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'Have YOU Joined
the Well-paid Ranks

of the

TRAINED MEN?

MAKY THOUSANDS MORE ARE URGENTLY
NEEGED. 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 52 years’ matchless ex-

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

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

To-day all our activities are being devoted to the supreme
effort of victory. And Bassett-Lowke are proud of the
part they are able to play in helping to ‘hasten the day when
you, 2 free man in a free country, can walk into any one of
their branches and choose the best of everything in the
model-making world, made by craftsmen who love their
work.

Qur London and Manchester branches are still open. We
invite you to call on them. Our War-time staff will be
pleased to give assistance and advice on any model matters.

War-time stock list (L/12), price 4d., post free.
‘“Building a 2Jin. gauge Flying Scotsman,” fully
illustrated, price I /-, post free.

BASSETT-LOWKE, Ltd.

NORTHAMPTON

LONDON : 112, High Holborn, W.C.I;

Accountanty Draughesmanship Motor Emgineering

Advertising ~
Aeronautical Engineering
Acro Engine Fining
Aero Fitting 2nd Rigging
Aeroptane Designing-
Air-Conditioning
Architecture
Architecturaf Drawing
Boilermaking
Book-keeping
Building Construction
Bullding Contraciing
Business Training
Business Manzgement
Cabinet Making
Carpentry

Chemical Engineering
Civil Engineering
Clerk of Works
Coliiery Qverman
Coliiery Management
Commercial Art
Concrete Engineering
Cost Actountancy
Diesel Engirieering

Drawing Officé Practice
Electrical Engineering
Engineer in Charge
Eng. Shop Practice

Fire Engineering
Fitting and Turning
Forgeman

Foundry Work

Garage Management
Gas-Power Engineering
Ground Engincer
Heating and Ventilation
Hydraulic Engineering
Insurance

loinery

Journalism

Machine Deslgning
Machine-Tool Work
Marine Engineering
Mechanical Drawing
Mechanical Engineerthg
Mine Electrician

Mine Fireman

Mine Surveying

Mining Engineering

Motor Mechanic
Moulding
Patternmaking
Quantity Surveying
Radio Engineering
Radio Servicing
Refrigeration
Salesmanship
Sanitary Engineering
Secretarial Work
Sheet-Metal Work
Steam Engineering
Scructural Sreelworle
Surveying

Telegraph Engineering
Telephone Engineering
Templating

Textile Designing
Textile Manufacturing
Toolmaking

Turner

Welding
Woodworking

Works Engineering
Works Management

£nd most of the Technical, Professional, and Matric Exams.

Special terms for members of H.M. Forces.

if you need technical training, aur advice on any motter concernipg
your work ond your career is yours for the asking—free and without
abligation. Let us send you full inforiation regarding the subject in which you
are speciolly 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.

smemwmnmeeseww Use this CoupoNe v ecevovwodomans

INTERNATIONAL CORRESPONDENCE SCKOOLS LTD.

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

(Use penny stamp on unsealed envelope)

Please send me particulars of yOUF COUFSES iMu...evreriereruennene
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Name....ceie p— Frrvessss nsapensassestertseguures s TNEE ooriecs
fddress — .
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MANCHESTER : 18, Corporation Street.

S. TYZACK & SON LTD.

INCORPORATING GEO. ADAMS
«“ LONDON?’S FINEST TOOL SHOPS”

“ VIO

Super Quality Sliding
TaitstocK Dicholder
No. 1 M.T. shank, long barrel,
precision finish,
0.D. dies, Prico b6
0.D. dies, 12/6.
M.T, shank, 14/8.

PELIVERY FROM STOCK

We also stock Seif Relersing
Die Holders, Will progduce
threads to correct length without
variation. Full details on request,

]

THE “ ZYTO ” FOURWAY
Turret Toolpost
Spring locking action, hardencd
gcrews, malleable body. Base
4in. dia., heilght from base to
toolrest 2in., size of turret 3in.
square, -Price completo 50/«
DPELIVERY EX STOCK

ELECTRIC GRINDERS AND
POLISHERS
(Double-ended)

1/20-t-th.p. motors
Complete with Wheels and
Polishing Spindle.
Full details on request
. PECIVERY TFROM STOCK

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

Telephone ; CLE 4004-5-§
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WALRIEME SERVICE for owners of

2rllLIDYNe

CYCLE DYNAMO LIGHTING SETS

The great reliability, under all conditions, of Philidyne
lighting sets has been proved by thousands of cyclists
during the war. On those rare occasions, however,
"when a Philidyne set fails to function perfectly, our
Service Department at CHERRY ORCHARD ROAD,
CROYDON, SURRLY, ‘is there to put it right. \

for light at walking speed

Philidyne " Sets are scarce —but they are worth™ hunting- for!

PHILIPS LAMPS LTD, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2
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Preparing for Tomorrow:

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 112-page book is full of valuable information and
explains the simplest way of preparing for recognised Examinations.
Among the courses described are :.

A.M.l.Mech.E. A.M.I.C.E. A.M.I.E.E.

Inst. of Production Engincers A M.1.SEruct.E. City and Guilds

Mechanical Engineering Civil Engineering ~ Electrical Engineering

Draughtsmanship Structural Design Instatlations

Tracing Reinforced Concrete Electricity Supply

Works Management Sanitary Engineering Telephony

Jig and Tool Design Municipat Engineering A.E.R.Ae.S:
~Maintenance Engineering Air Ministry Licences

Dieels A.R.LB:A Aeronautical Engineering

‘“SPeﬁ‘m" L1LO.B. Aero Engines

Metiiey - Building Construction R.A.F. Maths.

A.M.LAE. Clerk of Works ’ A.M.Brit.l.R.E.

Repair Certificates- . Specifications, Quantities and Wireless

Automobile Engineering Estimates Radio Servicing

Garage Management Surveying and Levelling ‘ Television

High Speed Diesels Heating and Air Conditioning Talking Picture Engineering

Cuver 200 other courses—Special training for London Matriculation

WE DEFINITELY GUARANTEE
“NO IPASS—NO FEE”

If you are earning less than [f1o a week you cannot afford to miss reading
“ENCINEERING OPPORTUNITIES ”; it tells you everything you want to know to
make your pedace-time future secure, and describes many chances you are now missing. In
your own interest we advise you to write for your copy of this enlightening guide to well-
paid posts NOW—FREE and without obligation.

BRITISHINSTITUTE OF ENGINEERING TECHNOLOGY,

410A, SHAKESPEARE HOUSE, 17-18-19, STRATFORD PLACE, LONDON, W.1

THE B.LE.T. IS THE LEADING ISTITUTE OF ITS KIND IN THE WORLD

__Jenuary, 1944




K

~January, 1944

NEWNES: PRACTICAL MECHANICS

¥

SUBSCRIPTION RATES
(lnclhding postage)

Inland © - - - 10s. 6d. per annum.
Abrogd -5 - 10s. per annum.
Canada < - - 10s... per annum.
Editorial and Advertisement Office : ** Practical

Mechanics,”” George f:l‘ewnes. Led.
Tower House, Southumptan 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, photégraphs and articl=s
published in ** Practical Mechanics®’ is specially
reserved throughout t9e countries signatory to the
Berne Convention and the U.S.A. Reproductions
or imitations of any of theseare therefore
expressly forbidden.
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Qwing to the paper shortaze * The Cyclist,”

“ Practical Motorist,”. and **Home Moyiss ' arz

temporarily incorporated.

Editor : F. J. CAMM
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BY THE EDITOR

. Wanted—A Square Deal for Inventors

WAS interested to receive a copy of a
I pamphlet entitled “JHow Inventors Can

Aid the War Effort,” from the U.S.
Department of Commerce. I read this
pamphlet with great interest, for, as readers
know, I have always held that inventors in
this country have been badly treated by
Government Departments as well as vested
interests. I am not, of course, referring to
those stupid “inventors ” who imagine they
are inventors because they bend a nail in a
new way o act as a coat-hook, I am refer-
ring to invsptors with scientific knowledge,
cducation and practical training who are able
to pirceive,’ without harassing manufac-
turers (and editors!), whether their ideas are
practicable. Invention, of course, does not
recessarily mean the creation of some
mechanism or_ principle ; it also means
discovery.

I was interested in this pamphlet for two
reasons. It indicates that the inventor has
a far better time in America, even during
the war, than do inventors in this country.
Inventors in Gérmany were for many years
before the war subsidised by the German
.Government. In America there is the
National “Inventors’ Council, which .is a
central Governmental Clearing House to
‘which can be submitted- inventions and
suggestions that might prove valuable to the
war effort. Tt was created in August, 1940,
by the Secretary of Commerce with the full
concurrence of the President. The Council
membership comprises outstanding American
inventors, scientists and industrialists having
wide experience in the .development and
utilisation of invention, and the high profes-
sional standing of these men, all of whom
serve  without  compensation,  inspires
confidence in the ability of the Council to

v do the job for which it was created. The
*primary, functiom of * this Council is to
encourage the American public to’ submit
inventions or inventive ideas of value in the
war effort, and promptly to evaluate these
inventions by a system of technical com-
-mittees so that useful ideas may be promptly
placed in the hands of the proper military
or naval-bureaux. A central file of suggested
inventions is kept, as it is considered to be
of continuing value ; if not in war, then in
peace., It is noted that.in 16 months of
operation the Council réceived over 90,000
communications, of - which about 55,000
contained inventions and ideas. A surpris-
ingly ‘large percentage of these have
possessed sufficient merit to warrant serious .
consideration. A number already have been

accepted for use by the American Army,
Navy, Air- Force and other Government
Departments.

Stimulating Inventive Effort
HE Council is desirous of stimulating
inventive effort- on the part of the
nation’s inventors, scientists, engineers, tech-
nicians and mechanics. Experience has
shown that useful suggestions are generally
made by men having technical training as
well as practical experience in one or more
of ‘the various branches of science and
engineering. It is recognised that valuable
ideas may spring from any. other source, and
therefore careful attention is given to every
suggestion submitted. -Each of these is
acknowledged, classified and referred to one
or ‘more staff engineers for careful examina-
tion - and evaluation. Those appearing
meritorious are then referred to the appro-
priate technical committee chairman for his
consideration and report, and when he
reports favourably it is referred to uthe
Council as a whole. If the Council affirms
the chairman’s opinion, the irfvention is then
forwarded to the various Services for their
consideration and ultimate adoption if théy
ﬁ’nd‘it acceptable. In the latter case the
Service Department deals directly with the
inventor in making the necessary arrange-
ments for the use of the invention.
Council does not® consider the guestion of
* compensation, or contracts between inven-
tors, and the Army.or Navy. This is
negotiated by the appropriate Service or
authority, The kind of inventions which
may be found useful are improvements in
devices or methods now_ in use and new
devices or ideas not now known or used,
but which may be found useful. Those
most 'likely to be found acceptable are those

- based on a knowledge of the particular field.

in which they lie plus séme knowledge of
the military requirements surrounding their
use ; and thdse based on entirely new but
sound conceptions which -may be so promis-
ing that military requirements and strategy
can be planned to utilise them. New ideas,
however revolutionary, are always wetlcome,
but - inventors should guard against the
common fault of thinking that merely
because their invention is different, it ‘must
be better than another device already in use
for the same purpose.. Military require-
ments sometimes preclude - the use of
devices which may give sausfactory
laboratory parformance.

Most of the items of military equipment

The'

bave been devised and .developed by
rcivilians, and in some cases by those who
have had no experience in military affairs.
Well-known examples include the aeroplane,
the machine-gun, smokeless powder and
rifled- cannons. Many ideas have been
brought to.a state of important usefulness
through, the assistance of the well-equipped
engineering bureaux of the Army and Navy.

Flundreds, of industrial companies, labora-
tories, engineering firms and inventors are
engaged in the task of developing new
products and processes for commercial and
industrial use, but many fail to realise the
application that these inventions may have
to the needs of the armed Services. The
military, naval and other establishments of
the United States Government have such
\ extended ramifications that almost any new
industrial idea’ is likely to be of some interest
to them. The Navy yards and arsenals do
work which demands. the greatest precision
and most modern methods.

For this reason it is suggested that heads
of research and development departments of
indgs'trial companies, trade associations,
-engineering firms, or private laboratories
review each new- industrial discovery from
the standpoint of its application to military,
naval or other Governmental needs. This,
of course, does not apply to work that ‘is
being currently done for the militacy
Services, but only to that which would not
automatically come to the attention of these
branches. Disclosures of such discoveries ¢r
inventions should be sent to the National
Inventors’ Council. They will be given
careful consideration for their applicability
to the national emergency. The system of
committees and liaison officers established
by the, Council enables this exploratory or
evaluation work to be accomplished with
thoroughness and dispatch.

There is 'little encouragement in_ this
country for inventors. The Government has
power (o' commandeer any invention with-
out compensation to the inventor, although
as a fact, when the war is over, the inventor
can apply for compensation. If he-does
make out a case this is usually- granted, but,
owing to the large number of applications
received for compensation, it often takes
years for the application to be heard.

If it is necessary to encourage inventors
in war, which is purely destructive, is it
not even ‘more desirable to encourage them
in peace ? We are, longer at peace than
we arc at war, and the needs-of peace are
greater than war. :
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Small LVznd-power Plan s

Simple Methods of Biilding Small Wind-power Plants from Scrap

‘Material with the Minimum of Tools
(e By W. H. SUTHERLAND

INDCHARGERS are divided ‘into .

two main classes — geared and
directly driven. Geared units are
so difficult to build without unusual facilitles,
snd depend to such an extent on the odds
and ends of  machinery available that no
attempt will bz made to describe their

Fig. 1.—Diagrams explaining the removal of

‘third brush from car generators. Dotted. linés

show new connections.

-construction. ©~ On the other hand, a
“directly-driven dynamo must begin to charge
below 500 r.p.m. to make use of light winds,
$0 the choice of dynamo is fairly limited:

‘Choosing a Dynamo

Dynamos off old cars generally -have a
low charging speed, but are usually - built
for 6-volt working. A modern 12-volt
dynambd does not cut-in before 9oo r.p.m.,,
but may be slow enough when used on a
6-volt wind charger. There are several
advantages in using a 12-volt dynamo on a
6-volt circuit. Such a unit will be charging
at currents up to 4 amps in winds that
would not cause the same dynamo to cut-in
on a 12-volt circuit, and as summer months
“bring weeks of these light, steady winds,
the advantage is obvious.

The heating effect’

in the field-coils is only one quarter as
great as it would be at 12 volts, so there
18 practically no danger of the dynamo
burning ‘out. Also, since the magnets get,
at most, half of their correct magnetic flux,
the current will reach a maximum value at
about 15 to 20 ‘amps, and even. twice the
propeller speed will not cause much
increase. This protects both armature
and battery cells. Lastly, it is much
cheaper to build a 6-volt outfit.

In choosing a dynamo theré are certain
points to watch that give a rough idea of
its value for windcharging. Generally a
slow dynamo-has a large diameter case
rather than a long one. The armature is
wound with wire.of about 18 S.W.G. for
slow charging, while faster ones have a
16 S.W.G. winding. There seems to be
© litde difference in  cutting-in
between 2-pole or 4-pole construction.
To test a dynamo, wind a yard or
two -of string dround the axle and give
it a strong, steady pull. A sudden jerk
should be felt as the dynamo gathers speed,
and after that it should only be possible
to rotate <t comparauvely slowly with the
string. After trying  several different

dynamos it is easy to judge which ones are

speed-

General view of the large model 1o be described in the next article.

B

Full details Jor bulding

and winding the dynamo will te given. A Lucas A 900 C or A 800 C dynamo is needed.

(Abové) Two views of the 6-volt windchaxger
described -in the text. Built with a Lucas
C 45 A wype 12.5 dynamo, cutting in about
450 r.pam. The top illustration- shows the

. windcharger suitably niounted several . hundred

3 yards from the house:

slow. A fast dynamo will continue to
gather speed until the string is nearly off
before begmmng to generate.

For comparison purposes, remember that
the maximum speed’ possible when turning
a dynamo by hand is about 300 r.p.m.
Commercial windcharger dynamos will
charge at this speed, but no ordinary car
dynamo would register more thar one volt
at 300 r.p.m. The dynamo should light a
12-volt 24-watt bulb easily when turned by
string in this manner. See that it has good
ball-bearings at each end, and that the
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backward pressure of the wind on the
‘propeller will not displace the bearings. The
commutator should show no sign.of a groove
where the' brushes press. The axle must
project far enough -from the case, and have
sufficient screw-thread to allow for secure
fixing of the propeller.

Overhauling the Dynamo

Dismantle the dynamo and remove any
oil or carbon dust. If the mica insulation
in the commutator grooves is level with the
‘copper surface, cut it down with a pointed
tool. "For windcharger work, the third, or
“ regulation ” brush is removed to lower the
cutting-in speed and to reduce wear. This
brush is connected directly to one end of

the field-coils, and is movable and,usually

smaller than the other two, Trace the field-
coil connections in scries through the two
or four coils, and find where the end remote
‘from the regulation brush is connected. In
a two-pole machine it is usually earthed to
the case, but with four-pole construction
ir will be joined to the main positive
Leave it where it is. Remove the other end
of the coils from the regulation brush and
connect it so that the coils are across the
two main brushes. The third brush-holder
can then be removed altogether. Fig. 1
makes this procedure clear, the dotted line

showing the new- connection in each cCase.

Test the dynamo again with string.

\ 3 \ L)
Fig. 3.—Showing -methods of attaching dynamo to turntable described, and to a flat bar, as
in the model illustrdted.

It is useful to know that the direction of

rotation of the dynamo is reversed by inter-:

changing the ends of the field-coils, since
it may be necessary to do this when chang-
ing from chain gearing to cog-wheel gearing.
A dynamo which has been idle for long
often fails ta work because the trace of
magnetism necessary to start the field cur-
rent is absent from the ‘pole-pieces. To
temedy this, connect it with correct polarity
to a car-battery and allow it-to spin as a
motor for several minutes. Finally, give the
complete dynamo two or three coats of good
enamel, after making sure that all screw-
holes or other openings are closed to moisture.

Turntablé

The turntable is the part of the outfit most
likely to cause trouble. The writer has
found that complicated fittings, for example,
ball-bearings, should be avoided, and that
ne timber should. ever be used in the con-
struction. The final details depend entirely
on the material available, and general con-
structional hints are all-that can be given, in
an article like this. A convenient form of
turntable consists of two lengths qf iron
pipe, about 3ft. long and 1} to zins. in
diameter, They need not be a very accurate
fit, 'since a litde rocking will cause no
damage. The outside pipe is blocked by a
wooden plug at the bottom to form an oil
reservoir, and can be fixed easily to a
wooden pole, as shown in the illustration
(Fig. 2). The inside pipe is blocked simi-
larly at the top to prevent the entry of rain.

