
the plane of spin of this rotor being hori-
zontal. The inner ring is pivoted athwart -
ships, that is, on an imaginary line running
through the main 'plane from tip to tip.
The outer ring is pivoted horizontally fore
and aft, and a pin protrudes from the inner
ring through the outer ring and engages
with the horizon bar assembly through a
slot. The outer ring carries a " sky "
plate and a " bank " pointer. The horizon
bar assembly is also pivoted on this, the
balance being maintained by lead weights
placed at the opposite end to the horizon bar
assembly. On the dial is engraved the form
of an aircraft.

Action
On the aircraft diving, the outer ring, being

pivoted fore and aft, moves with the case.
The rotor case, or inner ring, remains up-
right due to the rotation of the gyroscope.
Thus, as the relative distance between the
inner and outer ring increases, so the horizon
bar moves above the model aeroplane, thus
providing an indication of a dive to the
pilot.

When the aircraft " rolls," the case and
scale move round the " bank " pointer, which
remains still owing to the action of the
gyroscope. Therefore the difference indi-

Outer Gimbal Ring

Rotor

Inner Gimbal Ring

the artificial horizon.

Air Inlet
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cated, in degrees, on the scale is the amount
of which the aircraft has " rolled."

Turn and Bank Indicator
This instrument consists of two separate

units contained in the same case, and each
Working independently of the other. The
turning mechanism is controlled by gyro-
scope, whilst the side slip depends upon cen-
trifugal force and gravity for operation.

The " side slip " mechanism consists of a
pendulous weight which is freely pivoted in
a wedge-shaped box, and pivoted on the same
shaft is an arm from the top end of which
protrudes a pin. The forked end of a
pointer engages with this pin. This forked
method of pivoting ensures the pointer moves
in the direction of the roll. When the air-
craft " rolls " weight continues to define the
vertical position owing to the action of
gravity. But in doing so causes relative
movement between the pointer and the dial.

Gyroscopic Mechanism
This consists of a rotor pivoted athwart -

ships, and vertical, inside a single gimbal
ring, which is pivoted fore and aft and
horizontal.

The turning pointer is connected directly
to the inner ring, the case of the instru-
ment forming the outer ring. A small spring
connects the inner ring with the casing.

Torques and Precessions
When the aircraft turns a torque is applied

to the case, which causes the inner ring to
precess and move the pointer across the
scale. In doing this it increases the tension
of the spring. When this tension has built
up sufficiently to be equal and opposite
to the torque caused by the aircraft turning,

the inner ring becomes stationary, and the
pointer will indicate a definite rate
of turn. When the aircraft ceases to turn,
this turning torque subsides, leaving only
the spring tension. The torque which this
spring is applying to the inner ring, now
becomes operative and tries to precess the
outer ring. But as this is impossible, for
this represents the case fixed to the aircraft,
the outer ring applies a back torque, which
precesses the inner ring back to its original
position and so returning the pointer to
zero. To prevent the pointer from vibrating
excessively a damping device is fitted. This
consists of a quadrant firmly attached to the
inner ring, which, through a pinion and
crankshaft, drives a small piston within a
cylinder. The action of the pinion opposing
the air within acts as a buffer and so damps
any oscillation.

It will be understood that both of these
mechanical devices, in the same case, become
operative simultaneously.

Rotors and the Means of Propulsion
It is obvious that some means of propul-

sion of the rotor is necessary, and the
method involved is quite simple. An accur-
ately balanced wheel has eliptical or square -
cut buckets or grooves cut around the peri-
phery. One or two air jets direct air
which impinges on the 'buckets (Figs. 25
and 26). This air is supplied as follows :
A suction pump is driven directly
from the engine and . is connected to the
union of each instrument by a pipe line. As
stated earlier, the cases of these instruments
are airtight, with the exception of the filters.
The pump, by withdrawing air from the case
of each instrument, creates a difference in
pressure between that of air inside the case
and the air outside. Air flows from high to

low pressure, and since air has been with-
drawn from the case, the pressure in it is
less than the air pressure outside. The air,
in an endeavour to equalise the pressure,
flows through the filter, which is directly
connected to the jets, impinging on the
rotors. Since the nozzles of the jets are
very fine and the difference in pressure is
high, it is obvious that the air flows through
these jets with great force. The force of the
air flow is sufficient to cause the rotors of the
directional indicator and artificial horizon to
revolve at to,000 to 12,000 r.p.m., and the
turn and bank at a somewhat lesser speed.

In order that the partial vacuum in the
case be maintained constant, and therefore
the rate of flow of air through the jets con-
stant, a valve known as the suction relief
valve is fitted in the pipe line. This con-
sists simply of a spring -loaded disc in a
metal case. In normal operation this disc
closes off the pipe line from atmosphere, and
the spring is of such strength that whilst
the reduced air pressure in the system is
equal to that required to support a column
of mercury, ctlins. high, the valve remains
closed. If the suction pump builds up the
partial vacuum greater than the equivalent of
the figure mentioned, the valve lifts. This
is due to the fact that the difference in pres-
sure ,outside and inside the system has
increased to such an extent so as to allow
the air pressure outside to overcome the
tension of the spring. The references to
" pressure " are at all times referring to the
reverse of " suction."

Since, with increased engine revolutions,
the pump will give increased suction, the
requirement of the valve is to keep the
partial vacuum in the instruments constant,
at the above -mentioned figure of 41 in. of hg.

(To be continued)

Modifying Car Dynamos and Starters -2
Tests on the Original Machine After Cleaning Up

1
T is now assumed that the reader has in

his possession a suitable automobile
machine, preferably a dynamo or dyna-

motor, which has been thoroughly cleaned
and reassembled exactly in its original form.
If a starter motor is to be modified there is
little that can be done in the way of simple
preliminary testing so that the remarks in
this article can only be taken as applying to
dynamos and dynamotors. The purpose
of these preliminary tests is to provide oper-
ating data of the machine in question in
order that new windings or other relevant
alterations can be predetermined with fair
accuracy. In this way, blind guesses and
" shots in the dark " can be largely elimin-
ated. To simplify ultimate analysis, pre-
liminary tests should always be carried out
with the machine generating, irrespective of
whether the final machine is to run as a
motor or generator.
Apparatus Required

The apparatus called for is fairly simple
and can usually be borrowed if not already
to hand. As a tachometer is invariably
beyond the reach of the average amateur, all
the tests suggested can be done at a constant
speed which should be as, near as possible to
the speed at which the machine is finally to
operate. Where the modified machine is to
be a dynamo, the test drive may well be
taken front the same prime mover as' will
eventually be used.

Only three meters are required ; a volt-
meter having several ranges is advisable, in
addition to two ammeters, one having a range
of about 5 or to amps, and the other about
20 amps. A good D.C. supply should be
available, and for this, two 12 -volt car bat-
teries are suggested. Finally, two variable
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(Continued from page 25, October issue)
resistances are required and these can be
made up at home as follows : Obtain two
glass or stone jars of the pickle jar variety,
and having a capacity of at least a gallon. In
the bottom of each, a lead, brass, or copper
sinker should be placed connected to which
is a length of heavily insulated, waterproof
cable forming one lead-in to the resistance.
A wooden strip across the top of the jar
carries a metal rod which passes through a
hole in the strip and into the jar. The
position of this rod can be varied in a ver-
tical direction, and a piece of springy brass
pressing against it serves to retain it in
position and also provides electrical connec-
tion. Fig. 6 will make clear the construc-
tion. The jar should be three parts filled
with water and sufficient washing soda dis-

Fig. 6 (left) Sec-
tion of a variable
liquid resistance.
Fig. 7 (right)
Typical satura-

tion curves.

solved in it to provide the necessary con-
ductivity required. The less soda that is
added, the higher will be the resistance of
the unit. If it is found to get too hot whilst
in operation, the jar can be placed in a
second vessel containing cold water. Hav-
ing considered the apparatus, a few tests can
now be mentioned.
Checking the Brush Neutral

Generally speaking, the third brush will
never be required, so that this can be
removed at the outset if fitted. One of the
main essentials when doing brush tests, is
that a good bedding has been given to the
brushes, and this should be done using a
piece of fine glass-paper passed under the
brush surface and drawn in the direction of
rotation of the commutator.
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The next item should be the setting of the
brush position, and this should be done
immediately after building up the machine,
before the poles have been magnetised again.
With the machine turning over very slowly,
a current of 5 or to amps should be passed
through the armature, and the voltage across
the armature measured. The speed shduld
then be increased to normal and the same
current passed through the armature, the
voltage again being measured. The brushes
should be moved until a position is found
where this voltage is the same as the reading
obtained at the very low speed. Between
each movement of the brushes, the machine
should be run for a few minutes to allow
the brushes to settle down in their new posi-
tion. The position obtained by this test will
be the correct neutral position.

Saturation Curves
The function of a saturation curve is to

show graphically the variation of armature
voltage against field excitation. Two such
curves are usually taken, the first with the
armature on open circuit, and the second
with the armature loaded up to its full cur-
rent value_ Fig. 7 shows two such curves
obtained on a four -pole generator running
at 3,000 r.p.m. with a neutral brush setting.
The falling off in voltage due to the load
current can be clearly seen. It will also be
observed that the excitation has been plotted
on an ampere -turn base since this will be
found most useful when deciding on a new
winding. This form of plotting necessitates
a knowledge of the number of turns on the
field coils being used for the test, and it
will be found that by stripping off the tape
from one of the coils, thus exposing the
wires, a reasonably accurate estimate of the
turns can be made ; this may be done before
commencing, or after completing the tests.

The procedure when taking a saturation
curve is as follows: Run the machine at
normal speed and arrange to excite the field
winding from the D.C. supply through a
variable resistance and ammeter. A volt-
meter should be connected across the arma-
ture terminals which, in the case of a no-load
saturation curve, should be disconnected
from the load resistance. Starting from zero
field amps, take a series of readings, increas-
ing the excitation in small increments and
recording the armature voltage for each value
of field amps. Values of excitation up to
about 7 amps will give good curves for
normal car dynamos and by multiplying by
the field coil turns, a value of field ampere -
turns per pole will be obtained for each
point. These may then be plotted against
the corresponding armature voltage readings.

The only difference in procedure when
taking a load saturation curve is that a
variable resistance should be connected across
the armature. For each point taken this
resistance will have to be adjusted to main-
tain the load amps at the value required
for the rest. Fig. 8b and c show the two
circuits required. To avoid overheating, the
higher values of field current should not be
maintained for long periods.

Temperature Tests
Temperature tests are useful because they

enable a good approximation of the maximum
permissible loading to be made. Thus, if
it is found that a certain machine, during
its prelimnary tests, will give an output of
say, 30o watts, then it will be fairly reason-
able to suppose that, unless the efficiency is
greatly reduced, the final modified machine
will also give 30o watts for about the same
degree of heating, the ventilation system
remaining unaltered. A further use for tem-
perature tests lies in the fact that they offer
a means of comparing the relative efficiency
of two or more cooling schemes.

Broadly speaking, these tests consist of a
run at full load for a specified time, usually
until the temperatures have reached a steady
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value. The machine can then be shut down
and, using thermometers, measurements made
of the temperature rises of the various parts,
such as the commutator, core, and field wind-
ings. During the run, measurements of the
yoke, bearings, air inlet and air outlet tem-
peratures are made at regular intervals so
that their rate of rise can be observed.

For preliminary temperature tests, the
circuit of Fig. 8c will be found the most
useful, although for the final tests after
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Fig. 8.-Test circuit diagrams.

conversion actual operating conditions should
be simulated as far as possible.
Commutation Test

This test involves the determination of the
maximum load that the machine will give
without undue sparking at the brushes. Here
again, the test circuit of Fig. 8c will be found
very convenient ; running at normal speed,
the field should be excited to a given
voltage and the load current gradually in-
creased until the sparking limit has been
reached. As a rule these machines cannot
be expected to work all the time with com-
mutation absolutely " black " so that a little
sparking is permissible so long as it is not
allowed to become excessive. Although not
theoretically correct, it will generally be
found that the sparking limit is reached as
a result of the " watts being commutated."
Thus if, during the preliminary test, the
commutation limit was reached with the
machine generating, say, 30 volts to amps,
the same machine when rewound to generate,
say, 6o volts would stand a load current of
up to about 5 amps before bad sparking
commenced.
What the Test Results Mean

Having run over the main tests which can
be carried out on the machine before modifi-
cation, it is now proposed to consider briefly
the meaning of the results obtained in order
that they can be seen in their true relation-
ship with the proposed alterations. To assist
in this matter, an example will be made of
the machine, the saturation curves of which
are drawn in Fig. 7. Assume that it is
required that this machine is to be modified
to operate as a self -exciting generator, driven
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by an engine running at a speed of 3,000
r.p.m., and that the voltage is to be 120,
the output being as high as possible.

In the first case a no-load saturation curve
should be taken ; a glance at this shows that
saturation of the machine commences at
about 75 volts, denoted by the start of the
" knee " of the curve. Obviously then, it is
not economical in ampere -turns to go higher
than this, that is, about 400 amp -turns. The
next step is to find how many watts the
machine will generate and this involves a
series of temperature tests all carried out
with a fixed field excitation of 40o amp -turns
but with different values of load current for
each test. The idea is to find the highest
current that can be taken from the armature
without exceeding the prescribed temperature
limits. In the case in question the heat runs
showed that 9 amps was the maximum value
and that at this current, and with 400 amp-
turns excitation, the armature voltage was
62 ; in other words, 9 x 62 =558 watts, repre-
sented the total permissible output.

Once this value has been ascertained, the
requirements of the new windings can be
visualised. Thus, in the example, since the
new voltage is to be increased from 62 to
120, the armature current will be reduced in
the same proportion and will be found to be
4.65 amps. As the modified machine is to
be self -exciting, a percentage of this current
will be taken up by the field, so that probably
only 4 amps will be finally available for useful
output. From a sparking point of view, the
preliminary tests showed that commutation
was quite good at 9 amps 62 volts, so that
it would be seasonable to suppose that the
new design would be satisfactory at 4 amps
129 volts.

The voltage generated by an armature is
proportional to the number of conductors it
contains, other factors being equal, so that
the number of conductors in the new wind-
ing should be increased in proportion to the
voltage increase. As the specimen dynamo
had 336 conductors, the new winding would

633 X 120require =-650 wires in all. As62
the load current is: reduced from 9 amps to
4.65 amps, the section of the conductors
may be reduced in this proportion so that
although the original conductor used was
No. 19 S.W.G. the modified winding calls for
only No. 22 S.W.G. which has approximately
half the sectional area. It will have already
been understood by the reader that before
the data for the new winding can be fixed,
complete details of the original winding must
be obtained. This entails stripping the
armature completely and counting the turns
on the coils, at the same time making a very
accurate sketch of the connections of the
coils and commutator bars.
Operation as Motors

Although the foregoing notes refer mainly
to dynamos, it is not difficult to line up the
test results to cover motor operation. It
should be remembered that the losses occur-
ring in a motor must be supplied from the
line electrically in the form of increased
voltage or current. The preliminary tests
can still be carried out with the machine
generating, but due allowance should be
made for these losses. Thus, the sample
machine which generated 9 amps at 62 volts
would probably develop a little over 2 h.p.
and would require an input of perhaps 9 amps
at 8o volts. This follows from the fact that

h.p. is equivalent to 746 watts, and assumes
that the motor efficiency would be between
50 and 6o per cent. The same proportions
would hold for the new higher voltage wind-
ing so that this would operate at about
4 amps 15o volts. For the same excitation
of 400 amp -turns, the motor would run at
about the same speed as did the generator,
that is 3,000 r.p.m.

(To be continued.)
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Masters of Mechanics -99

Sir William Herschel
Astronomer, Mechanic, Musician, and Pioneer of Telescope Construction

THE term " astronomical engineering "
has not yet entered into common
phraseology. Probably it never will

do so. Yet there is no doubting the fact that,
for many years, the building of observatories,
and the making of big telescopes has been a
specialised task of the true engineer in
addition to that of the fine instrument -maker.
Indeed, modern telescope -making, as exempli-
fied by the present-day giant American
instruments, calls for the highest degree of
engineering ingenuity and precision, for it is
only by harnessing the skill of the construc-
tional engineer that the astronomer can hope
to bring into being the mammoth telescopes
and other instruments which fulfil his needs
-and ambitions.

Like all other departments of applied
engineering science, telescope design and
construction has followed an evolutionary
trend ever since its inception. With the
truly engrossing narrative of giant telescope
development we can have no association
during this present article, for our concern
at the moment is to view the life activities of
a very remarkable individual who, more than
a century and, a half ago, first began the
design and construction of what were then
regarded as super -scale observatory telescopes.

The fact that this constructional pioneer
was, at the beginning of his astronomical
career, neither a trained mechanic nor an
experienced engineer, but that he had, up to
that time, actually made his, living as a
professional musician renders his construc-
tional feats all the more amazing to us,
particularly as, in addition to these activities,
he found the time to devote himself long and
earnestly to celestial observation, and, as an
eventual result, to become one
Pc the world's most famous
astronomical discoverers.

William Herschel, for such
was the name of this " second
Galileo," as he has been
called, was born at Hanover,

amateur's refracting telescope containing an
object glass of Sin. diameter. Such instruments

are often designated " table telescopes."

Germany, on November 15th, 1738. He
was christened Friedrich Wilhelm, hut,
in after life, he dropped his first name,
and, on coming to England, became plain
" William." His father was a band musician
in the Hanoverian army.

Seven Years' War
The times were stormy. Not long afterwards

the Seven Years' War broke out. It was a

conflict in which Prussia, military -minded
then, even as now, opposed Austria, Russia
and France. William Herschel, his brother
and his father left Hanover and came to

Sir William Herschel (1738-1822)

England, landing at Chatham in 1756. But,
after a few months, the band was ordered
back to Hanover owing to the French threat
to Germany.

Young William Herschel,
joined by his brother Jacob,
eventually left Hamburg for
England with the intention of
making a living as musicians.
Jacob Herschel quickly gave
up the hard struggle and re-
turned to Hanover, but William
remained in this country, and

A large refracting telescope of about the year 1848, the exact
type and location of the instrument being unknown. .Tt was

probably a wealthy amateur's telcseop3.

ultimately obtained one by one appointments
as organist at Leeds, Halifax and other towns,
until, at last, in 1766, he was given the post
of organist of the Octagon Chapel at Bath.
This post he held for 16 years. As a music
teacher there he was fairly successful. His
sister, Caroline Lucretia Herschel, came over
from Germany to keep his house in Bath,
and from this time onwards Herschel, having
his sister to look after him, settled down to a
jog -trot life, the material rewards which were,
in those days, but meagre and slender.

Then something happened which
revolutionised Herschel's life (and that of
his sister), and set the pair on a scientific
career from which they never afterwards
receded. He happened to read one of the
popular treatises on astronomy of the day,
and, about the same time, to obtain a glimpse
of the heavens through a small telescope
belonging to one of his associates in Bath.
The experience was sufficient to twist
Herschel's mind completely away from his
professional subject of music and to focus
it squarely upon the science of astronomy,
then very much in its evolutionary stage.

A Telescope of His Own
Herschel's reaction was at once to endeavour

to procure for himself a large telescope for
his own use. Inquiries in London revealed
to him the fact that the price of such an
instrument was far beyond his means, and
this news determined him on making his own
telescope. Obtaining as much practical
information as he could from the few treatises
on optics which were then available, Herschel
forthwith proceeded to the task of making a
telescope for himself. At first he had many
failures resulting from his complete lack of
practical experience of mechanics and other
constructional work. At last success crowned
his efforts, and in 5774 he had the satisfaction
of surveying the heavens through a 5ft.
Newtonian reflecting telescope of his own
design and manufacture.

For the sake of the reader who is not at
present very familiar with astronomical

matters, it should, per-
haps, here be explained
that telescopes divide
themselves up into two
main classes, to wit, the
refracting type of tele-
scope and the reflecting
variety. The refracting
telescope is built upon
the principle of the
small .` table telescope,"
which is common in
our day. It comprises
a barrel with an object
glass (or light -collecting.
lens) at one end and
an eyepiece at the other.
The reflecting telescope
embodies a speculum, or
mirror, of very accurately
ground and polished
curvature. This replaces
the object glass of the
refracting telescope, and
the observer looks at
the reflected images of
the celestial bodies
through an eyepiece
focused on the mirror.
Both refracting and
reflecting telescopes



56 NEWNES PRACTICAL MECHANICS

that they gave degrees of
optical resolution which had
been previously considered im-
possible. He also increased
the magnifying power of his
eyepieces, thereby developing
the capacity of his telescopes
very greatly.

A portion of a telescope attachment containing a
sensitive thermocouple for infra -red ray detection.

have their own advantages and disadvan-
tages, and both types of instrument have
come down to us unchanged in principle from
Herschel's day.

On March 1st, 1774, Herschel made the
first entry in his astronomical journal which
he kept to the end of his life. It consisted of
a record of his observation of the rings of
the planet Saturn.

For the ensuing eight years Herschel
combined the two very opposite professions
of musician and astronomer, to say nothing
of proceeding with his career as a telescope
maker. In his astronomical work and telescope
making he had his sister to help him, for she
was as interested in the work as he was.
After the success of his first small reflecting
telescope he made others, each of an increased
size and power.

After being engaged with his musical
teaching for sometimes as many as 15 or 16
hours out of 24, Herschel would devote the
remainder of his waking hours to the patient
grinding of lenses and mirrors, and to the
design and calculation of his improved
telescopes.

Soon he began to limit his musical engage-
ments. That resulted in loss of income.
Bat, not in the least deterred by this factor,
the musician -telescope enthusiast delved
more and more deeply into his mechanical
and optical activities. His ambition was to
make a telescope which was bigger and more
powerful than any which had been previously
known.

Mirror Grinding
The amount of labour and the degree of

determination which he devoted to this
matter was almost incredible. He found, for
example, that with the crude mechanical
means at his disposal it was impossible to
grind accurately telescope mirrors having
focal lengths greater than about 6ft. The
only way in which he could impart the exact
curvature to mirrors larger than these was to
do the whole of the job entirely by hand.
It was rather a hit-and-miss method. Many
mirrors had to be made and tested before a
perfect one was obtained. So delicate was
the operation of mirror grinding and polishing
that during its final stages a single rub in the
wrong direction would completely ruin the
perfection of the mirror, and thereby render
it more or less useless for accurate observation.