To secure the dynamo to the inside pipe,
a cross-arm is needed. This can be made by
putting  semi-circular depressions in two

rush.
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15in. lengths of flat iron bar. Pieces of farm-
cart wheel-bands are suitable, and any
blacksmith will bend them to the required
shape. The bars are clamped around the
pipe as shown in Fig. 2, using twe }in. bolts.
They should be flat against'each other on

‘the long side, but have a clearance of }in.

on the short side, to allow for tightening.
The long side should be long enough for
the particular dynamo used. The dynamo is
fixed to the turntable by a pair of rings,
shown in Fig. 3. These are made from
any light strips of iron,-about 1in. wide and
Yin. - thick. The turntable for the small
windcharger shown was made with a solid
iron bar instead of the inside pipe. It is
attached to the flat cross-bar carrying the
dynamo by means of a large nut and split-
pin. It was part of an iron bed, and had
about 14in. of one end threaded. The tube
carrying the tail fin can be attached by
small bolts to the short end of the cross-arm.
I+ should consist either of light, circular
tubing, or right-angle iron, to preveat
vibrations being set up in it. Four fect is
a suitable length for a small turntable.

The Tall Fin 1
The tail fin is made of any -strong, light
material, and is about 1ft. square. A bigger

“fin will put ‘unnecessary strain on the

dynamo axle when changing direction due to
the gyroscopic effect of the propeller.

Vs

mounted,. the turntable is filled with heavy

lubricating oil. Every constructor will find
methods of his own for® building a simple
turntable, but the points given can form
the basis for individual design. No mention
has been made of slip-rings to carry the
current from the turntable. During a year’s
continuous running with the  windcharger
illustrated, the author had only once to
unwind the direct connections’ going to the
dynamo. Heavy rubber—covered leads were
used, sufﬁcicmly long. to foop easily around

-the turntable pipe should the wind change

direction by a complete revolution.

Propeller Design -

In spite of the general opinion, a pro-

L——4'—;>~2.

I G
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~ clockwise.
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Tightaning

Woodgen Plug ro
—~"Keap Out Rain

Fig. 2.—Method of making a simple turntable.

peller is quite easy to make, and so long
as the “fundamental principles are adhered
to, wide variations of slope and dimensions
are possible. I shall give details of two
typical types, a very fast one for the small
windcharger described, and a more powerful
one, not ‘so fast, for rewound or. geared
dynamos. After one or two attempts, the
constructor will get the knack of propeller
making, and will be able to introduce altera-
tions. The first essential is a sound board of
uniform thickness, with the grain running
along the length. Douglas fir is the best
timber, but - well-seasoned ash is a good
substitute.

For very high speed ruynning, s5ft. 6ins. is
a good  length, but a 6ft. propeller
is a better all-round source of power, and
can casily be cut back a few inches if
necessary. Both propellers described rotate
For the fast one, a board 6ft. x
4ins. x 3}in. is needed, but the slower type
needs a board  6ft. x 4lins. x 1in. Find
the centre and drill a }in. hole for testing
the balance by hanging the propeller on a
nail in the side of.the bench. The propeller
should return to the horizontal from any
other position, and it is essential that this
test be done, and any deviation corrected
after -each separate operation in making the
propeller. It is not sufficient to balance
the finished propeller by removing some
timber at random from the heavier side.
Mark the board as shown in Fig. 4, and
saw off, the shaded portions, cleaning the
saw cuts with the plane. Along either
trailing edge, mark off from the table the
distances shown, measured from the back
surface of the board, and join them with
a pencil line. To form the driving slope,
the front of the propeller must now be
planed down so that a flat, smooth surface
connects the original edge C D of the board
to the' pencil line all the way along each
blade. The space GFC can best be
“scoope” ” out with a spokeshave, but a

\

Front

14 LE

Leading Edge j

Coppor Fort

\ P— ' Removed Befors

! Shaping Back
'j' to Lighten Tins

U

Distsnces Useq
in 73bte

Fig. 4.—Propeller details. Note.—The curve of the leading edge remains tht same at each section.

Fast type. x=3in., y=4in., l=%in.

Slower type. x=3kin., y=4bin., l=1in.

N
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small plane will also do. The flatness of
the new surface is tested with the edge of a
ruler, -and should be fairly true all the
way along. The cross-section. of the board
at various® points is shown in Fig. 4. This
completes the driving slopes-of the propeller,
and it only remains to shape the back for
the lowest possible air-fricion. The dotted
lines on the crods-section diagrams show the
final shape of ithe back surface, which
is planed into a smooth curve with a
“blunt ” leading edge and decreasing rapidly
away to a point along the trailing ‘edge,
the maximum thickness of timber being
about one-third of the width of the blade
from the leading edge at all points. In order

NEWNES PRACTICAL MECHANICS

lines can now be worked on to the back of
the blades. Cut -the tips of the blades to
the shape "indicated,. and the propeller is
ready to be sandpapered. This should be
continued, from coarse paper to fme, until
the whole propeller_has a glass-like surface.
Particular attention should be given to the
tips of the blade, where the speed is greatest.

If a suitable piece of light copper or lead.

foil is at hand, the leading edge should be
protected for the last 12ins. of its length.
The foil must be bent to fit the shape of
the blade perfectly, extending back about
4in. on the blade, and fixed by about six
small wire staples, passed through tiny holes
drilled -through the foil and timber, and

January, 1944 .

seldom need to be shut off to avoid over-
charging,- but a light rope can ‘be left hang-
“ing from ‘the tail to tie the machine per-
pendicularly to. the- wind direction, or to
unwind the dynamo connections if they
should ever become wound around the turn-

table, It is absolutely necessary that the
whole  installation be wired with the
heaviest possible wire, and on 6-volt

circuits there is no need to have covered.
wires, either outside or inside, provided
there is no danger of opposite polarity wires
touching. This makes possible the use of
7/22 bare aerial wire,- which can be
obtained cheaply.

A small unit of the kind described above
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Distance from centre of board .1, 2 {3 | ¢ | 4 | i " ?_ | i A N 8 | 9 -'_n_ [ 2y | ¥ B | 18 4 I 18
Distance from hack surface on T.E. |75 (751 76 | 25 | 10 | 06 08 | 8 d0 © w0.f 2 4 .28 | .30 anal W2 | el lilBal
Distance from centre of board B2 A T_ 23| 74‘_ I ® | » R S N )
Distanoe from back surface on T.E. | 301.40/ 41 | .41 a e | e | om0 ) 8 | w1 Vs e e Ve e | e | @
SLOWER TYPE BOARD DIMENSGIONS : 6ft.” diin. xlin. X = Blins. s i
Distance from centre of board PR T L, ¢ oo, 12 R AD
Distance from back surfacoon TE. ' 1 |1 ' 1 =t o0 PN i .20 ST T Y T I A 7 e S g e
Distance from centro of board . (19 (%0 " A | = | B A B % | % | D 0 31 = .8 | 8 & 36
Distancs from back surface on T.F. (350 4| 42 | 43 | 6 | 4 | -5 | 52 | 58 | 60 | 6 0 | @t a3 | 76 | a5 | 78 | 78

to reduce the weight of the outside portions
of the propeller, and to maintain the correct
proportion between- thickness and width,
some timber has to be removed from the
back before shaping to the streamline section
described. ‘'Lay the propeller with back
uppérmost and put two or three blocks of
timber underneath the frong face to act as
supports, since the driving slopes will not
lie flat on the bench. Plane the board,
keeping a_flat surface, until it changes from
its original thickness at the centre to about
half of its thickness at the end of each
- blade. This will compromise between
strength and lightness so that exact details
are best decided individually.
The streamline curve illustrated by dotied

clenched on alternate sides. This protection
is almost a necessity, since the timber comes
to pieces along the leading edge after
several months working. Give the propeller
at least two coats of good outside varnish.
If the first coat is not properly hard before
the second is added centrifugal force will
drive the varnish into ridges underneath the
lay®r formed by the second coat. A week
should be enough to dry each coat.- Anach

- the propeller 1o the dynamo by whatever

system is most suitable to the particular
type .used. Generally, a 4in. plate, held on
the dynamo . axle by the' nut that secures
the pullev wheel, and attached to the pro-
peller by 1wo 4in. bolts spaced by about
4ins. 1s quite sufficient, Small windchargers

is omly suitable for supplying a few lights
in good wind areas, but on account of its
simplicity and suong construction, it is
practically trouble-free in use. The dynamo
will not begin 10 charge, until theve is q
strong wind blowing, with the propeller
almost invisible. At "~ this  point,. let me
remark that a windcharger propeller is’
never rotating as fast as it appears to be
rotating when vewed from a distance. Next
‘month the author will describe in detail
the complete construction of a larger unit,
using a re-wound Lucas A goo C dynamo.
Full ‘winding instructions will be given for
this particular type, which is-very suitable.
(To be continited)

-

How Many Engines’

. The Possibilities of Multi-engined Aircraft. ‘

OT so very long ago a single-seater
machine with more than one motor
was quite unheard of, and for mult-

engined aircraft the tri-motored layout held
the field. Those readers who. recall the
famous Fokker monoplanes, and their
brilliant record in all parts of the world, may
stop to wonder why the threé-motor layout,
one engine in the nose and one slung under
each wing, has been abandoned in favour of
two or four motor installations, generally
mounted on the wings. The only notable
surviving tri-motor machines at the present
time are the Junkers Ju. 52B, and certain
Italian machines, all now admittedly obsolete
ot obsolescent.

Single Engines
In the early days it was purely a question
of the power which could be derived from one
engine. Two such engines were not quite
enough and so three was the logical choice,
although it was soon realised that the centre
enging, mounted in the nose  of the machine,
was less efficierit than the other two due to the
presence of a fuselage behind it. What
actually happens is that the velocity of the
slipstream from an airscrew is greater than
that of the airspeed of the machine.
all components exposed to the slipstream have
‘increased drag (drag being proportional to the

By NEMO

square of the velocity of air flowing -over the
component) and greater drag mecans less
efficiency. From this general description it
would appear that the pusher layout with
the pusher airscrew, now truly to be termed
a propeller, at the-rear of the fuselage or
engine nacelles, would be the most efficient
layout, but this will be dealt with in more
detail later.

Systems of Mounting

Realising the inherent inefficiency of the
orthodox tri-motor layout many designers
adopted different systems of mounting the
engine. The most obvious solution, still
keeping to the tractor arrangement (i.e., with
the airscrew in front) was to raise-all the

engines clear of obstructions suitably mounted

on struts. Examples of this are scen in the
Short Calcutfa and Saro Windover, to name
but two. The engines are then set in line
abreast with only the tail unit under the
influence of the slipstream. This, obviously,
was not the ideal solution, the struts themselves
contributing a large amount. of excess drag.
The nekt step was to raise the wing above the

Thus  fuselage and set the engines in line in the

wing, as in the Supermarine Air Yacht of
1932 or, a more modern example, the

Dornier Do. 24. Both of these machines are
flying-boats, and-thus this form of engine
mounting not only grouped the engines in an
efficient manner, but aiso raised the airscrews
clear of spray. Spray thrown back on to
revolving airscrews is harmful, pitting or
otherwise damaging the blades and shortening
their useful life,

A third class of tri-motor designs is
deserving of mention, if only on account of
its quite unorthodox appearance. In this the
two outboard engines are mounted under ot
between the wings in the normal manner, but
the third engine, instead of being mounted
in the nose is mounted above, or on the upper
wing. In this country we had thé¢ Airspeed
Ferry, which did much uséful work with certain
air circuses, and in America the Ford 14-A.

However, the tri-motor layout has nearly
died out and apart from the notorious
Junkers Ju. 52, which is reckoned *easy -
meat > to the modern fighter, the Italians are
about the only country which has persisted
in such designs. Indeed the Savoia Marchetti
S.M. 82 Canguru, a normal tri-motor,
low-wing monoplane, holds a number of
weight-carrying and distance records, out-
standing amongst which is a flight of 8,037.97
miles in 564 hours in a closed circuit in 1939.
But in general the tri-motor layout has almost
disappeared.

-
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View of the assembly linc in one of the Ministry of Aircraft Production factories, showing four-engined Lancaster bombers in
garious stages of completion.

.

With the greater power output available
from single engines it has been found that
two engines ‘of, say, 9oo h.p. each gave a
better performance than three engines of
600 h.p. each, although the total h.p. is the
same. Experiments were performed on a
number of aircraft during the early 1930’ to”
test such -assumptions, flying one particular
type with one, two and three engines of the
same total power. In all cases it was found
that two engines gave the better performance
and thus the twin-engined layout approaches
mare nearly the ideal.

Four-engined Layout

With the recent increase in“size of heavy
bombers, and in spite of the increased power
of single power units, the four-engined layout
has become standardised. America was one
of the first countries to take this step, a
Boeing B-299, the direct ancestor of the
Boeing Fortress, being first flown in 1935.
Now in this country we have, of course, the
Avro Lancaster, Handley Page Halifax, Short
Stirling and Short Sunderland, in addition to
several American types.

In spite of the outstanding performance the
fact rémains that all of these four-engined
machines would be rnore efficient and have a
better performance if fitted with only two
engines, of the same total h.p. In point o
fact, the Halifax and Lancaster were originally
designed as twin-motor bombers around the
Rolls-Royce Vulture engine. This engine
failed to come up to expectations and has been

"abandoned, .and hence, since no suitable
substitute was available in quantity, both of
thetypes concerned were fitted with four Rolls-
Royce Merlins. The total h.p. of four
Merlins exceeds that of two Vultures of the
original design layout, and thus performance
does not suffer. However, two Sabre engines
of 2,400 h.p. each, replacing the four Merling,
would probably give an increase in per-
formance.

The reason for this is not hard to find.
In the first place, additional engines,meéan
more weight, more accessories and, naturally,
more cowlings and nacelles to spoil the
aerodynamic form. Thus both drag and.
weight are increased, so performance naturally
syffers. This is not always true, for it may
be possible to use Your enginesof, say, §00 h.p.
each which weigh less than two engines of
1,000 h.p. each, but the greater number of
auxiliary fittings and decrease in aero-
dynamic efficiency is still to be countered.

Thus at the moment it would seem that
aircraft design for large multi-engined

madchines has got ahead of engine design,
but this is really only a. case of production.
Aircraft design waits upon engine design, as
it has always done in military aircraft (and
a large number of civil types), but there are a
number of 2,000 h.p. and over engines going
into production, which figure will probably
be still further increased in he near future.

Doﬁ’ble—engined Nacelles

In the meantime certain designers have
looked for other solutions. :The Heinkel
He. 177, one of Germany’s latest four-
engined bombers, is, from external appear-
ances, a twin-engined machine, with a nacelle
slung under each wing. Actually each
nacelle houses two motors, each pair of
motors being geared to a single four-bladed
airscrew. In this manner four enginés are
employed in an aerodynatically efficient
manner, although the question of weight of
complication of gearing still arises.

The other example is the Dornier Do. 26,
which has four motors arranged in two
nacelles. Each nacelle thus contains two
motors, but” each motor drives its own
airscrew. Thus there is one airscrew at the
end of the two nacelles, two pushers and two
tractors. This again is a compromise, but
also affords an illustration of the greater
efficiency of the pusher layout. With front
tractor airscrews stopped and pusher airscrews
driving the top speed is greater than that
with pusher airscrews stopped and tractor
airscrews driving. In other words, the pusher
layqut is more efficient, i.c., has less drag.

Readers may remember the American Bell
Airacuda introduced some years ago, which is
a fairly orthodox machine with twin motors
in nacelles attached to the wings, with the
exception that the airscrews arc behind the
wing (i,e. pusher) and not in front. This
arrangement has been proven to give greatér
aerodynamic efficiency, but herc arrives a
big difficulty which apparently has been
overlooked on such designs. Owing to the
position of the airscrews it is practically
impossible for any of the crew in front of
them, i.c., in the nose of the machine, to bale
out without hitting the airscrews and being
cut to pieces. It may be argued that on the
Airacuda design provision might be made for
an escape hatch in the fuselage aft’ of the
airscrew discs, but for other similar designs,
such as the Fokker D 23 push-pull single-
seater fighter and certain projected designs,
such a solution is not possible.

Hence, in spite of the proven increase in
efficiency, it would appear that the application

-
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of the pusher layout is somewhat limited,
unless it is possible to ensure the air-crew a
reasonable chance of baling out elear of the
airscrews. . ‘

That greater size means more power needed
to maintain flight is easily understood, and
also that greater power means better
performance, but within a short time
10,000 h.p. or more should readily be
available from four engines and so, except
for outstanding developments in design, there
should be little nced to include more than
four engines on a large machine.

Multi-engined Machines

However, for various reasons aircraft firms
will- build bigger and bigger machines and
so undoubtedly there will be, six-engined
machines ; there are actually a number at the
moment of writing, such as the Blohm and
Voss Bv. 122, and even ecight-engined
machines. Six- and eight-engined machines
have been built and flown successfully long
before the present war, and the Dornier
Do. X had 12. Secveral of this design werc
built, three for Italy, but in spite of a total
of 7,200 h.p. from its 12 engines, it was
under-powered. The multiplicity of engines
was primarily due to lack of suitable high-
powered engines at the time, hence a large
number were used to give the required total
h.p. To-day the four engines of the Short
Stirling deliver nearly the same power as the 12
of the Do. X (6,400 h.p.), and if it had been
possible to fit these to the Do. X they would
probably have given a better performance on
account of reduction in drag and weight.

To talk .of the future of multi-engined
machines it would appear that with the
ever-increasing size it will bé possible to.
house the engines completely within the
wings, and this will approach the ideal. On
such- an arrangement the airscrews, either
pusher or tractor, will be driven by extension
shafts, and the only notable extrusions will
be the necessary cooling radiatofs, etc.
Apart from consideration of weight and
structural design the question of duplicity of
engines will then be simplified.
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The R-100 at the mooring mast in Montreal,
after her remarkable trip from England
in 1930.

HE question as to whether airships will
be utilised in the future is interesting,
and -quite a good case can be made

qut for their use. Freight which is not of
a compact form may be delivered by airship
at lower speeds than is possible by -heavier-
than-air machines, but at the same time
. three or four times faster than normal land
or sea transport. Prior to -the present
conflict, due to several catastrophes, the
air§hip looked as though it was becoming
extinct, but a review of its development,
advantages and disadvantages follows.