Herschel's mirrors were formed out of an
alloy of tin and copper (afterwards known as 
" speculum metal "). He brought the con-
struction of these mirrors to such a fine art

The New Planet
During the period of his con-

structional activities, Herschel's
fame as an astronomer gradually
increased until eventually it
blossomed forth into world
renown. On March t3th,
1781, Herschel, training his
latest telescope on to a favourable
part of the heavens, noted a
small and hitherto unknown
star which he took to be a new
comet. The Astronomer -Royal
confirmed Herschel's con-
clusion. However, after the
supposed comet had been
observed for some little time
it became clear that it was no
mere comet at all but a verita-
ble new planet, the first new
planet to be discovered in

the whole of astronomical history.
Herschel's proposal was to call his new

planet Georgium Sidus (i.e., the Georgian Star)
after the reigning monarch of England,
George III, but this proposal was not favoured
by Continental astronomers. After being
given the name of. its discoverer, Herschel,
for a number of years, the new planet was
eventually named Uranus (from the Greek,
" ouranos," the heavens). Uranus is about
nineteen times the size of the earth, but its
distance from the sun (1,800,000,000 miles)
is so great that until the time of Herschel's
telescopes it had never been recognised as
a planet.

In the following year (1782), George III
granted William Herschel a pension of £300
per annum, thus leaving him free to give
up his musical activities and to devote himself
to the design and construction of telescopes
and to the advancement of
astronomical science generally.

" Never," exclaimed Sir
William Watson, a contemporary
politician, " did monarch buy
honour so cheap ! "

"Royal Astronomer"
With the pension of £300 per

annum came the appointment
of " Royal Astronomer." As-
suming this title, Herschel,
together with his sister, took
up residence in a large house
on Datchet Common, near
Windsor, where he constructed
a 20 ft. telescope. But the
Datchet house was a damp
one. It nearly gave Herschel
pneumonia, so that, after a
short stay at Clay Hall, near
Windsor, he removed per-
manently to Slough which
thereafter was destined, in the
words of one French philosopher,
to become one of the " shrines "
of astronomical science.

It was at Slough that William
HerSchel for many years swept
the skies with his telescopes,
each time making fresh
discoveries. " If it had not
been for the intervention of a
cloudy or a moonlit night,"
wrote his sister Caroline;
" I know not when he or I
either would have got any
sleep."

In the daytime, 'too, Hers -
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chel's activities were endless. He was now
employing a small army of workmen and
millwrights to aid in the construction oi
his ever bigger telescopes, and to prepare
for a " super " telescope which he proposed
to make.

4oft. Telescope
This was a 4oft. instrument, the building

of which would necessitate a special Govern-
ment grant. At the instance of the Royal
Society (of which Herschel was a member;
this grant-amounting to L2,000-was forth-
coming, and the construction of the giarn
instrument was at once commenced. A

couple of years later, another £2,000 wa!
added to the grant, together with £200 extra
per annum for the upkeep of the telescope

The making of this once -famous telesccipe
occupied four years. Caroline Herschel, it
her wonderful narrative of her brother':
multifarious activities, records that

." there is not one screw -bolt about the whole
apparatus but what was fixed under the
immediate eye of my brother. I have seer
him lie stretched out many an hour in the
burning sun across the top beam, while
the ironwork for the various motions wa:
being fixed. At one time, no less that
twenty-four men (twelve and twelve
relieving each other) kept polishing day age
night, my brother, of course, never leaviiii
them all the while, taking his food withou
allowing himself time to sit down tc
table."
The new telescope was more than successful

Its immediate result was the detection o
two satellites or moons of the planet Uranu:
and the discovery of two new satellites o.
Saturn. In every way, it was a spectacular
instrument. Its tube was nearly 4oft. lOni
and 5ft. in diameter. It was made of iron
the observer being seated in a movable chair
at the upper end of the tube from which, b3
means of an eyepiece, he observed the
astronomical image in the mirror at the lower
end of the tube. The mirror had a unifornr
thickness of 34in. and weighed 2,1181b. Ii
was made from a copper -tin alloy.

A view of a spiral nebula as seen through a modern
6o ft. reflecting telescope.
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With the many astronomical discoveries
which Herschel made during his career this
present narration obviously cannot deal, for
here we are mainly concerned with Herschel's
activities as a mechanic rather than as an
astronomer.
A "World's" Wonder

The 4oft. telescope proved to be the
climax of Herschel's constructive career.
After that, he settled down to an easier life
and to what became, with him, the " routine "
of stellar discovery.

For a time, the Herschel telescope at
Slough was a world's wonder. Important
people came from far and near to inspect it.

But, before long, its constructor having
shown the way, the instrument was super-
seded by others still more powerful. Owing,
no doubt, to Herschel's lack of earlier training
as an engineer and mechanic, the Slough
elescope was somewhat awkward and difficult

to manipulate, despite its effectiveness in
actual use. Moreover, the speculum or
mirror which had been so carefully polished,
lost its pristine lustre within a couple of
years. The telescope remained standing
during Herschel's lifetime, although the
astronomer himself seldom used it. Not until
57 years after Herschel's death was it taken
down, and, even then, it remained for many
years in a horizontal position before it was
ultimately destroyed.

The latter years of Herschel's lifetime were
comfortable ones. He married a rich widow,
a procedure which removed any vestige of
financial want. He received a knighthood,
and he lived to see his only son, afterwards
Sir John Herschel, rise to a position of fame
in the scientific world. His death took place
at the age of 83 on August 25th, 1822, and he
was buried in the Church of St. Lawrence
at Upton.

Discoverer of the Infra -red
Herschel is seldom accorded the honour

of being the discoverer of infra -red rays.
Yet it is to him that such an honour must
go.

In order to compare the heating effects of
coloured rays of light, William Herschel
placed sensitive thermometers in different
portions of a spectrum band of light. He
noticed that the heating powers of the rays
continually increased as one descended the
spectrum from blue to red. What was of
still more importance, he observed that the
thermometer showed its highest registration
when it was placed just outside the red band
of the spectrum, proving that invisible rays
of great heating powers were present at
that area.

It was in these circumstances that know-
ledge of the infra -red was given to the
scientific world.

The New Spitfire Mark XIV
THE Vickers-Armstrongs, Limited (Super -

marine) Spitfire F. Mark XIV is a
single seat low -wing monoplane fighter
with single fin and rudder and elliptical
wings. It has a Rolls-Royce Griffon 65
engine, driving a five -bladed Rotol constant
speed propeller. The Griffon 65 engine,
which develops a horse -power of over 2,000,
is of 52 -cylinder type, pressure -cooled, with
a two -speed supercharger. The Spitfire
F. Mark XIV has a retractable 'tail wheel.
The armament may consist of four 20 mm.
cannon or two 20 mm. cannon and two .5 in.
machine guns, or two 20 mm. cannon and
four .303 machine guns. A bomb carrier for
either a 25o1b. or 5oolb. bomb can be fixed
under the fuselage in the drop tank fittings.
The Spitfire F. Mark XIV may be described
as " faster than any other Spitfire in service,"
and referred to as being in operation in the
north-western European theatre, and that it
has been in action against flying bombs.

Griffon 65 Engine
A single stage supercharged Griffon engine

has been operating in the Spitfire XII with
great success as a low -altitude fighter, and
now a Griffon engine with a mechanically
driven two -stage 'two -speed supercharger
and intercooler has been introduced in the
Spitfire XIV. Its performance is outstanding

both in speed and
climb at all altitudes
from sea -level to
4o,000ft., and the
aircraft retains all the
fighting manoeuvra-
bility and control for
which the Super=
marine Spitfire is
renowned.

Use of the five -
bladed propeller in the
Spitfire XIV arises
from demands for
greater efficiency at all
altitudes. With the
introduction of the
two -stage supercharger
which maintains the
engine power at higher
rated altitudes, com-
bined with higher top
speeds, four - bladed
variable pitch pro-
pellers have been found
essential, since diameter
is limited by the
need for ground clear-
ance.

With the increased
powers of the modern

The Spitfire Mark XIV in die air, showing the underside of fuselage and main plane.

The new Spitfire banking above the clouds.

aero engine, a further stage was reached where
the four -bladed propeller became " tander-
bladed " and could not efficiently absorb the
power at altitude. For the same reason the
climb and cruising performance suffered.

The new Spitfire has the following
dimensions :

Span-36ft. loin.
Length-32ft. 71,in.
Height (tail up, one blade verticall-

ift. Agin.
Wing area -248.5 sq. ft.
Weight-about 8,000lb.
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The Torsionmeter
Particulars of its Construction and Use in Taking Horsepower Measurements of Machinery

VARIOUS methods are employed for
determining the horsepower generated
by different units, each naturally being

that found most suitable for the purpose.
The absorption brake, for example, is gener-
ally used for testing the output of the I.C.
motor ; so far as rail power units are con-
cerned, the dynamometer car placed between
the prime mover and the train enables the
maximum power available for haulage to
be found. On turbines and marine power
generators the horsepower is generally cal-
culated by using the readings taken from
the torsionmeter, an instrument that enables
the power to be found from the twist which
occurs as the result causes a minute rotation
torque, the manufacturers normally testing
by this means the power output of every
equipment supplied. This instrument,
incidentally, can be employed to indicate the
power transmitted through line shafting
between any two points, and where the
power absorbed in driving any individual
machine or batch of machines is in question
a torsionmeter will usually solve the problem.

When a twisting load is applied to a shaft,
whether through a crank, pulley, gearwheel,
rotor or other means, the torsion which
occurs as the result causes a
minute rotation of the shaft at the
section which receives the drive,
relative to another section in a
plane at a known distance from the
first, and on the input side. Fig. r
illustrates this more clearly, the
amount of the angular rotation

By G. W. McARD

depending on the power input, the sectional
area of the shaft, and the grade of steel used.
Goodman gives the following formula for
the h.p. transmitted by any shaft :

2.71 PrN PrNH.P. =
52 x 33,000 63,025

where P is the load in pounds applied at
a radius of " r " inches from the centre of
the shaft, and N is the number of revolu-
tions made per minute. Assuming a certain
power transmission, it is obvious that the
twist of one shaft will be greater than that
of another with a higher modulus, given
similar grades of steel ; likewise for different
steels but similar shaft dimensions and
power input, the shaft formed from the
inferior quality of steel will twist to a greater
degree than the shaft made of the higher
grade material.

Hopkinson-Thring Instrument
A torsionmeter that has given excellent

service is the Hopkinson-Thring Optical
Instrument, shown diagrammatically in
Fig. 2, the torsionmeter, mounted on a shaft,
being illustrated in Fig. 3 and the scale box

in Fig. 4. The principle of the apparatus
is a differential ene, and consists in the
observation of "the twist between two
adjacent points on the shaft by means of
two beams of light projected on to a scale
from a fixed and a movable mirror. The
beam projected on the scale by the fixed
mirror is taken as the zero point, whilst the
beam projected by the movable mirror indi-
cates the amount of torque in the shaft.
Both mirrors rotate with -the shaft, and even
at moderate speeds the reflections appear as
continuous lines of light across the scale, no
difficulty whatever being experienced in
taking the readings.

From Fig. 2 it will be observed that a
collar R ' is clamped to the . shaft whose
torque has to be measured, and this collar
carries a flange bearing on which the sleeve
T, also clamped rigidly to the shaft at the
end remote from the collar, is free to rotate.
It will be appreciated that any twist set up
in the shaft by the power transmitted will
cause a relative rotation of sleeve and collar,
and this movement is rendered visible by
one or more systems of torque mirrors
which are mounted between the two flanges,
the mirrors reflecting one or more beams

------...., , ---_...,---.:., 's
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Angie of Twist

Fig. 1.-D'agranz illustrating angle of twist of
a shaft.

Fig. 2.-Diagrammatic ariangernent of a Hopkinson-Thring torsionmeter.
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Fig. 3.-Torsionmeter mounted complete on a shaft.

of light, projected from a lamp, across to
a scale suitably ,prepared on ground glass.
Each system of torque mirrors consists of
a mounting, pivoted top and bottom on one
cr other of the flanges, in which two mirrors
are arranged back to back. This mounting
is provided with an arm (see the large scale
view in Fig. 2), the end of which is con-
nected by a flat spring to an adjustable stop
on the other flange, and any relative move-
ment of the two flanges will rotate the torque
mirror, causing the beam of light to move
on the scale, the deflection registered being
directly proportional to the torque applied
to the shaft. If, therefore, the rigidity of
the material and t h e
number of r.p.m. are
known, the h.p. trans-
mitted
easily.

With the arrangement
described, a reflection is received from each
of the two mirrors provided at every half
revolution of the shaft, but where the torque
varies during each revolution, as it does on
all reciprocating engines, a second system
of mirrors can be arranged at right angles to
those already provided, to enable four read-
ings per revolution to be taken ; if a second
scale be introduced, eight readings can be
taken per revolution, thus enabling more
precise h.p. reckonings to be plotted.

Electrically -indicat-
ing Torsionmeter
Although the optical

torsionmeter just de-
scribed is still doing
useful service, a n d
even preferred in'
Certain quarcers, it has
been superseded to a
large extent by models
operated more or less
electrically. One of
these, while still con-
trolled by the tor-
sional rotation of a
plane of the shaft
relative to another
plane distant, possibly
4 or 5ft., indicates
the torsion set up by
utilising the angle of
twist to alter
the air gap
of a small

differential transformer, this alter-
ation being measured by a suitable
electrical device which caters
equally well for the varying torque
of the reciprocating engine as for
the more uniform torque of the

turbine. One of these is illus-
trated in Figs. 5 (the torsion -
meter), 6 (the indicator) and 7
(tlae complete arrangement), and
as in the - instrument already
described, the h.p. is obtained
from the reading of the indicator
multiplitd by the r.p.m., and
divided by a constant which is
determined either by a calibra-
tion of the shaft and meter
together, by means of a static
torque on the shaft, or by calcu-
lations in which the leading
dimensions and characteristiCs
of the instrument and -the
modulus of rigidity of the shaft

are accounted for.

In Figs. 5 and 7 the brush gear which
conveys the current to and from the rotating
instrument is clearly visible, and a big
advantage in this design lies in the fact that
the indicator can be situated at whatever
point is most convenient and accessible for
taking the readings, without in any way
affecting the accuracy of the results. From
Fig. 7 it will be seen that the portion of
the instrument which is mounted on the
shaft comprises two cylindrical units AA,
these being secured to the shaft at A and
A, respectively. In order to ensure that
they are secured square to the shaft, a series
of steel strips " B " link tightly the two
cylinders internally, the adjacent flanges C
and D then being correct axially until the
shaft is loaded torsionally, when one rotates
slightly relative to the other. This move-
ment, as already stated, is employed to alter
the air gaps of the differential transformer

" E " which is situated between the
flanges. A glance at Fig. 8 shows
more clearly what will occur when
this movement takes place, the cores
F and F, being set, under zero load-
ing, with equal air gaps between the
cores and the H-shaped iron piece G.

Fig. 4. --Scale box with lamp for
torsionrneter.

A differential transfOrmer having precisely
similar characteristics is built into the indi-
cator (Fig. 6), the air gaps in this unit being

96 mg 111101.M1

Fig. 6.-Exterior view of indicator.Fig. 5.-An electrically -indicating torsionmeter in position on a shaft.
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Fig. 8.-Arrangement of indicator and transformer on shaft.

altered by the operation of a screw micro-
meter, the latter having an indicating drum
to register the screw's movement.

Operation
The operation of the layout is as follows.

Primary coils on the cores of both trans-
formers are excited in series by current-
taken from ship's mains or shop circuit, as
the case may be-interrupted by a motor
interrupter " J " situated in the indicator,
Fig. 9, the interrupted current producing an
alternating EMF. in the secondary coils of
the transformers. The latter are connected
in opposition w each other, from which it
follows that if the two sets of air gaps of
each transformer are equal, no current will
flow in the secondary circuit. This is the
condition when the shaft is free from any
torsional load. A second interrupter " K,"
operated by the same motor, cuts out one -
,half phase of the secondary current, and a
small D.C. galvanometer " L " indicates
when current is flowing.

When the shaft is transmitting the drive,
the air gaps of the transformer on the shaft
will vary,- and the EMF. of one secondary

7

coil will be reduced, the
other being increased, thus
permitting a flow of cur-
rent which moves the
galvanometer pointer off
the zero position. If by
means of the micrometer
screw already referred to
the air gaps of the trans-
former in the indicator are
changed to oppose an
equal and opposite EMF.
to that given by the shaft
transformer, current will
cease to flow, as will be
apparent by the galvano-
meter pointer returning to
zero. The two t r an s -
formers being alike, It is
obvious that the alteration
which hhs been made in
the air gaps of the trans-
former in the indicator
must be the same as that
which was set up on the
shaft transformer, and is

therefore a measure of
the twist produced in the shaft. This
movement of the micrometer screw, as
indicated on the drum provided, by means
of a constant obtained either from a
torsional callibration or by calculation, can
express the torque producing the twist, and
this, in conjunction with the r.p.m., will
yield the shaft horsepower. The apparatus
is of so sensitive a nature that alterations
of torque can be measured with an accuracy
of ': 0.25 per cent.

Direct -vision Torsionmeter
A third type of instrument

is the Denny-Edgecombe Direct -
vision Torsionmeter, which is a

straight mechanical instrument
giving readings by an unusual
optical arrangement. The general
scheme is shown in Figs. so and

t. In this design the usual
sleeve Si is carried co -axially
on the shaft, one end (that on the
observer's right hand in Fig. to)
being secured to the shaft, while
the opposite end is free to rotate
in spigot and socket relation
with a second short sleeve-or
" stump " S2 as the makers
term it-the latter being also
locked to the shaft. The long
sleeve and also the stump are

Angle Iron or other Support
carrying Brush Gear

to suit situation.

Stay for guard as
required.

-r

V.a

each provided with radial arms, one
of the arms on the stump carrying a motion -
multiplying gearbox M with scale and
index finger. This gearing connects with
the radial arm of the sleeve by means of
a stout balanced link, so that any relative
angular movement of the radial arms is
indicated in a magnified measure by the
movement of the index finger over the scale.

In an earlier design of this instrument,
in order to facilitate the reading of the index
finger on the scale, the finger was arranged
to move a contact over the face of a
rheostat, so varying the resistance of an
electric circuit in such a manner that the
pointer of an indicating instrument included
in the circuit deflected correspondingly
with the index finger of the gearbox WI.
This involved the provision of an electrical
supply, a specially devised ammeter to serve
as an indicator, slip rings on the torsion -
meter with, of course, the necessary brushes,
and a rheostat device operated by the index
finger of the motion magnifying gearbox.

By the employment of a novel optical
device it 'has become possible to eliminate
the whole of this electrical apparatus5 and
to read the position of the index finger on
its scale during rotation. To this end the
stump carries a disc D, which supports a
lens L in axial register with the index finger
and scale of the gearbox. The whole is
enclosed by a stationary housing H suitably
attached to the ship's structure, while in the
end face of the casing several inspection
openings are provided. On looking through
spy one of these apertures the index finger

Mains 2 cables.

........
- - - - ........

Fig. 7.-General arrangement of eleclic torsioriWiter.
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is seen to be stationary, and its position in
relation to the scale is easily observed at
all speeds, notwithstanding the fact that the
impression made on the observer's eye is
not continuous.

Optical Piinciple
In the above scheme a simple yet novel

optical principle is employed, which ought

to be touched upon
briefly at this stage.
Fig. 12 shows an ob-
server sighting a coin or
washer down a piece of
tubing (solely employed

t- to confine his line of
vision to a definite
direction) whose bore is
practically equal to the
size of the object. Be-
tween the lower end of
the tube and the coin is
a reading glass mounted
on a frame which also
supports the coin, the
frame with glass and
coin being capable of
lateral displacement
relative to the sighting
tube, and, therefore,
across the line of vision.
So long as any portion
of the glass remains
under the bore of the
tube, however, the coin
will appear to the
observer to be centrally
disposed ; in other
words, if the object be
seen by an observer
through a magnifying
lens located at its focal
length from the object,
and if the object and

Fig. 9. - Interior
view of indicator,
showing ,mechanism.

lens move together
across the line of sight

of the observer,
the object will
appear to be sta-
tionary so long

as it is visible through the lens.
This is exactly what occurs in

the torsionmeter under review.
The index finger and scale form
the object. At a suitable distance
from the scale a collimating lens
is housed. Once during each
revolution the lens and object
traverse the observer's line of
vision as described above, the
object itself appearing to be
static during the whole transit
period. To assist in reading
the scale, which, incidentally, is

suitably illumin-
ated, the vision
is sharpened by
the insertion of a
s 1 o t diaphragm

between ttie lens component, the slot being
radial to the centre of the shaft.

The writer expresses his thanks to Messrs.
Siemens, Brothers & Co., Ltd., for the
privilege of using their illustrations for Figs.
I to 9 inclusive, and to Messrs. Kelvin
Bottomley & Baird, Ltd., for Figs. so, ri
and 12.

Progress in Jet-propelled Aircraft
TT is reported that Allied aircraft in the
1- European theatre have been in action
on several occasions with German jet-
propelled fighters. The appearance of these
aircraft had been expected, and their design
and operational characteristics appear to
follow closely the estimates which had been
formed of them. In spite of their high
speed and rate of climb, they have shown
themselves to possess poor manoeuvrability,
and our aircraft have had satisfactory
exchanges with them in the engagements that
have occurred.

It must, however, be expected that in-
creased numbers of jet-propelled aircraft will
appear in service.

Meanwhile, we are able to report that
the development of British and American
jet-propelled aircraft has made considerable
progress since the beginning 'of the year.

Details of these aircraft and their engines
still remain secret, but research scientists, air-
craft technicians and workers in both Britain
and America may take pride in their work.
British aircraft of this type have already been
employed with success against the flying
bombs.

Fig. to

Figs. so and is.-General arrangement of the
Denny-Edgecombe direct -vision torsionmeter.

Fig. I2.-View illustrating optical principle of torsionmeter.
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Sound -film

Questions and Answers
FOLLOWING the publication of an

article dealing with sound -on -film
amplifier designs (October, 1943,

issue), with particular reference to practical
circuits for use by sub -standard " talkie "
enthusiasts, the author received a consider-
able number of queries from readers seeking
further information on various points men-
tioned in the, article, as well as many
inquiries on general sound -film matters.
These letters have been answered directly,
but in view of,the widespread interest in this
subject to -day, a selection of the more
important questions, with expanded and
illustrated answers, is given below for the
benefit of other amateur workers in this
field.

Q. "What is the Donner effect' in
sound -film recording ?"

 A. The so-called " Donner effect " is the
German term (derived from donner, mean-
ing thunder), given to a form of non-linear
distortion in sound -tracks recorded by the
variable -area method. It is a photographic
rectification effect, and is due to the uneven
fillinglin of valleys and cutting -off of peaks
of high -frequency waveforms. The effect is
a function of gamma and density of negative
and positive, and by correctly determining
these factors, minimum distortion may be
obtained.

Q. " I recently came across the term
' shredded wheat' in an article ; can you
tell me its meaning ?"

A. It is a- colloquial term applied to film
which has been damaged by running off the
sprocket wheels in a projector Or camera!
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and Reproduction

By DONALD W. ALDOUS, M.Inst.E.

Q. "Regarding amplifier noise : what are
'7ohnson noise' and the Schottky effect'?
Are these different names for the same
phenomenon ?"

A. Briefly, " Johnson noise " is due to
thermal agitation of electrons in a grid
circuit, and the " Schottky effect " is valve
noise caused by the arrival of electrons,
emitted by the cathode, in finite groups at
the anode. These are not different names
for one and the same phenomenon, although
both are of a similar fundamental nature, and
show themselves as a high-pitched rushing
sound or the so-called " background noise "
in reproduction. The former name is after
J. B. Johnson, of America, who first referred
to its existence and measured its magnitude.
It limits the possible amplification.

W. Schottky first indicated the source of
noise arising from the electron stream within
a thermionic valve, due to a fluctuation in
the anode _current stream, and so it is some-
times referred to as the " Schottky effect."
It is also known by the German designation
" schrotteffekt," but is more often called
the " shot effect," because of .the similarity
to small shot (electrons) pattering at random
on the target (anode). Under normal work-
ing conditions in a valve, the thermal agita-
tion voltage on the grid is usually sufficient
to swamp the " shot effect." The sound
energy is equally distributed over the fre-
quency spectrum so that reducing the top
cut-off frequency of a system from, say,
to,000 c/s to 5,000 c/s halves the back-
ground noise energy, as reproduced. This
explains why the noise sounds " toppy,"
because with a to,000 c/s cut-off 90 per
*cent. of the noise energy is above t,000 c/s.

20,000 rt 100,000n. 20,000n..
I

Q. "In some circuit diagrams for sound -
film amplifiers a variable photo -cell voltage
control is shown, e.g., in Fig. 6 of your
article in October, 1943, PRACTICAL
MECHANICS. Surely the p.e.c. should oper-
ate only at a certain specified voltage, and
can a voltmeter be used to determine this
correct voltage ?"

A. The advantage of the p.e.c. voltage
control is that, although many photo -cells
work nominally at 90 volts, the manufac-
turer's instructions with each cell should be
followed, and a variable control is useful in
obtaining the required figure. For example,
Osram (G.E.C.) photo -cells are marked by
the makers with the exact voltage at which
the cell has been found to give optimum out-
put.

In practice, most photo -cells operate at
their best at a voltage just below that which
produces a blue -glow in the tube, sometimes
loosely termed flash -over." No damage to
most photo -cells will be caused by this blue -
glow effect, provided it is only momentary
and it must not be permitted to continue for
any length of time. Although some p.e.c.
manufacturers advise against the following
method of checking and fixing the cell volt-
age, it will be found to be the simplest and
most convenient way. First increase the
potentiometer setting very gradually until a
faint bluish haze is seen in the cell, when the
cathode is illuminated with the full normal
scanning -beam. This glow indicates ionis-
ation, and with most photo -cells produces
noisy and distorted sounds in the loud-
speaker. Now slowly turn back the poten-
tiometer control until the glow just vanishes,

7, Or aa

0/ to 05

33a

240 V

33 f2

230 V

Fig. t. Complete circuit diagram for A.C./D.C. sound -film amplifier, giving approximately 10 watts output. The zoo ohms choke should be of
as high inductance as possible, and capable of handling too mAs. Electrolytic condensers are indicated by the usual plus sign on the positive side.

Condenser working voltages should be 400, except, of course, the biasing electrolytics.
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Fig. 2.-16 mm. and 9.5 mm. sound -film dimensions. The variable -area (width) track
illustrated is of the simple unilateral type. In both standards the picture is upside-down.

and this is the point of optimum sensitivity,
and may be regarded as a satisfactory work-
ing voltage. It will provide the maximum
stable output from a given scanning -beam.

To obtain precise figures for such voltages,
the only voltmeter that could be used is a
valve -voltmeter, but an approximation may
be made by calculating the ratio of the
" upper " (fixed) and " lower " (variable)
sections of the potentiometer circuit, and
applying this proportion to the H.T. value,
which can, of course, be read accurately with
an ordinary high -resistance voltmeter. For
instance, if the 0.5 megohm potentiometer
(linear -law type) was at its mid -position,
and 30o volts H.T. were employed, the pro-
portion of this applied to the cell would be
in the same ratio as 0.25 megolim to the total
of r megohm, i.e., one quarter, or 75 volts.
This figure would have to be slightly reduced
to allow for the photo -cell current, which,
however, is minute.

If only 200 volts H.T. were available, it
would probably be necessary to use only a
0.25 megohm fixed resistor (and not the 0.5
megohm resistor in the original circuit), as
some photo -cells run at considerably higher
polarising voltages than 75 to 9o, reaching in
some specimens as much as 130 volts. Of
course, the 2 megohm p.e.c. " load " resistor
should not be altered because of the lower
H.T. voltage.

Q. " To save space and weight of mains -
transformer I would like to use a
' universal ' amplifier in my sound -film
equipment. Can you suggest a suitable
design ?"

A. A compact AC./DC. amplifier, with
a careful lay -out and construction, is useful
for sound -film work, and a suitable circuit
(8 -to -watt output, when used in conjunction
with a high -wattage exciter) is shown in
Fig. 1. Variable photo -cell voltage control
(as mentioned in the previous question) can
be incorporated when coupling the cell to
the first valve (617), or the cell can be
coupled direct to the two points indicated in
the diagram, which circuit provides a fixed

polarising voltage. Ample ventilation is
needed for the power resistor, which prefer-
ably should be a vitreous wire -wound type,
and not a length of " line -cord resistor." A
permanent -magnet loudspeaker can be used,
with 200 ohm choke smoothing, as shown in
Fig. r, or a mains -energised loudspeaker
(with a low -resistance field, i.e., not more
than Soo ohms) can be substituted in place
of this choke. It must be remembered that,
under certain mains supply conditions, the
chassis of this type of amplifier may be
" live," and so it should be properly protected
by wooden or other insulating material.
Earthing must be done only through a o.ot
to 0.05 mfd. (V. working) condenser.

Q. " What is the meaning of S.M.P.E.
and D.I.N. standards, and is there any
difference between them ?"

9.5. min, .: Emulsion towards
lens. Sound -track opposite
to 16 min.

16 mm. : Emulsion towards
lens. Sound- track as
shown.

A. Sound -film in the 16 mm. gauge has
sprocket holes down one edge of the film
only (see Fig. 2), as the space normally
occupied (in t6 mm. silent film) by the
second set of perforations is used to accom-
modate the sound -track. In the American
Society of Motion Picture Engineers' stan-
dard (S.M.P.E.) the sprocket holes are along
the right-hand side of the film, when viewed
from the rear of the projector, and in the
Deutschen Industrie Normen standard
(D.I.N) they are on the left-hand side, as
seen from the rear of the projector.

Obviously there is an important difference
in those standards, and how the discrepSncy
arose is a complicated story. Briefly, in 1932
certain standards for 16 mm. sound -film
were laid down by the S.M.P.E. in the
U.S.A. However, a British projector manu-
facturer and the German Siemens-Halske
firm had introduced 16 mm. sound projectors
in which the film was turned round from
back to front to produce the standard sub-
sequently agreed to be known as D.I.N.,
following a discussion by British and German
projector designers in 1933. Thus the two
standards were in widespread use at the
same time, but the D.I.N. standard did not
drive the S.M.P.E. standard from the British
market, and, in fact, this confusion seriously
retarded the use of 16 mm. sound -films in
this country. In 1936, following arbitration,
the S.M.P.E. standard was finally accepted
as the only standard for educational pur-
poses, and is row universal.

Of course, many D.I.N. standard sound -
films are still in existence, and it is possible
to use both types of film on one projector
by the addition of a large prism (or even
a mirror), which must be fitted in front
of the projection lens in order to reverse
the titles, when the film is being projected
of the opposite standard for which the
machine was originally designed. When this
method is adopted it is necessary to place
the projector at right angles to the screen
instead of the normal " facing " direction.

Q. " Precise figures for the dimensions of
9.5 mm. and 16 mm. sound -tracks, size of
picture -gate, scanning -slit measurements,
etc., do not seem to be readily available.
Information on these dimensions, etc., would
he very helpful, particularly to experimenters
wishing to convert silent projectors to
sound."

A. It is not easy to offer accurate infor-
mation, and precise dimensions, for sub-
standard sound -films, as not every projector
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Fig. 3.-Sub-standard sound -film emulsion conventions, showing correct orientation
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manufacturer has rigidly observed the official
standards, and there is often a diversity of
opinion on such matters as : (a) the
" thickness " or " height " of the scanning -
beam, and (b) the exact width of the 16 mm.
sound -track, arising from the fact that there
are three important dimensions, viz., printed
width, scanned width, and modulation
width.

However, a chart has been prepared (Fig.
2) giving all the known dimensions, in most
instances, to the nearest hundredth of a milli-
metre. It is customary to give these figures
in fractional thousandths of an inch, but for
the average amateur worker it has been found
that these metric figures are more convenient.
They will serve as a practical guide in the
construction of a sound -head.

Of course, " working " dimensions to the
nearest tenth of a millimetre (e.g., the
9.5 mm. printed frame, 7.25 mm. by
6.15 mm., becomes 7.3 mm. by 6.2 mm.),
can be substituted for the more accurate
dimensions shown in Fig. 2, if one wishes
to employ only the naked eye in reading a
fine engraved rule, or with the aid of vernier
callipers rather than a micrometer.

Fig. 3 illustrates correct orientation of
-9.5 mm. and 16 mm. sound -films (S.M.P.E.
standard) in cameras and projectors. The
following relevant facts will also be found
to be useful: Normal speed of x6 mm.
sound -film, 36ft. per minute. Length of
sound -track scanned in one second, 7.1in.

(9.5 MM.) and 7.2in. (16 mm.). Number
of frames per foot in 16 mm. sound -film is
40 and in 9.5 mm. 40 which small differ-
ence should be noted when, say, making
sound -sockets. 16 mm. and 9.5 mm.
sound is 251, frames ahead of the correspond-
ing picture, or approximately 71in. of film.
(Actually there is a small tolerance, so that
two to three frames on either side of the
exact position is rarely detectable aurally as
being slightly out of synchronism.) Manti-
facturers' tolerance in total film width is
minus o.002in., plus zero.

Q. "I have been told that a film worker
in America has successfully recorded sound
on 8 mm. cine-film. Is this true ?"

A. Yes, Louis Borchert, an amateur film
enthusiast, of Maryland, U.S.A., after seven
years of abortive efforts, has certainly put
a sound -track on the edge of 8 mm. film,
but the technique is still in the experimental
stage, and reports on the reproduced quality
say it is barely above the intelligible level.
He has sold his process to a leading American
firm of camera manufacturers, so develop-
ments may be forthcoming.

Q. "What is meant by a `single -system'
recorder? Is this the type of equipment
employed professionally ? '

A. " Single -system " simply means that
both picture and sound -track are initially
recorded on a single length of film in a
combined sound -picture camera. Its advan-
tages are compactness and portability of the

equipment, as well as automatic synchronism,
but its chief disadvantage is when the &VI-
pleted film has o be edited. (An inlerestik
example of this type of apparatus, designed
for amateur ti`se, was the R.C.A.
sound camera, available in this country before
the war at about kloo.) This equipment
is used to some extent for newsreel work, but
hardly ever nowadays in the professional
studios.

Q. " / recently heard a projectionist use
the word azimuth.' What does it mean?"

A. This is the term used to indicate the
squareness of the scanning -slit in relation to
the sound -track. This optical adjustmerit
has to be carefully performed, or generally
a loss of treble response will result.

Q. "What is the difference between
' wow ' and ' flutter' ?"

A. A fundamental requirement of all
sound -film equipment is that the film
medium must be propelled at an absolutely
constant speed past the scanning point. Any
marked departure from this criterion, whether
in recording, re-recording, or reproduction,
will produce " wow " or " flutter,' which can
be defined respectively as slow -speed varia-
tions made audible as pitch (frequency)
variations, and speed variations too rapid to
be heard as individual pitch variations, but
responsible for harsh, discordant sound
caused by the production of sum -and -differ-
ence tones.

Robot Bomb Secrets
IT can now be stated that the flying bomb
I was designed to hit the ground with the
engine running. The cutting out of the
engine just before the dive, which gave such
effective warning of imminent danger, was
never intended by the designer. This feature,
which probably saved hundreds of people's
lives by enabling them to take shelter at the
last minute was, in fact, completely accidental.

These conclusions have been reached by
British aeronautical scientists who, since
June, have been investigating the secrets of
the robot bomb at the Ministry of Aircraft
Production Experimental Station.

The engine is much cheaper to produce
than an ordinary engine, but it consitMes
fuel at about eight times the rate. The bomp
is aimed entirely by pre-setting the automatic
pilot which corrects any deviations froni the
Course.

In the nose is a " windmill," with two
blades each nearly 6in. long, which determines
the distance to be travelled. It revolves under

air pressure and the
revolutions are counted
by an electrical counter
operating frqm a contact
on 'the shaft.'

The counter is set so
that after a definite
distance the bomb is
pushed over into a steep
dive by locking the
controls and putting
down small tabs under
the tail plane.

4pproximately 3 per
cent. were fitted
with a minute radi9
transmitter and short
trailing aerial. The
transmitter was switched
on automatically in
flight and sent out a
continuous stream of
radio signals which

could be picked up by two enemy receiving
stations. In that way the Germans hoped to
be able to plot the course of the bomb after
being launched,

(Above) A close-up of a flying bomb showing the
grill which incorporates the petrol injection jets.

On the left is one of the spherical air bottles.

(Left) One of the flying bombs which was shot down
over Southern' England. Fighter pilots from et
nearby airfield are examining the wreckage to
discover its vulnerable parts. The tail is in the

foreground.
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Colour Photography --1
A Brief Resume of Its History and Development

EVEN the best and most expert of us
amateur photographers have ex-
perienced disappointment when view-

ing our monochrome prints from some of
our most perfect negatives of scenes
and landscapes ; we used every possible
care to secure accurate exposure and
correct development, and as black -and -
white prints they were all that could
be desired. The gradation was good and
the composition was satisfactory, but
there was something lacking, and, after
considering all the details, we are obliged to
admit the fact that when we made those
exposures we were -influenced and attracted
by the colouring in the scene ; we failed to
visualise how it would look when all the
colours and tints were cut out.

We should reduce the number of such
disappointments if we adopted the simple
plan of many of our early photographic
pictorialists to carry a piece of smoked
glass in order to view each landscape or
other subject as a black -and -white scene.
How often have we expressed a wish to
reproduce a scene exactly as we see it with
all that harmony of colour with which nature
has painted it, and how frequently have our
friends suggested the same thought when
looking at our results ?

Why is it that colour appeals so much to
everyone ?

Colour gives life ; do away with it and
everything becomes drab and uninteresting,
and so it is only natural that human beings
are attracted and influenced by it. I am sure
that Wedgwood, Fox-Talhgt, Daguerre and
all the early pioneers, when they were making
experiments to produce sun pictures, had the
desire and hoped that sooner or later they
would strike a means whereby colour could
be reproduced in the silver image, and there
is no doubt that much scientific thought was
given in order to solve the very difficult
and many-sided problems connected with
colour work. It was actually between thirty
and forty years before any practical solution
was found, and this seems to prove that
" the way was long and full of traps and
pitfalls " before anything really definite
was accomplished, as you will understand
from the following brief history of the progress
that has been made and which extends over a
period of seventy years.

In giving an historical resume of the
progress and developments which have
occurred we may be able to indicate how the
best brains have tackled the difficulties, also
to give details of their work in a way which
will help you to gain some knowledge of the
fundamentals of the various branches or
processes required before a colour transparency
can be made ; but it is necessary before
taking up colour work to understand some-
thing of the highly technical character under --
lying it all ; it is not such a simple subject
as would appear, and you are therefore
advised to read some of the books which
have been written' y men who have made a
scientific study of it.

Clerk Maxwell
It was in 1861 that Clerk Maxwell evolved

the theory that the whole of the spectrum
colours could be produced by three primary
colours or by a mixture of them. In 1868 a
French scientist, du Hauron, made use of
this idea' using the three primaries-red,
green and blue-to reproduce photographically
not only these three, but also the intermediate
colours. His success would appear to have

started the principles of colour photography
as we know it to -day.

Before going farther with the history let
us consider this three -colour theory so as to
get a little idea of its whys and wherefores.
Most of you know that white light is produced
by a mixture of the violet, blue, green, yellow,
orange and red rays of the spectrum ; if the
violet and blue are cut out an effect of yellow
is obtained ; if green is eliminated from the
spectrum, then magenta is formed, and if
red is extracted the remaining colours will
produce a blue-green. To put this in the
simple language of the printer, it becomes :

Minus violet and blue -=yellow.
Minus green -magenta.
Minus red =blue-green.

Suppose now we make three different
negatives of the same coloured subject, one
taken through a blue -violet filter, the second
through a green, and the third through an
orange filter, we shall have a record of the
primary components of the subject. If we
proceeded to make prints from each of these
negatives by means of the carbon or similar
process, we should lay down the one from the
blue -violet first, then superimpose that from
the green, and finally that from the orange
filter ; the result will prove to be a combina-
tion of the colours of the original. It may not
-be possible for you to make this experiment,
but if you will examine through a magnifying
glass a coloured illustration in a magazine
you will find that it is composed of dots,
some yellow, some magenta and others blue.
Further Advances

We must now skip over a few years during
whiCh some little progress was made, but the
greatest help was when plates were produced
that were sensitive to red and green rays and
were more rapid. It was then possible to
develop three -colour work, and towards the
end of last century Professor Joly and an
American named McDonnough, about the
same time, struck a new way of applying the
three -colour theory ; they ruled glass plates
with very fine red, green and blue transparent
lines. These plates were used in contact with
panchromatic plates ; when an exposure was
rnade on a colour subject, a monochrome
negative resulted, and from this a positive
transparency was produced which was, after
being dried, placed in contact with another
of the ruled plates, and when viewed by
transmitted light proved a very fine example
of a coloured transparency. The cost of
making the screens prevented this process
reaching popularity, but it has never been
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lost, for it has been adapted and improved
by other workers.

A great sensation was caused in 1907, when
the Lumiere Autochrome plate appeared, a
very advanced adaptation of the three primary
colour theory, making it possible for a photo-
graph in colours to be taken with any plate
camera. The Autochrome plate was coated
with a colour screen consisting of fine starch
grains dyed to the primary colours and
carefully scattered on to the carrier base so
as to be properly proportioned in the
distribution of the colours. The processing
of these plates was s6mewhat complicated,
though very interesting to the studious or
careful worker ; after development the image
had to be reversed to obtain a positive, and,
when this was completed and the plate dried
the result was a perfect representation of the
coloured subject. To appreciate the full
value of the Autochrome it must be remem-
bered that the colour screen of the three
essential colours was embodied in the
emulsion of the plate and remained a fixture
for both the taking and viewing.

The Thames Plate
The next on the list was the Thames plate,

with a separate screen plate ruled with fine
lines so that the colours appeared as minute
squares; this had to be used in contact with
a colour sensitive plate when the exposure
was made and then a transparency or positive
produced from the negative. The positive
was then very carefully brought into register
with another of the screens and bound as
when finishing a lantern slide. The new
" separate " method had a very favourable
feature : it enabled as many transparencies as
desired to be made from the original negative,
whereas the " combined " idea of the Lumiere
Autochrome plate, by virtue of the screen being
embodied in the plate, restricted it to the one
only.

An improvement in these plates was made
when the Paget Co. took over the Thames
process. They were able to produce screens
of greater transparency, thus enabling more
rapid exposure. This improvement was
further extended when it came on the market
as the Duplex, and later still as the Finlay.

In 1923 the German firm of Agfa produced
a plate of the " combined " type, but, instead
of the dyed starch grains and the filling of
the interstices with a black powder as adopted
by the makers of the Autochrome plates, they
used gum granules and no filling.

In 1932 the Autochrome Co. gave us a
coloured film, and later they. were producing
the Lumicolour Roll Film. In two years this
was followed by the Agfacolor Roll Films and
Film Packs, and about this time the Dufay
and the odacolor Films appeared, both
of which are a great advance in what we term
colour photography, enabling all serious
amateurs to indulge in this most absorbing
branch of our hobby.

This brief account is sufficient to show that
the reproduction of colour by means of the
camera has been studied by some of our best
experts in this department of science, extend-
ing over many years and requiring large
money for experimenting and the laying down
of suitable plant. It is a big subject having
huge possibilities, and not the least of these
is the fact that it will permit us to take our
landscapes and other scenes as our eyes see
them and not as the camera used to record
them in black -and -white.

(To be continued.)
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THE WORLD OF MODELS
By "MOTILUS"

The Fascination of " Tinycraft"

Fig. I.-Waterline model approximately 5.1t. long of the P. C..9' 0. liner " Strathaird." This model was made to sand to America to familiarise
the American travelling public with the fine steamers used by this company on their various services, particularly that to India.