. Development

Very shortly after the first successful free
balloon flights. had been 1hade several
inventors began to tackle the problem of
controlling the direction of flight so that
planned journeys could be made. Although
balloons have flown hundreds of mjles and
ascended to the stratosphere, they are
always at the mercy of the wind.

A steam engine enabled the first airship
to- fly under its own power in 1852, but
very little success was achieved until the
latter part of the nineteenth century,
when the internal-combustion engine was
developed. The first important step was
the change from the spherical form of the
balloon to a more streamlined form, which
‘enabled the resistance to be lowered and the
control to be improved.

It was soon found that as the size of
airships was increased, difficulty in main-
taining the shaps.of the gas container was
experienced. This type, known as the non-
rigid airship, was nothing more or less than
an ordinary balloon with a passenger basket
and engine hung - from cables attached to
the fabric. Due to the variation in the
pressure of the gas caused by the heat from
the sun or the release of gas for manceuvring
purposes, the envelope may sag or otherwise
lose its shape. Also, if the pressure becomes
too high the fabric may split and allow the
gas to escape. This danger occurs when
the airship rises, owing to the reduction of
the air-pressure causing the container to
expand and tend to burst. '

Non-rigid Airship

Various methods of overcoming some of

the difficulties described in the previous
paragrapn encountered in the non-rigid type
of airship have been devéloped. In order
to maintain the nose profile, wooden or metal
stiffeners may be incorporated at this portion
and preven: the air pushing the fabric
inwards, thus ‘maintaining a good entry.

To prevent the pressure inside the con-

tainer rising fo a dangerous figure as the

airship gains aliitude, valves are fitted which
allow the excess gas to escape. Unfortun-
ately, when the airship descends the volume
of the gas will decrease and cause the
envelope to collapse. To counter this last
disadvantage bailoonets (small air bags) are
fitted inside the envelope. By filling these
containers with air, the correct profile is
maintained.

The use of these air bags during ascent
prevents waste of hydrogen, as the air may

Elevators

Fin and Rudder,

=~ »
Car and Engine

Fig. 1.—Non-rigid airship.

‘be allowed to escape and make room for
the expanding gas containers. Fig. 1 illus-
trates the general outline of a typical non-
rigid airship. "During the last war (1914-18)
this type of airship was used extensively for
patrol work over the sea, and the Americans
are using them for anti-U-boat flights in the
present conflict. The speed of these airships
1s approximately 50 m.p.h. and the capacity
60,000 cu. ft., giving a useful lift of half
a ton.

A development of the non-rigid airship

was the type designed by the Astra-Torres |,

Co. Instead of having the usual -circular
cross-section (Fig. 2), a trefoil section was
used giving three lobes. Internal fabric
diaphragms were fitted to maintain this
shape, and holes cut, so that in effect there
was only one gas container. By adopting this
design the necessary rigging for the attach-
ment of the car and engine was allowed to
be partly inside the envelope due to the load
distribution obtained in this type. By doing
this the drag was considerably reduced,

although the. constructional difficulties were,

increased.

Gas -Valve
Ve

Airship Development

The' Possibilities of the Use of
Airships in the Post-war Years
By T. E G. BOWDEN
These airshipb: were very successful, and,

when powered by two 240 h.p. engines, flew
at almost 60 m.p.h.,, with a duration of 24

hours. The capacity of these patrol airships
varied from 100,000 cu. ft. to approxi-
mately 400,000 “cu. ft. * They are’ ideal

for coastal patrol. work, provided that they
are not likely to, encounter opposition from
enemy aircrafr, as° their cnvelopes are
extremely vulnerable. On the other hand,
their ability to remain stationary is «n
immense advantage when searching for~
‘submarinss. :

The materials utilised for the envelopes
have not changed from those used in the
early days. Dopzad fabric, with layers of
rubber between them, have proved “satisfac-
tory. For. manceuvring purposcs; fins,
rudders, tailplanes and elevators have been
standard fitungs, and function in a similar
manner ' to those used on heavier-than-air
aircraft.

In 1925 several non-rigid airships were
constructed in the United States for com-
mercial purposes and achieved considerable
success. One of the first of these passenger
airships reinained in operation for six .years.
The capacity was 112,000 cu. ft. and
length 140ft. The US. Army Air Corps
flew non-rigid a‘rships with several interest-
ing features. ' To allow for a landing on the
surface of the sea the passenger car was

Fig. 2.—Trefoil section airship.

shaped in the form of a boat, and walkways -
were provided so that the engines could be
‘maintained in flight. A small observation
car was carried, capable of being lowered
from the main car by means of a cable and
an auxiliary motor. ‘An extremely interesting
innovation was the introduction of a method
whereby water could be picked up during
flight for ballasting purposes.

Semi-rigid "Airship

As the size of airships became greater, the
need for some form of stiffening became
more apparent and led to the introduction of
the semi-rigid design of airship. The main
feature of this type is a girder which extends
from the nose to the tail. A typical keel
girder is illustrated in Fig. 3. By this
means the profile may be. retained more
easily and also the pressure required .in the
gas container may be reduced, thus avoiding
straining the fabric.

Two _ Frenchmen, Pierre and Paul
Lebaudey, constructéd one of the first semi-
rigid airships but it. was not a very great
success. The disadvantage was due to the
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> amount of resistance caused by the stiffening
members, which were external. The speed
was, as a result, not very great and also,
due_to the lack of knowledge of the forces
.acting on .the structure, the flexibility was
excessive,

The Itahans developed a more successful
semx-ngld type by enclosing the keel inside
the main envelope, thus reducing the resist-
ance. At the same time the passenger car
was attached close to the keel and by this
means a fairly satisfactory streamlined
shape was obtained.

One of the la:gest semi-rigid airships to be
constructed was the Roma (Italian) with a
capacity of one and a quarter million cubic
feet. The length 'was 410ft., speed 70 m.p.h.,
and the lifting force approxnmately 40 tons.
This airship was designed for ocean travel,
but after being sold to America was
unfortunately destroyed by fire.

The hydrogen in this type may be carried
either in separate containers or in one large
. gas bag separated into several sections by
fabric diaphragms. An ‘extremely successful
airship, the Nore, had 10 gas compartments
with a total capacity of almost 700,000 cu.
ft. This atrshxp flew vast distances over
the Polar regicns inall climatic conditions.

A nos=2 cap attached to the keel helped to
maintain a good nose profile.

.

Rigid Airships

From the scml-ngxd design of airship, the
next step was the rigid type -illustrated in.
Fig. 4, and developed mainly by the German,
Count Zeppelin. In this type a metal frame-
work is installed which carries all the loads,
thus imaking an extremely stiff and strong
structure.  Transverse frames built from
light alloy are connected to each other by_
means of a series of girders running from
the nose o the tail Additional wire
bracinz is fitted and a layer of fabric spread
over the frames, The outer envelope need
not be gas-tight as its main function is to
provide the correct profile,

A typical successful rigid airship was the
Hindenburg with a capacity of 7,000,000
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The U. S Army dirigible RS-1, soaring over Washingion after a flight from Langley

Fseld,

Various methods to overcome this difficulty
have been tried out and one solution is to
condense the water- in the engjne exhausts
instead of discharging it to waste. An imter-
esting method was the one used by thé Graf
Zeppelin,  Instead of using normal liquid
fuel, a gaseous fuel was used which possessed
a densxty approximately the same as that
of the normal atmosphere. Consequently,
the consumption of fuet did not affect the
lifting properties of the anrshxo

All-metal Airship

A departuze from the usual airship design
was the introduction of an all-metal airship.
The problem of covering the framework with
a thin metal 'skin required a great deal of
experimenting and research work before
success was achieved. Originally, in America,
a skin of duraluminium o.c08in. , -

Virgima, several years ago.

lightest -gas known. Unfortunately, it has
the grave disadvantage of being extremely
inflammable, which offsets its advantages as
regards lifting properties. Several major
disasters have been caused by airships filled
with hydrogen becoming ignited and bemg
entirely destroyed by fire,

As an alternative to hydrogen, helium is
utilised. This gas is the second. lightest gas
known, and possesses the advantage of not
being inflammable. This last ' property
makes it the ideal gas to use in airships,.
and the reason why it has not been generally
adopted is the fact that it is scarce. America
has“a monopoly_jn the supply of helium at
the present timé, as it has not been found
practicable to obtain commercial quantities
in any other country.

For future airships hydrogen .cannot be

Transverse

thick was suggested, but ;
difficulty was experienced, due LOng/tudinal Frames
to corrosion. Members

Reintorced- Nose

Longitudinal Girder

tcu ft. of gas. Four 1,000 h.p. dicsel
engines- were fitted and gave a maximum
speed_of over 80 m.p.h. Accommodation
for 50 passengers was provided.

Special precautions are necessary on this
type in order to prevent an accumulation of
an explosive mixture of hydrogen and air
in the spac¢ between the gas container. and
the outer envelope. Scoops are generally
fitted which ventilate this spage by means of
jets of air.

Valves are fitted at the top of the gas
containrs which enable the gas to be
released when required. To prevent exces-
sive pressurs occurring, safety valves are
also fitted which operate automatically when
a certain pressure is exceeded.

To enable the altitude of the airship to ‘be
varied, - apart from operating the usual
,elevatol controls, water ballast is carried,
with means of jettisoning in order to reduce
the weight and therefore to cause the airship
to rise. An important problem is the increase
of lift due to the consumption of fuel, etc.

Fig. 3 (Left).—
Semi-rigid * keel
girder.

Fig. 4 (Right).—
Rigid atrship con-
struction.

Controtl

After several years experimenting, a satis-
factory material called Alclad was developed.
It consists of ordinary dural with a thin
layer of aluminium on both faces to protect
it agamst corrosion. This material is used
to-day in the manufacture of many aircraft
whose duties entail flight over the sea. In
1929 the all-metal airship -was constructed
at Detroit in America with an Alclad skin
0.0095in. thick.

The capacity of this airship, known as
the ZMC2, was 200,000 cy. ft., and the
profile was mamtamed by means of the usual
longitudinal girders and transverse circular
frames. The skin was riveted together and
almost 4,000,000 rivets were required in the
construction. A special tool was developed
to fit these rivets which were formed from
wire approximately 1/32in. thick.

Gas

Two alternative gases are used to provide
the lift in aushxp design. The most
commonly used is hydrogén, which is the
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used if the element of danger is to be reduced
to a minimum, and unless some other gas
is discovered, helium, which is considerably
more expensive, is the only other alternative.
By using a non-inflammable gas, the engines
may be mounted inside the hull, as in the
case of several ‘American airships.

Ground Handling

One of the difficulties in the operation
of large airships is the ground handling and
the mooring.  Originally airships  were
housed in hangars and manhandled out when
required. This operation “was extremely
dangerous if the wind happened to be very
strong, and a very large number of men were

. required. The introduction of 'the mooring

mast reduced the risk of damage to the
airship and rendered the handling very much
more efficient.

A typical mooring mast of the type
developed in England is illustrated in
Fig. 5. The mast at Cardington, constructed
for the R.1or class, was 200ft. high, and



118

NEWNES PRACTICAL MECHANICS

tup and Cone

The smaller type of airship,
g i.e, the non-rigid design, is
= ,usually housed in hangars or
= picketed to the ground by
means of wire cables. In case
of an emergency, should an
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airship require to moor over
water, sea anchors may be
carried. In addition to the sea
anchor, which, is of normal
design, an inverted cone,
‘holding approximately half a
ton of water, is fixed to the
line. The function of this cone
is to keep the anchor submerged
and to damp out any excessive
movement. To enable the
anchor to be hoisted up, the
water is spilt out of the cone
by means of a weight,” which
runs down the line and reverses
the cone.

The Americans have favoured
a much smaller mooring mast
than 1he English type. The
airship, in this case, is almost
touching the ground, and the
tail is fixed to a trolley which

Fig. s.—View of a mooring mast showing ‘the lift shaft.

enabled airships to moor in bad climatic
conditions. A wire from the extreme nose
is attached to a wire connected to a winch
in the mast, which .draws the airship up to
the automatic &ttachment consisting of a
spring-loaded cup and cone. Ballast weights
arc attached to the tail to prevent excessive
swinging. A lift runs up the mast, and a
gangway is fitted between the platform and
the entrance hatch in the nose of the airship.

Sciencﬁe’ Notes of t

New Victory Ships
IT is reported from America: that the
Henry J. Kaiser companies will hence-
forth devote their yards to the production
of two new types of vessels. The first will
be the Victory ship—bigger, faster and better
equipped than the Liberty ships, with three
decks instead of two. The second will be
small cargo vessels, about s,00c tons, half
the size of the Liberty ships. These cargo
vessels are designed te go almost anywhere
in the South Pacific.

Solving Air-icing Problem
IR ALAN COBHAM stated in Londan
recently that experts are working on'the
problem of how to take the heat from an
aeroplane engine and transfer it to the various
parts of the wings and other parts of the
aircraft liable to icing. According to Sir
Alan, he felt sure that before long we shall
have effective de-icing apparatus. !

Balloon ¢ Scaffolding >

“WAREHOUSE with a circular base
100oft. in diameter was recently con-
structed in Los Angeles by applying cement
tc a blown-up canvas half-sphere. When
everything was dry and firm the canvas
was deflated and pulled out through the
door. There was left a smooth all-cement
building with no girders or columns.

New Mosquito Fighter-Bomber

AN improved version of the de Havilland
Mosquito twin-engined fighter-bomber
is now in service. The new ’plane carries
a 1,000lb. bomb load, and has the full fighter

‘extra range.

is capable of rotating around
a circular track according to the
direction of the wind. A dis-
advantage of this system is the
fact that extremely careful piloting is required
when approaching the mast. Should. there
be any vertical air currents, the airship is
liable to be dashed against the ground. The
advantage is the fact that the airship is very
accessible for maintenance, etc.

An ingenious method of reducing the large
number of men normally required to take
airships in and out of their hangars is as
follows., The normal mooring mast is

armament of four 2omm. cannon and four
.303 machine-guns. The speed of the
improved-machine is unaffected by the new
internal modifications, which represent
another stage in the development -of the
aircraft like the use of wing-tip drop tanks for
Improved Rolls-Royce Merlin
cnginss give the rfew aircraft. higher per-
formance at all altitudes.

Roofing Material from Rags

A CHICAGO firm has perfected a method
by which rags and resin can be com-

bined to make a war-emergency building

material. Known as “corrugated asphalt
siding,” the néw material replaces
corrugated steel sheets. Fhé “siding”

consists of two-shects of heavy felt saturated

with a resin-bituminous compound, bound -

together with a high melting-point asphalt
adhesive, and then corrugated under high
pressure. The finished sheets are stated to
be hard, rigid, light in weight, and moisture-
proof.

First Stainless Steel Aircraft

HE first large stainless steel ’plane,
described as a “1twin-engined cargo-
carrier of unusual construction,” was recently
completed at Philadelphia, and passed .its
tests successfully, according to the U.S. Navy
Deparmment, at Washington.: At various
factories in the United States, Curtiss Wright
is beginning “to ' manufacture cargo ’planes
for the U.S. Army on a large scale, "and
military transport aircraft are being built
which may be a satisfactory stop-gap for
passeénger tratfic after the war until new
types can be put into production.
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mounted on wheels running on tracks lead-
ing inside the hangar. By this means the
airship nfay bs drawn out of its hangar quite
safely, and when outside, the mast extends
and raises it approximately 100 feet. As an

-alternative 10 rails, caterpillar tracks may be

fitted to the mast, enabling it to ‘be

manceuvred into any, position.

Future Developn;ent

An interesting achievement, with possibili-
ties for the future, is the launching of
acroplanes or gliders from airships. This
has already been carried out successfully in
the past, and also aeroplanes have flown up
to and been pickkxd up by airships. On long-

‘distance flights, say from England to Cape

Town non-stop, gliders. with mail or
passengers could be droppad at points en
route, e.g., Cairo, etc.

The possibility of propelling airships by
means of jet Propulsion is also interesting,
as the’r natural profile makes the fitting of
the necessary tubs more easy than in the
case -of normal aeroplanes. The development
of a gas as light as hydrogen, without
possessing the danger of being inflammable, °
would also help to bring airships into their
own agan.

Airships have been neglected in England
ever since the R.1o1 disaster, and America
and Germany are the two main countries
likely to proceed with the design of post-
war airships. . The German dirigibles in
particuiar have had an extremely successful
carecr, and unless some altogether new
principle is d’scovered for the propulsion of

- aircraft there is a distinct possibility that

airships  will "continue to be built and
flown in competition with heavier-than-air
aircraft.

he Month

Rubber from Wild Trees

A PROMISING wartime project is the
4 _attempt 1o tap rubber from the millions
pfv\leld trees growing in the vast and steam-
ing jungles of the Amazon basin in South
America. The U.S. Government Rubber
Development Corporation is reported to be
spending about £15,000,000 on the scheme,
which may during 1944 produce 23,000 tons
F’f natural rubber from Brazil, Bolivia and
eru.

LM.E. Exams in Prisoner-of-War
Camps

THE Institution of Mechanical Enginecrs

announces that, thanks to arrangements
made by the War Organisation of the British
Red Cross and the Order of St. John of
Jerusalem, no less than 37 candidates recently
sat for the Institution’s examinations in
prisoner-of-war camps in Germany. No
fewer than 34, or 92 per cent., passed with
an exceptionally high average percentage
marking. The results reflect credit both on
the candidafes and on members of the

" Institution and others in the camps who

organiscd classes and acted as instructors.

Ocean Air Liners

IT is reported that of nine U.S. trans-
ocean air routes proposed for after the
war seven will have their terminals in
London. The routes were recently con-
sidered by the U.S. Civil A=ronautics Board.
The Pennsylvania Central Airlines propose to
use a series of anchored seadromes, 800 miles.
apart, between Great Britain and U.S A;
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AIRCRAFT ON ACTIVE SERVICE
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4—The Bell Airacobra

The Bell Airacobra, low wing monoplare.

“Cannon on Wings,” to give it the

name it has earned by service pilots,
is designed and manufactured by the Bell
Aircraft Corporation, of Buffalo, New York.
The installation of the single Allison
V-1710-E4 engine in the fuselage behind the
pilot, instead of in the nose, and the tricycle
undercargiage place the Airacobra or, as it
was formerly called by the British, the
Caribou, among the world’s unorthodox
aircraft. The table below gives the leading
particulars of the machines now in service
with R.A'F. Fighter Command. .

The front portion of the fuselage from the
nose to the rear of the engine is built up on
two main spars, while the rear portion is.of
standard monocoque construction. This
type of construction enables a light but
strong structure to be ‘nade, as the loads
are mostly taken by the shee; metal skin,
strengthened by bulkheads and stringers. The*
front and rear portions are bolted and
riveted together. Access panels are provided
for servicing the engine and controls, °

Tﬁe all metal, full cantilever .wings are
built up on two main spars, and combine
maximum strength and rigidity with. mini-
mum weight. The two fuel tanks having
a combined capacity of 100 gallons form an
integral part of the wings, which also- house
the retracted main undercarriage wheels.

Metal frames with fabric covering form
the movable surfaces of the tailplane and
rudder.

The installation of the. engine, in the
centre section of the fuselage, brought about
a favourable weight distribution for fitting
a tricycle undercarriange. To assist pilots
in landing on rough and strange aerodromes
this type of landing gear is fitted, as it
enables an aircraft to land in a horizontal,
near flying artitude at higher speeds than
the conventional type of landing gear. To
avoid a crash in the event of.the nose wheel
being punctured it is fitted with a special
non-skid tyre that has a dual-seal inner
tube. The tube has two air compartments,
the inner compartment is inflgted to a low
pressure and the outer one to the standard
high pressure, If the casing and outer tube.
are punctured the pressure in the inner
section is sufficient to- expand the tube and
fill out the tyre to the normal sizc. The
undercarriage is electrically operated, but
the pilot is provided with an emergency

THE Airacobra single seater fighter, or

Max. | Motor !Motor

t | | Weight
Span l Length Height| Max, |
| { | Load |- Speed Type |Power
3rL. | 3016, |9ft.4in, |6,500Ib, 400 m.p.h. Allison | 1.100
Approx, | V—lg}o— bh.p.
-

By L. H. HAYWARD

>

Y

%m
o
=

—-
3

=3

.

hand-operated lever enabling him to retract
or lower the undercarriage wheels and flaps
should the electrical system fail.

One of the main essentials. of a modern
fighter aircraft is speed, and in turn this
demand leads to larger and more powerful
cngines. The -installation of large engines
in the ndse of an aircraft usually reduces
the pilot’s visibility. To prevent this the

engine is installed in the centre or largest
fuselage,

portion of the resulting in a

OQuter Cover.

Cord /nner Tube.

Pussage to Quter Tube.

S

iy
L

. Frexibre
Section of the Rubber Stem.
dual-seal inner

.t ube. Vetve Core Housing

streamline nose giving the pilot an excellent
view. -

The Allison V-1710-E4, 12 cylinder,
liquid cooled engine is rated at 880 h.p. at
2,600 r.p.m, at sea level and 1,150 h.p. at
3,000 r.p.m. at 12,000 ft. The drive from
the engine to" the reduction gear _unit
situated immediately behind 'the airscrew is
by means of an 8ft. long, 2iin. diamcter
propeller shaft, housed in a casing passing
between the legs of the pilot.

Ducts “in the leading edge of the wings

8 Ft. Extension Shaft

R Al

ﬁlMﬂ(W %
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lead cooling air to the engine coolant radiator -
located under the_engine in the centre section
of the fuselage, and the warm air is
exhausted through an automatically operated
flap in the fuselage. The engine air intake
is situated behind the pilot’s cockpit on the
top of the fuselage. L

Fue! consumption of the engine is
approximately 40 gallons per hour at the
maximum cruising speed of 300 m.p.h,

The British version of the Airacobra is
armed with one 20mm. cannon firing
through the airscrew shaft, two o.50in.
calibre machine guns in the fuselage, firing
through the airscrew blades, and four
0.30in. calibre machine guns in the wings.
I the American version the 2o0mm. cannon
is exchanged for a 37mm. cannon. The
nose of the fuselage is utilised for housing
the two central machine guns and cannon,
and in addition the retractéd nose wheel.
The guns are all aimed through a single
reflector sight and they are arranged so
that their fire is concentrated at a- fixed
distance. All guns can be fired simultane-
ously, or :lternatively, they-can be selected
to fire individually.

Electrically-heated clothing and oxygen
‘equipment for the pilot are provided for
high altitude operation. A specially designed
crash arch protects the pilot’s body in
the event of a crash landing, and a bullet-
proof windscreen protects him from enemy
bullets. The normal range is approximatc.y
750 miles, and this is found to bc ampie
tor most combat flights.

The Airacobra is one of the very few
aircraft that can claim the distinction of
having a span of almost the same length as
she fuselage. The prototype machine made
jts first appearance towards the end of 1938,
and since then very large numbers have
been put in service by the RAF. Fighter
Command and the United States Army Air
Corps. Due to the location of the engine
near the aircraft centre of gravity, a much
larger degree of manceuvrability is obtained.

Onc of the most unorthodox aircraft
in the world, with a speed
approaching 375 m.ph, it
certainly deserves the name
“The Cannon on Wings.”

The 8ft. extension shaft fitted to the Allison engine installed in
: the Bell Airacobra.
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Penicillin, the New Germ Killer

Chemistry's Latest Contribution to the Battle Against Bacteria

to human life. On 1the contrary,

quite a number of these microscopic
living entities are definitely beneficial to our
health and well-being. Nevertheless, the
relaiively few species of antagonistic germs
—the *“ pathogenic bacteria,” as they are
calledq—which war against human and animal
health and even life itself can, given favour-
able conditions, become extremely potent,
speedy and deadly in their capabilities.

In olden times before the introduction
of chloroform apd other anasthetics, it was
not so much an actual surgical operation
which was so greatly dreaded both by patient
and surgeon alike as the onset of the fear-
some and frequently fatal gangrene or
mortification of the bodily tissues after the
operation.

It was not, indeed, until after. the middle
of the last century that the true nature of
surgical gangrene began to dawn upon
scientific minds. That great French genius
and medical- pioneer,- {.ouis Pasteur, had
shown that many diseases and bodily con-
ditions are due to the activities of tiny
cellular or plant-like parasitical bodies, nowa-
days popularly called * germs,” and in
consequence of this realisation it became
apparent that one of the obvious ways_of
dealinz with these microscopic foe$ would be
to apply to them some chemical substance
which would not only destroy them but
which would also prevent their regrowth.

From such considerations arose gradually
the preseut-day practical science of “ chemo-
therapy,” the science, as we may define it, of
disease treatment by chemical means.
Chemotherapy, in our days,-has developed
into a highly complex, albeit ultra-
fascinating and many-branched department
of -organic chemistry, of which, in this neces-
sarily brief survey of the subiect, we can only
deal with one small portion, to wit, that
concerning :he discovery and development

. of chemical aids to germ destruction.

N OT all bacteria or gefms are harmful

-The First Autiseptic

It was Lord Lister, one of the more famous
of British surgeons, who in 1867 first intro-
duced as aids to surgical operations sub-
stances which he termed * antiseptics,” that
is, substances which inhibit or prevent the
development of sepsis or mortification of the

. others.

bodily tissues caused through germ action.

Lister tried to use carbolic acid, which was
the pioneer antiseptic, bur although the
carbolic acid killed the unwanted germs it

Lord Lister, English surgeon .and pioneer
of antiseptics and germn-killers.

also acted detrimentally upon the paticents’
wounds and tissues, for it functioned as a
poison to the living cells of the flesh as well
as to the pathogenic bacteria. Carbohc acid,
creosote and ' guaiacol were used in’ very
dilute solutions as antiseptics, and various
other synthetic compounds were added to
the list of antiseptic substances as time went
on. Some of them were rhore successful than
But they all had this real dis-
advantage ; they could not be taken internally
or injected directly into the blood stream in
order to kill germs which had gained a firm
hold on some inner organ of the body. You
could not, for instance, allow a patient to
drink carbolic in -order to cure his
pneumonia, because if you adopted this
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Culturec of peruallmm patulum of Agar mediumn.

" a gelatine medium.

course of action, although you might succeed
in killing the pneumonia germs you would,
almost certainly have to attend a coroner 35
inquest over the death of the patient!

Antiseptics and other chemical germ-
killers were all very well in their respective
ways at this stage of chemical ¢cience, but
they were not selective enough in action.
They tended to destroy both the living germs
and the living cells of the body.

Next camrie Paul Ehrlich, a German investi-
gator, who, in 1904, dxscovered that a certain
dyestuff, nypan red, possessed the property
of killing ’certain disease organisms called
irypanosomes which are responsible for
certain -tropical diseases.

But Paul Ehrlich went further than this.
He conceived the idea of chemically syn-
thesising a substance which would be able
to act on bodily disease germs as a sort of
poisoned arrow, carrying its dose of poison
to the germ which it was aimed at and
thereafter becoming harmless to the rest
of the body.

Ehrlich selected. the well-defined spmlla
or corkscrew-like germs of syphilis for his

A close-up view of Penicillin mould growing on
It 5s from this mould that
the new antiseptic, penicillin, is being obtained.

experiments. He built up synthetically in

is laboratory compounds which contained
arsenic in loose combination. -His idea was
that if be injected his new selective germ--
killers into the blood of patients suffering
from . syphilis, the chemical would unload
its cargo of arsenic on to the spirilla of the
disease and so cure the patient.

After a good deal of patient experimenting,
together with no small amount of faijlures,
Ehrlich succeeded rather spectacularly in his
quest. The result was his selective germ--
killer which he named ¢ Salvarsan” and.

which formed the™ first of a group of
arsenical compounds used for similar
purposes.

Selective Germ-killer _

Salvarsan jintroduced an entirely new
principle into chemical medicine, the
principle of the selective antiseptic. During
the last war, it was found that several dye-
stuffsy, notably acriflavine, had powerful
germ-kiling properties, whilst being, at the
same time, harmless to the body. Such
antiseptics were used in lafge quantities
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during the 1914-18 war, and undoubtedly
saved many thousands of lives.

Within the last ten years, the work of
Ehrlich and other contemporary pioneers
has fructified in the new era of antiseptic
and germ-killing compounds which is now
rapidly dawning upon us.

It is not very long since two new classes
of bactericides (germ-killers) were placed
on the market. Such drugs are.now typified

by " the substances “ Prontosil” and
“M. & B. 693.” Prontosil is, in reality, a
dyestufl. It is predominantly destructive of

germs belonging to the group known as the
streptococci:. And because it is this group
of germs which is very much concerned in
that once-dreaded puerperal fever (thefever

of childbirth), prontosil made its name as,

a saver of mauy lives.

Then, shortdy afterwards, were syn-.
thesised the first of the “ M. & B.” (May
and Baker) bactericides, which are, in
particular, specific against the deadly
pneumococci, the germs responsible for
pneumonia. Such compounds  cantain
sulphur in organic combination. Hepce
these substances are chemically known as
the “sulphonamides.” Many hundreds of
them have been synthesised, but only a
relatively few are used in ordinary medical
practice.

Penicillin

The most recent developthent in the crea-
tion of super-power antiseptics and germ-
killers is to be seen in the discovery of the
new chemical, penicillin, which is'now being
produced on the commercial scale.

The story of penicillin is an interesting

A microscope view of Aspc_fgillus, the green
mould of chgese. From this mould the new
antiseptic fumigatin #s obtained.

one, not only in view of the rather strange
origin of this new compound but, also,
because its introduction to medicine opens

out further fields of discovery for the
enthusiastic and highly skilled chemical
worker.

It is a well-known fact that nearly every
vegetable material is, under favourable con-
ditions, liable to become attacked by
various moulds which grow , parasitically
‘upon it. Fruits, cheese, bread, jams, sugar
solutions, fabrics, wood and a host of other
divers materials will all go mouldy "when
‘exposed to the right conditions.

Moulds, of course, are merely forms of
plant life. which exist upon the nutriment
which they abstract from the materials upon
which they grow. Given moisture, -air, a
little light and a suitable medium in or on
which to grow, the majority of them flourish
exceedingly. - .

One of the commonest of the everyday
moulds has long been given the name of
penicillium (Latin, penicillum, “a brush or
a pencil”) in- allusion to the long, ‘thin,
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brush-like filaments which it manifests when
viewed under the microscope. The various
species “of penicillium moulds are very de-
structive. It has Dbeen  estimated, for
example, that, in pre-war days, penicillium
moulds attacking packed fruit accounted for
@ '2-3 per cent. loss on fruit imports into'
this country, amounting annually to some
millions of cases of fruit. Yet, by a curious

Chromotographic columns of a simple type for

laboratory use. They consist of glass cylinders

Sfilled with aluminium oxide through which mixed

solutions arz percolated in order 1o effect their

purification and separation, as in the case of
penicillin extracts.

twist of coincidence, it is from this very
‘group of penicillium moulds that the most
up-to-date and probably the most powerful
of all the known bactericides or germ-killers
is now being manufactured.

A Product of Mould Growth

The discovery of penicillin, the new
bactericide, came about in this way:.
In 1929, Professor Alexander Fleming, of

;e
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St. Mary’s Hospital, London, noticed that
one of his bacteria culture media refused
to grow -the germs which he required. - He
investigated the matter and found that this
particular culture-medium had gone slightly
mouldy, having become, through an accident,
infected with the mould, peniciilium, one of
the common green moulds.

Professor Fleming’s curiosity was aroused.
He purposely grew a quantity of the
penicillium mould. Then he inoculated some
germ culiures with extracts made from the
medium i which the mould had grown.
The result was that the germs refused to
grow "in their various media and that, in
some wistances, they were actually destroyed.

It became obvious that the extract of the
medium in which the penicillium mould had
been grown contained some substance which
éxerted a. powerful antiseptic effect upon
certain types of bacteria. To this mysterious
substance the name * penicillin ” was given,
although it chemical nature was at that
time entirely unknown.

Although some investigational work on
the chemical products of mould growth had
been done previous to Professor Fleming’s
discovery, surprisingly little was known ten
years ago about these products: The Fleming
discovery, however, gave a fillip to chemical
research in this direction, and a number of
investigators got to work ‘without delay. Work
on this subject is still proceeding, apd even
within a few short years, several new com-
pounds derived from the growth of common
moulds have been discovered, the majority
of whicH are highly antibacterial in nature.

There is no doubt at the present juncrure
that penicillin is by far the most powerful
of these new bactericides. . It has been
proved'to be an extremely potent antiséptic.
A solutiyn containing 1 part of penicillin in
25 millon parts of water has a strang
bactericidal action. Henge, penicillin is far
more powerful than even pure carbolic acid.

The great advantage of penicillin as a
germ-killing agent is that its action is quite
unaffected by the presence of blood, serum,
mucus or pus. Moreover, it is non-poisonous
to humans. It can be injected directly into
the blood stream without ill effect. Conse-
quently an injection of penicillin given after
an individual has received any bodily injury
will go far towards completely preventing
the appearance of any sepsis or mortification.

In the incubator room showing cultures of the mould, one of the penicillium series, in,
flasks. Numerous series of moulds are grown for testing for anti-bacterial activity.
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That is why penicillin is in such demand
amonz the modern armies as an almost
certain life-saver. Apart from this use,
however, it is very possible that penicillin
or, at least, other compounds of its class,
will figure largely in diminishing the f{uture
mortality rates of many other civil-life
diseases, the various fevers, for instance, to
say nothing of the present-day often

" Laboratory cultires of moulds used for research purposes in
' the investigation of the new mould-made antiseptics.

ineradicable bronchitis and similar chronic
complaints.

Chromotographic Separation

Penicillin has not yet been synthesised or
created artificially. Its precise chemical
composition is not yet known, and until
such details are available-its synthesis will
remain impossible.

Owing to the fact that penicillin is only
produced in small amount by the mould
penicillium and that it is somewhat liable
to become oxidised, this new substance is
very difficult to manufacture on the commer-
cial scale. Its manufacture, however, is
being tackled in America by dint of extract-
ing mould- cultures with a mixture of amyl
acetate and water. The mixture is then
subjected to the new technique of chromoto-
graphic separation, which Jlagter, in its
essentials, consists of allowing the mixture
to percolate through a column containing
some absorbent material such as aluminium
oxide. It is found that, by this means, one
component of a mixture is absorbed by the
aluminium -oxide at the top of the column
whilst another component will be absorbed
and retained lower down. By dissolving out
the various “bands” or areas of " the
chromotographic column with suitable
solvents a fairly good separation of complex
mixtures can be achieved. )

It is, therefore, by this new chromoto-
graphic method that all penicillin extracts
are purified. No doubt, after the true
composition of this remarkable compound is-
clearly known, it will become possible to
manufactyre the material in. much larger
amounts and by far more convenient and
speedier methods.. At the present, however,
penicillin production is one of the most
tedious of processes in chemical industry,
yet so valuable is this novel material that
it is being eagcrly sought after by medical
science the world over.

Notatin

Another ultra-powerful antibacterial sub-
stance has'been recently isolated from media
in which the mould penicillium notatum has
been grown. To this new material the
name of “Notatin” has been given.
Whether notatin is a mixture of penicillin
and some other unknown substance, or
whether it is a single chemical compound,
is not yet known. One thing, however, is
certain, Notatin is capable of stopping
‘bacterial growth in' dilution as high as one
part of notatin in one billion parts of water.
Notatin seems to be more stable than
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#penicillin, and if it is a pure substance it
must also be considerably more powerful
in its antibacterial activity than the latter.
Within the last year or two, other mould-
grown chemical materials have beén brought
to light and examined. Without exception

these have all shown themselves to be highly *

bactericidal in properties. Puberulic acid,
pubcrulonic  acid, - penicillic acid and
citrinin are but four of
these newly revealed anti-
bacterial compounds.
These are not so potent as
penicillin itself, but they
seem to be much more
readily obtained, particu-
larly the compound,
citrinin,

The value of these latter
substances lies in the fact
that the chemical structure
of them is now known with
some degree of certainty.
This being the.case, they
may in all probability be
made to act as “models”
upon whose structural
design the creation d4nd
synthesis of other and more
potent antibacterial com-
pounds ‘may be based.