IF is not known who made the first water-
line model, but as far as the British
public is concerned I believe the first

real display of this type of model ship was
on view at the United Services Exhibition
held in the year 1913 at Earl's Court,
London, when the whole of the then World
Navies were featured in the form of minia-
ture waterline vessels. Each individual
warship was built to the scale of tooft. to
one inch or 1/1200th actual size.

What is the precise meaning of the term

Fig. 4.-Great Lakes steamer, with stern
wheel drive, scale 25ft. to sin.

" waterline model " ? It indicates that the
model in question shows all that is to be
seen of a ship when it is afloat, the part of
the hull below water being left to the
imagination of, the onlooker.

This is really a more natural method of
showing a ship to the average person, who
is not interested in the hull lines, the shape
of the rudder or the style and pitch of the
propellers.

The purchaser of a house, when looking at
a model, does not expect to see the founda-
tions that are in the earth, although they are
of major importance to the architect and the
builder.

So it is to -day with the voyager (or should

I say would-be voyager waiting for the war
to end!).

Most models of ancient ships in museums
are full -hull models, and this is probably
because in earlier days the model was used
as a guide to the owners when discussing
any problem connected with ship design. In
fact, it was part of the contract when a ship
was being built that the shipbuilders should
supply the customer-the ship-owner-with
a in. to the foot full -hull model of the
ship, and this model was generally displayed

so fascinating ; this became of vital use in
the 1914 war, when waterline models of
in a prominent position in the offices of the
shipping company.

Just prior to the outbreak of war the full -
hull model was losing ground to the modern
idea of the waterline model, in the offices of
shipping companies and touring agencies. It
became generally recognised that this was
how the voyager preferred to see the ship
he was expecting to travel in, apatt from the
undeniable fact that the waterline type of
model is less expensive than the full -hull
vessel.
Waterline Models of P. and 0. Liner

An example of this type of publicity model
is shown in Fig. I-a commercial model made
for publicity purposes of the Peninsular
and Oriental Line " Strathaird "-approxi-
mately 20,000 tons with turbo -electric drive.
The model is 1th scale and is made in
exhibition finish, showing all deck fittings
made in gunmetal and brass and painted in
their true 'colours. The decks are lined
and polished and the model fully rigged, and
the bridge details, such as binnacles, com-
pass, etc., are visible through the side
windows of the chart house.

To return to the small waterline model,
which craftsmen and connoisseur alike find

Fig. 3.-An example of wartime miniature ship modelling-the" King George V," 5o ft. to sin.
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warships were used both by ourselves and
the enemy for identifying ships at sea.

Between the Great War and the present
world struggle waterline models of the Mer-
dantile Marine were developed, and many a
great passenger liner at sea carried a selection
of " Tinycraft " models aboard her to be
sold as souvenirs. And nostalgic voyagers
would often bring home to their " bric-a-
brac cupboards an essential reminder of
their trip in the form of the tiny model ship
in the place of honour there.
Models for Identification Purposes

During the present war waterline models

Fig. 5.-Great Lakes grain carrier, scale 5oft. to lin.

have been utilised not only for identification
Purposes at sea, but also from the a'r. It has
a'so been necessary to familiarise fighting
men of land, sea and air with the new types
c landing craft and surface vessels for
amphibious operations, and before D7Day
models of the various types of landing craft
were made, and other new war craft which
would be novelties to the most seasoned
seaman.

The making c) waterline models is a phase
of model making that
the war has failed to
check, in fact, quite the
opposite has occurred.
The material required
is small. Practically
no metal is required
for their construction,
and their painting in
wartime colours pre-
sents no difficulties to
the novice. This hobby
has been further
developed in wartime
by the War. Savings
Committee of London,
who issue quire a big
series of drawings with
working instructions on
how to build all types
of wartime v e hi cles
a n d weapons, aero-
planes, tanks and war-
ships. As I ha v e
mentioned before in
these pages displays of
models made f r o m
such drawings have been a feature at the
various war -savings weeks.

Let us hope it will not be long before the
firms who provided sets of parts cut out and
ready for assembly will be able to do so
again. Certain firms, I notice, are already
providing a limited number of finished parts,
made from scraps of the best quality wood
obtainable in wartime.

2.-50ft.

Made from Finished Parts
The model " Great Britain," illustrated in

Fig. 2, was built up from a set of finished
parts available in peacetime, a very interest-
ing piece of craftsmanship for the modeller
who is also an historian. The painting of
the hull and the rigging and setting of the
sails call for ingenuity and an artistic touch.

Fig. 3 shows a good example of warship
modelling of this war-a model King George
V, scaled at Soft. to the inch. Other examples

of special model wLr work are to be seen in
Figs. 4 and 5, the first of a Canadian Great
Lakes steamer, a familiar sight, with its stern
wheel drive, on the Great Lakes of N. America,
the second a Great Lakes grain carrier. Both
these models measure 1olins. long, the first
built to a scale of 25ft. to the inch, and the
second to a scale of soft. to the inch. They
are two of a special series of models made
for a Canadian exhibition sponsored by the
Ministry of Information.

to tin. model of the " Great Britain," a historkal model, which, in
peacetime, was available as a set of finished parts.

Fig. 6.-The World's Ocean
perfection of Tinycraft depicted
sentative set of the finest pre-war
world's mercantile marine, con
Christopher Columbus' famous
" Santa Maria," pioneer of We

crossings.
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Miniature Models of Pre -War Liners
Last of our illustrations shows a group of

the world's famous pre-war ships, by Bassett-
Lowke, Ltd., excellent examples of the
amount of detail that can be obtained with
the scale of tooft. to sin. Reading from
right to left they are the famous Cunarder

Mauretania," which held the Blue Riband
of the Atlantic for nearly a quarter of a
century, the Italian liner " Rex," which held
the record for a short period, the North Ger-
man Lloyd " Bremen," which wrested the
Blue Riband from the " Mauretania," and

held it until beaten by
the French liner, " Nor-
mandie." Last of the
large ships is the
Cunard - White St a r
" Queen Mary," which
at the outbreak of war
was in possession of
the Blue Riband. After
the war when t h e
"Queen Elizabeth "
officially enters the
Western Ocean passen-
ger service, we may
expect this latest of
British liners to become
the new record breaker.
On the extreme left of
the picture is to be seen
t h e "Santa Maria "
ship of Christopher
Columbus (pioneer of
Western Ocean cross -

e to the
s the other
n in Fig. 6.

ings!) mat
same scale
models shoe

Transport Aircraft's Thirty Thousand Mi
ATRANSPORT Command air c r a f t

recently completed a tour which sug-
gests the big possibilities for post-war
commercial flying.

In 30,000 miles, accomplished in 175 flying
hours, the aircraft, a Hudson, made more
than 80 take -offs and landings, visited 24
countries, flew in temperatures varying from
12 degrees below freezing point to tropical
heat, and suffered only one defect-the tread
on the tail wheel -tyre wore thin.

The trip was made as a routine duty tour
-Staff Officers visiting Transport Command
and other stations and staging posts, over
certain routes of the Command.

It began in Britain, went by way of Gib-
raltar, Malta, and North Africa to Egypt,
thence via Iraq and the Persian Gulf to

les
Karachi, India, down through India to Cey-
lon, back through India and then westwards,
to Southern Arabia, and afterwards by way
of Aden, Eritrea, the Sudan, Kenya, and
Rhodesia, to- South Africa.

The return journey was made back through
Africa, across to Lagos, and via Rabat, Sale
and Gibraltar to Britain.

" We were 175 hours flying altogether,"
reported the Captain of the Hudson on his
return, " and we never had a moment's
anxiety. Our passengers on this trip were
engaged in tying up communications over
what is just a part of the Command. Every-
thing went like clockwork. Everywhere we
landed, the facilities for servicing the aircraft
and looking after the crew and passengers
were oryanis-d and working smoothly."
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Inventions of Interest
By "Dynamo tf

Anti -frost Pipe Guard

"fO
safeguard pipes against frost is the

aim of an invention for which a
patent in this country has been applied.

The device has a vent capable of being
sealed. The, sealing means includes a cap
securing a destructible washer disc or
diaphragm which will yield when subject to
excessive pressure. And the characteristic
feature of the invention is that the vent
comprises an off -set pipe, and that the
sealing cap clamps the washer in position
and has a small outlet or leakage aperture.

Escape Hatch for 'Planes
TN an emergency the crew of an aeroplane
1- naturally desire to bail out easily and
expeditiously. I note that recent applications
to the British Patent Office include two
relating to an escape hatch for aircraft.

The construction in one case comprises a
hatch panel secured to the body of a 'plane
by a releasable fastening at one edge and

hooked engagement at the opposite edge.
The arrangement is such that the above -
mentioned fastening can be quickly released
I torn within the cockpit by operating a single
member. This edge of the hatch can then
be pushed Or s sucked outwardly. The
hatch pivots outwardly about the edge where
the hook fastening is provided. The en-
gagement at that edge is self -releasing.

The object of the other invention is
identical with that already described. In
this instance it is specified that the means
of escape is devised for use with hatches
cr panels of various sizes ,or shapes. Con-
sequently it can be standardised.

This second device includes a loose panel
retained in position over an aperture by
separable pin -and -slot connections in com-
bination with a releasir lever operable upon
the panel, the fulcrui-n7 being a fixed part
of the aircraft. By means of this lever the
panel may be shifted longitudinally to release
the pin -and -slot connections, thereby allow-
ing of its being unshipped and jettisoned.

Cheap Sandals

`1
SOUTH AFRICAN has conceived the

3,- idea of utilising fabric -reinforced rubber
sheet material, such as disused vehicle tyre
casings. This once -upon -a -time waste sub-
stance he converts into footwear, particularly
sandals.

One of the objects of the inventor has been
to furnish a cheap, serviceable type, of foot-
wear intended especially for natives.

The sandal is made from a single blank
of fabric -reinforced rubber sheet material of
the thickness of the sole. The blank is cut
and shaped in such a manner that the
middle portion constitutes the sole. The
two opposing side portions, after at least
a part of their rubber covering has been
stripped, are bent upwards and inwardly
over the sole portion to form the upper.

Refined Sawdust
ALTHOUGH after the war the pre-

-L fabricated house will be very much in
evidence, dwellings consisting of more or less
conventional materials will still continue to
be erected.

The inventors of an improved block or
slab for building purposes point out that it
has already been proposed to make blocks
from mixtures of sawdust and Portland
cement, in order to produce a material
possessing strength and lightness in weight
which can be sawn and nailed.

However, it appears, as the result of wet-
ting and drying, this material is apt to
alter its dimensions. In addition, when
untreated sawdust is used, the setting and
hardening of the cement are deleteriously
affected. The amount of this deterioration
depends on the kind of sawdust employed.

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."

It is stated that sawdust is variable even
when it emanates -from one source.

The inventors in question affirm that by
experiment they have discovered that the

Two American scientists demonstrate the method of operating a
new high-powered electron microscope with which they photographed
greatly magnified views of the action of penicillin and sulphur drugs
upon disease -producing germs. $ The new microscope has enabled
American scientists to discover heads and tails on minute creatures
only a quarter of a millionth of an inch in length and so small that

1,000 of them can be assembled on the point of a pin.

injurious effects on the setting and harden-
ing of the cement are due to a number of
substances in the nature of tannins in the
wood, which vary in different species.

The new invention consists in a special
treatment of the sawdust. The sawdust is
first boiled in water and then allowed to
drain. Next it is washed with water, which
process removes some of the tannins. After-
wards the sawdust is boiled in a solution of
a salt which precipitates the residue of
available tannins not removed by the
previous treatment.

Granary Thieves
AMONG the enemies within our gates,

both in time of war and peace, is the
persistent insect pest. This dangerous para-
site, if not destroyed, will levy heavy toll
upon our grain.

An inventor who has specially directed
his attention to this subject, affirms that it
has already been established that the pest in
question can be controlled by exposing grain
to low concentrations of the vapour of
metallic mercury.

It appears, however, that the carrying out
of this operation on a practical scale is
confronted with the difficulty of manipu-
lating metallic mercury in the circumstances.

The object of an invention which has
recently been submitted to the British
Patent Office is to overcome this obstacle.

The new method is to use
a porous brick in which
finely divided metallic
mercury is uniformly dis-
tributed. Such bricks can
be inserted in the sides of

' storage hoppers and grain
elevators. And they con-
tinue to emit a high con-
centration of mercury
vapour for a considerable
period.
Portable Projector
FOR cinematographic dis-

plays in halls and
rooms a portable collap-
sible projectile equipment
is a great convenience.
Such an outfit is the sub-
ject of an accepted appli-
cation to the British Patent
Office.

The screen, when col-
lapsed, is housed in a long
box, from which it can be
made to extend upwardly.
This box is provided with
one or more pairs of trans-
verse slots. One slot of
each pair is in the front
wall of the box ; the other
is in the rear wall.
Through the slots forward
and rearward projection is
effected.
Carving Dish

AN inventor has catered
for the man who

carves the joint at the
dinner table. This inven-
tor points out that, when
t h e savoury sirloin is
carved on the customary
type of dish, the depth to
which the roast beef may
be cut is limited by the
height of the dish's rim.
Consequently, , he has de-

vised a dish which will permit the joint to
be carved right down to the bottom.

His device is described in dignified phrase-
ology as a carving dish having a central raised
plateau surrounded by a shallow channslled
rim, of which the peripheral edge is approxi-
mately level with, or only slightly above, the
surface of the plateau. The outer edge of
the latter is formed with a low upstanding
beading. A well is contained in the rim
channel, and a series of grooves in the
plateau surface converge towards a notch
in the beading leading to the well.
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QUERIES
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, Gea. Newnes, Ltd., Tower House.

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

Modelling Wax
COULD you please inform me if there is a

material suitable for taking a mould of a
person's foot, and from this mould make a plaster
cast with either plaster of paris reinforced with
hair, or any other substance ?

I have tried to use paraffin -wax but have had
no success. Would the modelling wax as used
by dentists be suitable, if so could you supply
me with information where to obtain same ?-
G. Whittlesey (Peterborough).

NE of the various grades of dental moulding waxesO would suit your purpose admirably, but these
compound waxes are rather expensive and their sale
is more or less controlled. If possible, you should
order a quantity through your local dentist, since some
of the dental supply firms will not sell outside the
dental profession. However, there is no harm in your
making inquiries for such material. Suitable firms to
try are :

Associated (Dental) Products, Ltd., Kerndent Works,
Ealing, London, W.r3.

Amalgamated Dental Co., Ltd., 5, Broad Street,
London, W. r.

Dental Mfg. Co., Ltd., Brock House, Great Portland
Street, London, \X'. r.

Glasgow Dental Depot, I.td., 36, Renfield Street,
Glasgow, C.2.

If you are unable to procure any of the above material,
you can make a somewhat similar compound fairly
easily by means of either of the following formula :

Wax Softening at 55 deg. C.
Carnauba wax .. 5 parts ,(by weight)
Beeswax 40
Copal .. z5
Ozokerite

(M.P. 58/60 deg. C.).. to
Soft Paraffin

(M.P. 40/42 deg. C.).. 30

Higher Melting -Point Wax Compounds
Paraffin Wax .. 75 parts (by weight)
Japan Wax , . to
Beeswax' 15

The various waxes mentioned above are obtainable
fairly freely from any firm of chemical and laboratory
supplies, as, for example, Messrs. Harrington Bros.,
Ltd., 4, Oliver's Yard, 53a, City Road, Finsbury,
London, E.C. .

Split phaseWinding
THAVE a I h.p. 230 V. A.C. motor with a split -

phase starting winding. Would it be possible
for me to remove the centrifugal switch in the
start winding and incorporate a suitable con-
denser in series, so making it capacity starting ?
Would it be possible to include a condenser also
in the running winding and what should be the
value of both condensers .? I do not wish to have
the start winding rewound.-N. Hastie (Hayes),
TT is doubtful if there would be much gain in con-

necting a static condenser in series with the
present starting winding. In addition the centrifugal
or other starting switch would still be required to cut
out the starting winding in order to avoid overheating,
as at present. It is not possible to give you details of a
suitable condenser to give best results when used in
this way as details of the motor design are unknown.
If you wish to experiment you could try connecting a
condenser of about 8 mid. capacity in series with the
starting winding during starting. There would he no
worth while benefit in connecting a static condenser in
circuit with the running winding.

Plastic Rubber Compound
T HAVE several rubber tyres (outer covers)
A with holes in them, where they have been
gashed with flints, etc. Is it possible to make a
stopping of putty -like consistency to fill them
with ? I have several pieces of scrap rubber ;
could this be softened in any way to plug the
holes ? Could you also tell me where to obtain
the solvent ?-J. F. Carr (Holley).
TT is a very difficult job for the ordinary amateur to
A prepare a really satiafactory rubber solution or a
plastic rubber compound. 'rhe great trouble is that
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ordinary scrap rubber is semi -vulcanised, and that
this is, under ordinany conditions, not readily soluble.
The works method of obtaining plastic masses from
scrap robber is to powder or finely shred the scrap
rubber and then to place it, along wth a small propor-
non (say so per cent.) of raw rubber in a kneading
machine along with a suitable quantity of rubber
" solvent." The machine is then operated for 2,t hours
or more, during s' hich time the scrap rubber is kneaded
and ground up with the raw rubber and the solvent
until eventually a plastic mass (not a true solution)
is obtained.

If, I.y any means, you can devise a method along
these Ines, you have a reasonable prospect of success.

" Solvehts " for scrap rubber are, petrol, turpentine,
carbon disulphide, carbon tetrachloride, naphtha,
chloroform and benzine, but the scrap rubber will
not dissolve if it is merely left in contact with any of
these liquids. It needs to he continually ground and
kneaded into the liquid, and for such a purpose special
plant is usually necessary.

If, however, you can, by sonic means, get the scrap
rubber down to a plastic mass you could easily incor-
porate a little " filler," such as asbestos powder " into
it in order to provide a serviceable stopping.. But the
whole business is far more difficult than you think, so
much so, that if you decide to carry out experiments in
this direction, be prepared for disappointments.

The' solvents above mentioned can all be obtained
(petrol, at present, excepted), from any firm of laboratory
suppliers and chemical manufacturers, such as Messrs.
Harrington Brothers, Ltd., 4, Oliver's Yard, 53a, City
Road, Finsbury, London, E.C.I, or Messrs. A. Boake,
Roberts & Co., Ltd. (Temporary address), " Ellerslie,"
Buckhurst Hill, Essex.

Windings for a Dynamotor
T HAVE a Lucas A9ooR car dynamo which has

had its wiring connections disconnected.
I intend reconstructing it without the third
" regulator " brush by connecting one end of
the field coils direct to the case.

Series

Diagram of windings for a dynaniotor.

There appears to be two different types of field
coil, similar ones being opposite one another.
The larger pair seem to be connected in series
and to consist of copper strip. The smaller ones
have two wires connecting them together. From
one coil two more wires come out and from the
other only one wire.

Could you please give me a circuit diagram
showing the connections for the field coils ?-
M. D. Whitehead (Sheffield).

THE Lucas machine is actually a dynamotor, the
series field windings having the most effect when

used as a motor, while the shunt field windings
predominate when used as a dynamo. The series
field coils, of course, are those wound with the strip,
while the two shunt cods actually have a double
winding each, and are connected up as shown in the
accompanying illustration, one winding being fed from
the third brush, and the other winding from the main
brushes. If, therefore, you wish to dispense with the
third brush you could remove the connection from
this brush and connect to the positive terminal. The
series field coils will have little effect when used as a
dynamo. If desired, you could replace these coils

with fine wire shunt coils, connected in parallel with
the other shunt coils, -in which case the voltage output
of the dynamo at a given speed would be increased.

" Catalin" and Formaldehyde
T WISH to obtain some information concerning
A the material " Catalin." Is carbolic acid
cheaper to purchase or to manufacture ? Whatis formaldehyde, and in what ratio are they
mixed ?-T. Dowling (Cork City).

(\ " CATALAN " is a proprietary product, manu-
i) facttired and marketed by the Catalin Corporation,

Inc., of America. It is a type of bakelite, and is
manufactured by the controlled chemical interaction
of phenol (carbolic acid) and formaldehyde (formalin).
The material is then cast into sheets, rods, tubes, etc.
The above company also makes a speciality of producing
special castings to any design in this material. Funda-
mentally, however, it is but little- different from
ordinary bakelite.

(a) Carbolic acid (phenol) is obtained from coal
tar, although it can be made synthetically from benzine.
Hence, in order to manufacture this material yourself
you would, at least, have to equip yourself with a coal
tar distillation plant, together with the special purifying
apparatus necessary for the extraction of phenol or
carbolic acid. Thus, in your case, we imagine, the only
possible way would be for you to purchase your carbolic
acid either by means of import from England, or through
a chemical manufacturing firm, such as Messrs.
Harrington Bros., Ltd., of Cork.

Formaldehyde is the simplest member of a very
active family of chemical compounds known as
" aldehydes." It is really a gas which may be condensed
to a liquid boiling at -2r deg. C. The formaldehyde
or formalin of commerce is merely a solution of this
gas in water. This solution, besides being a disinfectant
and preservative, is highly active in a chemical sense.
Thus, for example, it interacts with carbolic acid,
forming the various bakelite resins.

You must not imagine that resins of the bakelite or
" Catalin " type are produced from carbolic acid and
formalin merely by mixing these two ingredients. In
a test tube you can make a little resin by heating together
equal parts of formalin and carbolic acid with the
addition of a small piece of caustic soda, and, in this
way, you will get a sticky, yellow resin. But to do this sort
of thing on a large scale demands the highest chemical
skill and experience. Hence, if you are thinking of
going in for the manufacture of synthetic resins of the
bakelite type, give up the idea at once. Besides, these
resins are patented in every country, and you might
find yourself in serious circumstances if you were
found infringing the very stringent patent laws in
connection with these chemical processes.

If you want to know more about formalin and
carbolic acid refer to' any textbook of elementary
organic chemistry, where you will find these substances
fully described.