-«

Spinulosin and Fumi-

gatin

Two more « interesting
“mould compounds” are
spinulosin (made from  the
mould, penicillium spinu-
losum) and fumigatin (de-
‘rived . from  Aspergillus
fumigaius, an  entirely
different type of mould).
Both spinulosin and fum-
gatin have been success-
fully analysed and synthe-
sised. "Whilst spinulosin is
only a relatively weak bac-
tericide, fumigatin  has
powerful #ntibacterial.
properties against the bac-
tertra of anthrax and
cholera. As in the case of
the previously mentioned
substances, both spinulosin
and -fumigatin ~will prob-
ably  function as medels for the artificial
creation of other compounds of greater

overcome the

The new technigue of injecting harmless germ-killers and
antiseptics directly into the blood of a patient in order to
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potency By future chemical researchers.
The majority of the new antibacterials,
when they have been obtained in pure form,
have shown themselves to be solid, strongly
crystalline substances which are soluble in
water and various other liquids. Most of
them are colourless, but a few, notably
spinulosin .and fumigatin, are coloured.
"Thus, for instance, sp:nulosin takes the form,
when pure, of purplish-brown crystals,
whilst fumigatin is maroon coloured.
' It.is with these new compounds prepared
from common moulds that the battericidal
branch of chemotherapy is at present achiev-
ing its almost spectacular successes. From
comprising the out-of-the-way research
subject of a few isolated chemical enthusi-
asts, mould chemistry has suddenly become
a commercial proposition, and is, at the
present moment, being prosecuted assidu-
ously in that direction, for, with these
strange and peculiar mould-made com-
pounds it seems likely that the ideal of that
intrepid pioneer, Paul Ehrlich, may yet be
reached and that selective antibacterial
substances will . be discovered which,
whilst  being deadly " to their own
‘particular strains of germs, will be perfectly

c )
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danger of infection from accidental injuries
and wounds.

ir;‘nocuous te all forms of human and animal
life.

An Aid to Efficiency

A VERY useful and ingenious addition to
(X ‘rapid calculation equipment has just
been introduced by W. J. Steel and Co,,
Lid., of Bedfont, Middlesex. It is registered
as the “ Confractor ” and is a most compact
conversion table of inches to millimetres -and
vice-versa, covering a range from 1/128 part
of an inch to .6 15/16 inches and one to
100 millimetres. The “ Confractor 2 com-
prises three discs each about 1/32 inch thick
made from-an almost indestructible plastic
material and the discs are fastened together
in the centre with a brass eyelet so.that
they rotate upon each other.
arranged on the left hand side of- each cuter
disc, .to reveal the figures boldly printed
upon each side of the middle disc and the
devised conversion is obtained by simply
rotating the disc. The range of conversion
data prcvided is upon the following generous
scale: : |

" (A) Inches to Millimetres (to seven decimal

places) ;
Reading through the slot on one side of
the “Confractor ” the table groupns the

conversion in L, i, 1/16, 1/32 and 1/64

inch stages and 'at the same time gives

A slot is -

tHe equivalent of the fractions to six
places of decimals.

(B) Inches to Millimetres (ta seven decimal
places) :

Reading through the slot on the opposite
side of the * confractor ” the cdd numera-
tors of 128th parts of an inch are con-
verted to millimetres and the equivalent .
of the fractions to’ seven deécimal places
are also given.

(C) Inches to Millimetres
Reading on the surface of one outer
disc the millimetres equivalents are tabu-
lated to two decimal places from 1 inch
in stages of . 1/16th inch up to 6 5/¥6th
inch.

(D) Millimetres to Inches
On :he surface of the other outer disc
the inch equivalents to five decimal places
of one to fifty millimetres is given pro-
gressively and then in stages of five up to
one hurdred millimetres.
The ‘“Confractor” is being . distributed
solely by the above firm at-the reasonable
price of 4s. 6d. i
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Party Wall and Fireplace Construction
ryYHERE are three rather important
differences between party walls,
which. divide two houses, and external
walls: (1) a party wall requires a higher
degree of acoustical insulation
external wall because of the need to preven
-all normal sounds from one house being
transmitted , to the adjoiningi one; (2) a
party wall needs to be more reasonably fire-
‘resistant
although a party wall can be designed to
take a good proportion of floor and roof
loads, more often than not the majority of
such loads are borne by external walls and
internal partitions—there is often a tempta-
tion to the structural designer to avoid
letting floor units bear on party walls uniess
the method of construction is such as will
ensure reasonable immunity of sound trans-
mission, to the adjoining house, and fire
risks in the case of floors built with timber.
A study .of the general structure of a pair
of semi-detached houses will show (a) that
a party wall having no fireplaces in it, and

than an_

than an external wall; and (3)

‘Wiles of Jerry Builders
By R V. BOUGHTON, A.lStructE.

not having any or much lateral support by,
say, a first floor being adequately -secured
to it, can have a very high slenderness ratio
between its base and roof level; it is quite
probable, in the case of a two-storey house,
that the height, of the wall will be about
18ft., and if the wall is only 6in. thick, the
slenderness ratio will be 18ft: divided. by
ift. equals 36, which is far too great.
Therefore it is essential that if adequate
lateral support is not provided by the firsi-
floor construction bearing on and being
properly connected to a party wall, means
must be adopted to ensure a degree of unity
between the wall and floor units so that
adequate lateral support is provided. If the
side of a floor unit is parallel to the length
of a party wall, and the. unit is rigid, it
is only necessary to tie the side of the unit
to the wall to make certain thate lateral
support is provided ; and the tying may be
done effectually by stout metal clips well

Fig. 65

=

o~

/////%
5

—-——A

Y
75
7]

IT '? i " c f ;
‘Tl l*—» Ny |
sy mR . iy
:—a. o F Lo

Engineer-built Houses of
n= == the Future—12

Party Wall Construction=Solid Fuel, Gas and Electric Fires in- Pre-built Houses

(Continued from page
88, Decemiber issue.)

The

sctewed to the Hoor units and bedded and

‘fixed to the party wall units; (b) that a
“party wall having solid fuel (coal, coke, etc.)

fireplaces constructed in conjunction with it ;
such fireplaces having breasts which pro-
ject beyond the faces of the party wall will
considerably strengthen the wall by strongly
buttressing it. Although parts of the party
wall betweer. external walls, partitions and
fireplaces are not actually buttressed,” they
are, however, of short length; by this is
meunt that such parts of .the party wall inay
be considered as partly governed by a’hori-
zontal ratio of slenderness based on the
distance between the external walls, partitions
and fireplaces.

Before considering the construction of
party walls and fireplaces of engineer-pre-
built houses, I recommend a careful study
of traditional methods of brick party wal
and fireplace construction as shown by Figs.
64 and 65. Notice the
considerable amount
of brickwork in the
fireplaces and breasts—

Figs. 64 and 65.—Traditional methods of~cpnst’ructing brick party wall and fireplaces, etc, Fig. 64 is ground storey and Fig. 65 is first storey

construction. A—DParty wall.
F—8in. by 8in. flue.

B—Fireplace jamb.
G—4iin. thick brickwork. H—DParging.
Fig. 66.—Plan of party wall and fireplace in ground storey of engineer-built house.

C—Fireplace opening and back hearth.

A—~—Concrete pre-built party wall wnits.

D—qgin. thick brick back. E—Front hearth.

B—Insulated wall

covering or finish. C—4ahin. thick brick (or concrete) fireplace jamb. D—4ahin. thick brick firéplace back. E—Solid fuel (coal, coke, etc.) fire

place opening. F—External wall.

back. F—Concrete hntol.
.Fig. 68.—Plan of fireplace at shelf level.

A—Party wall,

G—Firebrick back. H—Fine concrete. J—Surround.
Fig. 67.—Plan of fireplace just over fireplace opening. A—Party wall. B—famb. C—Base of flue.

‘B—Famb. C—Fireplace back.

D—Throat 10 fireplace. E—Fireplate

D-—Fiue of metal construction with exposed faces

lined with metal or other material to suit esthetic requirements and to make the exposed faces as flat heat radiators. ~ E—Shelf.

Fig. 69.—Plan of fireplace in first storey. A—DParty wall.

B—Yamb.

C—Fireplace back. D—Flue as defore described from ground storey fire.

E—Solid flué fireplace opening.  As this opening is comparatively small and suitable for a small fire, it may be used for a gas fire. F—~Upper part

of fireplace opening joined to suit type of fire used. G—Flue over.

H—Front hearth.
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the width and projection into the rooms—
and, if the sizes of concrete bases and stacks
in" and above roof are borne jn mind, it
may be evident that this tradmonal heavy
and teally wasteful method of construction
can be' superseded by much better, lighter
and more economical (if all direct and
indirect advantages are analysed) methods
of design and-construction. I am aware of
the essentials which govern fire-resistance,
upward draughts, and other vital codes of

practice of fireplace, etc., design, but I am_

also aware that all these essentials can be
met by adoption of bette}' methods—many
new, at least as far as this country is con-
cernéd, but which in some cases accord to
gcneral prmcxples which have been used
successfully in other countries.

“Fig. 70.

P

~
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Fig. 66 depicts part of the length of a
party wall between two houses and a ground
storey fireplace for solid fuel. It is inter-
esting to note the great difference. in the
amount of brickwork—or it may be concrete
work—in the two ‘methods of construction
shown by Figs. 64 and 66.

Pre-built Party Wall Construction
There is a school of thought which advo-
cates traditional methods of construction for
party walls of pre-built houses—viz., the use
of brickwork. The reasons advanced are
that brickwork is fire-resisting, it allows for
the comparatively easy construction of fire-
places, ctc., and, if well built, is a reasonable
insulator against sotind. These reasons have
a good foundation of common ssnse; but

Fig. 72.

Fig. 71.

G —

against them modernists offer the foilowing
contributions on behalf of the betterment
of building: (1) that concrete, and reinforced
‘concrete, may be comparatively thin com-
pared with brickwork and therefore save
space, weight, and, what is by no means
unimportant, an appreciable reduction in
base and foundation work ; (2) that concrete,
and reinforced concrete, can be pre-bujlt
(brickwork cannot), and (3) they can be
combined with sound insulating sheet
materia! to ensure a2 thin wall being™satis-
factorily firc-resistant, proof against normal
noises, and can be covered with any of the
various classes of wall boards.

Figs. 66 and 70 show the use of 18in.-wide
reiriforced concrete  units covered  with
insulating material and wall boards. The

': | (« Fig. 73.
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Fig. 70.—Section through party wall shown by Fig. 66.

space behind.
Surround,
M-—Fine concrete filling.

opeming. —Eléctric fire.
F—Face of flue. G—Twin flues.

A-—Pre-buils party wall units,

;——I nsulated wall covering or finish applied to solid part of concrete wuits.
Fig. 71.—Seclion through fireplaces and chumney breast shown in plan by Figs. 66 and 69.
D—Structural concrete slab over opening with aperture to take metal throat of fluc.
flue and radzator as before described. G—Face of flue.

A—Concrete pre-butlt party wall units.

1—Ground floor level.
‘C—Gas five: D—Flue blocks.

A——Ftreplace opemngs
This may be omitted if desired and is not required for any superstructure.
H—A brick jamb can be bualt here if desived for any structural purpose.

Fig. 73.—Plans of party wall with gas fire openings and flues.
B—Gas fire openings.

B-—Insulated wall covering or finish with hollotw
D—First floor.

E—Side of fireplace. F—Ground floor.

A—Fireplace back. B-—Fireplace opening. C—
E—Concrete (or other material) shelf.
H—First floor and hearth. J—Side of flue.

N—Flue shaped to form throat over fireplace opening. O—Shelf in distance.
Fig. 72. —Elevation of fireplaces and space-saving flue and breast construction.
D—Shelf. E—Brick (or concrete) jamb.

F—Metal
K—Concrete lintol. L—Firebrick back.
P—Ground floor.

B—Tiled or sheet material suwrround to

2—Gas fire flues in groimd storey. 3—First floor le'uel
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design allows that the first .floor will pro-
vide adequate lateral support to the party
wall at first-floor level, and, even if there
was no fireplace construction, structural
stability will be ensured. Another method
is to include a beam at. first-floor level
running in the direction of the length of the
party wall, Such beam making the effective
height of the wall units about 8ft, and if
they are 6in. thick the slenderness ratio
would be 16, which is quite good. If the
party wall contains fireplaces, they form
excellent buttresses and also bearings for
any beams used in the party wall. There
are, of course, several types of party wall
units which may be used in lieu of those
shown, and according to structural require-
ments they may have. their lengths either
horizontal or vertical.

Solid Fuel Fireplace Construction

We have become too accustomed to
orthodox or traditional methods of structural
and msthetical -design of fireplaces, and I
am a strong believer that the public” are
‘only tod willing to accept any modern
methods which can be proved to be better
than those which our ancestors gave us. The
public are becoming used to electric and
gas fires ; but it is generally accepted that
they really do’like one or two coal or solid
fuel fires in a house, and, consequently, it
is advisable that designers of pre-built
houses be prepared to cater for this liking.

4
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symmetry. In my view space should be of
utilitarian value, and I suggest that the space
to the left of the flue constructioan as Fig. 72
is much more useful for- shelves, etc., than
if it is blocked in .with a useless mass of

construction simply for the purpose of
providing what some consider “good
appearance.”

In connection with the general principles
of fireplace construction which 1 advocate,
a few points of interest and importance may
be now considered. The use of brickwork
does mean “ wet-construction” on site,
which pre-building principles endeavour to
avoid as much as possible ;- but in this

.respect it should be granted that “wet-

construction,” if .it is.for .the betterment_of
building; should not be discarded. If the
designs are studied it will be apparent” that
very little brickwork js incorporated: there
is no heavy work, and no wasteful founda-
tions, because the lightness of the construc-
tior makes it practicable to build the
‘brickwork directly on the concrete floor or
on a very simple and small concrete base; most
of the brickwork can be, built without
scaffolding, and that above “first
scaffold  height >—sft.—can  be
built off trestles.™
Although I have
shown by the
various illustra-
tions, and which is
particularly evi-
denced by Fig.
72, a half-brick-
thick ‘jamb to the

Gas and Electric Fires
Gas fires require small flues to carry off

-the fumes, and Fig. 73 shows how these

may be incorporated in party walls, and very
similarly in external walls. Manifestly, the
type of construction provides practically no
buttressing effect to walls,

The Wiles of Jerry Builders

Fig. 74 shows a typical part section
through- a timber house ‘roof—a type of con-
struction . which can be seen in many
hundreds of thousands of roofs to heuses.
In fairness to jerry builders, I must state
that unless they have a knowledge equal to
that of a first-year student of elementary
building construction they are not entirely
to blame for constructing house roofs which
generally foul the most ‘elementary canons
of decent construction and the laws of
mechanics of structures. An examination of
the timber members of a vast majority
of the roofs over_houses will provide evidence
that rafters and purlins usually conform to
by-law requirements, and struts,. which are
exceedingly important members, and are not

BEARINGS FOR.
FEET OF STRUTS

PLLAN OF BINDER. ETT.!

Fig. 74.—Part section of a typical jerry-built roof. A—Common rafters. B—Purlin.” C—Strut usually of ill-considered size, shape, etc. D—
“ Binder,” viz., a length of. 3in. or 4in. by 2in. timber laid across top of weak’ ceiling joists, the binder and joists being nailed together.® The object
of this formn of construction is to prevent the cetling joists twisting, to assist in distributing any point loads over several joists, and does little to prevent

the 4in. by 2tn. ceiling joists, which usually span twice the distance

joists. G—Plastered cesling.

Fig. 75.—How a hause roof should be constructed (engineer pre-building allows for entirely different methods of construction).
E—3in. by 2in. tension plate which being birdsmouthed with common rafters and
F—Common rafters subject to compression and bending

Packing. C—Nailed joint—2 nails each side.

- le. D—3in. bolts.
notched into ceiling joists, provides strong resistance to thrust of rafters and pull of joists.

they should, sagging and cracking the plastered ceiling. . F—aqin. by 2in. ceiling

A—Purlin. B—

stresses. G—Ceiling joists which may be of small size, such as 3in., 3}in. or, 4in. by 2in., depending on their span between binder and other ceiling
joists sagging. J—Binder in plan. K-—Nailed joist. L—W .1, straps which form a joint berween cetling joists and binder, which is as strong as the

. inembers they connect.

N.B.—This method of construction is intended to

authgrities outside London area.

But, in such catering, it is just to conclude
that much saner methods than those which
have prevailed for hundreds of years can
now be adopted in view of what modern
science has taught, is teaching, and will
teach us. A very high percentage of the
heat of an ordinary coal or coke fire goes
up the chimney and is completely lost—
completely lost and wasted, unless it can
be argued that a little heat is given off
from a flue which passes through a wall
of a room. Subject to ensuring sufficient
draught up a flue, and prevention of down-
draught, it is practicable to utilise much of
the heat which goes up a flue for heating
specially - and simply constructed panels
adjacent to the actual flue, or, in other words,
not to use thick brickwork for ,surrounding
a flue, but, instead, to use metal in the form
of a flat radiator.. This method of flue
construction is in principle shown by Figs.
67 to 69-and 71 to 72. It will be noticed
that the structural design eliminates all
forms of .construction used merely to give
what may be -termed asthetical balance and

side of the flue, extending the full storey
height, this jamb can be omitted. .But it
must be realised that -such jambs are some-
times necessary to assist in supporting the
fireplace work in the storey above if there
is no solid foundation, such as a concrete
floor, to provide support. Cast iron or sheet
metal flue pipes are a practical proposition,
and they.can be treatzd so as to radiate heat
or be insulated agdinst heat when adjacent
to inflammable material. Initially, they may
be rather costly ; but against this cost must
be set many direct and indirect savings, such
as reduction in brickwork and other tradi-
tional structural work, and ‘heat-conserving
powers. If all these considerations are
analysed in 2 financial light, it will be found
that the advocated modern methods will be
cheaper than the old heavy type of brick
fireplace construction depicted by Figs. 64
and 65.

I have for ‘a good reason not shown how
thé fireplace construction may terminate at
roof . level in various ways; these depend

on the type of roof. LA )

strong enough, and often

conform with the good FXo o by~taws for timber construction which are followed by many local
These by-laws require ceiling joists to be of about the same size as floor joists for domestic buildings.

adequately regulated as to size by the pre-
1939 by-laws, are usually of wrong design.
Joints, which should be at least as strong
as the members which they connect, are not
ill-constructed.
Ceiling joists, usually 4in. x  2in., span
ridiculously too long spans and consequently
deflect and cause plasteréd ceilings to crack
and look like an inverted undulated country
scene ; and that such weak ceiling joists are
supposed to be strengthened by “ binders,”
which are bits of timber placed across the
top of, and nailed to, the cciling joists, which
are viewed by structural engineers with the
same contempt as a modern mother does
the use of binders—a few vards of super-
wide tape into which a baby is®nveloped on
the rolling-pin method. .

The construction of many roofs over-jerry--
built houses is really appalling—good anc
valuable material mostly wasted, as far as
strength is concerned, by designing and con-
structing without knowledge of even the
elementary laws of construction.

) (To be continued )
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The Story of Chemical Discovery

 Jenuary, 1944

The Chemistry of Combustion.

Underlying Features of Fire and Flame

HE circumstances under which fire and
flame, those twin
phenomena, were first brought to the

notice of mankind have many times been
speculated upon. .The truth is, of course,
that we have no idea of-How man frst
became practically acquainted with the uses

An carly dquble-cylin}ier arr-pump, such as was
used for pioneer experiments on the nature of
combustion.

of fire. Such an acquaintance may have
been consequént upon a lightning storm, a
volcanic eruption, ‘the natural heat of the
sun’s rays, frictional effects, or even upon
-some untoward incident of spontaneous
combustion. * All we know is that .mankind
made practical use of fire and combustion
at a very early period of its history, and,
without any doubt, man’s continued usage
of fire and flame underlies a very great
proportion _of his wuly remarkable
command over Nature.

Fire and flaime are inherently chemical
processes and chemical effects. Yet they
were known and made use of for unknown
thousands of years before their real nature

first dawned upon human reason. Putting’

aside the ancient pseudo-scientific philoso-
phers who at times speculated wildly and
almost fantastically on the nature of fire
and flame, the first man to put on
record a reasonable observation concerning
combustion was .that great and many-sided
Tralian genius, Leonardo da Vinci, Wwho,
towards the end of the sixteenth century,
- noted down in his writings the fact that air
is necessary fogthe maintenance of the flame
of a burning candle. Our English philoso-
pher, Robert Boyle, one of the first members
of the English Royal Society, noticed, in
1661, that a flame would go out for “ want
of air.” He performed several experiments
with his newly-devised air pumps by means
of which he gradually pumped out the air
from a glass vessel containing a burning

chemical’

candle. Invariably the flame of the candle
was extinguished after a certain proportion
of the air "had been withdrawn from the
vessel.

Robert Boyle definitely proved that air
is necessary for flame and combustion. Also,
a most significant suggestion was thrown out
by his brilliant contemporary, the curious,
crotchety Dr. Robert Hooke, first secretary
of the Royal Society in Charles II’s time.
Hooke threw out the idea that ordinary air
containg a substance * which is like, if not
identical with, that which is fixed in
salipetre.”

Lightrning has been credited with

being the first fire-giver ro mankind.

This photograph of a single lrghr-

ning flash was taken on a summer’s
mght in Manchester.

We know nowadays how
accurate old - Robert Hooke
was, for air contains oxyg:n,
and so does saltbetre (potassium
nitrate), a fact which enables
the latter to play its well-known
part in the production of gun-
powder, and other highly com-
bustible and explosive mixtures.

Mayow’s Experiment

Then, about the year 1674,
came John Mayow, an English
physician, who devised an
experiment in which a -candle
was burned in a confined space
over water.- After a time the
candle flame went out and the
water-level rose-in the enclos-
ing  vessel. Although  the
candle - flame had been ex-
tinguished, sotne- gas - remained
in the enclosing vessel or jar.
Hence, Mayow concluded that
au‘ contams two substances of

pamc]es as he termed lhcm,
the “-nitro - 2crial  particles >
which were withdrawn from
the ait during the burning of

temperatures of gases and vapowrs.
the small gasho;der shown in the foreground. It is then
allosved to flow into the tall cylindrical eleciric furnace behind
the gasholder, in which chamber the. temperature of its
ignition 1s electrically recorded.

apparatus— University of Manchester.)

the candle and the ordinary “aerial
particles ” which had nothing 10 do with
the burning and .which were hft behind
in the jar.

Mayow showed, also, that a similar effect
happened when, instead of a burning candle,
a live mouse was confined in a jar of air
standing over water. The water gradually
rose in the vessel and eventually the mouse
died, proving thereby that during its
breathing it had abstracted from the
enclosed volume of .air the same active
principle which the burning candle had
made use of.

John Mayow was on the very brink of the
true and rational explanation of flame and
combustion. For all that, he missed such
an explanation of the revealed facts, mainly
because the chemical science of his day was
so extremely immature and fragmentary.

In the eighteenth century, the experi-
ments of Mayow became forgotten. ' The
“ phlogiston ” theory of heat and- com- -
bustion arose and held the day.for many
years until it was finally vanquished by the
discovery of oxygen and the recognition of
its true pargt in the phenomenon of

. combustion.

The phlogiston theory has previously been
described in thig series of articles. For the
benefit of the new reader, however, it may
be stated briefly that * phlogiston” (from

An electrical apparatus for determiinirg the preme tgmnan

The gas is stored in

(Prof. H. B. Dixon’s
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A modern reproduction of Mahow’s experiment
on the burning of a-candle in an enclosed space
‘ above water.

the Greek, phlogisteo, “1 set on fire ”) was
considered to be a very mysterious, im-
ponderable, invisible and even a weightless
substance which was a constituent of all
combustible materials. When a combustible
substance was burned, its stock of phlogiston
escaped from it, either wholly or in part.
Fire, flame and combustion, therefore, were
merely phenomena connected with the
escape of this remarkably tenuous and,
indeed, truly’ fantastic substance or
principle, “ phlogiston.”

“ Last of the Phlogistonists”

Right - through the not inconsiderable
chemical . development’ of the eighteenth
century, the phlogiston theory of fire and
combustion held the field. Even the Rev.
Joseph Priesiley, the Yorkshire dissenting
cleric who discovered the gas which we
nowadays call “oxygen,” fanatically clung
to and’ defended the phlogiston theory’to
the very end of his life, a fact which has
gained for;this worthy individual the some-

what dubious title of “the last of the
phlogistonists.” : —
It was the great Antoine Lavoisier

(1743-94), the politician-chemist who was
executed during the French Revolution, who
founded our modern theory of combustion.
This he did merely by replacing “ phlo-
giston,” by oxygen. In consequence of the
careful work of Lavoisier and others,
chemists came to realise that oxygen, the
ever-present constituent of the air, is the
universal supporter of both animal life -and
combustion. When a substance burns it
abstracts oxygen from the air. When an
animal breathes, it does the same thing.
Burning and breathing are merely two
different aspects of the same thing ; they are
both oxygen-using. processes,

How near had old John Mayow been to
the truth nearly a century before Priestley,
Lavoisier and their contefnporary workers
were ever thought of !

The principle cn which the miner’s safety lamp is based. Sketch A
depicts the flame of a bunscn burner igniting above ‘the wire gauze. At
B the flame is shown burning below the gauze ; in both instances the
cooling effect of the gauze prevents the.upward or downward spread of
. the flame.

NEWNES ' PRACTICAL MECHANICS

127

Lavoisier founded ‘ our present-day
knowledge of fire, flame and combustion,
but he did not live long enough to delve
into any great semblance of detail concern-
ing them. He merely demonstrated the
chemical nature of fire and combustion. The
explanation of the actual “mechanism” of
these chemical processes was to come at a
considerably later date.

Burning is Oxidation .

We know nowadays that when a substance
burns, its atoms (or a portion of them)
enter into chemical union with the atoms of
oxvgen 'in the surrounding air, forming an
invisible gas which at once escapes from
the sphere of the burning.” Burning, there-
fore, is merely a species of oxidation. So,
too, is animal breathing, the Yusting of iron

r

Tl_:e nmner’s _Iqmp, an indispensable aid to coal-
mining. It is based on the simple principle
tllustrated in the diagrams given below.

and the tarnishing of many othér metals.
Clearly, ,however, something more than
mere coniact of the oxygen atoms and the
combustible material is usually necessary to
start the burning. We 4may stand a candle
in a jar of oxygen for ever and a day, but,
under normal circumstances, the candle will
never take fire of itself. The truth’is that,
normally, before the groups of atoms which
are susceptible of combustion changes can
be made to take part in a process of com-
bustion they have to
be, as it were, “acti-
vated.” This activa-
tion is usually brought
about merely by rais-
ing their tempera-
tures. When a body
undergoes a tempera-
ture-rise the move-
ment of.its constituent
particles or atoms
increases. When. this
atomic ‘movement
becomes sufficiently
intense, the oxygen
atoms and the atoms
of _the combustible
substance attract one
another. They -enter
into a chemical union,
this process usually
being carried out with

so great a degree of violence that the atomic
and molecular movements become manifest
? i - ;

to us by their prodiiction of light and heat.

Without going into elaborate detail over
this matter, we may now state one very
clearly observed fact. It is this: Before any
combustible material can undergo’ the pro-
cess of burning, it must first of all be
heated up to a certain minimum tempera-
ture, which temperatwre is now known as the
ignition point of that material. The jgnition
point once reached, combustion or burning
proceeds continuously and automatically so
long as the necessary supplies of oxygen are
available. -

Ignition Point and Flash Point

Great care should be taken to distinguish
the term ignition point from the expression
“ flash-point,” which latter is very much
used in industrial circles in connection with
the properties of lignid fuels and oils. The
“ flash' point ” of an oil is the temperature at
which it begins to give off an inflammable
vapour, whereas the ignition point is the
temperature to which that vapour must be
heated (locally) for its combuston to be

. mitiated. Careful reflection will show that

there is a vast difference between these two
terms.  Flash points are usually relatively
low ; ignition points or ignition temperatuces
are normally high, being well above the
500 degrees centigrade mark.

A few materials, however, have abnormally

-low ignition temperatures, notably, that evil-

smelling liquid® known as £ carbon di-
sulphide,” the vapour of which requires to
be locally heated to only a temperature of
about 95 ‘degrees centigrade (below the
temperature of boiling water) for it to ignite
and to burn continuously. ‘ -

Once a substance has been raised in
temperature to its ignition point, the heat
of its ensuing combustion: enables successive
amounts of the substance to attain the neces-
sary ignitjon temperature, and thus the
combustion process becomes automatic. )

The process of burning at once stops
when we cool down the burning substance
below its ignition ‘temperatyre. -~ A well-
knowin laboratory experiment clearly demon-
strates this fact. If a piece of wire gauze

is held about half an ‘inch above a bunsen
burner from which gas is issuing, and if a
light is applied above the gauze, it will be

 Electrical flame ”—a photograph of the flame

of white-hot, glowing carbon vapour existing

between the carbon electrodes of a high-power
arc lamp.
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found that the gas will burn above the
gauze but not below it. This effect is due
1o the cooling influence.of the gauze on the
gas, for the wire gauze conducts away heat

so rapidly that the issuing gas below the’

gauze is not able to attain its ignition
temperature. Only after the wire gauze has
become red hot does the gas Stream below
the gauze take fire in consequence of its
then being heated up to its 1gmnon point.

Again, if a cool piece of wire gauze is
brought down on to the flame of a bunsen
burner, the gauze at once extinguishes the
flame above it. Nevertheless, the gas passes
thiough the gauze, as can be proved by
igniting it above the gauze by means of a
‘match,

The Miner’s Lamp

This cooling power of a wire gauze in
“forcing down the temperature of a burning
gas below its ignition point and thereby
extinguishing the flame was brought inta
‘valued use by both Sir Humphrey Davy, the
chemist, and by George Stephenson, the
engineer, in the production of miners’ lamps.
In these lamps, the burning wick is sur-
rounded with a wire gauze cage. Although
any combustible gas, such as the *fire-
damp > of the mines, can pass into this cage
and can actually burn within the cage, the
flame of its burning cannot pass outside the
wire gauze and so ignite the gas in the
surrounding atmosphere. By this simple
‘means, the *safety lamp™ at once estab-
‘lished its position of industrial importance
-at the beginning of the last century.

The difference between burning and rust-
ing is merely one of degree and not of kind.
Burning and rusting, as we have previously
seen, are both processes of oxidation. Burn-
.ing is a rapid oxidation. Rusting is a slow
oxidation. It is possible, however, to have
what we might term a “ rapid rusting,” for
if iron is heated to a white heat and plunged

_slow combustion.

into a jar of oxygen, the metal will actually
take fire and burn with a dazzling white
light, producing a compound of iron and
oxygen—iron oxide. It is true that the black
iron oxide produced by the oxygen-burning
of iron is not precisely the same as the
red oxide produced by the slow rusting of
the metal” Nevertheless, the two principles
are identical, the rusting 2nd the burning
being mcrely processes of oxygen- -combina-
tion, _or, ‘“oxidation,” as it is now. called
in modern chemical parlance.

Flame and fire are due to rapid com-
bustion. The rusting of iron and the
tarnishing of many metals are caused by
Certain oils, such as
turpentine and linseced oil, very slowly absorb
oxygen from the air (particularly under the
influence of traces of materials known- as
“driers ) and. become solid. Here again
is a species of slow oxidation which we are
everyday acquainted with, since it is on this
characteristic property: of turpentine and
other oils that the properties of the older
types of paints are based.

Spontaneous Combustion

In some circumstances, oxidation may
proceed slowly at first. But, given certain
conditions; the heat of the oxxdauon may not
be dissipated adequately. Consequently,
the produced heat will tend to accumulate in
the combustible or oxidisable mass of
material. As 2 result of this, the material
will heat up still more. Its rate of oxidation
will increase. This increased oxidation will
raise the temperature of the mass still higher,
and having once started, the sequence of

. effects will be continued until' the com-

bustible material will be raised in local
temperature to its ignition point. Once this
temperature has -been reached, the material
will at once break out into open fire or flame.
It will be said 1o have * self-lgmted ?

_danuary, 1944

Such is the explanation of the mystecious
cases of spontaneous combustion which we
all have heard of from time to time. There
is nothing inberently perplexing in spon-
taneous combustion, ‘although cases of this
phenomenon usually occur under mysterious
circumstances. Oxidation processes due to
mould and mildew attack in hay and
hayricks are quite capable of leading up to
eventual spontaneous combustion. Such, too,
are the well-known heating effects of manure
heaps and of other chemically active masses
of material. Remember, always, therefore,
that spontaneous combustion is merely a
matter of a mass of material having had its
temperature raised locally above its ignition
point by one cause or another, and any
profound mysteiy enshrouding such a
conflagration will at once vanish.

The’ Significance of Breathing

QOur bodies, as we have noted, are
activated by a combustion process just as
much as a steam or an internal-combustion
engine is. When air is inhaled into the
lungs, the oxygen of the air passes through
the thin walls and tissues of the lungs into
the mass of blodd vessels situated therein,
and " it immediately forms a loosely-held
union with the hemoglobin, or the colouring-
matter of the blood. The resulting oxy-
hamoglobin is bright red in colour. It flows
to all parts of the body and its oxygen load
is utilised in oxidising or burning up the lactic

“acid and various other waste products which

are formed by the cells, tissues and muscles.
Carbon dioxide gas and water are produced
in this oxidisation process. The former is
conveyed back to the lungs loosely combined
with the hemoglobin: It is then given up
and exchanged for fresh oxygen. Hence
we breathe in oxygen and breathe out carbon
dioxide, the product of the continual com-
bustion or oxidation which is taking place
in our bodies.

Probes and Problems

Seme -Mental Nuts for You to Crack

A Poser from Muggins

“You fancy yourself as a mathematician,”
said my friend Muggins to me the other
day. “Here is a little problem for you. I
have just spent ten shillings on cigars,
buying some at 3d. each, some at 7d., and
some at a shilling. How many did I buy
of each kind ? ” -

«T can’t tell you,” I replied, “ unless.you
- give me some further information.” )

“Well,” said Muggins, “here is another
hint for you. ‘The total number of cigars I
bought is equal to half the number of years
in your age. Now can you answer the
question ,

“No,” I told him.

How otd am I ?

“T still can’t.”

Brides and Their Brothers

“We had 'a gquadruple wedding at our
church ‘vesterday,” said Albert Hill. “Each
one of the brides was the sister of one of
the groo.ns.

“ My wife’s brother married Susan, and
her brothergnarried Miss Gill,” he went on.
*“Mary's brother married my sister.
_Constance is Mrs. Gill now ; and Mrs. Dill’s
fmaiden name was Quill.”

“Tt all sounds very complicated,” I said.

“ Possibly,” replied Albert. “But on the
strength of what I’ve told you, 'you ought
to know Clara’s married name.”

What is it ?

(Solutions are given on page 135.)

A Mathematical Certainty
Here is a little puzzle that may serve as a
tribute to our Russian™ Allies. We are all
confident that the SOVIET FORCES spell
VICTORY. The problem, therefore, is to
substitute figures for letters in the following
sum in addition. (Naturally, the same letter
always represents the same number.)
SOVIET
FORCES

VICTORY

League Football

In our local football league Aytown,
Beetown, Ceetown and Deetown competed,
finishing in that order. Each team played
each of the others once, and, points were
awarded on the basis of 2 for a win and
1 for a draw. If points were equal, position
was to be decided on goal average.

Curiously enough, each individual game
produced the same total number of goals,
although no team made the same score
against any two opponents.

Aytown won all their games, with the
exception of a draw against Beetown.
Ceetown bcat Deetown by 4 goals, the latter
team failing to score.

It is required to comstruct' the entire

.lcague table.

A Geography Lesson

*How many olaces are there in the
world,” said Binks Minor, “all the same
distance apart ? ”

¢ Millions,” promptly replied Perkins.

Tomkingy scratched his head a little
doubtfully “I don’t’quite see what you
mean,” he said. “I suppose you could have

dozens of places cach a mile away from the
next one.”

““ Yes,” answered Binks, “but the first
needn’t be a mile away from the last. I
mean, supposing London is the same dis-
tance from New York as it is from Moscow

;]

“It isn’t,” put in Tomkins.

“ All night, clever. I only said supposing.
'Then if New York were the same distance
from Moscow, that would be three of them.
I wonder, could you have more than
three » ”

“ No,” said Tomkins.

““Nonsense,” said Perkins.
have thousands of them.”

What is, in fact, the largest number of
places that can be found in the world all at
the same distance from each other ? And,
for the benefit of those who like a more
difficult problém, what would that distance
be? (The diameger of the earth may be
taken as ‘rougkly 7,920 miles.)

(To be continyed.)

“You could
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Vacuum-cleaner Maintenance

How to Carry Out Simple Repairs.

that are appreciated as much as-the

vacuum cleaner. In these days the
purchase of a new cleaner is practically
impossible through the wartime restriction
of manufacture. Therefore it behoves the
possessor of one to spend a little time and
patience on it, if he or she desires to obtain
the maximum life and service,

Although the geheral principle of opera-
tion is the same, most modern cleaners have
evolved into two types. One pattern has
an external dust-bag suspended from the
handle, whilst the other has the dust-bag
enclosed in a cylindrical contajner.

Special attachments enable one to clean
upholstery, heavy curtains, etc. The external-

THERE are few domestic appliances

bag machine, however, employs a rather

P

more powerful motor, which results” in a
stronger suction. It can also be run for
longer intervals without emptying the bag,
due to its larger capacity.