Vacuum Cleaner Motor
T SHOULD be obliged if you would provide

a winding specification for a " Goblin
Junior" vacuum cleaner motor armature, details
of which I give below. This motor has been
rewound since it left the makers, and I have
reason to believe that it is now incorrectly wound,
and I hesitate to copy the present windings.

Length of armature, aJin. ; diameter of arma-
ture, ty in. ; No. of poles, at ; No. of commutator
bars, 33.

The motor is the usual two -brush series wound
type, 25o volt A.C.-D.C.-A. G. Haynes (Harrow)
TT is difficult to give an exact winding specification
A for the armature without having details of the
field winding. We suggest, however, that you wind
the armature with I t coils, each having 240 turns of
39 s.w.g. single silk -covered enamelled wire, tappings
being brought out at the 80th and the p5oth turn.
The coil pitch should be from slots t to 6. Placing the
armature so that slots r and 6 are equi-distant from
the centre of one pole face number the commutator
segments which then lie under the nearest brush,
Nos. 2 and 3. The start of the coil in slots t and 6
should be connected to No. z segment, the first loop
or tapping being connected to segment 2, second loop
to segment 3, and finish of the coil to segment 4.
Connect the start of the coil in slots 2 and 7 to segment
4, first loop to segment 5, and so on round the armature.
The coils should be arranged so that one side of each
coil is in the bottom of a slot and the other side at the
top of the other slot.

THE P.M. LIST OF BLUEPRINTS
The " PRACTICAL MECHANICS "120 CAR

(Designed by F. J. CAMM),
10s. 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.
A MODEL AUTOGIRO.

Full-size blueprint, Is.

The above blueprints are obtainable, post free,
Strand, W.C.2.

denotes that constructional details ore available, free, with the blueprint.

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. 6d.

from Messrs.Messrs. G. Newnes, Ltd., Tower House,
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Water Power
IHAVE a water spring giving 2,00o to 3,000 gallons
1- daily into a tank situated 25ft. vertically
over a roadway, of which I am owner. I am
anxious to tap this reservoir for motive power.
I am told I would obtain z h.p. for four hours by
inserting a 3M. pipe at bottom of tank and taking
to roadway to give a 25ft. head, and inserting a
tin. nozzle at the bottom of pipe, to direct nozzle on
to a Pelton wheel direct coupled to a dynamo of
32 volts or 50 volts to charge house lighting
accumulators.

I should like to have your observations as to the
feasibility of the project.

I should also like to obtain the name of any
firm marketing Pelton wheels.-P. J. Horgan
Carbury).
THE available water supply cannot generate 2 h.p.

for more than a few minutes per day, no matter
what type of hydraulic installation is used.

The work done by 3,000 gallons of water (the daily
supply) descending through 25ft. is

3,000 x to X 25 =-.750,000 ft. lb.
which is equivalent tap h.p. for

750,000
r.4 minutes.

2 ;: 33,00o
Allowing for losses in pipe, turbine or Pelton wheel,

and electrical equipment, the period would probably be
Mond to be about six minutes per clay.

Small water turbines are made by Stuart -Turner,
Ltd., Henley-on-Thames.

Air Compression Details
COULD you provide me with constructional

details of an air compressor giving up to
toolb. per sq. in. suitable for paint spraying, to
be operated by a .; h.p. electric motor ? Main
details required are single or double cylinder,
material for pistons, size of flywheel, and stroke
and bore. Unit to be small and portable.-A.
Bloomer (Atherstone).
WITH the expenditure of ,3/4 h.p. about o.3 cu. it.

of free air could be compressed per minute
rn atmospheric pressure to a gauge pressure of

tooth. per sq. in.
The following figures assume that the compressor

would be direct coupled to a motor running at 1,5co
r.p.m. Two -stage compression is recommended, with
single acting cylinders tin. stroke.

Diameter of l.p. cylinder, o.875in.
Diameter of h.p. cylinder, o.625in.
The cranks should be set at ito deg.
The cylinders and pistons should be made from

cast iron. The cylinder heads should preferably be
detachable so that by insertion or removal of shims
the compression ratios can be altered.

The design should be such as to minimise clearance
volume. For the initial trial the striking clearance
between piston and cylinder cover should be about
o.oroin., but trial may show that this has to be increased
to enable the motor to run the compressor.

The discharge pipe should be provided with a
by-pass to atmosphere, so that the set may be started
up and allowed to attain full speed before the compres-
sion load is put on.

The motor armature dill probably provide all the
flywheel effect required, but a steel disc 4in. diameter,
tin. thick would make the running smoother.

Centrifugal Air Blowers
IS it possible to produce a vane type (or,

alternatively, a centrifugal type) supercharger
capable of delivering approximately too cu. ft.
of air per minute at molls. per sq. in. pressure ?
If so, what are the approximate overall dimensions
(including inlet and outlet bores), the h.p. required
to operate it, the r.p.m. required, and any other
relevant details ?

Please state the details outlined in second
above for an output of too cu. ft. air per minute
at (a) 9o1b. sq. in. ; (b) 751b. sq. in. ; (c) 6olb.
s'q. in.; (d) 451b. sq. in. ?

Can you recommend a book on supercharging
frorp the construction of superchargers' point of
view ?-R. Wakefield (Longlevens).
(\WING to the low density of air at or near atmosphereO

pressure, extremely high rotational speeds are
necessary to produce any appreciable rise in pressure.
As a rough guide it may be mentioned that the pressure
gain in lb. per sq. in. cannot exceed the figure obtained
by dividing the peripheral speed in f.p.m. by 20,,000
and squaring the quotient. Thus, for a peripheral
speed of 30,000 f.p.m. the pressure rise cannot exceed
2.251b. per sq. in.

For such a rise as 1001b. per sq. in. many stages
(about 5o) would be required, and so the scheme is
more complicated and less efficient than one based on
compression by piston.

We know of no book that gives details of the methods
of design of superchargers.

Power for Traction
CAN you give me the necessary formula for

calculating the horse -power required to
drive a four -wheeled vehicle on a level road,
and also up inclined roads, assuming normal road
surfaces and ordinary pneumatic tyres, and also
given the weight of the vehicle.

How does one calculate the power required for
acceleration ?

I should be much obliged, also, if you could tell
me if there is any simple way of measuring the
b.h.p. of a petrol -driven vehicle during actual
running conditions.-S. White (Barnet).

THE resistance to motion of a pneumatic-tyred
vehicle on normal road surfaces is the sum of :

(a) Total weight (lb.) divided by 20.
(b) Total weight (lb.) divided by the gradient factor

(e.g. 15 for a gradient of t in 15).
(c) Frontal area (sq. ft.) multiplied by

(Speed (f.s.) 2

25
(d) Total weight (lb.) multiplied by acceleration in

feet per second per second and divided by 32.2.
The' horse -power required is the sum of (a), (b), (c)

and (di multiplied by the speed in feet per second and
divided by 55o.

The quantities (a) and (c) are approximate since they
depend on variables (type of road surface, type of body
of vehicle) not considered in detail here.

Determination of b.h.p. of the engine in service is
not practicable except by calculation on the basis of
the formula given above.

Rewinding a illotor Armature
j HAVE a vacuum -cleaner motor which I intend

to rewind. All the original windings have
been removed. The armature and field poles are
as in sketch below.

Could you please supply me with information
for rewinding for 23o V. A.C. ?-C. H. Radford
(Birmingham).

WE suggest you wind each field coil with 320 turns
of 32 S.W.G. enamelled wire, the two coils being

connected in series so as to create poles of opposite
magnetic polarity, and in series with the armature.

22 Cooper Bars

h

II Poles

ISIS1111111111111111lill

Armature and field poles of a vacuum -cleaner.
motor.

The armature can have It coils, each with 240 turns
of 39 s.w.g. single silk -covered enamelled wire, a
loop being brought out from the centre of each coil
for connecting to the commutator. The coil pitch will
be from armature slots t to 6. Placing the armature
so that slots t and 6 are equidistant from the centre
of one pole, face number the commutator segment
which then lies under the nearest brush, No. z. Connect
the start of the coil in slots x and 6 to commutator
segment a, the loop to segment 2, and the finish of
the coil to segment 3. Connect the start of the coil
in slots 2 and 7 to segment 3, the loop to segment 4
and so on.

Lateral Vibration of Rotatipg Bodies
CAN you help me with the following query ?

The centrifuges used in laundries, engineer-
ing firms, etc., for removing liquids from solids
appear to operate without excessive vibration
although no attempt is made to balance dynami-
cally the rotating basket and contents.

What is the method of suspending the basket
in order to obtain this steady running ? Does
any unbalanced body wher rotated at high speed
revolve round its true centre of gravity if free
to take up this position ? What is meant by the
critical speed of a rotating body and what
determines this speed ?-E. J. Ross (Southall).
THE lateral support given to a rotatable body by

the shaft and bearings on which it is carried
always has some degree of elasticity. Consequently
the body is capable of executing lateral vibrations
after having once been deflected from its equilibrium
position. The natural frequency of such vibrations is
determined by the mass of the 63ody and the stiffness
of the support.

If the body is not completely balanced-i.e., if its
centre of gravity is not on the axis of rotation-a
centrifugal force is set up when it rotates and the
changing direction of this force sets up and maintains
a lateral vibration. The magnitude of this vibration

depends on (a) the magnitude of the centrifugal force,
and (b) the relation between the frequency of alternation
of the centrifugal force (i.e., the speed of the shaft) and
the frequency of natural lateral vibration.

As speed rises the magnitude of vibration increases,
until when the speed of the shaft becomes equal to
the frequency of natural vibration the amplitude of
vibration becomes very great. If there were no
restraining influences it would tend to become infinite.

As speed rises 'above this figure the amplitude of
vibration diminishes, until at very high speed the
amplitude of vibration is such that the centre of gravity
of the body lies on the axis of rotation and there is no
centrifugal force exerted on shaft or bearings at all.

If, therefore, a rotating assembly is carried in a
support that is so flexible laterally as to make the
frequency of natural vibration much lower than the
speed of the shaft, then the assembly tends to rotate
about its centre of gravity and there is no vibration
in the sense that the bearings are subjected to no
vibratory load.

In an arrangement of this sort there ,is a moment
during the starting up of the assembly when the speed
is equal to the natural frequency and severe vibration
tends to appear, but at higher speeds this dies out and
smooth running is obtained.

In practice the lateral flexibility is obtained by
supporting the bearings by springs and providing
stops to prevent overloading of the springs during the
short period of heavy vibration in starting up and
shutting down.

Electric Clock Motor
T HAVE constructed an electric clock on the

lines of the one described in "Practical
Mechanics" some months ago, but have utilised a
standard alarm clock gearing with the addition
of a 50- s worm drive), and have designed a much
smaller motor to suit. It is a complete success,
and I venture to say that it is far more simple
to construct than the clock described. However,
this induction motor was so simple to construct,
that I am prompted to ask :

Is it possible to make it self-starting and if so,
how ? (I understand that Smiths' clocks are
made so.)

What would be the approximate dimensions
and winding for a similar motor of about ; h.p. ?

Can any book or books be obtained describing
the making of such motors ?-A. J. Anderson
(Pa rkstone).
THE clock described would need to be completely

redesigned to make it self-starting. A self-
starting clock could be made with a stator which had a
number of adjacent poles of opposite magnetic polarity,
i.e., the stator projections or poles would have alternate
polarity. The rotor could have half its poles or
projections spaced so they were in line with the stator
poles when the otheis half of the rotor poles were
midway between the stator poles. The rotor should
be of steel and permanently magnetised. When the
A.C. current is switched on to the stator the rotor
would then oscillate until the oscillations exceed the
pole pitch after which rotation would commence.

The synchronous clock motor is essentially a slow
speed machine and is, therefore, relatively large tor
a given power output. We do not advise this con-
struction being used for h.p. For such a power
output you could use a series type of motor or a squirrel
cage induction motor for A.C. supply. If it is essential
for the motor to run at synchronous speed you could
use a wound stator fed with A.C. and a permanently
magnetised rotor or a rotor winding supplied with
D.C. through slip rings ; or you could use a rotor
winding fed with A.C. and a permanently magnetised
field system or field system fed with D.C. Such a
motor would not be self starting.

The book " Practical Design of Small Motors and
Transformers," by E. Molloy (Geo. Newnes, Ltd.),
deals with the construction of small motors.

Toughness of Steel
OAN you inform me which is the tougher steel,- black mild steel strip or bright mild steel
strip ? Which would bend first under the same
pressure, and why should one be stronger than
the other ?-J. Hall (Nottingham
BRIGHT mild steel strip is usually cold rolled, and

the additional mechanical working it receives as
compared with black strip improves the structure of
the steel, and consequently the mechanical properties.
Bright strip will, therefore, not bend so quickly as
black under identical pressure, being tougher, and
will also have a higher tensile strength. We suggest
you read " The Mechanical Working of Steel " and

The Structure of Steel," by Gregory and Simons for a
detailed explanation of this point and others of similar
character.

Transformer Windings
COULD you please advise me regarding windings

necessary for constructing 'a transformer to
supply 20 volts at approximately go amps. from
230 volt A.C. mains.

Could you also tell me where I would be likely
to obtain the required stampings ?--A. G. L.
Brown (Cambridge),
WE suggest you use a laminated core built up to

4 sq. in. in cross section. For the primary
winding you could use 430 turns of 17 s.w.g. d.c.c.
wire, and for the secondary 37 turns of d.c.c. conductor
having a cross sectional area of 0.026 sq. in. You
may be able to obtain suitable stampings from Joseph
Sankey & Sons, Ltd., of Bilston, Staffs.
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CHEMICALS
REAGENTS, FINE CHEMICALS

SCIENTIFIC APPARATUS
STUDENTS' MATERIALS A SPECIALITY

Write for quotations

CONSOLIDATED INDUSTRIAL RESEARCH LABORATORIES, LTD.
295, REGENTS PARK ROAD, FINCHLEY, LONDON, N.3

BERRY'S
(SHORT WAVE) LTD.

in addition to the usual radio parts, we carry a most
complete range of

RADIO AND ELECTRONIC EQUIPMENT
including Cathode Ray Tubes, Oscilloscopes, Signal Generators, Meters
and Test Equipment ; metal cabinets ; H.F., U.H.F., and L.F. chokes;
mains, output, and intervalve transformers ; Ceramic and Amphenol
valve bases ; I.F. transformers.; signal indicators ; single and double
fuseholders ; dials ; precision condensers-ceramic, tuning, differential
and reaction, miniature screwdriver UHF condensers ; electronic glass-
ware ; kw loss sockets and insulators, etc. If your work is of a priority
nature, we can in nearly all cases give delivery by return. Send Id. stamp
for detailed list.-" P.M."

25, HIGII HOLBORN, LONDON, W.C.I.
(Telephone : Holborn 6231.)

Slide rule
for 5/6d

HARDTMUTH'S meet a popular need of the moment
with the Classic' Slide Rule. Four scales-adequate
for all ordinary calculations. Inch and centimetre scales
on edges. Completely accurate, and 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.

Classic Slide Rule, in strong pull -off shoulder box
with full instructions : Series I, 5" Pocket Model,
price 516. Series I, 10" Model, price 7/6. Prom all
stationers and drawing material dealers, but if
any difficulty in obtaining write direct.

OTHER ' CLASSIC' SUCCESSES.
T -Squares, 24" seasoned Honduras Ma).ogany,

bevelled, price 61-.
Set Squares (of stout celluloid) :

6", 45°, price 114 each ; 60°, price 114 each ;
8", 45% price 212 each; 10", 60°, price 212 each.

(Other sizes supplied to order.)

"KOH-I-MOOR" and " MEPHIsTo',
-perhaps the two best-known pencils in
the world --will be in plenty again.

I.& C. HARDTMUTH aIFIEATi, LTD.

Temporary address : 44, Alexandra Road, Epsom, Surrey.

HIGHSTONE UTILITIES
CRYSTAL SETS ""r latest nle,del 'e

a REAL RADIO
RECEIVER, and
In fitted with a
PERMANENTCRYSTAL
DETECTOR.
WRY NOT RAVE
A SET IN YOUR
OWN ROOM Oft
AS A STAND-BY ?
-9/6, post 8d.
PERMANENT
DETECTORS, 2:0,

post 3d.
.0003 Pre-set Condensers 2/, post 3d.

MICROPHONES
Just the thing, for impromptu concerts, room to
room communication, etc. Bakelite table model,
6/9; Suspension type, 8/8. Post 66. Super Model
on stand, 12/8. Fitting instructions Included.
Mike buttons, 2/6. Transformers, 6/6. 'Public
Address Transverse current Mike, 87/8, post 1/...

BUZZERS
No. 2. Square single coil model, 2/8. No. 3.
GRAVY DUTY double coil, 4/9, poet 3d.

MORSE KEYS
Practise on a regulation size Tapping Rev. Our
heavy brass model is mounted on a wooden -base,
has an adjustable gap and nickel contacts. Key is
wired to work buzzer or flash lamp by using a 44 -volt
battery or the transformer described above.
BRASS KEY, 679, Chromium plated. 7/8. W.C.
Model witInteavy brass bar and the addition of a
front bracket, 9,1. Chromium plated, 10/6. The
above keys are supplied to the Services for Morse
Instruction. Slightly smaller Key, 4/6. Junior Key,
mounted on a larkelite base, together with a htarer,
5/... Should you require a complete outfit, one D.X.2
set consiats of a heavy key mounted on a large
polished board, loin. a 7113., together with a buzzer,
Rash lamp, bulb and holder, with two switches to
Ming either into circuit. Terminals are also provided

.for distant sending and receiving, 19/6, pest Bd.

BELL TRANSFORMERS
These guaranteed trans-
formers work from any
A.C. Mains, giving 2, 5

or 8 volts output at I

amp., operate bulb,
buzzer or bell. Will
supply light in bedroom
or larder, etc. PRICE
6/6. POST Sd.

SOLDERING IRONS, Adjustable Bit, all parts
replaceable and fully guaranteed. 2001050 v.,

00 watts, 9/6; 150 watts 12/6. post 6d.
SEND ld. S. A. E. FOR LIST B.P. OF USEFUL
ELECTRICAL ACCESSORIES. Money refunded If
nut completely satisfied. Letters only. Please
include postage, any eacess will be refunded.

IOIGDSTONE UTILITIES
59, New Wanstead, LONDON, E.11

BOLT DOWN THAT MACHINE IN HALF THE TIME

with CINCH Bolt Anchors
Suitable for all fixings to walls, ceilings
and floors of cement, brick, stone, etc.

No delay : full load can be applied
immediately. Depth of hole

40% to 60% less than ordin-
ary fixing methods. Cinch
anchors give a quick and
positive bite that holds per-

manently. Will not slacken or
work loose. Sizes to suit all

IMMEDIATE DELIVERY.needs.

Free ! SAMPLE AND DETAILS 0 i RECEIPT OF TRADE CARD.

HOYT METAL CO. OF GT. BRITIAN, Dept.P.M., Deodar Rd., Putney, London, S.W.15

YOU
can become a first-class
RADIO ENGINEER

Post coupon now for free booklet and learn
how you can qualify for well -paid employ-
ment or profitable spare -time work.

We are specialists
in Home -Study
Courses in Radio
Reception, Servic-
ing, Transmission,
Television, Mathe-
matics and Radio
calculations.

(Post coupon in
unsealed envelope

-1d. stamp.)

T. & C. RADIO COLLEGE,
2, The Mall, Ealing, W.5; -  --- ---- -

Please send me free details of your Rome -Study
Courses in Mathematics and Radio.

Name

Address

31.16

Avec mai/ Ire iltemeq
in the ,den _Oent Athelue it!

iTICHRNAIDs
LTD

negotiate your Patents.

MEGHANAI DS LTD.,
Research and Development Engineers.

HOL. 1120.
HALTON HOUSE, HOLBORN, E.C.i

HAVE YOU HAD YOUR COPY ?
If not order it now to avoid

disappointment.
"AMERICAN MIDGETS"

Radios and Valves.
This useful booklet describes
clearly with many circuit dia-
grams the peculiarities of the
small American (Midget) sets
from the repairer's point of
view. Valves used in these
radios are also described with
base diagrams and characteristics

PRICE 218, post free
From V.E.S. (P), Radio House,
Melthorne Drive, Ruislip.

RATCHET & REVOLUTION
COUNTERS

LeofletNo.18I3 f.
Speel up to
6,000 r.p.m.
R. & F.CARTER & CC
LTD., BOLTON 5

"Sra
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SURVEYOR'S OUTFIT for post-war
planning. Theodolite by Watts with
tripod 14ft. telescopic staff, eight marking
poles and surveyor's chain. All in new
condition. £45.

TRANSFORMERS. 3 liW Metvick, 50
cy. 400 v. to 600 v., £9 10s. I kW. Powquip
50 cy. 250 v. to 50 v. 20 arnos., 59. 500,
watt Foster 50 cy. 440 v. to 110 v. 5 amps.
£4115!-. 150 watt Foster 400 cy. 230 v.
to 15 v. 10 amps., £21151-. 5 watts H.T.
test Transformers 1101220 v. to 1,000 v.
5 mla., 101-. Current transformers for
meters. Various sizes in stock.

ELECTRIC SOLDERING IRONS. For
200 to 250 v. mains, 60 watts, with
cord, 1216.

DYNAMOS-MOTORS-ROTARIES.
For essential work,
experimental work,
permit free. Fine
modern quarter -
horse D.C. motors,
200 to 250 volts,
enclosed, drip -proof,
silent bearings,

flange fixing, double end shaft, Ain. dia.
1,450 revs. ; size 71,in. x 7in. ; weight,
35lbs. Compound. We fully guarantee.
115th h.p.. 13/10/, 1 h.p., £4. Larger
powers in stock, state wants.

MOTOR PUMPS. We can give immedi-
ate delivery of the famous Stuart Turner
12 -volt D.C. motor pumps ; 120 gals. per
hour, 841-. Some type, but for A.C. mains,
1361-. Pumps only R type twin -piston
rotary for 1 h.p. motor drive, £3151-.
Aquarium aerators, £5.