An impellor, or motor-driven fan, consti~
tutes the main feature in both, and is
operated at high speed for creating a
vacuum. The air -rushes through the
material that is being cleaned to fill the
vacuum, carrying with it dust and dirt
. particles, etc. Eventually it reaches the dust-
bag, where the air- disperses through the fine
mesli, leaving the dust, etc., behind.

Some external-bag machines have as an
additional feature an agitator, 'which in
principle is a revolving brush driven by the
motor through a simple transmission system,
mostly by an endless rubber belt.

Inspecting the Motor

From time to time it will be necessagy to
inspect the motor. In the cylindrical models,
remove the air exit cover. In the external-
bag type it will only be necessary to remove
the top covér to expose the motor.

The motor runs on ball-bearings, which
are usually packed during 'manufacture with
a special grease, which runs for extremely
long periods without attention, thus obviat-
ing frequent lubrication of a gather
inaccessible point.

The' commutator should next be carefully
examined for any accumulation of carbon
dust from the brushes in its segment gaps.
If such is the case, sharpen a match to a
point and carefully remove the dust from
between the gaps.

After long use it is to be expected that the
commutator will be discoloured and dirty,
and in this state is electrically inefficient. To
remedy this defect, hold a piece of very
fine glasspaper against the.commutator with
one hand and turn the armature with the
other, until it is perfectly clean.

Now replace the glasspaper with a piece
of clean rag, moistened with petrol or
methylated “spirit. Be careful not to over-
wet the rag with the spirit, as it is a strong
solvent of shellac, which is often used for
insulating purposes in the armature.
Revolve the armature, changing frequently
to” clean portions of the rag, until it comes
away unsoiled.

To inspect the brushes, remove first the
retaining plug positioned at the extreme end
of the brush post or guide. A small coil
spring will now be ‘scen. Gently pulling
‘upon this will remove the brush from its
housing. (Fig. 1.)

It is very rare for the brushes to require
attention. Points that should be observed

By E. S. BROWN

arc that they are free from cracks, in which
case, of course, renewals will be necessary.

Switch Trouble

With some cleaners the switch is a con-
tinual source of trouble. Undoubtedly the
wisest procedure to adopt is to leave
the switch permanently on, and operate the
cleaner by removing or replacing the
connecting plug.

Sometimes, however, the trouble is simply
caused - through the breaking of the small

Fig. I.—rush assembly, consisting of brush,
spring and plug.

Fig. 2.—Typc of unit
switch  fitted to somé
vacuum-cleawers  which
camiot be repaired.
A replacement is

necessary.

coil spring which actuates the snap
mechanism. 1f a similar spring can be
obtained, it can be quite easily fixed. One
end of the spring should be fixed on to the
locating pin, then compressed so that upon
release the other end locates itself on the
tumbler pin. (Fig. 2.) . :

. As the cleaner’s dust-removing properties
depend upon good suction, particular atten-
tion should be occasionally given to see that
the - various connections between the
machine, hose and accessories are airtight,
If a leak is suspected, a smear of- soap before
assembly will in most cases effect a cure.

&4

Fig. 3.—Various stages in lead repair. 1. Lead

cut, and wires divided in wvarious lengths.
2. Wires joined and insulated.
completed.

3. Repair

See also that the end cover fitting on to the
cleaner beds down firmly and evenly on
to the rubber ring, and that the holding-
down clips work satisfactory.

Defective Leads

With a cleaner that has seen much service
a somewhat obscure defect sometimes occurs.
This asserts itself by the cleaner mysteriously
cutting off and on during use. The trouble
can usually be traced to the lead carrying
the current to "the machine having an
internal fracture.

With current switched on, carefully bend -
the lead in alternate directions along its
entire length. At one point the movements
of the lead will connect and disconnect the
current to the cleaner. '

It is, of course, far more satisfactory o
replace a defective lead with a new one,
but in these days such a procedure cannot
always be adopted. Therefore, if through
necessity or otherwise, it is decided to retain
the old lead, a satisfactory repair can be
easily carried out.

Incise the lead in two at the point of
fracture and, for about 3in. along each
length, remove the outer covering to expose
the insulated wire beneath. The wires
should next be cut into two varying lengths.
(See Fig. 3.) Remove sufficient insulation to
allow for joining, and preferably solder the
respective ends together. Next wind insulat-
ing tape very firmly around ef®h join and
finish by applying further insulating tape
around the entire repair, taking care to
provide a good overlap on the severed ends
of the lead.

Germs breed prolifically 'in dust and dirt.
A worth-while tip is to slightly moisten-
a small sponge with a disinfcctant, one of
the pine oil varieties are very pleasant, and
place inside the dust-bag.

Storing

Take particular care where the. cleaner
is stored. At all costs avoid storing in a
damp atmosphere.

The ideal storing conditions should be
a place that is well ventilated, dry and cool.
The cylindrica] mode] should be stored on
end with the motor end undermost.

PDust-bag Repairs

With normal usage the dust-bag should
last many ycars. Should, however, a"slight
tear occur as the result of an accident,
immediate steps should be taken to eflect
a repair.

The tear should be carefully drawn
together with carpet thread; then, after
cleaning the surrounding parts, apply some
rubber solution liberally on both sides. Two
patches of thin calico will now be required.
They should be cur to allow at least 1in.
overlap all around the tear. Rubber solution
should now be applied to the patches, this
being well rubbed into the material with the
forefinger.

Allow a reasonable time for the solution
to thortoughly dry on the parts to be
repaired, then apply a.second applicaton.
When the prepared surfaces are again dry,
aftix the patches to the tear, one inside, the
other out. Press outwards from the middle
of the patches, and then firmly fix in place;
apply a fairly hot domestic iron to drem,
maintaining as heavy pressure as possible.
After about a minute the repair will be
completed.
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- A Perpetual Calendar

An Easily-made Calendar Which Quickly Gives the
Days of the Month for Any Year from 1925 to 1980

Y following the simple instructions
B here given -anyone can make an
extremely useful , calendar, ‘which,

py the simple process of setting the month
igainst the year, will show the correct
:alendar ' for that month; i
rives the back years as far as 1925, which are

Gless Front

b Bifurcated
Rivet

Calendar Fsce

Rivet

g Shghtly leg{zw
Stightly Thicker than than Orsc Ore

Oisc Thickness

Back of
Catender

Strut for Stand

Fig. 4—How the parts are cssembled:

it additionally .

sometimes most useful, and goes
ahead as far as 1980, which is
long enough for most of us to
care to think about. The com-
pleted-calendar is shown in Fig. 1.

The chief parts for making the
calendar consist of the * basic
circle,” shown in Fig. 2, and the
calendar front, Fig. 3. Toenable
readers to easily make up this
useful unit we have had the two
chief parts printed on tinted card
to a slightly larger scale than
the illustrations Figs. 2 and 3.
By this means it is a simple
matter to cut out the parts and
assemble them as described
below.

Having cut out the * basic
circle ” save the outside portion,
which should be stuck down to
another piece of cardboard and
then trimmed down to the circle
a little larger than the * basic
circle ” still showing on the card.
Now cut out the shaded slits in Fig. 2
Bevel off the jin. strip round the openings
thus cut out, starting with a razor blade,
or sharp penknife, and finishing with
glass-paper. Whiten over the bevelled edges
with ivory-white colour, and cut out the
thumb hole shown on the right edge of Fig. 2,
and a similar one on a piece of cardboard
which will be the backing board. This
should measure 5lin. 5 4{in.

Readers may obtain the two parts of the
calendar in this larger size, printed in two
colours on stiff board for 1s. 6d.. post paid,
from the publishers, George Newnes, Ltd.y
Tower House, Southampton St.,Strand,W.C.2

To assemble, drive . a flat-headed nail
through the centre hole of the calendar
portion (Fig. 2) and through the centre of
the circular piece (Fig. 3). Place the parts
in pbsitipn and drive the nail on through the
centre hole of the backing board (Fig. 4).

SEPT| EMBER.JI
APRIL. JUNE. AND
NOVEMBER; !

ALL THE REST HAVE

Smear glue on the meeting surfaces,
press into position, and make ail
secure with some small fretwork pins
along the edges. Glue on at the

FEBRUARY ALONE:
WHICH HATH BUT
TWENTY-ECHT DAYS CLEAR.

AND TWENTY-NINE
IN EACH LEAP-YEAR. |

: @

Fig. 1.—The finished calendar and stand.

Passepartour
Binding

J Gummed
tinen Tape

Stana

Fixeo 10 Back
ot Celendss

Fig. 5.—Method of fixing the
supporting leg.

back a suitably shaped piece
of cardboard for a leg, held
from going too far back with
a piece of tape of a suitable
length (Fig. §).- Secure the¢
_ends of the tape with glue and
cover them over with strips
of passe-partout binding tape
to make doubly sure.

Having cut a piece of glasg
to. the required size, cut out
the semi-circular thumb-holg -
with a glass cutter and finish
the edge smooth with a small
carborundum wheel. Finally,

Fig. 2 (left).—The calendar front.
Fig. 3 (above).—The * basic circle.”?

bind the complete assembly
with passe-partout tape, as
shown in Fig. 1.
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Inventions of Interest

Floating Runway
THE future of flying after, the war will no
doubt be characterised by remarkable
developments. We shall not be able literally
to build castles in the air as ‘stations for
‘aeroplanes, but one does not need to be a
prophet to foretell that tunways which float
on the sea will be a feature of aerial navigation.

In connection with this prospect -it is -

interesting to note thar the subject of a
current application to the British Patent
Office is a-structure of the nature of a raft
which has been designed as a floating runway
for starting and linding aeroplanes.

The device includes a hinged extending
platform supported by hinged extending
arms floated by a series of rectangular floats
between the arms under the platform. There
are also two half-cylinder floats at the ends
of the platform.

Distress Szgnal

THE shipwrecked “mariner on a raft has
been known to improvise a signal of
distress in the shape of his fluttering shirt.
This crude method has now been far surpassed
by an improved Vvisual signal whereby a light
on a lifeboat or other craft may be displayed
to solicit aid *‘ for those in peril on the sea.”

The invention comprises a rotatable lamp
having an aperture for emitting a beam of
light. This .aperture has a shutter which
can be moved between screening and non-
screening positions. There s an actuator
for the shutter mounted on'the lamp

Gear is provided operable by motive power
supplied by a spring motor which is wound
by a key.

Buoyarzt Rope
THERE has been- apphcd for in this country

a patent for a rope which will float:
on sea or fresh water for a considerable time."

. The inventor of this buoyant rope- points
out that when cotton_and other fibres are
made up into rope by stranding, plaiting
or braiding the resulting rope may have an
apparent specific gravity less than one. But
if left in comtact with water it will absorb
the water more or less rapidly and the
interstices will be filled with the liquid.  As a
consequence the apparent specific gravity
will be raised to a value greater than one.
The new device consists of a flexible rope

formed of fibres rendered water-repellent by "

means of a wak or fat or'both applied as an
emulsion. It has an apparent specific gravity
of less than one and it is stated to be capable of

floating on water for more than one day.

Handy Handle

T the present time there is a most

annoying scarcity of teacups. As 2
" result, even chipped china is at a premium
and crocks are not necessarily consigned to
the dustbin.

We have not yet attained to the philosophy
of Diogenes, who, when he saw a boy drinking
out of his hand, threw away his cup.
Therefore it behoves us to adopt any method
which will enable us with the minimum of
imconvenience to <imbibe “the cups. that
cheer but not inebriate.”.

It has hitherto been proposed to furnish
a handle which can be attached to cups and
like receptacles. In the case of one such
proposal the handle has been secured in
position by means of a hand which encloses
and is drawn tightly round the receptacle.
According to another idea, the handle at one

By “Dynamo”

end is in the form of a resilient hook adapted
to fit over the rim of the vessel and to bear
against the inner and outer face while the
other end bears against the outer face.

A recentinvention has for its aim the fixing
of a handle to cups made without the usual
handle and known as utility or austerity cups,

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,

WC2 who will be pleased to-send free to

readers mentioning this paper a copy of thelr
| bandboolk, ‘“* How to-Patent an Invention.'

a—— . . .

and also to cups with handles broken off,
tumblers; etc.

According to this invention a handle is
provided with a shoulder or abutment to
engage with the rim of the vessel and thereby
prevents the handle slipping down. And
there is a band which encircles the vessel
and secures the handle.

" The two ends of the band may be connected
to a pin in a slot in the hand]e, the tightening

This Heath Robmson contraption provides the hot water .
(under pressure) for a welcome shower for Allied airmen

on an Italian airfield.

-
of the band being effected by adjustment of
the pin in the slor.

The handle may carry a screw which, when
rotated, will bear on the vessel and thereby
force the foot of the handle therefrom and
tighten the band.

“To enable the vessel to be thoroughly
cleanéd the handle is removable.

Helimet Attachment
T is frequently necessary to attach various

articles, such as camouflage devices and

nets, to military helmets and gas curtains to
the helmets of civil defence workers.

Hitherto the attachment of gas curtains fo
civil defence helmets, even by an experienced
person, takes a considerable time, and this
happens at a juncture when speed is of very
great importance. Consequently, it appears
that, contrary to . regulations, it is often
the practice for civil defence personnel to
have their gas curtains permanently attached
to their helmets. This practice, however, has
the disadvantage that the edge of the curtain
becomes worn through, rendering the curtain
useless for protection.

There has recently been submitted to the
British Patent Office a simple device by means
of which an article may be practically,
mstantaneously attached to or detached
from a helmet even by an inexperienced
person.

An additional object of the inventor has
been to furnish, in combination with the above
device, an 1mproved form of gas curtain
which may be folded compactly and carried
in the gas mask haversack or other receptacle.
At the same time when adjusted over the
helmet, it Jeaves no part of the face exposed
to liquid gas.

Anti-gas Balaclava

¥ I‘HE quick helmet attachment
in  question comprises a
portion adapted to fit over the
central part of the crown of the
helmet. There is a resilient strip
having at its extremities clips
intended to fit over the
- brim of the helmet. And an
arrangement is provided for
securing the device to the
particular article which is to be
attached to the helmet.

As regards the improved gas
curtain, this comprises what
may be described as a large-
size Balaclava helmet formed to
extend over the shoulders of
the wearer.

The -curtain is made of gas-
proof material such as oilskin.
QOpen in the front, it has
fastening means such as snap
or sliding quick-fasteners, so
that any desired degree of closing
may be obtained. A draw cord
is supplied for closifg the curtain
tightly about the gas mask.

To attach the curtain all that
is necessary is to place the open
curtain over the helmet, so that
the centre piece recess formed
by an annular pad engages the
helmet bolt head. Then the two
eyes of attachment means are
caught and they are drawn
downwards until the clips aré
beyond the helmet brim. The

clips are then drawn up into cngagement
with the brim. ‘The front of the curtain
can be closed, to suit the’ convenience of
the wearer.

NEWNES ENGINEER’S
VEST-POCKET BOOK!?

By F.J. CAMM 10/6 or by post 11/~

QObtainable from zli tooksellers, or by post from
George Newnes, Ltd. (Book Dept) Tower House,
Southampton Street, London, W.C.2.
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THE WORLD OF MODELS

the quay.

T hardly seems “cricket” to write about
model railways when there are so many
keen to have them, but owing to war

conditions they can obtain no equipment
except second-hand through a private source,
for th¢ Government at present forbids the
sale by dealers of finished models containing
more than 10 per cent. metal, unless these
have some historic value.

But those who have model railways still
find them a. great relaxation from their war
effort, besides the * younger generation”
who have grown from “ little boys ” to model
enthusiasts during the war years. These
“ lucky_ people ” can continue to improve
their lﬁuts by individual effort with any
material available, and in looking through
my post-bag I have come across a few
.examples which show that work is still
proceeding.

“07” railway.

Sankey Model Railway
Firstly, there is our friend, Mr. H. M.
Sankey, whose work has been featured in
previous issues, especially in connecuon
with the modelling material * Pyruma
Here are two photographs of sections of

his son’s railway, which is continually being.

developed. . The first shows a small har-
-bour on an inland canal with boat alongside
the quay, a picturesque windmill in the
foreground and a mixed train alongside the
quay.

The second illustration is of an Alpine
character with its distant view of pine trees,

Stene on the Sankey model railwav—a small harbour
on an tnland canal with boar alongside the quay,
a picturesque windmill and a mixed rraffic tram by

An unusual camera shot of the inside of a model
railway station, taken on Mr. Gilbert Thomas’s gauge

Some Realistic Model Railway
Layouts

By "MOTILUS"

before he departs for his own work, which
is also helping the war effort.

Photographing Modcl Railway Statisas
A friend has asked me about photograph-
ing views of model railway stations. This is

Another scene on the Sankey model railway—an Apline type scene with
its distant view of pine trees, a chulet and a small rustic wayside station.

a chalet, and a small rustic wayside station
with electric locomotive drawing two Miu-opa
dining cars, endenﬂy brmgmg imagihary
passefigers for an imaginary holxdag—at
least until peace breaks out !

And Mr. Sankey deserves his relaxation.
His wife works on munitions, which means
him rising at six a.m. to see to breakfast

* beam, which

not an easy matter unless you have a short
focus lens as used in conjunction with 35 mm.
cameras, which gives great depth of focus,
and enables you to get close to the job. .
_Here is a photograph taken with such a
camera of Mr. Gilbert Thomas’s gauge
“Q?” railway when it was .in the London
area. It shows’ the inside of a terminus
station with a G.W.R. King George V loco-
motive alongside the platform. Did you
notice the famous brass bell on the buffer
is a souvenir of the® real
engine’s visit to the New World ? It was
sent across the Atlantic in 1927, and repre-
sented Great Britain at the Fajr of the Iron
Horse in Baltimore.

A Model Terminus Station

This photograph—from another angle—
of a terminus station is taken by R. Wisbey,
of Burton-on-Trent,» and is a view of his
Nottingham railway which took about two
and a half years of his leisure time to build.

“All the tools I had when I built my
layout,” he writes, “ were a pair of pliers, a
small screwdriver, a 2-inch vice, two small
files, a hammer, and soldering iron.”

The buildings were made of plywood,
compressed cardboard, building papers, and
Cellophane material. The complete lengih
of track is approximately 65 yards (in this
there are four cross-overs, three facing and

‘Terminus station on the model railway of Mr. R. Wisbey, of Burton-on-Tren:.
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A. Moore, of Leicester.

one trailing, one set of points”facing and
three trailing),- and it was constructed by
Mr. Wisbey from Bassett-Lowke steel and
brass rails with cast slide-on chairs laid on
sleepers and fastened down on a plywood
base.

The railway was driven by electricity
supplied through a converter, and this would
work three trains with ease. In wartime
days, however, Mr. Wisbey had to fall back
on batteries, and have them recharged at
intervals, In the track circuit he has made
quite a few switches to isolate sections 10

The *“ O cauge model railwav of Mr. Cetil

2 o & e o I s
A corner of thé model railway, giving a side view of the King James 1 express

Another vicw of the gauge * O’

N

locomotive. E

work in conjunction with the signals. The
locomotives he possesses are the L.M.S.R.
Princess Elizabeth with new type tender,
2—6—o0 L.N.ER. Mogul, two L.MSR.
4—4—0 Compounds, and an 0o—6—o tender
goods L.N.ER. locomotive, also eight
L.M.S.R. bogie coaches (including one mail
van), and two L.N.E.R. bogie coaches.

As 10 goods rolling stock, he has ten
ready-made vehicles, and made the other
eighteen four-wheeled goods wagons from
bought parts.

His muin through station is 6ft. 6in. long,
and there are four platforms complete with
all detaiis. There are up and down main
through lines, and a slow through line on
the inside oval layout. There is also a
trailing crossover in the statiorn.

Items which add 1o the interest of his
layout, ‘and- which any handyman can make
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for hfs railway, are a petro] storage depot,
a twnnel, engine shed, and the careful
derail he has achieved with the stations.

A Gauge *“ O” Layout =

Mr. Cecil A. Moore, of Leicester, has
sent me pictures of ‘his railway, which, he
informs me, he prepared for a-cine film he
was hopirg ‘to make, but “owing to the
war Y—how often have we heard that phrase
—and the difficulty in obtaining film stock;
the ides had to be abandoned.

'The layout is gauge “0O,” and he tells
me some of the components are not what
they seem For instance, the small o—6—o0
tank locomotive is a mere dummy, made
mostly from wood, and is used for effect
rather than work. All the rolling stock is
made with wood tops, and axle boxes and
B-L wheels, buffers, and couplings, mounted
on wooden chzssis. The wood tops have
thin card sirips glued on to the faces to

raodel railway.

give a tongued and grooved effect. Allthe
windows are giazed with celastoid, the in-
teriors being of Celiophane. The painting,
lining, and lettering are by hand.

The locomotive power is clockwork, and
the engine, King James I, is made from
blueprints, and from various photos of
G.WR King class locos.

The track is B-L scale model permanent
way in 2ft. lengths, mounted. on 3-inch .

“boards with end battens, which are lipped

alternatively to fit exactly into one another °
* and clipped together on the sides with snap

clasps. Signal boxes, factory, and various
other things are fixed direct on to the -inch
boards, and brick papers were used exten-
sively throughout. The water tank is made
from a paste aluminium container, painted.
The signals have been glazed with green
and red - Cellophane. L i
The whole effect, as seen in the photo-
graphs, is very realistic, and let us hope it
will not be long before Mr. Mcore is able
}3 carry out his project of a model railway
m. -

Rationed

THIS is the age of rationing. A method -

of controlling - the consumption of
electric current is the subject of an applica-
tion to the British Patent Office.

The invencor points out that there are
frequent occasions when an electricity supply
undertaking wishes to limit its maximum
output. For example, it may be desired to
reduce the range between the peak loads
and the mean loads in a daily cycle, or to
effect a scheme of current rationing in
wartime. Also it may be required io deal
with sudden increases of load on particular
circuits on the occasion of a fog or some
other exceptional occurrence.

The object of the invention in question
is to limit each consumer to a predetermined

Electricity

varizble maximum load continuously or at
regular int rvals, or at any intervals deter-
mined by circumstances at the time, And this
is done in such a way as to allow of the
consumer adjusting his circuits to that
maximum, except in the special cases when
a complete cessation of supply is necessary,

The proposed method of controlling the
maximum consumption of current fed to a
circuit from supply mains consists in
providing in that circuit a load-responsive
circuit-breaker whose maximum capacity
may be caused by the normally supplied
current 10 pass through successive identical
periods of variaton, and in varying the
capacity by means of such current.

=

-
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(General Sh rapne[

ol The “Inventor of the Shrapnel Shell

of the machine gun, used, at times,

rather pensively to claim that his
invention had been responsible for more men
being deprived of a natural death than any
other single device, invention or creation
in the world’s history. .

Probably Maxim was right 'in his asser-
tion. . Nevertheless, Lieutenant-General
Henry Shrapnel, who lived and experimented
in the stormy days of the great Napoleon’s
rise to power, and the Duke of Welling-
ton’s Continental exploits, was a close
runner-up of Maxim’s in fespect of the
invention of a mechanical means of bringing
about the violent and abrupt cessation of
human life in wartime.

The name  Shrapnel » is far better known
than that of the early nineteenth-century
military inventor who then owned it
Posterity has forgotten the man, but it still
clings tenaciously to the seemingly indis-
pensable principle of his death-dealing
invention. Jndeed, had there been no such
things as War Office personal records, we
moderns would have known very little in

IT is said that Sir Hiram Maxim, pioneer

_detail about the career of the man Shrapnel,

for the greater part of his inventive work
was necessarily secret and, as an individual,
“he was seldom, if ever, within -the public
gaze,

Wiltshire Born

There is quite a common yet totally
erroneous notion that Shrapnel, the origin-
ator of the, famous projectile bearing his
name, was a foreigner, and even that he was
a German. As a matter of fact, Henry
Shrapnel .was a Wiltshireman, having been
born at Bradford-on-Avon, in that county,
on June 3rd, 1761. Few particulars con-
cerning Henry Shrapnel’s earliest ycars are
available. We only become away of bis
career in detail when, on July 9th, 1779,
at the age of 18, he was gazetted a 2nd
licutenant in the Royal- Artillery, in which
capacity he was drafted off to Newfound-
land in the year following. In 1781 he was
promoted to the rank of 1st lieutenant, and
he was returned to England in 1784.

He studied -ordnance in all its aspects,
and after he was returned to England by his
superiors he commenced in a small way to
work out one or two of his.own ideas in the
way of ordnance projectiles. These experi-
ments were conducted by him mainly in his
leisure hours, and entirely at his own
expense. Exactly how Shrapnel commenced
his experiments i1s not known. Nevertheless,
they must have been important and signifi-
cant experiments, for they culminated in
the production of the shrapnel shell.

Gunpowder Bombs .

The type of military projectile named after
Henry Shrapnel consists, in_principle, of a
metal container or shell having within it a
large number of bullets which are released
by the bursting of the shell and which then
travel forwards with a high velocity. Henry
‘Shrapnel was, perhaps, by no means the
first originator of" the basic idea which
materialised in the shell named after him.
There are records of canisters of gunpowder,
‘so-called bombs, which burst under the
influence of a crude type of fuse and which
scattered around them various odds and ends
of metal fragments and the like.

The first shell devised by Shrapnel was a
curious form of hollow sphere which was

filled with' lead lumps. The thin-walled
sphere was burst by a gunpowder charge,
which was set off by means of a fuse ignited
by the firing of the gun.

Shrapnel experimented with these shells -

by firing them from both light and heavy
cannons, but, as could be expected, they were
extremely unreliable in action, their greatest
drawback being the extremely crude type of
gunpowder fuse which was provided for
them. J

General Henry Shrapnel, inventor of the
Sfamous artillery shell principle.

The military -authorities failed to share
even a portion of the enthusiasm of the
energetic. Shrapnel. In order, perhaps, to
discourage him or to remove him, as they
thought, to a greater sphere of usefulness,
they shipped him off to Gibraltar in 1787,
and, afterwards, to a succession of military
posts in several of the West Indies posses-
sions.

Eventually, however, Shrapnel returned to
England, and in the same year (1793), he was

‘raised to the rank of “ captain-lieutenant.”

His next military experience comprised
service in the army of the Duke of York in
Flanders. He was wounded at the siege
of Dunkirk, which took place in the Septem-
ber of 1793, but even in this crisis it is
recorded that he had the_originality ax_:d the

An old-time *° Carronade,” used for naval
warfare 1n the time of Napoleon.

“*“ spherical case shot.”

clearness of mind to lock the wheels of lLis
gun-carriages so that they could be skidded
rapidly over the hard, dry sands, and, also, to
light fires_away from the British positions
for the purpose of attracting the fire of the
enemy, tactics which were entirely novel
at that .time. -

In 1795, Henry Shrapnel was promoted to
the rank of captain. In 1802 he became

. a brevet-major ; then a, major in 1803, and

a lieutenant-colonel in 1804.

Assistant-Inspector of Artillery

These military promotions seem to have
had little influence upon Shrapnel’s charac-
ter, for he delved more and more deeply into
his routine of experiments and trials. From
spare-time ones, they became, in part,
“official ” ones. So much so that, in 1804,
Shrapnel was firmly established at the Royal
Arsenal, Woolwich, as Assistant-Inspector of
Artillery, in which post he seized every.
opportunity to develop the novel type of
shell which he had previously invented.

The shrapnel shell appears to have been.
first used by the British in 1804, during
the attack on Surinam, a colony of Guiinas
which' was originally settled by the Dutch.
At first the new shell was not altogether
successful. Although its principle was right,
its design was wrong, and, mainly through
the defects of its fuse, the shell was anything
but reliable.  Furthermore, the military
authorities, ever conservative, like their naval
brethren in those days, did not show any
great liking for the novel projectile. It was
only after the Duke of Wellington had com-
mended the shell in 1808 that Shraprel’s
prospects began definitely to brighten. The
Duke gave it as his opinion that the details
of the shell should not be made public, and
that as the inventor, in consequence, would
thereby be deprived of a considerable amount
of fame and-commercial success, he-should
be properly rewarded “for his ingenuity and
the science which he has proved he possesses
by the great perfection to- which he has
brought this invention.”

The first shrapnel shells were made at the
famous iron foundry at Carron, near Falkirk,
Scotland, At that time they were named
This name remained
with them for many years, for it was only
in 1852 that the British Army authorities
adopted the title of “shrapnel” to dis-

-tinguish this type of military projectile as

a mark of honour and appreciation of the
then nine-years-dead inventor.

During the early years of the nineteenth
century the Carron Company had a wide
reputation for the production of various types
of cast ordnance, including, among others,
the famous * carronades,” iron cannons
which gained great fame on the British
warships. . The workers at the Carron
foundry had acquired the technique of
producing exactly the right variety of iron
which was required for cannon production.
That was why, perhaps, the first contract
for the manufacture of Henry Shrapnel’s new
‘shells was given to the Carron Company
instead of to one or other of the Royal
Arsenals, and particulgrly to Woolwich
Arsenal, in which many of the earlier
shrapne] experiments had been conducted.

Firing Tests -

In the fields around the Carron foundry
the carly practical firing tests of the shrapnet
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shell were carried out under the supervision
of Shrapnel himself. Quickly Carron became
almost as famous for its production of the
new shells as it had done for its manufacture
of “carronades ”
ordnance,

The early shrapnel shélls made at Carron
ranged in size from 3-pounders for the
lightest guns up to 68-pounders. Apparently
they were supplied. at prices varying from
6d. to 5s. each.

‘It was during the exploits of Wellington
in the Peninsular War that the * spherical
case shot,” or, in other words, the early
shrapnel shell, established its military posi-
tion. Wellington himself, as we have already
Seen, went to the trouble of personally
recommending the inventor for a reward.

=
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All the British' generals—and the admirals,
too — began, one by one, to share
Wellington’s enthusiasm. It was General
Sir William Robe, commander of artillery in
the Peninsular' War in Spain and Portugal
during the wvears. 1808-14,7 who wrote

and other pieces of -

An early light cannon which fired some of the first shrapuel shells.

personally to Henry Shrapnel: “It [ihe
shell] is admirable 1o the whole Army, and
its effects dreadful "—rather an involved sort
of a testimonial, but, nevertheless, sure in
its meaning.

Admirals, with their man-o’-war “ carron-
ades,” were similarly infected with
enthusiasm for the shell. One of them, Sir
Sydney Smith, actually wrote to Shrapnel
and implored him to expedite the dispatch
of the new shells, even if he supplied them
at his (the Admiral’s) own private expense.

Shrapnel’s Reward !

In 1813 the rank of colonel in the Royal
Artillery was bestowed on Henry Shrapnel.
And in September of that year he formally
addressed ihe Board of Ordnance on the
subject of the
reward which
Wellington had
previously men-
tioned. He pointed
out to the Board
that he had
patiently and pains-
takingly  experi-
mented, partly at
his own personal-
expense and in his
own leisure time,
and that he had
expended his own
private funds in
pursuance of his
trials and experi-
ments to the tune
of several thousand
pounds’

To which appeal
the members of the
Board of Ordnance
_listenedcourteously.
Eventually they promulgated™ their official
reply. It was to the effect that the Board
had no funds at its disposal for the reward
of merit!

Less than a year afterwards, however, the
Treasury granted Shrapnel a pension of

s

T

£1,200 per annum in addition to any
regimental or official pay which he might also
receive.  That was Henry Shrapnel’s
financial reward for his services to the
British Army. Had he commercialised his
invention he might have made millions.

Shrapnel’s next Army promotion took
place in the year 1819. It was to the rank
of major-general, and it was with this rank
that he retired from the Army in 1825.

A couple of years later he received, in
retirement, the title of Colonel-Commandant
of the Royal Artillery, whilst ten years later,
in 1837, the year of Queen Victoria’s acces-
sion, he was given his last military promotion
—to the rank of lieutenant-general.

General Shrapnel retired permanently to
his residence, Peartree House, Southampton,
and it was here that he died on March 13:h,
1843.

* Duplex Disappearing Mounting *

The “spherical case shot” shell was by
no means the only creative product of
Shrapnel’s busy military career. During his
work at Woolwich he improved the detail
construction of several types of mortars and
howitzers. He invented a number of nove!
fuses, and he devised what was referred to
as a “ duplex disappearing mounting,” which
latter comprised a special. type of gun-
mounting which so functioned that the recoil

. of one gun lowered the latter  under cover

and at the same time elevated the other gun
to the correct firing position, a species of
alternating motion thereby being obtained.

Shrapnel further invented a brass tangent
shide, and he improved the details of several
varieties of rifles and small arms. He is
said, also, to. have spent a considerable
amount of time and energy in compiling sets
of artillery range-tables which enabled
gunners to compute their ranges with a then
unheard-of rapidity and accuracy.

All such inventions have 'long ago dis-
appeared into the vast limbo of obsolete
creations. The name of Henry Shrapnel
nowadays lives on in popular memory solely
through the -survival of his shell.

Solutions to Probes and Problems

(See page 128)

A Poser from Muggins

I am 36!

It may be assumed that, since I “fancy
myself as a mathematician,” I shall not make
2 mistake in a simple calculation. Since,’

" therefore, I was unable to answer Muggins’s
question, at least two answers to the problem
must be mathematically possible.

The question about the cigars allows of
many solutions, but in only two cases will
the total number be the same, i.e, 9 at 3d.,
3 at 7d., 6 at 1s;, total 18; 4 at'3d., 12 at
7d., 2 at 1s., total 18. -

In either case my age must be 36.

-

Brides and their Brothers

Clara's “married name is Hill. The
complete list is as follows:

" Grroom Bride
Dill Susan Quill
Gill Constance Hill
Hill Clara Dill
Quill Mary Gill
‘A Mathematical Certainty
491063
592864

1083927

League Football
r Goals
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A B
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B 2—2 x 3—I1—3 I I
C o—41—3 X 40 I O
D 1-33-To=d  x I0
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I
2
2
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A Geography Lesson

There can be no more than four places
in the world all at the same distance from
each other ; although there can, of course,
be an unlimited number of ‘sets of four.
They are situated at the four points of a
regular tetrahedron enclosed within a sphere.

The best way to visualise it is by imagin-
ing inside the ecarth a pyramid on a

_triangular bese, with the three points of the

base and the apex all just touching the surface
of the earth.

The distance between the points” will be
approximately 7,568 miles. i

The "Gigant” Transport Plane

THE Militaerische  Correspondenz  aus

Deutschland publishes an article on
what is at the moment the largest aircraft in
the world, the German transport ’plane
¢ Gigant.”

German transport ’planes have repeatedly
played an important part in the fighting in the
Mediterranean, and in particular in the
military operations which occurred in the

“course of the evacuation of Sardinia and

Corsica. In theseanew large transport ’plane
of the Luftwaffe came into evidence, namely,
the motorised transport ’plane Me. 323,
“ Gigant,” developed by Prof. Messerschmitt.
An idea of the size of this aeroplane is given
by the following figures: The -span of the
wings is §5m., the area of the wings is 3coqm.
and the cargo space 100 cubic ft. The cargo’

space is so big that all bulky loads which a
railway wagon can take can be stowed away.
For example, the high load capacity of the
 Gigant®’ makes it possible for 24-ton lorries
or medium-sized tanks or guns, such as the
8.8 cm. A.A. cannon, to be carried.  On
numerous ~ occasions the * Gigant” has
carried no fewer than 130 fuliy equiyiped
soldiers, as well as 52 barrels each contaiting
250 litres of fuel; on ambulance work,
it can transport 6o wounded men in bunks.

The “Gigant” is constructed of wood
and steel, a braced shoulder-wing monoplane
(abgestrebter Schulterdecker). Six auxiliary

engines enable it to fly under its own power..

The undercarriage consists of ten wheels in
all and can surmount obstacles on the
ground like a caterpillar track.
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/\/\akmg a Success ot Your Photography

A Real Winter’s Day
H.P. 3ﬁlter Exp. F8 1/50 with 3 times filter.
Taken about 11 a.m. in January, 1943.

HEN we think of winter our minds
usually turn to thoughts of snow
scenes ; generally these are only

obtainable in January or February. I once
had the pleasure of seeing a large portion
of Ben Nevis covered with snow in July,
but, unfortunately for me, T had been
persuaded to leave my camera at home and
to travel light, so as to reach the top of
this wonderful * sight-yielding ”
I have never quite forgiven the friend who
gave me this advice, and now, whenever I
go to a new spot of country, whether it
be mountains or - lakes, my camera is a
constant companion. Therefore, when you
are off for a ramble in January,-or at any
other tife, have the camera charged. Snow
scenes are often made in a night, and to
get the real beauty of such it is necessary

‘to get out as soon as you can and while -
the light is good ; certainly before the snow:

has had time to lose its brilliance.

¥ P