FUME EXTRACTOR AIR PURIFIERS,
25 cub. fc. approx., with large filter chamber,
all steel, 151.in.x 201in.> I4in., with intake
down shaft. Geared hand drive or 116th
h.p. motor. Suit laboratory or works.

DEAF AIDS. S. -h. sets for reconditioning,
by Ardente, Stolz and other first-class
makes, less battery and cord, mike and
receiver perfect, 451-. Valve Deaf Aid,
Marconi Octophone, 2 v., complete in
leather case, less batteries ; List, £24 ;
Sale, £5.

BUTTON MICROPHONES. One inch
diam. brass body, mica diaphragm, centre
contact, G.P.O. type, 216. Postage, etc.,
6d. High Ratio Transformer, 416.

INVISIBLE RAY CONTROL. Photo
cell Raycraft Set with bakelice selenium
bridge, 10,000 ohms sensitive relay. mego-
stat, etc., with booklet, 421,

VALVES. We have just taken over from
a radio man called up a number of old type
TRIODE valves, suitable for odd experi-
ments. Types are Osram DEH612. DE4
DE6, P625 ; Mallard PM6 : Standard
Cables 4102D with American base. These
are offered at 316 each. ac postal risk of
purchaser.

CRYSTAL SETS. These are all varia
condenser tuned, with tapped A.T.I.
Semi -perm. detector and enclosed. All
aerial tested. B.B.C. Blackbird has a

porcelain base, metal cover and is pocket
size, finely made, 3916. The Wall Nut is
a handsome job, G.P.O. polished case, 421,
The Sherman Tank has metal cover of
novel shape, 451, Mark II Het W/M
set is a converted ex-W.D. wavemeter
and well made, 551-.

INSTRUMENT CASES, metal with
hinged lid, Blin. x 41 in. x 51in., wellfinished,
ex-W.D., 101-. Base covers, light ventilated
metal, arched, contains 61in. x Sin. with
terminal extension, 316. Leather cases for
galvos, etc., various sizes, 219.

SUNDRIES. Vee Pulleys for Ain. belt,
turned steel 4in. x 416 and Si-.
Motor Flexible Couplings for 1 h.p. and

h.o.. 61- each. Endless Belts, vee or
fiat, 516 each. 4 wing Fan Blades, 6in.,
for motor shaft, 116. Multiple Connec-
tion Strips of soldering tags, telephone
type moulded mounting, in 80 or 100 ways,
at 316 and 41- each. G.P.O. Plugs, 21 -
each. Panel G.P.O. jacks, 116 each.
Small Solenoids, " Gemi " 6 volts
II; amps., iron plunger, 616.

Visit our Showrooms and inspect large and
varied range of bargains in Radio-Electrical
-Mechanical and Scientific Apparatus.

ELECTRADIX RADIOS
214, Queenstown Road, Battersea,

London, S.W.8

Telephone MACou'ay 2159

INSTRUCTION IN
PLASTICS TECHNOLOGY

A NEW organisation has been formed to supply
ambitious people interested in the Plastics

Industry with modern instruction in Plastics
Theory and Practice.

The new organisation, known as The British
Institute of Plastics Technology, is the specialist
Plastics Division of The British Institute of
Engineering Technology, Ltd., one of the largest
home -study technical training organisations in the
world.

Specialist Plastics Courses are being prepared
and will be available within a reasonable period.
Those interested are advised to submit their
names and addresses, when a copy of our Prospectus
" OPPORTUNITIES IN PLASTICS " will be
forwarded as our tutorial plans mature. Enrolment
for the special courses will first be offered to those
whose names have been thus recorded, but no
obligation whatsoever will be incurred in lodging
an application.

BRITISH INSTITUTE OF
PLASTICS TECHNOLOGY

4, Shakespeare House,
17-18-19, Stratford Place, London, W.1

35
FIRST PLACES
AND HUNDREDS OF PASSES
in the A.M.I.C.E., A.M.I.M.E., A.M.1.E.E.,
A.F.R.A6.8., A.M.1.Chem.E., C. & G., etc.,
Exams. have been gained by students
studying at home with the T.I.G.H.
Engineering First Places aim your best
guide to the most successful Engineering
Courses. Write to -day for " The Engineer's
Guide to Success." containing the world's

widest choice ofEngtmeerIng
Courses - over
200 - covering
all branches -
M e c ha nical,Electrical,
A er on ant teal,
Wireless, Civil
Chemical, etc.'
and which alone
gives the Regu-
lations govern-
i ng admission to
Lilo Recognised

1

nntiogiausa.rTahne.World's best choice of
Courses in Engineering tees training

until successful
The TECHNOLOGICAL INSTITUTE OF

GREAT BRITAIN,
213, Temple Bar House, E.C.4.

ii....M.1.1=1111111.111111.1

JUBILEE WORM DRIVE
HOSE CLIPS

Pslent

The long -life
clip with the

ever -tight
grip

The Best Kaolin
For

Radiator Joints,
Alr, Oil andWater Hose

Joints
We guarantee a

Tight Joint
L. ROBINSON & Co.

25, London

GILLINGHAM,KENT

CHEMISTRY EXPERIMENTS
FOR BLACK -OUT EVENINGS

POST FREE
APPARATUS

OFFER

10/6
INCLUDING
CHEMICALS

21/-
, A "emu!, Ifro, -
I and and Wia'es

f way.)
'end Id. stamped
tmvelops for PrIte

List.

BECK
(SCIENTIFIC DEPT Ai, 60. HIGH STREET,

STOKE NEWINGTON, LONDON, LIG.
Booklet : "Experiments in Chemistry," 7d. P.O.

"Easily the best soldering fluid
obtainable."

This statement by a regular user
of " BAKER'S " expresses the
general, opinion of motor and
engineering trades. Sold in 6d.,
II- and 116 tins. Also in Bulk.

A.,

SIR WM. BURNETT & CO. (CHEMICALS) LTD.
Gt. West Rd.. Isleworth. Middx. Ficunsloiv 0476

ELECTRIC ETCH NG EQUIPMENT

AS SIMPLE TO
USE AS A PEN
Will etch on any
metal. Quicker than
machine engraving.
From Dealers or direct.
Send for leaflet "

RUNBAKEN. ANC ESTER I

WHY WORRY

WORRY usigs an immense
amount of vita: Mtge. People

who worry not only uSe, up their
energy during the day_by worrying,
but they rob themselves of that
greatest of al restoratives, sleep.
People 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 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
wo,rry, 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 members of
His Majesty's Forces

(.4pply for Services- Enrolment Form)

It can be clone, 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 au
upset condition and 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 mind

The Pelman Course is fully des-
cribed in a book entitled " The
Science of Success." The Course
is simple and interesting, and takes
up very little time ; you can enrol
on the most convenient terms. The
book will be sent you, gratis and
. post free, on application to 1-

Pelman Institute
over 13 yea;

130, Albion House, New Oxford
Street, London, W.C.1

Readers who can call at the Institute will be
welcomed.

PE LMA N (OVERSEAS) INSTITUTES:
NEW YORK : 271 North Avenue, Near
Rochelle. MELBOURNE : 396 Flinders
Lane. JOHANNESBURG: P.O. Box
4928. DURBAN: Natal Bank Chambers
(P.O. Box 1489). DELHI: 10 Aliaore
Road. CALCUTTA : 102 Cute Strad.
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Can the Breach be Healed?
THERE is still no sign of peace in the

dispute created by the N.C.U. and
the R.T.T.C. over the question of the

B.L.R.C., and the matter is not being helped
by the vast number of cycling critics who
are offering solutions to heal the breach.
Some of these critics are new to the sport
of cycling, and whilst they allow their own
pens to sling mud from behind a fence they
pompously accuse others of doing so and,
condescendingly and with a dignified air,
make vapid and vacuous appeals to give the
impression of a I °Lac)] interest in the
" game."

If their misguided efforts, sometimes lack-
ing in tact, have had any effect at all it
has been to widen the breach, not to close
it. We see no particular reason why the
B.L.R.C. should need to give way either to
the N.C.U. or the R.T.T.C. These latter
two bodies conduct two totally different
forms of cycle racing, and each are opposed
to one another on questions of policy.

The N.C.U. eschewed all forms of road
racing, including time trials. Many years
ago it passed a resolution to that effect,
owing to the attitude of the police towards
cycling at that time. They not only refused
to have anything to do with time trials per
se, but they threw attempts at records over-
board at the same time.

To -day the N.C.U. exists to control a few
hundred riders interested in track racing, to
whom they issue licences. As a result the
Road Records Association came into being
and so did the Road Racing Council, which
has been superseded by the R.T.C. It is
thus obvious that the R.R.A., the R.T.T.C.,
and the N.C.U. have nothing in common
except the adversity which makes strange
bedfellows.

Two of those bodies have been formed as
a result of opposition to the N.C.U.; and it
is curious to note that those two bodies now
side with the N.C.U. against a third body,
the B.L.R.C., which wishes to run its own
form of sport, non-competitive with the
others and which has broken away from the
N.C.U. as they did years ago.

The National Cyclists' Union has not
changed its policy with the changing times,
and neither has the R.R.A. All those years
ago the N.C.U. tabled its famous resolution
quoted in our last issue forbidding its mem-
bers to partake in time trials and forbid-
ding also its officials to act in any capacity
whatever in them. It has seen the growth
of time trials, but the resolution remains.

If the breach is to be healed the move
must come from the N.C.U. and the

R T.T.C., which have everything to lose
and nothing to gain from its continuance.
The B.L.R.C., on the other hand, has
nothing to gain and nothing to lose from
the attitude of the N.C.U. It is running a
form of sport which is wanted, as is very
evident from the attendances which far trans-
cend anything which the N.C.U. can produce
at Herne Hill or the Paddington tracks.

Dangerous Competitor !

THERE perhaps is the rub. The N.C.U.
fears this new form of sport as a

dangerous competitor which will rob track
racing of its few remaining protagonists. It
is fear which is promoting N.C.U. oppo-
sition, and so-called concern for safety on
the roads. As far as the R.R.A. is con-
cerned, it is an unimportant body operating
entirely as a domestic tribunal, and is not
a national body in the correct sense. Its
opposition can be ignored for it is a body
without power, and without very much voice.
However, an attempt has been made by one
who has been long associated with the sport
to find some common platform on which the
disputants could meet, and it has been sug-
gested that a vis-a-vis committee should
be formed to discuss the matter. The fol-
lowing is the reply jointly made by the
Secretaries of the N.C.U. and the R.T.T.C.

Broken Rules

"
YOUR letter of the 23rd September

addressed to the N.C.U. and R.T.T.C.
has been received. We think it is necessary
to make the position clear to you.

" A number of people have broken our
rules and promoted massed -start racing on the
public highway to the danger of the sport.
These people have been suspended, and our
action has been overwhelmingly backed by
the membership of our bodies. The Govern-
ment have more than once expressed their
strong disapproval of massed -start cycle
racing on public roads, and this has been
confirmed as recently as August 2nd in the
Parliamentary question and answer of which
you will be aware. It is only by making it
quite clear that we disassociate ourselves
completely from such racing that we have
been able to speak on behalf of cyclists
generally and preserve the reputable forms
of cycling sport from interference. If further
threats to the rights of cyclists are to be
met and countered it is more than ever
necessary that this policy should be con-
tinued. ;Our italics. Apparently one has
only to dissociate oneself front any particular

By F. J. C.

policy to be able to speak on behalf of
cyclists.-ED.1

" Last November, with a view to minimising
the dangers to the sport and at the same
time giving the massed -start riders an oppor-
tunity of coming back and thus putting an
end to the disturbance which they had
caused, both the N.C.U. and R.T.T.C.
offered an amnesty to them. This was
ignored, and the massed -start riders have
persisted in their dangerous activities
throughout this season, in defiance of the
expressed views of the Government. This
amnesty was withdrawn on February 17th,
but the ordinary machinery still exists for
any suspended persons to make application
for reinstatement. Any such application
would be fully considered ; but we have no
power to vary the procedure.

" The foregoing is the position at present,
and we cannot see that there is anything to
be gained by sending representatives to offer
the same information verbally.

" We would remind you that constinitional
measures exist whereby members of clubs
affiliated to the N.C.U. and R.T.T.C. can
bring forward proposals through their clubs
for consideration by Centre and District
Councils as the case may be. This
machinery is a safeguard to the democratic
structure of both the N.C.U. and R.T.T.C.,
and the general membership would quite
rightly refuse to allow us to recognise small
unrepresentative groups of club members
who suggested the consideration of proposals
by means other than those provided in the
rules."

In the forefront of this letter observe that
it is not the question of safety on the roads
which is placed first, but the trivial matter
that" a number of people have broken our
rules."

The reference to "democratic structure"
of the N.C.U. and the R.T.T.C. is really
laughable in view of known facts. Their
constitution does not differ to. any great
extent from the constitution of the C.T.C.,
which is certainly not a democratic body.
The C.T.C. has rules, but the members have
little power to get them altered. If that is
democracy perhaps someone will define dic-
tatorship.

We agree with the letter in its expression
of view that it would be a waste of time for
the bodies to meet. In view of the methods
which have been adopted in the endeavour
to get massed -start racing suppressed, such
a meeting would only result in further mud
slinging and exacerbation, and it is therefore
wise to avoid it



C.1 THE CYCLIST November, 1944

Stratford St. Mary, Suffolk.

Outstanding Ride
I.JELLIE SPYRE, Sheffield Central C.C., rode 213

miles 1,030 yards to win the Broad Oak 12 -hour
time trial for women.

Barnet Man's New Role
RC. MILLER, former Barnet C.C. stalwart, is

now a Flying Officer in the Royal Air Force.

Coming of Age
llitEDFORDSHIRE Road Club this year celebrates
4-. its twenty-first birthday.

Cycling's Northern Outpost
THURSO Social C.C., the most northerly of cycling

clubs, is again operative. Serving men in Caith-
ness and Sutherland are invited to participate in its
activities.

Barnesbury C.C. Loss
p ARNESBURY C.C. mourn the loss of Jack Gaul

who has been, killed in action in France.

Finsbury Park News
EDRUPT, Finsbury Park C.C. social secretary,

" has married Miss J. Holly.

12 -Hour Champion
A E. G. DERBYSHIRE, Calleva C.C.. is reigningE.

12 -hour National Champion by virtue of his
winning ride of 2334 miles in the Manchester D.C.
event,

Douglas Man Missing
T AWSON MILLER, Douglas C.C., is posted as

" missing." He was serving as an air -gunner
in the Royal Air Force.

One-armed Man's Win
RON BROWN, Calleva C.C., known as the "one-

armed wonder," won the South Western " 1 z "
with 235) miles; his second consecutive win in this
event.

Southgate C.C. Loss
SUB.-LIEUT. ALFRED CHAS. ELLIS, (Fleet Air

Arm) formerly reported " missing," is now known
.to have lost his life while on active service.

Killed in France
9-0M GERRARD, Liverpool Century Road Club,

has been killed in action in France.

Some Cycling !
WS. D. WALLACE, a Stirling postman, claims to
'yv have cycled no fewer than 320,000 miles during
his 4t years' service.

Appreciated
WHILE serving with a Parachute unit well behind

the lines in France, Sergeant C. F. Valentine
(Southgate C.C.) received among his weekly mail a
copy of his club's magazine.

Growing Strength
THERE are over a58 members in the Central Mediter-

ranean C.C. ; another of the many Forces' clubs.

Manchester Revival?
THERE is a possibility of a revival of the famous

Manchester Wheelers track meeting next year.
An ambitious programme of road time trials has also
been planned. A. J. Bradbury is the president-elect.

Crouch Hill Man
Decorated

PLIGHT LIEUT. R. L.
LAS HAM, Crouch

Hill C.C., has been decor-
ated with the Distinguished
E ying Cross.

Club Losses
TOM SMITH, Glasgow

Regent C.C., and
Donald Brown, Kilmarnock
Goldberry C.C., have both
been killed in action.

Good News
AFTER a lapse of almost

three years it is now
authoritatively stated that
G. H. Burgess (Bronte
Wheelers) is a prisoner of
war in Japanese hands. He
was reported missing follow-
ing the sinking of the
Repulse.

Level Crossings
THERE are 4,36o rail-

way level crossings in
this country ; figures are
authentic, but no estimate is

given of the time lost by cyclists who encounter them !

Versatile lack Seath
JACKT SEATH, Vegetarian C.C., is at home on

road and grass track. A prolific winner of road
time trials, he rounded off a very successful season by
winning an 8So yards grass championship ...in Kent.

Ridley C.C.' News
ARTHUR LONG, Ridley C.C., is in Corsica and his

clubmate, Larry )Phillpotts, is with the R.A.F. in
Italy.

W. H. Chappell Comihissioned
WH. CHAPPELL, pre-war hon-secretary of the

Western Counties R.R.A. and Western T.T.A.,
ha; been commissinned in the R.A.F.

American's Interest
T T. F. E. HIGGINBOTTOM, U.S.A. Tactical Air

Force, has joined the Cambridge Town and
County C.C. and has participated in some time -
trials. He is a Thunderbolt pilot.

Wedding Bells
EWATTS, Hemel Hempstead C.C.; has married

Miss Joan Parrock, herself a keen cyclist.

Anfield Loss
LIEU'F. B. H. BAND, D.S.C. of the Royal Navy,

a member of the Anfield Club, has lost his life
as the result of enemy action at sea, He was in the
submarine service.

Earnshaw's New Role
" SHAKE " EARNSHAW, noted pre-war record

breaker, is now serving with the Royal Air
Force.

A Proud Record
'PLYING OFFICER ERIC LEE, former hon.

treasurer of the Manchester Eagle C.C., has been
awarded the Distinguished Flying Cross after taking
part in over 8o operational flights.

Audrey Allis, well-known club cyclist.

Club Revived
THE Norfolk Road Club has been revived.

The Hat Trick
COURSE, club and personal records were broken

by Harold Gibson, Achilles Velo C.C., when he
clocked 2 -8 -to in his club's open " 50."
Meeting Abroad
BATTERY SERGEANT -MAJOR J. McLAREN,

King's Lynn C.C., met two members of the
Wisbech Wheelers in Cairo.

The old church at Lydbury North, Shropshire. The village is situated 21 miles
from Bishops Castle.
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Around the Wheelworld
About Criticisms

FOR criticisms to be of value they should
be made by those whose knowledge

and long experience qualify them to speak
with authority. In the field of cycling we
have many critics who have not that quali-
fication, and whose " criticisms " only, con-
fuse the issue. The controversy in the
cycling world is not being helped by those
who; comparatively new to the movement,
can know little, if anything, of its history,
nor of the pros and cons of the disputes ;
yet they wax oracular in their " powerful "
articles and evince an almost avuncular
interest in the welfare of cyclists, believ-
ing that, as they have to write about
cyclists, the cyclist must always be right,
that they must utter no word of criticism of
them, and that anyone who dares to see both
sides of the question is an anti -cyclist.

These alleged critics endeavour to cover
in a quagmire of tangled verbiage their
abysmal lack of knowledge of the subject,
and endeavour to court the goodwill of
cyclists by nauseating praise ; when they
do faintly endeavour to criticise, they praise
with faint damns. We all know the type
of contributor who plays for safety by prais-
ing things which quite rightly ought to be
severely criticised.

Their particular pose is that they are
acting as judicial and impartial arbiters, and
aloof their way with impertinent san-
guinity past an array of inexorable facts. If
any personal note has been imported into
the various cycling disputes which have
been going on for almost 5o years, it is
because some of the so-called leaders have
resorted to personalities. If you compare
the writings of some of these critics you will
perceive that during the years they cross
from one side to the other with the stealth
of a sleek cat crossing a very muddy street.

Roadfarers' Club --Pall Mall Address
THE Roadfarers' Club now have an office

at 5o, Pall Mall, S.W.I, telephone : Abbey
1597, to which correspondence should be
addressed. The second annual meeting of
this national representative and impartial
body took place on October 25, when nearly
too Fellows and members attended.

"What Shall I Join?"
IEMBERS of the Forces eagerly antici-

paung a return to civilian life when
the war is over are wondering what post-
war cycling conditions will be like in this
country, and many of them wish to know
which club they should join. So many of
the old clubs have gone out of existence
during the war for obvious reasons, and
.after the war many new clubs will be
formed, that these inquirers should wait until
the war is over before owning allegience to
any except a very well -established club.
They should give a little time to investigat-
ing its past history, for it may be that it will
be better to form a new club rather than
be hamstrung to an existing club which has
a history of spite and antagonism.

There are some clubs which I definitely
cannot recommend. I am also asked whether
there is any possibility of amalgamation
between the various national bodies. All
previous attempts to this end have failed.
One national body is Perfectly willing to

By ICARUS

amalgamate with another provided that
other interprets amalgamation as absorp-
tion. Personally, I do not see the need for
any but one national body, and the sort
of body which I envisage is not at present in
existence. I should like to see a body
formed on really democratic lines, and whose
committee obeys the wishes of its members.

I cannot advise any of my readers to join
any club unless the members can take a
hand in the conduct of it. I do not like
albs which are proprietorial, vending
membership like a purveyor of hair oil, the
sort of club which you can join if you are
prepared to accept the unchanging policy
laid down. That is not my idea of a pro-
perly conducted club, which should change
its policy and its rules if necessary to meet
changing times and changing conditions.

The allocation of delegates is another
matter upon which I have decided views. A
club should not be allowed to appoint, say,
two delegates to national bodies, irrespective
of its membership. The delegates should
bear a strict relation -to the number of
members, say, one delegate for every so
members, otherwise a one-man club has the
same voting power as a club with a larger
membership. Thus, the vote at a meeting of
delegates does not reflect the real feeling of
clubs as a whole. It does not give a major-
ity verdict and it is possible for a majority
of delegates at such a meeting to represent
a minority ,vote.

While so many views have been expressed
by one body and another on this problem or
that, no one can state with certainty what
cyclists do want, what they do agree with,
and what they do not. Certainly neither the
views of the C.T.C., the R.T.T.C., nor the
N.C.U. represent real cycling opinion.

A.G.M.'s of the N.C.U.
IVIR. CHAMBERLIN, the secretary of the

N.C.U., asks me to correct a mis-
statement in the memorandum on massed -
start racing submitted to the Ministry of
Transport and published in our previous
issue. In the memorandum it was stated that
the N.C.U. has not held an annual general
meeting since the war. Mr. Chamberlin
informs me that it has regularly held annual
general. meetings.

Sandpit Lane
IN response to representations made by

the National Cyclists' Union, the
Brentwood U.D.C. have agreed to erect a
warning notice board in Sandpit Lane,
running into Weald Road, Brentwood, Essex.

The Union has learned of several accidents
to cyclists at this point, and the erection of
the warning notice should prevent such
occurrences in the future.

Road Accidents-August, 1944
CASUALTIES on the roads of Great

Britain in August, 1944, resulting from
road accidents, totalled 50I killed and 10,663
injured. The following table is an analysis
of the number of persons killed according
to the type of vehicle primarily involved :

Number of
Type of Vehicle. Persons Killed.

Service (British, Dominion, and
Allied of the three Services) 163

Civil Defence and N.F.S. 9
Public Service and Hackney 75
Goods 98
Private Cars 30
Motor Cycles 25
Pedal Cycles 88
Others 13

Total ... 501

(The term " Vehicle primarily involved "
means (i) where only one vehicle was con-
cerned, that vehicle ; and (ii) where more
than one vehicle was concerned, the vehicle
to which the accident appears to be
primarily attributable. In either case it does
not imply that the driver of the vehicle was
culpable.)

R.T.T.C. on National Committee
TN response to the request from The Road
-I. Time Tria's Council, the National Com-
mittee on Cycling have agreed to ask the
Council to appoint a representative to the
Committee, which is now made up of
members of the British Cycle Manufacturers
Union, the C.T.C., the National Association
of Cycle Traders, the National Clarion
Cycling Club, and the N.C.U.

The lovely old King's Head Inn at Rudgwick, Sussex, 6 miles N.W. of Horsham.
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East Hagbourne, Berkshire.

Making Do
CONSIDERING the circumstances of the times,

I have had a very good cycling year; with a couple
of short touring holidays, and several good week -ends.
True it is that arrangements for accommodation have
been a trifle troublesome, and, even when completed,
have not always been as happy as one would wish ;
but we all have to put up with difficulties these days,
and I have found that a little sympathy with the trials
of our catering friends is far more valuable than
criticism of their imposed shortcomings. The fact is
I have not gone short of a little holiday -making for
lack of a little trying, and when people moan to me that
they cannot " get away," I am afraid they are thinking
in the terms of car travel cr train transport, and have no
use-in the holiday sense --for a bicycle. Take the
August holiday week as an example. The works were
closed that week, and three of my trade friends making

111
bicycle accessories, suggested I joined them for an
eight days' ride to Pembrokeshire, and, as I knew the
country, would I guide them ? We were not a young
party; two of us had passed the sixty mark and the
others were on the fifty line border, and of the four
three had been car men most of their lives. We managed
by wire, to book up at three places for the home and
return journeys, the last one being at Tenby for three
nights, and actually We did not fare too badly with the
addition of the rations we carried with us. And here
is the remarkable thing : my three companions had
never been south. -west of Hereford, never seen the
Brecons or the fine coast of Pembroke, or knew that
rolling road beyond Carmarthen, mile -measured by
the " Hobb's Point " stones, still in situ, that informed
the weary mariner of the old days the distance he had
still to walk before reaching his ship at Pembroke Docks.
All the way from the Midlands that south-western
road is a great cycling highway to -day, and it is good
to have seen it once more, almost free of car traffic.

The New Country
N that hot Saturday of the holiday we rode to

O Hereford with the comfortable aid of a north-east
wind enjoying a change from its usual chill nature.
Over the Malverns we went, and among the green and
golden fields where the binder was busy and the farin
lad waved to us from his elevated seat aboard the
creaking wain. It is good to' remember those hours
now, and to think that another year will come, bringing
its joys of release. But it was the next day that brought
my friends into a new country, and they liked its outlines
and its colouring. We crossed the Wye at Monnington
(where, in its ancient churchyard, the grave of Owen
Glyndwr is said to be), and, sweeping under the hills
on the wings of that wind, we passed Hay and Three
Cocks Junction, and in due time rose that glorious vision
of the Brecons, nearly 3,000 feet of their elevation
lying against that intensely blue sky. We did not fare
very well for food that day (it was Sunday in Wales),
but, with the aid of our small supply, we eked out,
and finally raced a thunderstorm down the long drop
into Llandovery, where all our food problems were
solved at the North Western Hotel. For us Bank
Holiday never seemed crowded ; we had the roads
almost to ourselves, and it was only in the villages
and towns that the holiday spirit was in evidence.
Those miles by the ,Towey to Carmarthen were
glorious, and if we ambled along them in carefree
fashion, with numerous rests and smokes by the
wayside, who would blame us ? This was a holiday,
and our joy was to keep it such with no thought of the
morrow. A country lunch in Carmarthen sent us near
unto sleep over the St. Clears road, and it was there
we left the hard highway to take the tumbled coasttwise
route to Tenby, and get into trouble for lateness at
our berth.

The Best Woods
THAT coast road by way of Laugharne, Pendine,

Amroth and Saundersfocit, rises and falls like
the teeth Of a gargantuan saw. We nad to find tea

somewhere, and when
Brown's Hotel at Laugharne
told me they had no bread,

4 I promptly went into the
village and persuaded a
good dame to sell me a loaf,
for the shops were at closed
on this holiday. For very
shame the hotel then had
to do. something for us, and
if it was a poor show it at
least saw us into Tenby,
very late and very hungry,
and only tardily welcome.
But we overcame our sins
of lateness by smiling polite-
ness, and actually out stay in
Tenby, if a little crowded,
was sprinkled with good
meals and that fortune, with
the golden weather to back
it, made the journey's end
a happy one. My friends
were duly impressed with
Tenby (and actually it is one
of the comeliest seaside
places l know), and refused
to leave it on the Tuesday,
spending their rime bathing
and basking and enjoying
--or taking-such refresh-
ments as were available.
I did manage to stir them
out on the Wednesday when
we went prowling round as
much of the coast south
of Milford Haven as the

authorities would allow, and a very beautiful day we
enjoyed, delving to Manobier, East freshwater and
Stackpole, and in the -latter place discovering a lady
who took pity on our himger and cooked the ham and
eggs,that had been suspended from my saddle for four
days, and 200 miles. It was the moment when the
private larder helped to make up the joy of a gallant
day. That afternoon we saw the sorrow that had
overtaken Stackpole Woods and Bosherston Pools.

 The lumber camp is there, and the lovely beech trees
are food for the circular saws ; and those one-time
mirrored lakes are now overgrown with creeds, over
which echoes the strokes of the axe and the grunt of
the tractor.

Both Ways
9 -`HAT evening we returned to Tenby over the

Ridgeway road, And southward was the winking
sea and the sheer cliffs, while to the north the 'blue
distance was framed with the long outline of the
Prescelly Mountains beyond the land gaps of Milford
Haven, a panorama in its peaceful loveliness as beautiful
as anything I know. The next morning we started for
home with a drift of rain to see us Oft, coming on the
wingS of a south -wester.  What lack ! to . have the
breeze both ways. The drift of damp'ceased by Kilgetty,
and the rest of that day was sunshine and soft helping
winds. It was so easy one wanted to go on for ever,
and no wonder we reached our excellent hotel at
Llandovery in the. early evening, and were regaled
with Towey salmon, and all its proper dressings. My
friends had never been over the Sugar Loaf Pass to
Idanwtycl, so we decided to go that way, even though
the night had been .stormy and the morning was still
grey and damp. But the rain petered in to mist in the
first few miles up the valley, and the mist persisted,
shutting out that canyon -like vision where the road and
rail nearly meet at the summit of the pass, the road
going over, and the rail through the shoulder of the
hill. That was a pity, for Soo feet lower on the other
side of the pass the sun greeted us with its misty gold
dropping smoky columns through the clouds. We
went by Llangammarch and Garth to Builth, the weather
recovering its good temper with every mile, stayed
for a moment to see the modest »column raised near
the village of. Cilmery, to commornotate the spot were
the last native Prince of Wales was killed by 'an English

trooper in ir282. (so often missed by wanderers, because
it is half hidden in a field), and found quite a good
lunch in Builth to cap a beautiful morning's ride.

The Good Ending,
T THINK that stretch of the Wy e from Builth to

Glasbury where its character is still full charged
with the wild waywardness of the mountains, is the
most beautiful of its long journey. We lingered along
that road, sometimes sheltering from little summer
storms, but more often sitting on the rocks and absorbing
the glory of stream and forest and mountain around us.
Glasbury would not give us tea, nor Clyro, so perforce
we had to cross the bridge to Hay and make the best of
a cafe that did not seem specially glad to serve us:
then retracing over the bridge visited the fine old Inn
of Rhy&pense whefe we drank to its greater glory.
Followed a quiet evening ride to Hereford, with the
promise of more settled weather conditions in the
orange glow of the sunset. And it was so, for the
Saturday Was gold and blue all the way. We crossed
the Malverns over the Eastnor ridge, and that long run
down to the Vale of Severn at Tewkesbury with a wind
to back us, is now a memory to be cherished. The
plums were, ripe in Evesham Vale and we took our
of the juicy fruit, had tea in Alcester, and came home
with 'the lengthening shadows. Eight days of glorious
freedom and 400.miles of joyous travel, and the cost
£6 2s. 5d. each. The price just happened, for there
was no attempt to keep the figure reasonable. Our
roadside delays were one puncture, and one front wheel
cone adjustment. And the reaction of my friends
was to the effect that nobody had told them this south-
western journey was so lovely and they were inclined
to blame me for not informing them of the fact. Ah !
these jolly old motorists turned cyclists, how much
they have to discover of the beauty of this land over'
which they have passed too rapidly to understand its
intimacies, or entirely missed an area because they
were " not told." a

A Desire
HO"' I wish I could take many of my acquaintances

along and lovely ride of a like kind, without hurry
or urgency, but with sufficient movement to keep active
with cycling and -inquisitive with the -map. " Why
can't we go here, and here ? " was the constant query
of my friends when I pointed to places on the map
that gave the easy wanderer the beauties of vision. And
the answer is you can't do it all in one journey, certainly
not on a bicycle, and if you try to make it by car (when
the car days return) titan indubitably you will miss
the freedom and the slow loveliness of riding, and the
journey will descend to a parade of speed too great to
be intimately observant. That is true, for I have
proven it. If it were possible to accompany my doubting
friends who say that cycling " is not for them," such
a ride I verity' believe would result in a surge of enthus-
iasm for the pastime that would astonish them beyond
expression. It is the will to start, to get reasonably
fit, to sit a saddle for an hour on end without quarrelling
with its comfort, that is the initial difficulty to be over-
come. 'I hey don't believesueh people-that it can
be done and completely enjoyed-which is nonsense, as
those few have discovered who have taken me at my
word and entered a kind of demi-paradise of leisure
with which to fill a holiday or an idle hour.

Not Too Old at 85
AFEW days after I: arrived home a very old friend

came to see if I could help him to find a cycle
foot pump as he found tyre inflation a trifle tiring at
his age. No wonder ! for he is now in his 85th year
and still riding from ten to twenty miles a day when
the weather is good. This grand old cyclist was
winning races in 1887, and cycling has been his main
mode of travel since the earliest days of his youth. lie
sat and enjoyed a refresher as we talked of the old days,
and an hour later pushed off home on his beloved
bicycle, informing me as a parting shaft that it would
be the last thing he should give up. Since then the
foot pump has been delivered to him through the good
offices of some trade friendS of mine.

On the lovely Lee Downs, between Mortehoe and Ilfracombe; N. Devon.
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* Operations wait for no man
and a pilot is a man in a hurry.
As often as not, his bus and his
bike both run on Firestone Tyres.
They can take it.

they use

Tiresto

r,

tyres
* Your help to meet this great demand is vital.
Not one ounce of rubber, synthetic or natural, must
be wasted. Keep all tyres properly inflated.
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mportant to Cyclists

HOW TO RECOGNISE TUBES
MADE OF SYNTHETIC RUBBER.

DUNLOP.Look for the letter "S" marked on
the tube, at least half an inch high.

4H 305

need special
care in repair

Cycle tubes of synthetic rubber are now being supplied and call for
special care in use and repair. While cycle patches of existing types
are suitable, care must be taken to treat the affected part with an
abrasive (sulphur remover or sandpaper) before proceeding with the
repair. In all cases solution must be used to secure a good adhesion.

THE HALTING HAND!

Rain or shine you can cycle in safety if you fit

E RODO All -Weather
BRAKE BLOCKS

jj El D
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CYCLORAMA

A pretty corner

Cyclists and Nature

THERE has been much talk recently
with cyclists about what they see on

the roads, and what knowledge they acquire
of the habits of birds and beasts of the
fields. I am a little surprised at the small
number of cyclists, apparently, who have
any real and deep interest in natural history
. . whether it be in connection with wild
flowers, butterflies and moths, or the wild
animals still left to us ; and yet what a
wealth of interest there is in the wild life
of the English countryside! What delightful
hours one may spend if one has but a
nodding acquaintance with the flora of our
counties! One rider with whom I talked
in a little Warwickshire inn confessed that
he did not know the difference between a
rook and a crow ! Now, to anyone not at
all interested in nature matters, that may
seem a confession of no moment . . . but
to the lover of the country, its ways and
its wild life, it is a melancholy thing indeed!
Why not, when cycling, keep an open eye
for the many beauties with which our roads,
lanes, and fields and hedgerows abound ?
Make a point of starting with a simple little
specialisation: say, get a good pocket edition
of a wile -flower book, and try to find out
something about the blossoms which, even
though summer is " getting on," are still
bravely blooming in gay profusion'.

Parsons and Cycling
THERE is nothing strange in a cycling

parson . particularly in the country ;
how else would he get round his scattered
parish ? But most country parsons, I
imagine, are keen cyclists-they do not, I
find, regard their mounts as " utilities "
enabling them to get around their parishes ;
the parsons I have in mind ride because they
love cycling . . just as their predecessors
of the old days used to ride sturdy cobs.
One aged cleric told me recently that he
believed that cycling was one of the chief
reasons for his longevity. He did say that
maybe fresh air and the placidity of a tiny
village parish had something to do with his
robust health and his eighty-two years . . .

but he evidently regarded the bike as the
true lengthener of his days! I left him,
mounting his somewhat aged bike, outside
the lych-gate of his tiny church . . and
on that sunny morning, with the song of
birds in my ears, and the peacefulness of
green meadows before my eyes, I could have
envied him his pleasant lot. .

of Minster Lovell, Oxfordshire.

Grey Derbyshire
()NL1' grey, maybe, when compared with

the sunnier south -lands ; but, grey or.
not, I love the county where the Peak rises
so majestically, and where one may revel
in such diverse scenery as that provided by
the soft, placid country around Sudbury,
and the wild land of the Peak proper.
Lately I was in Youlgrave, a grey little
town not so far from Ashbourne, and I was
entranced, as I always am, by the age-old
Stone Circle . . said by many to be more
ancient than Stonehenge. I do not know
whether it is Druidical in origin, but I
do know that on a sunless day, with a chill
wind, it can give one an eerie feeling and
take one's mind hack to the dim past, when,
perchance, sacrifices were offered in the
circle, and dread rites performed by the
" wise men " of the day.

Carrying Children on Cycles
T HAVE never been vitally interested in
1 this matter, because I never, personally,
have to carry a kiddy on my machine.
But there are plenty of folk who do, and who
find that some convenient construction fitted
to the bike means that a pleasant run into the
country need not be missed because there
are youngsters to cater for. Sitting in a
little tea-shop the other day, I fell into
conversation with a man about this subject,
and he seemed to know the " law of the
matter," for he quoted to me a sectipn of
the Road Traffic Act of 5934, under which
it is apparently enacted that . . . " It shall
not be lawful for more than one person to
be carried on a road on a bicycle not pro-
pelled by mechanical power unless it is
constructed or adapted for the carriage of
more than one person." Now, I do not
know whether there has ever been any official
interpretation of " constructed or adapted,"
and possibly the whole matter is in a state of
muddle. But there can be no doubt that
the practice of carrying children on cycles
is a growing one, and I think that in most
cases parents show a due and proper appre-
ciation of the necessity of safety and the
comfort of the child carried. There are
exceptions, and sometimes I see a " con-
traption " which I feel must be most un-
comfortable for the kiddy, especially if long
distances are covered.

Books for the Cycling Tourist
T DO not doubt that when the war is over
1 there will be a huge demand for books

By

H. W. ELEY
on touring and kindred matters. Pub-
lishers have had a difficult time during these
red years of war, and many a good manu-
script received by them has had to " lie on
the table " because of paper problems. We
shall have a new generation of riders to cater
for, and I hope we shall see a goodly
number of guides and hand -books telling us
of English roads and English inns, and the
green and pleasant English scene.

Cyde Tyre Care is Simple
IT is right that during the war years, with

raw rubber supplies as one of our major
problems; the tyre manufacturers should
have stressed, in season and out of season,
the imperative need for tyre care. But
talking to some cyclists the other day, 1

found that some of them seemed to think
that a whole lot of " bother " was involved.
Surely it is not so! 1 rather think that
90 per cent. of the secret of getting maximum
mileage and service from cycle tyres lies
in that little matter of proper inflation.
"Pump 'em up hard "-and you have done
almost everything that really matters ; at
least, that is my experience. Of course, it
is wise to do as the motorist does, and pick
out stones and flints from the cover. And
it is essential, of course, to fit tubes cor-
rectly, and see that the valve is in good
working order. But it all amounts to very
little in the matter of time involved . . .

and what a handsome dividend the little
extra care and attention pays!

Rural London
SOME years ago someone wrote a book

called " It isn't far from London," and
in that book detailed the many rural spots
which " modern progress " has left to us
almost within sight and sound of the Metro-
polis. And it is amazing how much good
green " country " there is within easy reach
of Town. Lately, I have been riding around
the lanes of Middlesex ... that " dormitory "
county which Mother London almost,
threatens to swallow up in her ever-growing
expansion. A few minutes walk from a Tube
station, and one may still see truly rural
sights, and hear the authentic homely sounds
of the countryside. It is but half an hour's
journey from Baker Street to Northwood,
and there, a week ago, I saw a hare loping
across a meadow, heard the pleasant sound
of a corn -cutting machine, and watched the
merciful " despatch " of many bunnies which
had taken refuge in the corn. And in the
neighbouring woods I watched with pleasure
the antics of the old English red squirrel
. . . that lovable little creature which has
been almost ousted from our woods and
thickets by his American " cousin," the
" grey." Yes! within sight of Charing
Cross we may still find herds of cows, and
see the shy hare dart from her " forme,"
and feel that Mother Nature clings to her
strongholds with incredible tenacity.

Priority for Paint

TALKING
with a cycle dealer the other

day, he told me that one of his dearest
wishes was to give his shop a coat of paint.
Like thousands of other shops, it has just
had to " manage " during the war, and it is
looking a bit shabby and uninviting. My
friend is looking forward to the day when it
will be bright and alluring again ; when his
window will be full of goods to sell, and
when he can feel that he is really in business.
Well, I expect his wishes are echoed by hosts
of dealers, not only in the cycle business.
Our streets, our towns-they are all crying

out for re -decoration.
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Str.ers

Mystery
IWAS wondering the other day hoW it came about

that so many Italian ex -prisoners of war (" co-
operators " I fancy they are called) manage to obtain
the bicycles on which they career about the local
countryside. Having regard to present-day shortages,
this is a mystery to me, but the explanation may be that
the machines are loaned by the men's employers.

 Rehabilitated
'ONE evening .recently, when returning from a

mid -week ride I heard a youngster playing at
the roadside call out : " Look at that racer !" No
other cyclist being in sight, I felt justified in believing
that the " racer " in question was none other than
myself. My lost prestige was at once restored, to me
(it is some years since I was singled out as a fast man),
and I felt completely rehabilitated !

Sheer Bad Luck
RECENTLY sustained a puncture which almost
deserves the use of the word " unique," and Which

was a case of sheer bad luck. Leaning my bicycle
against an ancient gate -post, I lay down under a tree
for an after -lunch nap. When this was completed to
my satisfaction, I took hold of my bicycle and started
to move it front the gate -post, when my progress was
arrested. I looked to see what was wrong and found
to my horror that a bent nail, sticking out of the gate-
post business -end first, about three inches front the
ground, had just penetrated the side of my back tyre.
An extremely unpleasant and unwelcome hissing sound
told me the rest of the story, and I was not at all pleased
to be the victim of an incident which, it must be
admitted, is not likely to happen twice within the
lifetime of any cyclist. My only consolation was that a
bucket of water was no: needed for the location of the
puncture !

The Sands Are Running Out
4, HE war position at the moment (and it is bound

to improve before these words see the light of
day) leads one to say that the sands are running out,
and that the " glorious hour " which was given to
cyclists through the restriction of motoring is drawing
to a close. We must count our blessings, remembering
that the motorist's bad luck was our good fortune, for
it gave back to cyclists travel conditions which the
older inhabitants of the road never expected to see
again. Apart from an occasional Military convoy, we
have had the highways very much to ourselves, and it
has been truly delightful. The busiest of main roads,
normally, has been almost a haven of peace. We have
enjoyed the conditions of 40 years ago, plus grand
road surfaces. In addition to counting our blessings, I
suggest that there is one thing all wise cyclists should
do-make the most of current conditions while they
last. To paraphrase a well-known quotation, we shall
not look upon their like again.

Some" Present
ON my retirement from business at the end of

March, 1938, my colleagues very kindly
presented me with a first-class bicycle. I was asked
what I would like to have, and it appeared to me that
for one who is a cyclist first, last, and always, there
could be no more suitable present. That machine
took me -away on the following day for a tour, and
during the first year of My retirement I enjoyed a
dozen such tours. Now, at the beginning of September,
a944, the cyclometer indicates that I have done 40,000
miles on that machine, which is my principal mount.
It has taken me to many parts of England and Wales,

.to Scotland, and to Ireland, and it seems likely to give
me super -service for, possibly, my remaining years as a
cyclist. The bicycle has been a 'tremendous donor of
jay-and a great withholder of trouble, for it has ruts

My Point
©f View

BY WAY AREf2-
,

perfectly. It has been my faithful corn-- pinion in rain, snow, sunshine, wind : by
day and by night : on good roads and bad
roads : up hill and down dale.

I niake bold to suggest that, in the
whole history of the world, no more useful
present was ever given to anybody. That
bicycle, in the light of all that it has
meant to me in the way of health and
happiness, deserves to be characterised
as '" some " present. One of these days
I shall again be retiring from commerce,
to which I returned some 4) years ago, and

that bicycle will have greater use than ever. But how
I wish somebody could give me to years of life, to eke
out my own supply !

The Expected Happens
INEVER see a brother cyclist holding on to the

back of a motor.lorry without fearing .that the
worst may occur. - A sudden acceleraticin on the part

of the driver, or some irregularity in the surface of the
highway, or a piece of carelessness on the, part of the
cyclist,- may 'result in the latter's equilibrium being
Upset, with _fatal or non -fatal results. So, the other
evening, I was not surprised to hear on the wireless
that a cyclist being towed by a lorry had been killed and
that witnesses of the accident were wanted. The
expected had happened, and a totally unnecessary
death, arising out of an action which is illegal, was the
result. The price of this cheap power may turn out to
be too high, and you may unwittingly hurt another
cyclist while You are in the process of being towed.
That's an important point.

A Right Start
ONE who is taking an active interest in the younger

cyclists of the city in which he Yves, and is
conducting runs for their benefit (making it clear that
neither 'their clothing, however unsuitable, nor their
mounts, however ungainly, will be criticised --though
advice on both points can be had for the asking), told
me the other day that he was trying to give the young-
sters a right start in at least two respects. He makes
it clear to each party that " Halt " signs must always
be observed, and that, as a general rule, the two -
abreast method of riding should not be exceeded: An
admirable policy !

MAJOR BROTHERTON
Death from wounds in Italy

MAJOR ERIC JOHN RODERICK BROTHERTON,
only son of Mr. E. Brotherton, director of the

Hercules Cycle Co., of Norwood House, Binsvvood
Avenue: Leamington, has died from wounds, in Italy.

- Major Brotherton went to Shrewsbury from the
Lickey Hills Preparatory School. During his last
yeat he was head of his house and was Matthews
Exhibitioner, i.e., the best all-rounder 'of the year.
He entered Bailin! College, Oxford, as a scholar and
came under the influence of Mr. Kenneth Bell, .now
associated with the Bishop of Coventry's work in this
diocese.

Notes o/ a H ighwayman
By LEONARD ELLIS

Post-war Planning rows, the birds, the brooks and the like: He realises
very soon that these and not the tennis Courts, the

TT is inevitable that, with the rapidly improying war cinema and the, immaculate flannels are the backbone
conditions cyclists are beginningalready'Mto an of a holiday that will live in the memory.

out their nest year's. tours. I expect that many will
regret that the lifting of many reStrietions and the
obvious improvement in touring conditidns should
coincide with the fall of the year instead of the spring.
The philosophical ones, however, will console them-
selves with the thought that there will be a longer
period in which to perfect their plans: And what
an Orgy of map -searching and investigating will be
indulged in during the not -so -dark period this winter.
How many firesides will be adorned with anxious faCes
and fingers twiddling a map measurer. When the
first signs of good weather appear in 1945. will there be
a tremendous rush of tourists to all quarters of the
British Isles like a flooded river bursting its banks ?
I saw in a paper quite recently that next year thirty
million war -weary workers will make a rush for the
resorts, and the powers -that -be are somewhat concerned
to discover that even though holidays are staggered to
the utmost, British resorts will be unable to cope with
the avalanche. In fact the so-called resorts could
not hold the anticipated numbers.

The cyclists Score
liERE is where the cyclists score over travellers by

other means. It seems fairly reasonable to
suppose that by far
the greatest numbers
of cyclists will prefer
to steer clear of the
popular places. I have
never gone deeply into
this question and the
only reason I can
offer is that from the
very beginning a
cyclist's keynote is
simplicity. His mode
of travel is simple,
his wants are few
and simple. He
begins his holida
from the moment he
bestrides his bicycle.
Unlike the other: he
does not have to wait
until he has completed
a tiring train journey
which then -lands him
in a resort of artificial
enjoyment.. Whereas
the train tra ve Her
seeks and finds no
great enjoyment in
the journey there and
back, the cyclist begins
to enjoy the very first
minute. He comes
therefore. in time to
appreciate the simplethings of nature,
such as the hedge -

The Prospect Ahead -

THE cyclist at any rate will not be compelled to wait
interminably in a railway station, or to jostle

with the crowds on the promenade. You are more
likely to find him plodding a lonely trek across a Welsh
mountain pass, seated on a rock overlooking a sunlit
Cornish cove, of wandering in deep and silent admiration
along the banks of a turbulent little Derbyshire stream.
What a wealth of unspoilt countryside to choose from.
Three whole counties in the far south-west, Cornwall,
Devon and Somerset, cboc-a-bloc with beautiful spots
far from the madding crowd. The cliffs along the
Southern Cornish coast, the lonely tracks across
Dartmoor, Selworthy and the delightful villages of
Devon and Somerset. North and South Wales, so
different and so alluring. The Derbyshire Dales with
their wealth of beauty and variety. The worm, mellow
stone and earth of the Cotswolds ; the rugged grandeur
of the Pennine Chain and the Yorkshire Dales ; ' the
immense area of Scotland and the Lake District-all
these are calling vociferously to the cyclist, all are there
for the taking. After five weary years the prospect
ahead almost seems to justify the war.

Selworthy, Somerset.



PLEASANT EVENINGS AT
THE PIANO

Think of the intense plea.° e to
yourself and friends in being
able to play during long evenings
and dull Sundays. LET ME
teach YOU to play really well so
that You shall make the piano
sing -and read music readily
at sight ! BY POST, -front

ordinary Music, no' freakish methods.
You shall quickly play Songs, Dances,
Hymns, and Gems front Great Masters
so that your friends VI ill want you
always. I have enrolled more than
15,400 adult pupils during the War, have
taught over 65.000 dining 40 years.
They were of all staizes from Absolute
Beginners, who smiled wit hold k,,,' jut
a note, to quire Advanced Players.

I taught them and I CAN
TEACH YOU, Arad for

free took and advice
SayModernte.
E 1 eitigntary
or Beginner.

R tDept. 4 60, Fleet Street, E.C.4Mr. 11 BECK

MATRICULATION

Whatever your age, you can now
study for the all-irnportant Matric-
ulation Examination at hofne on
" NO PASS -NO FEE " terms.
" D1ATRIC " is the accepted pass-
port to all careers, awl 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'?
irp Med iately- PRFIP :tint without
obligation. (Dept. 160),
356, Oxford Street, London, W.1.

All Over
the World
people are planning

for peace and international friend-
ship. A neutral, international
auxiliary language such as Esperanto ,

by hundreds of
thousands of people, is a potent
factor in the cause of world, peace.
A curt: ,spondetice course rusts 1/ -
including textbook and correction of

exercises.

Write Jo r full particulars to,
BRITISH ESPERANTO ASSOCIATION INC.,

Dept. P.M. 11.
Heronsgate, Rickman:worth. Herts.

Easily made
From Our

Castings.

&HALLAM
& SON,

Upton, Poole,
Dorset.

MINIATURE PEYRL ENGINES for
Aeroplanes and Speed Boats.

Semi R1. ''to ,harticulare
LINESIDE FEATURES 00 ' 0 -
BUFFER STOPS ... 1'9 2 6 & 5 3
FOGMEN'S HUTS ... 2 9 3' -
WEIGHBRIDGE AND

OFFICE ... 5 - & 7 6 9-
COTTAGES ... 5 6
COAL OFFICES... ... 3 - 5 6

Postage extra.
BOOKS :

" OUR RAILWAY HISTORY "
Part I. 3i-, Part II, 3'6, Postage 3d. extra.
MODERN LOCOS. AND ELECTRIC

TRACTION OF S.R."
1.6, Postage 3d. extra.

" RAILWAYS TO -DAY," 5's Postage 611.
extra.

" ENGINES TO -DAY (Stationary, Steam
and I.C. Engines). 5 by post 5.8.

TYLDESLEY & HOLBROOK.
109, Deansgate. Manchester 3

'Phone : Bla. 71112

Ted !
Teds Won

They may mean
money for you !

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

NO MAN CAN KNOW TOO
MUCH OF HIS PRODUCT

BRIT1qH Si -41)E

Full particulars
on request.

The Ultra Lens is a revealing eye of six
actual diametrical -36 area magni-
fications, which brings out points of
strength or weakness. Whether you

are engaged in manufacturing, buying or
selling, it is an ally of real value. No
instrument you can buy will more
quickly justify and pay for itself.

For the close scrutiny of every conceivable
object, metals, tools, fabrics, fibres, minerals,
precious stones, paint, print, manuscripts,
biological and botanical specimens, cutting
edges, fractured surfaces, raw materials,
and innumerable other purposes, the ULTRA
LENS is invaluable, and presents in many
instances hitherto unsuspected data which
can be used to advantage.

The price is £4.5-0 complete in case with spare
bulb, battery, and transparent measuring scale,

The Ultra Lens Company,
RICHARD BOCK,

75, Finsbury Court, Finsbury Pavement,
London, E.C.2.

SYNCHRONOUS MOTORS

" SANGAMO
,.. -

200-250 VOLTS A.C. 50C. Self-starting
fitted Reduction Gears. Ideal move-
ments for Time Switches, Electric
Clocks, etc. Rotor 1speed 200 r.p.m.
Final speed 1 rev:2 minutes approx.
Consumption 21 watts. Size 21x21Xli.
22'6.
As above, but Enclosed Pattern, Con-
sumption 3 watts, 25/-.
WERE:WOUND NON -INDUCTIVE
RESISTANCES. 2 watt. Ideal for Meter
Shunts, Resistance Boxes, etc.. 21 per
cont. accuracy,' watifid on Bakelite
bobbins, Win. One of each of the
following ratings, 25. 50, 100. 200, 400,
600, 1,000 and 2,000 ohms, 5/6 per lot,
postage paid, quantities available.
REV. COUNTERS EX METERS.
drum type, 0-999, Automatic reset to
zero on completion. 3/6 each.
PROJECTION LENSES. lin. Focus,
ideal for 9.5 or 16 MM. Filing, Sound --
heads, etc. Oxidised Mounts, iiin. long,
9/16in. diameter, 5/- each.

Terms Cash with order.

H. FRANKS,
SCIENTIFIC STORES, 58, NEW

OXFORD STREET, W.C.I.
Phone : Museum 9594.

L. ORMOND SPARKS
CONSTRUCTORS' DATA

SHEETS
These Data Sheets provide complete

constructional details and blueprints of
tested and guaranteed designs. The
technical subjects are fully explained.
with diagrams when necessary, in a
most lucid manner.

Data Sheets for :-
Transverse Current Micro -

216
Shocking Coil ... ... 216
Two -valve Amplifier (Battery) 216
34 Watt A.C. Amplifier 216
D.C. H.T. Eliminator... ,. 216
D.C. L.T. Charger ... .. 216
A.C. Trickle Charger . 216
Electric Guitar U_nits 51 -

Ohm's Law .. 1120
Automatic Bias Circuits ... 1/2.I

L. ORMOND SPARKS
9, Phoebeth Road, Brock!ey, S.E.4.

B.A. thread screws and nuts, 1 gross
assorted useful sizes, 2/6 : ditto brass

-washers, 1/6 gross ; fibre washers, 1/6
gross : assorted solder tags, 2/- gross ;
assorted small eyelets and rivets, 1/3
gross. Rubber -covered stranded copper
wire. Id. yard ; heavier quality. 11d.
yard : very heavy quality, 21d. yard ;
ideal for aerials, earths, etc. Tinned
copper connecting wire, 20ft. coil. 6d. ;
ditto rubber covered. 10ft. coil, ta,
Finest quality resin -cored solder, 1lb.,
2/-. Wood's metal stick.2i in. by tin., 1/-.
Cotton covered copper instrument wire,
llb. reels, 18, 20, 22, 24 gauges, 1/8 ; 26
gauge, 1/9 : 42 gauge double silk
covered, 2oz. reel. 2/-. Sensitive perma-
nent crystal detectors. Tellurium-
zincite combination. complete on base.
guaranteed efficient. 2/6 : reliable
crystal with silver cats -whisker, 6d.
Reconditioned headphones, complete,
4,000 ohms. 1211 All postage extra. --
POST RADIO SUPPLIES. 33. Bourne
Gardens, London, E.4.

SILVER PLATING SETS
as supplied to Electroplaters, but in
miniature, for small parts, etc., instruc-
tive small sets, 19,- inc. post. Send
21d. stamps for printed folder.
MERCURY & PLATINUM SCRAP
required, high prices paid, please write
for offer. or send (not under 2 pounds

Mercury purchased).
ARGENTA PRODUCTS (D. C.),
40. Harrogate Road. LONDON. E.9.

Build your own
TOY or MODEL MAKER'S LATHE
from easily obtainable materials, costing
501- to 60/.. Set of diagrams (6) and
clear instructions for making all parts,
including two types of Headstock and
Chuck -Price 319. No castings or

machining needed.
P. M. BARHAM, " Hilltop,"

Bradmore Green, Coulsdon, Surrey
(Parts stocked.'

"VIBRO-ARC " Engraving Pen

101-
For rapid engraving any
metal -hard or soft.

Operates from 4-6v.
Pest Battery or A.C. Trans -
Free former.

HOLBOROW,
(37), Roroughbridge, Yorks.

ELECTRIC ENGRAVERS. -Powerful
instruments in cylindrical case, on
stand with spring attachment and
switch. Suitable for dog collars, tool
marking, etc., 4-6 volt model, price
56/- ; A.C. Mains model, 200-240 volts,
75/-. Postage
PHOTO -ELECTRIC CELLS. - For all
sound films, high fidelity production,
speech and music. Lame tube, 4 -pin
base, 21in. x lin. Price 2816. Small
tube, 2 terminal base, liin. x iin.
Price 2818.
COMPLETE OPTICAL. SYSTEM for
35 or 16 mm. sound film, 2in. long,
lin. (Ham., projects, 0.001in. light
image. Price 9217,6.
BATTERY CHARGERS FOR A.C.
MAINS. FOR CHARGING 2 -volt
accumulators at 1 amp. Parts with
diagram. 12/6.. Complete 21:6. Postage
led.
FOR TRICKLE CHARGING -CAR
CELLS. parts with diagram. Output
11 amps. for ev. cells, 11.01- set. For
12e, cells 35;- set. Larger sizes quoted
for, .

MICROPHONE BUTTONS, 2/3.
TELEPHONE WATCH RECEIVERS,
9/8 each.
MORSE TAPPERS, Good Quality, 9/6
each.
MORSE BUZZER. Tunable, 66 each_

ECONOMIC
ELECTRIC CO.,
64, London Road, Twickenham,

Middlesex.
Tel. POPesoroee 1316.

WE WILL PURCHASE
Models and Machines of every
description. Railways and
parts from gauge 00 to 15.
Boilers, Engines, Boats, Mec-
cano, etc., etc. State fullest
particulars and price required
in first letter to save unneces-
sary correspondence.
We also have FOR SALE fair
stocks of the above. Stamp
with requirements.
BUTTER ILLS, Degg,Vilt,
HIGH STREET, CANVEY, ESSEX

3
USEFUL BOOKS
ON POST-WAR CAREERS

I. "THE. ART OF SCALE MODEL
AIRCRAFT BUILDING."
By V. J. G. Woodason, 4111, 816 cloth,

2. " MONEY IN EXPORTS." (Trading
in 41 different countries.) Second
edition, 10/6.

3. " AROUND THE WORLD WITH
PEN AND CAMERA."

By W. Buckler.
A Practical Course in Journalism
and Press Photography, 319.

All highlycommended. Aircraft, Ship, etc.
Models and Paintings also undertaken.
Full particulars and Press Rerietcs sent

on receipt of stamp.
USEFUL PUBLICATIONS,

37, ALDWYCH, LONDON, W.C.2

UNIVERSAL MAINS RECEIVER
4 VALVE MEDIUM WAVE

You can build this set. and be the envy
of your friends ! Simplicity itself.
The " Wizard " gives splendid tone
and volume. 5'- brings you the follow-
ing : Very clear instructions, including
point to point wiring, with every wire
described. Circuit Diagrams. Full-size
Component Layout Drawings withalternative wiring for 7- and 5 -pin
valves. Parts List and Frites. Uses
British valves obtainable from us, or
your local Dealer. Components sold
separately. " WIZARD " enquiries
answered free S.A.E. No callers.
Regret Battery version delayed (post
free Is. 8d.). Book your copy in advance.
WELDONA RADIO
ACCESSORIES LTD.,
"WELDONA," THE AVENUE,

FINCHLEY, LONDON, N.3.

LARGE DEPT. FOR TECHNICAL BOOKS

FOYLES
* BOOKSELLERS TO THE WORLD *

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 5660 (16 lines) 4& G. Foule. LH.



One of the following Courses taken at home in- your
spare time can definite!), be the means of securing
substantial promotion in your present calling, or entry
into a more congenial career with better prospects.

' ENGINEERING, AERO, ETC.
Radio-Aero Engines-Aero "Navigation-Aircraft
Pesign-Welding-Aerodynamics-Electrical Engin-
eering-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-
shrp-Jig and Tool Draughtsmanship-Press Tool and
Die Draughtsmanship-Structural or RIF Conciete
Draughtsmanship -= Sanitary Engineering - R.A.F.
AND R.N. PILOTS AND OBSERVERS.

GENERAL
Matriculation-College of Preceptors-Chartered
Institute of Secretaries-Aircraft Apprentice-
Emergency Commissions (Army).

MUNICIPAL SERVICE
School Attendance Officer-Handicraft Teacher-
Registrar-Relieving Officer-Sanitary Inspector-
Weights and Measures Inspector-Inst. of Mun.
and C En ineers-P A S I

THE BUILDING BOOM-
SECURE YOUR SHARE!

The Free Guide also gives particulars -of our
extensive range of modern BUilding and Structural
Courses, Building Draughtsmanship, etc. The
great post-yar Building programme offers un-
limited prospects to technically trained men:

-BECOME A DRAUGHTSMAN-
. or AERO INSPECTOR

AND EARN BIG MONEY
Men and Youth's urgently wanted for reserved
occupations 'as Draughtsmen, Inspectors, etc.,
in Aero, Jig and Tool, Press Tool, Electrical,
Mechanical arid other Branches of Engineering.
Practical experience is unnecessary for those
who are willing to learn-our Guarantee&

" Home Study " courses
will get you in. Those
already engaged  in the
General Drawing OffiCe
should study some
specialised,  Branch such
as Jig' and Tool or Preis
Tool Work and so con-
siderably increase their
sCope and earning
capacity.

NATIONAL INSTITUTE OF ENGINEERING
(Dept. 29)

148, HOLBORN, LONDON, E.C.I

NEARLY SIXTY YEARS OF
CONTINUOUS SUCCESS

SOUTH AFRICAN BRANCH E.C.S.A. P.O. BOX 8417 JOHANNESBURG.

FOREMOST TODAY O"ER 100,000 SUCCESSES

"Practical Rechaaies" Advice Bureau COUPON
This etionen ay.illaltle elan Nov NIIhreaih 194 4. tiiel
tenet lie ettai lied to all letters euntainine intetiet. lege/nee
with 3 homy station.. A stamped, aid,rilai enrolops

ariNel also he wined.
Pnitheal Neohinilen. Sevegeber, 1B44.

" PRACTICAL ENGINEERING " said- -
We recommend all readers interested in improving their position

to apply for a copy of this valuable Book. " Success in
Engineering " is not a pamphlet. It is a 124 -page book,
containing valuable and vital information on all branches of
engineering . . . There are many engaged in engineering who
owe their success to The National- Institute of Engineering.
The FREE GUIDE:-explaius

 Openings, prospects, salaries, etc., in Draughts-
manship, Inspection, and opportunities in all other
branches of Engineering and Building.
How to obtain moi*y,making technical qualifications
through special RAPID FULLY -GUARANTEED
COURSES.

f

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

the above and many other
examinations. Fully described in
the Free Guide.

THE ACID TEST OF TUTORIAL EFFICIENCY
SUCCESS-OR NO FEE

We definitely guarantee that if You fail to pass the examination for
which' you are preparing under our gUidance, or if you are not
satisfied in every way with our tutorial service-then your Tuition
Fee will be returned in full and without question. This is surely
the kid test of tutorial efficiency.

youIf 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 coup -on NOW for further
details land Free Authoritative Guide to 'openings in Engineering
and Building ? This book contains. a Mine of valuable and exclusive
information and may well prove to be the turning poi A in
your career.

PROMPT TUTORIAL SERVICE -,GUARANTEED.

.1' FREE COUPON
.To NATIONAL INSTITUTE OF ENGINEERING

(Dept. 29), 148, Holborn, London, E.C.1.
- 7_ Please forward your FREE Guide to - -

NAME
ADDRESS

(;) AERO (3) RADIO (4) BUILDING
MK general interest is in : (I) ,ENGINEERING

(5) MUNICIPAL WORK
The subject or examination which I am especially interested is

Ta be filled m where voo. already shave a special preference.
(Id. stamp only eeadired rf unsealed ent;elpe taed.)

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

Pehlinhe4 attain the ;nth pi toe!. moat* Ser, (Mon NEVYrelea. LIMITED, Tnnor,liktimite, now Onion,. Street, At. centd, and PI iut..ri
in lbsgibari by the Nelbeit bid P&ettitb r red., Exmoor ntritel,1,900nitAlt.O. ne.le Agentn ten ittinhentien nun Act. Zestord-Ootehro k 0,w+.
144* Bole nn'Onto Melee -tieuta) poop,. f{ttbouriptida nnAntin-tlit bd. per itnineni. end, 10,

awe* (Await, irei,Aledeiti Beirieleiod et the O.1r.0 fot t,raw!getinston Itanailion fetationine Piot.


